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Preface

Oral cancer is a global healthcare problem with an increasing incidence year on year.
While there have been many advances in the diagnosis, staging, treatment and recon-
struction and rehabilitation following ablative surgery, the crude 5-year survival rates still
remain at approximately 50%. Systemic chemotherapy using some of the newer mono-
clonal antibodies as well as the prompt treatment of early stage disease are associated
with increased survival. New advances in surgery and radiotherapy including for example
intensity-modulated radiotherapy (IMRT) are reducing post-treatment complications.

Oral squamous cell carcinoma (OSCC) is often related to smoking, alcohol con-
sumption and other habits including betel or areca nut chewing. p16 has been more
recently implicated in the aetiology of tumours of the oropharynx including tonsil
and tongue base. Some OSCCs seem to arise de novo in clinically normal looking
mucosa, while others occur following a premalignant disease. Therefore, the early
recognition, diagnosis and management of these pre-cancerous diseases are crucial
to improve survival and reduce morbidity for patients.

Research in both pre-malignant diseases and OSCC continues at a rapid pace,
and it can be difficult to keep abreast of all developments particularly with some of
the new and exciting molecular pathways and understanding of pathogenesis. In this
unique new book, we have brought together respected experts and colleagues from
around the world to provide a contemporary overview of the common premalignant
conditions affecting the oral cavity. Following an overview which includes informa-
tion on epidemiology and diagnosis, we have focused on the common diseases lead-
ing to potential malignant change in the oral cavity and their management. We have
included cutting-edge research and developments across the specialties of oral med-
icine, oral pathology and OMFS.

With such a vast and ever-increasing subject, we apologise in advance for any
omissions and would be grateful to receive feedback from readers with suggestions
for the next edition of this book.

Portsmouth, UK Peter A. Brennan
Portsmouth, UK Tom Aldridge
Glasgow, UK Raghav C. Dwivedi
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Disclaimer

All the figures (images) used in the book (except for Chapter 9) are from the respec-
tive authors and have not been borrowed from any other sources, and permission has
been taken from patients for using their pictures for educational purposes.
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Chapter 1
Introduction

Peter A. Brennan and Tom Aldridge

We have invited leading experts from around the world to contribute to this book on
the management of oral premalignancy. The book includes an up-to-date and com-
prehensive analysis of risk factors and systemic conditions that can lead to oral
squamous cell carcinoma (OSCC) as well as a description of carcinogenesis at both
molecular and genetic levels. Specific premalignant conditions are discussed, and
detailed management strategies are provided. In the remaining chapters, current,
interesting and useful information on the various premalignant conditions are
included which we hope will enhance clinical practice and patient care.

In this introduction, we provide a brief overview of the epidemiology of oral
premalignant disease and the potential impact that it has on our patients. We also
give an overview on the structural and mucosal anatomy of the oral cavity and lips
that makes this area such a challenging and complex location to manage.

Oral Premalignancy

Oral cavity cancer accounts for approximately 3% of all cancers. Most are oral
squamous cell carcinoma (OSCC), and disappointingly the 5-year survival has not
significantly improved over the last few decades, despite many advances in diagno-
sis, imaging and treatment modalities. Quality of life following oral cancer treat-
ment has also improved with advances in free tissue transfer and targeted therapy
including intensity-modulated radiotherapy (IMRT) which can spare adjacent struc-
tures such as the salivary glands and cervical spinal cord. Many OSCC tumours
develop from premalignant conditions of the oral mucosa which are sometimes not
detected or diagnosed before the cancer itself. Premalignant conditions have huge

P. A. Brennan (P<)) - T. Aldridge
Department of Oral and Maxillofacial Surgery, Queen Alexandra Hospital, Portsmouth, UK
e-mail: peter.brennan @porthosp.nhs.uk; Tom.aldridge @porthosp.nhs.uk
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2 P. A. Brennan and T. Aldridge

geographical, socioeconomic and population variation with an accepted prevalence
of 1-5% and are most commonly found in the buccal mucosa, lower gingivae,
tongue and floor of the mouth [1].

The World Health Organization originally recommended the terms ‘precancer-
ous lesions’ and ‘precancerous conditions’. A precancerous lesion is a morphologi-
cally altered tissue in which oral cancer is more likely to occur than in apparently
normal counterpart. A precancerous condition is a generalised state associated with
significantly increased risk of cancer. However, in 2005 these terms were simplified
to ‘potentially malignant disorders’ to eliminate confusion from the previous used
terminology, definitions and classifications of oral lesions with a predisposition to
malignant transformation (Fig. 1.1) [2].

Oral precancerous lesions take many forms with leukoplakia, oral submucous
fibrosis (OSMF) and oral erythroplakia being the most common (Fig. 1.2). There
are other presentations of systemic conditions that can also be premalignant, such as
xeroderma pigmentosum and Fanconi’s anaemia. The link between carcinogenesis
and immunodeficiency is also well known [3].

Although our knowledge is improving, the aetiology of premalignant conditions
of oral mucosa is still incompletely understood [4]. There are well-recognised risk
factors such as tobacco chewing, tobacco smoking, areca nut (for OSMF) and alco-
hol. While tobacco chewing is a major risk factor for oral leukoplakia, OSMF and
erythroplakia, tobacco smoking may be a risk factor for oral leukoplakia. Alcohol
drinking may increase the risk by 1.5-fold for oral leukoplakia, by twofold for
OSMEF, and threefold for erythroplakia.

The risk of malignant change in the external lip can occur with use of the above
agents, but actinic damage following chronic sun exposure (UVA light) is the major
risk factor associated with lower lip SCC (Fig. 1.3). The lower lip is at particular risk
due to its reduced keratinised mucosa, reduced melanocyte number and orientation
perpendicular to the sun and lack of protection from all but the widest brimmed hats.

Fig. 1.1 Leukoplakia, left
side of the tongue
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Fig. 1.2 Leukoplakia,
floor of the mouth

Fig. 1.3 Actinic keratosis,
lower lip

For some strange reason, the minor salivary gland cancers well known in the upper
lip are rarely seen in the lower lip, and almost all cancers are SCC from chronic sun
exposure or tobacco use.

Embryology

The oral cavity develops from an ectoderm lined depression called the stomodeum.
It is initially separated from the endoderm lined foregut by the transient bucco-
pharyngeal membrane. Between the fourth and eighth week in utero, the frontal
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prominence, together with the maxilla and mandible swellings of the first pharyn-
geal arch, develops to deepen the stomodeum. The pharyngeal arches each with
their unique combinations of a nerve, muscle and cartilage go on to form the face
and neck.

The first pharyngeal arch mesenchyme forms the maxilla which undergoes intra-
membranous ossification, and the mandible develops from intramembranous ossifi-
cation of Meckel’s cartilage. The muscles of mastication form from the first arch and
hence receive motor innervation from the trigeminal nerve (fifth cranial nerve). The
tongue develops concurrently with fusing of tissue from two lingual swellings and
the tuberculum impar all derived from the first pharyngeal arch. These swellings
form the anterior two thirds of the tongue and fuse with swelling from the second,
third and fourth pharyngeal arches which themselves form the posterior one third.
This explains the innervation of the posterior third innervation from the glossopha-
ryngeal nerve.

Oral Mucosa

The oral cavity contains a complex variety of tissues from the hardest enamel to
delicate salivary gland parenchyma. The oral cavity fuses with the skin at the ver-
million and with the pharyngeal mucosa at the soft palate. The functions of the
oral cavity are varied and require durability, special senses, protection and
regeneration.

The oral mucosa itself consists of two layers with a surface stratified squamous
epithelium and a deeper lamina propria. The histology of these components varies
depending on the location. The epithelium is further divided into:

e Stratum basale

e Stratum spinosum

e Stratum granulosum
e Stratum corneum

The degree of keratinisation varies between location and function with kera-
tinised mucosa being found on the attached gingivae, hard palate and dorsum of the
tongue. Non-keratinised mucosa is found on the soft palate, inner lips, cheek, floor
of the mouth and ventral tongue. These surfaces can become keratinised after peri-
ods of friction, for example, from poorly fitting denture or cheek biting (linea alba)
or chemical irritation such as in ‘smoker’s palate’ (nicotinic stomatitis). The classic
sublingual keratosis found in smokers is also a well-known premalignant
condition.

The oral mucosa can also be classified in terms of function, location or histology
and can be divided into lining, masticatory and specialised mucosa.
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Lining Mucosa

The oral surface of the lips, cheeks, floor of the mouth and ventral tongue are covered
by a stratified non-keratinised epithelium. Deep to the epithelium lies the lamina pro-
pria where minor salivary glands are located. These glands become absent in the lips
as the mucosa changes to keratinised skin at a junction called the vermillion border.
Minor salivary gland tumours in the oral cavity are more likely to be malignant than
benign from the outset, although the well-known pleomorphic adenoma ex carcinoma
could be considered as a premalignant condition as it arises from a benign tumour.

Masticatory Mucosa

The attrition and friction that occurs on the masticatory mucosa requires a harder-
wearing surface hence the need for keratinised epithelium. These surfaces include
the gingivae and palate and are further strengthened by extensive interdigitation
from the underlying lamina propria.

Specialised Mucosa

The epithelium of the tongue is complex. The thicker dorsal and lateral surfaces are
keratinised, but not to the same degree as masticatory mucosa, and contain nerve
endings for sensory and taste. The dorsal surface is unique with fungiform and cir-
cumvallate papillae which contain a lamina propria core.

Lips

The lip mucosa differs from the wet inner aspect, where minor salivary glands lubri-
cate the surface, to the more exterior dry mucosa which lacks salivary glands and
hence requiring licking to stay moist and to the outer dry mucosa which more
resembles the skin.

The inner lip surfaces are covered with thick stratified squamous mucosa,
whereas the dry outer surface is lightly keratinised. Long capillaries carry blood
nearer to the surface hence the red appearance.

The lip is susceptible to oral and environmental carcinogens and is also a difficult
surface to treat as it is not amenable to mouth rinses or many topical dermatological
agents.
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Chapter 2
The Molecular Basis of Carcinogenesis

Carolina Cavalieri Gomes, Marina Gongalves Diniz,
and Ricardo Santiago Gomez

In this chapter, we will discuss the molecular basis of carcinogenesis. First under-
stand, and then treat! Better treatment options for cancer and preventive approaches
for potentially malignant lesions can be achieved only if the pathobiology of the
disease is well understood. We have witnessed a shift in the therapeutic approaches
to cancer, from “universal” therapies applied to several different tumour types to
tailored and personalized treatment. Each tumour/lesion is unique. As the under-
standing of malignant transformation and carcinogenesis requires knowledge of
molecular and tumour biology, we aim to discuss carcinogenesis initially in a
broader context before discussing the effects of carcinogens on the aetiology of
potentially malignant oral lesions.

Starting from the Beginning: Useful Concepts

Carcinogenesis Theories and Field Cancerization in Oral
Epithelium

How does cancer arise? Is it merely a result of the accumulation of mutations over
time? s cancer a disease of the cell, or is it a disease of the tissue and of cell signal-
ling in the microenvironment? There are several theories that attempt to explain the
process of carcinogenesis by incorporating evidence and developing models [1].

C. C. Gomes (<)

Department of Pathology, Biological Sciences Institute, Universidade Federal de Minas
Gerais (UFMG), Belo Horizonte, Brazil
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Among these theories are coherent non-exclusive models of carcinogenesis that
focus on the biological changes in the epithelium alone, whereas other models also
take the changes in the stroma into account. By far, the most widely disseminated
carcinogenesis theory is the “somatic mutation theory” (SMT), which is based on
the assumption that cancer is derived from a single somatic cell that accumulates
DNA mutations. The SMT focuses on molecular changes in the epithelium. On the
other hand, the “tissue organization field theory” (TOFT) considers carcinogenesis
as a problem of tissue organization, highlighting the importance of stroma in the
process of carcinoma formation [2]. There are strengths and weaknesses in both
models, and they are not mutually exclusive in some areas; however, the TOFT
carcinogenesis model has gained acceptance recently, as more scientific evidence
has strengthened the importance of the microenvironment in tumour formation,
demonstrating that cancer is a disease of the tissue and not simply a cellular
disease.

Regardless of the carcinogenesis model chosen to explain how normal cells
become cancer cells, one needs to consider basic concepts in human molecular
genetics, as clinical and histopathological morphological changes are accompanied
by molecular changes in tissues. Slaughter proposed in 1953 the field cancerization
process in oral stratified squamous epithelium, showing that clinically normal tissue
surrounding oral squamous cell carcinoma (OSCC) already harboured histopatho-
logical changes [3]. Interestingly, once the structure of DNA was solved, the field
cancerization concept evolved and was updated, and it became known that clinical
and morphological normal tissues surrounding OSCC had already incorporated
molecular changes [4] (Fig. 2.1). An understanding of this concept is fundamental
for those studying/treating OSCC and oral leukoplakia. The field cancerization in
oral mucosa can be as large as 7 cm [5], which means that by removing an oral
leukoplakia lesion, one cannot remove all cells that have been molecularly altered.
This knowledge is also fundamental when interpreting research studies whose

Field cancerization
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Fig. 2.1 Field cancerization. An area of epithelial cells harbouring molecular alterations (blue
cells). A molecularly altered field can occur with normal histology, and in this figure we can
observe a precursor lesion (oral leukoplakia) and an OSCC occurring in a same field
cancerization
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normal control reference tissues are “normal” tissues adjacent to the OSCC/oral
leukoplakia.

Every pathology textbook describes the initiation and progression of cancer
from a “clonal evolution” perspective. During clonal evolution, gradualism is
assumed to occur, i.e. phenotypic features in cancers are believed to develop at a
slow and continuous rate. According to clonal evolution, tumours are monoclonal,
as they are derived from a single somatic cell, followed by the development of a
neoplasm with cellular heterogeneity as a result of continued mutagenesis (we will
discuss this topic in another section). When the tumour mass is established, clonal
selection of the most well-adapted cells occurs, and the new, more fit clones rise to
dominance and replace the entire population. This theory became the standard
model of carcinogenesis and continues to spread, primarily because it is a simple
and uncomplicated manner to explain a complex process. However, in this clonal
evolution theory, even the definition of a “clone” is not unequivocal and straightfor-
ward and can be interpreted in more than one way [4]. Another caveat is that if
cancers evolve linearly with time (gradualism), the malignant transformation of
potentially malignant lesions, such as oral leukoplakia and Barrett’s oesophagus,
should be predicted easily [6]. However, this phenomenon is not what happens in
the clinic, as it is impossible to predict which “premalignant” lesions will evolve to
become cancer.

Genetic progression models for oral leukoplakia have been proposed based on
the somatic mutation carcinogenesis theory and on clonal evolution [5]. A mono-
clonal origin from OSCC associated with oral leukoplakia has been suggested,
assuming that the carcinoma originated in the adjacent oral leukoplakia [7]. This
hypothesis, however, is speculative, as retrospective studies using only the biopsy
tissue from the excision of an OSCC lesion (including the adjacent oral dysplasia
area) might not represent a true malignant transformation. OSCC is not always
preceded by oral leukoplakia. To add a further layer of complexity to this subject,
technological developments in genome analysis and mathematical and bioinfor-
matics techniques have shown that the phenomena of punctuated and neutral evo-
lution occurs during tumour evolution [6], and clonal evolution theory and
gradualism fail to explain these findings. During the cancer evolutionary process,
the genome is shaped not only by random mutations and non-random selection
but also by random drift [4]. Both drift and selection change the frequency of
alleles in a population, drift by random processes and selection based on fitness.
Neutral evolution is defined as when selection is not operating and only the sto-
chastic process of random mutations and drift occur. While random mutations
and non-random selection have been the focus of several tumour evolution stud-
ies, random drift remains poorly understood, which does not allow for a complete
understanding of how tumours evolve. A better understanding is yet to be
obtained.

In the following sections, we will review briefly some basic concepts in human
molecular biology. These definitions will help in following the discussions on can-
cer molecular pathogenesis.
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DNA, RNA, Noncoding RNA, and Protein

The human genome is composed of DNA that contains approximately three billion
base pairs distributed among 23 chromosome pairs (22 autosomal chromosomes
and one sex chromosome). DNA molecules carry genetic information inside the
cells and are composed of a double strand of linear polymers of nucleotides. DNA
is packed inside the chromosomes in association with histone proteins, forming the
nucleosomes. Each nucleosome consists of eight histone proteins around which
DNA is wrapped [8], as shown in Fig. 2.2.

DNA is composed of the nucleotides adenine (A), cytosine (C), guanine (G), and
thymine (T). It is organized into functional and physical units of heredity called
genes. Genes have introns (regions which do not code for proteins) and exons
(protein-coding sequences). The genetic DNA code is transcribed into mRNA,
which is translated into proteins in that three nucleotides (codon) code for a specific
amino acid in the protein (or are stop codons) [8].

Less than 2% of the human genome encodes proteins! Genetic sequencing of
these protein-coding regions of the human genome is referred to as whole-exome
sequencing (WES), and it is currently being used in biomedical research as well as
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Fig. 2.2 DNA organization and carcinogenesis-related alterations. DNA is packaged in chromo-
somes forming complexes with histones. These complexes are the nucleosomes, and each nucleo-
some consists of eight histone proteins around which DNA is wrapped. Several alterations at
nucleosome and nucleotide levels occur in carcinogenesis. The histone N-terminal tails modulate
nucleosome structure and function and can suffer modifications, which include changes in their
methylation and acetylation profiles. At nucleotide level, DNA mutations cause inactivation of
tumour suppressor genes or activation of oncogenes. Gene expression levels can be altered by
modifications in DNA methylation profiles (repressing transcription) or by ncRNA activity
(repressing translation)
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in the diagnosis of human diseases. Surprisingly, approximately 75% of the genome
is transcribed into RNAs, including RNAs that have no protein-coding potential
(noncoding RNAs) [9, 10]. Noncoding RNAs (ncRNAs) <200 nt are classified as
small ncRNAs. Micro-RNAs (miRNAs) are a category of small ncRNAs. Conversely,
ncRNAs >200 nt are classified as long ncRNAs (IncRNAs). While miRNAs are
primarily involved in “silencing” gene expression (by targeting mRNAs) (Fig. 2.2),
IncRNAS, which are more abundant than miRNAs in the human genome, exhibit a
greater variety of functions in the regulation of gene expression [9].

miRNAs have been extensively studied in OSCC, and IncRNAs are in the pro-
cess of being better characterized in such tumours [11, 12]. miRNA profiling in
progressive and nonprogressive oral leukoplakias has shown that miR-21, miR-
181b, and miR-345 increased expression in oral leukoplakias that progress to OSCC
[13]. Additionally, higher expression levels of these miRNAs were found to be asso-
ciated with cytological and histopathological parameters used to grade dysplasia,
including an increased nuclear/cytoplasmic ratio and the presence of abnormally
superficial mitosis [14]. LncRNA expression in oral premalignant lesions has been
reported [15] but requires additional characterization and functional studies to bet-
ter reveal the roles of such ncRNAs in the biology of these lesions.

Mutation and Genetic Variation

“There is no single sequence of the human genome.” There are approximately three
million sequence variations between any two unrelated persons, most of which do
not have biological importance and do not contribute to physiological differences
but do give rise to diversity between individuals.

Genetic variations that occur at a measurable frequency in the population are
termed polymorphisms. A strict definition of a genetic polymorphism is variation
present at a frequency >1% in the population. When a polymorphism is character-
ized by the substitution of a single nucleotide (e.g. the substitution of a C<T at a
given position), it is defined as a single nucleotide polymorphism (SNP). Thousands
of SNPs have been described, and there is a database of SNPs (and other short
genetic variations) that can be accessed at https://www.ncbi.nlm.nih.gov/snp.

A mutation occurring in an exon (i.e. DNA that codes for proteins) can result in
a change from one amino acid to another (missense mutation), a change that codes
for a termination signal/stop (nonsense mutation), or no change in the amino acid
(silent mutation). Mutations characterized by an insertion or deletion of one to a few
nucleotides are called indels.

When DNA mutations are found in a given tumour, but not in peripheral blood/
normal matching tissue, the mutation is considered a somatic mutation that origi-
nated in the tumour. However, if the mutation is also detected in normal constitutive
DNA, it is classified as a germline mutation. An example of a germline mutation
that predisposes individuals to cancer is the mutation in the 7P53 gene in Li-Fraumeni
syndrome. However, the majority of tumours arise from somatic mutations and are
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considered sporadic rather than familial tumours. Somatic mosaicism may occur,
and a germline mutation cannot be detected in every constitutive normal cell; how-
ever, we will not discuss this topic in this review.

With the advances in next-generation sequencing (NGS) technology, the charac-
terization of somatic genomic alterations in head and neck squamous cell carcinoma
(HNSCC) is beginning to emerge. Recently, The Cancer Genome Atlas (TCGA) has
profiled 279 cases of HNSCC by undertaking a comprehensive multiplatform char-
acterization [16]. Similar to lung cancer and melanomas, HNSCC exhibits a high
incidence of somatic mutations, which is consistent with its chronic exposure to
mutagenic factors (tobacco smoking) [17]. Genes frequently mutated in HNSCC
include TP53, NOTCH1, HRAS, PIK3CA, and CDKN2A [16]. NOTCH]I gene muta-
tions have been reported in a high proportion of oral leukoplakias and in OSCC,
which raises the possibility of these mutations being important OSCC progression
drivers [18].

Cell Cycle Differences Between Normal and Cancer Cells

Cell division occurs through sequential events that drive the progression from one
cell cycle stage to the next, and it is altered in cancer cells [19]. The cell cycle is
divided into two major phases, which are interphase and mitotic (M) phase.
Interphase is subdivided into G1, S, and G2 phases. During G1, the cell grows and
copies organelles; while in the S phase, the cell duplicates the DNA in the nucleus
and in the centrosome. When the cell enters G2, it grows, synthetizes proteins and
organelles, and prepares for mitosis. During the M phase, the cell separates its DNA
and cytoplasm, leading to the formation of two cells.

Normal cells move through the cell cycle in a regulated manner, ensuring that
they only divide when their DNA is not damaged and when there is room for more
cells in the given tissue. The most important checkpoints that regulate the cell cycle
are at the G1/S transition, the G2/M transition, and in the M phase. The cell cycle
may be interrupted at any of these checkpoints so that the DNA can be repaired or
that the cell can be eliminated by apoptosis.

Cyclins are one of the core cell cycle regulator proteins. Cyclins form complexes
with cyclin-dependent kinases (CDKs), which in turn phosphorylate target proteins.
There are several different cyclins, and the levels of each cyclin vary across the cell
cycle, usually increasing only at the stage where they are required. Genetic muta-
tions affecting cyclin or CDK genes can result in uncontrolled cell cycle progres-
sion. Cyclin D1, for example, is overexpressed in a variety of human cancers,
including OSCC [20]. Conversely, there are CDK inhibitors that negatively control
the cell cycle, including several different proteins such as p21, p16, p27, and p57.
These proteins are frequently mutated or silenced by other mechanisms such as
DNA methylation in human cancers. As CDKs play a central role in controlling cell
cycle pathways, the development of therapeutic approaches to inhibit their kinase
activity in cancer cells is currently in progress [21].
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Alterations in the cell cycle include, but are not restricted to, genetic mutations
(we will discuss this later in this chapter) and confer tumour cells with growth and
survival advantages. While the normal cell cycle is regulated by proto-oncogenes,
tumour suppressor genes, apoptosis genes, as well as DNA damage repair genes, in
human neoplasia, these genes are usually dysregulated.

Oncogenes and Tumour Suppressor Genes

Oncogenes and tumour suppressor genes control cellular proliferation. An onco-
gene is a mutated form of a normal cellular gene referred to as a proto-oncogene.
Proto-oncogenes are genes that positively regulate the cell cycle, and when they are
over-activated by mutations, they are called oncogenes. This transformation of a
proto-oncogene to an oncogene involves changes in protein amino acids, which can
alter the protein structure. The mutations that convert proto-oncogenes to oncogenic
alleles are named activating mutations to reflect “the gain of function”. Additionally,
proto-oncogene activation also can occur by gene amplification, in which extra gene
copies are accumulated in the cell, resulting in extra protein production, or by chro-
mosomal translocation (involving different mechanisms) [22].

Tumour suppressor genes are negative regulators of the cell cycle, and their func-
tions are usually impaired in cancer. In contrast to proto-oncogene activating muta-
tions, tumour suppressor genes usually harbour loss-of-function mutations with
proteins that become functionally inactivated in cancer. Tumour suppressor genes
normally control processes such as maintenance of genetic integrity, differentiation,
cell-cell interactions, progression of the cell cycle, and apoptosis. Therefore, inacti-
vation of tumour suppressor genes contributes to the disturbance of tissue homeo-
stasis [23]. The most extensively studied tumour suppressor gene in human cancer
is the TP53 gene [24]. TP53 prevents neoplastic transformation by temporarily or
permanently activating the interruption of the cell cycle or by signalling cell death,
and it is mutated in approximately half of all human cancer cases, including OSCC
[16]. TP53 is more frequently inactivated by small alterations, primarily by single
nucleotide point mutations, and they occur at a higher frequency in hot spots that
interfere with the functions of the encoded protein, which correspond to exons 5-8
of the gene.

Genetic Instability

Cancer cells commonly harbour defects in the mechanisms by which the genome is
replicated and repaired and by which chromosomes are segregated during the cell
cycle. These defects result in a higher rate of genetic alterations in cancer cells com-
pared to normal cells and are less stable genetically than the surrounding normal
tissue [25]. This genetic instability accelerates the occurrence of subsequent genetic
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alterations; however, while genetic instability is a defect in a process, genetic altera-
tions are stochastic events that do not necessarily indicate or cause genetic
instability.

Genetic instability can be categorized into the following two major groups:
instability at the nucleotide level and instability at the chromosomal level (chro-
mosomal instability, CIN). Nucleotide-level instability includes deletions, inser-
tions, and base substitution, while CIN refers to an increased rate of chromosome
gains and losses, involving chromosomal missegregation due to mitotic errors
[26]. A loss of specific chromosomal regions at constitutive heterozygous loci
(loss of heterozygosity, LOH) that spans tumour suppressor genes has been
reported to be a good predictor of malignant transformation of oral leukoplakia.
Oral leukoplakias with LOH at chromosome regions 3p and/or 9p exhibited a
markedly higher chance of malignant transformation compared to cases with 3p
and 9p retention [27]. CIN involves cytogenetic changes that lead to changes in
chromosome copy number, i.e. aneuploidy. Human cells contain 23 pairs of chro-
mosomes and are diploid. A cell that has a number of chromosomes that is not a
multiple of the haploid number is aneuploid. Aneuploid cells not only have a
numerical abnormality but also commonly have chromosomal structural aberra-
tions [26]. Aneuploidy occurs in a high proportion of solid human tumours, includ-
ing OSCC [28]. In addition, as some OSCC arise in precursor lesions (potentially
malignant oral disorders, including oral leukoplakia) and in preneoplastic epithe-
lium, they can exhibit aneuploidy [29], and several studies have examined the pos-
sibility that aneuploidy indicates a risk of malignant transformation [30, 31].
Sperandio and co-workers [30] published a large series of DNA ploidy investiga-
tions in oral dysplasia, including 273 patients (32 with malignant transformation),
for 5-15 years and demonstrated a positive predictive value for the malignant
transformation by DNA aneuploidy of 38.5% [30]. In their study, the DNA ploidy
status appeared to be correlated with epithelial dysplasia, and by combining both
(ploidy status and dysplasia grading), the predictive value was higher than by
using either technique alone. The utility of using DNA ploidy to predict the risk of
oral dysplasia malignant transformations can vary according to the technique used,
i.e. by flow or image cytometry [32].

While aneuploidy is a hallmark of several solid tumours, others do not show
aneuploidy but rather exhibit defects in DNA repair. In a normal cell, DNA sequence
errors arise as a result of mutagenic effects of environmental agents. In addition,
errors caused by DNA polymerase arise during cell division (i.e. an endogenous
form of mutagenesis). However, normal cells contain the machinery to repair these
errors, as there are more than 100 known human DNA repair genes [33].

DNA repair pathways are classified into the following three functional catego-
ries: (1) direct reversal of DNA damage, (2) excision repair of DNA damage, and (3)
DNA double-strand break repair. In the first pathway, a single enzyme repair system
can restore the conformation of pyrimidines after UV light damage in a relative
simple light-dependent reaction. The second pathway is composed of the following
three different repair systems: base excision repair (BER), nucleotide excision
repair (NER), and mismatch repair (MMR) genes. BER proteins excise and replace
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a single base and are commonly used to repair damage caused by insult to endoge-
nous DNA (such as in response to oxidative DNA damage). NER excises oligonu-
cleotides in response to genomic damage caused by UV exposure and involves at
least 30 different proteins. MMR, the third excision repair system, preserves
genomic integrity by acting in cases that involve inaccuracy in DNA replication. In
the occurrence of a mutation during DNA replication, MMR recognizes and excises
the mismatched nucleotide, resynthesizes DNA, and then ligates the broken strand.
In addition, a direct reversal of DNA damage and excision repair of DNA damage
can be repaired by a third pathway, which involves the repair of double-stranded
DNA. This pathway uses a number of proteins to repair double-stranded DNA
breaks (DSBs) that result from exogenous and endogenous agents, including ion-
izing radiation, chemical exposure, and somatic DNA recombination [33].

All of these mechanisms of DNA damage repair are interconnected and act coop-
eratively to maintain genome integrity. However, in cancer, these repair systems
may be impaired. Mutations or loss of function of these genes may result in a
reduced capacity for the correction of DNA errors, thereby predisposing the cell to
genomic instability. If the functions of these genes are impaired, then the cell cannot
repair the DNA, and programmed cell death can be triggered following the activa-
tion of apoptotic genes.

Evasion of Apoptosis

Tumour growth results not only from increased cell division, but it also depends on
preventing cells from entering apoptosis. Neoplastic cells have the capacity to evade
apoptosis by several mechanisms, enabling them to increase in number. These
apoptosis-evasion mechanisms include the amplification of anti-apoptotic machin-
ery, downregulation of the pro-apoptotic program, or both [34, 35]. There are sev-
eral examples of altered regulation of genes that encode either the anti-apoptotic or
pro-apoptotic Bcl-2 family in cancer. The BCL-2 anti-apoptotic gene was first
described because of its translocation in non-Hodgkin lymphomas, and it is also
amplified in other tumour types [34]. Another mechanism that can lead to the over-
expression of BCL-2 is the loss of micro-RNAs that repress BCL-2 gene expres-
sion, as observed in chronic lymphocytic leukaemia, in which micro-RNA 15 and
16 genes are deleted [10].

Immunotherapy and Immune Escape

The microenvironment is a critical regulator of tumour biology and can either
inhibit or support malignant transformation and tumour development, growth, inva-
sion, and metastasis. One important component of the tumour microenvironment is
the immune system. Tumour cells express antigens that can mediate their
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recognition by host CD8+ T cells and allow clinically detected tumours to evade
antitumour immune responses.

Immunotherapy is an old concept, which has recently gained increased atten-
tion from the scientific community. These strategies are designed to alter the
immune system, either by stimulating the patient’s own immune system to
attack cancer cells or by providing “immune system man-made components”
such as proteins. Unfortunately, not all tumours respond to immunotherapy, and
to increase the efficacy of immunotherapy, the immune escape mechanisms used
by cancer cells must be overcome. Tumour cells can evade immune elimination
by different mechanisms, such as the loss of antigenicity and/or the loss of
immunogenicity, and by establishing an immunosuppressive microenvironment
[36]. Immunotherapy is beginning to be explored in the oral cancer scenario, but
the majority of novel immunotherapeutic strategies are currently investigational
[37].

Epigenetics: Changes Beyond Genetic Sequence Changes

It is common to consider cancer a “genetic” disease. However, genetics and epi-
genetics cooperate in cancer development and progression. There is crosstalk
between the genome and the epigenome. Genetic alterations of the epigenome con-
tribute to cancer, and additionally, epigenetic processes can cause point mutations
and disable DNA repair [38]. Epigenetics is defined as “heritable changes in gene
expression that are not accompanied by changes in the DNA sequence”. If we are
not strict with the “heritability”, noncoding RNAs can be considered epigenetic
modifiers, and they have been discussed previously in this chapter. However, the
most important epigenetic modifiers in cancer are DNA methylation, histone modi-
fication, and chromatin remodelling.

DNA methylation is classically associated with gene silencing, although other
functions have recently been described. It occurs on cytosine, which is converted
to 5-methylcytosine by the action of DNA methyltransferase (DNMT) enzymes
(Fig. 2.2). Frequently, the altered C is adjacent to a G, and methylation is distrib-
uted in CpG sequences throughout the genome. CpGs are clustered in CpG
islands, often at gene promoters (i.e. at the start of genes, where transcription
machinery binds) (Fig. 2.2). CpG islands tend to be unmethylated, and when
methylation occurs in CpG islands, it results in silencing of gene expression.
DNA methylation can lead to gene silencing by different mechanisms that involve
the physical impediment of transcriptional proteins binding to the gene and the
indirect alteration of chromatin structure, forming heterochromatin.
Heterochromatin is a compact and inactive form of chromatin. In cancers, the
earliest epigenetic aberration found was a genome-wide hypomethylation [38].
Head and neck squamous cell carcinoma (HNSCC) exhibits global genomic
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hypomethylation [39]. The degree of global methylation was associated with
smoking history as well as with alcohol use and tumour stage in a large cohort of
HNSCC samples [40].

In addition to DNA methylation, gene expression can be epigenetically modified
by histone modifications, which include acetylation and methylation (Fig. 2.2).
Most histone modifications occur on the N-terminal tails that protrude from the
nucleosome (Fig. 2.2). Histone acetylation is universally correlated with gene activ-
ity and occurs at lysine (K) residues, and as it lacks mechanisms for mitotic herita-
bility, it is considered a chromatin modification rather than an epigenetic
modification. Histone methylation, on the other hand, can correlate either with tran-
scriptional activity or with inactivity, and it occurs primarily at lysine (K) and argi-
nine (A) residues [38]. Other histone modifications are less well characterized and
include ubiquitination, phosphorylation, sumoylation, ADP-ribosylation, and citrul-
lination. Very recently, impaired histone methylation (Histone H3 at K36, i.e.
H3K36) was proposed to have a potential role in the development of a subset of
HNSCC [41].

Interestingly, as a result of advances in next-generation sequencing, it was
revealed that more than 50% of human cancers harbour mutations in chromatin
organization enzymes. As tumour cells use epigenetic processes to escape from host
immune responses and from chemotherapy as well, a growing number of studies are
investigating drugs that target epigenomic alterations in cancer, including DNA
methylation and histone modifications [42].

Intra-Tumour Heterogeneity

All of the aspects of tumour biology and molecular alterations and capabilities that
have been described above must be understood in light of the “tumour heterogene-
ity” issue. Not all tumour cells share the same genetic and phenotypic traits, i.e.
populations of tumour cells within the same tumour display remarkable variability.
Intra-tumour heterogeneity is evident at the genetic and epigenetic levels as well as
at the transcriptomic and proteomic levels [43, 44]. Intra-tumour heterogeneity is a
phenomenon that has been known for several years, but it has recently gained more
attention, as heterogeneity is a major obstacle to therapeutic success. Individual
tumours may achieve resistance via several routes simultaneously, due to intra-
tumour heterogeneity [45].

It is becoming increasingly evident that most, if not all, solid tumours exhibit
evidence of intra-tumour heterogeneity. For some cancers, such as HNSCC and
oesophageal and breast cancer, the degree of intra-tumour genetic heterogeneity is
associated with a poor prognosis and a more negative clinical outcome. Of note,
oral leukoplakia also shows intra-lesion heterogeneity with coexisting multiple
“clones” [7].



18 C. C. Gomes et al.

Aetiological Factors for Oral Potentially Malignant Disorders
(OPMDS) and Mechanisms of Carcinogenesis

Different aetiological factors are able to provoke genetic and epigenetic alterations
in the genome (Fig. 2.3) [46]. Recent advances in sequencing technologies have
deciphered the molecular signatures caused by mutagenic agents. For example,
ultraviolet light (UV) and aflatoxin leave distinct patterns of DNA mutations in
squamous cell carcinomas and hepatocellular carcinomas, respectively. Below, we
review the most important aetiological factors currently associated with the occur-
rence of OSCC and oral potentially malignant disorder (OPMD).

Tobacco Smoking

Oral leukoplakia is the main oral potentially malignant disorder (OPMD). Although
the association of oral leukoplakia with smoking and alcohol is well accepted in the
literature, there is a lack of well-designed studies that deeply investigate this issue
[47]. Systematic reviews are hampered by the heterogeneity of the studies and by
changes in the oral leukoplakia concept and definition with time. The association
between tobacco smoking and oral leukoplakia is based primarily on observational
studies that report the disappearance of some lesions following the cessation of
tobacco smoking. A Cochrane review discussed the lack of trials evaluating smok-
ing cessation and the evolution of disease in patients [48].

There are approximately 20 substances in cigarette smoke that produce carcino-
genic effects. The most important of these substances are nitrosamines, polycyclic
aromatic hydrocarbons, aromatic amines, and aldehydes. Nicotine in tobacco has no
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Fig. 2.3 Aetiological factors of oral potentially malignant disorders
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carcinogenic effect, but it is a highly addictive substance. In general, tobacco
products are carcinogenic only after metabolic activation; however, host enzymes
can detoxify them.

Nitrosamines are found in smoked and smokeless tobacco, and their metabolites
can covalently bind to DNA, forming DNA adducts that can promote mutations
[49]. However, the carcinogenic effect of nitrosamines requires metabolic activa-
tion. In addition to forming DNA adducts, nitrosamines generate hydroxyl radicals
or other reactive oxygen species that can damage DNA and cause single-strand
breaks. Benzopyrene, a polycyclic aromatic product, and aromatic amines can cause
mutations in 7P53 and the formation of different DNA adducts. Acrolein, an alde-
hyde present in tobacco, is an active carcinogenic product and is associated with
mutations in 7P53. Acrolein adducts inhibit nucleotide excision repair enzymes,
which, as discussed earlier in this chapter, is an important mechanism for the repair
of DNA damage caused by tobacco products.

It is interesting that tissues directly exposed to tobacco products, as well as those
not directly in contact with them, show elevated levels of DNA adducts in smokers.
A recent study demonstrated a predominance of T>C and C>T mutations in oral
cancer cells in smokers, and these alterations were correlated with age at the time of
diagnosis of the disease [50].

Tobacco products may also cause methylation of tumour suppressor genes,
induction of oxidative stress, and inflammatory reactions. Oral cancer cells in smok-
ers contain more hypomethylated and hypermethylated genes than non-smokers,
indicating a change in the normal methylation pattern. Recent studies have also
demonstrated altered expression of miRNAs in tobacco-related neoplasias.

Smokeless Tobacco, Betel Quid, Snuff, and Other Related
Products

Smokeless tobacco is a term used to define the consumption of tobacco without
burning, and it is a risk factor for OPMD. There are a variety of smokeless tobacco
products that can be chewed, sucked on, or sniffed. They also can be used together
with other ingredients such as areca nut, lime, spices, and ash. Tobacco is some-
times boiled or burned for consumption. Smokeless tobacco can cause the forma-
tion of DNA adducts and the production of reactive oxygen species, which can
cause mutations in several genes, including HRAS, KRAS, NRAS, and TP53 [51].
Smokeless tobacco also may cause disruption of the cell cycle by the hypermethyl-
ation of tumour suppressor genes [52].

Betel-related products for chewing or betel quid usually include betel leaf, lime,
tobacco, and betel nuts. Betel quid has two basic carcinogenic actions in the oral
mucosa. The first is the cytotoxic and mutagenic effect of its components (arecoline,
alkaloids and polyphenols) on epithelial cells, while the second is associated with
induced fibrosis, which reduces the oxygen supply to the epithelial cells.
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Chewing betel quid is strongly associated with the development of oral submu-
cous fibrosis, which is an important OPMD that occurs specially in South Asia
[53]. The mechanism by which betel quid produces submucous fibrosis in oral
tissues involves the action of its different components. This mechanism mainly
involves suppression of endothelial cell proliferation; generation of reactive oxy-
gen species; activation of NF-kB, JNK, and p38 pathways; production of connec-
tive tissue growth factors; and upregulation of TGF-b. These alterations cause
DNA damage, progressive accumulation of collagen, and cross-linking of collagen
fibres, which renders them less susceptible to breakdown. These effects explain the
fibrotic nature of the disease, and the loss of vascularity leads to atrophy of the
epithelium.

Recent studies have also suggested that areca nut compounds are involved in the
epithelial-mesenchymal transition [54]. The epithelium-mesenchymal transition
phenomenon has an important role in differentiation, migration, and invasion of
keratinocytes, and it has been implicated in the malignant transformation of oral
submucous fibrosis. Other molecular changes induced by betel components include
the overexpression of CAIX, a hypoxia-inducible enzyme overexpressed by cancer
cells, and the decreased expression of tumour suppressor genes, such as PTEN and
BRCA protein-related genes.

Alcohol

The role of alcohol in OSCC is more clearly established than in the development of
oral leukoplakia. A prospective study reported by Maserejian et al. (2006) [55] dem-
onstrated that alcohol consumption is an independent risk factor for oral leukopla-
kia; however, this finding was not confirmed definitively by other reports. The
independent risk effect of low/moderated alcohol consumption is unclear, consider-
ing the different types of beverages available.

Alcohol dehydrogenase (ADH) catalyses the oxidation of alcohol to acetalde-
hyde, which is the major metabolite of alcohol [56]. This process occurs in the
cytoplasm. In chronic alcohol consumption, the CYP2EI enzyme is utilized and
results in acetaldehyde formation in peroxisomes. Acetaldehydes are very toxic and
affect DNA synthesis and repair. Because of its electrophilic nature, acetaldehyde
can bind and form adducts with proteins, lipids, and DNA, which impairs their
functions and promotes DNA damage and mutation. The carcinogenic effect of
alcohol is also mediated by increased oxidative stress, release of inflammatory cyto-
kines, impairment of retinoid metabolism, and inhibition of DNA methylation.

As acetaldehyde is toxic and can cause health problems, it needs to be oxidized
to acetate by the enzyme aldehyde dehydrogenase [56]. As the acetate formed is
unstable, it breaks down spontaneously to CO, and water. Genetic factors can influ-
ence the propensity for the accumulation of acetaldehyde. SNPs in the alcohol
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dehydrogenase and aldehyde dehydrogenase genes can result in the toxic accumula-
tion of acetaldehyde, thereby enhancing its procarcinogenic effect.

HPVs

Human papillomaviruses (HPVs) are small double-stranded DNA viruses, and their
family consists of more than 130 types, including high-risk and low-risk types [57].
Among the many high-risk HPVs, HPV-16 is the most common, and it accounts for
approximately 90% of HPV-positive carcinomas of the oropharynx [58]. These
viruses are sexually transmitted primarily through direct contact, and the majority of
infections clear spontaneously within 24 h; however, this does not necessarily create
immunity. HPV-positive head and neck cancers, when compared to HPV-negative
counterparts, affect younger patients and are less likely to be associated with risk
factors such as smoking and alcohol [59]. While less than 5% of non-oropharyngeal
head and neck cancers are caused by HPV infection, greater than 70% of oropharyn-
geal cancers are related to this virus [60, 61]. A recent meta-analysis suggested that
HPV16 is a significant independent risk factor for oral leukoplakia [58].

Recent studies have demonstrated molecular mechanisms in which HPVs induce
carcinogenesis. E6 and E7 HPV proteins function as the dominant oncoproteins of
high-risk HPVs, and they inactivate the tumour suppressor proteins p53 and pRB,
respectively [57]. TP53 is the “guardian of the genome”, and its malfunction in
most cancers is the result of DNA mutation. In HPV-associated cancers, the E6
oncoprotein degrades the wild-type p53 protein and leads to chromosomal instabil-
ity in a manner similar to of DNA mutations. HPV E7 protein inactivates pRB,
which releases E2F and promotes the transition from the G1 to the S phase of the
cell cycle by transcription of the cyclins E and A. The disruption of pRB causes
overexpression of p16, which explains why the overexpression of p16 is one of the
markers of the infection used in immunohistochemistry. The immunohistochemical
study of p16 protein in conjunction with in situ hybridization is the gold standard
for the diagnosis of HPV-associated cancer. HPV-negative oropharyngeal cancer is
associated with approximately twofold more mutations than the HPV-associated
counterpart. HPV-positive head and neck cancer has an improved prognosis; how-
ever, its precursor lesion in the oropharynx has not yet been identified.

Chronic Candida Infection

Despite the extent of the oral presence of Candida albicans being higher in patients
with OSCC or oral leukoplakia, the role of this microorganism in oral carcinogen-
esis is not well established [62, 63]. C. albicans produces nitrosamines that are
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important carcinogenic compounds. Nitrosamines, after metabolic activation by
cytochrome P450 enzymes, induce alkylating DNA damage by formation of the
highly reactive diazonium ion, which leads to mutations in DNA. Point mutations
can activate specific oncogenes or suppress tumour suppressor genes, as discussed
earlier in this chapter. Additional potential mechanisms by which Candida spp. may
promote oral carcinogenesis include the inflammatory reaction associated with
infection and the metabolism of ethanol with the consequent production of acetal-
dehyde, a potential carcinogenic compound.

Sunlight Exposure

Long-term exposure to sunlight is the major aetiological factor of cancer in the
lower lip. Actinic cheilitis is an OPMD of the lower lip, and it can progress to
squamous cell carcinoma. There are three types of ultraviolet radiation (UV) that
can damage the genome: UVA (315400 nm), UVB (280-315 nm), and UVC
(100-280 nm). UVB and UVC can produce DNA photoproducts, including
pyrimidine photoproducts. These photo lesions can cause UV signature mutations
(C>T transitions and CC>TT tandem double mutations), leading to upregulation
and downregulation of signal transduction pathways and cell cycle dysregulation
[64]. The CC>TT transition in 7P53 has been reported in lip squamous cell carci-
nomas as well as in actinic cheilitis. Additional effects of UV include the deple-
tion of antioxidant defences and the induction of local immunosuppression.
Nucleotide excision repair enzymes are able to repair DNA by removing
UV-induced photo lesions [65]. Therefore, nucleotide excision repair enzymes
counteract the formation of mutations and the development of skin/lower lip
cancers.

Genetic Susceptibility to OPMD

Although the risks of lifestyle exposures to environmental carcinogens are associ-
ated with the development of premalignant lesions in the oral mucosa, genetic sus-
ceptibility helps to explain interindividual or interpopulation variations. Most
studies are dedicated to the investigation of genetic risk factors for the development
of oral cancers, and few of them are focused on OPMD.

A variation in a single nucleotide that occurs at a specific position in the genome
is known as a single nucleotide polymorphism (SNP) (reviewed earlier in this chap-
ter), and it can change the amino acid sequence of a protein. This change can affect
the protein’s function and its ability to metabolize carcinogens or its capacity to
repair DNA damage caused by a carcinogenic substance.

Carcinogenic compounds related to oral cancer can be activated or degraded by
a certain group of enzymes known as xenobiotic metabolizing enzymes (XMEs).
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The metabolism of tobacco products, for example, involves oxygenation by P450
enzymes in cytochromes and conjugation by glutathione-S-transferase. Many XME
SNPs can influence the individual’s biological response to carcinogens. Because of
the mutagenic effect of acetaldehyde, SNPs in the enzymes involved in alcohol
metabolism (alcohol dehydrogenase and aldehyde dehydrogenase) are also related
to the risk of developing oral cancer [66].

Genotype variations associated with increased susceptibility to the development
of OSCC also include genes related to inflammation, stabilization of the genome,
regulation of cell proliferation, apoptosis, and tumour survival [66]. Therefore,
SNPs can partly explain the genetic susceptibility to human diseases, including the
development of oral cancers and potentially malignant lesions. The investigation of
SNPs may be helpful in identifying patients who are affected by OPMDs that may
present an increased risk for malignant transformation.

Conclusion

Histopathological examination is not sufficient to accurately predict the malignant
potential of OPMD. Despite being the gold standard method for assessing the grade
of dysplasia, mild dysplastic lesions may progress to OSCC, while lesions with
higher dysplastic features may not suffer malignant changes. For example, only
approximately 5% of oral leukoplakias progress and transform into OSCC. However,
the challenge is to identify which lesions are at risk and which lesions will never
progress. Therefore, several studies have attempted to identify molecular changes
associated with the malignant progression of oral leukoplakia.

As cancer development and progression indicate instability in the genome, this
feature has been studied in OPMD, and chromosomal instability was reported to be
a reliable method for the assessment of premalignant lesions of the oral mucosa at
risk for transforming into cancer [67]. Other malignant transformation markers are
beginning to be identified. LOH patterns were shown to be able to predict oral
leukoplakia lesions at risk for malignant transformation. Epigenetic changes are
also relevant to malignant progression, and hypermethylation of p16 is apparently
associated with a higher potential of oral leukoplakia malignant transformation
[68]. Specific miRNAs were demonstrated to be overexpressed in oral leukoplakia
that progressed to oral cancer, and some cytological and histopathological param-
eters used to grade dysplasia are associated with altered expression of miRNA
[13, 14].

There are several layers of complexity that surround the oral malignant transfor-
mation issue. One needs to keep in mind that the individual interacts with the envi-
ronment (and potential carcinogen sources) as the epithelium interacts with the
microenvironment (extracellular matrix, blood vessels, fibroblasts, immune cells,
etc.) and the genome interacts with the epigenome. In addition, the utility of molec-
ular and histopathological profiling is limited by intra-lesional heterogeneity, which
may in part explain the discordant results in the literature.
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Chapter 3
Oral Carcinogenesis and Malignant
Transformation

Camile S. Farah, Kate Shearston, Amanda Phoon Nguyen, and Omar Kujan

Introduction

Cancer of the oral cavity and oropharynx is a significant health burden, with over
300,000 new cases diagnosed annually [1]. Oral squamous cell carcinoma (OSCC)
constitutes 95% of these malignancies and is mostly preceded by lesions termed
oral potentially malignant disorders (OPMDs) that have a high tendency for malig-
nant transformation [2]. Despite advances in diagnosis and treatment modalities, the
survival rate of OSCC has not changed significantly in the last five decades [3]. The
poor prognosis of oral cancer can largely be attributed to its frequent diagnosis at an
advanced stage [4]. Understanding the process and natural history of oral carcino-
genesis has the capacity to improve the clinical outcomes of patients with OSCC
through early detection and effective OPMD management. This chapter discusses
the most recent concepts and knowledge on oral carcinogenesis and malignant
transformation of OPMDs.

Oral Mucosa Development and Epithelial Differentiation

Given that OSCC arises from oral epithelium, understanding the normal anatomy,
histology, biology and physiology of normal oral epithelial cells is a prerequisite to
understanding oral carcinogenesis.

Oral mucosa lines the structures of the oral cavity and developmentally origi-
nates from ectoderm and ectomesenchyme—in particular, neural crest cells [5].
Given the sophisticated functionality of the oral mucosa, it has typically been
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subdivided into three categories: lining mucosa, masticatory mucosa and special-
ised mucosa. Despite this, the mucosa at all oral sites comprises a lining of stratified
squamous epithelium (SSE), keratinised or non-keratinised, depending on the
region and underlying connective tissue of the lamina propria and submucosa [6, 7].

Lining mucosa covers the lips, cheeks, soft palate, alveolar mucosa, and the
floor of the mouth and is typically lined by stratified non-keratinised squamous
epithelium. Surface cells are shed continuously and replaced by progenitor stem
cells at the basal cell layer. The lamina propria has a similar pattern to that found in
the dermis of the skin [6]. On the other hand, masticatory mucosa lines the hard
palate and gingiva, while specialised mucosa is unique to the dorsum of the tongue.
In both types of mucosa, masticatory and specialised, the lining epithelium is strati-
fied keratinised squamous. They both have elongated rete ridges and relatively
dense lamina propria to reinforce the cohesion between epithelium and lamina pro-
pria [6, 7].

The oral epithelium has four layers as a result of cell proliferation and sequential
differentiation: stratum germinativum (or stratum basale), stratum spinosum (or
prickle cell layer), stratum granulosum (or granular layer) and stratum corneum
(the keratinised or cornified layer) [6, 7]. The oral epithelium has two cell popula-
tions: progenitor (cells are responsible for dividing and providing new cells) and
maturing (cells undergo continuing process of differentiation to form a protective
barrier) [7]. The final pathway of SSE differentiation allows either reaching entirely
cornified dead cells (squames) that are found on the hard palate and gingiva or non-
cornified as is seen in lining mucosa. Interestingly, the cytoskeleton of oral epithe-
lial cells has individual intermediate filaments known as cytokeratins (CK) which
are products of the CK genes. Cytokeratins are a group of at least 20 subtypes [7].
The phenotype of the cytokeratin reflects the differentiation pathway of the epithe-
lial cells [7]. For example, CK 14 is strongly positive in the basal cell layer. It is
important to know that the CK profile changes in the oral epithelium with patho-
logical situations [6, 7].

Embryonic development mostly dictates the distribution of keratinisation in the
oral epithelium [8]; however, there are some normal variations seen in adults. In
fact, normal proliferation and differentiation of oral epithelium are controlled by
autocrine and paracrine factors that are generated by keratinocytes, cytokines,
growth factors and circulating systemic factors [6]. Another influencing factor is
due to epithelial/mesenchymal interaction [6]. Some researchers argue that mesen-
chyme plays a significant role in determining the phenotype and morphology of the
overlying epithelium. Additionally, gap junctional communication is documented to
have a role in regulating oral epithelia differentiation [6]. Moreover, local stimuli in
the oral cavity can induce reversible changes depending on the persistence of the
stimuli [7]. For example, chronic physical irritation may cause hyperkeratosis of the
buccal mucosa. Additionally, inflammation may affect the mitotic activity of oral
epithelial cells. Mild subepithelial inflammatory infiltrate may stimulate prolifera-
tive activity of the oral progenitor cells, while severe inflammation may cause
marked reduction in this activity. These effects probably represent the influence of
cytokines [7].
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The balance between cell loss and cell formation has a delicate role in stabilising
the homeostasis of multilayered oral squamous epithelium [8, 9]. Oral epithelial
cells normally divide at different rates, and it is possible to estimate the time neces-
sary to replace all the cells in the epithelium, known as turnover time [8].

Importantly, the oral epithelium divides following a unique pattern forming what
is called epidermal proliferation unit. Stem cells divide to transit-amplifying cells
that subsequently divide one to five times laterally and upward towards the epithe-
lial surface producing a clone of differentiated cells. Eventually, the epidermal pro-
liferation unit consists of a population of dividing progenitor (transit-amplifying)
cells and their respective clones of differentiated cells [6, 9, 10]. It is also evident
that proliferation and epithelial turnover increase during wound healing. Surveillance
and management systems inside the cell cycle checkpoint will detect damaged cells
and will subsequently activate programmed cell death [6, 9]. Exposure to environ-
mental factors can influence the cell cycle phases of oral epithelial cells. Smoking,
for example, has the ability to disrupt the cell cycle of normal epithelial cells.
Michcik et al. [11] studied the influence of smoking on the cell cycle of normal
epithelial cells and showed that the percentage of cells in the individual phases of
the cell cycle was significantly dependant on the pack-year smoking history [11].

The oral mucosa displays normal variations that relate to its development and
functional demands. Knowledge of development, biology and histology of the epi-
thelial lining of the oral cavity sets a foundation for a better understanding of oral
carcinogenesis.

Carcinogenesis

An overwhelmingly large proportion of head and neck cancers are squamous cell
carcinomas (SCCs) and variants thereof, originating from the epithelium of the
mucosal lining of the upper aerodigestive tract [12]. Two-thirds of these malignan-
cies occur in developing countries; and a high incidence continues to be observed in
the Indian subcontinent [13]. Many of these areas are showing rising trends, with a
shift to the involvement of younger individuals, and survival rates have improved
little or not at all in much of the world over several decades, mainly due to the high
risk of developing a second primary cancer [14, 15]. Five-year survival rates are
reportedly as low as 9% for some parts of the oral cavity, largely due to late-stage
diagnosis when tumour metastasis has occurred [16]. The importance of early detec-
tion and prevention of oral cancer and pre-malignancy cannot be overstated. It is
imperative to understand oral carcinogenesis and malignant transformation, for the
early detection and prevention of oral cancer [4].

Carcinogenesis describes the series of genotypic and phenotypic changes that
result in a cell being identified as malignant. Compared with normal cells, cancer-
ous cells display a range of ‘hallmarks’ including resistance to antigrowth signals,
evasion of apoptosis, self-sufficiency in growth signals, limitless replicative poten-
tial, promotion of angiogenesis, the ability to invade tissue and metastasise, altered
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metabolic pathways and the ability to evade the immune system [17, 18]. These
cancer hallmarks are functional capabilities that permit cancer cells to survive, pro-
liferate and spread beyond their initial location. Some of these hallmark properties
may become activated quite early in the process of carcinogenesis, for example,
evasion of apoptosis, while others may only be present in malignant or metastatic
tissues. The cancer hallmark concept also describes ‘enabling characteristics” which
assist in the acquisition and promotion of hallmark capabilities, namely, genomic
instability and inflammation [17, 18].

Oral cancer development is a complex, multistep and multifocal process involv-
ing field cancerisation and carcinogenesis [14, 19]. In the context of oral cancer,
carcinogenesis involves the cells and tissues of the normal oral mucosa transform-
ing into oral squamous cell carcinoma. Oral cancer formation is driven by the accu-
mulation of a series of genetic alterations which activate or inhibit various functions
and signalling pathways of the normal oral mucosa, some of which are summarised
in Fig. 3.1. Genetic alterations may be driven by risk factors such as tobacco smok-
ing or alcohol consumption or by genetic susceptibility. The concept of field cance-
risation, as conceived by Slaughter et al. in 1953 [20], also known as field defect or
field effect, describes the process by which a large area of tissue becomes geneti-
cally but not histologically altered and is more susceptible to malignant transforma-
tion [20]. Oral cancer, like carcinomas in other tissues, develops over many years,
and during this period, there may be multiple sites of neoplastic transformation

Carcinoma Invasive
in situ carcinoma

Hyperplasia Dysplasia

LOH 9p21 3p21, 17p13 11913, 13921, 6p, 8p, 4026-
\/’ \_/’ 1431 28, 10923
P16 P53 Cyclin D1 P10
inactivation mutation amplification inactivation

Fig. 3.1 Clinical, histological and molecular models of oral carcinogenesis. Oral carcinogenesis
can be understood clinically, histologically and molecularly. The top panel depicts the physical
manifestations of premalignant and cancerous lesions in comparison to normal mucosa. The
images below display the histological changes that occur to normal oral mucosa as it progresses
through hyperplasia, dysplasia, carcinoma in situ and invasive carcinoma. The grey boxes below
depict the accumulation of mutations that occur during carcinogenesis, with characteristic regions
undergoing loss of heterozygosity (LOH) (above) and critical mutations correlated with premalig-
nant and malignant lesion stage (below). Image used with permission from C. S. Farah et al. (eds.),
Contemporary Oral Medicine, Springer Nature Switzerland AG 2019
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occurring throughout the oral cavity [14]. Thus, multicell anaplastic tendency
results in a multifocal development process of cancer at various rates within the
entire field, with subsequent development of abnormal tissues around a tumouri-
genic area, the areas of which may later coalesce and create atypical areas, even
after complete surgical removal [21]. This may partly explain the presence of sec-
ond primary tumours and recurrences [21]. The continual presence of mutations
may also signify changes in DNA repair and apoptosis, thereby increasing the sus-
ceptibility to future transformation [22]. Mutational adaptations that modify the
survivability of particular clones of transforming cells may also further enhance the
level of resistance to therapeutic control [14, 22]. A recent genetic analysis revealed
that cancers developing at distant sites within the oral cavity often are derived from
the same initial clone [23]. The multiplicity of the oral carcinogenesis process
makes it difficult to interrupt the progression to cancer through the surgical removal
of a premalignant lesion alone [14]. It is important to recall that multifocal presenta-
tion and mutational expression of tumour suppressor genes may also be the conse-
quence of long-term exposure to various environmental and exogenous factors [14].

Clinical Model of Carcinogenesis

Clinically, human tumours can be broadly divided into three groups: premalignant
lesions, primary tumours and metastasis, the former of which is our focus. An oral
premalignant lesion is an area of morphologically or genetically altered tissue that
is more likely than normal tissue to develop cancer. Estimates of the global preva-
lence of OPMD range from 1% to 5% [24]. Cells in premalignant lesions are clon-
ally expanded because of the acquisition of selective growth advantage by genetic
alteration (or alterations) that occur in cells, and these initiated cells may be less
responsive to negative growth regulators and cell differentiation inducers [21]. The
initiated cells or normal cells convert to malignant cells (converted cells) by addi-
tional or multiple genetic alterations and produce primary tumours [21]. A range of
tissue and cellular alterations consistent with carcinoma commonly precedes
OSCC, but when it remains restricted to the surface epithelial layer, it is a poten-
tially malignant condition termed oral epithelial dysplasia (OED) [16, 25]. Although
OSCC is not linear in its development, there is general agreement that it begins as a
simple epithelial hyperplasia and progresses through OED, with more severe dys-
plastic changes signifying more extensive genetic aberrations [16]. The timeframe
for this process is not known but is thought to be a relatively slow process, with
malignant transformation occurring within 10 years [16]. The reported rates of
malignant transformation of leukoplakia range from <1% to 18%, and various fac-
tors, such as the location within the oral cavity, clinical appearance (homogenous
versus non-homogenous) and the presence of dysplasia, correlate with the risk of
progression [26].

There are clinically apparent premalignant lesions of oral cancer. They include
leukoplakia, erythroplakia, oral lichen planus and oral submucous fibrosis. The
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most recent definition of leukoplakia emerged from a World Health Organization-
supported workshop as ‘a white plaque of questionable risk having excluded (other)
known diseases or disorders that carry no increased risk for cancer’ [25]. This defi-
nition should exclude such white lesions as traumatic or smokers’ keratosis, which
do not carry an excessive risk of OSCC [16]. Leukoplakia is seen most frequently
in middle-aged and older males, with an increasing prevalence with age. Fewer than
1% of males below the age of 30 have leukoplakia, but the prevalence increases to
8% in men over the age of 70, while the prevalence in females past the age of 70 is
approximately 2% [14].

Similar to the definition for leukoplakia, erythroplakia is a clinical term that
refers to a red patch that cannot be defined clinically or pathologically as any other
condition. This definition should exclude inflammatory conditions that may result in
ared clinical appearance. Oral erythroplakia occurs most frequently in older males
and appears as a red macule or plaque with a soft, velvety texture, with the floor of
mouth, lateral tongue, retromolar pad and soft palate being the most common sites
of involvement [25]. Some lesions may be intermixed with white, and this is termed
an erythroleukoplakia.

The most common site for intraoral carcinoma is the tongue, which accounts for
around 40% of all cases in the oral cavity proper [13]. The floor of the mouth is the
second most common intraoral location, with less common sites including the gin-
giva, buccal mucosa, labial mucosa and hard palate (Warnakulasuriya [13]). A two-
tier system has been developed by Kujan et al. [27] that categorises OED into low
and high risk of undergoing malignant transformation, in an attempt to make histo-
pathology more practical for the clinician [27]. Leukoplakic lesions in high-risk
sites should be considered to be at high risk of malignant transformation.

Histopathological Model of Carcinogenesis

Although diagnosis of invasive OSCC is largely uncomplicated, pathologic diagno-
sis of oral premalignant lesions can be perplexing. The histological finding of dys-
plasia is strongly associated with an increased rate of invasive cancer development.
The World Health Organization (WHO) has established criteria for dysplasia,
including the architectural and cytological changes in the epithelium which are
summarised in Table 3.1 [28]. Visual representations of histological examples of
carcinogenesis are summarised in Fig. 3.1.

The classic WHO oral dysplasia grading system includes diagnoses of no dyspla-
sia, mild dysplasia, moderate dysplasia and severe dysplasia. In cases of mild dys-
plasia, cytological and architectural changes are confined to the lower third of the
thickness of the epithelium; in cases of moderate dysplasia, changes are seen in up
to two-thirds of the thickness of the epithelium. In cases of severe dysplasia, the
dysplastic changes fill more than two-thirds of the thickness but less than the entire
thickness of the epithelium. The dysplastic cells of carcinoma in situ occupy the
entire thickness of the epithelium (bottom to top changes), although the basement
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Table 3.1 Characteristic architectural and cytological changes for oral epithelial dysplasia
grading [28]

Architectural changes Cytological changes

Irregular epithelial stratification Abnormal variation in nuclear size
(anisonucleosis)

Loss of polarity of basal cells Abnormal variation in nuclear shape (nuclear
pleomorphism)

Drop-shaped rete ridges Abnormal variation in cell size (anisocytosis)

Increased number of mitotic figures Abnormal variation in cell shape (cellular
pleomorphism)

Abnormal mitoses not limited to basal or Increased nuclear-cytoplasmic ratio

parabasal layers

Premature keratinisation in single cells Increased nuclear size

(dyskeratosis)

Keratin pearls within rete ridges Atypical mitotic figures

Increased number and size of nucleoli

hyperchromasia

membrane is still intact. Invasive SCC involves dysplastic cells invading the under-
lying connective tissue stroma through the basement membrane.

It should be emphasised that the assessment of dysplasia is subjective and open
to interpretation, and accurate pathologic grading of dysplasia requires ample expe-
rience [29, 30]. Additionally, the merit of OED grading in predicting malignant
transformation is limited by the virtue that not all OED lesions transform into
malignancy [30]. On the contrary, some OED lesions may regress [24].

Animal Model of Oral Carcinogenesis

Animal models have provided a useful tool to investigate the process of carcinogen-
esis, the development and growth of tumours and the influence of carcinogens/risk
factors and potential treatments. The use of knockout or transgenic mice is a power-
ful tool to understand the role of specific genes in tumour growth and development
[31-33]. The most widely used animal models for oral carcinogenesis are the ham-
ster cheek pouch model and the 4-nitroquinoline 1-oxide-(4-NQO)-induced oral
(tongue) carcinogenesis model [32]. These models attempt to mimic the histologi-
cal, molecular and immunological characteristics of human oral carcinogenesis as
closely as possible.

Induction of SCC in the cheek pouch of hamsters was first described with the aid
of three polycyclic aromatic hydrocarbons, namely, 7,12-dimethylbenz(a)anthra-
cene (DMBA), 20-methylcholanthrene (20-MC) and 3,4-benzpyrene [14]. DMBA
is a widely used carcinogen in experimental oral carcinogenesis. The DMBA model
was first utilised by Salley in 1954 and involves application of DMBA (0.5%), to the
hamster cheek pouch for a period of 16 weeks, which results in the formation of
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invasive OSCC. The model is analogous to what is observed in humans as it shows
a gradual development of precancerous lesions, which become dysplastic and
undergo malignant transformation to invasive oral squamous cell carcinoma [34]. A
range of variants have been developed utilising the basic model combined with
other carcinogens such as alcohol, tobacco or alternate chemicals or knockout or
transgenic animals.

DMBA-treated hamsters demonstrate expression of oncogenes also seen in human
OSCC such as c-erb-B (gene for EGRF protein), c-Ha-ras (gene for p21 protein),
Ki-ras and mutant p53 [35]. Expression of c-Ki-ras is of particular interest as it
appears at an early stage of tumour development, but not in the healthy oral mucosa
[14]. These animals display metabolic markers comparable to human lesions, namely,
y-glutamyltranspeptidase, ornithine decarboxylase and polyamines [36, 37]. A recent
study performed a comparative immunohistochemical study using the hamster model
and human normal and OSCC tissues and found that DMBA-induced changes in
protein expression in the hamster were largely mirrored in human cancer samples.
This took the form of activation of cytochrome P450, increased markers of oxidation
and changes in the expression of a range of proteins involved in apoptosis, angiogen-
esis, proliferation and invasion [38, 39]. This model was also used to identify a novel
tumour suppressor gene (TSG) named DOC-1 via a negative screen. Healthy hamster
oral keratinocytes express DOC-1, while keratinocytes from DMBA-treated ham-
sters display mutations that lead to very low levels of DOC-1 protein [40].
Re-expression of DOC-1 in malignant oral keratinocytes results in reversion of many
malignant phenotypes to normal, thus causing the DOC-1 transfected oral cancer
cells to look and act like their normal counterpart [41]. The precise function of
DOC-1 in normal oral keratinocyte biology is still being investigated, but it appears
to act as a cell cycle regulator and be involved in apoptosis and its expression is lost
in approximately 70% of human SCC [38, 42]. Other animal models for the study of
oral carcinogenesis include those in rats and mice using water-soluble 4-NQO, which
produce tongue lesions including squamous cell neoplasms within 32 weeks and
palatal tumours within 49 weeks [14, 32]. Typically, this model includes an induction
period of between 8 and 32 weeks, where 4-NQO is supplied in the drinking water,
and then a development period of 15-24 weeks, where animals are fed untreated
water and tongue lesions are allowed to develop. In the mouse, 10 weeks of DMBA
treatment results in the majority of animals displaying lesions greater than grade 2 by
week 25, with 75% of these histologically assessed as severe dysplasia, CIS or an
invasive SCC [43]. In the rat, an §-week induction generates tongue lesions including
leukoplakia and papillary tumours by 32 weeks. Histologically, these lesions are pre-
dominantly hyperplastic, with some displaying mild and moderate dysplasia, but
with 32 weeks of 4-NQO treatment (and 24 weeks development), the lesions display
frequent severe dysplasia (80%), a 15% incidence of CIS and a rate of invasive SCC
ranging from 50% to 70% [44]. Increased levels of polyamine synthesis, as well as
nucleolar organiser regions (NORs), have been noted in this rat model with the pro-
gression of oral carcinogenesis [14]. Rats carrying human c-Ha-Ras proto-oncogene
develop 4-NQO-induced cancer more rapidly than wild type, suggesting c-H-Ras
alterations are involved in the mechanism of 4-NQO [45].
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Lesions induced by 4-NQO display molecular similarities to human oral lesions.
A recent RNA-seq study found increased transcript associated with matrix break-
down and migration, proliferation and cell cycle, hypoxia signalling and DNA rep-
lication compared with untreated controls [43]. This was reflected at a protein level
with increased protein expression via immunohistochemistry in MMP-9, beta-
catenin and markers of oxidative stress [43]. In another study by Foy et al., utilised
RNA-seq to compare gene expression profiles between normal, hyperplastic, dys-
plastic and cancerous mouse tongue tissue generated using the 4-NQO model and
correlated these with human cancer datasets. They were able to identify ‘early’ gene
sets correlated with hyperplasia, ‘intermediate’ gene sets correlated with dysplasia
and ‘late’ gene sets correlated with malignant transformation as well as a ‘progres-
sive’ gene set where expression increased over the course of experimental carcino-
genesis [46]. Overall, there were changes in signalling via NFKB pathway (early),
the MAPK/ERK pathway (early and late), IL4 signalling and several apoptosis
pathways. The 4-NQO model is characterised by frequent CASP8 mutations and
amplifications at 11q13.3 and is potentially sensitive to MEK inhibition [46]. It is
similar to a subset of human tumours characterised in TCGA that are HPV negative
and display inactivating CASPS, activating HRAS and wild-type TP53 [47].

Molecular Model of Carcinogenesis

Genetic alterations define the molecular basis of carcinogenesis, and these include
point mutations, amplifications, rearrangements, copy number variations, insertions
and deletions as well as chromosomal translocations of entire exomes or genomes.

Oncogenes, gain-of-function mutations of highly regulated normal cellular
counterparts (proto-oncogenes), are likely involved in the initiation and progression
of oral neoplasia. Genetic damage in oral cancer cells can be divided into two cat-
egories: dominant changes most frequently occurring in proto-oncogenes but also in
certain tumour suppressor genes (TSGs) result in gain of function and recessive
changes, mutations most frequently noted in growth inhibitory pathway genes or
commonly in TSGs, cause loss of function [21]. Cellular oncogenes were initially
discovered by the ability of tumour cell deoxyribonucleic acid (DNA) to induce
transformation in gene transfer assays, and these experiments have led to the iden-
tification of more than 60 cellular oncogenes [48]. Mechanism of activation of these
cellular oncogenes includes point mutations and DNA rearrangements. As sum-
marised in Fig. 3.1, several oncogenes have been implicated in oral
carcinogenesis.

For human oral cancer, more than 63 karyotypes have been described and
commonly reported to be associated with oral carcinogenesis among them are
recurrent chromosome 9, 13, 18 and Y deletions and cytogenetic alterations in
cellular oncogenes B-cell lymphoma-1, int-2 and hst which have been mapped to
chromosome Iq [49]. Approximately two-thirds of all head and neck cancer cells
contain a deleted region located in chromosome 9p21-22, which appears in dys-
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plastic and carcinoma in situ lesions, thereby suggesting that gene in this region
is knocked out early in carcinogenesis [50]. Frequently deleted also are chromo-
somal regions in 3p and 13q [19]. Aberrant expression of the proto-oncogene
epidermal growth factor receptor (EGFR, c-erb 1), members of the ras family, as
well as c-myc, int-2, hst-1, PRAD-1 and bel, is believed to contribute to oral car-
cinogenesis [50]. Glutathione S-transferase M1 (GSTM1)-null genotype appears
to be the most consistent polymorphic susceptibility marker for head and neck
cancer (Aida et al. [140]). ALDHIB and ALDH?2 (aldehyde dehydrogenase 2)
genes are also associated with HNSCC and show significant correlation with
alcohol consumption [51].

Califano et al. [19] demonstrated the most common allelic events in a large num-
ber of primary preinvasive lesions and invasive HNSCC to develop a molecular
progression model, which involves the inactivation of many putative suppressor
gene loci. Chromosomes 9p and 3p appear to be lost early, closely followed by loss
of 17p [52]. Mutations in p53 gene are seen in the progression of preinvasive to
invasive lesions. Other genetic events, such as amplification of cyclin D1 and inac-
tivation of p16, have been tested predominantly in invasive lesions, but their precise
order in the model was not determined.

More than 50% of all primary HNSCC harbour a p53 mutation, and inactiva-
tion of p53 represents the most common genetic change in all human cancers. The
importance of p53 in a larger percentage of cancers may be shown following
identification of members of its suppressor pathway, which themselves may be
altered. In normal cell biology, p53 acts as a regulator of DNA synthesis, and
when genomic DNA is damaged, p53 is produced to block cell division at the
G1-S boundary and stimulate DNA repair and activate pathways leading to apop-
tosis [19]. Mutation of p53 allows a tumour to pass through G1-S boundary and
propagate genetic alterations that lead to other activated oncogenes or inactivated
TSGs [19]. The most commonly deleted region in head and neck cancer is located
at chromosome 9p21-22 [53]. Loss of chromosome 9p21 occurs in the majority
of invasive tumours in head and neck cancer, and frequent homozygous deletions
in this region represent one of the most common genetic changes identified [53].
pl6 (CDKN?2) present in this deleted region is a potent inhibitor of cyclin D1, and
this loss of pl6 protein has also been found in most advanced premalignant
lesions and is important in early malignant progression [54]. The loss of chromo-
some 17p is also frequent in most human cancer and is seen in approximately
60% of invasive lesions [52]. Although p53 inactivation correlates closely with
loss of 17p in invasive lesions, p53 mutations are quite rare in early lesions that
contain 17p loss [52]. Loss of chromosome arm 10 and 13q is also noted in pri-
mary tumours [19].

Loss of function of the tumour suppressor pS3 can result in uncontrolled cell
division and progressive genomic instability, such as the loss of heterozygosity
(LOH) and microsatellite instability (MSI).

Chromosome 9p21 containing p16 tumour suppressor gene is frequently lost in
HNSCC and oral preneoplastic lesions. Chromosome 3pl4 contains the tumour
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suppressor gene fragile histidine triad (FHIT) as well as a common fragile site,
FRA3B which is also found to be frequently deleted in early tumourigenesis, and its
deletion is associated with exposure to cigarette smoke [55].

Stimulating oral keratinocyte proliferation are growth factors, and during oral
carcinogenesis, growth factors are deregulated through increased production and
autocrine stimulation [49]. Transforming growth factor-alpha (TGF-alpha) is over-
expressed early in oral carcinogenesis by hyperplastic epithelium and later by the
inflammatory infiltrate, particularly eosinophils, surrounding the oral epithelium,
and in head and neck cancer patients who later develop a second primary cancer,
normal oral mucosa oversecretes TGF-alpha, suggesting a premalignant state of
rapid proliferation and genetic instability of the epithelium [49]. Concomitant
expression of TGF-alpha and EGFR may indicate more aggressive tumours than
those overexpressing EGFR alone [49].

EGFR is the biological receptor of EGF and TGF-alpha, and malignant oral
keratinocytes possess between 5 and 50 times more EGFR than their normal
counterparts [56]. Oral tumours overexpressing EGFR exhibit a higher proportion
of complete responses to chemotherapy than tumours with low-level EGFR
expression. Overexpression of EGFR, presumably due to higher intrinsic prolif-
erative activity, could result in higher sensitivity to drug therapy cytotoxic to cells
undergoing mitogenesis [56]. Though not fully understood, several mechanisms
have been postulated to activate EGF genes in carcinogenesis [49] including dele-
tions or mutations in the N-terminal ligand-binding domain such as those occur-
ring in the viral oncogene verb B, overexpression of the EGFR gene concurrent
with the continuous presence of EGF and/or TGF-alpha or deletion in the
C-terminus of the receptor, which prevents downregulation of the receptor after
ligand binding.

Also important in inhibiting oral keratinocyte proliferation are cell surface mol-
ecules such as E-cadherin, a cell-to-cell adhesion molecule associated with both
division and metastasis, which is downregulated in oral cancers, and DOC-1, an
N-Cam-like molecule believed to be an important cell-to-cell contact inhibitor that
is mutated during oral cancer development [40].

Transcriptional factors, or proteins that regulate the expression of other genes,
are also altered in oral carcinogenesis, and this alteration of intracellular pathways
modulates gene expression. The transcription factor c-myc, which helps to regulate
cell proliferation and differentiation, is frequently overexpressed in oral cancer, and
this is most frequently associated with poorly differentiated tumours and with poor
prognosis (Shpitzer et al. [50]). Genes whose expression is stimulated by c-myc and
their significance to oral carcinogenesis are being studied [49]. Also amplified in
oral cancer is another important transcription factor, the cell cycle promoter PRADI
(also CCNDI or cyclin DI), whose importance to oral carcinogenesis is being inves-
tigated [48].

Growth suppressor intracellular messengers may include the adenomatous polyp-
osis coli (APC) gene, a G-like protein frequently mutated in certain familial colorectal
cancers, and the APC gene may be altered in premalignant oral lesions [50].
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Factors Influencing Oral Carcinogenesis

Risk Factors

The incidence of oral cancer has significant local variation. The geographical pat-
terns of oral cancers have been presumed to be due to the varying prevalence of risk
factors among countries, in particular tobacco and alcohol consumption and the diet
quality [57]. Similarly, the variations by ethnicity are largely due to the social and
cultural practices and the influence of dietary and genetic factors [57]. Numerous
risk factors or possible causative agents have been described, which are covered in
detail in other chapters. It is important to note that the presence of one risk factor
enhances the effects of a second risk factor and development of OPMD and oral
cavity cancer. This concept is termed synergism. In a study by Kadashetti et al. [58],
an odds of 2.2 times more of developing OPMD cases was observed for a combina-
tion of risk factors, that is, smoking, tobacco quid chewing and alcohol drinking, as
compared to non-chewers, non-smokers and non-drinkers [58].

While it is traditionally assumed that OPMD risk factors are similar to OSCC
risk factors, a proportion of OPMD and OSCC cases occur in the complete absence
of any identifiable risk factor, particularly in young never smokers affected by these
diseases [59]. Our understanding of OPMD aetiology is incomplete, and there is an
urgent need for further research into predisposing factors.

A cross-sectional study by Kumar et al. [60] in 2015 found that 13.7% of the
Indian population studied showed the presence of OPMD, and of these, oral submu-
cous fibrosis was the most prevalent and erythroplakia the least prevalent. In this
study, males were found to have a significantly higher prevalence of OPMD com-
pared to females, presumably due to an increased number of males with smoking
and smokeless tobacco usage. No significant differences were found on socioeco-
nomic status, toothbrushing methods or brushing frequency [60].

Tobacco and Smokeless Tobacco

The various forms of tobacco use can vary across geographical areas and cultures
around the world, and in the United States, Europe and Australia, cigarettes, cigars
and pipes are the major types of smoking tobacco, while chewing tobacco and areca
nut, also known as betel nut, are the most common forms of smokeless tobacco,
predominantly used in India, Pakistan, China and other areas of Asia. Smokeless
tobacco is used either alone or as part of a concoction and in a myriad of forms
including betel quid, bidis, paan, naswar or nass [61]. Although the use of electronic
nicotine delivery systems (or ‘ENDS’), also known as e-shisha, e-cigars, e-pipes,
e-Hookas, hookah-pens, vape-pipes and e-cigs are commonly advocated as a means
of tobacco harm reduction [62], although there is building evidence that they are not
safe and may still contribute to oral carcinogenesis causing DNA strand breaks and
cell death [63, 64].
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Smoking and smokeless tobacco use are well-accepted risk factors for develop-
ing oral cancer and are implicated in a large majority of squamous cell carcinomas
in the head and neck region. The risk for squamous cell cancer of the head and neck
is estimated to be approximately tenfold greater for current smokers compared with
never smokers [65]. This risk decreases with time from cessation of exposure,
although the risk never reduces to the level of a never smoker [65]. For persons with
an OPMD relative to individuals with a benign oral tissue condition, Li reported that
the adjusted OR for current smoking was 4.32 (95% CI, 1.99-9.38), while for for-
mer smokers, the OR was 1.47 (95% CI, 0.67-3.21), each OR relative to never
smokers [66]. A reduction in tumour suppressor activity by the gene and the devel-
opment of mutations in p53 are associated with smoking and an increased risk for
oral carcinoma development [14, 49]. Across anatomic tumour sites, the NFE2L.2
oxidative stress pathway is a tobacco-related signature. Areca nut, also known as
betel nut, use has been associated with the development of OPMD, and various
studies from around the world have reported the adverse effects of areca nut chew-
ing. Some areca nut-specific nitrosamines suspected to be carcinogenic are
3-methylnitrosamino propionaldehyde (MNPA), 3-methylnitrosamino propionitrile
(MNPN), N-nitrosoguvacine (NGC) and N-nitrosoguvacoline (NGL). MNPA in
particular causes DNA single-strand breaks and DNA protein cross links [60].

The literature reports an odds ratio of between 8.4 and 41 for developing OPMD
in tobacco/areca nut chewers as compared to non-chewers [58]. The highest odds
ratio is found in India, and it is plausible that this difference could be due to the
differences in habits practiced by different study populations and also the composi-
tion and method of chewing which varies from country to country [58]. As the
duration of tobacco/areca nut chewing increases, the risk of developing OPMD and
oral cancer increases in a dose-dependent manner [58]. A recent systematic review
of 18 case-control studies reported that betel quid with tobacco chewing carried the
highest risk for developing OPMD compared with other forms of smokeless tobacco
use [67].

Alcohol

Numerous studies have suggested that alcohol is a risk factor for oral cancer.
Individuals consuming more than 170 g of whisky daily have ten times higher
risk of oral cancer than light drinkers [68]. Alcohol may have an additive effect,
and it has been suggested that it facilitates the entry of carcinogens into exposed
cells, altering the metabolism of oral mucosal cells [68]. Therefore, alcohol con-
sumption and tobacco use can have a synergistic effect on cancer risk. It has been
suggested that the incidence of p53 mutation is much higher in patients who are
exposed to both tobacco and alcohol versus non-users. A study in 2008 impli-
cated the ADH1C*2/*2/MTHFR 677TT genotype combination as more suscep-
tible for developing OSCC, with a 20-fold increase in risk in heavy drinkers and
a 5.9- and 2.8-fold increase in risk, respectively, in moderate drinkers and light
drinkers [69].
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Comparatively, few epidemiologic studies, however, have investigated the role of
alcohol in relation to OPMD risk [66]. Findings from investigations into the asso-
ciation between alcohol consumption and either oral leukoplakia or other poten-
tially premalignant oral diagnoses have not been consistent across the studies [70].
There is uncertain consensus that overall alcohol consumption is associated with
increased OPMD risk. Some studies of premalignant lesions and OED have found
that risks associated with drinking are dependent upon the level of alcohol intake,
with the highest risks observed for the highest level of alcohol intake; however, after
adjusting for various potential confounders, one study found no evidence of an
increased OMPD risk even among those persons who consumed >20 drinks/week
[66]. Previous studies have reported that the risk of oral cancer and OPMD can vary
by beverage type (beer, wine and hard liquor); however, that same study found little
evidence that any type of alcoholic beverage consumption was associated with an
increased OPMD risk [66, 70]. In contrast, a risk factor model reported that betel-
quid chewing and consumption of alcohol were the only statistically significant
characteristics for OPMD risk after controlling for other factors [71]. After control-
ling for all other variables, the adjusted OR for daily chewers was 10.1 (95% CI,
3.4-29.7), with a strong dose-response relation, and when considering the con-
sumption of alcohol and risk of OPMD, the adjusted OR for weekly drinkers was
2.7 (95% CI, 1.2-6.3) [71].

The risk of oral cancer formation in chronic users of alcohol containing mouth
rinses is controversial [72], but there appears to be building evidence that the use of
high alcohol-containing mouthwashes has a synergistic effect with tobacco smok-
ing and is more likely to add to the risk profile of patients displaying OED [73], with
a greater proportion of mouth rinse users displaying dysplasia on histopathology,
although this did not reach statistical significance [74].

Viruses

Much research is being performed to determine the role of oncogenic viruses in
human cancer, and it is an emerging area of study. Viruses are capable of hijacking
host cellular apparatus and modifying DNA and chromosomal structures and induc-
ing proliferative changes in cells [68]. In particular, the human papilloma virus
(HPV) and the herpes simplex virus (HSV) have been implicated in forms of oral
cancer.

The role of some HPV subtypes in the aetiopathogenesis of OPMD is controver-
sial; however, an epidemiological association between HPV and OMPD has been
reported [75]. A systematic review found that HPV detection rate is higher in the
OPMD group than in the controls (OR = 3.87; 95% CI, 2.87-5.21), suggesting a
potentially important causal association between HPV and OPMD [75]. The most
commonly detected HPV in the head and neck squamous cell carcinoma (HNSCC),
detected in 90-95% of HPV-positive cases, is HPV-16, followed distantly by HPV-
18, HPV-31 and HPV-33 [68]. The HPV type most commonly detected in OPMDs
has been reported to be HPV-16, 18 with HPV-6, 11 found in only a few studies
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[75]. In a subgroup analysis of OPMD, Syarjanen et al. calculated the pooled esti-
mates of the odds ratio (OR) for the association of HPV with OPMD, when com-
pared with healthy oral mucosa, and reported that HPV was associated with oral
leukoplakia (OR = 4.03; 95% CI, 2.34-6.92), oral lichen planus (OR =5.12; 95%
CL 2.40-10.93) and epithelial dysplasia (OR = 5.10; 95% CI, 2.03-12.80) [75].
HPV-positive oral and oropharyngeal cancer are a distinct clinico-pathological
entity and are less likely to occur among heavy smokers and drinkers and have
lesser likelihood of p53 mutation. While the prognostic significance of HPV in pre-
cancerous oral lesions is not clear, most studies have reported improved disease-
specific survival and a better prognosis for HPV-positive oropharyngeal cancer [68].
It has been suggested that HPV-positive tumours may have better prognosis by inac-
tivating retinoblastoma (Rb) [68].

Similarly, the role of HSV in the aetiopathogenesis of OPMD is controversial;
however, there may be an epidemiological association between HSV and OMPD
[76]. Epidemiological studies have showed higher levels of IgG and IgM antibodies
in oral cancer patients as compared to control subjects. A population-based study
reported that HSV 1 antibody positivity was associated with a slightly increased risk
of OSCC (adjusted odds ratio (OR), 1.3; 95% confidence interval (CI), 0.9-2.0) and
concluded that the presence of HSV1 may increase the risk of OSCC in individuals
who were already at increased risk due to cigarette smoking or HPV infection [77].

Risk of oral cavity and pharyngeal cancer is twofold higher among human immu-
nodeficiency virus (HIV) patients indicating an association between HIV and OSCC
[68]. Epstein-Barr virus (EBV), human herpesvirus-8 (HHV-8) and cytomegalovi-
rus have also been reported as risk factors of OSCC in different studies [68]. A
recent study assessing the immunohistochemical expression of Epstein-Barr virus
latent membrane protein 1 among OPMD, OSCC and healthy controls found that
there was no significant association between Epstein-Barr virus positivity and
OPMD and OSCCs [78].

Candida

Candida species have been suggested to play a role in oral carcinogenesis; in par-
ticular, C. albicans have been implicated in the development of OPMDs. However,
the pathogenesis is not well understood and is still a field under research.

The ability of C. albicans to colonise, penetrate and damage host tissues depends
upon the imbalance between C. albicans virulence factors and host defences, often
due to specific defects in the immune system [79]. Cell surface proteins called
adhesins mediate adherence of C. albicans to other microorganisms and host cells.
The contact to host cells triggers phenotypic switching from the yeast form to
hyphae form, which directs production of carcinogenic compounds, like the nitro-
samine N-nitrosobenzylmethylamine [80]. Strains with high nitrosation potential
have been isolated from lesions with more advanced precancerous changes, and the
yeast cells in such cases extend from the mucosal surface to the deeper epithelial
cell layers, representing transport and deposition of precursors (like nitrosamines)
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to deeper layers [80]. Carcinogenic compounds can then bind with DNA to form
adducts causing miscoding or irregularities in DNA replication. Certain strains of C.
albicans may play a key role in the development of dysplasia [80].

It has also been shown that the epithelium of the chick embryo, when infected
with C. albicans, shows squamous metaplasia and a higher proliferative phenotype
[68]. Leukoplakia with candidal infection has been reported to have a higher rate of
malignant transformation than uninfected leukoplakia [81]. The causal association
of Candida species and oral cancer is controversial and requires further study.

Inflammation

Cytokines seen in inflammation, including interleukins (ILs), tumour necrosis fac-
tors (TNFs) and certain growth factors, are an important group of proteins that
regulate and mediate inflammation and angiogenesis, and when there is a down-
regulation in their production, tumour growth, invasion and metastasis are facili-
tated [14]. A putative correlation has been raised by some genetic association
studies between functional DNA polymorphisms in cytokine genes and oral cancer
[14]. When compared to controls, patients with oral cancer demonstrate increased
serum levels of proinflammatory cytokines, interleukin (IL)-1p, IL-6, IL-8 and
TNF-a, as well as the anti-inflammatory cytokine, IL-10 [14]. The anti-inflamma-
tory cytokine IL-4 inhibits oral cancer invasion by the downregulation of matrix
metalloproteinase-9 [14].

Genetic Predisposition

Genetic predisposition and family history have been shown to play a role in head
and neck cancer, related to polymorphisms in carcinogen-metabolising enzyme sys-
tems. A recent extensive meta-analysis pooled individual-level data across 12 case-
control studies including 8967 HNC cases and 13,627 controls; after adjusting for
potential confounding factors, a family history of head and neck cancer in first-
degree relatives increased the risk (OR = 1.7, 95% CI 1.2-2.3) [57]. The risk was
higher when the affected relative was a sibling (OR = 2.2, 95% CI 1.6-3.1) rather
than a parent (OR = 1.5, 95% CI 1.1-1.8) and for more distal head and neck sites
(hypopharynx and larynx) [57]. The OR rose to 7.2 (95% CI 5.5-9.5) among sub-
jects with a family history, who were alcohol and tobacco users, and no association
was observed for a family history of nontobacco-related neoplasms and the risk of
HNC (OR = 1.0, 95% CI 0.9-1.1) [57]. Other estimates of risk in first-degree rela-
tives of head and neck cancer patients range from 1.1 to 3.8 [59].

Polymorphic variation of genes in the xenobiotic metabolism pathways such as
in CYPIAI or the genes coding for glutathione S-transferase-M1 and
N-acetyltransferase-2 may be implicated [59]. Individuals that carry the fast-
metabolising alcohol dehydrogenase type 3 (ADH3) allele may be particularly vul-
nerable to the effects of chronic alcohol consumption and could be at increased risk
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to develop oral cancer [59]. The single-nucleotide polymorphism A/G870 in the
CCNDI gene that encodes Cyclin D is associated with susceptibility to oral cancer.
The AA genotype or the GG wild-type genotype may increase risk for oral cancer
[59].

A recent review reported increased susceptibility for OPMD risk with single-
nucleotide polymorphisms (SNPs) in GSTM (null), CCND1 (G870A), XPD (codon
751) and MMP3 (-1171; promotor region), common in majority of populations
(Asians, Caucasians, Brazilians and others) [82]. However, the risk associated with
SNP in p53 (codon 72) was restricted to Indian populations, and it was hypothesised
that the high prevalence of SNP in p53 (codon 72) may be partly responsible for
higher incidence of OPMD in this population [82]. It is possible this may be a
chance association, with p53 being the most commonly inactivated tumour suppres-
sor gene in the development of oral cancer. Gemin3 (rs197412 C/T) on the other
hand was found to be associated with reduced risk for OPMD in Indian and
Caucasian populations [82].

Genetic Instability Syndromes

A cancer syndrome is a genetic disorder in which inherited generic mutations pre-
dispose affected individuals to developing multiple independent primary tumours,
and these individuals carry a high lifetime risk of developing cancer. Tumour sup-
pressor genes are involved in controlling cell growth, both by acting as gatekeepers
and inhibiting cell proliferation and promoting cell death, and by acting as caretak-
ers, maintaining the integrity of the genome by DNA repair mechanisms [83].
Mutations of these genes are implicated in the development of cancer syndromes,
and other genes that may be affected include DNA repair genes, oncogenes and
genes involved in angiogenesis.

There are several genetic diseases that have a genetic instability phenotype and a
higher frequency of carcinogenesis. In disorders such as xeroderma pigmentosum,
ataxia-telangiectasia, Bloom’s syndrome and Fanconi anaemia, where there are
defective caretaker genes, there is an increased incidence of second primary malig-
nancies, including oral cancer (Prime et al. [§3]). By contrast, with the exception of
Li-Fraumeni syndrome, abnormalities of gatekeeper genes do not usually predis-
pose to oral cancer [83]. The protein produced by the T7P53 gene, p53, is involved in
cell cycle arrest, DNA repair and apoptosis [84]. Defective p53 may not be able to
properly perform these processes, which may be the reason for tumour formation in
Li-Fraumeni patients. Because only 60-80% of individuals with the disorder have
detectable recessive mutations in 7P53, other mutations in the p53 pathway may be
involved. These include MDM?2 overexpression and CDKN2A deletion [83].

About 1% of the general population is heterozygous for ATM mutations such as
that noted in Ataxia telangiectasia (AT) patients [84]. ATM is important in activating
p53 in response to DNA damage. Variants of AT are caused by mutations in NBS and
in MRE11A [84].
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Bloom’s and Werner’s syndromes have a defect in genomic stability in common.
The genes mutated in these syndromes, BLM and WRN, respectively, are highly
homologous to RecQ helicase. The predominant form of mutations is gross DNA
deletions [84]. Both BLM and WRN are associated with processing the structures
associated with stalled replication forks [84].

The cells from patients with Fanconi anaemia (FA) display high levels of chro-
mosomal instability and are hypersensitive to mitosis-inducing cross-linking agents
[84]. The genes known to cause FA are FANCA, FANCB, FANCC, FANCD2,
FANCE, FANCF, FANCG, FANCI, FANCJ, FANCL, FANCM, FANCN, FANCO,
FANCP and BRCA?2 (previously known as FANCD1) [84]. Damaging mutation in
any of these genes inhibits the efficacy of the core FA protein complex and limits its
ability to act in DNA repair. The FA pathway is involved in DNA repair when the
two strands of DNA are incorrectly joined together, a process also known as inter-
strand cross linking [84]. The FA pathway also affects many other pathways, such
as nucleotide excision repair and homologous recombination [84].

Genetic mutations in four DNA mismatch repair genes (MLHI, MSH2, MSH6
and PMS2) and the EPCAM gene have been implicated in Lynch syndrome [85].
Defective MMR genes allow continuous insertion and deletion mutations in regions
of DNA known as microsatellites, leading to a state of microsatellite instability
[85]. Mutated microsatellites are involved in tumour initiation and progression and
prevent the proper repair of DNA prior to cell division, allowing abnormal cells to
divide and thus increasing the risk for cancer [85].

Xeroderma pigmentosum (XP) may be caused by genetic mutations in eight
genes, which produce the following enzymes: XPA, XPB, XPC, XPD, XPE, XPF,
XPG and Pol n [84]. XPA and XPF are nucleotide excision repair enzymes that
repair UV light-damaged DNA, and faulty proteins will allow the build-up of muta-
tions caused by UV light [84]. Pol n is a polymerase which replicates UV light-
damaged DNA, and mutations in this gene will produce a faulty pol  enzyme that
cannot replicate DNA with UV light damage [84].

Immune System and Host Response

The immune system plays a key role in the progression of head and neck cancer, and
a greater understanding of its contribution will lead to better therapies and improved
patient outcome.

Immune surveillance is the destruction of nascent cancer cells by the immune sys-
tem before tumour formation can occur [57]. Immune system derangements or altera-
tions in transformed cells may allow immune escape that allows the cancer to become
manifest [57]. There are global alterations in the functional state of the immune sys-
tem, as evidenced by changes in serum cytokines, chemokines and other immune-
related biomarkers in cancer patients. Cancer cells evade the immune system by two
primary mechanisms: by reducing their innate immunogenicity or by suppressing the
immune response. Tumour cells can reduce T-cell-mediated recognition by altering
HLA class I expression, and it has been noted that some tumour cells have a complete
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loss of HLA expression due to defects in b2-microglobulin expression or function
[57]. Alternatively, chromosomal defects in HLA-encoding genes themselves can
cause selective loss of HLA expression, and this process has been noted in approxi-
mately 50% of head and neck squamous cell carcinomas and is correlated with poor
prognosis in oesophageal and laryngeal squamous cell cancers [57].

In head and neck cancer, circulating serum antibodies have been found against
p53, MUCI, p40, p73 and HPV E6 and E7 [57]. High postoperative levels of anti-
p53 antibody have been correlated with poor prognosis. Of unclear significance is
whether the levels of circulating antibody have any correlation with clinical out-
come and whether the reported increase in frequency of IgE subtype immunoglobu-
lins in head and neck cancer is of any importance. In developed head and neck
cancers, an endogenous host immune response is prognostic, as has been demon-
strated for multiple tumour types: T-cell infiltration of both CD4+ and CD8+ popu-
lations have been found to be prognostic in tonsillar and base of tongue SCCs,
lymph node-infiltrating CD8+ T cells as well as CD20+ B cells were found to be
prognostic in both oropharyngeal and hypopharyngeal cancers, and peritumoural
CD8+ T cells in oral cancer have been found to be associated with lymph node
metastases, tumour size and clinical stage [86].

In other cancers, there is ample expression of HLA and tumour antigen but with-
out recognition by T cells [57]. Because HLA loss variants are killed by NK cells,
one proposed explanation for the lack of NK cell killing is that cancer cells possess
defects in their antigen presentation machinery (APM) as this would reduce selec-
tively tumour antigen-HLA peptide completely without reduction in overall surface
HLA density [57]. Antigenic peptides are transported to the endoplasmic reticulum
by the transporter associated with antigen processing (TAP) where they are associ-
ated with HLA class I heavy chains by tapasin [57]. Thus, HNSCC cells that express
HLA T and whole tumour antigen can evade T-cell recognition through decreased
expression of LMP2, TAP1, TAP2 and tapasin [57]. In addition to decreased expres-
sion of HLA, HNSCC tumour cells express Fas ligand which can interact with Fas
and transduce a powerful apoptotic signal to activated T cells allowing immune
evasion by eliminating tumour-infiltrating T lymphocytes [57]. As mentioned,
decreased expression of HLA molecules is protective against T cells but increases
NK cell-mediated cytolysis, as the absence of HLA removes a key inhibitory signal
for NK cells, and tumour cells must therefore employ multiple mechanisms to sup-
press NK cell-mediated antitumour immunity. MICA, a ligand of NKG2D in NK
and T cells, can be released in a soluble form to act as a competitive antagonist [57].
Known to be produced by tumour cells are immune-suppressive cytokines and other
molecules such as IL-10, TGF-b, IL-6, PGE, VEGF and GM-CSF [57]. IL-10
reduces activation of cytotoxic T cells and has been correlated with advanced-stage
head and neck cancer; TGF-b suppresses T-cell and NK activation and is a key cyto-
kine in the differentiation of regulator T cells; TGF-b production is increased in
preneoplastic oral cavity lesions and promotes angiogenesis and a protumourigenic
microenvironment linking it to early tumour formation. Transcription factors such
as NFk(kappa)B (nuclear factor kappa-light-chain-enhancer of activated B cells)
and STAT3 (signal transducers and activators of transcription), which are usually
dysregulated in tumour-promoting inflammatory states in response to cytokine
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stimuli, are aberrantly activated in tumour cells and are intensively studied as pos-
sible targets for therapeutic intervention [57]. Tumours themselves produce cyto-
kines such as TGF-b(beta), IL-6 and IL- 10, which suppress cell-mediated antitumour
immunity [57]. In response to inflammatory stimuli, head and neck cancer cells also
express receptors which are involved in lymphocyte and dendritic cell migration
[57]. Expression of these receptors by tumour cells, such as CCR7 and CXCR4,
constitutes immune exploitation of established signals intended for immune cells
and has been associated with tumour invasion, metastasis and cell survival, leading
to treatment resistance [57].

The role of the immune system in the development of all head and neck malignancies is
evident in virally mediated cancers such as HPV-associated oropharyngeal tumours and EB V-
associated nasopharyngeal cancers [86]. While both EBV and oral HPV infections are on the
rise, nasopharyngeal and oropharyngeal cancers develop less frequently, and this is presum-
ably due to the failure of the immune system to remove these oncogenic infections [86]. The
immune checkpoint ligand programmed cell death (PD)-L1 has been identified in tonsillar
crypts irrespective of HPV infection, and PD-1+-infiltrating lymphocytes are found in both
chronic tonsillitis and HPV-associated oropharyngeal tumours; once HPV infection is estab-
lished, multiple immune-inhibitory mechanisms, including activation of the PD-1/PD-L1
axis, may contribute to T-cell dysfunction and exhaustion [86]. Head and neck cancers not
associated with HPV infection likely also co-opt immune regulatory mechanisms to facilitate
their progression. Increased PD-L1 expression similarly has been detected in tobacco- and
alcohol-induced SCC of the head and neck as well as other virally mediated tumours, includ-
ing nasopharyngeal carcinoma and natural killer T (NKT)-cell lymphoma [86].

Premalignant lesions may be immunogenic and targetable with immunologic ther-
apies to prevent progression to malignancy. For example, increased PD-L1 expression
has been demonstrated on actinic cheilitis as well as respiratory papilloma lesions
which can progress to larynx cancer. Although not necessarily indicative of a prema-
lignant condition, a systemic antibody response directed against the oncogenic HPV
E6 and E7 proteins has been demonstrated to be highly specific for the eventual diag-
nosis of oropharyngeal cancer, and this includes antibody responses that predate oro-
pharyngeal cancer diagnosis by several years [86]. These antibody titers could be used
to identify those at highest risk for inclusion in surveillance protocols, and in a similar
manner, IgA antibody responses directed against EBV antigens have also been inves-
tigated for their ability to aid in the diagnosis of nasopharyngeal cancers [86].

Malignant Transformation

Genetic Alterations in Oral Cancer

The typical solid cancer harbours between 33 and 66 somatic mutations likely to
produce changes in protein expression, and OSCC is at the high end of this spectrum
with 66 mutations, although not as dramatic as melanoma or lung cancer which
involve potent mutagens (approx. 150) or MSI colorectal tumours displaying
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deficiencies in DNA damage repair genes [87]. It has been estimated that each driver
mutation will increase the likelihood of cell survival by just 0.4% but that this growth
advantage will become important with increasing mutational burden and time [87].
Large-scale sequencing efforts such as the Cancer Genome Atlas (TCGA) have
allowed a greater understanding of the cancer genome and permitted classification
of OSCCs that may be histologically similar on the basis of their genetic differences
[47]. Table 3.2 (adapted from Kang et al. [88]) summarises the gene mutations

Table 3.2 Gene mutations in head and neck squamous cell carcinoma identified by The Cancer
Genome Atlas

Cancer | % Tumours with

Mutated gene mutation in
gene Protein class TCGA (n=279) | Hallmark involvement
TP53* p53 TSG 72 Evasion of growth

suppressors and apoptosis,
proliferative signalling
NOTCHI* | Notchl TSG 19 Evasion of growth
suppressors and apoptosis,
proliferative signalling

CDKN2A* | pl6 and pl4arf TSG 22 Proliferative signalling,
apoptosis (pl14arf)
PIK3CA* | pll0a Onco- 21 Proliferative signalling
gene
FBXW7 F-box/WD repeat- TSG 5 Targets cyclin E for
containing protein 7 degradation, controls
Notchl stability
HRAS* p21, H-Ras Onco- 4 Growth factor signalling,
gene proliferation
SYNE] Syne-1 NA 18 Cytoskeleton, centrosome
migration
FATI* Proto-cadherin Fatl | NA 23 Cadherin, Wnt signalling
KMT2D KMT2D TSG 18 Histone methylation
(MLL2) (immortalisation)
CASPS* Caspase 8 TSG 9 Apoptosis
PTEN PTEN TSG 2 Protects against genomic

instability, controls
proliferation, apoptosis

NSDI NA 10 Transcription factor
KMT2C Lysine TSG 8 Histone methylation
(MLL3) methyltransferase (immortalisation)
EP300 P300 TSG 7 Regulates proliferation

differentiation

The table summarises 14 of the most prevalent gene mutations identified in a large-scale screen of
279 head and neck cancers performed by The Cancer Genome Atlas consortium [47, 114]. As well
as the mutated gene and its prevalence in the TCGA cohort, the table includes the protein coded for
by the gene and where the gene/protein fits in terms of cancer hallmarks and classifies genes as
either tumour suppressor genes (TSG), oncogenes or neither (NA). Genes highlighted with an
asterisk have been demonstrated to occur specifically in OSCC, although generally present at a
lower prevalence than in the entire HNSCC TCGA cohort [163, 164]
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found by TCGA [47] and outlines the functions and cancer hallmark associations of
the proteins they code for.

TCGA has provided an unprecedented level of characterisation of the muta-
tional landscape of advanced cancers, which has driven novel treatments and
improved patient care. However, it is recognised that the most effective interven-
tions are those that target cancer at an early stage, prior to malignant transforma-
tion. In order to do this effectively, there has been a recent call for a concerted
research effort towards the development of a ‘Pre-Cancer Genome Atlas’ (PGCA)
[89, 90]. The PCGA calls for the ‘comprehensive genetic profiling of premalignant
lesions’ performed over time, with associated histological results and outcomes
[89]. This information, when applied to oral premalignant lesions, would allow the
production of a catalogue of driver genes for OSCC. This in turn would allow more
accurate stratification of low- and high-risk OPMLs, and personalised treatment as
new immuno- and chemotherapeutics becomes available. This approach underpins
our current research efforts, but significant advances in this domain will require
international collaboration and scientific will to tackle the oral premalignant dis-
ease problem, as this represents an ideal model for understanding pre-malignancy
while concurrently driving the PCGA agenda. The recent ‘Erlotinib Prevention of
Oral Cancer’ (EPOC) trial provided the first example of ‘high-risk” OPML being
treated chemotherapeutically in an attempt to prevent progression to OSCC, and
while no benefit was shown for the treatment drug, it did provide a valuable proof
of concept approach [91].

The molecular characterisation of oral carcinogenesis has not been fully defined;
however, it has been well-documented in the case of colon cancer. In this cancer, the
first ‘gatekeeper’ mutation is typically in the tumour suppressor gene APC (adeno-
matous polyposis coli), which provides a selective advantage to the cell allowing it
to outcompete its surroundings and start to produce a small, slow-growing adenoma
[92]. A second mutation is characteristically in the gene KRAS, which produces an
important signalling molecule and allows cells carrying both mutations to proliferate.
Further mutations in genes such as PIK3CA, SMAD4 and TP53 give the cells the
capacity to invade basement membrane and metastasise [87].

Biomarkers of Malignant Transformation

Oral cancer is frequently preceded by oral potentially malignant lesions (OPMLs);
however, a comparatively small proportion of OSCCs, between 5% and 15%, will
undergo malignant transformation [16]. Histopathology is currently the gold stan-
dard to identify and monitor OPMLs for the risk of malignant progression; however,
given the invasiveness and variability of this technique, there is great interest in the
identification of biomarkers that are able to segregate progressive from non-
progressive OPML.

A biomarker can be defined as ‘a characteristic that is objectively measured and
evaluated as an indicator of normal biological processes, pathogenic processes, or
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pharmacologic responses to a therapeutic intervention’ [93]. Biomarkers can be
prognostic (information of prognosis and the potential of recurrence), diagnostic
(detection) or predictive (predict response to treatment). We will focus on biomark-
ers that are useful in both identifying OSCC and predicting which OPMLs are likely
to convert to OSCC. We will include markers of genomic instability, gene and pro-
tein biomarkers and epigenetic modulators.

Measures of Genomic Instability (CNV and LOH)

Genomic instability underlies carcinogenesis and malignant transformation, and
assessment of genomic integrity has been utilised as a biomarker of malignant trans-
formation. Changes in DNA content/ploidy, copy number variation and loss of het-
erozygosity are all manifestations of genomic instability that occur over the process
of carcinogenesis, and particular patterns of these can be used to identify malignant
transformation [18].

DNA content/ploidy can be used as a surrogate marker of genomic damage and
is measured by flow or image cytology. Tobacco smoking induces aneuploidy in
normal oral mucosa [94], and leukoplakia has been correlated with changes in
ploidy [95].

Copy number variation describes abnormal duplication or insertions across the
genome and is a measure of genomic instability. Characteristic copy number varia-
tions of —8p/+3q/+8q have been identified in oral cancer but are also present in oral
epithelial dysplasia suggesting they may be an early step in malignant transforma-
tion. HNSCC in smokers displays a high prevalence of copy number changes par-
ticularly amplifications of 3q26/28 and 11q13/22 [47]. A recent study investigated
copy number changes in tumour margins and was able to correlate changes in chro-
mosomes 1 and 7 with tumour recurrence. Copy number changes in at least one
tumour margin resulted in a higher risk of local recurrence and a decreased 5-year
recurrence-free survival rate (47.1% vs. 88.9%) [96].

Loss of heterozygosity (LOH) describes a loss of genomic material, in a somatic
cell, at a heterozygous region so that only one copy of a gene remains. In the case
of cancer, where mutations are frequent, this can leave the remaining copy of a
tumour suppressor gene, for example, vulnerable to inactivating mutation.

OSCC is characterised by chromosomal gains at 1q, 3q, 5p, 7p, 8q, 9q, 11q, 14q
and 18p and losses at 3p, 4p, 4q, 5q, 8p, Ip, 10p, 11q, 13q, 17p, 18q and 21q [97,
98]. Malignant transformation has been correlated with LOH 3p and 9p (as well as
8p, 11q, 13q and 17p), and the transition to invasive carcinoma has been associated
with LOH (6p, 8p, 4q 26-28, 10q23). Leukoplakia with LOH at 3p and 9q display
a 3.8-fold increase in malignant transformation, and this is present in approximately
50% of leukoplakia [99]. A further study found LOH at 9p21 and/or 3p14 in 51% of
leukoplakia, and 37% of these patients developed HNSCC compared with only 6%
of leukoplakia lacking LOH in these regions [100]. When there is additional LOH
at the 4q, 8p, 11q, 13q and 17p loci, the increased risk of malignant transformation
increases to 33-fold [101].
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The EPOC trial, while not finding efficacy for treatment, did validate LOH as a
marker of oral cancer risk. This trial investigated whether the EGRF inhibitor erlo-
tinib could reduce malignant transformation in high-risk OPMLs, defined as OPMLs
displaying LOH at either 3p14 or 9p21 with a history of oral cancer or LOH at 3p14
and/or 9p21 plus one other chromosomal site if there was no history of oral cancer
[91]. In this cohort, individuals with LOH negative OPML were significantly less
likely to progress to cancer, with 13% developing cancer over 3 years, compared
with 26% of individuals with LOH positive OPMLs [91].

Modifiers of Expression: IncRNA and miRNA

Alterations to protein coding sequences encompass only part of the complexity in
cancer. Cancer-related changes in microRNA (miRNA), long non-coding RNA
(IncRNA), short nucleolar RNA (snoRNA) and epigenetic modification have been
demonstrated to influence oral carcinogenesis and malignant transformation [102].
miRNAs are short noncoding RNAs 21-23 nucleotides in length that regulate the
expression of 30-60% of protein-coding genes and are also able to influence epi-
genetic remodelling [103]. miRNAs have been demonstrated to act as oncogenes
(e.g. miR21) or tumour suppressor genes by influencing the expression of tumour
suppressor or oncogenic proteins.

There are several lines of evidence suggesting that miRNAs can be implicated in
oral malignant transformation. miR21, miR181b and miR345 have been found to be
positive markers of malignant transformation [104]. miR21 is a known oncogenic
miRNA that is present in a number of cancer types and has been linked to poor
patient prognosis in tongue cancer [105]. The study in tongue cancer also identified
miR7 as another candidate oncogene and miR375 and miR-494 as candidate tumour
suppressors [105]. Expression of these miRNAs was then assessed in progressive
versus non-progressive OPMLs (5-year follow-up), and low levels of miR375 were
predictive for malignant transformation [106]. It is thought that miR375 may affect
the expression of Survivin via the transcription factor KLF5, thus influencing apop-
tosis and proliferation and potentially influence invasiveness [107]. Salivary levels
of miR31 were recently shown to be an independent risk factor for the progression
of OPMLs [108]. Screening of miRNAsS in saliva has tremendous promise as a non-
invasive strategy for monitoring lesions but has not yet been clinically validated.

IncRNAs are non-coding RNAs of more than 200 nucleotides in length. They are
known to silence miRNAs and modulate the expression and cellular localisation of
proteins [109, 110]. Several IncRNAs have been implicated in cancer. A study in
OSCC found that the IncRNA HOTAIR was upregulated (metastasis) and GASS
(growth arrest-specific transcript 5) and MEG-3 (maternally expressed gene 3,
tumour suppressor) were downregulated compared with normal tissue [111]. This
study also identified two novel tumour-suppressive IncRNAs that were downregu-
lated in OSCC—Inc-LCES5A-1 and Inc-KCTD6-3. These were able to reduce prolif-
eration and migration as well as gene expression associated with stem cells and the
epithelial-mesenchymal transition (EMT) when overexpressed in HNSCC cell



3 Oral Carcinogenesis and Malignant Transformation 51

lines. A recent discovery study identified 728 IncRNAs that were expressed differ-
ently in HNSCC versus normal adjacent tissues, including some that had been pre-
viously implicated in cancer [112]. This study provides a pool of differentially
expressed IncRNA that can be used to further investigate the use of IncRNA as
biomarkers in OSCC.

Gene and Protein Biomarkers by Hallmark of Cancer
Characteristics

There is a plethora of gene and protein biomarkers that have the potential to identify
and/or predict malignant transformation. They have been divided into functional
groups by cancer hallmarks and are summarised in Fig. 3.2.

Sustained Proliferative Signalling and Evasion of Growth Suppressors
and Apoptosis

In normal cells, signalling, typically involving kinase receptor pathways and growth
factors, regulates progression through the cell cycle and cell growth. Cancer cells
are able to circumvent this control and thus maintain proliferation in a number of
ways. This may involve the direct production of growth factors by cancer cells, the
production of signals stimulating surrounding cells to produce growth factors, the
overexpression of receptor proteins at the cell surface rendering the cell hyper-
responsive to proliferative signalling or the activation of downstream mediators of
the signalling pathway [18]. In oral cancer, the signalling molecules EGFR, FGFR,
MET, PIK3CK and CCND1 and members of the Wnt pathway (AJUBA, FAT1 and
NOTCH]1) are important in maintaining the proliferative signalling characteristic of
malignant cells. Cancerous cells must also avoid the endogenous suppression of
proliferative signalling that operates in normal cells. Typically, this control over cell
growth is orchestrated by tumour suppressor proteins that regulate the switch
between proliferation and apoptosis/senescence. Tumour suppressor proteins may
also induce apoptosis, for example, TP53 acts by inducing apoptosis when DNA
damage and chromosomal abnormalities become too great [113]. Apoptosis
involves balancing of the pro- and anti-apoptotic members of the B-cell lymphoma
2 (Bcl2) family. TP53 is one of the classic tumour suppressor proteins and is mutated
in 69.8% of HNSCC in TCGA cohort and 42% of samples in the Pan Cancer cohort
[47, 114]. Interestingly, elephants, which have a low rate of cancer compared to
other mammals, were recently found to carry up to 20 copies of p53, and elephant
cells show increased rates of apoptosis after exposure to a mutagenic stimuli [44].
Mutations in the epidermal growth factor receptor (EGFR) are present in 15% of
HPV-negative and 8% of HPV-positive HNSCC [47]. Most HNSCC display high
EGFR expression compared with normal tissue and high expression of EGFR as
well as its ligand transforming growth factor-alpha is associated with poor progno-
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Fig. 3.2 Gene and protein biomarkers divided by hallmark of cancer characteristic. The identification of
sensitive and accurate biomarkers of oral malignant transformation is a powerful tool in the early identi-
fication of OSCC. The figure displays a collection of biomarkers, divided into their hallmarks of cancer
characteristics that have been identified as potential biomarkers in OPML and/or OSCC. Full names and
abbreviations are provided below. Adenomatous polyposis coli protein (Protein APC); LIM domain-
containing protein ajuba (AJUBA); apoptosis regulator BAX (Bax), also known as Bcl-2-like protein 4
(Bcl2-L-4); apoptosis regulator Bcl-2 (Bel-2); MAD3/BUB1-related protein kinase (BUBR1), also
known as mitotic checkpoint serine/threonine-protein kinase BUB1 beta (BUB1-P); catenin beta-1
(p-catenin); carbonic anhydrase 9 (CAIX or CA9); Cathepsin B; G1/S-specific cyclin-D1 (Cyclin D1);
epithelial cadherin (E-cadherin), also known as Cadherin 1; epidermal growth factor receptor (EGFR);
protocadherin Fat 1 (FAT1); fibroblast growth factor receptors 1, 2 and 3 (FGFR-1, FGFR-2 and
FGFR-3); glucose transporter type 1 (GLUT-1), also known as solute carrier family 2, facilitated glu-
cose transporter member 1 (SLC2A1); heat shock 70 kDa protein 1 (HSP70-1), also known as heat shock
70 kDa protein 1A; heat-shock protein beta-1 (HspB1), also known as heat shock 27 kDa protein
(Hsp27); hypoxia-inducible factor 1-alpha (HIF-1-at); laminin subunit gamma 2 (LAMC?2); monocar-
boxylate transporter 4 (MCT4), also known as solute carrier family 16 member 3 (SLC16A3); tyrosine-
protein kinase Met (MET), also known as hepatocyte growth factor receptor (HGF receptor); matrix
metalloprotease 2 and 9 (MMP-2 and MMP-9); MutL protein homolog 1 and 3 (MLH1 and MLH3),
also known as DNA mismatch repair proteins Mlh1 and M1h3; MutS protein homolog 2, 3 and 6 (MSH2,
MSH3 and MSH6), also known as DNA mismatch repair protein Msh2 (h(MSH2, hMSH3 and hMSH6);
neurogenic locus notch homolog protein 1 (Notch 1); nuclear factor NF-kappa-B p65 subunit (NF-kB),
also known as transcription factor p65; apoptosis inhibitor survivin (Survivin), also known as baculoviral
IAP repeat-containing protein 5 (BIRCS); telomerase RNA template component (TERC); telomerase
reverse transcriptase (TERT); tumour necrosis factor alpha (TNF-a); cellular tumour antigen p53
(TP53); programmed cell death 1 ligand 1 (PD-L1); prostaglandin E, (PGE-2), produced by the protein
cyclooxygenase 1 or 2 (COX-1, COX-2); Podoplanin; p110a catalytic subunit of phosphinositol-3-ki-
nase (PIK3CA); post-meiotic segregation increased protein homolog 1 and 2 (PMS1 and PMS2); vas-
cular epidermal growth factor a (VEGF-A or VEGF); Vimentin; vascular endothelial growth factor
receptor 1, 2 and 3 (VEGFR-1, VEGFR-2 and VEGF-3)
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sis [115]. A recent study found that abnormal EGRF gene copy number was a posi-
tive predictor for malignant transformation of OPMD [116]. The EPOC trial also
found that increased EGRF gene copy number was associated with reduced cancer-
free survival in OPMLs and correlated with LOH [91].

Fibroblast growth factor receptors (FGFRs) have diverse functions. Ligand
binding triggers downstream signalling that influences differentiation, prolifera-
tion and angiogenesis. Gain of function mutations in receptors and ligands have
been reported in other cancer types (reviewed in [117]). FGFR1 displays genetic
alteration in 10% of HPV-negative HNSCC and FGFRs 2, 3 and 4 in 2% or less.
Eleven percentage of HPV-positive HNSCC display alterations in FGFR3 and 3%
mutations in FGFR3 [47]. Immunohistochemical staining of FGFR-2 and its
ligand FGF-2 was recently performed in OPML and OSCC samples, and their
expression found to be a positive predictor of malignant transformation [118].
FGFR-3 expression was present in 48% and FGFR-4 expression in 41% of OSCCs
[119, 120].

MET (hepatocyte growth factor receptor) is a proto-oncogene that signals from
the extracellular matrix to the cytoplasm. Once it has bound to hepatocyte growth
factor, it has pro-survival properties, including roles in migration, invasion and
angiogenesis in cancer. MET or its ligand is expressed in approximately 80% of
HNSCC, despite only being mutated or amplified in a relatively low number of
HNSCCs in TCGA [88, 121].

CCNDI is the gene coding for the cyclin D1 protein. It is the regulatory compo-
nent of the CDK4/cyclinD1 complex which regulates the cell cycle from G1/S tran-
sition. CyclinD1 modulates expression of CDK4 kinase (GeneCards). Twenty-four
to 48% of dysplastic OPML had alterations in CCND1 [122]. TCGA found that the
11q amplicon, which contains the CCND1 gene, is frequently altered in HPV-
positive HNSCC. Approximately 20% of HNSCC display mutations in CCND
[114]. Expression of cyclinD1 measured by IHC correlated with malignant progres-
sion of leukoplakia and erythroplakia [123, 124]. CyclinD1 is believed to be upreg-
ulated early in oral carcinogenesis and can be detected in saliva in individuals with
oral cancer [50].

The PIK3CK gene encodes the p110 alpha protein, which is the catalytic subunit
of phosphatidylinositol 3-kinase (PI3K). PI3K is part of the AKT signalling path-
way, which regulates cell proliferation, migration and survival. In oral cancer,
PIK3CK is an oncogene, and mutations in PIK3CK are common, particularly in
HPV-positive tumours. Approximately 21% of OSCCs display alterations in
PIK3CA, and mutations activating PIK3CA were prevalent in a sub-group of
OSCC:s that displayed improved clinical outcomes [47, 114].

Genes of the Wnt pathway including AJUBA, FAT1 and Notchl are important in
regulating cellular proliferation and are frequently mutated in oral cancer with
Notchl mutations present in 19.3% of HNSCC [114]. Notchl mutations are also
present in leukoplakia, and around 60% of these mutations are also present in
OSCC, suggesting that Notch] mutation is an early event in carcinogenesis [125].
Inactivation of AJUBA, FAT1 and Notchl causes deregulation of cellular polarity
and differentiation and may contribute to malignant transformation.
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Other members of the Wnt signalling pathway include E-cadherin, p-catenin,
APC and Vimentin, which have shown to be potential markers of malignant trans-
formation [126] and LGRS which shows increasing expression from OED to OSCC
[127].

The cyclin-dependent kinase inhibitor 2A (CDKN2A) gene codes for the pl6
tumour suppressor, as well as producing several splice variants. It acts by regulating
the cell cycle and is a tumour suppressor. CDKIN2A is mutated in 21.3% of HNSCC
[114]. In HPV-negative HNSCC, p16 expression is reduced favouring cellular pro-
liferation [128, 129]. Infection of the oral mucosa with high-risk HPV induces over-
expression of p16 in OPML and OSCC so it can be utilised as a surrogate biomarker
for HPV infection, although this can lead to false positives if used alone
[128-130].

Heat-shock proteins are expressed in response to stress and may inhibit apopto-
sis. HSP70 and HSP27 can act as markers of epithelial dysplasia in leukoplakia
[131]. Apoptotic pathway members Bcl-2, Bax and Survivin have been shown to
display altered expression in oral cancer and precancer [132, 133].

Replicative Immortality

Normal cells can only go through a limited number of cycles of cell division before
they enter a state of senescence or crisis and subsequent apoptosis. These processes
are mediated via telomeres, which wrap around the ends of chromosomes, protect-
ing them from damage. Each cycle of cell division shortens the telomeres until they
are no longer able to protect the chromosome from damage. Occasionally, cells may
emerge from crisis with the capacity to undergo unlimited proliferation and are
termed immortalised. Telomerase is a ribonucleoprotein which consists of two com-
ponents: telomerase reverse transcriptase (TERT), the enzyme component and
telomerase RNA component (TERC), which acts as a template for the telomere
repeat TTAGGG which is added to telomere ends. Immortalised cells (including
cancer cells) are able to prevent telomeres from eroding and express much more
telomerase (which lengthens the telomere DNA) than normal cells [134, 135].
Telomerase reverse transcriptase (TERT) is one of the protein subunits of telomer-
ase and has both enzymatic activity and is involved in proliferative signalling via the
Wnt pathway. TERT mediates the elongation of telomeres, promotes cell immortali-
sation and has also been shown to increase invasiveness [136]. TERT expression is
not present in normal or mildly dysplastic oral mucosa but is present in moderately
dysplastic tissues as well as those displaying severe dysplasia and OSCC [137]. A
recent study combining morphological assessment and detection of hTERC (the
RNA component of telomerase) via FISH found that acquisition of the hTERC gene
predicted malignant progression in OPMLs [138]. When telomerase activation was
measured in HNSCC and OPML, the levels were comparable (78% and 85%,
respectively) but had increased by 25-32% compared with normal, adjacent tissue
[139]. Reduced telomere length is found in tissues adjacent to CIS, and ortho-
keratotic leukoplakia is associated with particularly short telomeres [51, 140].
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Together, these studies suggest that cellular immortalisation occurs relatively early
in oral carcinogenesis.

Invasion and Metastasis

Invasion and metastasis in oral cancer are driven by the epithelial to mesenchymal
transition (EMT), a developmental program that involves the conversion of epithe-
lial cells to a mesenchymal phenotype. This phenotypic change involves a loss of
cellular polarity, a switch to a spindle shape, increased motility and resistance to
apoptosis. EMT is also associated with increased expression of enzymes capable of
digesting extracellular matrix to facilitate invasion.

Matrix metalloproteases are a family of zinc metalloenzymes with the capacity
to digest a range of components of the extracellular matrix, including gelatin, col-
lagen, stromelysin and membrane components. MMP-2 and MMP-9 remodel extra-
cellular matrix and are important in mediating invasion and metastasis in OSCC. In
a study of tongue cancer, MMP-2 and MMP9 were found to increase expression as
carcinogenesis progressed, with rare expression in normal epithelium, expression in
approximately 40% of non-metastatic tongue SCC and expression in 70-80% of
metastatic SCC [141]. While normally associated with the later stages of carcino-
genesis, salivary levels of MMP-9 are increased in OPMLs compared with healthy
controls and then further increased in OSCCs [142]. A recent meta-analysis con-
cluded that MMP-9 was a viable biomarker to predict malignant progression [56].

Podoplanin (coded by the PDPN gene) is a transmembrane protein that is upreg-
ulated during epithelial-mesenchymal transition and has roles in migration in many
human cancers [143]. Podoplanin is a useful marker of malignant transformation in
erythroplakia [144], and a recent paper has suggested that the risk of transformation
in OPMLs is enhanced threefold if podoplanin is co-expressed with ELAV like
RNA-binding protein 1 (HuR) [145]. Laminin subunit gamma 2 (LAMC?2) is an
extracellular matrix glycoprotein and a contributor to the breakdown of the base-
ment membrane in oral cancer. When expressed in leukoplakia, LAMC2 predicts
imminent malignant transformation [146]. Cathepsin D and B forms have also been
correlated with invasion and metastasis in OSCC [147].

Avoiding Immune Destruction

Patients with HNSCC display immune suppression with reductions in antigen pre-
sentation, reduced lymphocyte counts and inhibited NK cell activity [97]. Evidence
for this includes cases of human-associated transplant cancer, where cancer devel-
ops in immunosuppressed recipients when no longer held in check by the healthy
immune system of the donors [148].

Tumour-associated macrophages (TAMs) have a demonstrated role in cancer
with the M2 phenotype considered to be pro-inflammatory and tumour promoting
and the M1 phenotype protective. Premalignant lesions have been shown to contain
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M1 TAMs and OSCC primarily the M2 phenotypes [149, 150]. This suggests that
TAM phenotype can be used as a marker of malignant transformation. IL-37 acts to
suppress the innate immune system and could provide a potential marker for malig-
nant transformation in leukoplakia as there was a correlation between the degree of
dysplasia and IL-37 protein expression [151].

In the healthy immune system, CD8+ T cells and CD4+ helper T (Th)1 cells
inhibit cancer formation by secreting interferon gamma (IFN-y) and cytotoxins
[126]. A recent study provided evidence that the presence of CD3+ T cells may
protect against malignant transformation. The dysplastic leukoplakia that pro-
gressed to OSCC had significantly less CD3+ T cells than those that did not [152].

OPMLs have been shown to display increasing immune cell infiltration as they
progress through grades of dysplasia and into carcinoma [150]. Ohman et al. dem-
onstrated increased numbers of Langerhans cells and T cells in dysplastic cell com-
partments and OSCC [153]. OPMLs may also start to induce inflammation and
modulate the immune system before they undergo malignant transformation. In a
mouse model, cells derived from premalignant oral lesions secreted substances that
induced T-cell activation and expression of IL-2 receptor [102]. Programmed death
1 (PD-1) and its receptor (PD-1R) have been implicated in tumour escape and are
expressed in premalignant as well as malignant tissues [154]. A recent immunohis-
tochemical study found that 29% of OSCC lesions express PD-L1 and 83% contain
PD-1 positive lymphocytes [155].

Genomic Instability and Mutation

Genomic rearrangements and mutations have been well characterised in OSCC and
to a lesser extent in OPMLs. There are a number of systems that maintain genomic
stability in normal cells, including the DNA mismatch repair system and the mitotic
spindle checkpoint.

The DNA mismatch repair system in humans consists of MutL protein homolog
1 and 3 (MSH1 and MSH3), MutS protein homolog 2, 3 and 6 (MSH2, MSH3 and
MSHG6) and post-meiotic segregation increased 1 and 2 (PMS1 and PMS?2), and they
work sequentially to repair DNA mismatches [3]. MSH2 heterodimerises with
MSHG6 to form MutS-alpha, the predominant form of MutS in humans, which rec-
ognises mismatches. MLH1 and PMS2 heterodimerise to form MutL-alpha, again
the primary form in humans, which links MutS-mediated mismatch repair with
downstream activators [52]. Deficiencies in this system have been clearly impli-
cated in non-hereditary colon cancer [156], but there is evidence that these are also
important in OPML and OSCC.

OLP display decreased protein expression of MSH2 in comparison to normal
tissues, and MLH1 protein expression can be correlated with the degree of dysplasia
in leukoplakia [157]. A recent study assessed protein expression of all the major
MMR components across the spectrum of OED and OSCC and found that MLH1,
PMS2 and MSH2 were reduced in malignant and premalignant tissues compared
with normal [158]. The dimerisation components (i.e. MSH2/MSH6 and MLH1/
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PMS2) correlated with each other, and the specific loss of MSH6 in the basal layers
was shown to be a useful diagnostic marker for carcinoma in situ [159].

BUBRUI, one of two putative vertebrate homologs of the yeast spindle checkpoint
protein BUBI, has two important roles in mitosis, with the C-terminal kinase
domain regulating chromosome movement and the N-terminus involved in check-
point, pausing anaphase until all chromosomes are properly attached to the mitotic
spindle [160]. BUBRI is overexpressed in a subset of OSCC cases [161] and pro-
motes cellular mobility and invasion via MMPs in OSCC cell lines [162].
Immunohistochemical evidence suggests that BUBRI is expressed in premalignant
lesions and may act as a biomarker for oral carcinogenesis [63].

Conclusion

OSCC is frequently identified at an advanced stage, which limits treatment options
and leads to increased patient mortality and morbidity. A better understanding of the
molecular changes that drive oral carcinogenesis has the potential to deliver
improved screening, treatment options and patient outcomes.

Oral carcinogenesis can be understood using clinical, histopathological and
molecular models, which describe the physical manifestation of the lesion, the alter-
ations in tissue architecture and cell cytology within the lesion and the genetic alter-
ations leading to dysfunctional protein expression/function within the cells of the
lesion. Our understanding of oral carcinogenesis has been significantly enhanced by
the development of animal models which utilise carcinogenic agents applied to rats,
mice or hamsters and mimic the development of human oral cancer. These, along
with population-based studies, have been useful in unravelling the impact of various
risk factors on the development of oral cancer, including smoking and alcohol con-
sumption. Genetic conditions that predispose individuals to the development of can-
cer have also provided insight into oral carcinogenesis, particularly the importance
of DNA repair systems in protecting against cancer. Large-scale sequencing efforts
have provided a wealth of information about the genetic alterations that occur in
cancerous cells and allowed for a more meaningful segregation of cancer subtypes
and personalisation of treatment.

The development of oral cancer can be understood as the acquisition of mutations
that allow the development of cancer hallmarks or properties that allow cancer cells
to survive, proliferate and metastasise. Biomarkers are measurable characteristics
that can be used to identify OSCC and predict which OPML are likely to transform
to cancer. These include markers of genomic instability, the presence of expression
modifiers such as miRNA and a range of gene and protein markers. We have divided
the gene and protein markers into groupings by functional capability and assessed
their value as markers of current or future malignant transformation. Changes in
protein expression of many of these biomarkers have been identified in OPMLs, sug-
gesting that they have potential utility as predictors of malignant transformation,
although much more work is required to realise these in clinical practice.
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Chapter 4
Oral Leukoplakia

Rajiv S. Desai, Ravikant S. Ganga, and Raghav C. Dwivedi

Introduction

Oral leukoplakia (New Latin leuko, white, + classical Greek plax, flat object) is said
to represent the most common premalignant oral mucosal lesion with an estimated
global prevalence rate of 2.6%. Historically, practitioners have used many syn-
onyms such as leucoma, smokers’ patch, leukokeratosis and ichthyosis for this
lesion. In 1851, Sir James Paget documented a connection between a white keratotic
oral lesion and lingual carcinoma; however, the term “leukoplakia” has given rise to
considerable misunderstanding since it was first defined more than 140 years ago by
the dermatologist Ernst Schwimmer in 1877 [1].

Over the ensuing decades, various studies were carried out on oral leukoplakia
thus definitively establishing it as a precancerous lesion. However, the frequency of
malignant transformation is reported to be widely varied with some studies indicat-
ing rates of malignant transformation while some reports being limited to the devel-
opment of dysplasia within leukoplakia [2]. Irrespective of whether some
leukoplakias eventually progress to cancer or not, most of these lesions arise sec-
ondary to the use of tobacco, alcohol and betel quid, while the term “idiopathic
leukoplakias™ is reserved for a few of these lesions that are thought to be genetically
destined [3].
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Definition and Terminology

The definition and terminology of oral leukoplakia have been the subject of discus-
sion for many decades. In 1978, the World Health Organization (WHO) first defined
oral leukoplakia as “a white patch or plaque that cannot be characterized clinically
or pathologically as any other disease”. However, this definition emphasized that
the term leukoplakia be used in a descriptive clinical sense only with no histologic
association. In 1984, the First International Conference on oral leukoplakia in
Malmo, Sweden, proposed that only white lesions associated with tobacco con-
sumption be referred to as leukoplakia and defined it as “a whitish patch or plaque
that cannot be characterized, clinically or pathologically, as any other disease and it
is not associated with any physical or clinical causative agent except the use of
tobacco” [4]. Axell et al. in 1994 proposed a new definition of leukoplakia, which
stated that “oral leukoplakia is a predominantly white lesion of the oral mucosa that
cannot be characterized as any other definable lesion; some oral leukoplakias will
transform into cancer”. Shortly after that, the definition was modified as “a pre-
dominantly white lesion of the oral mucosa that cannot be characterized as any
other definable lesion” [5]. This was followed in 2005, by the WHO definition of
leukoplakia, “a white plaque of questionable risk having excluded (other) known
diseases or disorders that carry no increased risk for cancer”. Finally, in 2007, the
World Health Organization Collaborating Centre for Oral Cancer and Precancer
reached a consensus at a workshop in the United Kingdom regarding the use of the
term “potentially malignant disorders”. It was agreed to limit the use of the term to
refer to a precancer only since not all disorders designated under the term “poten-
tially malignant disorders” could transform into a malignancy. It was also recom-
mended that having excluded other known diseases or disorders that bring no
increased risk for malignancy, the word “leukoplakia” should be used to distinguish
“white plaques of debatable risks”. Thus, the WHO finally defined this lesion as “a
white plaque with a growing debatable oral cancer risk after excluding other known
diseases and disorders that do not increase the risk”.

However, a debate still exists over the “ideal” definition of leukoplakia that
encompasses all the aspects of leukoplakia without any ambiguity. As a result of this
debate, “widely accepted” definitions of leukoplakia exist within the scientific com-
munity till date. Hence, when a lesion cannot be clearly diagnosed as any other
“known disease or disorder” with a white appearance on clinical examination
(Table 4.1), only a provisional diagnosis is recorded, and the diagnosis of leukopla-
kia is one by exclusion of these “known diseases or disorders”. While an experi-
enced clinician may find it relatively easy to distinguish many, if not most, of these
conditions from leukoplakia on the basis of history and clinical appearance, this
may not be the case for the less experienced clinician. This has led professionals to
recommend the development of a framework for diagnosing oral leukoplakia that
prevents the misclassification of other oral white disorders as leukoplakia. The defi-
nition and terminology of a few of the “known” conditions listed in Table 4.1
deserve further attention.
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Table 4.1 The most common definable white or predominantly white lesions of the oral mucosa
and their main diagnostic criteria

Lesion Main diagnostic criteria

Candidiasis Pseudomembranes, often symmetrical pattern

Discoid lupus erythematosus History of skin lesion; clinical appearance
(incl. bilateral pattern); histopathology

Frictional lesion Presence of mechanical irritation

Hairy leukoplakia Clinical aspect (incl. bilateral localisation on
the tongue); histopathology (incl. EBV)

Leukoedema Symmetrical pattern

Lichen planus Symmetrical pattern; histopathology

Morsicatio History of habitual biting or chewing; clinical
aspect

Papilloma and allied lesions Clinical aspect and histopathology

Tobacco-induced lesions (smoker’s palate, Clinical aspect; history of smoking; history of

palatal lesions in reverse smoking, snuff reverse smoking; site where snuff is placed

dippers’ lesion)

White sponge nevus Family history; clinical aspect (often
symmetrical pattern)

Alveolar Ridge Keratosis and Frictional Keratosis

Alveolar ridge keratosis apparently results from frictional trauma to the maxil-
lary and mandibular alveolar ridges that is chronic in nature and has been dis-
cussed by a few authors [6, 7]. Almost all lesions are known to exhibit
hyperkeratosis without the presence of epithelial dysplasia histopathologically.
Frictional keratosis of the facial (buccal) attached gingiva, another reversible
white lesion which is caused by mechanical irritation of the mucosa, is known to
show some overlapping features with this condition. However, a definitive diag-
nosis in case of a lesion appearing due to friction or mechanical irritation can
only be made in retrospect. This diagnostic approach involves the elimination of
the possible cause of mechanical irritation following which the lesion may
disappear.

Hyperplastic Candidiasis

Clinically, a distinction between these lesions particularly those located at the com-
missures of the lips, the hard palate and the dorsal surface of the tongue, can be
made by treatment with antifungal medication for a period of 4-8 weeks. Lesions
that disappear following antifungal treatment need not be referred to as leukoplakias
any longer. However, a diagnosis of Candida-associated leukoplakia should be con-
sidered in case of persistent lesions.
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Oral Hairy Leukoplakia (Greenspan Lesion)

In 1984, Greenspan and her colleagues introduced the term oral hairy leukoplakia
presenting as an alteration along the lateral border of the tongue in male homosexuals
and on the buccal or labial mucosa of immunocompromised individuals. Early lesions
tend to be smooth on appearance eventually becoming heavily folded and vertically
corrugated over time. Histologically, no evidence of dysplasia is noted in the deeper
layers of the epithelium. There is also no reported association with malignant transfor-
mation [2]. Since it is a definable lesion even though the clinical aspect is not always
“hairy”, the term hairy leukoplakia is considered to be a misnomer. Additionally, it is
not considered to be a potentially malignant disorder since biopsy specimens reveal
the presence of EBV DNA in the koilocytic epithelial cells on immunohistochemical
analysis [8]. As a result, it has been suggested that the term “Greenspan lesion” be
used instead of hairy leukoplakia, which should be abandoned [9].

Smokers’ Lesions

Smoker’s palate (nicotine stomatitis), palatal keratosis in reverse smokers and snuff
dippers’ lesions are usually listed as “definable lesions” since they are tobacco-
induced and are not defined as leukoplakia [4, 10, 11]. Nicotine stomatitis is a gen-
eralized white palatal alteration that seems to be a hyperkeratotic response to the
heat generated by tobacco smoking rather than a response to the carcinogens within
the smoke. As a result, it is not considered to be a precancerous lesion. Its malignant
transformation potential is low enough to be about the same as that of normal palatal
mucosa. However, these lesions are known to regress within an arbitrary period of
no more than 4-8 weeks if patients discontinue their habits. In such cases, the pro-
visional clinical diagnosis should, in retrospect, be changed into “smokers’ lesion”.
In case the lesion persists due to the unwillingness of the patient to give up the
tobacco habit, the term “tobacco-associated leukoplakia™ can be applied [8, 12].

Epidemiology
Incidence and Prevalence

Leukoplakia represents 85% of all the oral potentially malignant disorders thus
being the most common of such lesions. The prevalence of oral leukoplakia exhibits
a significant geographical variation in South East Asia which appears to be influ-
enced by various aetiological factors. In a 10-year prospective study in India in large
random samples, carried out in several geographic areas with various kinds of
tobacco usage, the annual age-adjusted incidence rates of leukoplakia per 1000
population per year varied from 1.1 to 2.4 among men and from 0.2 to 1.3 among
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women; the prevalence varied from 0.2% to 4.9% [13]. The estimate for prevalence
in global terms is 2.6%, and prevalence in developed countries is around 3% [1, 14].

Age and Gender

The onset of leukoplakia usually takes place after the age of 30 years, resulting in a
peak incidence above the age of 40 years. Globally, there is a strong male predilec-
tion (70%), except in regional populations in which women use tobacco products
more than men [15].

Aetiology

The aetiology of oral leukoplakia is considered to be multifactorial; however, smoking
remains the predominant causative factor globally. The frequency of occurrence of the
lesion is hence found to be more in smokers than in non-smokers. However, in South
East Asia, an increased prevalence of these lesions is attributed to the betel nut chew-
ing habit. The role of alcohol as an independent aetiological factor in the development
of oral leukoplakia is still questionable. Except in the case of smoking, establishing an
aetiological factor for a whitish plaque can help rule out the diagnosis of leukoplakia.
Other infections that have been implicated as cofactors that may affect the prognosis
of established leukoplakia include Candida, human papillomavirus (HPV) and, more
recently, Epstein-Barr virus (EBV). The term “idiopathic leukoplakia” is used to
describe those lesions that develop in the absence of identifiable risk factors. The
development of such lesions is generally considered to have a genetic origin [16, 17].
Nicotine Stomatitis, a hyperkeratotic response to the heat generated by tobacco smok-
ing rather than a response to the carcinogens within the smoke should be differentiated
from Oral leukoplakia in a smoker since it is not considered to be a pre-cancer. Its
malignant transformation potential is as low as that of normal palatal mucosa [18, 19].

Leukoplakia and Candida

There is still some uncertainty regarding the role of Candida albicans in the aetiology
and the malignant transformation of leukoplakia. About 10% of oral leukoplakias sat-
isfy the clinical and histological criteria for chronic hyperplastic candidiasis (candidal
leukoplakia) which is also four to five times more likely to develop epithelial dysplasia
than in leukoplakia. The role of Candida species in the aetiology or progression of leu-
koplakias is debatable. The evidence justifying an aetiological role of candida in malig-
nant transformation of leukoplakia is varied and includes the catalytic transformation,
in vitro of the carcinogenic nitrosamine, N-nitrosobenzyl-methyl-lamine, by strains of
C. albicans demonstrated to be selectively associated with leukoplakia [20, 21].
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Leukoplakia and Human Papillomavirus

The possibility of human papillomavirus (HPV) as an aetiological agent and its role
in the malignant transformation of oral premalignant lesions have been studied
extensively. However, its role as a definite causative agent in the development of
oral leukoplakia still remains questionable. The most studied HPV types included
types 6, 11, 16, 18, 31, 33 and 35, which can also be found in normal oral epithe-
lium; thus their presence can be considered coincidental or simply represents a
super infection [22-24].

Leukoplakia and Epstein-Barr Virus

The role of Epstein-Barr virus (EBV) as an aetiological agent has been implicated
in various cancers including oral squamous cell carcinoma. Bagén et al. [25], in
their study, observed no association between proliferative verrucous leukoplakia
and EBV. No conclusive evidence regarding the role of EBV in the development of
oral leukoplakia has still been established [25].

A similar paucity of evidence exists regarding the possible role of genetic factors
in the development of oral leukoplakia.

Pathogenesis

Abnormal epithelial differentiation, increased surface keratinization and alterations
in the epithelial thickness in the form of atrophy or acanthosis (thickened prickle
cell layer) represent the primary pathological changes in leukoplakia. Various
molecular mechanisms have been implicated in the development of oral leukoplakia
and its malignant transformation. These include loss of differentiation-related kera-
tins and carbohydrate antigens and alterations in oncogene/tumour suppression
gene expression, oxidative stress and nitrative DNA damage via reactive nitrogen
products such as inducible nitric oxide synthase and inflammation-related mecha-
nisms. However, their ability to serve as targets for diagnostic and therapeutic bio-
markers remains limited and open to future research [26].

Clinical Features

Leukoplakia can affect any site in the oral cavity either as localized, diffuse or
multiple lesions. Its distribution is related to gender and tobacco habits showing
worldwide differences. In general, two clinical variants are recognized, the
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homogeneous and the non-homogeneous types. The non-homogeneous type
includes (1) speckled, (2) nodular/granular and (3) verrucous/verruciform
leukoplakia [27].

Homogeneous Leukoplakia

It appears typically uniformly white, relatively flat and superficial with clear demar-
cated margins (Fig. 4.1) which is free from interspersed areas of fissuring and ery-
thema and without a nodular, verrucous or otherwise irregular surface (Fig. 4.2).

Fig. 4.1 Homogenous
leukoplakia affecting the
right buccal mucosa

Fig. 4.2 Homogenous
leukoplakia in a partially
edentulous patient
affecting the alveolar ridge
and involving the labial
vestibule in the anterior
mandibular region
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Non-homogeneous Leukoplakia

Non-homogenous leukoplakias tend to be less well demarcated and represent a
higher-risk lesion as compared to homogenous leukoplakia. Speckled areas or
islands of red patches within the oral leukoplakia warrant a revision of the diagnosis
to a speckled leukoplakia (Fig. 4.3). Verrucous leukoplakia has an elevated, prolif-
erative or corrugated surface appearance which is quite often misdiagnosed by clini-
cians as verrucous carcinoma as there are actually no strict criteria to make a
distinction between these entities. The nodular type has small polypoid outgrowths
with rounded predominantly white excrescences [28].

Erythroplakia of the oral mucosa is defined as “a fiery red patch which cannot be
characterised clinically or pathologically as any other definable condition”. Even
though it is a relatively rare lesion, its diagnosis is considered to be clinically sig-
nificant since it has the highest rate of malignant transformation (14-50%) of all the
oral potentially malignant disorders.

Proliferative Verrucous Leukoplakia (PVL)

It is a rare, recalcitrant, often widespread and multifocal high-risk form of leukopla-
kia, first described by Hansen et al. in 1985. These lesions start as a simple hyper-
keratosis and then spread to become multifocal with a high rate of recurrence [29,
30]. It has a strong predilection for elderly females (1:4, male-to-female ratio)
exhibiting a minimal association with tobacco use. The lesions manifest as

Fig. 4.3 Speckled
leukoplakia involving the
left buccal mucosa
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exophytic, wart-like lesions that enlarge and spread. Major and minor criteria for
the diagnosis of PVL had been suggested by Cerero-Lapiedra et al. [31] which have
been recently modified to four diagnostic criteria [31]. These include the presence
of verrucous or wart-like leukoplakia involving two or more subsites, when added,
all the involved sites the minimum size of the lesions should be at least 3 cm; at least
5 years of disease evolution and the availability of at least one biopsy ruling out a
verrucous carcinoma or squamous cell carcinoma [32]. Due to its high rate of malig-
nant transformation, especially in lesions with multicentric foci, PVL is considered
to be a forerunner of verrucous carcinoma [33].

Histopathological Features

It is worth mentioning that leukoplakia is a clinical term and denotes a negative
diagnosis based on exclusion criteria. The term leukoplakia does not carry histo-
logical implications. Following a biopsy, the histological diagnosis should replace
the term leukoplakia. However, it is recommended that a statement on the presence
or absence of epithelial dysplasia with an assessment of its severity be included in
the histological report of such lesions.

Epithelial hyperplasia and surface hyperkeratosis are the hallmark histopatho-
logical features of leukoplakia. Microscopically, leukoplakia is characterized by a
thickened keratin layer of the surface epithelium (hyperkeratosis), with or without a
thickened spinous layer (acanthosis). Some leukoplakias demonstrate surface
hyperkeratosis but show atrophy or thinning of the underlying epithelium.
Frequently, variable numbers of chronic inflammatory cells are notes within the
subjacent connective tissue. The keratin layer may consist of parakeratin (hyper-
parakeratosis), orthokeratin (hyperorthokeratosis) or a combination of both.
Verrucous leukoplakia has papillary or pointed surface projections, varying keratin
thickness and broad, blunted rete ridges. It may be difficult to differentiate it from
early verrucous carcinoma.

Superficial layers of the epithelium may show the formation of microabscesses
in the presence of C. Albicans, and an inflammatory cell infiltrate is commonly
seen. Epithelial dysplasia, if present, may range from mild to severe; however, car-
cinoma in situ and even squamous cell carcinoma are encountered histologically in
some instances. When the dysplastic epithelium shows features that, to some extent,
resemble those of lichen planus, the term “lichenoid dysplasia” is sometimes used
[34, 35]. Long-time follow-up should be considered in case of exophytic, verrucous
or papillomatous lesions as these are known to progress to squamous cell carcinoma
in time, in spite of the absence of epithelial dysplasia.

The various cellular as well as architectural changes that may occur in epithelial
dysplasia are listed in Table 4.2. Based on the histopathologist’s interpretation of the
presence of these dysplastic features, epithelial dysplasia is usually divided into three
categories: mild, moderate and severe. Due to a strong interobserver discrepancy
between pathologists in the evaluation of the presence and the degree of epithelial
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Table 4.2 Cellular and architectural changes in epithelial dysplasia

Cellular changes Architectural changes

Abnormal variation in nuclear size Loss of polarity

(anisonucleosis)

Abnormal variation in cell size (anisocytosis) | Disordered maturation from basal to squamous
cells

Increased nuclear/cytoplasmic ratio Increased cellular density

Enlarged nuclei and cells Basal cell hyperplasia

Hyperchromatic nuclei Premature keratosis and keratin pearls deep

within the epithelium

Increased mitotic figures Bulbous drop-shaped rete pegs

Abnormal mitotic figures (abnormal in shape | Secondary extensions on rete tips
and location)

Nuclear and cellular pleomorphism

Increased number and size of nucleoli

dysplasia, it is difficult to establish a strong correlation between the degree of dyspla-
sia and the rate of transformation of leukoplakia [36, 37]. Since leukoplakia without
dysplasia demonstrates a 15% rate of malignant transformation, the absence of his-
tological dysplasia does not guarantee its benign behaviour. Thus it can be concluded
that even though histological dysplasia is considered to be an important parameter,
malignant transformation of leukoplakia can occur irrespective of its presence or
absence [38—40].

Kujan et al. [41] proposed a new classification based on the morphological crite-
ria used by WHO 2005, into high risk and low risk on scoring the features [41]. In
the year 2006, the binary system was proposed for grading epithelial dysplasia in
oral leukoplakia with the aim of reducing subjectivity and increasing the possibility
of conformity between histological interpretations of different pathologists. They
divided oral epithelial dysplasia into:

1. High-risk lesions: Presence of five cytological changes and four architectural
changes. They have a potential for malignant transformation.

2. Low-risk lesions: It does not show a potential for malignant transformation. It
exhibits less than four cytological and architectural changes [28, 42]. Thus, the
final diagnosis of the white lesion of the oral mucosa can only be made through
a clinicopathological correlation.

Classification and Staging System

In order to promote uniform reporting of various aspects of leukoplakia, the OLEP
staging system was proposed by Van der Waal et al. [43] in which the size of the
lesion and the presence or absence of dysplasia were taken into consideration [43].
Altogether four stages were recognized:

e L1—Size of leukoplakia 2 cm
e L2—Size of leukoplakia 2—4 cm
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e L3—Size of leukoplakia >4 cm

* Lx—Size not specified

» P—Pathology

* P0O—No epithelial dysplasia

e Pl1—Distinct epithelial dysplasia

* Px—Dysplasia not specified in the pathology report

OLEP Staging System

e Stage [—L1P0O

e Stage [I—L2P0

e Stage III—L3P0 or L1L2P1
» Stage IV—L3P1

The advantage of this system being that it can easily be adjusted by replacing the
histopathological criteria of epithelial dysplasia by a clinical subdivision in homo-
geneous and non-homogeneous leukoplakia for cases in which no biopsy is
available.

Malignant Transformation

No definite morphological, immunological or histochemical criteria have been
demonstrated to identify the particular types of leukoplakia that will eventually
undergo a malignant transformation. Malignant transformation of oral leukoplakia
varies from 0.13% to 34% in different populations and geographic areas. The pre-
cise time for the development of a malignant transformation of a leukoplakic patch
is not known; however, patients with oral leukoplakia carry a fivefold higher risk of
developing oral cancer than controls. Dysplastic lesions are about 15 times more
likely to undergo a malignant transformation than non-dysplastic ones [3].

Lesion Distribution

Focal leukoplakia carries a good long-term prognosis as compared to disseminated
forms, which affect several sites of the oral mucosa and have a poor prognosis [44].
Lesion Site

The floor of the mouth and the ventrolateral region of the tongue are more exposed to
carcinogens in salivary secretions, and the epithelium is more permeable in this area.
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Leukoplakias located on the floor of the mouth and in the ventrolateral region of
the tongue are associated with a greater risk of malignant transformation (43%) as
they are more exposed to carcinogens in salivary secretions and the epithelium is
more permeable in this area [45].

Other Characteristics

While evaluating poor prognosis of oral leukoplakias, other characteristics like
lesions larger than 20 mm, rapid growth, a previous history of oral squamous cell
carcinoma and regular consumption of alcohol or tobacco should also be taken into
consideration [46].

Although a strong association is present between human papillomavirus (HPV)
and oropharyngeal squamous cell carcinoma (OPSCC), there is little evidence to
support a causal link between oral leukoplakia and HPV [47].

Biomarkers for oral carcinogenesis such as markers of proliferation (Ki-67),
component of cell cycle control such as tumour suppressor proteins p53, the
retinoblastoma protein (pRb) and cyclin D1 are of little help in predicting
malignant transformation of leukoplakia. However, in non-dysplastic leukopla-
kia, a combined alteration of p53/Ki67/p16INK4a was proven to be a risk of
progression [48].

Diagnostic Procedures

Elimination of Possible Causes

Before taking a biopsy, elimination of possible causative factors followed by an
observation period 2—4 weeks for a possible regression or disappearance of a white
lesion is advisable.

Biopsy

Biopsy is the gold standard to rule out malignancy in leukoplakia. In homogenous
leukoplakia, a single biopsy or a conservative excisional biopsy is indicated. If treat-
ment consists of CO, laser evaporation, it is mandatory to have a biopsy taken prior
to such treatment. In non-homogeneous leukoplakias, biopsy should be taken at the
sites of redness or induration.

It is advisable to take deeper biopsies preferably from the margins of exophytic,
verrucous or papillary lesions to rule out not only the presence of epithelial dyspla-
sia but also the invasion [27].
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Adjunctive Techniques

In recent years, attempts have been made to develop new techniques to aid in the
identification and diagnosis of premalignant and malignant oral lesions. However,
at the present time, careful clinical evaluation with directed conventional biopsy is
the best and most accurate means of assessing oral leukoplakic lesions.

Cytology and brush biopsy can be used for mass screening campaigns and
involves a non-invasive technique of collecting the basal layer of cells using a brush,
thus eliminating the need for a surgical procedure. However, due to many pitfalls
and limitations, it should not be considered as a substitute for biopsy when there is
concern about malignancy in doubtful lesions [49].

Toluidine blue is a chair-side intravital staining method for nucleic acids and
abnormal tissue, used as a guidance for biopsy site selection in suspicious lesions
(Fig. 4.4).

Chemiluminescence

The ViziLite system uses reflective tissue fluorescence (chemiluminescence) which
is based upon the normal fluorescence of the tissue when exposed to blue-white
illumination. It detects a variety of oral mucosa lesions including linea alba, hairy
tongue and leukoedema traumatic ulcers [50]. Although oral leukoplakia exhibits a
high degree of visibility and sharpness with prominent and distinctive margins of
the surrounding mucosa, ViziLite has a limitation in distinguishing benign, inflam-
matory and potentially malignant disorders as well as a low specificity (28%) in
detection of dysplasia and should be used with caution [51].

Fig. 4.4 (a) Speckled leukoplakia affecting the right commissural mucosa. (b) The same lesion
after staining with toluidine blue showing a positive staining reaction with dysplastic/inflamed
epithelium
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Tissue Autofluorescence

Autofluorescence examination of oral tissues is used as an adjunctive tool for early
detection and diagnosis of oral cancer. The Visually Enhanced Lesion Scope
(VELscope) utilizes direct tissue autofluorescence to enhance oral mucosal abnor-
malities. A pale green autofluorescence at the excitation wavelengths (375—440 nm)
is associated with normal, unaltered mucosa, while dysplastic tissues exhibit loss of
tissue autofluorescence and appear darker in colour due to a disruption in the distri-
bution of the fluorochromes.

Oral leukoplakias demonstrate increased autofluorescence when compared to
normal mucosa due to an increase in keratinization, which limits the ability of the
VELscope to detect malignant change within leukoplakia (Fig. 4.5). Therefore,
autofluorescence examination demonstrates a lower specificity for discriminating
dysplasias and cancers from benign lesions, and the VELscope cannot provide
a definitive diagnosis as to the presence of dysplastic tissue change in oral
leukoplakias [52].

Fig. 4.5 (a) Homogenous leukoplakia affecting the right commissural mucosa. (b)
Autofluorescence examination of the same lesion using VELscope demonstrating an increased
tissue autofluorescence when compared to the adjacent normal mucosa
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Salivary Biomarkers

Despite extensive research in the field of salivary biomarkers, not a single biomarker
has yet been established for routine use in clinical practice for early detection of oral
cancer in oral leukoplakia [29].

Management

There is no consensus regarding the most appropriate treatment for oral leukopla-
kia. Because leukoplakia represents a clinical term only, a biopsy for the assessment
of epithelial dysplasia guides the course of treatment. A surgical treatment is recom-
mended in the presence of moderate or severe epithelial dysplasia. However, exci-
sion of low-risk oral leukoplakia depends on the location, size and, in the case of
smokers, patient’s engagement in smoking cessation. Even though topical bleomy-
cin, systemic retinoids and systemic lycopene have been used as nonsurgical thera-
peutic options to treat oral leukoplakias, their effectiveness is debatable due to
inadequate evidence and the lack of long-term studies. Invasive therapeutic modali-
ties include cryosurgery, carbon dioxide laser light and surgical resection [53, 54].

Preventive Treatment

Primary prevention activities like cessation of habits associated with the use of
tobacco and alcohol in all its forms. The availability of tobacco and extent of the
habit in the population can be reduced by legislative efforts to restrict the produc-
tion, sale and product usage.

Public information and health education programmes must be conducted to for-
bid people from adopting any tobacco habit. Maintenance of good oral hygiene and
diet fortified with protein, carbohydrates, fat, vitamins and fruits go a long way in
prevention of leukoplakia.

Conservative Treatment

Extraction of offending teeth and grinding of dentures are a must to reduce the
constant source of irritation to the buccal mucosa and tongue. Chemoprevention
also may be useful but remains primarily experimental. The medical treatment uses
local and systemic chemopreventive agents such as vitamin A and retinoids, sys-
temic beta carotene, lycopene (a carotenoid), ketorolac (as mouthwash), local



82 R. S. Desai et al.

bleomycin and a mixture of tea used both topically and systemically with a reduced
benefit [55-57]. Administration of vitamin A and E preparations has convincingly
shown to cause regression of leukoplakic lesions. However, after discontinuation of
vitamin A, the lesions have recurred. Toxic reactions to systemic retinoids are fre-
quent, however, as is lesion recurrence after the conclusion of therapy. Topical
application of bleomycin has been tried for the treatment of oral leukoplakia. It is
to be noted that the results of the treatment appear only 3 months after starting
therapy with bleomycin. Once the lesions are cured, their recurrence is slower after
surgery. However, lifetime follow-up is mandatory every 6 months for patients with
oral leukoplakia irrespective of treatment modality. The invariable presence of
Candida albicans in leukoplakic lesions necessitates the use of concurrent antifun-
gal drugs.

Surgical Treatment
Complete Excision

The surgical treatment can use conventional surgery or laser ablation, electrocau-
terization or cryosurgery. However, this treatment modality does not lower the risk
of subsequent malignant transformation and recurrence. Cryotherapy and electro-
cautery are not considered to be a first-line therapy of oral leukoplakia as they carry
the risk of post-operative scarring and tissue contraction [57].

Complete excision of the leukoplakic patch, followed by histopathologic exami-
nation, is the most commonly performed procedure for small lesions. Large lesions
can be treated by excision of the leukoplakic patch followed by split skin grafting or
pedicled buccal fat pad graft.

Laser Ablation

Laser excision of the lesion by a CO, laser and NJYAG laser has revolutionized the
management of leukoplakia. Laser excision has its own advantages. It allows pre-
cise excision of the patch and minimizes post-operative pain, induction and slough
formation. It also aids in rapid epithelization of the raw area.

Follow-Up

All oral leukoplakias should undergo a lifetime follow-up at regular intervals, which
may range from 3 months to 6 months and 6—12 months in high-risk and low-risk
patients, respectively.
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Conclusion

Oral leukoplakia is a clinical diagnosis without histological connotation. Even
though it has a well-documented potential risk of malignant transformation into oral
squamous cell carcinoma, biomarkers predicting malignant potential are limited in
capability. Hence, it can be said that not every whitish patch in the oral cavity is
leukoplakia and not every leukoplakia is a precancer. Due to lack of established
treatment protocols, current guidelines advocate complete excision of the lesion
whenever possible, regular follow-up to detect any mucosal change and a complete
cessation of exposure to major risk factors like tobacco and alcohol.
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Lakshminarasimman Parasuraman, Munita Bal, and Prathamesh S. Pai

Introduction

In 1911, the French dermatologist Louis Queyrat described a sharply defined, bright
red, glistening velvety precancerous lesion of the glans penis giving rise to the term
‘erythroplasia of Queyrat’ [1]. In 1978 WHO defined erythroplakia as a “fiery red
patch that cannot be characterized clinically or pathologically as any other definable
disease” [2]. Bouquot in 1994 updated the definition for erythroplakia as “a chronic
red mucosal macule which cannot be given another specific diagnostic name and
cannot be attributed to traumatic, vascular, or inflammatory causes” [3].
Erythroplakia and erythroleucoplakia (Speckled leucoplakia) are clinical terms and
have no specific histopathologic definition. The correlation between the clinical ter-
minology and pathologic counterparts like hyperplasia, dysplasia and hyperkerato-
sis are imperfect and that contributes to confusion.

Epidemiology

Relevant studies indicating the incidence and prevalence of oral erythroplakia (OE)
are rare but have been seen in <1% of mucosal lesions studied ranging from 0.09%
t0 0.83% [4, 5]. Most patients fall between 45 and 55 years and have a male prepon-
derance. Buccal mucosa, soft palate, and floor of mouth are the most common sites
affected by OE. The floor of mouth in males and combinations of mandibular
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alveolar mucosa and gingival sulcus in females are the most common sites of
involvement, while the reason for this predilection is not known [4].

Classification

Clinical variations

* Homogenous erythroplakia

* Erythroplakia interspersed with patches of leucoplakia

* Granular or speckled erythroplakia (speckled leucoplakia)

Microscopic variants
1. Neoplastic
* Squamous carcinoma
* Carcinoma in situ and less severe forms of epithelial atypia

2. Inflammatory
» Candida albicans
* Tuberculosis
* Histoplasmosis
e Others

Aetio-pathogenesis

Tobacco chewing, areca nut and alcohol drinking are strong risk factors for erythro-
plakia. Human papilloma virus (HPV) especially type-16 has been shown to be
associated with oral premalignant disorders [6, 7]. While epidemiological studies
suggest evidence for aetiology of OE, its pathogenesis remains a mystery. No con-
clusive evidence exists either for de novo development of OE or progression from
leucoplakia or as a continuum in the multistep carcinogenesis model. However the
progression rate of OE to malignancy is higher as compared to leucoplakia [8].

Clinical Features

Usually OE patches are smooth, soft on palpation without induration and have well-
defined margin unless transforming into invasive carcinoma. They are rarely multi-
centric and do not occupy large surface areas unlike leucoplakia. OE gets its reddish
appearance due to proximity of the underlying vascular lamina propria brought
closer to surface due to the thinning and atrophy of the epithelium. This may not
however hold true where the epithelium is fairly thick. Another theory could be that
the translucency of a poorly differentiated epithelium is more than normal epithe-
lium leading to the reddish hues [9]. Erythroleucoplakias often get secondarily
infected with candida albicans resulting in a red surface either due to inflammation,
dysplasia or both [10, 11].
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Differential Diagnosis of a Red Oral Mucosa Lesion [12]

OE is a clinical diagnosis but only homogenous erythroplakia has been clearly
defined. The terminology used for white, red and mixed lesions is varied and con-
fusing. Relevance of classification in management of these red lesions is a matter of
debate. Any suspicious lesion which is erythematous needs histopathological exam-
ination to rule out dysplasia/carcinoma in situ changes (Fig. 5.1).

Mucosal diseases Oral candidiasis
Atrophic oral lichen planus Erythematous candidiasis
Systemic lupus erythematosus Generalized candidal erythema
Pemphigus Denture-induced stomatitis
Pemphigoid Histoplasmosis
Bacterial infections Others
Tuberculosis Amelanotic melanoma
Hemangioma
Telangiectasias, lingual varices
Kaposi sarcoma
Oral purpura

Pathology

By definition, erythroplakia should not display histopathologic features of any other
recognizable condition and is a diagnosis of exclusion [13]. The histologic features
of erythroplakia include a wide morphologic spectrum ranging from varying grades
of dysplasia and carcinoma in situ (CIS) to invasive squamous cell carcinoma. This

Fig. 5.1 Erythroleucoplakia
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implies that erythroplakia harbours epithelial dysplasia as a minimum qualitative
alteration.

Histologically, dysplasia entails two types of alterations: architectural and cyto-
logic abnormalities:

* Architectural alterations include irregular epithelial stratification, loss of polar-
ity, parabasilar hyperplasia, drop-shaped rete ridges, mitoses in the mid- and
upper spinous layer, premature individual cell keratinization (dyskeratosis) and
keratin pearls within rete pegs.

* Cytological alterations include cellular pleomorphism, nuclear enlargement and
pleomorphism, increased nuclear-to-cytoplasmic ratio, prominent nucleoli and
nuclear hyperchromasia.

Dysplasia is graded based on quantum of dysplastic change. According to the
WHO grading system [13], dysplastic changes confined to the lower third of epithe-
lial thickness are graded as mild, up to two-thirds of the thickness of epithelium as
moderate, involving greater than two-thirds but less than the full thickness as severe
and occupying the entire thickness of epithelium as CIS, while invasion of the
underlying stroma through the basement membrane qualifies as invasive squamous
cell carcinoma (Fig. 5.2). Following histologic review, erythroplakia has been found
to harbour invasive carcinoma in about 51%, severe dysplasia or CIS in 40% and
mild to moderate dysplasia in 9% [12].

One of the challenges in the pathology reporting of dysplasia (especially the
lower grades) is the morphological overlap with reactive epithelial atypia imput-
able to trauma and inflammation. A lack of consensus on the amount and intensity
of morphologic alterations engenders subjectivity leading to intra- and interob-
server variability [14, 15]. Data from studies based on longitudinally derived speci-
mens are needed to generate objective consensus criteria for grading oral
dysplasia.

Role of immunohistochemistry in erythroplakia diagnosis remains limited.
Ki-67, a marker of proliferation, is of some utility in cases with ambiguous patho-
logical findings. Increased Ki-67 labelling in the upper two-thirds of the epithelium
tends to favour dysplasia over reactive atypia [16, 17]. Some authors have employed
other markers such as cytokeratins, CK 8/18, CK19, p53 and p16 [18, 19]. None of
the markers is entirely specific or sensitive for dysplasia; however, assist in reinforc-
ing diagnosis in difficult cases.

Molecular Genetics

Genomic instability plays a significant role in the degree of susceptibility of an
individual to cancer when exposed to environment-related cancer risk. This genomic
instability leads to chromosomal instability either by spontaneous or mutagen
induced changes. p53 the “guardian of genome” (tumour suppressor gene) is
mutated in 46% of OE specimens often on exons of 6, 5, 8 and 9 of the p53 gene
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Fig. 5.2 Histopathology spectrum of erythroplakia: (a) Normal squamous epithelium; (b) mild
dysplasia; (¢) moderate dysplasia; (d) severe dysplasia; (e) carcinoma in situ; (f) invasive squa-
mous cell carcinoma (H&E, 200x)

[20] The damaged DNA moves into mitosis, leading to progressive accumulation of
faulty DNA which ultimately results in malignant transformation. Polysomy of
chromosomes 7 and 17, LOH, aneuploidy and MSI are also implicated in OE [21].
Various other mutations have been studied in OPMD, but they are not exclusively
for erythroplakia.

Management

Early diagnosis of PMD is the key to reduction of mortality and morbidity associ-
ated with oral cancer. Cochrane Systematic Reviews have found visual examination
by trained health worker to be the best method for early detection of PMD or cancer
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in apparently normal individuals when compared to the diagnostic accuracy of vari-
ous modalities like conventional oral examination (COE), vital rinsing, light-based
detection, biomarkers and mouth self-examination (MSE) used alone or in combi-
nation [22].

No management guidelines are available but three basic principles should be
followed:

* Reducing risk/exposure factors.
* Biopsy/complete removal of the suspicious lesion.
* Follow-up by continuous monitoring may be lifetime.

Erythroplakia may often be not only be an indicator of underlying dysplasia or
frank malignancy but also has a higher propensity for malignant transformation in
comparison to homogenous leucoplakias. More than a third of the patients have
discrepancy between clinical and histological diagnosis, so whenever possible com-
plete removal of the suspicious lesion should be attempted without causing signifi-
cant morbidity [23]. Large erythroplakic lesions are usually seldom seen and should
be subjected to histopathology from a representative area before definitive treat-
ment. Treatment of an oral PMD is usually surgical resection. However whether
surgery eliminates the risk of progression to invasive carcinoma or even reduces the
incidence is largely unanswered [24].

Adequacy of surgical margins in these lesions is also undefined as also is the
issue of recurrence of these lesions. However newer technologies can be used to
clear all afflicted tissue. The most promising amongst these is the narrow-band
imaging (NBI).

NBI is an advanced optical image system to study the patterns of the submucosal
vessels by using the characteristics of light spectrum. It is non-invasive and useful
in both diagnosis as well as guiding surgical resection. Twisted elongated and
destructive patterns of intra-epithelial microvasculature on NBI images had high
correlation with detecting high-grade dysplasia, carcinoma in situ or invasive carci-
noma in OE [25].

Erythroplakia may have dysplastic changes well beyond the visible lesion with
only subtle or no changes in surface mucosa. This is where NBI comes into play to
delineate the abnormal vascular patterns and guide our “true” resection margin [26].

Malignant Transformation Rate

Dysplasia is histopathological evidence of malignant transformation. Shafer and
Waldron studied a total of 65 biopsies of OE of homogeneous type and graded the
degree of epithelial dysplasia as mild to moderate, severe to carcinoma in situ and
carcinoma. Fifty-one percentage were invasive carcinomas, 40% showed carcinoma
in situ or severe dysplasia, while the remaining 9% showed mild to moderate dys-
plasia. This study showed that erythroplakia seems to be at high risk for malignant
transformation [4].
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Mashberg et al. analysed 500 oral mucosal biopsies of which <2% of asymptom-
atic white (keratotic) lesions were diagnosed as carcinoma or carcinoma in situ. In
contrast asymptomatic erythroplastic components often had at the least in situ
changes suggesting that we should consider all erythroplakic lesions as malignant
unless proven otherwise [27, 28].

Erythroleucoplakia (speckled leucoplakia) should be considered as a variant of
erythroplakia which carries the risk of malignancy between “pure” leukoplakic and
“pure” erythroplakic lesions. However there is no documented series reliably stating
the annual malignant transformation rate of erythroplakia. Transformation into
invasive carcinoma for lesions with severe dysplasia or carcinoma in situ changes
ranges from 13% to 50% [29].

Erythroplakias are generally considered to have a higher tendency to undergo
malignant transformation than leucoplakias due to its association with varying
degrees of dysplasia.

Chemoprevention

OE occurs in far fewer patients in comparison to oral leucoplakia and has never
been studied in chemoprevention clinical trials. Retinoids, COX inhibitors, green
tea polyphenols, p-53-targeted agents like ONYX-015, thiazolidinediones (PPAR),
EFGR inhibitors, blue-green microalgae spirulina, vitamin E, etc. are all studied in
OPMD without much success.

Summary

» Erythroplakia constitutes <1% of the oral potential malignant lesions.

e Tobacco chewing and alcohol consumption are etiological factors for
erythroplakia.

* Buccal mucosa, soft palate and floor of mouth are the most affected sites in oral
cavity often occurring in middle-aged men.

* No defined or proven histopathological features exist for diagnosis of
erythroplakia.

* Genomic instability is considered to play a significant role in the degree of sus-
ceptibility of an individual to cancer when exposed to environment-related can-
cer risk.

e Visual examination by trained health worker proved to be the best method for
early detection.

* No management guidelines are available.

e Surgery, either by cold knife or by CO, laser, is the recommended treatment of
choice.

* Follow-up by continuous monitoring may be lifetime.



94

L. Parasuraman et al.

References

1.
2.

3.

4.
5.

11.

12.
13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Queyrat L. Erythroplasie de gland. Bull Soc Franc Derm Syph. 1911;22:378-82.
Warnakulasuriya S, Johnson NW, van der Waal I. Nomenclature and classification of poten-
tially malignant disorders of the oral mucosa. J Oral Pathol Med. 2007;36:575-80.

Bouquot JE. Oral leukoplakia and erythroplakia: a review and update. Pract Periodontics
Aesthet Dent. 1994;6:9-17. quiz 19.

Shafer WG, Waldron CA. Erythroplakia of the oral cavity. Cancer. 1975;36:1021-8.

Lay KM, Sein K, Myint A, Ko SK, Pindborg JJ. Epidemiologic study of 600 villagers of
oral precancerous lesions in Bilugyun: preliminary report. Commun Dent Oral Epidemiol.
1982;10:152-5.

. Hashibe M, et al. Chewing tobacco, Alcohol, and the risk of erythroplakia mia hashibe cancer

epidemiology. Cancer Epidemiol Biomarkers Prev. 2000;9:639-45.

. Syrjanen S, et al. Human papillomaviruses in oral carcinoma and oral potentially malignant

disorders: a systematic review. Oral Dis. 2011;17(Suppl 1):58-72. https://doi.org/10.111
1/.1601-0825.2011.01792.

. Villa A, Villa C, Abati S. Oral cancer and oral erythroplakia: an update and implication for

clinicians. Aust Dent J. 2011;56(3):253-6.

. Shear M. Erythroplakia of the mouth. Int Dent J. 1972;22(4):460-73.
. Jepsen A, Winther JE. Mycotic infection in oral leukoplakia. Acta Odontol Scand.

1965;23:239-56.

Field EA, Field JK, Martin MV. Does candida have a role in oral epithelial neoplasia? J] Med
Vet Mycol. 1989;27:277-94.

Reichart PA, Philipsen HP. Oral erythroplakia: a review. Oral Oncol. 2005;41(6):551-61.
WHO Collaborating Centre for Oral Precancerous Lesions. Definition of leukoplakia and
related lesions: an aid to studies on oral precancer. Oral Surg. 1978;46:518-39.

Pindborg JJ, Reibel J, Holmstrup P. Subjectivity in evaluating oral epithelial dysplasia, carci-
noma in situ and initial carcinoma. J Oral Pathol. 1985;14:698-708.

. Abbey LM, Kaugars GE, Gunsolley JC, et al. Intraexaminer and interexaminer reliability in

the diagnosis of oral epithelial dysplasia. Oral Surg Oral Med Oral Pathol. 1995;80:188-91.
Vered M, Allon I, Dayan D. Maspin, p53, p63, and Ki-67 in epithelial lesions of the tongue:
from hyperplasia through dysplasia to carcinoma. J Oral Pathol Med. 2009;38:314-20.
Kurokawa H, Matsumoto S, Murata T, Yamashita Y, Tomoyose T, Zhang M, Fukuyama H,
Takahashi T. Immunohistochemical study of syndecan-1 down-regulation and the expression
of p53 protein or Ki-67 antigen in oral leukoplakia with or without epithelial dysplasia. J Oral
Pathol Med. 2003;32:513-21.

Kannan S, Balaram P, Chandran GJ, Pillai MR, Mathew B, Nalinakumari KR, Nair
MK. Differential expression of cytokeratin proteins during tumour progression in oral mucosa.
Epithelial Cell Biol. 1994;3(2):61-9.

Wayne S, Robinson RA. Upper aerodigestive tract squamous dysplasia: correlation with p16,
P53, pRb, and Ki-67 expression. Arch Pathol Lab Med. 2006;130:1309-14.

Qin G-Z, et al. A high prevalence of p53 mutations in pre-malignant oral erythroplakia. Int J
Cancer. 1999;80(3):345-8.

Hittelman WN, et al. Early genetic changes during upper aerodigestive tract tumorigenesis. J
Cell Biochem. 1993;53(S17F):233-6.

Walsh T, et al. Clinical assessment to screen for the detection of oral cavity cancer and
potentially malignant disorders in apparently healthy adults. Cochrane Database Syst Rev.
2013;(11):CD010173.

Onofre MA, et al. Diagnosis of potentially malignant epithelial lesions. Oral Dis.
1997;3(3):148-52.

Balasundaram I, et al. Is there any benefit in surgery for potentially malignant disorders of the
oral cavity? J Oral Pathol Med. 2014;43(4):239-44.


https://doi.org/10.1111/j.1601-0825.2011.01792
https://doi.org/10.1111/j.1601-0825.2011.01792

25.

26.

217.

28.

29.

Erythroplakia and Erythroleucoplakia 95

Yang S-W, et al. Clinical characteristics of narrow-band imaging of oral erythroplakia and its
correlation with pathology. BMC Cancer. 2015;15(1):1.

Tan NCW, et al. Use of narrow band imaging guidance in the management of oral erythropla-
kia. Br J Oral Maxillofac Surg. 2011;49(6):488-90.

Mashberg A, Samit A. Early diagnosis of asymptomatic oraland oropharyngeal squamous can-
cers. CA Cancer J Clin. 1995;45:328-51.

Mashberg A. Erythroplasia: the earliest sign of asymptomatic oral cancer. ] Am Dent Assoc.
1978;96:615-20.

Bouquot JE, Ephros H. Erythroplakia: the dangerous red mucosa. Pract Periodontics Aesthet
Dent. 1995,7:59-67.



®

Check for
updates

Chapter 6
Oral Lichen Planus and the Lichenoid

Group of Diseases

Felipe Paiva Fonseca, Peter A. Brennan, Ricardo Santiago Gomez,
Hélder Antonio Rebelo Pontes, Eduardo Rodrigues Fregnani,
Marcio Ajudarte Lopes, and Pablo Agustin Vargas

Introduction

Oral cancer is a worldwide health problem with approximately 354.900 new cases
estimated for 2018 [1, 2], and oral squamous cell carcinoma (OSCC) is the most
common microscopic subtype, accounting for over 90% of all cases [2—4]. Despite
some improvements in the understanding of OSCC pathogenesis and in the thera-
peutic protocols used for treating these patients, the 5-year survival rate of OSCC is
still poor, not achieving 50% in most of the surveys in different parts of the globe.
Among the factors that may lead to this disappointing number is the advanced stage
in which an important percentage of the cases are initially diagnosed [3]. Therefore,
not only a better understanding of the molecular mechanism of oral cancer is neces-
sary to improve the prognosis of affected patients but also improvements in the
screening strategies for achieving early diagnosis.

Although OSCC may rise de novo from the overlying oral mucosa, it is well
known that some cases develop from a preceding oral potentially malignant disor-
der (OPMD) [5, 6], what may provide clinicians a chance of identifying the first
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stages of the oral carcinogenesis process and, consequently, offer these patients a
better surveillance and clinical management [3]. In the oral cavity, there is a range
of lesions recognized by carrying a higher potential of malignant transformation,
including oral leukoplakia, oral erythroplakia, oral submucous fibrosis, and actinic
cheilitis (associated with lip cancer). These disorders are strongly associated with
social and cultural habits like tobacco and alcohol use, betel chew, and ultraviolet
exposure, respectively [6]. Although the potential of malignant transformation of
these disorders is highly variable depending on a great number of factors, especially
the grade of epithelial dysplasia present in each case, there seems to be no doubt that
they do have a higher risk of transformation [5, 7]. On the other hand, the true
potential for malignant transformation of another important group of lesions repre-
sented by oral lichen planus (OLP) and oral lichenoid lesions is a matter of contro-
versy for over a century and remains to be fully addressed.

Therefore, in this chapter, we review and discuss the current understanding on
the potential for lichen planus and other lichenoid lesions of the oral cavity to
undergo malignant transformation. We describe the epidemiological features, pos-
sible risk factors, incidence rates, and the main issues that still impair the total
acceptance of these lesions as potentially malignant by scientific community.

OLP: From a Chronic Inflammatory Mucocutaneous Disease
to a Potentially Malignant Disorder

Overview

Lichen planus was first described in 1869 by Erasmus Wilson and is currently con-
sidered a chronic auto-immunologic and inflammatory mucocutaneous disorder that
may involve the skin, nails, hair, and mucosas, including the oral cavity, genital,
ocular, otic, esophageal, and, less commonly, bladder, nasal, laryngeal, and anal
mucosas. It is believed to affect approximately 0.5-2% of the general population. Its
exact etiology is still unknown, but possible antigenic challenges in the skin and
mucosa in a genetically predisposed patient may represent the initial event to the
development of the disease [8—13].

Consistent with its chronic nature, OLP is typically characterized by episodes of
emergence and remission, occasionally associated with symptomatic complaints. A
number of precipitating factors are hypothesized to play a role in the onset of symp-
tomatic lichen planus, including stressful periods, food ingestion (most frequently
citrus and spicy items), systemic illness, poor oral hygiene (dental plaque and cal-
culus are speculated to worsen gingival lichen planus), and others, but their exact
mechanisms of action are still unknown [13-16].

The pathogenesis of lichen planus is very complex, and the disease may result
from an abnormal CD8+ T-cell-mediated immunoreaction with both antigen-
specific and nonspecific mechanisms taking place simultaneously. It is believed that
activated T lymphocytes, the main cellular component present in the inflammatory
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infiltrate of lichen planus, and the increased production of cytokines lead to an
increased intercellular adhesion molecule-1 (ICAM-1) expression by keratinocytes
and major histocompatibility complex (MHC) class I antigens, ultimately causing
tissue destruction [10, 13, 17, 18]. In addition, a large number of genetic polymor-
phisms were demonstrated to make individuals more predisposed to develop OLP
[13, 18], but no evidence of a familial pattern has been demonstrated.

Clinical Aspects

Clinically, different from cutaneous lichen planus (that usually presents as pruritic
and self-limiting polygonal erythematous papules more commonly affecting the
ankles, wrists, and the extremities), OLP is considered to evolve in a more chronic
manner, only rarely demonstrating spontaneous regression, and also reveals a higher
potential to cause local morbidity [16, 19]. Nevertheless, the great majority of OLP
is asymptomatic [19], and from 13% to over 20% of the cases are identified by den-
tists with patients not noticing their mucosal alterations [16, 20]. Consequently, it is
reasonable to say that its incidence in the general population is likely to be
underestimated.

OLP predominantly affects female patients with a male/female ratios of 1:2 in
the great majority of the studies [19, 21, 22], but the reason for this female prepon-
derance remains unclear. The great majority of the affected patients are middle-aged
or adult individuals, usually in their fourth to sixth decades of life [19, 23], whereas
children and adolescents are only rarely diagnosed with this disease. Interestingly,
males are usually younger than females in many studies [20].

Typically, OLP manifests as a multifocal, almost symmetrical, bilateral lesion,
and in spite of any mucosal region of the oral cavity that can be affected, the buccal
mucosa is by far the most involved site. The tongue, especially the lateral border, but
also the dorsum, is the second most involved location in some studies, whereas the
gingiva outnumbers the tongue in others. The labial mucosa is also frequently
affected, but the floor of the mouth and the palate are less frequently involved [19].
Approximately 10% of the cases manifest isolated in the gingival tissue [13, 18],
usually as desquamative gingivitis, and in these cases, diagnosis may be a challenge
due to the wide number of differentials and the lack of typical microscopic features
when biopsy is done, but at the same time, some authors advocate that these cases
represent the most sensible ones to use immunofluorescence as an auxiliary diag-
nostic tool (Fig. 6.1) [13]. However, it is important to highlight that some cases of
desquamative gingivitis may also demonstrate areas containing the more typical
whitish striaes, which may facilitate the diagnosis.

OLP may demonstrate a wide range of clinical presentation and is commonly clas-
sified into six possible subcategories. The reficular pattern is the most common in
many studies, presenting as bilateral asymptomatic white lacey lines (Wickham
striae), which may, however, be associated with burning sensation when the lateral
border of the tongue is affected [20, 23, 24]. The plaque type is characterized as
hyperkeratotic plaques frequently affecting the dorsum of the tongue. The atrophic
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Fig. 6.1 Clinical presentation of oral lichen planus. (a, b) Bilateral reticular variant of lichen
planus also presenting erosive regions in the right side. (¢, d) Gingival lichen planus presenting as
desquamative gingivitis

form of the disease demonstrates erythematous areas in the mucosa, and the erosive
variant is associated with ulcerative lesions of irregular shape and limits. In both sub-
types pain is a common finding. The papular and the bullous variants of OLP are less
commonly observed [10]. Because of this variable clinical presentation, misdiagnosis
is frequent, and it is also responsible for making the understanding of the malignant
potential of OLP more difficult. In an attempt to improve the reproducibility of its
clinical diagnosis, some authors classify the lesions in three subtypes: reticular (also
including papular and plaque), atrophic, and erosive (also including bullous) [11],
whereas some studies classify the lesions in only two groups: white lesions (reticular,
popular, and plaque) vs. red lesions (erosive, atrophic, and bullous) [16, 22]. Koebner
phenomenon, characterized by clinical manifestations of the disease in areas under
traumatic injuries, might be responsible for the clinical presentation of OLP, similar
to the one observed in psoriasis. However, this characteristic has not been widely
described and is most frequently reported in dermatological literature [13, 25].
Additional to the discomfort of variable intensity, symptomatic patients may also
complain of burning sensation, local swelling, dysgeusia, irritation, and bleeding
during toothbrushing [21]. Extraoral manifestation in patients affected by OLP,
more commonly cutaneous, genital, and nail involvement, is variably observed and
was suggested to be present in approximately 6.8—15% of the series [10, 11, 18, 20].
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The clinical appearance of OLP is also very important with regard to its malig-
nant transformation, not only by causing problems to achieve the correct diagnosis
but also because most of the studies show that malignant degenerations predomi-
nantly occur in areas of erosive and atrophic lichen planus [9, 20, 25, 26]. The
pathogenic process that makes these variants more susceptible to malignant changes
remains unknown, but it has been speculated that the more frequent symptomatic
presentation of these subtypes in comparison to reticular lichen planus may facili-
tate the identification of malignant changes. On the other hand, few reports do not
consider the clinical presentation a determinant of transformation, with OSCC aris-
ing from both red and white lichen planus [11]. Although pointing toward a more
careful follow-up of those patients affected by erosive/atrophic lesions, these con-
troversial results and the lack of better controlled studies regarding the clinical pre-
sentation of lichen planus also suggest that all cases need to be closely followed for
possible morphologic changes [11].

Hallopeu’s manuscript published in 1910 [27] describing a gingival lichen pla-
nus transformation into OSCC is considered the first report illustrating the potential
for malignant transformation of OLP, which was later classified as a potentially
malignant disorder by WHO in 1978 [28, 29]. However, different from what is
observed in other potentially malignant disorders, OLP does not seem to be signifi-
cantly associated with the use of tobacco and alcohol, or with betel chewing [19, 23,
30]. Moreover, in most of the cases where malignant transformation was described,
the affected patient was not under the influence of these environmental factors, lead-
ing some authors to suggest that carcinomatous changes in OLP could be a natural
evolution of the lesion or that such transformation could be associated with other
unknown factors [31]. Also in contrast to OSCC arising de novo or from oral leuko-
plakia where males are more affected, most of the studies observing malignant
transformations documented a predominance of females [26, 32, 33]. In addition,
although the tongue remains the most affected site by malignant transformations, a
high number of lichen planus-derived OSCC affect the buccal mucosa, and some
cases originating from the dorsum of the tongue have also been described, a location
very rarely affected by OSCC not associated with lichen planus [9, 32-35].

Possible Association with Systemic Diseases and Infections

Lichen planus development has also been associated with a myriad of systemic
diseases, including hypertension, diabetes, gastrointestinal peptic disease, hepatic
diseases, and others [16, 18, 21]. Although several old studies have documented a
possible causative role for diabetes in the onset and malignant transformation of
OLP, more recent investigations failed to establish this association, revealing that
the frequency of diabetic patients is not significantly different among individuals
affected or not by OLP [12, 15, 16].

It is important to remember that patients with different systemic comorbidity are
more predisposed to developing lichenoid reactions in the oral cavity as a secondary
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undesired side effect of their drugs [11-13]. This clinical scenario is of a high
importance because lichenoid lesions that do not fulfill all diagnostic criteria for
OLP are frequently included in the samples used to investigate the malignant poten-
tial of lichen planus. This group of lesions is also frequently associated with the
presence of dental materials, especially amalgam dental restoration, clinically pre-
senting as unilateral and focal lesions ranging from whitish reticular striae to red-
dish atrophic areas [18]. Microscopically, lichenoid lesions differentiate from OLP
due to the presence of other cellular populations like plasma cells, eosinophils, and
Langerhans cells in the band-like inflammatory infiltrate, which may also extend
deeper in the connective tissue [18, 36].

Although some molecular studies did not find significant differences between
OLP and oral lichenoid lesions [37], in a prospective study investigating the malig-
nant potential of 173 patients affected by OLP (62 cases) and oral lichenoid lesions
(111 cases), van der Meij et al. [38] observed three malignant changes restricted to
the lichenoid group, representing a 219-fold increased risk for these patients. This
same group, using a similar sample (192 patients) but with a longer follow-up time,
confirmed the initial findings, this time with four patients developing OSCC from a
pre-existing oral lichenoid lesion and with a 192-fold increased risk. The authors
concluded that patients affected by oral lichenoid lesions, but not by OLP, had an
increased potential to undergo malignant transformation, exemplifying the neces-
sity of differentiating both conditions [39].

The importance of liver diseases for OLP pathogenesis has been widely investi-
gated, and controversial results were reported. Some studies reported that the inci-
dence of hepatitis B and C is elevated in patients with OLP [30], whereas other
groups claimed that such incidence cannot be considered significantly higher than
that observed in the general population. The association between HCV and the
potential of OLP to acquire a malignant phenotype has also been speculated, also
because active viral particles have been found in epithelial cells of OLP, but this
assumption was not fully confirmed and was not observed by others [22]. An impor-
tant variability in the results regarding the importance of HCV can be observed in
literature, and a possible geographical profile may exist, since the most relevant
results were obtained in Mediterranean countries and Japan, whereas in America
and Britain this association could not be confirmed so far [8, 17, 40]. In addition,
HCYV infection is commonly associated with cirrhosis, a possible carcinogenic con-
dition, and therefore, the true independent role of HCV in the oral carcinogenesis of
lichen planus, if any, cannot be fully addressed.

Another virus whose DNA was reported to be detected in lichen planus is the
human papillomavirus (HPV). An evidence linking OLP and HPV infection was
provided by Viquier et al. [41] that demonstrated clonal expansion of HPV
16-specific CD8+ T-cell lymphocytes; but previously, Mattila et al. [42] had already
identified HPV DNA in 15.9% of their 82 cases investigated, observing the subtypes
6, 11, 16, 31, and 33, and two of the five cases that transformed into OSCC were
also positive for HPV. Yildirim et al. [43] also observed 21% of their 65 cases are
positive for HPV, whereas Montebugnoli et al. [44] found only four out of 35 cases
as positive for HPV (three of them low risk and one high risk) and also demonstrated



6 Oral Lichen Planus and the Lichenoid Group of Diseases 103

that p16 overexpression observed in 26 cases was not associated with the presence
of HPV. Recently, in a large systematic review with meta-analysis, Ma et al. [45]
reported that OLP patients had a significantly higher prevalence of HPV than nor-
mal patients, with an odds ratio ranging from 2.4 to 132.0 depending on the geo-
graphic region investigated. The authors, therefore, speculated that HPV may carry
an etiological role in the development and possibly in the malignant transformation
of OLP. Similar results had also been described previously in the systematic review
done by Syrjdnen et al. [46] that observed a significant association between HPV
and OLP.

Human herpes simplex virus (HHS) and Epstein-Barr virus (EBV) have also
been speculated in literature to be associated with OLP [43, 47, 48], but more stud-
ies are still necessary to better understand if these viruses would have any etiologic
potential or would act as determinants of malignant transformation of OLP. Candida
albicans infection does not seem to be associated with OLP development; however,
it has been implicated in its possible malignant transformation process. It is
described that patients with OLP have an increased prevalence of candidal carriage
(37% of the cases) possibly as a consequence of the immunomodulatory therapy
to which these patients are submitted. The carcinogenic role played by Candida
albicans is attributed to its capacity of producing the carcinogenic
N-nitrosobenzylmethylamine, but this theoretic role of the fungus lacks validation
[14, 32].

Microscopic Features

The microscopic recognition of OLP may also represent a pitfall in many circum-
stances. Histologically, the overlying epithelium may demonstrate areas of hyper-
keratosis and atrophy, frequently showing elongated epithelial projections
(saw-tooth ridges). Also characteristic of lichen planus is the superficial band-like
inflammatory infiltrate predominantly composed of T lymphocytes and the lique-
factive destruction of the epithelial basal layer, associated with interface mucositis
and the presence of degenerated keratinocytes (Civatte bodies). A narrow, eosino-
philic, and PAS-positive zone in the basal membrane is frequently described
(Fig. 6.2) [38, 49]. Although these features might be considered easily recognized,
other lichenoid lesions may also demonstrate similar microscopic findings. In addi-
tion, erythematous and erosive lesions are more likely to be diagnosed as nonspe-
cific mucositis, leading pathologists to recommend clinicians to preferentially
perform the incisional biopsy in the reticular areas [15, 25]. Immunofluorescence is
not very specific, but fibrin and shaggy fibrinogen linear deposit at the basement
membrane zone may be useful in some cases [13, 50].

Differentiating OLP from oral leukoplakia may be difficult in some cases, and
this diagnostic overlap has long been considered the main bias present in studies
attempting to determine the malignant potential of the lesion. As an example of this
diagnostic concern, Krutchkoff and Eisenberg in 1985 proposed the term lichenoid
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Fig. 6.2 Microscopic findings of oral lichen planus. (a) Acanthotic epithelium with a band-like
inflammatory infiltrate (H&E; 50x). (b) The epithelium demonstrates areas of atrophy (H&E;
50x%). (¢, d) Liquefactive destruction of the epithelial basal layer (H&E; 100x and 200x, respec-
tively). (e) Chronic inflammatory infiltrate predominantly composed of lymphocytes (H&E;
400x). (f) A narrow, eosinophilic zone in the basal membrane is seen (H&E; 400x)

dysplasia that defined an oral leukoplakia containing different grades of epithelial
dysplasia in its microscopic features, but also associated with a lichenoid infiltrate
[51]. Because epithelial dysplasia is considered the most important parameter to
determine the malignant potential of a given disorder, it was established that when
evaluating OLP for such potential, cases consistent with lichenoid dysplasia must
be excluded; therefore, OLP with any degree of epithelial dysplasia cannot be
included in these samples [52]. However, several studies still include lichenoid dys-
plasia in their studies. Bornstein et al. [53] observed that of their four cases with
malignant transformation, three had some epithelial dysplasia, while all three cases
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with transformation reported by Pakfetrat et al. [24] also demonstrated mild dyspla-
sia. The diagnostic overlap between OLP and lichenoid dysplasia is even more com-
monly observed in those studies investigating all potentially malignant disorders of
the oral cavity, where authors usually do not review the microscopic aspects of their
samples and do not exclude OLP with dysplasia, an issue that has also been observed
in many studies investigating the molecular features of OLP [54, 55].

Another microscopic issue that may significantly impact the interpretation of an
important number of currently available studies on the malignant potential of OLP
is the definition of proliferative verrucous leukoplakia (PVL). This entity is known
to carry a high potential to undergo malignant change, and original reports dating
back to the 1990s supported that 100% of cases would give rise to OSCC in a spe-
cific point of time. In addition to the similar clinical presentation between early
stages of PVL (characterized by multiple hyperkeratotic plaques with or without a
verrucous surface) and the plaque variant of OLP, Lopes et al. [56] have recently
demonstrated that several cases that were later consistent with the diagnosis of PVL
initially presented clinical features resembling reticular oral lichenoid reactions.
Therefore, when dealing with malignant transformation of lichen planus, especially
those with multifocal transformations [8, 57], diagnosticians must consider the pos-
sibility of PVL and a careful review of microscopic aspects should be done.

In the context of transplanted patients, diagnosticians must rule out the possibil-
ity of graft-versus-host disease (GVHD), which may demonstrate similar clinical
and microscopic features with lichen planus and has been associated with the devel-
opment of OSCC [10, 58]. Moreover, oral manifestation of discoid lupus erythema-
tosus must also be differentiated from OLP because both entities may reveal
erythematous lesions with coexistence of reticular striae and a similar microscopic
appearance [25]. Like in GVHD, discoid lupus erythematosus has also been associ-
ated with a possible malignant potential [59]; nevertheless, the prediction role of
both diseases for oral cancer development remains to be fully established.

Diagnostic Criteria and Pitfalls for Malignant Transformation
Analysis

According to the WHO, the appropriate diagnosis of OLP demands a simultaneous
identification of the abovementioned clinical and microscopic parameters. However,
van der Meij et al. [5S0] demonstrated a very high inter- and intra-observer variabil-
ity in the clinical and histological assessment of OLP based on the WHO defini-
tions, and also because of the diagnostic overlaps with lichenoid dysplasias cited
before, the authors recommended a modification in the diagnostic criteria for
OLP. From the clinical point of view, the authors suggested that the disease should
be characterized by a bilateral, more or less symmetrical lesions, with a whitish to
grayish lacey-like network consistent with the reticular pattern of lichen planus, and
when atrophic, erosive, bullous, or plaque variants were considered, at least a focus
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of the reticular pattern has to be present elsewhere in the oral mucosa. In the absence
of one of these criteria, these lesions must be considered “clinically compatible with
OLP.” Simultaneously, the microscopic findings of OLP have to reveal the presence
of a well-defined band-like inflammatory infiltrated predominantly lymphocytic,
restricted to the superficial area of the connective tissue, signs of basal cell degen-
eration, and absence of epithelial dysplasia. If the microscopic features of a given
case do not clearly present these features, the report must be “histopathologically
compatible with OLP.” According to the authors, only when all these clinical and
microscopic features were present, a final diagnosis of OLP can be reported,
whereas the term oral lichenoid lesion should be preferred in the absence of any
parameter.

By adopting this modified criterion, a more rigorous methodology for investigat-
ing malignant transformation in OLP is applied and more reliable results are
obtained. In addition to these diagnostic recommendations, it has also been advised
that a minimum follow-up time between initial diagnosis of OLP and the first evi-
dence of malignant change must be of 6 months in order to exclude those cases with
possible concomitant presentations, although some authors have advocated the use
of 24 months as latency period [30]. Furthermore, to accept a progression to oral
cancer, such change must occur in the same site as the initial lesion, not necessarily
in the same location from where the biopsy was taken. Different authors have also
recommended that patients evaluated for malignant transformation were not exposed
to known carcinogenic factors, like tobacco and alcohol [53].

After an extensive literature review on malignant change of OLP, with data being
summarized in Table 6.1, we observed that the percentage of transformation ranges
from 0.0% to over 5.56%, exemplifying that such event is very rare. However, the
overall follow-up time has also been a limiting factor for most of the available stud-
ies, since different periods were reported and some of them with a short follow-up
time. Consequently, the transformation rates obtained by dividing the number of
malignant changes by the total number of patients in the sample may be signifi-
cantly influenced [60]. To minimize this limitation, it is recommended that the inci-
dence per time is provided; however, this data is frequently absent in the studies,
and the appropriate comparison between different analyses becomes very unlikely
to be done [52]. When the frequency of transformations per year is shown, an annual
transformation rate ranging from 0.00% to 0.69% is observed, confirming that any
possible malignant change in OLP is very unusual.

A number of recommendations have been provided in the last 30 years to mini-
mize or exclude confusing factors that for a long time impaired authors to obtain a
more reliable data on the malignant potential of OLP, most of them related to diag-
nostic criteria. Consequently, some recent papers have provided important findings
on this topic. However, most of our knowledge remains based on retrospective and
occasional simple observational prospective studies, while well-controlled, blinded,
clinical trials are still absent in literature [60], possibly because of the difficulties to
organize a large sample of an uncommon lesion during a long period of time, what
would demand an expensive financial and technical investment.
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As a consequence of the limitations frequently observed in numerous surveys,
after a literature review in the period 1950-1976, Krutchkoff et al. [61] accepted
only 15 out of 223 (7%) cases as demonstrating a true malignant transformation of
an OLP, explaining that main factors leading to unacceptable cases were associated
with non-convincing initial diagnosis of lichen planus, lack of data on risk factors
like the use of tobacco and alcohol, and OSCC arising from sites other than those
where lichen planus was initially diagnosed. Similarly, van der Meij et al. [62]
accepted only 33 of 98 (34%) reported cases from 1977 to 1999, also supporting the
low power of the results available until that time. However, most of the authors’
complaints are still found in recent studies, even after the strict recommendations
described above.

Biological Behavior of OSCC Developing from Pre-existing
OLP

Another topic that remains to be fully investigated is the clinical behavior of OSCC
arising from pre-existing OLP. Although some authors affirm that these epithelial
malignancies would behave more aggressively, with higher rates of lymph node
metastases than oral cancer developing de novo or from oral leukoplakias, even with
lower histological grades, most of the studies report the opposite, with less aggres-
sive tumors and high survival rates for affected patients [57, 63]. In addition, an
important amount of the cases originating from lichen planus were diagnosed as in
situ carcinoma or grade I carcinomas, what may be a consequence of a more strict
follow-up schemes to which OLP patients are submitted, with more frequent profes-
sional visits during the year [35, 63]. Some series have also documented the devel-
opment of verrucous carcinomas that biologically carries a less aggressive and less
infiltrative potential, what could indicate that malignancies originating from OLP
may have inherited a lower aggressiveness. However, because of the rarity of malig-
nant changes in these chronic lesions, follow-up studies of malignancies developing
from OLP are very rare [63].

Treatment of OLP and Its Possible Association with Malignant
Change

The main objective in OLP treatment is to ensure that the symptoms of the disease
are improved [64]. Therapeutic management of this disease is based on the use of
immunomodulatory drugs, but the clinical presentation of the disease and the inten-
sity of symptoms will determine what drugs, concentrations, and doses will be used
in each case. Because most of the lesions are confined to the oral cavity, topical
corticosteroids are the gold standard protocol for these patients especially the use of
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clobetasol propionate ointment 0.05% applied over the affected areas of the oral
mucosa. Cyclosporine 3%, fluocinonide ointment 0.05%, retinoic acid gel 0.025%,
and betamethasone rinses are also variably reported in literature. However, recalci-
trant and systemically widespread lesions usually require systemic therapy, which
includes tacrolimus, triamcinolone, and prednisone use in variable protocols [11,
16, 30].

Patients affected by OLP are also predisposed to fungal infection due to the
chronic use of corticosteroids; therefore, many authors advocate the concomitant
antimycotic prophylactic schemes that include the use of miconazole gel, flucon-
azole rinses, nystatin, and 0.12% chlorhexidine [12, 14, 16].

The great majority of the cases is appropriately managed with these therapeutic
schemes, and symptomatic complaints are frequently relieved in a short period of
time. However, some authors support the notion that the immunomodulatory ther-
apy itself would be responsible for increasing the risk for malignant transformation
of OLP. According to some authors, this therapy could depress local cell-mediated
immunity and promote the progression of malignant development [57, 64].
Moreover, it has also been stated that corticosteroid therapy could not only hasten
this process, but it would also do so with reduced symptoms. Although theoretically
supported by some, this possibility has not found scientific evidences that could
support the abandon of its use, and other authors failed to observe any significant
association between corticosteroids use and a higher frequency of malignant
changes [12, 16].

Molecular Events That May Support the Potentially Malignant
Definition of OLP

Following the clinical and microscopic evidences that supported OLP as a potential
malignant disorder, an uncountable number of studies have been published recently
aiming to determine the molecular basis that would make this lesion more suscep-
tible to undergo a carcinomatous degeneration. Hence, the expression of many
genes and proteins previously demonstrated to be important for OSCC pathogenesis
was investigated in the context of lichen planus. Alves et al. [65] demonstrated that
the cell cycle regulators p53 and MDM2 were overexpressed in OLP, with a similar
pattern to the observed in oral leukoplakias with epithelial dysplasia and in OSCC,
suggesting the existence of a favorable environment for malignant transformation in
lichen planus. In this line, Gonzéles-Moles et al. [58] using a panel of markers that
included p53, p21, caspase-3, bcl-2, and Ki67 demonstrated that cell apoptosis
would be infrequent or absent in OLP, therefore creating a suitable substrate for
malignant degeneration. Poomsawat et al. [66] demonstrated that cdk4 and pl16,
also important molecules in the cell cycle control, were overexpressed in OLP than
in normal mucosa, leading the authors to hypothesize that the lesional epithelial
cells would be in a hyperproliferative state.
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The nuclear factor-kB (NF-xB) protein, an important molecular in the regulation
of normal inflammatory and immunologic processes and also known to be involved
in the pathogenesis of a large number of human neoplasms, including OSCC, has
also been extensively investigated in the OLP context. Zhou et al. [67] demonstrated
that this protein and TNF-a were both upregulated in OLP than in normal tissue,
also correlating with the clinical appearance of the lesion (higher expression in atro-
phic/erosive forms than in reticular forms). Santoro et al. [68] also investigated
NF-xB in the lichen planus context and demonstrated that the protein is overex-
pressed in oral cavity lesions than in cutaneous disease and was associated with the
amount of cytotoxic cells in the inflammatory infiltrate. These and other studies
show the importance of NF-xB for lichen planus pathogenesis and malignant poten-
tial, suggesting that NF-xB inhibitors would be potential drugs in their
management.

Some molecular markers have also been investigated regarding their predictive
potential for malignant transformation. Segura et al. [69] investigated the impor-
tance of the proto-oncogene MYC for OLP transformation using in situ hybridiza-
tion and immunohistochemistry in 17 OLP that undergone malignant transformation,
in 11 OSCC developed from the previous group, and in 13 OLP that did not develop
oral cancer. The authors observed that lesions with progression to oral cancer have
MYC gains and c-Myc overexpression, suggesting that MYC status would be a use-
ful parameter to determine which patient is at risk for transformation. Using a simi-
lar approach, Xu et al. [70] also demonstrated that aldehyde dehydrogenase 1
(ALDH1), a stem cell marker, would be a significant predictor of malignant trans-
formation in OLP by demonstrating a higher expression of this marker in cases with
malignant change when compared to those that did not acquire any malignant
phenotype.

Considering the relevance of DNA ploidy status as a potential biomarker for oral
carcinogenesis described in different oral malignant and potentially malignant
lesions [71, 72], its importance in the OLP context has also been addressed.
Pentenero et al. [73] investigated the DNA status of 77 patients affected by OLP by
flow cytometry and found only two cases to be aneuploidy, concluding that DNA
aneuploidy in OLP is less frequent than in other oral potentially malignant disor-
ders. Similar results were obtained by Acha-Sagredo et al. [74] that observed no
aneuploidy in 40 patients affected by OLP investigated by cytology and image
cytometry. On the other hand, Maraki et al. [75] supported the diagnostic sensitivity
of cytology associated with DNA ploidy analysis in the identification of malignant
changes of OLP, reporting that by demonstrating aneuploidy in two cases, the tech-
nique was able to recognize the only case associated with malignant changes in their
sample. Sperandio et al. [76] who investigated OLP with and without carcinoma-
tous transformation demonstrated that DNA status analysis predicted transforma-
tion in 36.4% of their sample, which, according to the authors, could not be achieved
using conventional histology, supporting the use of DNA ploidy analysis for lichen
planus malignant potential. Moreover, Hosni et al. [77] observed that atrophic-
erosive variants of OLP would carry more aneuploidy cases than reticular variant.
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Other genetic investigations have also been conducted in OLP. Accurso et al.
[78] investigated the loss of heterozygosity (LOH) and the microsatellite instability
at three tumor suppressor loci of patients affected by OLP, other potentially malig-
nant lesion and OSCC. The authors demonstrated that the profile found in lichen
planus cases was more similar to a normal mucosa than with dysplastic and neoplas-
tic epithelium, arguing that if strict criteria are used for the diagnosis of lichen pla-
nus, it more likely does not demonstrate a potentially malignant phenotype. Similar
results have been previously described by Zhang et al. [79]. Investigating the allelic
loss at 9 loci in chromosomes 3p, 9p, and 17p, the authors observed LOH in 6% of
OLP, 14% of reactive lesions, 40% of mild dysplasia, 46% of moderate dysplasia,
81% of severe dysplasia/carcinoma in situ, and 91% of OSCC, also demonstrating
that OLP had a profile more similar to reactive tissues than with dysplastic or neo-
plastic epithelia. However, more recently, Rodrigues et al. [37] who investigated
chromosomes 9p, 11q, and 17p observed that LOH occurred similarly in OLP and
lichenoid lesions, but higher than in normal oral mucosa, which demonstrated no
LOH.

The expression pattern of microRNA (miRNA) has also been investigated in
OLP. Using 30 cases of OLP, Nylander et al. [80] observed that 15 miRNAs demon-
strated a different expression than control group, and some of them were also known
to be associated with OSCC pathogenesis. Danielsson et al. [81] also revealed
altered expression of miRNAs (miR-21, miR-125b, and miR-203) in OLP than in
normal mucosa. Many other authors have already attempted to identify alterations
in the expression level of miRNAs in OLP, what may be an important factor in the
development of the lesion. Moreover, Dang et al. [82] investigated the methylation
status of miRNA-137 promoter as a determinant of malignant transformation of
OLP. The authors observed that 0% of normal tissue, 35% of OLP, and 58.3% of
OSCC demonstrated methylation levels, leading the authors to speculate that
miRNA-137 methylation would carry a predictive potential for malignant transfor-
mation of OLP.

Conclusion

According to available articles that investigated patients affected by OLP, it seems
that only a very small rate of malignant transformation may occur in these chronic
autoimmune disorders. However, the difficult reproducibility of lichen planus diag-
nosis, the short and irregular follow-up periods, the simultaneous use of risk factors
for oral cancer, and the lack of a well-controlled prospective clinical study are some
limitations that impair that any strong conclusion on the real potential for carcino-
matous change of OLP is obtained. Moreover, these methodological limitations also
avoid that possible predictive factors for OSCC development are found. Therefore,
the main objective of future studies must be to obtain large samples of cases strictly
selected based on current clinical and morphological criteria for diagnosing OLP, so
that more reliable data can be provided and the controversial discussion on
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malignant transformation of OLP that already takes over a century can be better
clarified. New biomarkers may also improve the diagnosis of OLP and better dif-
ferentiate this lesion from its main differential diagnoses.
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Chapter 7
Systemic Diseases with an Increased Risk
of Oral Squamous Cell Carcinoma

Check for
updates

Martina K. Shephard and Esther A. Hullah

Introduction

There is a growing awareness of the important relationships between systemic
inflammatory diseases, infections, genetic disorders, medical therapies and cancer
risk. A number of systemic disorders have been associated with an increased risk of
head and neck squamous cell carcinoma. These include autoimmune conditions,
genetic syndromes, infections, iatrogenic causes such as haematopoietic stem cell
transplantation and graft-versus-host disease and rare associations including novel
drugs. This chapter will discuss conditions which confer an increased risk of head
and neck squamous cell carcinoma, as well as review the evidence for diseases
which have been historically associated with oral cancer.

Autoimmune Polyendocrinopathies

Introduction

The autoimmune polyendocrinopathy syndromes are a heterogeneous group of dis-
orders, characterised by the development of multiple autoimmune phenomena. This
group consists of autoimmune polyendocrine syndrome type 1 (APS-1) and type 2
(APS-2) and x-linked polyendocrinopathy, immune dysfunction and diarrhoea
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(XPID) syndrome [1]. APS-1 is also known as autoimmune polyendocrinopathy-
candidiasis-ectodermal dystrophy (APECED) and has a known association with
oral squamous cell carcinoma.

APS-1 (OMIM 240300) is a rare autosomal recessive syndrome caused by muta-
tions in an autoimmune suppressor gene known as AIRE. This gene encodes a tran-
scription factor and is involved in the generation of self-tolerance [1]. The classic
triad of conditions present in this disorder includes mucocutaneous candidiasis,
hypoparathyroidism and adrenocortical insufficiency, and the presence of two of
these conditions is required for diagnosis [2].

Epidemiology

APS-1 is a rare syndrome and is most prevalent in the Finnish, Iranian, Jewish and
Sardinian populations [3]. The majority of presentations occur under the age of
18 years, with mucocutaneous candidiasis the initial presenting feature in 60% of
cases, followed by the development of hypoparathyroidism and adrenocortical
insufficiency [2]. Italian and Finnish case series have reported the median age for
initial diagnosis of mucocutaneous candidiasis as 6.5 years and 5.4 years, respec-
tively [2, 4]. However, a large Finnish series reported that some patients did not
develop the diagnostic dyad until adulthood [2].

Pathophysiology

The syndrome is caused by mutations in the AIRE gene, which is involved in the
generation of self-tolerance. However the clinical presentation is diverse, so it is
considered likely that the pathophysiology is more complex than abnormalities in
this one gene [5]. AIRE has an important role in the elimination of autoreactive
thymocytes during the development of the immune system [5]. If this process fails,
then autoreactive T-lymphocytes will be released into the circulation, potentially
causing end-organ damage and accompanying autoimmune disease.

Chronic mucocutaneous candidiasis (CMC) is the most commonly observed fea-
ture of APS-1, and it is suggested that a T-cell defect with a resultant poorly devel-
oped response to C. albicans may be the cause of this opportunistic infection [6].
APS-1 patients mount a satisfactory humoral immune response to Candida species
and thus are not at risk of systemic candidiasis [5]. Further research into the mecha-
nisms of this specific immunodeficiency have shown the presence of autoantibodies
to IL-17F, IL-17A and IL-22 in APS-1 patients [7, 8]. These are key cytokines
involved in defence against mucocutaneous candidal infection. Thus it appears that
the increased susceptibility to mucocutaneous candidal infection in these patients is
also a manifestation of autoimmunity.
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Clinical Features

In addition to the classic triad of chronic mucocutaneous candidiasis (CMC), hypo-
parathyroidism and adrenocortical insufficiency, the clinical presentation can include
a variety of less common conditions, including insulin-dependent diabetes mellitus,
hypothyroidism, hypogonadism, pernicious anaemia, hepatitis, diarrhoea, keratitis,
alopecia, vitiligo and enamel hypoplasia [9]. The most common initial manifestation
of the condition is CMC, which may present in infancy and early childhood.
Candidiasis may affect the skin, nails, oesophagus and oral and vaginal mucosa [4].
Oral candidiasis persisting beyond the newborn period and in association with any
form of endocrinopathy or the rarer components of the syndrome (e.g. keratocon-
junctivitis or vitiligo) should alert the clinician to the possibility of APS-1 [2, 3].
Oral and oesophageal candidiasis in APS-1 patients may present as mild inter-
mittent angular cheilitis but may also cause significant disease. Clinical manifesta-
tions include erosive, hyperplastic and atrophic forms of candidiasis, leukoplakia-like
areas of the oral mucosa and oesophageal webbing and strictures [9]. CMC is also
the most common manifestation of APS-1 and is present in all adult patients with
the syndrome [2]. The majority of APS-1 patients are colonised by C. albicans [6].
Symptoms related to the endocrine components of the syndrome may be subtle ini-
tially, and a high index of clinical suspicion is required. Symptoms of hypocalcaemia
may be non-specific, such as muscle cramping during infections and mild paraesthesia
or clumsiness [3]. Adrenal insufficiency presents with extreme fatigue, pigmentation,
weight loss and hypotension. These conditions are potentially life-threatening, so iden-
tification of patients with unusual or chronic oral mucosal candidal infection could be
the key to prompt investigation and recognition of potentially serious endocrinopathies.

Oral Cancer Risk

The largest case series of APS-1 published to date, involving 92 Finnish patients,
has demonstrated that the prevalence of oral and oesophageal squamous cell carci-
noma (SCC) in this patient group is up to 10% in patients over the age of 25 years
[6]. The patients diagnosed with oral or oesophageal SCC in this series were aged
between 29 and 44 years. In the general population, the mean age at diagnosis for
oral and oesophageal SCC is greater than 60 years, and it is considered an uncom-
mon disease in younger people. The literature contains several case reports regard-
ing young patients developing multiple oral SCCs in the context of APS-1 [10, 11].

The role of chronic candidal infection in the aetiology of oral and oesophageal
SCC has been a topic of considerable debate. Historical animal studies have demon-
strated the generation of carcinogenic chemicals such as nitrobenzylmethylamine
by C. albicans, with an associated increase in the incidence of oral SCC [12]. A
study conducted in Finland utilising C. albicans species isolated from APS-1
patients found that these organisms could synthesise potentially carcinogenic levels
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of acetaldehyde from glucose and alcohol [13]. Experts in the field consider that
given the long duration of candidal infection in APS-1 patients and the tendency for
oral and oesophageal SCCs to develop in sites of chronic candidal infection, this
infection is an important factor in the development of the malignancy. However the
extent of this role is as yet unknown. Given that the syndrome features a number of
phenomena related to abnormal T-cell function and that these cells have a key role
in antitumour effects, it is likely that the relationship to the development of malig-
nancy is more complex than simply chronic candidal infection.

Given the high rate of oral and oesophageal SCC in young people with APS-1
and the potential contribution of chronic mucosal candidal infection to carcinogen-
esis, it is important that appropriate management and screening are undertaken in
this population. APS-1 patients should have regular reviews by a multidisciplinary
team comprising oral medicine specialists, otolaryngology/head and neck surgery
and endocrinology specialists. Careful attention to screening of the oral and oesoph-
ageal mucosa should be maintained, and any suspicious lesions should be biopsied.
It is recommended that treatment of oral and oesophageal candidiasis should be
aggressive [2—4, 6]. This may be best achieved with a combination of topical and
systemic therapy, and careful attention should be paid to monitoring for resistant
strains of C. albicans, as this is a concern with the potential long-term use of azole
antifungals in this patient cohort [14]. It is recommended that the use of azole anti-
fungals is limited to two to three courses per year in order to reduce the risk of
generation of resistance [3]. It is essential that patients with APS-1 are educated
regarding the risk of oral and oesophageal cancer and that they clearly understand
the index symptoms and self-monitoring procedures and know when to alert a clini-
cian. They should also be counselled regarding avoidance of other known risk fac-
tors for oral and oesophageal SCC such as smoking, alcohol and betel quid use.

Lupus Erythematosus

Introduction

Lupus erythematosus (LE) is a group of diverse persistent autoimmune inflammatory
diseases which frequently affect the skin and oral mucosa. Discoid lupus erythema-
tosus (DLE) is the most common chronic form of cutaneous lupus. It is characterised
by persistent scaly, disc-like plaques on the scalp, face and ears and may cause pig-
mentary changes, scarring and hair loss. The oral mucosa may be involved.

Epidemiology

The prevalence of DLE has been reported to be less than five in 10,000 individuals
[15]. The most common age of onset of DLE is between 20 and 40 years [16]. It affects
both females and males, with a slight female predominance. The female-to-male ratio
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has been reported between 3:2 and 2:1 compared with 12:1 in systemic lupus erythe-
matosus (SLE) [17]. Unlike SLE, there does not seem to be any racial predisposition
to DLE. However, reports in the United States suggest that DLE may be slightly more
common in Black Americans than in White Americans [18]. Smoking has been linked
to both the development and severity of DLE [19].

Clinical Presentation

The typical cutaneous manifestations of DLE are white keratinised plaques with
elevated borders, central atrophy, radiating white striae and telangiectasia. It has a
prolonged clinical course and can persist for many years despite various treatments.
Oral manifestations are present in up to 25% of patients and are located most com-
monly on the buccal mucosa, followed by the gingivae, labial mucosa and vermil-
lion of the lip [20]. Oral mucosal lesions have an irregular white border with
telangiectasia, surrounding a central atrophic area in which there may be small
white papules. It may also present as irregular erythematous areas without a kera-
totic component. Oral manifestations may be present without cutaneous lesions.
DLE is more likely to affect the palatal mucosa than lichen planus, and the typical
appearance of an erythematous area with radiating white striae can sometimes dif-
ferentiate the lesion clinically from lichen planus and lichenoid reactions to metal
restorations (typically amalgam) or medications [21]. DLE lesions frequently
appear on the lower lip, due to the photosensitive nature of this condition.

Pathophysiology

DLE is an autoimmune disease; however the precise pathophysiology of the disor-
der is unclear. It is suggested that UV light-induced epidermal inflammation, auto-
antigen localisation and basal keratinocyte apoptosis contribute to the process.
However, it is likely that multiple components of the innate and adaptive immune
system are involved in the pathogenesis of this condition [22].

Management

If symptomatic, the oral manifestations of DLE are managed in a similar manner to
other oral mucosal inflammatory conditions. This is primarily with topical cortico-
steroids and immunomodulators, although on occasion, systemic immunosuppres-
sion may be required, particularly for refractory lower lip lesions.

Oral lesions in DLE need close clinical monitoring, given the possibility of
developing dysplasia or malignancy in these sites. In order to rule out the presence
of dysplastic change, incisional biopsy may be required, in some cases serially as
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part of active clinical monitoring. UV-B light exposure can precipitate DLE lesions
and increase the risk of sun-related malignancy; therefore it is important to examine
the lips carefully and give sun protection advice.

Oral Cancer Risk

The evidence regarding oral carcinoma development in sites affected by oral DLE
lesions is limited to a number of case reports. The risk of developing malignant
change in oral mucosal DLE is uncertain [21]. DLE-related malignant transforma-
tion affecting the lip has been reported, particularly in males. However this is con-
founded by the fact that this is a sun-exposed site and the excess risk may be due to
ultraviolet radiation rather than the underlying inflammatory disorder [23].

Fanconi Anaemia

Introduction

Fanconi anaemia (FA) is a rare disorder with a heterogeneous clinical picture. It is
primarily an autosomal recessive inherited condition [24]. The condition is caused
by mutations in one of at least 21 genes known to be involved in the pathogenesis of
the condition [25]. These genes are involved in DNA repair, and cardinal features of
FA are genomic instability and extreme sensitivity to DNA cross-linking agents.
Clinically the condition is characterised by variably expressed congenital abnor-
malities, early bone marrow failure, and an increased risk of cancer, particularly
acute myeloid leukaemia and squamous cell carcinomas of the head and neck and
anogenital regions [26].

Epidemiology

FA is found in all races and ethnic groups and has a worldwide prevalence of one to
five per million. It is slightly more common in males. Average life expectancy is
20 years [26]. Given the heterogeneity of clinical presentations, the age of diagnosis
can be extremely variable. The majority of patients will develop haematological
abnormalities, and the median age of onset of these is 7 years [27]. Patients with a
more severe phenotype tend to develop bone marrow failure and haematological
malignancy at an earlier age. However a cohort of patients with mild manifestations
of FA have survived into early adulthood, and the development of solid tumours
such as head and neck SCC at a young age has been the first indication of the pres-
ence of the condition [28]. In addition, the use of haematopoietic stem cell
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transplantation has enabled the survival of patients with more severe manifestations
of FA, and the development of solid tumours in these longer-term survivors with FA
has become a significant issue [27].

Researchers comment that it is possible that the condition is more common than
previously thought, due to under-recognition of the variety of clinical manifesta-
tions which are possible in the disorder [29].

Pathophysiology

The majority of cases of FA are autosomal recessive, with the exception of FANCB
which is x-linked [30]. The disorder results from biallelic inactivation of one of at
least 21 genes which have been identified as related to the condition [25]. The pro-
teins encoded by genes involved in FA are essential for the repair of DNA inter-
strand cross-links.

Due to its critical role in DNA repair, FA is considered a “caretaker gene disease”
and is grouped with other similar conditions including ataxia telangiectasia, Bloom
syndrome, hereditary non-polyposis colorectal cancer and hereditary breast/ovarian
cancer syndromes [26].

Research into the molecular genetics of FA has established significant interac-
tions between the FA and BRCA pathways, which are associated with hereditary
forms of breast and ovarian cancer. It has been confirmed that two of the FA genes
are BRCA1 and BRCA2 [25]. The DNA repair pathway mediated by these genes
and their protein products is now known as the FA-BRCA pathway, and further
research is ongoing into the mechanisms of increased cancer risk related to these
genetic abnormalities.

The mechanisms by which the genetic abnormalities cause disease manifesta-
tions in FA are gradually being elucidated. It is suggested that the genomic instabil-
ity resulting from ineffective repair of DNA damage results in increased cancer
development [31]. The mechanisms by which other disease manifestations occur
are less clear; however it is thought likely that the FA proteins participate in other
ways to preserve genomic integrity and that deficiencies in these processes lead to
susceptibility to other diseases and abnormalities [27, 32].

Clinical Features

Clinical manifestations of FA range from very severe congenital abnormalities to
mild clinical features. The major features of the condition are congenital malforma-
tions (short stature, radial-ray anomalies, café au lait spots, cardiac and renal anom-
alies), early bone marrow failure, hypersensitivity to DNA cross-linking agents and
an increased risk of haematological and solid malignancy. Multiple other congenital
anomalies have been reported in association with FA; however up to 40% of patients
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have no major physical malformations [30]. Comprehensive reviews exist on the
anomalies associated with this disorder [33]. Given the wide phenotypic variation,
it is important that FA is considered in any child or young adult diagnosed with
aplastic anaemia, myelodysplastic syndrome, acute myeloid leukaemia or squa-
mous cell carcinoma of the head and neck region [30, 34]. FA should also be con-
sidered in a young person who has an abnormally severe adverse response to
chemotherapy or radiotherapy [29]. A family history of multiple cancers and/or
excessive toxicity from radiotherapy or chemotherapy should trigger the clinician to
consider FA [25].

Diagnosis of FA is based on a combination of observed clinical features and
laboratory testing, which consists of demonstrating hypersensitivity to DNA cross-
linking agents by exposing cells from the peripheral blood, bone marrow or skin to
diepoxybutane or mitomycin C [33]. Cells from patients with FA will exhibit
increased rates of chromosomal breakage when exposed to such agents. Additional
genetic testing is performed to identify the specific mutation present and assign the
patient to a complementation group [30]. Some correlation between genotype and
phenotype has been established, with a more severe phenotype associated with
complementation groups FANCD1 and FANCN. However there are few other strict
associations between specific complementation groups and their clinical manifesta-
tions [30].

Oral Cancer Risk

One of the most significant features of FA is the dramatically increased risk of SCC
of the head and neck region (HNSCC). Studies based on case series and large FA
registries have estimated the risk as 500-700 times higher than the general popula-
tion [31, 35].

Previously, the survival rate for patients with FA was poor due to early-onset
bone marrow failure and haematological malignancy. However with the improve-
ments in therapy for this condition, particularly the use of haematopoietic stem cell
transplantation (HSCT), patients are surviving longer, and the high incidence of
solid tumours in this population is becoming evident. Life expectancy with FA is
still relatively short (median 20 years), and it is possible that studies still underesti-
mate the risk of solid tumour development due to competing causes of mortality
[27, 36]. Patients with a milder disease phenotype may survive to young adulthood
without the development of haematological abnormalities, and unusually early pre-
sentation with a solid tumour such as HNSCC may be the first manifestation of FA
in these patients [28, 37].

HNSCC:s are the second most common cancer in FA patients, and the cumulative
incidence of developing HNSCC is 14% by 40 years of age [35]. FA patients develop
HNSCC at a very young age compared to the general population, with a mean age
of 32 years at development of first HNSCC [28]. Case reports of the development of
HNSCC in FA patients as young as 13 years exist [38].
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The role of traditional risk factors for HNSCC in FA patients is not as significant
as in the general population, with only a quarter of patients in a large cohort study
having been exposed to alcohol or tobacco prior to the development of HNSCC
[28]. This is in contrast to the general population, where at least 75-85% of HNSCC
may be attributable to a history of tobacco and alcohol exposure [39].

In the same cohort study, which represents the largest case series of HNSCC in
FA patients (n = 35), the most common site of HNSCC in FA patients was the oral
cavity, particularly the tongue, in concordance with previous studies [28]. In this
series two patients developed a second HNSCC, and half of the patients developed
a second tumour (anal, cervical, vulvar or cutaneous SCC). Half of the patients
experienced recurrence of their tumour [28].

Survival rates for FA patients with HNSCC are significantly poorer than the gen-
eral population. In one cohort study, 64% of the patients died as a result of
HNSCC. Five-year cause-specific survival rates were only 47% in this group [28].
In contrast, survival rates in other studies for patients under 35 years of age and
treated for HNSCC are >55% [40, 41]. It has been suggested that the genomic insta-
bility in FA leads to the development of more aggressive tumour types and early
recurrence [28].

Due to FA-mediated sensitivity to radiation and chemotherapy, the mainstay of
treatment of HNSCC in this population is surgery. Studies have shown that FA
patients can tolerate standard surgical procedures for HNSCC, including free flap
reconstruction [28]. If haematological abnormalities are present, then these may
present difficulties perioperatively and require the involvement of a haematologist
[28]. Radiation-induced pancytopenia is a rare complication in the general popula-
tion but has been observed significantly more frequently in FA patients, and compli-
cations such as severe mucositis are more common [28]. Radiotherapy can be used
for management of HNSCC in FA patients; however close monitoring is required to
detect toxicity, and dosage reductions may be required [42]. FA patients are
extremely sensitive to toxicity from chemotherapeutic agents commonly used as
adjunct treatment modalities for HNSCC, particularly cisplatin-based chemother-
apy regimens, as these drugs are cross-linking agents. These factors mandate modi-
fications of adjunct chemotherapy and radiotherapy regimens in this patient
population [28, 32, 43]. Ideally, management of HNSCC in FA patients should be
surgical, necessitating good screening programmes in order to detect tumours early,
when they are amenable to primary surgical resection [34, 43].

Recommendations on screening for FA patients advise that examination of the
oral cavity and oropharynx should begin at 10—12 years of age, particularly if the
patient has undergone HSCT or has any oral mucosal manifestations of GVHD or
leukoplakia. Patients with abnormal oral mucosa will require six to eight weekly
examinations, and those with normal mucosal appearance should be examined at
least three monthly [28, 34, 35, 44]. A low threshold for biopsy of oral mucosal
abnormalities should be maintained, as the aim of screening is to detect HNSCC
when the tumours are small and amenable to primary resection.

An additional consideration for clinicians involved in the diagnosis and manage-
ment of HNSCC is that in up to 20% of patients with FA described in the literature,
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the development of HNSCC at a young age is the first presenting feature of undiag-
nosed FA [37]. These patients had only mild physical manifestations of FA and few
or no haematological abnormalities. It is important to maintain a high index of sus-
picion and refer appropriately for screening for FA in young patients with HNSCC. It
is particularly important that these patients are identified prior to commencement of
therapy, given the high level of toxicity which will be experienced by FA patients
treated with standard HNSCC treatment protocols including radiotherapy and che-
motherapy with cross-linking agents [37].

Two major areas of controversy in the literature are regarding the nature of the
relationship between HNSCC risk in FA patients and their exposure to human papil-
loma virus (HPV) and HSCT and/or graft-versus-host disease (GVHD).

High-risk HPV-related SCC of the oropharynx is increasing in incidence in the
general population and more particularly in young people diagnosed with HNSCC
[45]. When considering the high risk of HNSCC in patients with FA, researchers
have suggested that the immunodeficiency state associated with FA leads to
increased mucosal susceptibility to infection with viruses such as HPV and also
increased sensitivity to known carcinogens such as alcohol and tobacco smoking
[35]. The basis of the theory regarding HPV as a significant factor in the aetiology
of HNSCC in FA patients is that the HPV16 E7 oncoprotein has been demonstrated
to interact with the FA pathway and that genes involved in the FA pathway are criti-
cal for the repair of DNA damage induced by E7 [46, 47]. Additionally, case series
from North America have demonstrated a high rate of high-risk HPV DNA in
HNSCCs from FA patients [48]. In stark contrast, however, examination of HNSCC
cases from FA patients in Europe failed to demonstrate this link, and in fact the
majority of tumours were negative for HPV DNA [49]. In view of this conflict
within the literature, it is difficult to establish the true nature of the relationship
between high-risk HPV and HNSCC in FA patients. However many centres recom-
mend HPV vaccination for all FA patients in the hope that it may assist in prevent-
ing some of these malignancies [28, 31, 32, 34, 46].

The use of haematopoietic stem cell transplantation (HSCT) has led to signifi-
cantly improved survival for patients with FA. The increased longevity conferred by
HSCT has allowed other features of the cancer susceptibility of FA to emerge,
leading to the observation of a dramatically increased risk of HNSCC and other
epithelial cancers in patients with FA [34]. In FA patients, the extreme sensitivity to
chemotherapy and radiotherapy has led to alterations in HSCT protocols to reduce
transplant-related mortality [30]. A cohort study comparing the risk of SCC and
SCC-related mortality between two groups of FA patients showed that the rate of
SCC development in transplanted patients was 4.4 times higher than those who did
not receive transplants [31]. This relative risk is of similar order to non-FA patients
receiving HSCT; however the increased risk on top of the already high baseline FA
risk of HNSCC leads to a very significant overall increased risk of HNSCC in these
patients [50]. Transplanted patients also developed HNSCC at an earlier age than
non-transplanted patients (median 18 years vs. 33 years). This study also demon-
strated that acute and chronic GVHD were significant risk factors for development
of HNSCC in this population [31]. The study found that survival and outcomes fol-
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lowing diagnosis of HNSCC were poor in both cohorts, with a median survival of
13 months [31]. A study of 13 FA patients with HNSCC following HSCT showed a
median survival time of 6 months [44].

In summary, FA is a genetic disorder with a greatly increased risk of malignancy,
particularly HNSCC. Clinicians should maintain a high index of suspicion for this
condition in young people diagnosed with HNSCC. Treatment regimens require
alteration in this patient population due to increased toxicity in response to chemo-
therapy and radiotherapy. Very intensive clinical monitoring and surveillance
regimes are essential for all FA patients, in order to detect HNSCC whilst still ame-
nable to primary surgical resection.

Dyskeratosis Congenita

Introduction

Dyskeratosis congenita (DC), an inherited disorder of telomere function, is charac-
terised by a classic clinical triad of dysplastic nails, lacy reticular pigmentation of
the upper chest and/or neck and oral leukoplakia. Individuals with this disorder have
an increased risk of bone marrow failure, pulmonary fibrosis and other cancers. The
condition may be x-linked, autosomal dominant or autosomal recessive [51].

Epidemiology

The prevalence of DC in the general population is not known, and it is believed to
be rare. As of 2015, one reviewer was aware of at least 400 families in the world
[52].

Pathophysiology

The mode of inheritance of DC varies by the affected genes:

e X-linked: DKCI

¢ Autosomal dominant: TERC and TINF2

¢ Autosomal dominant or autosomal recessive: ACD, RTELI and TERT
e Autosomal recessive: CTCI, NHP2, NOP10, PARN and WRAP53

The link between DC and cancer is ascribed to the finding that patients with DC have
defects in telomere maintenance. Telomeres are complex DNA-protein structures that
protect chromosomal ends from degradation and inappropriate recombination [53].
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Patients with DC have very short telomeres, and mutations have been identified in
telomere biology genes, thus predisposing these patients to carcinogenesis. To date there
has been no comprehensive quantitative analysis of cancer risk in DC [54].

Clinical Presentation

Dyskeratosis congenita is characterised by a classic clinical triad of dystrophy of the
nails, lacy reticular cutaneous pigmentation and oral leukoplakia. Mucosal leukopla-
kias are seen in approximately 80% of patients and are most frequently present on the
oral mucosa. Areas of leukoplakia typically involve the lingual mucosa, buccal
mucosa, palate and most commonly tongue. The leukoplakia may become verrucous,
and ulceration may occur. Patients also may have an increased prevalence and sever-
ity of periodontal disease, dental caries, hypoplastic enamel and hypodontia [55].

Patients with DC are at increased risk for progressive bone marrow failure (BMF),
myelodysplastic syndrome (MDS) or acute myelogenous leukaemia (AML), solid
tumours (usually squamous cell carcinoma of the head/neck or anogenital cancer)
and pulmonary fibrosis. Other findings can include abnormal pigmentation changes
not restricted to the upper chest and neck, eye abnormalities (epiphora, blepharitis,
sparse eyelashes, ectropion, entropion, trichiasis) and dental abnormalities (caries,
periodontal disease, taurodontism). Although most patients with DC have normal
psychomotor development and normal neurologic function, significant developmen-
tal delay is present in the two variants which include cerebellar hypoplasia (Hoyeraal-
Hreidarsson syndrome) and bilateral exudative retinopathy and intracranial
calcifications (Revesz syndrome). The onset and progression of manifestations of
DC vary—at the mild end of the spectrum are those who have only minimal clinical
signs with normal bone marrow function and at the severe end are those who have
the complete diagnostic triad and early-onset bone marrow failure [52].

Cancer in patients with DC usually occurs in the third decade with head and neck
cancer and MDS being the most common malignancies. In older patients MDS/
AML is more prevalent. Patients with moderate or mild forms of DC or those who
have received haematopoietic stem cell transplant for bone marrow failure related to
DC are more likely to develop solid tumours, whereas patients with severe forms of
DC usually die from the disease before the development of malignancy.

Management

Treatment is tailored to the individual. Haematopoietic cell transplantation (see pre-
vious section) is the only curative treatment for bone marrow failure and leukaemia
but historically has had poor long-term efficacy. If a suitable donor is not available,
androgen therapy may be considered for bone marrow failure. Treatment of other
cancers is tailored to the type of cancer. Cancer therapy may pose an increased risk
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for prolonged cytopenias as well as pulmonary and hepatic toxicity, due to the
underlying manifestations of DC. Treatment of pulmonary fibrosis is primarily sup-
portive, although lung transplantation may be considered [51, 54, 56].

Genetic counselling regarding the risk to family members depends on accurate
diagnosis, determination of the mode of inheritance in each family and results of
molecular genetic testing. Once the DC-related pathogenic variant(s) have been
identified in an affected family member, prenatal testing for a pregnancy at an
increased risk for DC is possible [52].

Oral Cancer Risk

Data from the United Kingdom Dyskeratosis Registry indicated that the crude rate
of malignancy amongst approximately 300 patients was 10% [56].

The quantitative risk of developing any cancer in DC is approximately 50-fold
that of the general population, and the risks of specific malignancies are very high,
in the thousands-fold for squamous cell carcinomas. The most frequent solid tumour
in DC is head and neck squamous cell carcinoma, comprising 40% of all cancers
found in these patients [54]. Head and neck cancer risks and outcomes in this popu-
lation are similar to those encountered in Fanconi anaemia, as discussed above.

Palmoplantar hyperkeratosis

Introduction

Palmoplantar hyperkeratosis is a group of hereditary disorders of keratinisation
involving hyperkeratosis of the palms and soles.

Epidemiology

The prevalence of the disorder in the general population is unknown but is likely to
be less than 1 in 1,000,000. It usually manifests clinically at a very young age [57].

Pathophysiology

Two different forms of palmoplantar hyperkeratosis have been mapped to the type
1 and type 2 keratin gene cluster on chromosome 17, although palmoplantar hyper-
keratosis has been shown to be heterogeneous clinically and genetically. The disor-
der may be caused by mutations in keratins as well as nonkeratins [58].
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Clinical Presentation

Clinically and histopathologically different forms of palmoplantar hyperkeratosis
exist. These may be distinguished by the pattern of the palmar and plantar keratoses,
the age of onset of the disease and the occurrence of any associated features. The
combination of palmoplantar keratosis with oral hyperkeratosis was first described
by Fred et al. in 1964, and subsequent case reports of hyperkeratosis affecting the
palms, soles and oral mucosa exist [59]. Oral manifestations have been described as
presenting on the labial attached gingivae and areas of the oral mucosa affected by
friction and irritation. The oral hyperkeratosis often has a symmetrical distribution
and appears in early childhood or puberty, and the lesions increase in severity with
age. Subungual and circumungual hyperkeratosis maybe an associated feature [60].
There is a strong association with oesophageal carcinoma in these patients [61].

Management

Management is focused on surveillance for early detection and treatment of oesoph-
ageal dysplasia. Surveillance includes annual gastroscopy with biopsy of any suspi-
cious lesion together with screening biopsies from the upper, middle and lower
oesophagus. This is coupled with dietary and lifestyle modification advice and
symptom education. Genetic counselling can be offered to patients and family
members once a family history has been established [62].

Oral Cancer Risk

There are significant associations between palmoplantar hyperkeratosis and oesoph-
ageal cancer [58, 62]. Although the oral lesions are generally considered benign,
case reports of oral cancer in patients with palmoplantar hyperkeratosis, which is
likely to have occurred in areas of oral leukoplakia related to the condition, exist
[63].

Xeroderma Pigmentosum

Introduction

Xeroderma pigmentosum (XP, OMIM 278700) is an autosomal recessive genetic
disorder characterised by an inability to repair DNA damage caused by ultraviolet
light exposure. Individuals with this disorder have an increased risk of developing
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skin cancer, and about 50% of children with XP will develop a cutaneous malig-
nancy by the age of 10 years. Most patients with XP develop multiple skin cancers
(basal cell carcinoma, squamous cell carcinoma, melanoma) in sun-exposed areas
such as the face, lips, eyes, eyelids and scalp [64, 65]. Review of the literature has
revealed a number of case reports of oral cavity neoplasms in individuals with XP,
particularly squamous cell carcinoma of the tip of the tongue, a presumed sun-
exposed location [66]. An increased risk of other forms of cancer exists in this syn-
drome, and gliomas of the brain and spinal cord; tumours of the lung, uterus, breast,
pancreas, stomach, kidney and testicles; and leukaemia have been reported in indi-
viduals with XP [67]. Neurological symptoms are also a feature of the syndrome.

Epidemiology

XP has variable prevalence, affecting one per million in the United States, 2.3 per
million in Western Europe and 45 per million in Japan [68]. Affected populations
have also been described in North Africa and the Middle East, with less clearly
understood frequency.

Pathophysiology

The genes affected in XP are involved in the repair of DNA damage secondary to
ultraviolet light exposure. The processes affected include the nucleotide excision
repair and post-replication repair pathways. The result is an accumulation of dam-
aged DNA, which can result in increased malignant potential and neurological
problems. Direct damage to the DNA of neural cells can also occur, but the precise
mechanisms of this are still unclear [68].

Clinical Presentation

XP predominantly affects the eyes and sun-exposed skin and usually presents in
infancy or early childhood. Affected children can develop sunburn after spending
just a few minutes in the sun, and the redness and blistering can last for weeks. The
skin is dry and scaly with irregular pigmentation. Extreme ocular sensitivity to UV
light is a characteristic feature, with resultant abnormalities of the conjunctiva, cor-
nea, eyelashes and eyelids. Photophobia, keratitis and eyelid thinning are common
features. Benign conjunctival growths are also a feature of the condition.
Approximately one third of individuals with XP may develop neurological abnor-
malities including hearing loss, gait abnormalities, dysphagia, dysphonia and sei-
zures [68].
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Management

The mainstay of management involves avoiding exposure to sunlight. Regular peri-
odic skin screening examinations and local management of skin cancers are
required. Skin cancers may be managed surgically or medically with topical chemo-
therapeutic agents such as fluorouracil. Oral isotretinoin or acitretin may be used as
a means of preventing the development of skin cancers but is teratogenic and has a
number of other serious side effects. Regular ophthalmological screening is also
required for the management of ocular complications [68].

Oral Cancer Risk

There is no published evidence quantifying the risk of oral cancer in patients with
XP. A number of case reports have been published regarding oral squamous cell
carcinomas in patients with XP, and the majority of these were on the tongue tip,
which is arguably also a sun-exposed area [66].

Haematopoietic Stem Cell Transplantation and Graft-Versus-
Host Disease

Introduction

Haematopoietic stem cell transplantation (HSCT) and bone marrow transplanta-
tion (BMT) have become the mainstay of treatment for a variety of diseases,
including acute and chronic leukaemias, inherited immunodeficiencies and assorted
haematological disorders. Successful transplantation can result in cure of many of
these conditions. Improvements in transplant protocols and techniques have led to
reductions in peri-transplant morbidity and mortality and prolonged survival fol-
lowing transplant, and the impact of transplant-related late effects has now become
more evident. The prevention and management of transplant complications such as
graft-versus-host disease (GVHD) and late second malignancies has become a sig-
nificant focus of research. Studies on the development of solid tumours following
HSCT have identified that there is a significantly increased risk of head and neck
squamous cell carcinoma (HNSCC) in this patient group and that this is largely
related to graft-versus-host disease. Graft-versus-host disease involves an immu-
nological attack on the host by the transplanted immune cells from the donor. This
section will consider the relationship between graft-versus-host disease and the
risk of HNSCC.
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Epidemiology

Acute graft-versus-host disease occurs in up to 80% of HSCT recipients [69, 70].
Risk factors for the development of acute GVHD include a HLA-mismatched donor,
older donor age and the use of a female donor for a male recipient [70].

Chronic graft-versus-host disease (cGVHD) occurs in up to 80% of adult long-
term survivors of HSCT [71]. Chronic GVHD is less common in children, occurring
in up to 25% of children receiving HSCT [72]. The most significant risk factor for
the development of chronic GVHD is a history of acute GVHD. Other risk factors
for chronic GVHD include HLA-mismatched donors, older patient and donor ages,
female donor to male recipient and the use of mobilised peripheral stem cells rather
than bone marrow as the transplant source [70].

Early reports of solid tumour risk related to HSCT were confounded by the wide-
spread use of total body irradiation (TBI) as part of the conditioning regime, leading
to an increased risk of second malignancy. Over recent years, techniques of condi-
tioning for HSCT have changed significantly, and it is likely that this will influence
future outcomes regarding solid tumour risk. Increased understanding of the role of
acute and chronic GVHD in the aetiology of second malignancies, particularly
HNSCC, has led to changes in transplant techniques and GVHD prevention
strategies.

Males appear to have a higher risk of post-HSCT solid tumour development,
particularly squamous cell carcinoma (SCC) of the skin and oral cavity.

The risk of solid tumour development increases with time after transplant, with
long-term survivors (>10 years) having a 25x increased risk of oropharyngeal can-
cer [73].

Studies have demonstrated that TBI used as part of transplant conditioning at a
young age (younger than 10 years) leads to a greatly increased risk of development
of a solid malignancy. However, this effect was limited to non-SCC solid tumours,
and radiation-based conditioning did not lead to an increased risk of oropharyngeal
SCC. Age at transplantation did not significantly affect the risk of GVHD-related
oropharyngeal SCC [73].

Pathophysiology

Acute graft-versus-host disease develops in three distinct phases. Initially, tissue
damage caused by conditioning regimens involving chemotherapy and radiother-
apy leads to host tissue damage and the release of inflammatory cytokines. This
results in increased expression of major histocompatibility complex (MHC) anti-
gens on host antigen-presenting cells, allowing increased reactivity of donor cells
against the host. Activated donor T-cells undergo clonal expansion and release
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IL-2 and interferon gamma, leading to recruitment of cytotoxic T-cells and mac-
rophages. A significant inflammatory response develops, which is further stimu-
lated by molecules such as lipopolysaccharides which have been released from
the damaged gut mucosa. The ongoing inflammation leads to further tissue dam-
age and cytokine release, with amplification of the inflammatory response [74].

Chronic graft-versus-host disease is a “multisystem alloimmune and autoimmune-
like disorder characterised by immune dysregulation, immune deficiency, impaired
end-organ function and decreased survival” [75].

The fundamental pathophysiology of cGVHD relates to a situation of dysregu-
lated and disordered immune reactivity against self and donor antigens [74]. The
precise mechanisms of cGVHD are complex and likely to involve multiple elements
of the donor and host immune systems. Pro-inflammatory T-cells play a major role;
however regulatory T-cells and B-cells are also involved in the pathogenesis.
Clinically and histologically cGVHD resembles a number of autoimmune diseases,
including scleroderma, systemic lupus erythematosus, primary biliary cirrhosis,
Sjogren syndrome and lichen planus [75].

Reduced intensity and non-myeloablative conditioning regimens were intro-
duced with the aim of extending the availability of HSCT to patients who were
deemed at high risk of complications related to traditional myeloablative pre-
transplant conditioning [76]. Additionally, it was recognised that the “graft-versus-
tumour” effect played a significant role in prevention of relapse. This refers to the
ability of the donor T-cells to target and destroy any residual malignant cells in the
host, such as may be the case after a non-myeloablative conditioning regime. The
graft-versus-tumour effect has also been utilised in the development of protocols
using donor lymphocyte infusions (DLI), in which a post-transplant patient is given
infusions of immunocompetent lymphocytes from their original donor, to elicit a
graft-versus-tumour effect with the aim of inducing remission [76]. However a sig-
nificant graft-versus-tumour effect is often accompanied by active and sometimes
severe graft-versus-host disease. Management of GVHD is a balance between high
levels of immunosuppression to prevent it from occurring, which will lead to a
reduction in the graft-versus-tumour effect and a higher risk of disease relapse, and
the potential morbidity caused by severe GVHD.

Mechanisms of solid tumour development in post-HSCT patients or who have
suffered from cGVHD are incompletely understood. Theories which have recently
been suggested for the increased incidence of oral SCC in this patient cohort include
the development of genomic instability in the mucosa following prolonged periods
of inflammation and immunological “injury” by T-cells; long-term upregulation of
cytokines which are known to be active in SCC, such as type 1 interferon; and pos-
sibly even a direct role of donor-derived cells in carcinogenesis [77-79].

Clinical Features

The classical clinical triad of acute GVHD is the involvement of the skin, gastroin-
testinal tract and liver. Skin manifestations include a maculopapular rash primarily
affecting the palms and soles but which may affect any part of the body.
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Gastrointestinal involvement is characterised by secretory diarrhoea which can be
severe. Liver involvement manifests as jaundice and a cholestatic liver picture [69].
Oral mucosal involvement with acute GVHD is characterised by mucositis of vary-
ing severity [75].

Chronic GVHD has a variety of different features and organ involvement. The
most commonly affected sites are the skin and oral mucosa. Oral mucosal manifes-
tations of cGVHD include reticular white striae (or “lichen planus-like changes”),
erythema, erosion and ulceration and hyperkeratotic plaques [80, 81]. Sclerotic
c¢GVHD can lead to contraction of the skin around the mouth, causing microstomia,
as well as fibrosis of the oral mucosa leading to trismus and limited flexibility of the
oral mucosa. The major and minor salivary glands may also be affected by cGVHD,
and this can lead to symptomatic xerostomia. Recurrent superficial mucoceles are
also a feature [75].

Traditionally cGVHD was defined as occurring greater than 100 days post-
transplant. However with the advent of reduced-intensity and non-myeloablative
conditioning regimens, changes have been observed in the natural history of
cGVHD. Some patients who have undergone reduced-intensity transplants will
develop cGVHD very much later and may also develop signs of both acute and
chronic GVHD following donor lymphocyte infusion (DLI) [82]. Hence the distinc-
tion between acute and chronic GVHD is now made based on clinical features rather
than on time after transplantation. Various other presentations are also now recog-
nised, such as “overlap” and “late acute” GVHD [80]. In an overlap presentation,
features of acute and chronic GVHD are present simultaneously.

Diagnosis of cGVHD is made by recognising the presence of the “diagnostic”
manifestations, as listed in the NIH criteria. The presence of a “diagnostic” sign or
symptom establishes the presence of cGVHD without the need to perform further
testing. The NIH criteria also list “distinctive” signs or symptoms, which are not
sufficient to establish a diagnosis of cGVHD in isolation—further testing is required,
such as histological diagnosis. A diagnosis of cGVHD is made if at least one diag-
nostic manifestation is present or at least one distinctive manifestation plus a posi-
tive diagnostic test, such as histopathological confirmation [80].

The only “diagnostic” manifestation of oral mucosal cGVHD is lichen planus-
like changes. If this feature is present, then cGVHD may be diagnosed, without the
requirement for a biopsy or further investigations. “Distinctive” manifestations
include xerostomia, mucoceles, mucosal atrophy, ulcers and pseudomembranes
[80]. Previous iterations of the diagnostic criteria included hyperkeratotic plaques
without lichen planus-like features (leukoplakia) as a diagnostic criterion; however
this has now been removed due to concerns that it represents a separate entity, with
an associated risk of malignant transformation [80].

The major differential diagnoses for oral mucosal manifestations of cGVHD are
inflammatory conditions such as oral lichen planus, from which it is clinically indistin-
guishable and infective processes such as oral candidiasis. If there is any doubt about
the diagnosis, then consideration of the wider clinical picture is important, as is appro-
priate investigation of the oral mucosa to rule out infective or neoplastic processes.

Clinical manifestations which are considered “common’ to both acute and chronic
GVHD include pain, erythema, mucositis and gingivitis. The presence of these fea-
tures is considered either diagnostic or distinctive for either type of GVHD [80].
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Chronic GVHD can affect the skin, nails, genital mucosa, fascia, eyes, lungs and
the gastrointestinal tract [83].

A variety of strategies have been employed in order to prevent the development
of GVHD. The majority of these are directed at reducing the incidence of severe
acute GVHD, as this is the strongest risk factor for the development of chronic
GVHD, which has a significant impact on non-relapse mortality [84, 85].

The most commonly used agents to prevent GVHD are the calcineurin inhibitors
cyclosporin and tacrolimus. These drugs are prescribed during the first 3 months
following HCST and gradually tapered if there are no further signs of acute or
chronic GVHD.

Newer strategies for prevention of GVHD have focused on T-cells, as these are
necessary to cause the disease [84]. Depletion of T-cells in the donor graft can lead
to significantly lower rates of GVHD but has risks of delayed immune reconstitu-
tion in the recipient and associated infective complications [86]. Techniques used
for T-cell depletion include anti-thymocyte globulin and alemtuzumab (monoclonal
antibody to CD52 receptor) [84].

Treatment of active acute GVHD relies primarily on corticosteroids and calci-
neurin inhibitors, although a wide range of other treatment options are available and
are used as second-line treatment in steroid-refractory cases [69].

First-line treatment for chronic GVHD is with systemic corticosteroids and cal-
cineurin inhibitors. Depending on the site of disease activity, a variety of topical and
local therapies are also used. Comprehensive reviews exist on this subject [71, 87].

Management of active oral cGVHD is based on symptom control. It is not usu-
ally possible to produce a “normal” mucosal appearance therapeutically, and reticu-
lar, plaque-like and sclerotic lesions may be present even when the disease is
dormant. Systemic corticosteroids and immunosuppressants are required if the oral
mucosa is severely ulcerated, limiting oral intake and quality of life. Systemic treat-
ment will usually be prescribed if another organ is also severely affected, particu-
larly the lungs or liver. Otherwise, options for management of oral mucosal cGVHD
include topical corticosteroids, topical immunomodulators such as tacrolimus oint-
ment, topical anaesthetics for symptom control and agents used for the management
of dry mouth symptoms. Severe, steroid-dependent or steroid-refractory oral
c¢GVHD may also be treated with extracorporeal photophoresis [88]. Consensus
documents have recommended that patients with severe oral cGVHD should be
referred to an oral medicine team for specialist management [87].

Oral Cancer Risk

Recipients of HSCT are at a significantly elevated risk of oral SCC. In a large cohort
study of HSCT recipients, the observed-to-expected ratio for oral SCC was 7.01
[73].

Further analysis has revealed that the strongest predictor of oropharyngeal SCC
risk in HSCT recipients is chronic GVHD. Chronic GVHD has been identified to
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lead to a three- to fivefold increased risk of SCC [73, 89]. This risk is present in the
first 4 years post transplant and is also maintained greater than 5 years post trans-
plant [73].

Immunosuppression is routinely used to prevent severe GVHD following
HSCT. Studies have established that the duration of immunosuppression and expo-
sure to certain immunosuppressive agents, particularly azathioprine, are related to
the excess risk of oropharyngeal SCC following HSCT [50, 89-91]. Patients with
severe chronic GVHD are usually exposed to a greater duration of immunosuppres-
sion than those with a milder course. An important case-control study showed that
the risk of oral SCC was increased by eight times after greater than 24 months of
immunosuppressive therapy for cGVHD [89].

Although beyond the scope of this chapter, effective management of oral cGVHD
would appear to be an important factor in reducing the risk of late second malignan-
cies in the oral cavity. Given the significant contribution that the duration of sys-
temic immunosuppression has to the excess risk, it is desirable that optimal topical
treatment is provided for oral cGVHD, in order to reduce the need to systemically
immunosuppress these patients. Oral medicine and oral surgery specialists have an
important role to play in the correct diagnosis of oral symptoms as being related to
c¢GVHD, provision of optimal topical management of symptoms in order to reduce
the need for systemic immunosuppression and screening for malignancy.

In view of the significantly elevated risk of SCC, including oral mucosal SCC, in
the post-HSCT patient population, it is essential that effective screening measures
are in place. The median time to development of oral SCC following HSCT is
6 years, so long-term screening is essential in order to detect malignancies early
when they are more amenable to treatment [89]. Patient education plays an impor-
tant role—patients should be counselled to seek dental or medical attention if they
develop new changes or abnormalities in the oral mucosa. Recommendations from
international consensus statements on the management of chronic GVHD have rec-
ommended that these patients should be referred to an oral medicine service for
ongoing oral mucosal surveillance. Six monthly or more frequent oral mucosal
examinations are recommended for patients at high risk of developing SCCs, such
as those with severe cGVHD or Fanconi anaemia [81, 87, 92].

HIV

Introduction

Human immunodeficiency virus (HIV) infection is a known risk factor for a number
of cancers. Kaposi sarcoma, non-Hodgkin lymphoma and cervical cancer are
referred to as “AIDS-defining” cancers, signifying a progression to the acquired
immunodeficiency syndrome (AIDS) state. However it has been increasingly recog-
nised that HIV-positive individuals are at increased risk of a number of other
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cancers, including anal carcinoma, lung cancer, hepatocellular carcinoma and
Hodgkin lymphoma [93]. A number of case reports and case series have also
reported an increased risk and demographically different behaviour of oral squa-
mous cell carcinoma in HIV-positive individuals [94-97].

Research into the increased risk of malignancy in HIV has focused on the nature
of HIV as an immunodeficiency state, comparable to iatrogenic immunosuppression;
on the role of infective agents in the aetiology of malignancy in HIV-positive indi-
viduals; and on the contribution of highly active antiretroviral therapy (HAART) to
malignancy risk.

Epidemiology

HIV infection is a major worldwide health issue but is particularly problematic in
the developing world, where rates of infection continue to rise. UNAIDS data from
2015 estimate that 36.7 million people worldwide were living with HIV, 2.1 million
people were newly infected with HIV in 2015, and 1.1 million people died from
AIDS in the same year. The highest prevalence of HIV was in Africa [98].

In the United Kingdom in 2015, over 88,000 people were living with HIV and
accessing care. There were 6095 new diagnoses of HIV during 2015. The age dis-
tribution of people seeking care for HIV is changing, with one in three people
accessing care aged 50 years or over, compared to one in seven in 2005 [99].

Pathophysiology

HIV is a retrovirus, from the lentivirus group of this family. Two types have been
identified—HIV-1 is the most common, and HIV-2 infection is confined to some
areas of Europe and Western Africa. The virus consists of a lipid coat with glyco-
protein gp120 expressed on the surface, mediating attachment to host CD4 cells.
The virus contains single-stranded RNA, a core protein known as p24, a protease
and a reverse transcriptase polymerase. Reverse transcriptase converts viral RNA
into DNA, enabling it to be added to the host cell genome.

Following entry of the virus to the host, the gp120 glycoprotein binds to host
CD4 T-cells and enters the host cell. Viral reverse transcriptase transforms the viral
RNA into double-stranded DNA, which is integrated into the host cell genome.
During subsequent transcription, the host cell machinery will produce viral mRNA,
which then undergoes translation into the viral structural proteins gp160, p24 and
pl7. The enzymes protease and reverse transcriptase, along with the structural pro-
teins and the viral RNA, are assembled into the viral capsid which is then budded
from the host cell, forming a virion capable of further infection (Ref Kumar and
Clark).
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During this process, CD4 T-cells are destroyed by direct viral effects, as well as
by CDS cells and NK cells as part of the host immune response. This leads to a
gradual depletion of host CD4 T-cells and a resultant immunodeficiency state.
Immune activation also occurs which leads to increased numbers of CD4 cells
becoming infected and destroyed and an increased susceptibility to inflammation
and infection due to damaged mucosal surfaces.

As the disease progresses, the CD4 T-cell count will progressively drop. As this
occurs, the prevalence of opportunistic infections increases. At a CD4 T-cell count
of less than 200 cells/mm?, the patient is at a high risk of AIDS-defining illnesses.
These are primarily severe and/or unusual opportunistic infections; however the
malignancies Kaposi sarcoma and some forms of lymphoma are considered AIDS-
defining conditions.

Clinical Features

Primary HIV infection refers to the period between initial infection and the develop-
ment of antibodies against the virus. During this period, the individual may develop
symptoms of HIV seroconversion illness, which includes fever, lymphadenopathy,
a maculopapular skin rash and myalgia. This is typically a self-limiting illness and
has a wide range of differential diagnoses [100].

Following primary infection many individuals will remain asymptomatic for a
period of time. As the viral load rises and the CD4 count decreases, more symptoms
and signs will become evident, mainly related to opportunistic infections. If
untreated, the median time to development of AIDS is 10 years. Persistent gener-
alised lymphadenopathy may occur during this time.

Prior to the development of AIDS, the infection may become symptomatic.
Symptomatic HIV-related conditions include systemic symptoms of fever, fatigue,
diarrhoea and weight loss; infections including oropharyngeal candidiasis, herpes
zoster and pelvic inflammatory disease; hairy leukoplakia; cervical dysplasia;
peripheral neuropathy; and idiopathic thrombocytopenic purpura [100].

The development of AIDS is characterised by a significant decrease in the num-
ber of CD4 T-cells and a dysregulation of other elements of the immune system.
Clinical manifestations of AIDS are listed in Box 7.1—these conditions are referred
to as AIDS-defining conditions, and the presence of these diagnoses in conjunction
with the CD4 T-cell count is used to define the progression to AIDS.

The development of highly active antiretroviral therapy (HAART) has changed
the outcome of HIV infection dramatically. The condition is no longer considered
universally fatal and the progression to AIDS inevitable; rather it is viewed as a
chronic disease, which can be effectively managed with medications. Many of the
symptomatic features of HIV infection as listed above will reverse with effective
HAART. Successful treatment results in a low or undetectable viral load, rising
CD4 T-cell count and improvement in symptomatic HIV disease manifestations.
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Box 7.1 Centers for Disease Control and Prevention (CDC) AIDS-
Defining Conditions [101]

Bacterial infections, multiple or recurrent (in children aged <6 years)
Candidiasis of the bronchi, trachea or lungs

Candidiasis of the oesophagus

Cervical cancer, invasive

Coccidioidomycosis, disseminated or extrapulmonary

Cryptococcosis, extrapulmonary

Cryptosporidiosis, chronic intestinal (>1 month’s duration)
Cytomegalovirus disease (other than the liver, spleen or nodes), onset at
age >1 month

Cytomegalovirus retinitis (with loss of vision)

Encephalopathy attributed to HIV

Herpes simplex: chronic ulcers (>1 month’s duration) or bronchitis, pneu-
monitis or oesophagitis (onset at age >1 month)

Histoplasmosis, disseminated or extrapulmonary

Isosporiasis, chronic intestinal (>1 month’s duration)

Kaposi sarcoma

Lymphoma, Burkitt (or equivalent term)

Lymphoma, immunoblastic (or equivalent term)

Lymphoma, primary, of the brain

Mycobacterium avium complex or Mycobacterium kansasii, disseminated
or extrapulmonary

Mycobacterium tuberculosis of any site, pulmonary, disseminated or
extrapulmonary

Mycobacterium, other species or unidentified species, disseminated or
extrapulmonary

Pneumocystis jirovecii pneumonia

Pneumonia, recurrent

Progressive multifocal leukoencephalopathy

Salmonella septicaemia, recurrent

Toxoplasmosis of the brain, onset at age >1 month

Wasting syndrome attributed to HIV

HAART consists of a combination of medications which target different aspects
of the viral lifecycle. The four major classes of drugs, their mechanisms of action,
and some examples are listed in Table 7.1. HAART typically comprises at least two
different reverse transcriptase inhibitors and at least one drug from another class.
Combination therapy is required in order to avoid the generation of resistant strains
of the HIV. HIV lacks error-correcting mechanisms for the process of reverse
transcription, and this as well as its rapid replication rate leads to a high rate of
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Table 7.1 Antiretroviral drugs [100]

Drug class Mechanism of action Examples
Entry inhibitors Inhibit the entry of HIV to CD4 T-cell by Enfuvirtide
preventing fusion and blocking chemokines Maraviroc
involved in binding
Nucleoside/nucleotide Inhibit transcription of viral RNA into DNA Zidovudine
reverse transcriptase Lamivudine
inhibitors Abacavir
Tenofovir
Emtricitabine
Non-nucleoside reverse Inhibit transcription of viral RNA into DNA Efavirenz
transcriptase inhibitors Etravirine
Integrase inhibitors Inhibit integration of viral DNA into host cell Raltegravir
genome
Protease inhibitors Inhibit virion assembly prior to release from the | Atazanavir
host cell Darunavir
Ritonavir

mutation. This can lead to the generation of resistance very quickly. As such, com-
pliance with HAART is particularly important, and resistance patterns are carefully
monitored by HIV specialists.

Oral Cancer Risk

Data regarding the risk of head and neck squamous cell carcinoma in HIV-positive
individuals has come mainly from small case series and analysis of registry data in
epidemiological studies.

Epidemiological studies based on analysis of registry data have suggested a 2—4x
increased risk of oropharyngeal cancer in HIV-positive individuals. These studies
have also been unable to demonstrate a significant change in the incidence of
oropharyngeal cancer in this patient population following the introduction of
HAART [102-105].

Case series have reported that HNSCC tends to occur at a younger age (median
45 years in one study) and at a more advanced stage in HIV-positive individuals
[94-96, 106, 107].

The contribution of known HNSCC risk factors such as smoking and alcohol to
the development of cancer in HIV-positive individuals has been debated in the lit-
erature. Historically, studies have shown an increased rate of tobacco smoking in the
HIV-positive cohort; however a meta-analysis failed to demonstrate a difference in
the risk of smoking-related cancers between an HIV-positive population and an
immunosuppressed population with a lower exposure to tobacco smoking [93].
Studies investigating the increased incidence of lung cancer in the HIV-positive
population have established that the excess risk is not entirely attributable to smok-
ing exposure [108].
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The introduction of HAART has significantly changed the outlook following HIV
diagnosis. HIV-positive individuals on HAART have an increased life expectancy
and a lower rate of development of AIDS. This has led to a change in the range of
clinical presentations, particularly related to cancer, in people living with HIV [109].

Theories regarding the aetiopathogenesis of HNSCC in HIV-positive individuals
have focused on the roles played by immunosuppression, infection and exposure to
risk factors.

A large study comparing rates of cancer in an HIV-positive population and an
immunosuppressed population (transplant recipients) found a consistent pattern of
increased risk of cancer of a variety of sites in both populations [93]. There were very
few differences between the two groups in the prevalence of cancer types, apart from
Kaposi sarcoma, liver and anal cancers, which were more prevalent in the HIV group.
The authors comment that there was a clear increase in the risk of cancers which are
definitely or theoretically linked to infection, such as Kaposi sarcoma (human herpes
virus 8), lymphoma (Epstein-Barr virus) and cancer of the cervix and anus (human
papilloma virus). This increase occurred to a similar extent in both the HIV-positive
and post-transplant groups. However there were also increased incidences of cancers
not linked to a known infective agent. The authors note that the exposure to risk factors
for HNSCC such as smoking was very different in the two study groups, with trans-
plant recipients having a smoking rate similar to the general population but the HIV-
positive group having doubled the population smoking rate. Despite this, there was not
a significant difference in rates of smoking-related cancers in between the groups. This
study concluded that immunosuppression and its effects on immunity to oncogenic
viruses play a very significant role in the risk of cancer in HIV-positive individuals.

Another study considering cancer incidence in HIV-positive individuals demon-
strated an increased risk of HNSCC associated with increasing severity of immuno-
suppression and progression to AIDS [103].

Many studies have commented on the possible role played by human papilloma
virus in the aetiology of HNSCC in HIV-positive individuals. Given the increased
prevalence of other HPV-related carcinomas in this patient population, particularly
cervical and anal carcinomas, it has been suggested that the increased risk of
HNSCC may also be due to this infection [110]. Studies have shown that HPV
infection prevalence is significantly higher in HIV-positive individuals, including
high-risk strains such as HPV16 [111].

In the general population, an increasing prevalence of HPV-positive HNSCC has
been observed, particularly oropharyngeal squamous cell carcinomas. High-risk
viral strains such as HPV16 have been detected in these carcinomas. However the
same trend has not been observed in oral cavity carcinomas, which have a lower
prevalence of HPV positivity [112].

Despite a higher prevalence of HPV positivity and a modestly increased rate of
HNSCC in the HIV-positive population, studies have not been able to demonstrate
a definite relationship between HPV positivity and the increased risk of HNSCC in
this cohort [110, 113].

A small case series in Japan reported that HIV-positive individuals had an
increased risk of developing oral mucosal changes which were considered prema-
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lignant and that this risk was the same as that conferred by smoking in their control
population [114].

Overall, there is a paucity of information regarding the aetiopathogenesis of
HNSCC in HIV-positive individuals. This malignancy is still relatively rare in this
patient population, and very large prospective studies are required in order to estab-
lish clearer information regarding the condition. In addition, the majority of pub-
lished data to date is from HIV registries in the developed world. It is not clear
whether similar rates of HNSCC occur in the countries with the highest HIV
prevalence.

Syphilis
Introduction

Syphilis is a sexually transmitted infection caused by the spirochaetal bacterium
Treponema pallidum. Acquired infection is transmitted through direct person-to-
person sexual contact. Vertical transmission from the mother to the baby causes a
congenital infection. Most sexual transmission of syphilis occurs from the genital
and mucous membrane lesions of primary and secondary syphilis. Syphilis has
often been described as the great imitator because many of the symptoms and signs
are difficult to distinguish from other diseases [115].

Epidemiology

Syphilis is a common, worldwide sexually transmitted disease, with approximately
10.6 million new cases reported in 2005 and 2008, according to the World Health
Organization. Rates of syphilis infection have been rising over recent years, com-
monly as a co-infection with other sexually transmitted infections. In the United
Kingdom over the period 2003-2012, the number of new diagnoses of syphilis in
men rose by 61% and decreased in women by 16%. A recent report regarding the
rate of syphilis infections in London in 2015 stated that from 2010 to 2015, the rate
of syphilis infection in the city has risen by 163%. The majority of these cases are
in men who have sex with men [116].

Pathophysiology and Clinical Features

The first stage of infection with T. pallidum is known as primary syphilis and repre-
sents local infection at the site of inoculation of the organism. The average incuba-
tion time is 2—3 weeks after which a painless papule appears at the site of inoculation.
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The primary chancre will heal within 3—6 weeks. Systemic dissemination of 7. pal-
lidum occurs during the primary stage of infection.

Secondary syphilis develops within 4-6 weeks after the primary infection. This
features a variety of systemic signs and symptoms and general malaise.

The third stage of untreated syphilis is termed latent syphilis. This is the period
during which patients are asymptomatic but serologically positive.

The fourth stage is referred to as tertiary syphilis. Tertiary syphilis can arise as
early as 1 year after initial infection or up to 30 years later. It may involve the central
nervous system, cardiovascular system, skin or mucous membranes.

Syphilis is accompanied by additional sexually transmitted diseases in approxi-
mately 10% of cases, and syphilis-associated genital ulceration increases the risk of
HIV transmission [117].

Clinical Features

Oral syphilitic chancres and mucous patches are usually painless unless they become
secondarily infected. The chancre begins as a papule that erodes into a painless
ulcer with a smooth, grey surface. A key feature is unilateral lymphadenopathy.
Intraoral lesions may present as slightly raised asymptomatic papules with an ulcer-
ated surface and may occur on the lips, tongue and buccal or labial mucosa. Both the
chancre and mucous patches resolve spontaneously without treatment; however
antibiotic therapy is required to eradicate the systemic infection.

Symptoms of secondary syphilis include generalised rash, fever, lymphadenopa-
thy, malaise, alopecia, aseptic meningitis and uveitis. Maculopapular lesions on the
palms and soles occur in 60-80% of patients with secondary syphilis. Up to 58% of
patients will have mucocutaneous or mucosal lesions, mucous patches or condylo-
mata lata (broad-based verrucal plaques) in the oral or genital regions [117]. Many
other types of oral lesions associated with secondary syphilis have been reported,
and they can resemble hairy leukoplakia, erythema multiforme, lichen planus and
pemphigus vulgaris (Mignogna et al. 2009).

The classical lesion of tertiary syphilis is the gumma, a rubbery, ulcerated nod-
ule. It is non-infectious and may involve the skin, mucous membranes, skeletal
system and viscera. The gumma is a painless lesion that may become secondarily
infected. These lesions may occur on the hard palate and can destroy this structure.
Atrophic glossitis, the result of contracture of the tongue musculature after healing
of a gumma, is viewed as a premalignant lesion [117].

The diagnosis of syphilis is made based on clinical presentation, examination of
biopsy tissue using dark-field microscopy or polymerase chain reaction (PCR) and
serological tests. Serological testing for syphilis is complex, and the reader is
directed to recent guidance documents regarding the most appropriate mode of test-
ing in particular patient groups [118].
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Syphilis may be cured with appropriate antibiotic therapy, and these patients
should be managed in specialist infectious disease clinics. Prompt diagnosis and
antibiotic therapy are important due to the risk of further transmission of the dis-
ease and also to prevent long-term complications such as neurosyphilis and
involvement of the cardiovascular system [118]. Intramuscular benzathine penicil-
lin G is the first-line drug treatment for all stages of syphilis. The form of penicil-
lin, dose and duration of treatment are determined by the stage and clinical
manifestations of the disease. Oral doxycycline may be used in patients with a
penicillin allergy.

Treatment may follow positive diagnostic test results or may be empirical.
Empirical therapy should be considered in those with suspected early infection (a
rash or ulceration) before serology results are available. Sexual contacts of patients
with confirmed syphilis should be screened and offered presumptive treatment if
follow-up may be problematic. The benefits of empirical therapy (prompt therapy)
and risks (potentially unnecessary treatment) should be discussed with the patient.

Oral Cancer Risk

Tertiary syphilis may cause leukoplakic lesions, particularly of the tongue, and this
lesion may undergo malignant transformation. This risk appears to persist even
when adjusted for alcohol and tobacco exposure [119, 120]. Case series have
reported a fourfold increase in SCC related to these lesions. However, these case
reports are relatively old, and the risk may be attributable to the agents formerly
used to treat the disorder, such as arsenic and heavy metals [117].

In one study of 63 patients with tongue neoplasia, 8% displayed serological posi-
tivity, leading the authors to suggest that syphilis serology screening should be rou-
tinely performed in patients diagnosed with oral cancer [121]. However it should be
noted that in current practice, seropositivity for syphilis is uncommon amongst
patients with oral malignancy [122].

Sideropenic Dysphagia (Plummer-Vinson or Patterson-Kelly
Syndrome)

Introduction

Sideropenic dysphagia, also known as Plummer-Vinson or Patterson-Brown-Kelly
syndrome is characterised by a triad of dysphagia, upper oesophageal web forma-
tion and iron deficiency anaemia. It is considered to be a premalignant condition and
is associated with cancers of the upper digestive tract.
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Epidemiology

This condition most commonly affects females in the fourth to sixth decade of life,
although the syndrome has also been described in adolescents and children. Exact
epidemiological data is not available; however the syndrome appears to be extremely
rare [123].

Pathophysiology

The aetiopathogenesis of Plummer-Vinson syndrome is unknown, but it appears
that the most important aetiological factor is iron deficiency. Other possible factors
include malnutrition, genetic predisposition or autoimmune processes. Myasthenic
changes occur in the muscles involved in swallowing due to the depletion of iron-
dependent oxidative enzymes [123]. Atrophy of the oesophageal mucosa and for-
mation of oesophageal webs are common mucosal manifestations.

An autoimmune mechanism has also been proposed, as the syndrome is fre-
quently observed in association with rheumatoid arthritis, thyroiditis, coeliac dis-
ease and pernicious anaemia. Other factors such as nutritional deficiency and
genetic predisposition are thought to play roles in the causation of the disorder
[123].

Clinical Presentation

The dysphagia usually presents intermittently or progressively over years and is
painless. Epithelial changes include koilonychia, atrophic glossitis, xerostomia
and atrophic changes in the conjunctiva as well as the formation of post-cricoid
oesophageal webs. Oral manifestations include stomatitis, angular cheilitis,
glossitis and differential atrophy of the fungiform and filiform papilla, recurrent
aphthous stomatitis, oral candidosis, erythematous mucositis and a burning
mouth. Filiform papillae are the most susceptible to nutritional deficiency and
disappear first, followed by the fungiform papillae. Regeneration of the papillae
occurs in reverse order, but the vallate and foliate papillae on the posterior third
are spared [123].

Diagnosis of iron deficiency anaemia relies on history, clinical examination and
appropriate investigations. Radiographic and endoscopic examination of the phar-
ynx may reveal the presence of oesophageal webs.

Iron deficiency anaemia causes epithelial atrophy, changes in epithelial cell
kinetics and decreases the repair capacity of the mucosa. This allows carcinogenic
and cocarcinogenic agents to act aggressively, predisposing the entire oral mucosa
and oesophageal region to malignancy [124].
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Management

Correction of the iron deficiency anaemia is the mainstay of treatment. Iron supple-
mentation may be given orally or parenterally if required. Iron supplementation
alone can resolve the dysphagia in many patients. Mechanical dilation of webs or
strictures by endoscopy may be required. Regular clinical monitoring of the oral
mucosa and endoscopic monitoring of the pharyngeal and oesophageal mucosa are
necessary in order to identify potentially malignant lesions [123].

Oral Cancer Risk

Sideropenic dysphagia is a major risk factor for the development of squamous cell
carcinoma of the upper gastrointestinal tract, with 3—15% of patients with siderope-
nic dysphagia developing oesophageal or pharyngeal cancer [125].

There are a few case reports of oral cancers in patients with sideropenic dyspha-
gia; however the aetiopathogenesis of this is likely to be multifactorial [123, 126].

New Medications

Emerging risk factors for the development of HNSCC are drugs developed for treat-
ment of advanced melanoma. The BRAF inhibitors vemurafenib and dabrafenib
target mutated BRAF protein in melanoma cells and slow the growth of these
tumours. They are licenced for the management of advanced or metastatic
melanoma.

Immune checkpoint inhibitors such as PD-1 inhibitors pembrolizumab and
nivolumab are monoclonal antibodies against cell-surface proteins involved in can-
cer cell evasion of antitumour T-cell activity. These drugs are used in the manage-
ment of advanced or metastatic melanoma and metastatic non-small cell lung
carcinoma.

Early studies of the BRAF inhibitors demonstrated an increased risk of cutane-
ous squamous cell carcinoma [127, 128]. However, since the drugs have been more
widely used, a number of case reports of oral mucosal changes which have been
linked to these drugs, including hyperkeratotic lesions, extensive inflammatory gin-
gival changes and oral squamous cell carcinoma, have emerged [128-131].

Initially it was thought that these drugs would prolong life expectancy by a rela-
tively short period; however a cohort of patients has emerged in whom the drugs
have been successful in suppressing tumour activity, and they have survived for
several years on therapy [127]. It is likely that more drug-related epithelial effects
may become apparent as this cohort of patients grows, and it is important that a
comprehensive oral mucosal screening examination forms part of ongoing thera-
peutic monitoring for these patients.
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Rare Associations

A number of rare genetic disorders have been associated with a possibly increased
risk of HNSCC. In many of these, the putative link is based on a small number of
case reports. It is difficult to comment definitively on the risk of HNSCC in these
situations given the rareness of the genetic disorders and the infrequency of report-
ing of head and neck malignancies.

HNSCC has been reported in association with Bloom syndrome; keratitis-
ichthyosis-deafness syndrome; warts, hypogammaglobulinemia, infections and
myelokathexis (WHIM) syndrome [132]; familial atypical multiple mole melanoma
(FAMMM) syndrome/FAMMM-pancreatic cancer (FAMMM-PC) syndrome [133]
and Gorlin-Goltz syndrome. Some authors suggest an increased frequency of
HNSCC in ataxia telangiectasia and Li-Fraumeni syndromes; however there is little
evidence in the literature to support this.

Basal cell naevus syndrome (OMIM 109400), also known as Gorlin-Goltz syn-
drome, is an autosomal dominant disorder caused by mutations in the PTCHI,
PTCH?2 and SUFU genes, which encode proteins involved in tumour suppression.
The syndrome is characterised by multiple basal cell carcinomas, odontogenic kera-
tocysts of the jaws, palmoplantar hyperkeratosis, skeletal and facial abnormalities
and ectopic intracerebral calcification [134]. Three case reports of squamous cell
carcinoma in patients with this disorder exist in the literature [135-137]. Some
debate exists as to whether these lesions arise within odontogenic keratocysts, one
of the primary manifestations of this syndrome, or form a separate part of the
disorder.

Keratitis-ichthyosis-deafness syndrome (OMIM 148210) is due to sporadic or
autosomal dominant or recessive inheritance of a mutation in the GJB2 gene, which
encodes for a gap junction protein known as connexin 26. Clinically it is character-
ised by a variety of cutaneous abnormalities, sensorineural deafness, ocular abnor-
malities, immunodeficiency and mucocutaneous candidiasis and malignancy
(squamous cell carcinoma and trichilemmal tumours) [138]. The literature contains
four case reports of oral squamous cell carcinoma in patients with this syndrome
[139-142]. Cutaneous squamous cell carcinoma is significantly more common
[138].

Bloom syndrome (OMIM 210900) is an autosomal recessive inherited disorder
with clinical features of short stature, cutaneous abnormalities including photosen-
sitivity and telangiectasia, chromosomal instability, immunodeficiency and cancer
predisposition. Due to the chromosomal instability, patients are at risk of accumu-
lating somatic mutations which leads to the increased cancer risk [143]. A number
of case reports of HNSCC in this cohort exist [144—146].

Epidermolysis bullosa (EB) is the title given to a heterogeneous group of inher-
ited disorders, generally characterised by skin blistering and erosion. Simplex, junc-
tional and dystrophic forms are recognised, with the dystrophic forms tending
towards a more severe phenotype. Dystrophic EB is characterised by severe, wide-
spread blistering of the skin, oesophagus, oral mucosa and conjunctiva, with associ-
ated scarring and loss of function. A significant clinical manifestation of EB is the
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high rate of cutaneous squamous cell carcinoma, and the prevalence is up to 90% in
the severe forms of dystrophic EB [128, 147, 148].

EB is widely reported as being a condition which predisposes to oral squamous
cell carcinoma; however it is difficult to support this from the literature, with only a
small number of cases reported [128—-131, 147, 149, 150].
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Chapter 8
Oral Submucous Fibrosis

Divya Mehrotra

Introduction

Oral submucous fibrosis (OSMF) is a chronic, insidious, progressive oral mucosal
disease affecting the oral cavity, pharynx, and upper digestive tract, causing stiff-
ness of the oral mucosa, restricted mouth opening, and impaired ability to eat,
speak, or care for oral hygiene [1].

The WHO initially defined OSMF as an oral precancerous condition associated
with a significantly increased risk of cancer [2]. Later at an Oral Cancer and Pre-
cancer Workshop by the WHO in the UK, precancer was referred to as “potentially
malignant disorders” as it was noted that all disorders described as precancer even-
tually do not transform into cancer [3].

Terminology

In Sushruta Samhita, OSMF was described as vidari, a swelling within the throat. It
presented as burning, prickling pain, haemorrhage, putrid, and necrosed muscle.
Schwartz [4] described it in five Indian women in Kenya and termed it “atrophia
idiopathies (tropica) mucosae oris”. Joshi in 1953 termed it oral submucous fibrosis
(OSMF) [2]. Other names suggested for this condition include “diffuse oral submu-
cous fibrosis”, “idiopathic scleroderma of the mouth”, “idiopathic palatal fibrosis”,
and “sclerosing stomatitis”. Although Pindborg and Sirsat [5] suggested it to be
known as “juxta-epithelial fibrosis”, oral submucous fibrosis was the most popular
term designated to this disease.
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Historical prevalence: Pindborg, a Danish pathologist and WHO consultant,
travelled to Southeast Asia to study tropical diseases, wherein, with his Indian col-
leagues, he planned field studies and examined over 200,000 Indian villagers over
30 years. They together published the epidemiology and clinicopathological aspects
of OSMF in over 30 scientific papers [6].

Geographical Distribution and Prevalence

Studies have shown that the number of cases of OSMF has increased rapidly in
India, from an estimated 250,000 cases in 1980 to two million in 1993 and five mil-
lion in 2002. This happened with the vast usage of newly commercially available
areca nut preparation: the pan masala [7]. It was extensively used by the younger
generation because of its easy access, low price, and marketing strategies [8]. The
increasing use of pan masala, with or without tobacco, seems associated with an
earlier age of onset of OSMF.

It has been estimated that up to 20% of the world’s population consumes betel
nut, so probably the incidence of OSMF is higher than what has been reported [7].
Currently, OSMF is considered a public health issue in India, the UK, and South
Africa. With an ever-increasing Indian immigrants to the USA, OSMF would soon
be seen in the USA too in the near future [9].

OSMF is predominantly encountered among the populations of Southeast Asia or
among people migrating from these countries. The prevalence rates of oral submucous
fibrosis in Southeast Asia range from 0.04% to 24.4%, 1.0-3.03% in China [10], 0.15—
14.4% in Vietnam [11], 0.086—17.6% in Taiwan [12], and 0.2—-1.3% in India [13].

Within India also, the prevalence of OSMF varies and has been reported as 1.3%
in North India and 0.55% in South India (12). Studies have reported its prevalence
in different cities of India: 0.36% in Ernakulam, Kerala, 0.31% in Trivandrum,
0.04% in Andhra Pradesh, and 0.16% in Gujarat. In cities including Lucknow,
Bombay, Bangalore, and Trivandrum, a hospital-based survey recorded prevalence
of OSMF as 0.51%, 0.50%, 0.18%, and 1.22%, respectively. The prevalence of
OSMF has increased not only in India but also in countries like Taiwan, from 8.3
(per 100,000) in 1996 to 16.2 (per 100,000) in 2013, with men having a significantly
higher prevalence than women [14].

Premalignant Potential

Paymaster [15] first described its premalignant potential [2] which has now been
observed as 7-30% [16]. The 10-year oral cancer transformation rate for OSMF is
much higher than that of leukoplakia, 0%, and OSMF, 11%, and when both are seen
together, it is greater than 15%. Combination of leukoplakia and OSMF has a much
higher malignant transformation rate [17].
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Aetiology

The aetiology of OSMF is thought to be multifactorial, although areca nut is the
major risk factor. Areca nut chewing, local irritants (chillies), nutritional deficiency,
and autoimmune disease are all held responsible for OSMF. Areca nut is consumed
alone or as an ingredient of betel quid. The other ingredients of quid like betel leaf,
slaked lime, or tobacco have not been established as causative factor for OSMF.

Association with Areca Nut

The association of areca nut consumption with OSMF is based on studies under-
taken in India, Pakistan, Sri Lanka, and Taiwan, which estimate a relative risk (RR)
of 1.8-172.

Pakistan

RR was estimated by comparing 157 OSMF patients and 157 controls in Karachi,
Pakistan, and was observed as 154 (95% CI 34-693) in areca nut users.

Sri Lanka

A study of 74 OSMF and 74 controls in a hospital-based study confirmed a strong
association of OSMF with areca nut used in betel quid (odds ratio: 171.83; 95%
confidence interval (CI): 36.35-812.25).

Taiwan

Three forms of betel quid with areca nut were used in Taiwan: betel quid, lao-hwa
quid, and stem quid. All reported studies have indicated a significant association
between OSMF and areca nut.

China

In a study in China [18], 43% of OSMF patients chewed areca nut alone.
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India

Areca nut chewing habit in OSMF patients in India ranges from 34% to 100%; but
these habits differ in men and women (men prefer to chew gutkha, mawa, and
kharra, while women chew solely areca nut). In Maharashtra, 4.2% of females who
chewed areca nut only suffered from OSMF. Men are seen to develop OSMF com-
paratively at a younger age.

The odds ratio of OSMF at 95% confidence interval ranges from 4.77 to 6.88
with usage of tobacco-less pan masala and 4.55-9.71 with tobacco pan masala.
When areca nut was used as mawa (tobacco and lime added), RR was observed as
29.9 [19]. In a study conducted in Lucknow, the OR assessed using multivariate
analysis was 14.09 for tobacco-less pan masala and 5.39 for tobacco pan masala
[20].

Areca Nut

Arecoline, an areca nut alkaloid, is the main culprit that decreases collagen break-
down and subsequently leads to increased fibrosis causing OSMFE. Other active
components of areca nut include alkaloids, polyphenols, and trace elements (sodium,
magnesium, chlorine calcium, vanadium, manganese, copper, and bromine).
Polyphenols of areca nut cause collagen fibres to cross-link, making them less sus-
ceptible to collagenase degradation.

Aetiopathogenesis

The pathogenesis of OSMF is believed to be multifactorial: (1) Long-term exposure
of areca nut causes fibroblasts to produce a high amount of collagen; (2) decreased
secretion of collagenase, due to stabilization of collagen by catechin and tannins;
(3) production of stable collagen by fibroblasts; (4) increased collagen cross-linking
by upregulation of lysyl oxidase; (5) deficiency in collagen phagocytosis, and (6)
deficiencies in micronutrients and vitamins.

¢ Changes in extracellular matrix (ECM): Areca alkaloids induce contraction of
the buccal mucosal fibroblast. Arecoline stimulates connective tissue growth fac-
tor production through reactive oxygen species (ROS). It increases the production
of tissue inhibitor of metalloproteinase-1 (TIMP). At concentrations of 0.4—
0.8 mM, arecoline induces cytotoxicity and apoptosis. Prolonged exposure to
arecoline suppresses endothelial cell proliferation, leading to impairment of vas-
cular function, decreased vascularity, and eventually atrophy of the epithelium.
Hypoxic environment predisposes the tissue to carcinogenesis.
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» Stage-specific alterations in ECM: Overexpression of collagen type III in the
lamina propria and submucosa is seen in the early-stage OSMF. In the intermedi-
ate stage, extensive and irregular deposits of elastin are found around muscle
fibres. In the advanced stage, collagen type I dominates the ECM.

* Matrix metalloproteinases (MMPs) and TIMPs: A balance between MMPs
and TIMPs is mandatory to maintain the normal integrity of connective tissue. In
OSMF this equilibrium is disturbed, causing increased deposition of ECM.

e Inflammatory cytokines and growth factors: Upregulation of cytokines (trans-
forming growth factor, TGF) triggers increased collagen production and
decreased matrix degradation. Downregulation of bone morphogenetic protein 7,
a known negative modulator of fibrosis, allows more fibrosis.

e Epithelial mesenchymal transition (EMT): Chemical cell injury produces
ROS that triggers both MAPK and NF-kB pathways involved in the EMT, lead-
ing to secretion of a variety of inflammatory mediators, such as prostaglandin
E2, interleukin-6, TNF-a, and TGF-b. HIF-1a enhances EMT and promotes
fibrinogenesis by increasing the expression of lysyl oxidase genes.

* ROS and apoptosis: At higher arecoline concentrations, oxidative stress may
induce epithelial cell death and apoptosis, while sublethal concentrations upreg-
ulate the stress responsive genes.

* Genetic polymorphisms: Various chromosomal, genetic, and molecular altera-
tions are associated with the pathogenesis of OSMF. A microarray study in
OSMF has shown upregulated 716 genes and downregulated 149 genes.
Polymorphisms of various genes like cytochrome P450 and genetic polymor-
phism of lysyl oxidase may also contribute to an increased susceptibility to
OSMFE.

Other Factors

Indian habit of chewing “pan” has led to the assumption that it causes OSMF, but it
has been seen that many afflicted with OSMF have never even used “pan”.

Although the data emerged over the past 15 years has expanded our understating
of the aetiological role of areca nut, only 1-2% of the population chewing areca nut
develop OSMEF. This suggests either a genetic predisposition [17] or sensitization of
the oral mucosa by iron and/or vitamin B complex deficiencies. Such conditions are
much more commonly seen among Indian females, which explains the higher inci-
dence among females. It is for this reason vitamin and iron deficiencies have been
given aetiologic importance in OSMFE.

It is suspected that continuous prolonged action of mild irritants, such as capsa-
icin found in green chillies, is also responsible for OSMF. Alcohol consumption and
trauma by sharp teeth may enhance the possibility of OSMF. However, it must be
remembered that OSMF has also been reported in patients with no habit of tobacco
chewing or smoking.
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Autoimmunity

Evidence on OSMF supports an autoimmune aetiology. The high frequency of HLA
haplotypic pairs in OSMF and scleroderma suggests its immunological derange-
ment. There is increasing evidence that immune response genes are related to HLA
complex.

Role of Copper in Pathogenesis of OSMF

e There is a high copper content in areca nut as well as in saliva and serum of areca
nut chewers, which suggests its role in OSMF. These copper levels vary in mild
OSMEF to severe. The enzyme lysyl oxidase, copper-dependent and critical for
collagen cross-linking and organization of ECM, appears to be responsible for
causing OSMF in areca nut chewers.

e Araised concentration of copper in drinking water stimulates the activity of lysyl
oxidase leading to fibrinogenesis [21]. Although copper is rarely found in drink-
ing water, home corrosion of copper piping can contaminate drinking water. This
suggests development of OSMF in low socioeconomic strata in the developing
countries.

Salivary Pooling

Sites of areca nut chewing and saliva collecting play an important role in the occur-
rence of OSMF. As the lower lip is a favourable site to place pan masala, and also
saliva pools here due to gravity, fibrosis occurs in the lower lip [22].

Symptoms
Prodromal Symptoms

The onset of the condition is insidious and presents as a burning sensation in the
mouth on consumption of spicy food. Other early symptoms are blisters, ulcer-
ations, or recurrent stomatitis. Vesicles may be found in the soft palate, anterior
faucial pillars, buccal mucosa, or lower lip. Increased salivation, abnormal gusta-
tory sensation, and sometimes even dry mouth can present clinically in the early
stages of OSMF.
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Later Symptoms

Few years later, there is stiffening of the buccal mucosa, leading to restricted mouth
opening, difficulty in swallowing, and inability to whistle or to blow candle.
Extension of fibrosis into the oropharynx may cause referred pain in ears or deaf-
ness due to occlusion of the Eustachian tubes. Vesicles may sometimes appear even
in the later phase. Sometimes a nasal voice may also be observed due to involve-
ment of the nasopharynx.

Clinical Features

e Males are affected more common than females, though both sexes are at risk
equally.

e Second or third decade usually but even reported in as early as 8-year-old boy.

e Facial appearance shows sunken cheeks (Fig. 8.1).

e Vesicles develop in the soft palate, anterior faucial pillars, buccal mucosa, or
lower lip, with ulcers on rupture. Culture of the vesicular fluid does not reveal
any specific organism.

e Oral pain and burning sensation on eating spicy foodstuff.

e Subsequently oral mucosa becomes blanched, opaque, and white, with develop-
ment of fibrous bands.

e The fibrous bands in buccal mucosa run vertically, while they are circular in the
lip, running parallel with the fibres of the orbicularis oris muscle, causing thin-
ning and stiffening of lips. Intense fibres present in the soft palate radiate in an
arched manner, from pterygomandibular raphe or anterior faucial pillar across
the soft palate to the retromolar area and the base of the tongue.

» Palate and faucial pillars were believed to be the areas initially affected, but it has
been observed that the buccal mucosa and lower lip are affected earlier, may be
due to the shift of habit from smoking to smokeless tobacco.

e The palate and/or buccal mucosa are the sites with maximum involvement and
gingivae and upper lip the least.

e Cheeks may present mottled appearance due to alternating areas of fibrosis and
pigmented mucous membrane.

e Vertical fibrous bands may be felt in both cheeks under the mucous membrane,
and these can become quite tense when the patient attempts to open mouth.

¢ Gradual inability to open mouth restricted mouth movements (e.g., eating, whis-
tling, blowing, sucking).

* The soft palate sometimes becomes inelastic and pearly white, with restriction of
movements.

e The faucial pillars appear thick, short, and firm, and the palatine tonsils appear
pressed between them.
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Fig 8.1 Clinical presentation. (a) Inability to open mouth. (b) Inability to puff cheeks. (¢) Inability
to protrude the tongue. (d) Blanched palate. (e) Mottled buccal mucosa. (f) Blanched soft palate
with ulceration. (g) Shrunken uvula

e Uvula may be hooked up like a hockey stick, due to fibrosis, appearing budlike
and shrunken.

e Impaired tongue movement and sometimes atrophy of the tongue papillae.

* Gingivae and the floor of the mouth may be affected too.

e Oropharynx may appear blanched and indurated.

* Dysphagia to solids (if oesophagus is also involved).

e Xerostomia.

e Altered gustatory sensation.

e Deafness or impaired hearing due to stenosis of the Eustachian tubes.
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e Nasal tone.
* Higher incidence of caries and periodontitis due to restriction of access for oral
hygiene and dental care.

Laboratory Findings

e ESR raised.

* Anaemia is often present.

* Eosinophilia.

* Anincreased gamma globulin may be present.

Histological Features [23]

There is epithelial atrophy with juxta-epithelial inflammation. Excessive collagen
fibres are seen in lamina propria, submucosa, muscle fibres, and salivary glands.

These histopathologic findings are explained as mucosal changes and submuco-
sal changes:

Mucosal Changes

» Epithelial atrophy with epithelial atypia.

* Loss or sawtoothing of rete ridges and liquefaction degeneration of the basal
layer.

* Pigment-containing cells increase in epithelium, and golden-brown pigment
granules get scattered in the basal cells and lamina propria.

» Superficial ulceration: The ulceration is replaced by granulation tissue. Signs of
secondary infection like necrosis and suppuration can be noted.

* Hyperplastic changes include hyperkeratosis, acanthosis, parakeratosis, basal
cell hyperplasia, papillomatosis, and pseudo-epitheliomatous hyperplasia.

* Dysplastic changes include slight variation in size and shape, enlargement of
nuclei, prominent nucleoli, and mitotic activity.

* Lamina propria shows fibrosis and hyalinization with a chronic inflammatory
infiltrate.

Submucosal Changes

— These are labelled as mild if there is early fibrosis, moderate if diffuse fibrosis,
and severe if diffuse fibrosis is with hyalinization and atrophic changes in minor
salivary glands and skeletal muscle.

— Increased dilated and congested capillaries.
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— Band-like chronic inflammatory infiltrate (Ilymphocytes, plasma cells, macro-

phages, neutrophils, and eosinophils) in the upper submucosa.

— Oedema and congestion.
— Subepithelial vesicle formation in some cases.

Radiographic Assessment

An OPG (orthopantomogram) is advised to check for mandibular coronoid process
enlargement, as prolonged trismus leads to elongation of the coronoid process.

Classifications

Pindborg [24] divided OSMF into three stages:

Stage 1: Stomatitis, erythematous mucosa, vesicles, mucosal ulcers, melanotic
mucosal pigmentation, and mucosal petechiae.

Stage 2: Fibrosis occurs in healing vesicles and ulcers.

Stage 3: Leukoplakia in more than 25% of OSMF cases. Speech and hearing
deficit due to involvement of the tongue and Eustachian tube.

Mehrotra [25], clinical grading:

Grade 1: Stomatitis, burning sensation in buccal mucosa but no detection of
fibres

Grade 2: Palpable fibrous bands, involvement of the soft palate, maximum
mouth opening 26-35 mm.

Grade 3: Blanched oral mucosa, involvement of the tongue, maximal mouth
opening 625 mm.

Grade 4: Fibrosis of lips, maximal mouth opening 0-5 mm

Khanna and Andrade [26]: Classification based on clinical and histopathologi-

cal features:

Group I: Very early cases—burning sensation in the mouth, acute ulceration and
recurrent stomatitis, and no restriction in mouth opening.

Histology: Fine fibrillar collagen network interspersed with marked oedema,
blood vessels dilated and congested, plump young fibroblasts with abundant
cytoplasm, and inflammatory cells (polymorphonuclear leukocytes with few
eosinophils) aggregated. The epithelium is normal.

Group II: Early cases—buccal mucosa is mottled and marble like, with wide-
spread sheets of palpable fibrous bands, mouth opening of 26-35 mm.
Histology: Juxta-epithelial hyalinization, collagen as thick separate bundles,
blood vessels dilated and congested, moderate amount of young fibroblasts,
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inflammatory cells (polymorphonuclear leukocytes, few eosinophils, and occa-
sional plasma cells), and flat or short epithelial rete pegs with varied
keratinization.

Group III: Moderately advanced cases—trismus, mouth opening 15-25 mm,
buccal mucosa pale firm, atrophy of vermilion border, vertical fibrous bands pal-
pable at soft palate, pterygomandibular raphe, and anterior faucial pillars.
Histology: Juxta-epithelial hyalinization, thick collagen bundles, residual edema,
constricted blood vessels, mature fibroblasts with scanty cytoplasm and spindle-
shaped nuclei, inflammatory exudates (lymphocytes and plasma cells), atrophic
epithelium with loss of rete pegs, and muscle fibres with thick and dense colla-
gen fibres.

Group IVA: Advanced cases—severe trismus, mouth opening less than 15 mm,
thick faucial pillars, shrunken uvula, restricted tongue movement, and circular
band around lip and mouth.

Group I'VB: Advanced cases—hyperkeratotic leukoplakia and/or squamous cell
carcinoma.

Histology: Collagen hyalinized smooth sheet, extensive fibrosis, obliterated
mucosal blood vessels, eliminated melanocytes, absent fibroblasts within the
hyalinized zones, total loss of epithelial rete pegs, presence of mild-to-moderate
atypia, and extensive degeneration of muscle fibres.

Diagnosis: OSMF is diagnosed on the basis

Clinical features
Histological features
Radiographic features

Management

The management goal is to treat the signs and symptoms, inhibit progression, and
reduce risk of malignant transformation, although various treatment methods have
been proposed. The current protocol consists of:

Preventive: discontinuation of habit and counselling
Medical treatment

Nutritional supplementation

Surgical management

Physiotherapy

Abstinence from the habit of chewing areca nut is the first step towards treatment

of OSMEF. Instructions should be given to minimize consumption of spicy foods and
maintain proper oral hygiene. Explanation about the probable malignant potential
and counselling for de-addiction is important. Any sharp teeth or cusps are rounded
off to prevent trauma to the cheek. Extraction of all third molars is recommended to
avoid undue trauma on the inflamed and atrophied mucosa.
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Medical Management

Medical treatment is designed to increase maximal inter-incisal mouth opening and
alleviate burning sensation, vesiculation, and fibrosis. Based on the possible aetio-
pathogenesis, drugs, such as steroids, enzymes, antioxidants, vitamins, and micro-
elements have been advocated to treat OSMF [27].

Steroids

Steroids have been used extensively over the past decades in the treatment of OSMF
because of their anti-inflammatory properties. These include short-acting (hydro-
cortisone), intermediate-acting (triamcinolone), and long-acting (betamethasone
and dexamethasone).

Cytokines and growth factors produced by inflammatory cells induce prolifera-
tion of fibroblasts, upregulate collagen synthesis, and downregulate collagenase
production. Glucocorticoids inhibit the generation of these inflammatory factors
and also increase their apoptosis, thereby relieving the symptoms but fail to reverse
the abnormal deposition of fibrotic tissues or recover the suppleness of mucosa.
Hence, the use of steroids is associated with a high relapse rate and unwanted side
effects on prolonged use. Steroids are therefore used as an adjunct therapy [28].

Modalities of Corticosteroids Used in the Treatment [29]

Topical

Triamcinolone acetonide—0.1%
Betamethasone—0.5%

Systemic

Prednisolone—20 mg/day
Dexamethasone—4 mg/day
Triamcinolone—12 mg/day

Intra-lesional

Dexamethasone—4 mg/ml
Triamcinolone—40 mg/ml
Hydrocortisone—25 mg/ml

Short-acting drugs: Hydrocortisone intra-lesional injection 1.5 cm?® given once a
week for a duration of 12 weeks has proven to be beneficial. Systemic corticoste-
roids are useful in only early and mild cases.



8 Oral Submucous Fibrosis 171

Intermediate-acting drugs: Topical triamcinolone acetonide 0.1% and local
injection of triamcinolone acetonide can be used in the early stages of OSMF.

Long-acting drugs: Dexamethasone 4 mg intra-lesional injections are given
twice a month for 2-3 months and also if given in combination with hyaluronidase
give better long-term results. Betamethasone is given as 4 mg/ml intra-lesional
injections biweekly. It is more effective in combination with lycopene or hyaluroni-
dase and vitamin E.

Enzymes

Collagenase is a lysosomal enzyme that can degrade esters, proteins, polysaccha-
rides, and glycosides. Collagenase treatment has been reported to be approximately
fivefold more effective than triamcinolone [29]. A 2 mg of collagenase dissolved in
1 ml of distilled water is used for injection and has shown significant improvement
in mouth opening and hypersensitivity to spices, sour, cold, and heat. Adverse reac-
tions like pain swelling and trismus may be seen after injections of collagenase
which is considered to be an allergic reaction of this agent.

Hyaluronidase has shown a much faster but short-term response in improving the
burning sensation and ulceration than dexamethasone. It acts by depolymerizing
hyaluronic acid, the ground substance in connective tissue, lowering the viscosity of
the intercellular cement, and thus reducing collagen formation. Intra-lesional injec-
tions of 1500 IU of hyaluronidase mixed with 2% lignocaine twice daily for
10 weeks have been tried with satisfactory results in improving mouth opening.

Chymotrypsin, an endopeptidase that hydrolyzes ester and peptide bonds, has also
been used as a proteolytic and anti-inflammatory agent in the treatment of OSMF. Local
injection of chymotrypsin, such as Chymotrypsin (5000 IU), twice weekly as submu-
cosal injections for 10 weeks has proved to be successful in treating OSMF.

Peripheral Vasodilators

Pentoxifylline, a methylxanthine derivative with vasodilating properties and ability
to reduce blood viscosity, can suppress leukocyte function, alter fibroblast physiol-
ogy, and stimulate fibrinolysis. Pentoxifylline 400 mg three times daily, as coated,
sustained release tablets, has been used as an adjunct therapy for improvement in
mucosal suppleness.

Buflomedil, another vasoactive agent, has shown quicker symptomatic relief but
with little improvement in mouth opening.

Nylidrin hydrochloride, a peripheral vasodilator, diffuses fibrosis by relieving
the local ischemic effect and helping the nutritional substances to be transported to
the affected tissues.

Tea pigments, oxidized polyphenols derived from tea leaves, also decrease blood
viscosity and improve microcirculation. Tea-pigment tablets have shown an overall
success rate of 58.8% in the treatment of OSMF.
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Placental Extracts (Placentrex)

Placentrex, an aqueous extract of human placenta, can be subdivided into four
fractions such as aqueous, lipoidal, immune gamma globulins, and tissue coagu-
lants. The aqueous extract of placenta acts as a biogenic stimulator in the cellular
metabolism and anti-inflammatory and analgesic, increases blood circulation and
tissue vascularity, arrests growth stagnation, and lowers the immune response
factor.

Aqueous extract of fresh human placenta contains enzymes, nucleotides, vita-
mins, amino acids, steroids, fatty acids, and trace elements: cadmium, potassium,
calcium, magnesium, copper, iron, phosphorous, and silicone. A 2 cm? of placentrax
injection intra-lesional at weekly intervals for 10 weeks has been found to be supe-
rior to cortisone. A combination of dexamethasone, hyaluronidase, and placental
extract gives better results than a single drug.

Antioxidants

Antioxidants reduce the free radical reaction that can cause DNA mutations and
changes in lipid peroxidation of cellular membranes and changes in enzymatic
activities.

Lycopene, an unsaturated carotenoid that gives red colour to the tomatoes, is a
powerful antioxidant, with about twice the potency as of f-carotene, and has shown
anti-proliferative properties both in animals and in vitro studies. It has shown to
modulate dysplastic changes by inhibition of abnormal fibroblasts, upregulation of
lymphocyte resistance to stress, and suppression of inflammatory response. A 16 mg
of lycopene daily in 2 divided doses for 2 months or in combination with intra-
lesional injections of betamethasone has shown marked improvement in mouth
opening and associated symptoms.

Beta-carotene is the precursor of vitamin A and a powerful antioxidant. Topical
application improves the integrity of oral epithelium as well as induces reversal of
dysplastic epithelium. Regular intake of beta-carotene combined with routine mea-
sures considerably reduces the risk of malignant transformation. Six weeks of beta-
carotene and vitamin E tablets taken thrice daily have shown a marked increase in
mouth opening and tongue protrusion in OSMF.

Alpha-lipoic acid is a sulphur-containing substance, acts as a coenzyme in the
Kreb’s cycle, and is claimed to be the near-perfect antioxidant. It has a good poten-
tial action of scavenging free radicals and can dissolve in both water and fat. Alpha-
lipoic acid 100 mg, 1 capsule per day for 30 days, has shown reduction in burning
sensation and improved mouth opening.

Antoxid tablet (containing beta-carotene 50 mg, vitamin A 2500 IU, vitamin E
10 IU, vitamin C, zinc, manganese, and copper) given thrice daily for 6 weeks has
been a significant clinical improvement in patients with OSMF.
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Recombinant Human Interferon Gamma (y-IFN)

Interferon-y (IFN-y), an anti-fibrosis factor, causes downregulation of fibroblast pro-
liferation and collagen synthesis and upregulation of anti-fibrotic cytokine and colla-
gen synthesis in the basal layer of epithelium and lamina propria. Patients treated with
v-IFN showed improvements in mouth opening of 8 + 4 mm (42%) [30]. Injections of
IFN gamma produce headache, flu-like symptoms, and myalgia. Intra-lesional injec-
tion of y-IFN (0.01-10.0 U/ml) is advocated three times daily for 6 months.

Immunized Milk

Immunized milk is skimmed cow milk, immunized with multiple human intestinal
bacteria to gain good anti-inflammatory effect. It contains vitamins A, C, B1, B2,
B6, and B12, nicotinic acid, pantothenic acid, folic acid, micronutrients (iron, cop-
per, zinc), and 20-30% higher concentration of IgG type I antibody than in com-
mercial milk. Its anti-inflammatory properties suppress the inflammation and
modulate cytokine production. Tai et al. [31] advocated 45 g of immunized cow
milk twice daily, for 3 months, and reported 69.2% success by improving the maxi-
mum mouth opening by more than 3 mm.

Stem Cell Therapy

Intra-lesional injection of autologous bone marrow stem cells induces local angio-
genesis, decreases fibrosis, and improves mouth opening [32, 33].

Herbal Extracts
Turmeric

Turmeric (haldi), a thizome of Curcuma longa, is a yellow-orange spice full of fla-
vour. An orange pulp contained in the rhizome constitutes the source of turmeric
medicinal powder. Components of turmeric are named curcuminoids and include
curcumin [34]. Curcumin inhibits the products of inflammation such as prostaglan-
din and leukotrienes by inhibiting cyclooxygenase and lipoxygenase pathways of
inflammation. It has a scavenging effect on superoxide free radicals, hydroxyl radi-
cals, and lipid peroxidation; and its fibrinolytic action leads to inhibition of lipid
peroxidation, checking cellular proliferation, and inhibition of collagen synthesis.

Hastak [35] studied the effect of turmeric oil (600 mg), its alcohol extracts (3 g),
and oleoresin (600 mg) on cytogenetic damage in OSMF after daily intake for
3 months and concluded that turmeric oil with oleoresin acts synergistically in vitro
and protects DNA damage.
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Aloe vera

Aloe vera is a mannoprotein that contains many wound healing hormones. The polysac-
charides in the gel of the leaves have wound healing, anti-inflammatory, anticancer,
immuno-modulatory, and gastroprotective properties. It has shown to reduce the burning
sensation and gradual recovery of mouth opening. It is relatively safe and can be applied
topically in the treatment for OSMEF. Topical application of 5 mg of aloe vera thrice daily
for 3 months has been reported to reduce burning sensation and improve mouth opening.

Oxitard

Ocxitard contains various plant extracts and oils. A dose of 2 oxitard capsules twice
daily for a period of 3 months gives significant increase in mouth opening along
with decrease in pain [34].

Spirulina

Spirulina, blue-green algae, with a rich natural source of proteins, carotenoids, and
other micronutrients [36], has antioxidant properties with high amount of beta-
carotene and superoxide dismutase for effective use in OSMF.

Nutritional Support

The rationale of giving nutrients in OSMF patients is to overcome the deficiencies
and promote normal cellular processes to protect against carcinogenesis.

Supplementing diet with foods rich in vitamins A, B complex, and C and iron.

Advice green leafy vegetables, red tomatoes, and fresh fruits.

Advice green tea.

High-protein diet.

Vitamin A is important for maintaining the normal growth and repair of epithe-

lial tissues. It helps in the epithelial differentiation by mucous secretary and

keratinization tissues, and in adequate concentration, it delays or even reverses

the progress of premalignant cells to cells with invasive malignant potential.

6. Vitamin B complex boosts metabolism, enhances the immune system, and
encourages cell growth and division.

7. Vitamin C acts in wound healing, for the integrity of cellular immune responses
and anti-inflammatory activities.

8. Minerals like zinc are essential for DNA synthesis and cell division and as a

constituent of many enzymes. The amount of zinc greatly increases during tissue

repair. Moreover, zinc is the antagonist of copper that is released from betel quid

to induce lysyl oxidase activity, upregulate collagen synthesis, facilitate collagen

Dk e =
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cross-linking, and inhibit collagen degradation. Magnesium plays essential
roles in stabilizing effects on excitable membranes.

Surgical Management

Surgical treatment is designed to improve the extent of mouth opening and includes
excision of fibrous bands, coronoidectomy, and reconstruction of the surgical defect
with local or distant flaps. However, recurrence may occur because of secondary
contracture of the grafted tissue, resulting in restricted mouth opening.

Surgical measures, such as forceful mouth opening or incising the fibrotic bands
under general anaesthesia without any grafting, cause even more fibrosis.
Submucosal resection of fibrotic bands and replacement with a graft are the better
options, and coronoidectomy, followed by physiotherapy, further improves mouth
opening.

Resection of bands: An intraoral incision is made in the buccal mucosa at the
level of occlusal plane, 1 cm away from the corner of the mouth to anterior faucial
pillars to cut the fibrous bands in the cheek mucosa (Fig. 8.2). After fibrous bands
are released, all third molars present are extracted. Maximum mouth opening with
the help of Ferguson or mouth gag is recorded.

LASER can also be used for fibrotomy instead of a surgical knife with an advan-
tage of minimal bleeding and no psychological fear of surgery to the patient.

Coronoidectomy: Coronoidectomy with temporal myotomy is recommended to
improve mouth opening. The coronoid processes are approached through the same

Fig 8.2 Fibrotomy
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Fig 8.3 (a) Coronoidectomy. (b) Coronoid process

incision by stripping the temporalis tendon attachment on the anterior border of
ramus (Fig. 8.3). Coronoid process is held with forceps, and osteotomy is made
extending from the anterior border of ramus to the depth of the sigmoid notch. After
completion of osteotomy, coronoid is placed on traction with Kocher’s forceps and
temporalis muscle, and tendon is detached to facilitate the removal of coronoid. The
same procedure is carried bilaterally if needed.

The mean preoperative inter-incisal opening of 14.40 mm in OSMF patients has
been reported to increase the mouth opening to 24.60 mm with fibrotomy alone and
to 35-44.80 mm after unilateral and bilateral coronoidectomy, respectively [37].

Reconstruction of Surgical Defect

In order to avoid contracture due to scarring after fibrotomy, it is always recom-
mended to reconstruct the surgical defect. Various options of flaps are available for
the coverage of defect so produced:

e Buccal fat pad

e Nasolabial flap

e Superficial temporal fascia flap
» Tongue flap

e Split skin graft

e Dermal fat graft
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e Collagen graft
e Radial forearm flap

Buccal Fat Pad

Heister [38] was the first to identify buccal fat pad (BFP) and believed it to be glan-
dular in nature and so called it “glandula molaris”. In 1801, Bichat described BFP
as a fatty tissue. Its use increased after Egyedi described methods of using BFP as a
versatile pedicle graft for closure of oronasal and oroantral communications as well
as postsurgical maxillary defects [39]. Tideman detailed its anatomy, vascular sup-
ply, and surgical technique. It offers the advantage of a rich blood supply to promote
healing. The grafted fat pad closes the dead space area, promotes granulation, and
limits scar contraction. Also, BFP offers strong anti-infective and reconstructive
advantages [40] for medium-sized (5 x 4 cm) defects in the buccal mucosa.

An incision is made over oral mucosa adjacent to the maxillary vestibule in the
region of the second and third molars, preventing damage to the parotid duct
(Fig. 8.4). Blunt dissection through the buccinator muscle leads to the body or its
buccal extension, which is gently teased into the defect, taking care not to rupture
its delicate capsule. Adequate volume of BFP ensures tension-free closure using
Vicryl sutures at the periphery of the graft.

Nasolabial Flap

The nasolabial flap is a pedicled, elliptical transposition flap in the nasolabial fold
region supplied by the angular artery. It serves to reconstruct small- to medium-size
defects in the oral cavity with minimal aesthetic consequences. The rich blood sup-
ply allows it to even cover large defects with cosmetic results [41].

It is designed in sufficient length and width to fill the entire defect without ten-
sion. Incision is limited to the subdermal tissues to leave the base of flap intact.

Fig 8.4 (a) Buccal fat pad graft pedicled. (b) Positioned to cover the surgical defect



178 D. Mehrotra

Fig 8.5 (a) Nasolabial flap design. (b) Incision made. (c¢) Nasolabial flap rotated

Extended nasolabial flaps reach up to the inferior border of the mandible and are
raised bilaterally, taking care not to disturb the facial muscles [42]. A tunnel made
near the base of the flap facilitates its entry in the oral cavity (Fig. 8.5).
De-epithelialization and rotation of the flap in the oral cavity allow closure of the
defect and are sutured with 3-0 black silk. The skin is undermined to facilitate its
subcuticular closure using 4-0 Prolene. Pressure dressing using antibiotic-soaked
sterile gauze or betadine-soaked gauze is placed over the graft intraorally to keep it
in contact with mucosal defect. Sutures are removed after 10 days of surgery [43].

Superficial Temporal Fascia Flap

A preauricular incision in the hair-bearing area is extended into the temporal region.
Further dissection allows the development of the superficial temporal fascia flap
(Fig. 8.6). The superficial temporal fascia flap is passed below the zygomatic arch to
be brought intraorally and sutured. This procedure can be performed bilaterally to
bring in good blood supply to the fibroses area and improve the clinical result [44].

Tongue Flap

The pedicled tongue flap is used for covering oral defects as a two-stage procedure.
Either the anterior two third or posterior third of the tongue can be used for the
tongue flap. After around 21 days, the tongue pedicle is divided from its base. All
third molars are extracted to prevent trauma to the tongue flap.

The tongue is infiltrated with local anaesthesia solution containing adrenaline
(epinephrine). On the dorsolateral aspect of the tongue, an incision is made parallel
to the midline of the tongue up to 1 cm behind the tip of the tongue (Fig. 8.7). On
the lateral margin of the tongue, it is taken down inferiorly up to the last molar. Deep
elliptical tongue flap is raised and rotated outward laterally to cover the raw area in
the cheek and sutured. The wound in the tongue is primarily closed. Similar proce-
dure is undertaken on the contralateral side.
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Fig 8.7 (a) Tongue flap incision. (b) Tongue flap raised

This flap has a high success rate due to its viability and resistance to OSMF. The
postoperative mobility of the tongue and articulation become normal in about
4-6 weeks, and dullness of taste sensation is negligible [45]. The reduction in the
bulk of the tongue is regained with tongue movements and exercises.

Split Skin Graft

Split skin graft can be easily harvested from the thigh laterally using Humby’s knife
or approximately 0.014-0.018-in. thick surgical dermatome (Fig. 8.8). Donor site is
dressed with antibiotic-impregnated gauze, while the harvested graft is placed on a
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Fig 8.8 (a) Split skin harvesting. (b) Split skin graft. (¢) Sutured onto defect

wet wooden slab to be cut into desired size and shape [45]. Puncture holes are made
before suturing it to the mucosal margins. A trans-buccal quilt suture is important to
minimize the dead space and maintain its close contact with the wound bed. A ster-
ile antibiotic-soaked gauze is placed intraorally to cover the graft for the next few
days.

Dermal Fat

An elliptical incision is made supero-medial to iliac crest in the abdomen, and the
epidermis is dissected finely and discarded. The underlying dermis and subcutane-
ous fat are dissected as a dermis-fat graft and sutured intraorally, such that the der-
mal layer faces the oral cavity (Fig. 8.9).

Collagen Sheath

A commercially available collagen sheath may be used as a dressing to cover the
surgical defect and sutured to the surrounding mucosa on its edges. A pompom
dressing holds the sheath closely adapted to the wound bed. It is shown to allow a
faster epithelialization (Fig. 8.10).

Radial Forearm Flap

A bipaddled radial forearm flap can be obtained with at least 4 cm pedicle for micro-
vascular anastomosis to the nearest facial artery and vein. This surgery is simultane-
ously performed by two teams. The proximal flap is designed to cover the ipsilateral
buccal mucosal defect, while the distal flap covers the contralateral buccal defect.
The length of the “bridge pedicle” between these two flaps should always be
8-10 cm [46].

Postoperatively, these patients are kept on nasogastric feeding for 10 days [47].
Mouth-opening exercises are started on the fifth postoperative day and continued
for 6 months at least.
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Fig 8.9 Dermal fat graft

Fig 8.10 (a) Collagen sheath. (b) Collagen sheath in position

Physiotherapy

Oral physiotherapy supports the surgical treatment of OSMF and helps in improv-
ing the range of mouth opening and preventing relapse. Physiotherapy includes
forceful mouth opening, heat, or ultrasound massage therapy.

Massage therapy improves the elasticity of fibrous tissues and mobilizes scar
tissues. This gentle tissue manipulation improves cheek, tongue, and lip
extensibility.

Muscle stretching exercises for the mouth prevent further restriction of mouth
movements and relapse. This can be performed by using mouth gag and acrylic
surgical stent, ballooning of the mouth, whistling, lip exercising, hot water gargling,
and gradually increasing the number of inter-positioned spatula between the teeth.
It is recommended to exercise at least for 6 months to get the result.

Heat-shortwave/microwave diathermy: Lukewarm water, hot rinses, or selec-
tive deep heating therapies like shortwave or microwave diathermy improve the
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suppleness of the oral mucosa, through separation of collagen fibres and softening
of the cementing substance. Microwave diathermy is superior to shortwave, as it
allows selective heating of the juxta-epithelial connective tissue. Microwave dia-
thermy at 2450 MC/s daily for 20 min at each site, with 20-25 W of energy, 15 sit-
tings, can give good results in moderately advanced but poor in very advanced
cases.

Ultrasound: Ultrasound allows increased cell membrane permeability by alter-
ing sodium and potassium ion gradients. This increases vasodilatation, accelerates
lymph flow, decreases inflammation, and stimulates metabolism. Ultrasound over
the cheek for 15 consecutive days, using a 5 cm diameter transducer head for
3—4 min to each side at a frequency of 3 MHz and intensity of 0.5-3 w/sqcm, accel-
erates healing, increases the extensibility of collagen fibres, and provides pain relief
by selectively raising the temperature.
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Chapter 9
Clinical Presentation of Oral Mucosal
Premalignant Lesions

Michaela Goodson

This chapter is concerned with the clinical presentation of premalignant oral muco-
sal lesions and identification of lesions as high or low risk for malignant transforma-
tion. In 2005, the WHO renamed the premalignant lesions as “oral potentially
malignant disorders”, a term that suggests malignant transformation may not be an
inevitable consequence, rather a possibility, and may occur at a site distinct from the
original presenting lesion. Evidence suggests that for dysplastic oral potentially
malignant lesions, approximately 40% change very little with time, 20% can regress
spontaneously and a further 20% may increase in size. Overall, 20% are at risk of
malignant transformation. Unfortunately, there are currenty no highly sensitive or
specific biomarkers available that can accurately predict malignant transformation.
Management decisions are therefore decided by evaluating individual patients’ risk
in relation to known clinical and pathological risk factors. Accurately describing the
clinical appearance of lesions is critical for communication with colleagues and for
individual clinicians to follow up patients longitudinally.

In order to describe the clinical presentation of potentially malignant disorders,
it is necessary to briefly explain the historical and current nomenclature used in clin-
ics worldwide. Much of the difficulty in concluding optimal management strategies
for patients with oral potentially malignant disorders in systematic reviews and
meta-analysis of studies on oral potentially malignant disorder outcomes has arisen
from differences used in the nomenclature of lesions.
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Nomenclature of Potentially Malignant Disorders

In 1972, the WHO distinguished a precancerous lesion as “a morphologically
altered tissue in which cancer is more likely to occur than in its apparently normal
counterpart”. In contrast, a precancerous condition is defined as a “generalised state
associated with a significantly increased risk of cancer” [1, 2].

In the late 1970s, precancerous lesions included leukoplakia (Fig. 9.1), eryth-
roplakia and palatal lesions in reverse smokers, whereas precancerous conditions
included submucous fibrosis, actinic keratosis, lichen planus and discoid lupus
erythematosus. There was however confusion surrounding this terminology
because it did not accurately predict which lesions or conditions were high or
low risk.

In 2005, the WHO Collaborating Centre for oral cancer and precancer came up
with consensus views on working terminology to help with the classification of
lesions of the oral mucosa based on the following observations:

1. Longitudinal studies showed that some areas of the oral mucosal tissue with
alterations in clinical appearance underwent malignant change at follow-up.

2. The coexistence of red and white areas at the peripheral margins of squamous
cell carcinoma suggests that squamous cell carcinoma may have a precursive
State.

3. Some lesions show evidence of dysplasia (morphological and cytological
changes without invasion of the basement membrane), but are not frankly inva-
sive so may represent a precursive state.

4. Chromosomal, genomic and molecular alterations found in oral squamous cell
carcinomas have also been found in oral mucosal precursor lesions.

In 2007, the WHO identified the term “potentially malignant disorders” to denote
what had previously been termed precancer, precursor lesions, premalignant
intraepithelial neoplasia or potentially malignant lesions. It was also suggested that
precancerous conditions and lesions should not be subdivided because the subdivi-
sion gave little indication of the risk of malignant transformation. Given that patients
with single precancerous lesions can develop cancerous lesions at contralateral pre-
viously healthy sites and molecular aberrations can occur at sites of normal clinical
appearance, there appears to be little prognostic value in labelling patients as having
oral precancerous lesions or conditions [3, 4].

Potentially malignant disorders therefore include patients with leukoplakia,
proliferative verrucous leukoplakia (PVL), erythroplakia, palatal lesions in
reverse smokers, chronic hyperplastic candidosis, sideropenic dysphagia, oral
submucous fibrosis, actinic keratosis, lichen planus, discoid lupus erythematosus
and hereditary disorders that have an increased risk of malignancy in the mouth
including dyskeratosis congenita and epidermolysis bullosa. Within the poten-
tially malignant disorders is a spectrum of disease encompassing single discrete
lesions to multiple lesion disease which may or may not be associated with a
systemic disorder.
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Assessment of the Patient with Potentially Malignant
Disorders

In general, the majority of patients present with lesions to their general dental prac-
titioner with the presenting complaint of a red or white patch of the oral mucosa. A
minority of patients present to a general medical practitioner. In the Western world,
patients are mostly subsequently referred to a specialist clinic for management in a
secondary or tertiary referral centre.

Evaluating the Patient with Oral Potentially Malignant
Disorders (OPMDs)

Patients commonly present with incidental painless white or red patches of the oral
mucosa found at routine dental check-up appointments. A minority of patients will
present with painful red patches or nonhomogeneous white patches for which they
have used various home or over-the-counter remedies to alleviate the lesion.

When taking a history from a patient with a new suspected oral potentially
malignant disorder, it is important to try and assess whether the patient indeed has
an oral potentially malignant disorder rather than a reversible lesion that could be
due to tooth trauma, for example. There is therefore a need to assess the size and site
of the lesion; the length of time a lesion has been present; previous lesions that have
been treated and resolved; any changes in colour, shape and size; or surface charac-
teristics of a new lesion in recent weeks or months. Patients should also be ques-
tioned as to whether they remember the onset of the lesion coinciding with tooth
trauma event or use of topical medication for another mucosal condition. An assess-
ment of the patient at the first visit aims to diagnose patients at high risk for having
an oral potentially malignant disorder or a high risk for malignancy as this will
determine management strategies for each individual patient.

Within the medical history, it is important to ascertain whether the patient is
immunocompromised or has been so in the past as this could pose a higher risk for
a patient developing a OPMD or squamous carcinoma. The drug history may also
suggest medications that could be responsible for reversible mucosal ulceration and
lesions that mimic oral potentially malignant disorders (e.g. nicorandil ulceration of
the oral mucosa). The drug history may also highlight immunocompromising medi-
cations that could accelerate the development of OPMDs and squamous cell carci-
noma (SCC).

An allergy history will inform the clinician if the lesion in their mouth could be
reversible (e.g. amalgam related) if the allergen is avoided, reducing the need for
biopsies and further investigation.

The social history is important to evaluate the amount and type of tobacco use,
preferential site of placement and historical use of tobacco products because refrain-



188 M. Goodson

ing from the use of these products may prevent development of SCC or even reverse
a OPMD. An alcohol history evaluating units and type of alcohol consumed with or
without concurrent tobacco use is useful to evaluate whether the patient is at higher
risk of OPMD development or rapid progression to SCC. Diet, fruit and vegetable
consumption has been shown to influence the development of OPMDs in a number
of studies particularly in conjunction with alcohol drinking [5, 6]. Poor oral health
and hygiene has been shown to be an independent risk factor for oral cancer in
China, the USA and Brazil [7-10], but poor oral health and hygiene is often found
in individuals with multiple confounding risk factors, so the exact influence of oral
health as an independent variable is unknown.

The family history for a patient with a OPMD may give some indication of high
risk for inherited disorders that might give an increased risk for malignancy, e.g.
epidermolysis bullosa, or identify a benign condition that could be confused for a
OPMD, e.g. white sponge naevus with autosomal dominant inheritance present in a
direct relative.

Adjunctive diagnostic aids such as VELscope® or methylene blue may also be
used during the clinical examination, but their lack of specificity and sensitivity in
comparison to the gold standard of clinical examination means they are of limited
use in assessing a new clinical presentation.

In [11], Goodson and Thomson reported an evaluation of the VELscope in identi-
fying high-risk patients who might benefit from interventional surgical treatment of
OPMDs. In this study, 296 patients were evaluated to see whether VELscope could
improve diagnostic accuracy. The study found that there was a marginal improve-
ment in diagnostic accuracy as far as assessing the extent of a lesion for biopsy, but
VELscope was not very sensitive at identifying worsening dysplasia grades and
could not differentiate inflammation consistently from dysplasia. In conclusion, it
was stated that at best, VELscope could be used as a clinical adjunct to aid examina-
tion, but could not replace the gold standard of standard clinical examination.

A photograph of the lesion(s) however may be useful as they can be used as a
record to assess the change of lesions at subsequent appointments.

Clinical Presentation of Oral Potentially Malignant Disorders
Potentially malignant disorders are commonly described by clinicians as leukopla-
kia (homogeneous or nonhomogeneous) or erythroplakia.

Leukoplakia

Leukoplakia is the most common clinical presentation of an oral potentially malig-
nant disorder comprising around 60-70% oral potentially malignant disorders with
prevalence rates of 3—105 cases per 1000 population worldwide. Higher prevalence
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rates are found in New Guinea, China and India, and in general, rates are higher in
rural than urban populations.

Leukoplakia can be defined as “plaques of questionable risk having excluded
(other) known diseases or disorders that carry increased risk for cancer”. Leukoplakia
is purely a clinical condition, and there are no histological requirements for a lesion
to fulfil this definition.

Leukoplakia can exist in a homogeneous or nonhomogeneous form where homo-
geneous types are purely white patches and nonhomogeneous are speckled, nodular
or verrucous lesions with speckled nonhomogeneous lesions being those at greatest
risk of malignant transformation.

Leukoplakia on standard clinical examination appears white because keratin in the
lesion absorbs water from saliva giving a white appearance. As a consequence, it is not
until the lesions are around 1 cm in size or more that they are recognised by patients or
the general practitioner as visible mucosal keratinisation and thickening. Diagnostic
aids such as methylene blue and VELscope may help to diagnose smaller or less visi-
ble lesions, but the prognostic value of these diagnostic adjuncts is uncertain.

The risk factors for development of leukoplakia include tobacco use, alcohol
consumption, dietary factors, oral health, immune suppression and low socioeco-
nomic status.

The sites of clinical presentation may therefore be influenced by these factors.
Tobacco can be used in smoked or smokeless forms, and the site of leukoplakia may
be related to habitual placement of the tobacco product. Clinically, a lesion may
start as an area of wrinkled slightly whitened mucosa often in the floor of the mouth
or ventral surface of the tongue but progress through a thickened smooth plaque to
an irregular thickened plaque (sometimes described as verrucous) which may show
yellow or blackened discolouration from tobacco products (Figs. 9.1 and 9.2).

Leukoplakia has an overall prevalence of around 2-3% but is more common in
males and is most common in the 50-70-year-old age group. There is however evi-
dence in Western populations of an increased number of younger patients presenting
with leukoplakia and subsequent malignant transformation in the absence of
common risk factors.

Fig. 9.1 Early faint
leukoplakia of the floor of
the mouth (@ John Wiley
& Sons, reproduced with
permission)
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Fig. 9.2 Thickened
irregular leukoplakia of the
floor of the mouth (@ John
Wiley & Sons, reproduced
with permission)

Fig. 9.3 Early localised
proliferative verrucous
leukoplakia of the buccal
gingivae and left buccal
sulcus (@ John Wiley &
Sons, reproduced with
permission)

Proliferative Verrucous Leukoplakia

Proliferative verrucous leukoplakia (Figs. 9.3 and 9.4) is a clinical entity that
appears to behave more aggressively than erythroplakia with malignant transforma-
tion rates of 60-100% [12—14]. Proliferative verrucous leukoplakia differs from
leukoplakia in general in the way it progresses from a flat lesion through increasing
degrees of thickening, fissuring and warty proliferation until the eventual develop-
ment of squamous cell carcinoma. Even if lesions are surgically removed, they have
a high chance of recurrence and new lesion development [15]. PVL commonly pres-
ents with multiple lesions involving more than one site. Signs suggesting malignant
transformation are new areas of redness or erosions within a lesion, induration and
rapid growth of a verrucous patch.
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Fig. 9.4 More extensive
proliferative verrucous
leukoplakia of the left
buccal gingivae and buccal
sulcus (@ John Wiley &
Sons, reproduced with
permission)

Risk Factors for Leukoplakia and Erythroplakia

Tobacco Use

Tobacco use and smoking are common risk factors. The type of tobacco used usu-
ally determines the site of the leukoplakia lesion. Leukoplakia is around six times
more common in smokers than non-smokers and can affect any part of the oral
mucosa, although the buccal mucosa, floor of the mouth and ventrolateral tongue
are commonly affected. Some patients however use smokeless forms of tobacco.
Snuff, tobacco chewing and use of tobacco products mixed with areca nut and lime/
additives can result in different site presentations depending on the site where the
tobacco is usually placed on the oral mucosa.

Alcohol Consumption

Long-term alcohol use has also been cited as a risk factor for leukoplakia. For
patients with dysplastic oral premalignant lesions that have been excised, there is
evidence that continued alcohol intake of more than 28 units per week increases the
risk of recurrent disease at the same site [16].

Immune Compromise

Immune suppression has long been known to be a risk factor for oral cancer, but
evidence supporting a role in precancer is largely anecdotal and related to case
reports of leukoplakia in transplant patients and patient with HIV/AIDS. In HIV/
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AIDS patients, dormant Epstein-Barr virus can be reactivated when the immune
system is weakened resulting in a condition called hairy leukoplakia.

Socioeconomic status has been found to be an independent predictor of oral leu-
koplakia in the US Third National Health and Nutrition Examination Survey
(NHANES III) along with diabetes, age and tobacco smoking. Alcohol use, race/
ethnicity, years of education and BMI however showed no independent effects.
There is however no evidence that socioeconomic status of a patient can predict the
site of a lesion [17].

Diet

The influence of dietary factors on precancerous lesions has been assessed in India
[5] where low intakes of iron and vitamin C in women were associated with the
presence of leukoplakia and precancer. Again, the site of presentation of leukopla-
kia was not influenced by these variables. In erythroplakia, a case-control study of
100 cases found that there was a multiplicative effect between alcohol consumption
and low vegetable intake or low fruit intake [6].

Oral Health

There is no evidence that oral health and hygiene is an independent predictor of oral
precancer development at the present time although poor oral hygiene may coexist
in patients with many of the other precancer risk factors previously described.

Human Papilloma Virus

There is conflicting evidence of HPV-16 and 18 in oral potentially malignant dis-
order development. Observational studies suggest it is present in up to 20% of
lichen planus lesions which could be described clinically as leukoplakia. Chen
et al. [18] found that HPV-18 was a significant risk factor for leukoplakia and
squamous papilloma and the site of leukoplakia was more often in the
oropharynx.

The ARCAGE study in 2013 [19] looked at more than 1400 cases and controls
with upper aerodigestive tract cancers and found an important role for HPV-16
infection in oropharyngeal cancer and supported a marginal role for HPV-18 in
oropharyngeal cancer and HPV-6 in laryngeal cancer, but not oral cancer
specifically.
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Erythroplakia

Erythroplakia (Fig. 9.5) is less commonly seen than leukoplakia and has a reported
prevalence of 0.2—1.9 per 1000 population from studies in the USA and Mexico [20,
21]. It is defined as “a fiery red patch that cannot be characterized clinically or
pathologically as any other definable disease”. It is more common to see patients
with erythroleukoplakia—a lesion that is a combination of red and white in appear-
ance, sometimes termed speckled leukoplakia (Fig. 9.6). Again, erythroplakia is a
clinical diagnosis, and the term gives no indication of histological findings [22].

Erythroplakia and erythroleukoplakias have greater potential for malignant
transformation than homogeneous leukoplakia, so identification of red areas within
a lesion is important clinically (Table 9.1).

Erythroplakias are considered to be very high-risk lesions for malignant transfor-
mation. They are more commonly symptomatic lesion, presenting with soreness or
sensitivity. Erythroplakia is, again, purely a clinical diagnosis, presenting with
almost equal prevalence in men and women. Erythroplakia is red in colour because
lesions commonly have atrophic epithelium and histologically may demonstrate
dysplasia or even carcinoma in situ. It is not uncommon to find early carcinoma in
erythroplakic lesions.

Erythroleukoplakia or speckled leukoplakia presents as leukoplakia on a back-
ground of erythroplakia most commonly found at the labial commissures or the
floor of the mouth. It is often superimposed with chronic candidal infection.

The Differential Diagnosis of Leukoplakia and Erythroplakia

There are a number of benign white and red lesions that can be confused with leu-
koplakia and erythroplakia.

Fig. 9.5 Erythroplakia of
the floor of the mouth (@
John Wiley & Sons,
reproduced with
permission)
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Fig. 9.6 Erythroleukoplakia
of the floor of the mouth
(@ John Wiley & Sons,
reproduced with permission)

Table 9.1 Worldwide prevalence rates Lesion Prevalence rate per 1000
of oral potentially malignant disorders Leukoplakia 4-105

1000 lati
per population Erythroplakia 0.2-1.9

The differential diagnosis of leukoplakia could be one of a number of hereditary
conditions (including oral epithelial white sponge naevus, leukoedema, pachyo-
nychia congenita, tylosis, follicular keratosis, hereditary benign intraepithelial dys-
karyosis) or chronic inflammations (oral lichen planus, frictional keratosis, chemical
or thermal trauma).

The differential diagnosis of erythroplakia includes inflammatory disorders such
as desquamative gingivitis, erosive lichenoid lesions, pemphigoid, and hypersensi-
tivity reactions; infections including candidosis, purpura and trauma; or tumours
such as Kaposi’s sarcoma and haemangioma.

Premalignant Lesions Versus Premalignant Conditions

Premalignant lesions (leukoplakia, erythroplakia and erythroleukoplakia) present as
single isolated lesions of morphologically altered tissue in which cancer is more
likely to occur than in its apparently normal counterpart (WHO, 1978), but there are
a number of more generalised medical conditions which may result in the develop-
ment of potentially malignant lesions. In contrast to oral precancerous lesions where
a discrete mucosal lesion may present, these more generalised states are associated
with a significantly increased risk of cancer, and this includes a range of systemic
disorders where the oral manifestations are one of the many signs or symptoms of
disease. The oral precancerous conditions include immune suppression, lichen pla-
nus (Fig. 9.7) and lichenoid lesions, oral submucous fibrosis (Fig. 9.8), sideropenic
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Fig. 9.7 Reticular lichen
planus of the buccal
mucosa (@ John Wiley &
Sons, reproduced with
permission)

Fig. 9.8 Oral submucous
fibrosis of the right buccal
mucosa (@ John Wiley &
Sons, reproduced with
permission)

dysphagia, discoid lupus erythematosus, actinic cheilitis (Fig. 9.9), syphilis
(Fig. 9.10) and dyskeratosis congenita.

Immunosuppression

Drug-induced immunosuppression which may occur following organ transplant is
more common than congenital immune suppression, but acquired immune defi-
ciency in HIV/AIDS, for example, is increasingly common worldwide. It is com-
mon for immunosuppressed patients to present with multiple oral leukoplakias with
the lips and labial commissure as common sites. These lesions may occur synchro-
nously or at different times. Immunosuppressed patients are at high risk of develop-
ing squamous cell carcinoma and as such need close monitoring for progression or
recurrence of disease.
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Fig. 9.9 Actinic cheilitis
of the lower labial mucosa
(@ John Wiley & Sons,
reproduced with
permission)

Fig. 9.10 Mucosal
atrophy in tertiary syphilis
(@ John Wiley & Sons,
reproduced with
permission)

Bone marrow transplant patients with graft-versus-host disease are also a vulner-
able group as far as leukoplakia and erythroplakia are concerned. These patients are
at high risk of malignant transformation.

Lichenoid Lesions and Lichen Planus

There are varying reports of the malignant potential of lichenoid lesions. Lichen
planus is a multifactorial disorder which typically presents bilaterally with hyper-
keratotic lesions comprising striae, nodules and plaques. Below the keratinised,
atrophic superficial epithelial layers are acanthosis and a T cell infiltrate. If lesions
undergo severe atrophy and basal cell liquefaction, red lesions containing erosions
or bullae may appear. Lichenoid lesions can occur almost anywhere on the oral
mucosa, but the most common sites are the buccal mucosa, the gingivae or the floor
of the mouth and ventral tongue. The overall risk of malignant transformation for
lichen planus is thought to be around 1%, with higher rates in atrophic or erosive
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Fig. 9.11 A lichenoid
lesion of the right buccal
mucosa (@ John Wiley &
Sons, reproduced with
permission)

lichen planus where there is not a layer of protective surface keratinisation. It is not
uncommon to see multiple oral premalignant lesion disease in patients with lichen
planus or lichenoid lesions because extensive mucosal disease may predispose to a
high risk of “field cancerisation”.

Lichenoid lesions (Fig. 9.11) are clinically indistinguishable from lichen planus
but can arise as hypersensitivity reactions to amalgam restorations or drugs. Unlike
lichen planus, they do not tend to occur with bilateral presentation.

Given that lichenoid lesions and lichen planus can affect multiple sites of the oral
mucosa, it is generally advised that all sites containing such lesions should be biop-
sied to rule out early malignant transformation or dysplastic changes which may
give certain sites a predisposition to cancer development. It is not known why some
lichenoid or lichen planus lesions undergo malignant transformation and others do
not, but there is a tendency for dysplastic lesions especially those with an inflamma-
tory cell infiltrate in the adjacent subepithelial tissue to be at high risk.

Goodson and Thomson reported in [23] a cohort of 88 patients with lichenoid
inflammation who underwent excisional laser surgery. Of these, 60 displayed
lesions with varying grades of dysplasia; despite interventional laser surgery, they,
as a group, were significantly less likely to be disease-free after the follow-up period
than other forms of OPMDs, and consequently this group may be prone to worse
clinical outcome and poorer long-term prognosis.

Oral Submucous Fibrosis (OSMF)

This condition is commonly seen in South East Asia and related to betel quid use.
Betel quid comprises areca nut mixed with slaked lime mixed in a betel vine leaf
which is held in the mouth and acts as a stimulant. It is primarily used by manual
labourers who may consume up to 30 quids a day but is also unfortunately con-
sumed by children. The most obvious effects of betel quid are tooth discolouration
and redness of the oral mucosa which may also exist in conjunction with
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erythroplakia or leukoplakia. Over time, the oral mucosa becomes pale with less
vascularity and hardened or fibrotic giving it a rubbery firm texture. The overlying
epithelium becomes atrophic and has a high risk of malignant transformation of
0.5% [24]. Consequentially, OSMF and squamous cell carcinomas are commonly
found at the site of betel quid placement in the sulcular epithelium and buccal
mucosa.

Sideropenic Dysphagia

This uncommon condition commonly manifests in middle-aged women who have
symptoms of dysphagia from oesophageal web formation, iron deficiency anaemia,
glossitis and dysplastic lesions of the oral mucosa.

Discoid Lupus Erythematosus

Discoid lupus erythematosus is a chronic autoimmune condition predominantly
affecting females with a characteristic red facial “butterfly rash” across the nose and
cheeks. The classical premalignant oral lesion in DLE is a stellate lesion of the buc-
cal mucosa, but patients may also present with circular areas of redness or ulcer-
ation of the oral mucosa, and these lesions characteristically have white borders so
may be confused with lichen planus or erythroplakia.

Actinic Cheilitis

These lesions are usually crusted ulcerated lesions covering the lower lip. They are
commonly found in people who have spent a lot of time outdoors in prolonged peri-
ods of exposure to UV and sunlight. The malignant transformation rates for actinic
cheilitis are unclear, but most studies suggest squamous cell carcinoma develops
from dysplastic tissue. There is some evidence that the absence of cytokeratin 10
predisposes to malignant transformation [25].

Clinically, actinic cheilitis can be confused with lichen planus and lip leukopla-
kia due to immune compromise.

Chronic Hyperplastic Candidosis (Candida Leukoplakia)

This condition commonly presents bilaterally with nonhomogeneous leukoplakia or
erythroplakia at the labial commissures in smokers. Candida hyphae invade parake-
ratinised mucosa and can give rise to cellular atypia or varying degrees of dysplasia.
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It is not clear whether dysplastic tissue provides a foundation for candida growth or
whether the reverse is true, and tobacco and candida carcinogens create tissue dys-
maturation and disorganisation (dysplasia).

Syphilis

This is an uncommon condition in the west but more common in Asian countries.
The clinical presentation of tertiary syphilis may include leukoplakia of the dorsum
of the tongue with a very high risk of malignant transformation.

Dyskeratosis Congenita

This rare condition of likely recessive inheritance affects males. The presentation
may include greyish-brown skin pigmentation, immune deficiency, nail dystrophy
and oral leukoplakia. The commonly affected sites in children are the tongue and
buccal mucosa with vesicles or ulcerations. In later life, there is reddening of the
mucosa and then erosive leukoplakia with high malignant potential in men aged
20-30.

Multiple Lesion Disease (Fig. 9.12)

A particularly difficult group of potentially malignant disorder patients to manage
are those with multiple precancerous red and/or white lesions often comprising tis-
sue that exhibits dysplastic change. Multifocal disease was first described by
Slaughter [26] who popularised the idea that some patients have molecularly altered
preneoplastic fields of the oral mucosa from which multiple lesions can develop
either synchronously or metachronously. Multiple lesion disease has been reported
to affect between 3% and 24% of patients with oral precancerous lesions and dem-
onstrates malignant transformation rates of more than 20% [27-29].

In the study by Hamadah et al. [27] undertaken in the northeast of England, 78
patients with single and 18 with multiple lesions were assessed to see how many
developed oral squamous cell carcinoma. Oral squamous cell carcinoma developed
in 3/78 single lesions and 4/18 multiple lesions. Single lesions were most common
on the floor of the mouth and ventrolateral tongue, and multiple lesions were more
common on the buccal mucosa. Interestingly, the most severe dysplasia was found
in single lesions, and these lesions had higher cyclin-A and Ki-67 labelling indices
than the multiple lesions, yet a smaller proportion developed cancer over the 5-year
follow-up period (3.8% of single lesions versus 22.2% of multiple lesions).

In contrast to single potentially malignant lesions which predominantly affect
the floor of the mouth and ventral tongue, multiple lesion disease is more common
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Fig. 9.12 Multiple
lesion disease affecting
the floor of the mouth
and mandibular alveolus
(@ John Wiley & Sons,
reproduced with
permission)

on the buccal mucosa, soft palate retromolar area and dorsum of the tongue. While
precancerous conditions associated with systemic illness may be responsible for
some cases of multiple lesion disease, there is also evidence that diet (high intake of
fruit and vegetables) can have a protective effect on the development of multiple
lesion disease [30, 31].

High- and Low-Risk Lesions

Risk Profiling of Oral Potentially Malignant Lesions

Assessment of malignant transformation risk for potentially malignant disorders is
crucial and fundamental to the management of these conditions. Unfortunately, in
clinical practice, the risk of malignant transformation remains obscure and highly
variable, with quoted rates ranging from 0.13% to 36.4%. Mehanna et al. [32]
reported an overall malignant transformation rate of around 12%, rising to 14.6% in
patients whose lesions were left in situ, versus only 5.4% when the lesions were
surgically excised. Thomson et al. reported transformation rates of between 2% and
4% in laser-treated patient cohorts, supporting the hypothesis that appropriate inter-
vention helps to reduce the risk of cancer development.

In [33], Goodson et al. reported findings from a retrospective study of 1248
patients with oral cancer identified over a 13-year period. Of these, 58 patients had
identifiable precursor lesions that became malignant, but only 25 had been dysplas-
tic on initial biopsy. Nineteen of the 33 non-dysplastic lesions exhibited lichenoid
inflammation only. SCC arose most often on the ventrolateral tongue and floor of
the mouth, with a mean transformation time of 29.2 months. Transformation time
was significantly shorter in men (p = 0.018) and those over 70 years of age
(p = 0.010). Patients who consumed more than 21 units of alcohol/week and those
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who had had interventional laser surgery to treat precursor lesions had higher-staged
tumours (p = 0.048). This study showed that the results of incisional biopsy and
grading of dysplasia had limited use as predictive tools and supported the view that
cancer may arise in the absence of recognisable epithelial dysplasia. Consequently,
risk profiling individual patients is difficult due to the lack of objective definitive
clinical or pathological markers for malignant transformation and the unknown
additive interactions in patients with multiple known clinicopathological risk factor
variables.

There are currently no definitive studies quantifying risk for individual patients.
Ideally, risk could be evaluated by a scoring system where patients were assessed
for risk using weighted variables. The best evidence for risk factors comes from
publications summarising findings of cohort and case-control studies where patients
have been prospectively followed or retrospectively analysed to look at the effects
of known or proposed risk factors on malignant transformation. It has however been
difficult to examine the weighted effects of individual variables because many
patients possess a number of risk factors that make them susceptible to malignancy.
The combined effects of multiple risk factors can be difficult to quantify because
they may not be additive but multiplicative and there are insufficient numbers of
studies to accurately quantify these combined effects.

When assessing patients at presentation for high- or low-risk status, the assess-
ment is based on the clinical history and examination findings as well as pathologi-
cal examination of a biopsy specimen. As a consequence, overall risk profiling
requires the clinician to take into account both clinical and histopathological
factors.

Clinical Risk Profiling

In 2007, van der Waal identified factors that would suggest a patient is at statisti-
cally significant higher risk of malignant transformation of potentially malignant
disorders (Table 9.2).

Almost 10 years later, these and other risk factors were further stratified into high-
and low-risk categories. Diajil and Thomson [34] undertook a systematic review of
300 papers on oral cancer risk factors published between 1982 and 2009 and strati-
fied 14 different risk factors as high or low risk. The higher-risk factors were tobacco
use, excess alcohol consumption, use of betel quid, predisposing genetic factors and
inherent susceptibility, immunodeficiency, diet low in fresh fruit and vegetables, old
age and marijuana use. Low-risk factors in an individual patient included low socio-
economic status, poor oral health, use of shammah/toombak, human papillomavirus
infection, Candida albicans infection and diabetes mellitus (Table 9.3).

The INHANCE study [35], published in 2012, looked at diet and head and neck
cancer risk. In this analysis, pooled data included 22 case-control studies with
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Table 9.2 Statistically Female gender
significant risk factors for
malignant transformation of

oral potentially malignant
disorders Peripheral verrucous leukoplakia

Long duration of leukoplakia

Nonhomogeneous leukoplakia or erythroplakia

Lesion size >200 mm?

Presence and severity of epithelial dysplasia and dyskaryosis

Presence of Candida albicans

History of previous head and neck carcinoma or previous
recurrent potentially malignant lesions

Multiple lesion disease

Patients with immune compromise

Tobacco smoking

Alcohol consumption

Low socioeconomic status and educational attainment

Unemployment

Age >40 years

Table 9.3 High- and low-risk factor profiling

High risk Low risk

Tobacco use Low socioeconomic status
Excess alcohol consumption Poor oral health

Use of betel quid Use of shammah/toombak
Predisposing genetic factors and inherent Human papillomavirus infection
susceptibility

Immunodeficiency Candida albicans infection

Diet low in fresh fruit and vegetables Diabetes mellitus

Old age

Marijuana use

14,520 cases and 22,737 controls. Centre-specific quartiles among the controls were
used for food groups, and frequencies per week were used for single food items. A
dietary pattern score combining high fruit and vegetable intake and low red meat
intake was created. The study found that higher dietary pattern scores, reflecting
high fruit/vegetable and low red meat intake, were associated with reduced head and
neck cancer risk.

Regarding employment and socioeconomic status in risk factor profiling, the
ARCAGE study evaluated the association between occupational history and upper
aerodigestive tract (UADT) cancer risk in the ARCAGE European case-control
study [36]. The study included almost 2000 cases and controls with cancer of the
oral cavity, oropharynx, hypopharynx, larynx or oesophagus. The study found that
among men, there were increased risks for cancer in painters, bricklayers, workers
employed in the erection of roofs and frames, reinforced concreters, dockers and
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workers in road construction and cargo handling. Increased risks were also found
for loggers and cattle and dairy farmers. Among women, there was no clear evidence
of increased risks of upper aerodigestive tract cancer in association with occupa-
tions or industrial activities.

Pathological Risk Profiling

The risk of malignant transformation for an individual patient however also may
depend on pathological features of a biopsied lesion. The gold standard for assess-
ment of oral potentially malignant lesions is microscopic examination of haema-
toxylin- and eosin-stained sections for architectural and cytological features of
epithelial dysplasia, but only 50% leukoplakias actually demonstrate features of
dysplasia, and malignant transformation rates of dysplastic mucosa can range from
0% to 50%.

The diagnostic gold standard for oral potentially malignant disorders is the WHO
classification. The 2005 classification identifies cytological and histological fea-
tures of dysplasia shown in Table 9.4, but there is little evidence to suggest which
architectural and cytological features should be weighted more highly to identify
high- and low-risk OPMDs. There is also no category of provision within these
features for the diagnosis of proliferative verrucous leukoplakia which is often mul-
tifocal and has very high risk of malignant transformation. Dysplasia grading
remains subjective and is prone to inter- and intraobserver variability.

Historically, pathologists took into account a combination of microscopic fea-
tures from those listed above and arrived at a grade; the worst site of a biopsy was
scored although sampling errors may have affected reporting. Before grading of
dysplasia became more standardised, lesions were described as mild, moderate or

Table 9.4 Cytological and architectural features of dysplasia (Adapted from [37])

Cytological features of dysplasia Architectural features of dysplasia

Abnormal variation in nuclear size and shape Loss of polarity

(anisonucleosis and pleomorphism)

Abnormal variation in cell size and shape Disordered maturation from basal to
squamous cells

Enlarged nuclei and cells Includes top to bottom change of carcinoma
in situ

Hyperchromatic nuclei Increased cellular density

Increased mitotic figures Basal cell hyperplasia

Abnormal mitotic figures (abnormal in shape or | Dyskeratosis (premature keratinisation and

location) keratin pearls deep in epithelium)

Increased number and size of nucleoli Bulbous drop-shaped rete pegs

Secondary extensions (nodules) on rete pegs
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severe dysplasia relatively subjectively. Pathologists in different units would make
their own grading systems and sometimes only diagnosed dysplasia when only two
of the listed features were observed [38]. Others scored lesions depending on how
many dysplastic features a biopsy expressed providing weighted scores for 13
microscopic features of dysplasia, namely:

Loss of polarity of basal cells

Presence of more than one layer having basaloid appearance
Drop-shaped rete ridges

Increased nuclear cytoplasmic ratio

Nuclear hyperchromatism

Enlarged nucleoli

Increased number of mitotic figures

Mitotic figures in abnormal form

The presence of mitotic figures in the superficial half of the epithelium
10. Cellular and nuclear pleomorphism

11. Irregular epithelial stratification

12. Loss of intercellular adherence

13. Keratinisation of single cells or cell groups in the prickle cell layer

NN D=

b

Smith and Pindborg [39] weighted these features in lesions, and a maximum
score of 75 for any one lesion could be obtained. They considered mild dysplasia to
include scores of 11-25, moderate dysplasia from 26 to 45 and severe dysplasia in
excess of 45, but the appropriate weighting given to each of the features was largely
guesswork on what the authors felt was more or less indicative of severity. Some of
the features were not specific for dysplasia and could be found in other conditions
such as inflammation.

To reduce ambiguity in reporting, the WHO further subdivided categories of
mild, moderate and severe dysplasia and carcinoma in situ with features they felt
were appropriate for each category, but not all features had to be present for a lesion
to be given a particular grade.

There is some controversy on whether carcinoma in situ is actually a premalig-
nant condition as many believe it to be actual malignant change but without inva-
sion. Microinvasive carcinoma is also difficult to diagnose as it is difficult to
visualise in the early stages.

In addition to difficulties assigning weightings to various cytological and
histological features of dysplasia, there is a considerable amount of evidence
suggesting that dysplasia grading is subjective and prone to interobserver vari-
ability [40-42]. In one study by Karabulut et al. [41], interobserver agreement
rates were in the range of 49-69% between four pathologists with kappa values
showing poor to moderate agreement between pathologists. Diagnostic diffi-
culty is particularly associated with grading of moderate dysplasia where fea-
tures are not unilaterally mildly dysplastic or severely dysplastic. Malignant
transformation rates for mild dysplasia may be less than 5% but for moderate
dysplasia are 3—15% and for severe dysplasia around 16% with variability of
7-50% [43]. Decisions on management of the entire precancerous lesions is
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often based on grading of dysplasia from incisional biopsy which has also been
reported as fairly inaccurate with reports of only 56% agreement in diagnosis
between incisional and definitive biopsies from 200 patients with single prema-
lignant lesions. Discrepancies in diagnosis in 42 patients with multiple lesions
totalled 11.9%. Holmstrop et al. [44] undertook a similar study and found that
incision biopsy reports gave different degrees of dysplasia compared to the
whole lesions with variability of around 49% again confirming that biopsies
may not be being taken from the most severely dysplastic area of a lesion visi-
ble with the naked eye.

For patients with multiple lesion disease, field mapping biopsies are advocated
[45]. Multifocal disease may ultimately affect up to 24% of oral cancer patients, and
for holistic patient management, all sites where there are visible epithelial abnor-
malities should be biopsied, if necessary under general anaesthesia.

Diagnostic accuracy is also problematic with verrucous hyperplasia and pro-
liferative leukoplakia (PVL). These lesions have gross hyperkeratosis with a ver-
rucous or papillomatous surface. The lesions are exophytic and spread laterally.
Verrucous hyperplasia is more localised, but the recurrent multifocal and pro-
gressive type, PVL, occurs at an average age of diagnosis of 62 years, and women
are more commonly affected than men. PVL usually affects multiple sites but
most commonly the buccal mucosa in women and the tongue in men. Many cases
are resistant to all forms of medical and surgical treatments including laser
surgery.

While PVL lesions do not demonstrate many features of cytological atypia and
only 50% show evidence of dysplasia, 70% of lesions may progress to squamous
cell carcinoma [14, 46]. Clinical history, multifocality and extent of the lesion are
all important factors in diagnosis. The exophytic nature and lack of pushing invasive
front distinguish it from verrucous carcinoma [37]. Another area of diagnostic dif-
ficulty, also reported by Speight [37], includes pseudoepitheliomatous lesions.
Granular cell tumours are typical examples along with chronic hyperplastic candi-
dosis, median rhomboid glossitis and necrotising sialometaplasia. Reactive inflam-
matory cell atypia is common in these lesions and should be differentiated from
atypia in oral dysplasia.

In an attempt to standardise dysplasia classification and use it to predict risk of
malignant transformation, Kujan et al. [47] developed a novel binary grading sys-
tem where lesions were reclassified as low or high risk for malignant transforma-
tion. There was some success in using this classification in that it reduced the
number of categories for a lesion down to two. Using the binary system, four pathol-
ogists showed satisfactory agreement on the distinction of mild dysplasia from
severe dysplasia and from carcinoma in situ, but the assessment of moderate dyspla-
sia was more difficult. The sensitivity and specificity of the new binary grading
system for predicting malignant transformation in oral epithelial dysplasia were
85% and 80%, respectively, and the accuracy was reported as 82%. It was felt that
the new binary grading system complemented the WHO Classification 2005 but
needed further evaluation on a larger sample size.
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In summary, there is no single dysplasia classification system at present that is
more or less accurate than the WHO system. All systems use similar features to
classify dysplasia, but there needs to be consensus agreement on which features are
more indicative of more severe tissue dysmaturation and disorganisation. This com-
bined with introduction of clinical factors to stratify risk may provide a more
encompassing system that provides prognostic as well as diagnostic information.

A considerable amount of work has been undertaken trying to find biomarkers
that predict malignant transformation at the molecular level, but to date, no accurate
biomarkers have consistently been able to predict malignant transformation of oral
potentially malignant disorders, and these are largely a research tool. They are not
in routine use for individual patient management.
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Chapter 10
Surgical Biopsy Techniques and Adjuncts

Check for
updates

Ben Tudor-Green

Introduction

The significance of oral potentially malignant disorders (OPMD) lies in its association
with malignant transformation to oral squamous cell carcinoma (OSCC) [1]. OPMD
can present in a number of ways, as homogeneous (flat, thin, white) and non-homoge-
neous (speckled, red and white, erythroleukoplakia) lesions but can also present as
oral submucous fibrosis and oral lichenoid/oral lichen planus (OLP). OPMD is diag-
nosed by clinical history and biopsy with histological examination. Prior to biopsy, it
is important to be aware if a patient is on anticoagulant or antiplatelet therapy as these
may have to be stopped for a number of days and should seek advice from a
Haematologist if unsure [2]. There also is a need to be aware of any anatomical struc-
tures at risk. If situated at the tongue base or oropharynx, an examination under anaes-
thetic is performed, and if a lesion is situated proximal to major structures, a biopsy
may be contraindicated. Biopsy remains the gold standard and is important in helping
exclude other keratotic lesions. It can present as a spectrum of epithelial change. The
most commonly used grading system is the WHO 2005 system that grades dysplasia
into mild, moderate and severe [3]. The use of a binary system has been suggested for
reducing interobserver variability of histological grading and for helping guide clini-
cal decisions for appropriate intervention, and a later study confirmed its superior
reproducibility [4, 5]. However, Dost et al. argued that the severity of OPMD was not
associated with predicting patient outcomes or determining appropriate management
and advised treatment [6]. Non-homogenous leukoplakias are associated with a higher
risk of dysplasia or OSCC compared to homogeneous lesions. Proliferative verrucous
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leukoplakia (PVL) is a subtype and has a higher degree of malignant transformation
[1, 7]. It has been suggested that in the absence of dysplasia, it can be a precursor to
verrucous carcinoma [8].

The global prevalence of oral leukoplakia is estimated at 2.60% [9]. Most
OPMDs such as leukoplakia are caused by tobacco, alcohol and betel quid nut use
resulting in the sequential revolution of the disorder. The anatomical subsite can be
considered a factor for treatment. Warnakulasuriya and Ariyawardana identified that
the floor of the mouth lesions carry a greater risk of malignant transformation [9].

The significance of OPMD lies in the risk of malignant transformation into
OSCC. It has been reported in the literature as occurring from 6.6% to 36.4% [1]
alone to 0.13-34.0% [9]. The average time to transformation has been reported in
the literature varying from 0.5 to 17 years [10, 11]. Mild OPMD is associated with
a less than 5% malignant transformation compared to moderate and severe OPMD
where there have been rates reported of 3—15% and 7-50%, respectively [12, 13].
The risk factors associated with increased malignant transformation include female
gender, duration of lesion, idiopathic leukoplakia, subsite (floor of the mouth), size
(greater than 200 mm) and multiple lesions. Ho et al. reported that 22% of the
patients underwent malignant transformation within 5 years. However, gender, age
and number of lesions did not predict malignant transformation [10].

There is a general lack of consensus as to the management of OPMD lesions
[14-16], and very few guidelines have been published [1]. Surgical excision is often
carried out for high-grade lesions and has been reported in the literature that if
lesions are not excised, then there is an increased risk of malignant transformation
[17], but there is controversy as to low-grade and high-grade lesions [18]. In the
UK, the general advice given by the British Association of Head and Neck
Oncologists (BAHNO) is for targeted use of biopsy and histological assessment
followed by lifestyle changes (smoking and alcohol cessation) and surgical exci-
sion. A recent editorial produced an algorithm (Fig. 10.1) defining their manage-
ment of OPMD [1] which has produced good results [11]. The aim of this chapter is
to assess the biopsy techniques (Table 10.1) and adjuncts available to the clinician
in the assessment of OPMD.

Fine Needle Aspiration Cytology (FNAC)

FNAC can be performed either blind or under imaging guidance. It is minimally
invasive, fast inexpensive and well tolerated. The diagnostic performance and speci-
ficity of FNAC can be improved significantly when used in conjunction with a
cytology technician-led service or with a cytologist where the sample can be pro-
cessed and assessed immediately and lesions can be re-aspirated if required.
Ultrasound-guided FNAC increases diagnostic accuracy by enabling avoidance of
necrotic or cystic regions and the targeting of high-yield areas of the lesion for tis-
sue extraction [19]. Ultrasound guidance can also allow the operator to confirm the
position of the needle tip in the lesion. The major disadvantage is that FNAC
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Patient presents to Oral
Medicine unit/OMFS unit with
suspected OPMD lesion

Clinical history/examination performed/photographs/optical
biopsy adjuncts

Biopsy and histopathological examination

performed
Malignancy identified-for Moderate or severe Mild OPMD
MDT OPMD/Carcinoma in situ
Oral epithelial dysplasia clinic Routine follow up
Resection Re-biopsy Close monitoring

Fig. 10.1 Typical management algorithm for OPMD (based on Field et al. 2015) [1]

provides variously clustered cells and no tissue architecture and supply stroma, and
it is the architectural presentation in a biopsy sample that allows for accurate diag-
nosis. One of the issues with FNAC is that it can induce changes within tissue caus-
ing diagnostic difficulties during final histological assessment. This applies in
particular to glandular tissue for salivary gland assessment [20].

There are limited studies exploring this approach, but case reports [21] have
shown that there was a correlation between the cytological findings and histological
results achieving sensitivity of 100% and specificity of 89% which is comparable to
earlier studies such as Gandhi et al. where the specificity and sensitivity were
95.45% and 93.75%, respectively [22]. This approach may be useful for lesions at
the floor of the mouth or base of the tongue as it is less invasive and can be diagnos-
tic in the majority of cases [23].
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Table 10.1 Advantages and disadvantages of surgical biopsy techniques

Biopsy technique Advantages Disadvantages

Brush biopsy Non-invasive Non-definitive results
Cheap Need histopathological diagnosis
No anaesthesia required

Microbiopsy Non-invasive Needs definitive histopathological
Can be used in the primary care diagnosis
setting
No anaesthesia required

Fine needle aspiration | Minimally invasive May need definitive

cytology (FNAC) Can be used in the outpatient histopathological diagnosis
setting May need imaging guidance

Suitable for use for patients on
anticoagulants/antiplatelets

Core biopsy Can be used in the outpatient Invasive

setting May need imaging guidance
Suitable for use for patients on
antiplatelet/anticoagulants
Suitable for floor of mouth/tongue

base OPMD
Incisional biopsy Most common performed Invasive
technique Risk of underdiagnosis
Can be performed in day case May need excisional biopsy
setting Needs local or general
anaesthesia
Excisional biopsy Achieve potential curative intent | Invasive
Able to assess full extent of lesion | Needs local or general
Can be performed in day case anaesthesia
setting

Brush Biopsy

Oral brush biopsy may be used as an adjunct to incisional biopsy for lesions where
there is uncertainty in the aetiology, continuing monitoring, recurrence or difficultly
to excise surgically [24]. It can also be used in resource-challenged areas [25].
Various tools can be used from a Cytobrush to a toothbrush to collect cells. The
removed cells are then transferred onto a glass slide and examined [26]. Trakroo
et al. assessed 50 patients who had brush biopsy followed by incisional biopsy. The
authors achieved a specificity of 88.89% and a sensitivity of 84.37%. In comparison
with histopathology, there was a statistically significant difference (P < 0.05) [26].
This compares with earlier studies such as where the specificity and sensitivity were
similar but no statistically significant difference between histopathology and cytol-
ogy but overall has higher efficacy than cytology [25, 27]. In a recent meta-analysis
comparing computer-assisted brush biopsy with DNA cytometry, the pooled sensi-
tivity (86% vs. 89%) and specificity (81% vs. 99%) of brush biopsy were lower. The
authors commented on the greater accuracy of DNA cytometry in its ability to detect
DNA aneuploidy and detect malignant transformation sooner [28].
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Microbiopsy

This can be performed either in the general dental setting or in the outpatient clinic
and consists of scraping the lesion with a dermatological curette to collect cells
and tissue. The basal layers of the epithelium have to be included for a full thick-
ness tissue sample, so bleeding is encouraged [29]. The specimen is then placed in
a fixing solution [26]. The authors comment that it should replace incisional
biopsy but should be available in order to reduce diagnostic delay. The major dis-
advantage is the inadequacy of the depth of sampling resulting from keratinisa-
tion. The study had an inadequacy rate of 7.9% which is comparable to an earlier
study [29, 30].

Core Biopsy

Owing to the diagnostic limitations with FNAC has led to exploration of core
biopsy. The technique requires an operator which is usually a radiologist trained in
head and neck ultrasound and biopsy techniques [19, 31]. Core biopsy consists of
local anaesthetic infiltration, a small skin incision and the use of an automated
spring-loaded biopsy device. The core of tissue is then processed and sections from
the core can be used for grading [19]. The advantages of core biopsy are that it is
rapid, the affected lesion remains in situ and no general anaesthetic is required.
Also, it is suitable for patients on anticoagulation or antiplatelet therapy. The prob-
lems however are false-positive results, the minimal risk of tumour seeding and
complications associated with a more invasive technique. A recent meta-analysis
[32] has identified the crude estimates for tumour seeding of 0.00012% after FNA
and 0.0011% after core needle biopsy (CNB).

CNB cannot be used as part of a one-stop diagnostic clinic service unlike
FNAC. However, Howlett et al. argue that it should be the first diagnostic technique
of choice compared to FNAC particularly for salivary gland lesions and cervical
lymphadenopathy [33, 34], but despite limited data with this approach in OPMD, it
has been shown in case reports to be useful where there is a suspicion that the
tumour is entering a deeper tissue plane but the mucous membrane remains intact.
It can be used to help evaluate the dimensions of a lesion especially in the tongue
and can be used for assessing recurrent lesions [35]. Bleeding and pain are potential
complications. However the risk can be minimised by ultrasound guidance. One
study assessed the complications and diagnostic accuracy of ultrasound-guided core
biopsy in patients who received antiplatelet therapy against those who did not.
Thirty-two patients were either on aspirin, clopidogrel or warfarin. On follow-up
none of the patients developed bleeding or haematoma in the antiplatelet/anticoagu-
lant group. Despite the small cohort of patients, core biopsy could be used, but
further studies are needed [36].
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Novoa et al. performed a systematic review and meta-analysis of data from 16
studies involving 1291 lesions in 1267 patients. Overall, there was an accuracy of
94%, and it was able to provide a comment-specific diagnosis in 87% of cases with-
out major complications and was seen as more accurate than FNAC in detecting
malignancy. However, the authors concluded that CNB is suitable primarily for
assessing salivary gland lesions and cervical lymphadenopathy but not suitable for
thyroid lesions [36]. A recent study performed a retrospective analysis of 70 patients
with neck masses over a 17-month period. The authors showed that 63 (90%) were
diagnostic for lymphoma or other pathology and did not require further tissue sam-
pling. The conclusion was that CNB allowed for assessment of full nodal architecture
and advised that it should be the first investigation of choice as it reduces the need
for surgical biopsy [37].

Incisional Biopsy

Incisional biopsy is usually indicated for determining the diagnosis prior to treatment
for lesions that are potentially malignant or for lesions where the diagnosis is uncer-
tain. The contemporary management of OPMD is incisional biopsy prior to surgical
excision [14] although there is no universal consensus. Incisional biopsy has been
shown to be of limited use as a predictive tool for oral dysplasia [38, 39]. There is also
the danger of underdiagnosis, and it has been shown that the clinical appearance that
appears non-homogeneous can influence underdiagnosis [40—42]. This was confirmed
by Jeong et al. in the assessment of 22 patients with oral leukoplakia in the lateral
tongue who found that 59.1% had co-existing malignancy and 73.3% of cases were
underdiagnosed by incisional biopsy and identified three possible causes: first mis-
selection of the sampling site within the area of leukoplakia, second, small sample size
and third too superficial sample [43]. One way to reduce the risk of error is to place a
tagging suture to facilitate the pathologist in orientation, facilitate deeper biopsy and
reduce distortion [44]. Another issue is that by taking from the central aspect of a
lesion, the report will give an approximate thickness as opposed to depth. If a lesion is
malignant, depth is considered a better prognosticator than thickness [45].

Excisional Biopsy

This is useful for excising simple mucosal and soft tissue lesions where diagnosis
and curative intent can be achieved simultaneously. However, this technique should
only be used where the lesion can be removed without damage to vital structures.
Excision of OPMD lesions takes place after initial incisional biopsy, and histo-
pathological diagnosis as the severity of dysplasia varies at different sites across the
lesion [1, 14, 41]. Mehanna et al. [17] suggested that excision should be advised for
most lesions.
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Chronic Hyperplastic Candidiasis (CHC)

CHC is a variant of oral candidiasis and classically presents as a white patch on the
commissures of the oral mucosa [46, 47]. This is mainly caused by Candida albi-
cans, but other candidal species can be involved. This is a normal commensal of the
skin, oral cavity, gastrointestinal tract and genitourinary tract [47, 48]. CHC gener-
ally responds to antifungal therapy but if left untreated can lead to dysplasia and
carcinoma. The association between Candida and dysplasia was first reported in the
1960s. Lehner first used the term “candidal leukoplakia” to describe leukoplakic
lesions associated with candidal infection [48]. This term is no longer used. Males
are generally more affected than females (2:1 ratio), and the buccal commissure is
the most common site followed by the buccal mucosa and palate. The tongue is less
likely to be affected [46].

Smoking is the main risk factor associated with CHC [49]. Shin et al. reported a
positive and direct association between smoking and candidal colonisation. The
accepted theory is that smoking allows candidal colonisation by epithelial altera-
tions such as keratinisation and hydrophobicity [50]. An alternative theory is that
smoking depresses the action of polymorphonuclear leucocytes resulting in reduced
gingival exudate causing a reduced number of leucocytes and salivary immuno-
globulin A levels which are needed for inhibiting candidal colonisation [51].

Both homogeneous and nodular types of CHC can result in moderate to severe
dysplasia. It has been reported in the literature that up to 15% of CHC cases prog-
ress to dysplasia [46]. Field et al. in 1989 suggested that the nitrosamine that is
produced by Candida with other carcinogens can activate proto-oncogenes [51]. A
more recent study revealed that in patients with OPMD and Candida, there was
more acetaldehyde production at carcinogenic levels [52]. McCollough et al.
showed that there is an interaction between oral yeast carriage and oral epithelial
dysplasia. The authors identified those patients with oral epithelial dysplasia or oral
squamous cell carcinoma had an increased number of Candida in the oral cavity.
They further commented on increased expression of p53 in CHC suggesting
increased potential for malignant change in the epithelium [53].

Candidal colonisation in the oral cavity in itself is not indicative of infection as
it is present in the locations described in between 40% and 60% of people [53].
Definitive diagnosis requires incisional biopsy to confirm tissue invasion. Biopsy is
required as the lesion is often confused clinically with leukoplakia [54].
Histopathological examination of tissue reveals epithelial hyperplasia with hyper-
parakeratosis and candidal hyphae in the para-keratin layer invading the deeper lay-
ers of epithelium [38]. There can also be an inflammatory cell infiltrate consisting
of polymorphonuclear leucocytes with lymphocytes in the lamina propria and the
superficial layer of the epithelium. The presence of hyphae is confirmed with peri-
odic acid-Schiff (PAS) staining which stains magenta red [46].

The management of CHC consists of eliminating predisposing factors such as
smoking, reducing antibiotic therapy and controlling diabetes plus topical or sys-
temic antifungal therapy. Surgery is used in cases that are nonresponsive to medical
treatment [46, 47, 54].
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Immunohistochemistry (IHC)

IHC examination has advantages in that it does not need specialist equipment and
lengthy manipulation of tissue samples and can be applied to archived specimens
and complements histopathological examination by detecting gene expression at the
protein level [55]. Tumour suppressor genes, oncogenes, cell proliferation markers
and cell adhesion molecules have been studied as potential tools to predict the prog-
nosis of OPMD patients. An immunohistochemical panel using multiple prognostic
molecular biomarkers could provide information for patient stratification [55]. The
interpretation and quantification of IHC results are governed by various factors
including examiner’s experience, tissue processing, antibody specificity and anti-
body detection systems [55].

Ki67 is a commonly used marker associated with cell proliferation. A recent
study [56] analysed the expression of Ki67 with survivin and p63 in oral leukopla-
kic tissues. The authors identified that there was a high expression of p63 (88.2%)
in both dysplastic lesions and non-dysplastic lesions. There was a correlation
between the high expression of survivin and Ki67 in dysplastic lesions which sug-
gests that these markers could be used to assess malignant transformation. This is
consistent with other studies where Ki67 was highly expressed in non-homogeneous
lesions, but there was an increased indication in patients over 50 who smoked
tobacco. It could be argued that Ki67 may be considered as an adjunct marker for
assessing proliferative activity in lesions with malignant potential [57]. Ki67 can
also be used for assessing malignant transformation in oral lichenoid and OLP in
combination with p53 where there can be an increase in p53 and Ki67 expressions
but not found to be statistically significant [58]. P53 in combination with p16 pro-
tein loss and Ki67 overexpression can increase the positive predictive value [59]. An
alternative marker is topoisomerase Il alpha which is more specific in identifying
dysplasia as Ki67 can be expressed in 36% of the cells. However, topoisomerase II
alpha was significantly associated with dysplasia (P = 0.019) in the samples [60].

Bcl-2 which is an oncoprotein can be overexpressed in potentially malignant oral
lesions [61]. Its increased expression suggests that apoptosis may play a major role
in the early stages of carcinomatosis [62]. Silva et al. assessed the correlation between
increased expression cell adhesion markers (E-cadherin) and cell differentiation
markers (involucin) in potentially malignant lesions. There was no statistically sig-
nificant correlation between the expression of E-cadherin and involucin, but
E-cadherin was highly expressed in leukoplakic lesions and involucin in oral SCC
lesions [63]. Earlier studies confirm these findings in that they have shown significant
differences in E-cadherin expression between normal oral mucosa and both low-
(P =0.019) and high-risk oral leukoplakia (P = 0.006). This can be seen with other
oral lichen planus (OLP) and oral lichenoid lesions [64] where there was a higher
expression in the OLP group which indicated increased malignant transformation,
but generally affects a small subunit of patients predominately older and female.

LAMC?2 has been shown to play a role in cancer invasion and is upregulated at
the cancer/stroma interface. In a study of 39 surgical specimens and 93 incisional
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biopsy specimens, LAMC?2 expression was significantly associated with depth and
invasion of oral SCC, and a foci of LAMC2-positive cells in some cases of leuko-
plakia were identified suggesting increased risk of malignancy [65]. Chaudhari
et al. assessed the use of human MutL homolog 1 (hMLH1) protein expression in
oral leukoplakia. This protein constitutes a part of maintaining genomic stability
during repeated duplications. The authors identified an inverse relationship between
hMLHI1 expression and the degree of dysplasia. Overall, there is a lower expression
in oral SCC compared to normal oral tissue. This could be used as part of a immu-
nohistochemical panel for malignant transformation [66].

Molecular Markers

Recent advancements in genome-wide screening techniques have enabled identifi-
cation of DNA aberrations associated with malignant transformation. Many studies
have focused on oral leukoplakia and erythroplakia. Copy number variations (CNV)
are abnormal duplications or deletions that exist across the genome [59]. One study
identified a —8p/+3q/+8q/+20 phenotype in dysplastic lesions, suggesting that the
pattern of genomic instability occurs at the premalignant stage [67]. A separate
study identified further CNV including amplifications of 3p26.3, 8q24.1 and
11g22.3 and deletion of 8p23.2. Further amplifications of 1p36.33 and 11q22.1 are
associated with poor clinical outcome [68].

Loss of heterozygosity (LOH) can occur upon loss of genomic material. LOH
has been identified at chromosomal areas 3p, 9p, 13q and 17p in the early stages
of oral carcinogenesis [69, 70]. Several studies have confirmed that high-fre-
quency LOH particularly in 3p and 9p is positively correlated with malignant
transformation. The risk is further increased if there is involvement of 8p, 11q,
13q and 17p. LOH has the potential to be used to improve surveillance of high-
risk patients [71].

Several genes and proteins have been identified as potential markers for both
dysplasia and malignant transformation. The most studied to date are p53, cyclin D1
and podoplanin (PDPN) [59]. The mutation of p53 is one of the most common
genetic events in carcinogenesis. Around 50% of leukoplakia and erythroplakia
overexpress p53. However, it cannot be used as a specific marker to determine
malignant transformation and should be used with immunohistochemistry markers
or DNA ploidy analysis [59]. Cyclin D1 has been shown to play a role in apoptosis
and controls the cell cycle transition from GI to S phase. Cyclin D1 gene overex-
pression has been found in 24—47% of dysplastic lesions [72], and Poh et al. showed
an eightfold increase in malignant transformation with overexpression [73]. The
correlation between cyclin D1 expression and dysplasia severity has been seen in
several studies [74], but other studies have contraindicated these findings. The result
is due to the differences in the grading scales used [59].

Podoplanin (PDPN) is described as a mucin-type transmembrane glycopro-
tein that may have a role in cell motility and platelet aggregation. In a study of
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leukoplakia and erythroplakia lesions, there was positive correlation between the
intensity of the staining and the severity of dysplasia [75] which has been con-
firmed in both more recent studies on non-homogeneous dysplasia [76] and ear-
lier studies [77] where PDPN overexpression was associated with increased
malignancy risk (P = 0.0033). A few studies have reported separately on eryth-
roplakia [78] and leukoplakia [79]. PDPN and ALDHI can be used in conjunc-
tion to identify increased malignant risk where they saw a 3.02-fold increase on
point prevalence analysis of malignant transformation [80].

Epigenetics

An example of epigenetic changes in potentially oral malignant lesions is DNA
methylation [81]. This occurs primarily in the addition of methyl group to a CpG
dinucleotide in the DNA sequence. A recent meta-analysis examined DNA meth-
ylation in premalignant lesions and identified hyper-methylated loci on p16, p14,
MGMT and DAPK leading to an increased risk of malignant transformation. The
authors concluded that most studies were small in sample size and larger epigenome-
wide studies are needed [82]. Earlier studies confirm that MGMT and p16 involve-
ment increases risk [83]. Other recent studies identified that the methylation of
genes including MPLP, NKX 2-3 and TRPC4 in their promoter genes leads to aber-
rant promoter methylation and therefore increased malignant transformation [84].

DNA Ploidy Analysis

DNA ploidy analysis can be used to measure nuclear DNA content as a marker of
genomic damage [60]. It is known that tobacco use can induce aneuploidy within
the oral epithelium, and in potentially malignant disorders, the epithelial cells
change from diploid to an aneuploid pattern [85]. Aneuploidy is an indication
either of an unbalanced number of chromosomes or unbalanced chromosomal
regions resulting from deletions, duplications, amplifications or translocations
[86]. Between 50% and 80% of oral SCC will have abnormal DNA content, and
there is strong evidence to suggest that detecting such changes in leukoplakia and
erythroplakia increases the risk of malignant transformation irrespective of the
grade of dysplasia [87]. It is possible to combine DNA ploidy assessment with
biomarker expression assessment such as Ki67 and p53 [88]. Van Zyl et al. [89]
used high-resolution flow cytometry to determine the ploidy status of formalin-
fixed tissues. Aneuploidy was found in 13% of mild, 31% of moderate and 54% of
severe dysplasia cases. Such findings have been confirmed in earlier studies [87,
90, 91]. This difference was seen to be statistically significant. Sperandio et al.
showed that combining DNA ploidy analysis with dysplasia grading can give a
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higher predictive value than either technique alone [92]. The positive predictive
value for malignant transformation by DNA aneuploidy was 38.5% and by severe
dysplasia 39.5%. An alternative is the assessment of chromosomal instability by
DNA image cytometry and FISH analysis which can be used for assessing lesions
over time [93].

Optical Biopsy Adjuncts

The gold standard diagnostic assessment is biopsy and histological diagnosis. This
can require several hospital visits which can lead to increased patient anxiety and
increase cost both to the patient and the healthcare provider [94, 95]. Optical diag-
nostics can be useful in that they can provide an instantaneous assessment of tissue
architecture and detect submucosal pathology. They have the potential to target
biopsy tissue at the time of examination [96].

Chemiluminescence

Chemiluminescence works on the basis that there will be a change in the absorptive
and reflective properties of light based on abnormal changes in metabolic and struc-
tural changes in tissues [97]. It was primarily used in the assessment of lesions in
the cervical mucosa and was applied to oral SCC due to the similarities in clinical
appearance [98]. Products commonly used include ViziLite®, ViziLite Plus®,
VELscope™ and MicroLux™ and can be used in both primary and secondary care
settings.

Three systems use a 60-s rinse in an acetic acid solution followed by inspection
with a blue-white light source between 430 and 580 nm [97]. The light is emitted
following flexion of a hand-held light stick which fractures resulting in a reaction
between salicylic acid and hydrogen peroxide. This leads to a blue-white light being
released for 10 min. The ViziLite Plus® uses toluidine blue to delineate lesions.
MicroLux™ uses a battery-operated light source from a blue-white-emitting diode
together with a fibre optic light guide. Rashid and Warnakulasuriya performed a
meta-analysis which showed that there is variation in the sensitivity of the devices
to detect dysplasia from 0% to 100%. The authors commented that the 100% sensi-
tivity reported by some studies [99-101] is likely due to clinical findings. Other
studies did not comment on sensitivity rates owing to the lack of comparison with
histopathology. It was reported in one study that these devices may be unable to
detect red lesions as they could only elicit a 50% response with erythroplakias
[100]. This was confirmed in subsequent studies [93, 94] and suggests that chemi-
luminesence will more likely detect leukoplakia [96, 102]. One study [103] identi-
fied in the meta-analysis assessed MicroLux™. They reported a sensitivity rate of
77.8%, and the authors commented on the lack of discrimination between inflam-
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matory, traumatic and malignant oral lesions. It has been suggested that the use of
toluidine blue may provide an additive benefit. Two studies reported improvements
in the specificity rate. Overall, despite improvements in visualisation, these systems
do not significantly improve lesion detection, and further studies are needed to
assess long-term follow-up [96]. To date, one meta-analysis [104] has assessed
VELscope™. In the authors’ assessment of 11 studies, high sensitivities were
reported (92-100%) and improved sensitivity of detecting OPMD from 17% to
100%, but the major issue was the inability to distinguish between benign and
OPMD lesions where half of the dysplasia cases were not detected [97]. The study
overall advised that it did not improve sensitivity or specificity values and so should
only be used by a specialist [104].

Optical Coherence Tomography (OCT)

OCT is a direct analogue of ultrasound using infrared light which records reflec-
tions below the surface to provide a cross-sectional image of the tissue. It can be
used to assess both oral lesions and biopsy tissue. OCT can be used to monitor
patients with oral dysplasia and enable early diagnosis, but variation can occur
between observers [105]. OCT can detect architectural changes but unable to detect
cytological atypia [106]. OCT has the potential to delineate surgical margins by
finding an increase in the mean epithelial thickness and detecting architectural
changes which is consistent in tumour-infiltrated tissue [107].

Microendoscopy

Microendoscopy allows for real-time diagnosis of tissues allowing for informed
decisions to be made as to biopsy or resection margins [95]. It assesses the mucosal
surface reducing the size of an incisional biopsy. The microendoscope is attached to
a camera and scopes of varying size. The maximum magnification is 150x. In stud-
ies where comparisons were made between microendoscopy, paraffin sections and
frozen sections, microendoscopy was able to detect dysplastic mucosa with a sensi-
tivity of 95% and a specificity of 90%. This can be increased by further training to
98% and 92%, respectively [95].

Narrow Band Imaging (NBI)

NBI enhances tissue contrast by identifying superficial capillaries and neo-
angiogenesis with abnormal tissue by using a colour filter to narrow the bandwidth
of spectral transmittance. This eliminates all wavelengths apart from narrow bands
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Fig. 10.2 Narrow-band imaging of normal oral mucosa showing clear branching vessels in the
subepithelial layer which appear cyan, and the capillaries in the epithelial layer appear brown. The
buccal mucosa in the middle and right of the figure (a and b) shows brownish dots on dilatation
with weaving and differing shapes plus loss of the regular capillary arrangement (By kind permis-
sion of Professor Peter A. Brennan)

with central wavelengths of 415 and 580 nm (Fig. 10.2) [95, 108]. NBI does not
require fluorescent dyes and is able to target suspicious vascular morphology, reduc-
ing the need for multiple biopsies [88]. The oral mucosa appears cyan and has clear
branching vessels in the subepithelial layer. Abnormal vessels lose the regular capil-
lary arrangement and appear brown on dilatation. The study was performed com-
paring normal white light examination with NBI in combination with high-definition
television (HDTV) in 96 patients. Thirty-five patients were newly diagnosed and
NBI identified 14 additional findings [109]. NBI can detect intracapillary loops
which can indicate the increased severity of oral leukoplakia. Yang et al. performed
a study comparing NBI with standard white light examination and found on NBI
that 68.1% had squamous hyperplasia with hyperkeratosis, whereas 0.63% had
high-grade dysplasia or invasive carcinoma. The study confirmed that there was a
relationship between disease severity and angiogenesis and destruction in the intra-
capillary loops [110].

Fluorescence

Tumour-specific intrinsic fluorescence arises from tumour-induced morphogenic
and biochemical alterations which change the way tissues interact with light.
Systems generally emit violet light (400 nm) through LED systems [95]. There is
reduced fluorescence in abnormal tissue, whereas normal tissue is apple-green and
at a larger wavelength (450-500 nm). Autofluorescence which is used to delineate
surgical margins in oral tissues is based on the variety of fluorophores found in the
oral cavity and has been suggested that loss of fluorescence in neoplastic tissue is
due to reduced collagen cross-links in stromal tissue [95]. It has been shown that
fluorescence is useful in assessing whether the lesion extends beyond what is clini-
cally observed [111]. The majority of studies have only assessed leukoplakia [112,
113]. Early studies [114] were able to show in 44 patients a specificity and



222 B. Tudor-Green

sensitivity of 98% and 100%, respectively. This has been confirmed in later studies
[115] where there was an increase in the detection rate of OPMD, and it has been
suggested that it may enhance clinical examination [1]. However, there is variation
in specificity when using fluorescence (50% versus 60%) [115]. Recent studies
showed that there was an increase in accuracy for detecting OPMD lesions com-
pared to white light examination from 46.66% to 53.33%. Visualisation improved
by using fluorescence when less experienced hands were assessing lesions [116].

Conclusion

Biopsy with histopathological analysis remains the gold standard for assessing
OPMD lesions. However, it is not useful as a predictive tool for oral dysplasia. Also
due to its invasive nature and risk of needing multiple biopsies, it means that there
remains the potential of optical biopsy adjuncts as part of management. The use of
biomarkers, DNA ploidy analysis and immunohistochemical panels plus adjuncts
may make effective clinical tools for assessing malignant transformation. Although
the risk of malignant transformation is low, there needs to be regular clinical assess-
ment prior to biopsy together with multicentre randomised controlled trials.
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Introduction

Oral potentially malignant disorders (OPMDs) have been defined as ‘a morphologi-
cally altered tissue in which cancer is more likely to occur than in its apparently
normal counterpart’ [1, 2]. A number of lesions and conditions are included under
the umbrella of OPMD including (1) leukoplakia, (2) erythroplakia, (3) oral submu-
cous fibrosis, (4) palatal lesions in reverse smokers, (5) oral lichen planus, (6) dis-
coid lupus erythematosus and (7) actinic cheilitis [3]. In addition, rare inherited
conditions, such as xeroderma pigmentosum and Fanconi’s anaemia, carry an
increased incidence of oral cancer. Immunodeficiency due to the prolonged use of
immunosuppressive drugs or due to an underlying HIV infection may increase risk,
and oral cancer has also been reported in patients suffering from chronic graft ver-
sus host disease (GVHD) after haematopoietic stem cell transplantation. A risk
assessment tool for head and neck cancer is shown in Fig. 11.1.

Of these conditions, leukoplakia and erythroplakia are considered the most likely
to undergo malignant transformation. There are however a number of possible out-
comes besides malignant transformation [4]. The lesion may remain unchanged, or
it may increase or decrease in size or completely resolve. An assessment of likeli-
hood of progression is based on clinical parameters, the aetiology of the lesion and
risk factors.

The perceived progression of oral lichen planus (OLP) to OSCC has generated a
long-standing controversy about its malignant potential. The erosive and atrophic
forms of OLP are more prevalent among patients who have developed OSCC in
OLP lesions [5, 6]. OLP is a common condition, but there are no precise clinical,
histological or molecular predictors of malignant potential. It has been suggested
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PREDICTIVE RISK ASSESSMENT OF HEAD AND NECK CANCER

Risk profile

1. Your Age

20s 30s 40s 50s 60s 70s 80s
2. Your Gender

FEMALE MALE
3. Smoke cigarettes or other forms of tobacco such as bidis, cigars, cigarillos, little cigars, kreteks, pipes, or hookas

NO Former Smoker YES
4. Use areca nut or betel quid on a regular basis

NO Former User YES
5. Chew tobacco, use spit ) (dip or oral dissolval > products), sniff or inhale snuff

NO Former Tobacco User YES
6. Drink alcohol frequently and consume large amounts

NO Former Drinker YES
7. Human Papillomavirus (HPV) vaccine

NO | have not had HPV vaccination (age above 26) YES

NO | started my HPV vaccines, but did not get all 3 shots (ages 9-26) YES

NO I have not completed my HPV vaccine series of 3 shots within a 6-month period (ages 9-26) YES
8. Sexual behaviour

NO | have oral sex with several partners YES

NO My partner(s) engages in sex with several others YES
9. Family history of cancer

NO | have a family history of head or neck cancer including mouth, lips, nose, or throat YES

NO | have a personal history of cervical cancer (females only) YES

NO | have a personal history of prostate or breast cancer YES

NO | have Fanconi anaemia, Ataxia-telangiectasia, Xeroderma pigmentosum, Bloom’s syndrome, YES

Dyskeratosis congenita, or Li-Fraumeni syndrome

NO | suffer from an immunosuppressive disorder or condition YES
10. Other lifestyle choices
NO | do not eat a diet rich in vegetables and fruits YES
NO | eat salt preserved foods regularly (examples: salted fish, salted meat) YES
NO | work with wood, sawdust, asbestos, toxic fumes YES
NO | do not protect my lips from the sun’s ultraviolet (UV) rays with balm that has sun protective factor YES
NO | have very poor oral hygiene YES
NO | use alcoholic mouthwashes on a regular basis YES

11.

jry

Head and neck cancer symptoms

NO White or red patch or ulcer on the gums, tongue or lining of the mouth YES
NO Painful or difficult to swallow; feeling of something caught in the throat YES
NO Mass or lump in the neck; pain or swelling in the face, chin or neck YES
NO Sore throat or a cough that doesn’t go away YES
NO Trouble breathing or speaking; hoarseness or a change in voice YES
NO Glands or lymph nodes in the neck are enlarged YES

This list of head and neck cancer risk factors and symptoms is derived from information published by the National Cancer
Institute (NCI), the American Dental Association, the Oral Cancer Foundation, the Georgia Cancer Centre Augusta University,
Cancer Australia, and published literature. Some of the symptoms may also relate to other illnesses or conditions.

Fig. 11.1 Predictive risk assessment of head and neck cancer (Image adapted and used with per-
mission from C. S. Farah et al. (eds.), Contemporary Oral Medicine, Springer Nature Switzerland
AG 2019)
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that structured follow-up and reporting strategies may help determine the real risk
associated with malignant transformation in OLP [7].

The frequency of malignant transformation for OLP has been reported to be
between 0.4% and 5% over an observation time period of 0.5-20 years by some
authors [8, 9]. Other reviews with a follow-up of over 2 years applying strict diag-
nostic criteria reported a malignant transformation rate of 0-2% [10].

No accurate data is available on the malignant transformation rates of actinic
cheilitis, although they have been reported at 16.9% in one study [11]. It is generally
accepted that the majority of cases of squamous cell carcinoma of the lower lip are
preceded by actinic cheilitis.

Clinicians and patients are faced with a number of questions when confronted
with premalignant disease. These include (1) What lesions require treatment? (2)
What is the benefit to the patient in treating lesions? (3) What risks are involved in
treating or abstaining from treatment? (4) What are the challenges involved in treat-
ment? (5) What is the cost of treatment and regular follow-up? Risk assessment in
order to address these questions involves factors related to the lesion(s) and factors
related to the patient. The malignant transformation of OPMDs to oral squamous
cell carcinoma (OSCC) has been studied in many different populations, and this
evidence has been reviewed by Napier and Speight [12].

The evaluation of any oral mucosal lesion should include an assessment of the
risk of malignant transformation based on factors related to the patient and the
nature of the lesion.

Management Rationales of Oral Potentially Malignant
Disorders

When a diagnosis of an OPMD is established, a decision needs to be made whether
to actively treat the lesion or condition in question or to simply observe it. The
immediately apparent problem with observation of an OPMD is that, by the very
definition of these disorders, in some cases, this simply leads to the supervised
development of cancer, perhaps with early detection being the sole conciliation, and
even this is not always achievable. Perceived time pressures, logistical appointment
attendance barriers, general lack of oral cancer knowledge, absence of pain and
unwillingness to discover disease constitute some of the documented barriers
responsible for low uptake of oral mucosal screening programmes—even in the
absence of financial constraints [13]. Conversely, the option of treatment—the med-
ical or surgical management of a patient—be it definitive or palliative, implies that
treatment is available, that it is possible and, in the current age, that it is evidence
based. Numerous disease and patient characteristics impact on the decision to initi-
ate treatment or recommend surveillance.

The main reason for treating OPMDs is to reduce (and ideally eliminate) the risk
of development of oral squamous cell carcinoma—a disease, which, on average, is
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fatal in half of the individuals affected [14, 15]. Furthermore, the treatment of the
carcinoma is complex and frequently associated with significant morbidity, leaving
those who survive with a considerably compromised quality of life [16, 17]. The
affected individual may be left with undisguisable deformity and/or significant loss
or impairment of some of the most basic bodily functions. Resultant dysgeusia,
dysphagia, dysphonia, loss of dentition, weight loss and malnutrition, trismus and
neuropathic pain are common treatment consequences, often leading to some degree
of social isolation. It is therefore not surprising that a recent US-based study [18]
demonstrated that patients with oral and oropharyngeal squamous cell carcinoma
were eight times more likely to commit suicide during the first year after cancer
diagnosis, compared to the general US population. The individual and social eco-
nomic burden associated with the treatment of oral SCC is also substantial. This
stems from the complex nature of oral carcinoma treatment, which focuses not only
on cure but also on organ preservation, often necessitating the utilisation of multi-
modality treatment and multidisciplinary expertise. The significant morbidity which
often accompanies disease survival subsequently demands the ongoing utilisation
of healthcare resources, further escalating the cost of care.

While the prevention of oral cancer and its sequelae is the obvious reason for
treating OPMD, fortunately, for many of those afflicted, the outlook is less morbid.
Nonetheless, although only some OPMDs undergo malignant transformation, the
disorders have the capacity to adversely impact on life quality in other ways [19].
For example, OPMDs, by their nature, can create a situation of a life in limbo,
potentially leading to significant psychological distress. Different kinds of distress
have been associated with limbo situations such as anxiety, worry, dread and despair
[20]. Anxiety—a state of unpleasant feelings when confronted with a specific situa-
tion, demand or threat—is a very common problem in patients diagnosed with can-
cer [21]. High levels of anxiety have also been reported to be associated with
OPMDs, although this is a largely unexplored area [21]. Anxiety can in turn
adversely affect the individual’s ability to cope with seeking treatment, which may
lead to diagnostic delay [21]. Furthermore, all OPMDs are capable of producing
pain or discomfort [19], and some disorders, such as OSMF, can in themselves be
severely disabling. Over time OSMF, for example, leads to worsening limitation of
mouth opening and tongue protrusion, causing difficulty in eating, swallowing and
phonation, eventually leaving individuals considerably handicapped physically and
psychologically [22]. Halting disease progression in this instance is therefore also
an important treatment aim [23].

Interestingly, despite the fact that OPMDs are common, chronic and potentially
disabling, at present, the literature pertaining to the specific impacts of OPMDs on
the individual’s quality of life is limited [19]. Most studies to date have focused on
OLP [24-36], and many have demonstrated compromised life quality [25-29, 31,
32, 35, 36], strongly influenced by the presence of symptoms. Improvements in life
quality have been demonstrated in OLP patients with treatment [26, 27, 29, 32].
Only a few studies [35, 37, 38] examined the quality of life in patients with other
OPMDs, namely, oral cGVHD, OSMF and oral leukoplakia, demonstrating a
decreased life quality in patients with cGVHD and OSMF [35, 37, 38]. Karbach
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et al. [35] in a small study failed to demonstrate a significant difference in quality of
life scores between individuals with OLP, leukoplakia and oral SCC. While the
adverse impacts of OPMDs on life quality may seem obvious, a recently published
systematic review examining the quality of life in patients with OPMDs concluded
that, at present, there is no strong evidence that individuals with OPMDs have a
poorer life quality compared to healthy controls [19]. This somewhat surprising
result has been attributed to the low quality of studies conducted to date as most
focus only on OLP, rarely include comparisons with healthy controls and at times
utilise quality of life instruments of questionable validity [19].

Another argument in favour of treating OPMDs pertains to the role that treatment
potentially plays in helping identify disease progression and aiding follow-up.
OPMDs can mimic early oral SCC in their clinical presentation. Treatment, and
more specifically the lack of response to treatment, of localised painful, erosive and/
or ulcerated lesions, especially those associated with widespread oral mucosal dis-
ease such as OLP, oral DLE and oral cGVHD, may help to identify such lesions as
sites undergoing malignant transformation and draw the clinician’s attention to
areas that require further investigation [39]. In cases of OPMD such as leukoplakia
and erythroplakia where excision may be possible, complete removal of the lesion
streamlines the process of surveillance. When compared to the act of ascertaining
whether an existing lesion has changed with time, establishing the mere presence or
absence of an OPMD is a much simpler process [40].

While it may appear that treatment is the obvious and ethical choice for all
OPMDs, the challenges that clinicians face is that OPMDs encompass a very diverse
group of lesions and conditions. The aetiology of many OPMDs is poorly or incom-
pletely understood, and currently there is no proven curative treatment for any
OPMD. In some situations, therefore, it can be argued that the currently available
treatment options are not necessarily the best course of action to undertake. For
example, in the case of OLP, where at present there is no curative treatment and no
established predictive factors for malignant transformation, it is not believed possi-
ble to prevent future cancer development. The main management objectives are
symptom control and early cancer detection. Thus, the asymptomatic, exclusively
reticular and plaque-like forms of OLP do not benefit from active treatment, and, in
those situations, follow-up only is recommended [41]. As is the case with OLP, oral
DLE exhibits a prolonged clinical course which can persist for many years, despite
various treatments, and follow-up only is recommended for asymptomatic, non-
ulcerated lesions [42].

Reasons to treat any OPMD are clearly influenced by many factors. Despite the
general recommendation that, ideally, all leukoplakias and erythroplakias be surgi-
cally treated [43], surgical intervention may not always be possible, particularly in
the case of extensive or diffuse lesions or when the affected individual’s comorbidi-
ties place them at excessive surgical risk. It may also not be an acceptable treatment
option to the affected, asymptomatic individual, recognising that at present there is
no definitive scientific evidence that any form of treatment truly prevents future
cancer development nor is malignant transformation of any OPMD an inevitable
outcome [16]. Close surveillance is then the only option [16] although this is reliant
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on patient motivation and continued attendance for review, with added financial
burden on the health system, where monitoring of patients may also include added
investigations including multiple biopsies over time.

While numerous patient and lesion attributes have been associated with increased
risk of malignant transformation of OPMDs, it is still not possible to predict, on an
individual basis, which lesions will progress to malignancy. A 2016 systematic
review of observational studies aiming to ascertain important risk factors for malig-
nant transformation of oral leukoplakia—the most common OPMD—identified the
grade of dysplasia, advanced age, female gender, lesion size greater than 200 mm?
and non-homogenous type as the most important determinants of the malignant
potential of this disorder [44].

Given the current level of knowledge and the potentially lethal nature of OSCC,
ideally all leukoplakias (especially non-homogenous) and erythroplakias should be
surgically treated and in particular those lesions exhibiting any grade of dysplasia
[40, 43, 45, 46]. Where the decision to proceed with treatment is not a straightfor-
ward one, consideration of the risk factors below may help clinicians and patients in
that decision-making process.

In summary, the philosophy of OPMD management is centred around the pre-
vention of oral squamous cell carcinoma development and on the preservation of
life quality. Identification of disease progression and facilitation of the follow-up
process constitute important treatment benefits. Ultimately, various disease and
patient characteristics impact on the decision to initiate treatment or recommend
surveillance.

Treatment Recommendations for Oral Potentially Malignant
Disorders

The answer to the question when to treat OPMDs is complicated by the current lack
of clear evidence-based guidelines regarding the optimal management of these dis-
orders. With this in mind, at present, our treatment recommendations are sum-
marised in Fig. 11.2. Several factors require consideration, and these may vary
depending on the particular OPMD in question, the affected individual’s comorbidi-
ties and their wishes. These factors are discussed below.

Presence of Symptoms and/or Disability

The need for symptom relief and the restoration of compromised oral function may,
in some cases, be the motivating factor instigating treatment. While all OPMDs
have the potential to create pain or discomfort, this is particularly evident in OLP,
DLE and cGVHD, where the main goal of treatment is symptom control [41, 47].
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Oral submucous fibrosis is not only potentially associated with significant oral
burning and pain but is also a progressively disabling disorder, and treatment is
additionally aimed at halting disease progression and improving the disability [23,
48]. It has been suggested that the reduction of excessive fibrosis by appropriate
treatment may also have the added advantage of decreasing the risk of development
of OSCC by reducing tissue hypoxia and the subsequent expression of genes, such
as VEGF, which are known to play a role in carcinogenesis [26].

Assessment of Risk Factors

Numerous risk factors have been identified which increase the probability of malig-
nant transformation of OPMDs. Careful consideration of these factors impacts on
the decision to initiate treatment or recommend surveillance. Oral epithelial dyspla-
sia is regarded as the single most important predictive factor [27]. Several other risk
factors have also been described particularly with reference to oral leukoplakia—
the most common OPMD [44].

Risk factors are easily divided into patient risk factors and lesion risk factors.
Lesion risk factors are related to the clinical appearance of the lesion and should be
assessed with careful clinical examination under good illumination preferably with
white light and magnification. Further examination with the assistance of adjunctive
optical devices such as optical fluorescence imaging or narrowband imaging may be
helpful (Fig. 11.3). Lesion risk factors of note include clinical appearance, site, size,
multifocality and duration of lesion. Patient risk factors include age, gender, smok-
ing habit, alcohol exposure and family history. Patient and lesion risk factors are
summarised in Fig. 11.4 and detailed below.

Fig. 11.3 Papillary lesion on the right buccal mucosa under white light (a). Papillary lesion on the
right buccal mucosa with optical fluorescence imaging; VELscope Vx® (b) which enhances visu-
alisation of the lesion and determines clearer delineation of margin (arrowheads). Lesion was
biopsy-proven papillary squamous cell carcinoma
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Patient Risk Factors
Age

Evidence from observational studies identifies advanced age as a significant deter-
minant of the malignant potential of leukoplakia [44]. Advanced age however
may potentially limit treatment options given the greater risk of other associated
comorbidities. In a Swedish study, malignant transformation was most common
in 782 patients with leukoplakia in the 70-89 age group (7.5%) compared with
1% in patients under 50 years [49]. In a Hungarian study, the peak incidence of
leukoplakia was in the sixth decade, whereas the peak incidence of carcinoma
arising in leukoplakias was in the seventh decade [50]. In an Indian study, the
highest prevalence of leukoplakia occurred in the 35-54-year age group; however
malignant transformation of pre-existing leukoplakia occurred in the 55-74-year
age group [51].

Gender

While in general, the majority of leukoplakias occur in middle-aged and elderly
males, the female gender has been associated with increased risk of malignant
transformation [12, 44]. Studies investigating malignant transformation of OPMD
have found females to be at increased risk compared to males. These include stud-
ies from Sweden [49], Denmark [52], Norway [53], the Netherlands [54], the USA
[55] and Hungary [50]. In contrast, the rare proliferative verrucous leukoplakia
(PVL), a distinct and most lethal form of the disease, exhibits a very strong female
predilection, with about 67% of cases occurring in this population group [56]. This
increased tendency of leukoplakias in females to become malignant should be con-
sidered when treatment decisions are made. Older females with OLP involving at-
risk sites appear to be at higher risk [57], but general agreement among researchers
is lacking [58].

Smoking Status

Tobacco use is the most common predisposing factor for the development of an
intraoral white lesion, although a certain proportion of oral white patches have no
known cause. In a number of regions, tobacco use and areca nut/betel leaf use,
either alone or in combination (betel quid), account for the vast majority of leuko-
plakias. In Gujarat, only 15% of 57,518 mill workers aged over 35 years did not
habitually use tobacco or areca nut, and only 2% of those with a mucosal lesion did
not have a tobacco-related habit [59]. Over a 2-year period, all patients who devel-
oped squamous cell carcinoma had a smoking habit. In the Western world, most
leukoplakias are detected in smokers [60-62]. The method of tobacco use influ-
ences the clinical distribution of lesions, e.g. ‘reverse’ cigarette smoking causes
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lesions on the hard palate, chewing causes lesions at the site of quid placement, and
smoking of cheroots is associated with floor of mouth leukoplakias [63]. A recent
study of clinical features of OPMD in an Australian population showed 63% of
patients with dysplastic lesions were smokers [45].

Leukoplakia in non-smokers carries an increased risk of malignant transforma-
tion. In a Swedish study, the 5-year cumulative risk for malignant transformation
was 3.1% in non-smokers compared with 0.4% in smokers [49], and a similar trend
was found in a Danish study [52]. In Hungarian subjects, there is a greater propen-
sity for malignant transformation in leukoplakias in nontobacco users [50, 64]. In
Californian patients, malignant transformation occurred in a higher proportion of
non-smokers, but in smokers malignant transformation occurred in a higher propor-
tion of those who continued to smoke after leukoplakia was detected compared with
those who ceased [55]. Schepman et al. found non-smoking female patients with
leukoplakia to be at a statistically significant risk of malignant transformation com-
pared with women who smoked, while no such relationship could be determined for
men [54].

Overall, the risk of malignant transformation of OPMD in non-smokers has been
shown to be higher compared to smokers [54, 65]. Dysplastic lesions in non-smokers
are seven times more likely to transform [66]. Following removal however, smokers
have been shown to be at a significantly higher risk of recurrence of dysplastic
lesions, compared to ex-smokers or non-smokers [67]. Smoking status may there-
fore impact on the decision to surgically treat extensive lesions, where a functional
compromise is likely; surgical risks need consideration, and the risk of recurrence is
significant. Irrespective of the presence or absence of an OPMD, tobacco smoking
is considered a major risk factor for oral SCC, and smoking cessation should form
an integral part of the treatment programme of any affected individual with an
OPMD [68].

The high-risk nature of lesions in non-smokers is of particular importance and
requires a greater emphasis and recognition among clinicians dealing with OED,
as it suggests that those non-smokers with OED have an inherited or acquired
predisposition and should be treated more aggressively [66]. Smoking and alcohol
use do not appear to be risk factors for the development of OSCC in patients with
OLP [69].

Alcohol Exposure

Alcohol consumption is an independent risk factor for oral cancer [70]. The use of
alcohol in combination with tobacco appears to have a greater than multiplicative
risk effect for OSCC [68]. Consumption of as little as 12 g of ethanol per day has
been shown to increase the risk of oral and pharyngeal cancer, and the danger rises
with increasing consumption [71]. The role of alcohol as an independent factor for
oral leukoplakia development is not as well documented as tobacco with one study
finding that alcohol doubled the risk of malignant transformation [72]. Not surpris-
ingly, it has been shown that alcohol use increases the risk of malignant
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transformation of OPMDs, and its regular consumption has been linked with
increased risk of dysplasia [45]. It is also important to note, as is the case with
tobacco use, that excessive alcohol consumption is a key risk factor for chronic dis-
ease, leading to poor general health and disability, potentially limiting the available
treatment options in patients with OPMDs [73]. All individuals with OPMDs should
therefore be counselled about the importance of limiting their alcohol exposure.

Increased risk of oral cancer has also been attributed to the regular use of alcohol-
containing mouthwashes [74, 75], although a meta-analysis published by Gandini
et al. [76] failed to demonstrate a significant association. It is however important to
make the point that the current absence of evidence does not necessarily translate to
a definitive evidence of no risk. The link between alcohol-containing mouthwash
use and increased risk of oral cancer is a plausible one, and a unifying hypothesis
has recently been published by Currie and Farah [75]. Topical exposure to alcohol-
containing mouthwashes can contribute to carcinogenesis by significantly increas-
ing the level of salivary acetaldehyde [75]. Ethanol is also known to enhance the
actions of tobacco-related carcinogens by inducing cytochrome P450 2E1 and
increasing the penetration of the oral mucosa [75]. The use of alcohol-containing
mouthwashes by patients who already present with oral epithelial dysplasia is par-
ticularly concerning as this practice may facilitate malignant transformation of
these lesions [75]. At present, the link between alcohol-containing mouthwashes
and oral cancer remains an area of controversy, and it is yet to be established whether
a definitive cancer risk exists and, if so, if the risk is the result of the ethanol content
of the product, is related to the underlying oral health conditions necessitating the
use of the mouthwash in the first instance or both [77].

Personal and Family History of Cancer

History of previous head and neck cancer has been reported as a significant risk fac-
tor for malignant transformation of oral leukoplakia [43]. A large population-based
case-control study in France reported a higher risk of oral cavity cancer among
individuals with first-degree relatives with head and neck cancer history, compared
to subjects without a family history. The risk increased with the number of affected
relatives [78]. The study did not find a significant relationship between the risk of
oral cavity cancer and family history of non-head and neck cancers. This finding is
similar to previous studies [79-82]. An increased risk of OSCC associated with a
family history of head and neck cancer has been observed in non-smokers and con-
sumers of low quantities of alcohol, but the risk increased with the exposure [78].
These findings are also similar to those of earlier studies [79, 81]. A recent study has
also shown that women with cervical cancer were almost seven times more likely to
develop head and neck cancer compared to the general female population [83].

Rare conditions including Fanconi’s anaemia, Bloom’s syndrome, xeroderma
pigmentosum and Li-Fraumeni syndrome are associated with increased risk of oral
cancer in the absence of other risk factors [84]. Relatives of patients with oral squa-
mous cell carcinoma may be at increased risk [82, 85].
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There has been less work exploring the genetic susceptibility for OPMD com-
pared to OSCC. Based on significant associations as reported by two or more stud-
ies, Shridhar and colleagues [86] have recently summarised suggestive markers
which included single nucleotide polymorphisms (SNPs) in GSTM I (null), CCND1
(G870A), MMP3 (-1171; promotor region), TNFa (-308; rs800629), XPD (codon
751) and Gemin3 (rs197412) as well as in p53 (codon 72) in Indian populations.
However, an equal or greater number of studies reported null or mixed associations
for SNPs in GSTM1 (null), p53 (codon 72), XPD (codon 751), XRCC (rs25487
C/T), GSTTI (null) and CYPIAImI (Mspl site) [86].

Furthermore, hyper-methylated loci reported in three or more studies included
pl6, pl4, MGMT and DAPK. Two longitudinal studies reported greater p/6 hyper-
methylation in precancerous lesions transformed to malignancy compared to
lesions that regressed (57-63.6% versus 8-32.1%; p < 0.01). The one study that
explored epigenome-wide methylation patterns reported three novel hyper-methyl-
ated loci (TRHDE, ZNF454, KCNAB3) [87]. Clearly more work is required to
explore the genetic susceptibility of OPMD generally and oral leukoplakia
specifically.

Environmental Exposure

Oral and oropharyngeal cancer risk is 87% higher in never-smokers who have ever
been exposed to environmental tobacco smoke at home or work, compared with
unexposed never-smokers [88]. Exposure to asbestos or to polycyclic aromatic
hydrocarbons has been linked with oral and pharyngeal cancer risk [89] as has
exposure to solvents and possibly pesticides, engine exhaust, textile dust and leather
dust [90]. Occupations related to the pulp industry, wood or wood products or expo-
sure to chemicals, e.g. phenoxyacetic acid, has been implicated as risk factors for
oral cancer [91]. Other studies have found a significantly lower risk of oral and
pharyngeal cancer in wood workers [90].

In a Taiwanese study [92], patients with OPMD who resided in areas with high
nickel concentrations (polluted levels) exhibited hazard ratios of 1.8-2 for oral can-
cer relative to those who lived in areas with low nickel levels (p < 0.01). Meanwhile,
smokers with OPMDs had a hazard ratio of 2.8-2.9 relative to non-smokers. Betel-
quid chewers had a 2.2-2.3 hazard ratio relative to non-chewers. Smoking, betel-
quid chewing and environmental nickel exposure were associated with an increased
risk of oral cancer development in patients with OPMD [92].

Actinic cheilitis (AC) is a potentially malignant disorder of the lip caused by
chronic exposure to solar radiation. The prevalence of AC varies based on geo-
graphical location with general population studies in Europe reporting prevalence
of 0.8% in patients with oral mucosal disease [93] while studies from Brazil
reporting prevalence as high as 39.6% among agricultural workers [94]. AC is
common in patients of fair skin who spend significant amounts of time outdoors
exposed to sun exposure with minimal protection, including farmers [95] and
beach workers [96].
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Lesion Risk Factors
Site

The site of OPMD impacts on the risk of progression to malignancy and should be
factored into any treatment decision. While most leukoplakias occur on the buccal
mucosa, those presenting on the lateral border of the tongue and in the floor of the
mouth or the retromolar/soft palate region are associated with the highest risk of
malignant transformation [12, 45]. The lateral border of the tongue has also been
correlated with a higher risk of malignant transformation of dysplastic lesions com-
pared to those affecting other intraoral subsites [66].

The floor of the mouth and lateral border of the tongue, sites where OSCC are
frequently seen, seem disproportionately associated with the subsequent develop-
ment of cancer. These two high-risk sites for malignant transformation are sup-
ported by studies from Denmark [52], Hungary [64], England [97] and the USA
[55]. Such an association has not been found in all studies including that by
Schepman [54]. In that study, 15 patients from 101 with lesions on the tongue or
floor of the mouth developed OSCC compared with five from 65 whose lesions
were located elsewhere, although this did not reach statistical significance [54]. In
the study by Holmstrup et al., in which most patients with OPMD at so-called ‘high-
risk’ sites such as the tongue and floor of the mouth underwent surgical excision, an
equal proportion of lesions at other sites developed OSCC [98]. Numerous studies
have reported the incidence of malignant transformation of OLP lesions to be
greater for tongue lesions compared with buccal mucosal lesions, and malignant
lesions have been reported to occur in plaque-like OLP on the dorsum of the tongue,
an unusual site for OSCC [99].

Size

The risk of progression to malignancy has been reported to be significantly higher
in leukoplakias larger than 200 mm? [44]. The same holds true for dysplastic lesions,
with lesions greater than 200 mm? having been shown to be three times more likely
to undergo malignant transformation compared to smaller lesions [66]. Large
lesions, while carrying a higher risk of malignant transformation, are unfortunately
also more difficult to manage as complete removal may not leave the individual with
an acceptable functional compromise. Furthermore, other comorbidities become
significant, impacting the surgical risk.

Multifocality
Widespread, multiple oral leukoplakias appear to exhibit a higher potential for the

development of squamous cell carcinoma than do localised lesions [100]. Higher
risk of malignant transformation has also been described for multiple oral dysplastic
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lesions compared with single lesions [101]. Proliferative verrucous leukoplakia,
with its high risk of progression to malignancy, is also characterised by its multifo-
cal nature [56]. As is the case with large lesions, multifocal lesions are more diffi-
cult to manage surgically, and, in the case of extensive lesions, close follow-up with
regular biopsies may constitute the necessary compromise.

Duration

Oral potentially malignant disorders are chronic conditions with an increased risk of
malignant transformation, particularly in the first 5 years after diagnosis [12]. While
the rate of malignant transformation may decrease thereafter, the risk does not com-
pletely disappear [12]. The longer the follow-up period, the higher the number of
transformed lesions. Some leukoplakias have been shown to transform up to
16 years of follow-up [53]. In light of this, lifelong surveillance of both treated and
untreated patients with oral leukoplakia has been suggested [43].

Clinical Appearance

Leukoplakia is considered to be a potentially malignant lesion, but the term ‘disor-
der’ rather than ‘lesion’ is more appropriate, recognising the fact that malignant
transformation does not always take place in the leukoplakic area but may occur
elsewhere in the mouth or the upper aerodigestive tract [102].

Oral leukoplakia can show a variety of clinical appearances. Some are uniformly
white and flat (termed ‘homogenous leukoplakia’), while others are non-homogenous
with a warty or nodular appearance, perhaps predominantly white with red areas or
largely red with white speckles (‘erythroleukoplakia’). Lesions containing nodular
or red areas have been shown to carry a greater risk of malignant transformation
[52]. Homogenous lesions carry a lower risk of malignant transformation [50, 97].
Lesions with red areas have a higher incidence of malignant transformation [53,
55]. In the Netherlands, a statistical association was found between non-homogenous
OPMD and the development of OSCC with a sevenfold increased risk when com-
pared with homogenous lesions [98]. The size of lesions has been investigated in
some studies with larger lesions more at risk of malignant transformation [52, 98].

Although the most common type of oral leukoplakia is the homogenous type, it is
those lesions which contain nodular and/or red areas (the non-homogenous type) which
are associated with a four to seven times greater risk of malignant transformation [40,
44, 45]. PVL represents the most recalcitrant and concerning variant of oral leukopla-
kia presenting initially as flat homogenously white patches which tend to reoccur and
proliferate with time to become multifocal [56]. A recent systematic review identified
a 63.9% malignant transformation rate of PVL over a mean follow-up period of
7.4 years [56]. Early diagnosis, aggressive intervention and close surveillance with
regular biopsies are critical to the successful management of this disorder. Unfortunately,
this is often complicated by the retrospective nature of the diagnosis in many instances.
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Actinic cheilitis is mostly found on the lower lip and can present as a hyperkera-
totic lesion, although dryness, atrophy, scaliness, blotchiness, erythema, ulceration
and loss of vermillion border distinctness. Homogenous and non-homogenous
plaques are often seen, but these tend to be late presentations [103].

Presence of Dysplasia

The presence of epithelial dysplasia has been associated with malignant transforma-
tion particularly for lesions involving the tongue or floor of the mouth. Assessment
of dysplasia is subjective with both inter- and intra-observer variation [104, 105].
The malignant transformation rate of dysplasia has been reported to range from
4.7% to 36.4% [16, 46], with the risk increasing with the degree of dysplasia [16,
46].

A recent study found the overall transformation rate of OPMD was 4.32%
[106]. Additionally, the mean time of malignant transformation was significantly
shorter for lesions with than without epithelial dysplasia [106]. The risk of malig-
nant transformation was 1.89 times higher for dysplastic than non-dysplastic
lesions. The anatomical site of OPMD and the presence of epithelial dysplasia
were significantly associated with malignant transformation [106]. In an Australian
study, 368 patients with a histologically confirmed diagnosis of epithelial dysplasia
were identified [46]. Twenty-six (7.1%) underwent progression or malignant trans-
formation, of which 18 (4.7%) developed OSCC, in a mean time of 3.3 years. The
highest rates of progression or malignant transformation were among females and
patients over 45 years of age. For all oral sites and dysplasia grades, the annual
malignant transformation rate was approximately 1%, and the highest transforma-
tion rate by site was the tongue (1.4%). Regarding the grade of dysplasia, 4.1%
mild, 7.1% moderate and 1.8% severe dysplasias underwent malignant transforma-
tion. The severity of epithelial dysplasia was not associated with an increased risk
of progression or malignant transformation suggesting that the current grading sys-
tem of oral epithelial dysplasia is not useful for predicting patient outcomes or for
determining management strategies [46]. As stated above, non-smokers with OED
may have an inherited or acquired predisposition and should be treated more
aggressively [66].

Terminology based on histopathological criteria potentially leads to confusion
with the concept of lichenoid dysplasia introduced by Krutchkoff and Eisenberg to
describe lesions with features of both OLP and epithelial dysplasia [107]. Van der
Meij proposed the term oral lichenoid lesion (OLL) for cases defined as clinically
typical but histologically compatible or clinically compatible and histologically
typical or both clinically and histologically compatible with OLP [108], and several
authors have since proposed that OLL rather than OLP is at risk of malignant trans-
formation [58, 109, 110].

Although at present no consensus exists regarding the ideal management proto-
col of dysplastic lesions, current evidence suggests that surgical excision decreases
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the risk of progression to malignancy, when compared to observation alone [111-
113]. The recently published management logarithm for dysplastic lesions by Field
et al. [16] recommends surgical excision of all resectable lesions with severe dys-
plasia or carcinoma in situ, with surgical reconstruction, as required. Complete
excision is also recommended for moderately dysplastic lesions if acceptable post-
operative function can be achieved. The later recommendation similarly applies to
mildly dysplastic lesions when other predictive risk factors [66] for malignant
transformation are also present, namely, non-smoking status, site (lateral border of
tongue), non-homogenous appearance and lesion size in excess of 200 mm?. Farah
and colleagues posit that definitive treatment of all dysplastic lesions, irrespective
of the degree of dysplasia, is supported by the poor predictive value of dysplasia
grading [46]. Given that the severity of dysplasia has not been demonstrated to
consistently correlate with the risk of malignant transformation, this calls into ques-
tion the ethics of the ‘wait and watch’ approach often applied to the mildly dysplas-
tic cases [46].

DNA Aneuploidy

The presence of DNA aneuploidy (abnormal content of nuclear DNA) in oral leuko-
plakia has been correlated with an increased risk of malignant transformation [114—
116]. Abnormal DNA content in oral epithelial dysplasia has also been associated
with an increased risk of progression to carcinoma [117]. In a recently published
large series of 1401 individuals with OPMDs, DNA ploidy was shown to be gener-
ally associated with the grade of epithelial dysplasia and to have a high predictive
value for malignant transformation of the disorder [118].

Presence of Invasive Candida

Candida albicans biotypes are capable of producing the carcinogen nitrosamine
N-nitroso-benzylmethylamine, which may play a role in the causation of OSCC
[119]. More recently, it has also been shown that Candida albicans are capable of
metabolising ethanol to acetaldehyde, another known carcinogen, and that this
phenomenon appears enhanced in smokers [120]. The presence of Candida albi-
cans is often mentioned as a risk factor for malignant transformation of oral leu-
koplakia [15]. Wu et al. in a study examining 396 leukoplakias found the frequency
of Candida infection to be 15.9%. Patients older than 60 years, lesions located on
the tongue and the presence of dysplasia were significant risk factors for Candida
infection in oral leukoplakia [121]. Chiu Chang-Ta et al. in a retrospective study
conducted on 136 smokers with oral leukoplakia found Candida to be an impor-
tant risk factor in patients who smoke with multiple oral leukoplakias, and mul-
tiple oral leukoplakias with Candida infection were more likely to exhibit
dysplasia [122].
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Control of Inflammation

Given that a link has been established between chronic inflammation and cancer
[123], it stands to reason that treating chronic oral mucosal inflammatory disorders
is important, although the inflammatory process on its own may not necessarily be
the sole factor responsible for the carcinogenesis [124]. Several mechanisms have
been proposed. Chronic inflammatory mediators have the capacity to induce cell
proliferation and prolong cell survival by activating oncogenes and inactivating
tumour suppressor genes [125, 126]. Inflammatory cells may also secrete reactive
oxygen and nitrogen species, which have the capacity to damage DNA directly and
dysregulate the mechanisms of DNA repair and apoptosis, creating genomic insta-
bility [125]. Chronic inflammation, if persistent, therefore has the potential to create
an environment in which a cancer is more likely to develop.

Oral lichen planus and cGVHD-related inflammatory reactions have been pro-
posed as contributory mechanisms leading to the increased risk of malignant trans-
formation seen in these disorders [41, 47]. Treatment of OLP with topical
corticosteroids has been shown to significantly decrease levels of pro-inflammatory
cytokines involved in the development of the OSCC such as TNFa, IL-1a, IL-6 and
IL-8 [25]. Considering that the cytokine microenvironment associated with OLP
can promote tumour progression, it has been suggested that by eliminating the
inflammatory response through treatment and by the restoration of the normal
immune response, it may be possible to interrupt the progression to cancer [41].
Interestingly, in an Italian study of 402 individuals with OLP, followed up for an
average period of 4.9 years, where the majority of participants were treated with
topical and/or systemic corticosteroids, it was observed that immunosuppressive
therapy did not influence the risk of malignant transformation [127].

Transforming growth factor beta (TGF-p) is one of the key molecules associated
with the initiation of fibrosis in OSMF. This multifunctional cytokine has a range of
biological effects and is believed to play a role in malignant transformation not only
in OSMF [26] but also potentially in OLP [126]. It has been suggested that treat-
ment with TGF-f inhibitors may decrease inflammation, fibrosis and the malignant
potential of OSMF [48]. Inflammatory molecules such as IL-6, IL-8 and GRO-a
have also been suggested to play a role in the malignant transformation in OSMF
[26].

Persistence of the Disorder

In some situations, as may be the case with oral leukoplakia, where resolution of the
disorder is possible, it is not unreasonable to allow a period of surveillance in which
to observe for possible regression of the disorder. Resolution rates of up to 42.5% of
untreated leukoplakias have been demonstrated in some population studies [28].
Considering the invasive nature of the currently recommended surgical intervention
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[43], if the likely aetiological factors such as tobacco use or infection with Candida
albicans can be eliminated, an observation period of up to 6 weeks is generally
acceptable during which to monitor the lesion for signs of regression, acknowledg-
ing that complete resolution may take longer [27, 43]. This approach however is
only feasible if the elimination of the identified risk factors is realistically achiev-
able. If signs of regression are not observed, the disorder should be treated, if
possible.

Amenability to Treatment

Oral epithelial dysplasia is considered an important prognosticator of future malig-
nant transformation in an OPMD, and evidence exists to support its complete exci-
sion [46, 113]. The European Academy of Oral Medicine diagnostic and therapeutic
protocols for oral leukoplakia and erythroplakia currently also recommend that all
leukoplakias and erythroplakias be surgically treated, if such treatment is possible
[43]. Surgical intervention however may not always be feasible. This may be the
case with large or diffuse lesions, if the affected individual’s comorbidities place
them at an unacceptable level of surgical risk, or if the affected individual does not
consent to treatment [15].

Observation of Change

Observation of change either in the appearance of the lesion or its behaviour may
signal progression to malignancy. This change may take the form of mucosal thick-
ening, appearance of erosion/ulceration or emergence of pain. In the case of OPMDs
such as OLP, DLE or cGVHD, the lack of response to treatment of localised erosive
or ulcerated lesions should raise suspicion of possible progression. Diagnosis of
PVL is particularly problematic, as it is often made retrospectively. In the early
stages, proliferative verrucous leukoplakia may be indistinguishable from a solitary,
conventional homogenous leukoplakia [56], and it is not until a change in appear-
ance and behaviour is observed over time that a correct diagnosis can be made,
highlighting the importance of long-term follow-up. In some instances, it may be
that observation of change either in lesion appearance or its behaviour may consti-
tute the motivating factor to treat a particular OPMD, which may otherwise have
simply been observed. It has been argued that definitive treatment of oral leukopla-
kia with dysplasia, or leukoplakia with high-risk features, is the best first step for the
observation of change [45, 46] as any changes that do appear are likely to be more
noticeable on a background of normal-looking mucosa compared to mucosa affected
by leukoplakia and/or erythroplakia [40].

For actinic cheilitis, the overall philosophy for treatment includes a thorough
assessment of the patient to ensure that any required short-term treatment is followed
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by a reasonable medium- to long-term management plan [103]. Dysplasia at some
level is an intrinsic component of most cases of actinic cheilitis and is an unpredict-
able tissue change in the progression from normal epithelium to malignancy. While
malignant transformation is not inevitable, it is an important consideration in treat-
ment planning and observation. If treatment is not to be instigated early after the clini-
cal diagnosis of actinic cheilitis, then close observation in addition to adherence to
preventative measures is paramount. The lip is quite amenable to observation, but the
long lag time between onset of actinic cheilitis and change to malignancy places more
importance on accurate recording of changes and close surveillance strategies.

Treatment Modalities for Oral Potentially Malignant Lesions

There is no convincing evidence that treatment of OPMD prevents progression to
OSCC [128]. The prevention of malignant transformation of OPMDs is the primary
aim of treatment, and as yet there is no consensus on the best modality of treatment
to achieve this [98].

The contemporary clinician is compelled to treat patients in line with evidence-
based practice. The challenge for the clinician treating OPMDs is that overall the
literature is low in hierarchy of evidence, is heterogenous and spans decades over
which there have been significant changes in diagnosis and management. Most
studies have methodological and reporting flaws, making it challenging to discern
meaning from them [129].

The majority of the literature about the treatment of OPMDs pertains to the treat-
ment of oral leukoplakia, the most common OPMD, but several studies also report
on treatment of actinic cheilitis. Treatment modalities and the evidence for the effi-
cacy of topical medical treatments, systemic medical treatments, surgical treatments
and photodynamic therapy will be discussed below for various conditions.

Medical Treatment

There are no medical treatments that are effective in treating oral potentially malig-
nant disorders to prevent malignant transformation [128-130].

Topical Medical Treatment

Vitamin A/Retinoids

Vitamin A compounds are required as part of normal cell growth. Retinoids (vita-

min A derivatives) have been shown to affect gene expression [131] and suppress
carcinogenesis [132, 133]. Vitamin A is also an antioxidant [134]. Topical retinoids
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have been proposed as treatment for OPMDs, particularly oral lichen planus and
oral leukoplakia.

Only a single, very small, randomised controlled trial has compared topical reti-
noid therapy to placebo. In 1999, Paitelli et al. compared topical 13-cis-retinoic acid
to placebo. The topical retinoic acid showed no difference in resolving oral leuko-
plakia compared to placebo [135].

Multiple, small, prospective studies have failed to demonstrate that topical appli-
cation of retinoids can treat oral potentially malignant disorders. Across these stud-
ies, most patients with a complete response experienced recurrence when treatment
was withdrawn [136-138].

Topical vitamin A therapies have not been demonstrated to effectively treat
OPMDs, and there is no evidence they prevent progression of these lesions to oral
malignancy.

Bleomycin

Bleomycin is a chemotherapeutic agent that acts by inducing breaks in DNA strands
[131]. In the 1990s, bleomycin was investigated for potential use as treatment for
oral leukoplakia in a randomised, double-blind trial [139]. This small trial failed to
demonstrate a difference in cancer development between the test and placebo
groups. A separate prospective study again failed to demonstrate prevention of
malignant progression with topical bleomycin [140], and this treatment approach
has been abandoned.

Anti-inflammatory Agents

It has been demonstrated that there is a marked increase in cyclooxygenase-2
expression in HNSCC, as well as in the ‘normal’ tissue adjacent to the margins,
when compared to oral mucosa controls [141]. Renkonen et al. demonstrated that
the level of COX-2 expression in squamous cell carcinoma of the tongue increased
in a gradient fashion from normal oral mucosa to dysplastic mucosa to carcinoma
[142].

Investigators have assessed whether blocking this pathway with a cyclooxygen-
ase inhibitor may decrease the rate of progression of OPMD. In the mid-2000s, a
randomised, placebo-controlled, double-blind trial compared an oral rinse contain-
ing ketorolac (an anti-inflammatory agent) with a placebo oral rinse [143]. There
was no difference in progression of OPMD between the groups nor any difference
in response rate (as measured by oral examination and colour photographs). A case
series of six patients with actinic cheilitis treated with a 6-week course of topical
3% diclofenac demonstrated clinical and histopathological resolution of actinic
cheilitis at the conclusion of therapy in only four patients, with no follow-up data
supplied [144].
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Antimycotic Agents

The association between oral leukoplakia and Candida infection date back half a
century [145]. Candida infection is proposed to play a role in the carcinogenesis of
oral potentially malignant disorders [146]. The rate of infection with Candida albi-
cans in the presence of OPMD has been reported with a wide variation, with studies
quoting between 15% [147] and 60% [148].

The European Association of Oral Medicine protocol for the management of
leukoplakia and erythroplakia suggests treating oral leukoplakia with topical medi-
cation to eradicate Candida for a maximum of 6 weeks [43]. Successful treatment
of oral Candida and oral leukoplakia with antifungals has been described for many
years, since the early link between Candida infection and oral malignancy was
described [149]. While it is commonly held that topical antifungals may improve
the appearance and symptoms of chronic hyperplastic candidosis, there is no evi-
dence that topical antifungals inhibit the progression of oral potentially malignant
disorders to oral malignancy [129].

Gene Therapy

Gene therapy is a relatively new concept. Gene therapy has been defined as ‘the
in vivo or ex vivo introduction of nucleic acids that regulate gene expression or
convert prodrugs into cytotoxic agents in target tissues, resulting in a therapeutic
benefit’ [150].

It is known that around half of all head and neck squamous cell carcinomas
(HNSCC) harbour a p53 mutation [151]. Alterations in p53 have been demonstrated
to occur early in the tumourigenesis of HNSCC—and have been demonstrated in
oral potentially malignant disorders [152]. Topical gene therapy for oral potentially
malignant disorders has been developed to take advantage of these defects in p53-
related pathways [153].

A mouthwash termed ‘ONYX-015" selectively kills cells with defects in this
intracellular signalling pathway [153]. A feasibility study examining the role of
ONYX-15 for treatment of oral potentially malignant disorders published in 2003
reported resolution of dysplasia on histological analysis in 37% of the small sample
size of 19 patients [153]. This effect was transient, and this has not been shown to
be efficacious in a randomised controlled trial [128].

5-Fluorouracil

5-Fluorouracil is an antimetabolite chemotherapeutic agent which has been used
in the treatment of actinic cheilitis [154]. Anecdotally, significant local side effects
are reported to account for poor patient compliance with this therapeutic option
[154]. In a randomised trial of actinic cheilitis treatments performed in 1989, ten
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patients were treated with 5% topical fluorouracil for 2 weeks [155]. Biopsy at
1 year demonstrated treatment failure in more than half of the patients, with per-
sistent cellular atypia and dysplasia. In 1981, Warnock et al. reported a histo-
pathological treatment failure rate of 100% in six patients treated with
5-fluorouracil for AC [156].

Chemical Peel

Topical trichloroacetic acid did not successfully treat actinic cheilitis in any of the
ten patients treated in a randomised trial [155]. It is an ineffective treatment method
[154] and should not be used in the treatment of actinic cheilitis.

Imiquimod

The first data on the use of imiquimod for actinic cheilitis was published in 2002: a
small series of 15 patients with biopsy-proven actinic cheilitis, treated with
4-6 weeks of topical imiquimod [157]. Only 60% reached the short 3-month fol-
low-up period, and all had clinical resolution of lesions [157].

Ingenol Mebutate

A recent paper reports outcomes for a small series of seven patients with actinic
cheilitis treated with ingenol mebutate gel. Post-treatment histopathology was not
performed, and complete clinical response was reported in less than half of the
patients [158]. An earlier case series of four patients treated with ingenol mebutate
reported clinical response in only two patients.

Systemic Medical Treatment
Steroids

Systemic steroids have been used by some practitioners for the treatment of oral
potentially malignant disorders. In 2007, Epstein et al. surveyed 176 oral medicine
professionals regarding their management of oral potentially malignant disorders
[159]. Around 40% of responders stated that they would use systemic steroids for
the treatment of mixed-striated lesions, and 26% recommended systemic steroids
for both clinically detected red (oral erythroplakia) and white lesions (oral
leukoplakia).

There is no evidence that systemic steroids prevent malignant progression of oral
potentially malignant disorders.
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Retinoids

Retinoids are a group of compounds that have similar activity to vitamin A [130].
Retinoids exert their effect on cell development by altering gene expression [132].
Treatment of OPMDs with retinoid supplementation was first investigated in the
1960s [130]. To date, there is no evidence that systemic vitamin A (a retinoid) alters
carcinogenesis in oral potentially malignant disorders.

Three randomised controlled trials compared systemic vitamin A or other reti-
noids to placebo. Two of the studies showed some benefit. Both studies were very
small, with 21 and 42 patients taking vitamin A in each study, respectively [160,
161]. In one of the studies [161], 64% of complete responders had recurrence of
leukoplakia after ceasing supplementation.

The third of the randomised controlled trials compared 13-cis-retinoic acid to
placebo [162]. Again the sample size was very small, with only 24 patients taking
the active treatment. No difference in resolution of the histologically confirmed oral
potentially malignant lesions (measured by gross inspection) was noted between the
two groups. Although a difference was demonstrated between the two groups when
partial and complete responses were reviewed together, the majority of those who
responded to retinoid therapy relapsed, typically 2-3 months after stopping treat-
ment. Seventy-nine percentage of patients taking retinoids experienced side effects,
which included conjunctivitis and hypertriglyceridemia in over 50% of patients.

Systemic retinoid treatment has not been shown to prevent carcinogenesis in
OPMDs. Prospective trials demonstrating clinical resolution with retinoid therapy
in some cases of OPMD have been accompanied by high levels of recurrence on
withdrawal of therapy and not insignificant side effects [163]. Systemic treatment
with vitamin A-related compounds is not appropriate in the management of OPMDs.

Beta Carotene or Carotenoids

Carotenoids act as antioxidants [163]. Nagao et al. compared lycopene treatment (a
carotenoid found in tomatoes) and vitamin C with vitamin C treatment alone, for
leukoplakia [164]. No difference in clinical response rate on examination or cancer
development was demonstrated between the two groups [164].

Two Indian studies have claimed carotenoid treatment results in more resolution
of lesions, when compared to placebo. A pharmaceutical-sponsored trial in India
compared different doses of lycopene with placebo for the resolution of leukoplakia
[165]. Twenty patients took 8 mg of lycopene per day, 18 patients took 4 mg, and 18
patients took placebo. This small study, with a short 5-month follow-up, reported a
statistically significant improved response (including not only complete but partial
and stable responses) in patients receiving lycopene of either dose compared to
placebo, for the resolution of lesions on clinical examination. Results for histo-
pathological resolution showed a difference between the three groups, with 8 mg
lycopene superior to 4 mg, which was in term superior to placebo. Development of
carcinoma was not examined in this trial.
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A prior study by Sankaranarayan et al. showed greater resolution of leukoplakia
in patients receiving oral beta carotene (33%) compared with placebo (10%) [161].
Following cessation of treatment half of the patients who responded to beta carotene
had lesion recurrence. There was no difference in progression to cancer between the
two groups. Of the 15 patients who initially responded to beta carotene, two devel-
oped malignancy adjacent to the leukoplakia, 12 months after cessation of treatment
[130].

There is no evidence that systemic carotenoid treatment prevents carcinogenic
progression in patients with oral leukoplakia. This treatment modality should not be
routinely employed for OPMDs.

Non-steroidal Anti-inflammatory Drugs

The potential for the use of non-steroidal anti-inflammatory drugs (NSAIDs) in oral
premalignant lesions has been investigated following promising results of the use of
NSAIDs in other types of cancer [146].

As previously stated, immunohistochemical studies have indicated that the
enzyme cyclooxygenase-2 is present in both OPMD and OSCC, its presence
increasing in proportion with the degree of dysplasia [142]. It has been postulated
that blocking COX-2 and subsequently downregulating prostaglandin levels may
hamper the carcinogenic progression of OPMDs. The use of celecoxib (a COX-2
selective non-steroidal anti-inflammatory drug) in patients with OPMD has been
investigated in a randomised control trial [143]. This trial failed to demonstrate any
chemopreventative effect of celecoxib nor any difference in clinical resolution of
OPMD with celecoxib compared to placebo. This treatment strategy has since been
abandoned.

A phase I open-label trial of acetylsalicylic acid gargle for a period of 4—-6 weeks
prior to excision of histologically proven oral leukoplakia has completed recruit-
ment in the UK. Primary outcomes of PGE-1, COX-1 and COX-2 levels are yet to
be reported [166].

A randomised, double-blind trial of the NSAID sulindac in the treatment of his-
tologically suspected or confirmed index oral premalignant lesions, 12 mm or greater
in size, is due for completion in June 2017 [167]. This study compares 24 weeks of
oral sulindac with oral placebo, with the primary outcome measure being clinical
response on oral examination and histological response (change in grade).

Oral Hypoglycaemic Agents

Metformin is a commonly prescribed oral hypoglycaemic agent. The National
Cancer Institute (NCI) is currently recruiting patients for a study examining the
effectiveness of oral metformin in preventing progression of oral leukoplakia or
erythroplakia with mild, moderate or severe histologic dysplasia, the primary out-
come being clinical response [168].
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A phase ITA open-label trial of rosiglitazone (an oral thiazolidinedione hypogly-
caemic agent) examining the rate of clinical response of oral premalignant lesions
(leukoplakia) has completed recruitment; however published results are not yet
available [169].

Biologics

Recent advances in the understanding of the biology of head and neck cancer have
led to the investigation of the role of biologic agents in head and neck cancer treat-
ment [170]. Multiple potential targets for biologic agents to treat head and neck
cancer have been proposed. A recent review of the role of biologic agents in head
and neck cancer listed the following potential targets: epidermal growth factor
receptor (EGFR) and the ErbB family, vascular endothelial growth factor (VEGF)
and its receptor (VEGFR), insulin-like growth factor 1 receptor (IGF-1R), insulin
receptor (IR), histone deacetylase (HDAC), mammalian target of rapamycin
(mTOR), platelet-derived growth factor receptor (PDGFR), heat-shock protein 90
(HSP90), nuclear factor-kappa B (NF-kB), aurora A or B and phosphatidylinositol
3-kinase (PIK3CA) [171].

To date, the most successful target for biologic agents has been
EGFR. Overexpression of EGFR in squamous cell carcinoma of the head and neck
was recognised over two decades ago [172]. Cetuximab, an epidermal growth factor
receptor inhibitor, is an IgG1 antibody that avidly binds to EGFR—interfering with
normal cell signalling [171].

Cetuximab is approved in Australia for the treatment of patients with HNSCC in
combination with radiation therapy for locally advanced disease or in combination
with platinum-based chemotherapy for recurrent and/or metastatic disease [173].
Cetuximab also has Food and Drug Administration (FDA) and European Medicines
Agency (EMA) approval for the treatment of squamous cell carcinoma of the head
and neck [174, 175].

Investigation of the use of biologic agents in OPMDs has been limited to
OLP. OLP is a T-cell immune-mediated disease [176] that theoretically could be
managed with biologic agents to interrupt the underlying chronic inflammatory pro-
cess seen in this disease. A range of biologics have been trialled for OLP [177]. So
far, the experience of biological therapy for OLP does not extend beyond case series
[177] and a single, open-label, prospective trial of four patients [178], with reports
of significant side effects. While the theoretical opportunity for targeted biological
therapy appears promising, there is yet no significant evidence that biological agents
should be considered for routine therapy of OLP.

The well-recognised multistep carcinogenesis process from OPMD to malig-
nancy provides multiple targets for biologic agents, some known and undoubtedly
some yet to be discovered.
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Surgical Treatment

Surgical treatment is the management strategy of choice of most specialists dealing
with oral potentially malignant disorders [43, 129]. Surgical treatment of OPMDs
has not been assessed in a randomised control trial that included a placebo or no
treatment arm [128]. Surgical treatment options that have been proposed include
surgical excision with cold steel, laser therapy and cryotherapy.

Cryotherapy

Cryotherapy destroys tissue by an application of very low temperatures, freezing
tissue in situ. Cryotherapy can be performed using either an ‘open’ or ‘closed’ sys-
tem [77]. Cryotherapy for the treatment of oral potentially malignant disorders was
first reported in the 1970s [179]. It is not advocated for the treatment of oral poten-
tially malignant disorders.

Cryotherapy results in the destruction of lesions without providing a specimen
for further analysis. Cryotherapy does not significantly eradicate the lesion, can
result in disabling contractions post-treatment and most importantly does not inhibit
progression to oral carcinoma. Postoperative scarring and contracture can compli-
cate post-treatment surveillance of the area treated [129]. In 1972, Sako et al. treated
60 patients with oral leukoplakia with cryotherapy, with disappointing results.
Twelve of the 60 patients developed recurrence, and four of the 60 developed squa-
mous cell carcinoma in the 2.5-4 years following the treatment [180].

In 2012, Kawczyk-Krupka et al. reported a non-randomised trial comparing pho-
todynamic therapy with cryotherapy for the treatment of oral leukoplakia [181].
Prior to treatment, ‘fragments of the changed mucosa were biopsied for pathologi-
cal analysis’, yet the authors do not report the results of these biopsies nor the inclu-
sion/exclusion criteria based on the histopathology results. Oral leukoplakic lesions
in 37 patients were treated with a contact scapular probe and refrigerated with
nitrous oxide to the temperature of —89 °C, while duration and number of session
varied. Over a mean follow-up period of 52 months, 89% had complete response on
clinical examination, whereas 24% had recurrence. Malignant transformation rates
were not reported.

Cryotherapy continues to be proposed as a treatment option for oral precancer-
ous lesions [77, 120, 181], with reports of recurrence [65, 120, 180] and with no
evidence this treatment prevents progression to carcinoma. Cryotherapy does not
provide an excisional specimen for histopathological analysis, undoubtedly result-
ing in inadequate treatment of oral malignancies with cryotherapy. Cryotherapy
should not be employed for managing OPMDs.

Cryotherapy has been described in the treatment of actinic cheilitis [154, 182].
The authors of a systemic review on actinic cheilitis treatment cite speed and ease
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of application, use without anaesthesia and in-clinic use as advantages to this treat-
ment approach [154]. Disadvantages include short-term pain and oedema, lack of
standardisation of delivery, scarring and lip discoloration [154]. No studies have
reported the effectiveness of cryosurgery in the treatment of actinic cheilitis.

Laser Therapy

Laser treatment has been proposed for the management of oral potentially malig-
nant disorders, dating back to the late 1970s [183]. Laser can be used in two ways—
either for vaporisation of the surface mucosa or to excise lesions. Carbon dioxide,
KTP and Nd: YAG lasers have all been used in the management of oral leukoplakia
[129].

Proponents of laser treatment cite the haemostatic effect of laser to be a positive
of using the technique. Suturing is not required with laser, and haemostasis is main-
tained peri- and postoperatively. Laser therapy is said to have limited postoperative
tissue contraction and scarring—which is stated to improve functionality [129,
184]. Authors report the ability to excise large areas with reduced patient morbidity
and less compromise on function [129, 185]. In addition, it can be performed under
local anaesthesia in an outpatient setting [186].

Drawbacks to laser surgery include prolonged wound healing and possible gran-
uloma formation which may complicate healing [186, 187]. Histopathological con-
firmation of the nature of the entire OPMD remains unknown when vaporisation is
used [146], which many would consider prohibitive for use of this technique, with-
out initial confirmation of histopathology on incisional biopsy.

Overall the quality of evidence for the use of laser treatments to prevent malig-
nant transformation of OPMDs is low. There is a heterogenous group of observa-
tional studies, using vaporisation, excision or both, with varied follow-up times.
Review articles draw mainly on the results of these old, observational studies in
their discussions regarding the efficacy of laser therapy in the management of
OPMD [129, 186].

Studies examining the efficacy of vaporisation of OPMD using laser treatment
have yielded recurrence rates of 9.7-28.9% [188-190] with malignant transforma-
tion rates between 0% and 7%, over a maximum of 60 months’ follow-up [189].

Laser excision of OPMDs in two studies showed malignant transformation rates
of 0% [191] and 6% [192] with a follow-up period of 24 months and 54 months,
respectively. Recurrence rates for excision of OPMD using laser have been reported
to be between 9.9% and 27.2% [192—-194].

A further group of studies report recurrence between 8% and 38% [56, 184, 187,
195-198], with malignant transformation rates between 0% and 9% [184, 187, 195,
196], using a mix between vaporisation and excision with the CO, and Nd:YAG
laser.

While laser therapy has regularly been examined as a single entity in the litera-
ture—in fact it is two entities, vaporisation of presumed non-malignant tissue versus
laser excision of oral potentially malignant disorders allowing for further histo-
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pathological assessment. It has been demonstrated over three decades ago [199],
and since been widely accepted, that incisional biopsies are not truly representative
of the nature of an oral potentially malignant disorder and that excision and histo-
pathological examination of the entire lesion are required to correctly grade oral
epithelial dysplasia.

Advocates state that laser surgery can only be used if cancer is excluded with
biopsy. The obvious contraindication here is that incisional biopsy is only represen-
tative of the OPMD and incisional biopsy free of carcinoma in one area does not
exclude carcinoma in another part of the lesion.

Thomson et al. reported the results of excisional laser surgery for 55 ‘oral pre-
cancerous lesions’ (the majority of them being leukoplakia), which had not been
previously treated and exhibited epithelial dysplasia on incisional biopsy [184]. The
heterogeneity of the literature on OPMDs is again highlighted, with the inclusion by
these authors of carcinoma in situ and microinvasive SCC as ‘oral precancerous
lesions’. Under general anaesthetic, the lesions were excised using CO, laser, and
exposed areas were vaporised. Histopathological examination of excisional laser
specimens revealed more severe disease than initial incisional biopsies in 11/55
specimens, five of which were upstaged to SCC. This elegantly demonstrates the
point that laser vaporisation of OPMDs with prior non-malignant incisional biopsy
will miss cases of SCC. In addition to this, four patients with a correct diagnosis of
OPMD developed OSCC during follow-up.

Laser treatment of oral leukoplakia has been assessed in a randomised controlled
trial, albeit in a very small cohort with no control arm [200]. Schwarz et al. com-
pared CO, laser to Er: YAG, with five patients and eight lesions in each arm of the
trial. Following brush cytology and DNA cytometry and histopathological examina-
tion of a representative incisional biopsy, leukoplakia was ablated with the laser,
rather than excised. Half of the lesions had complete response to therapy, with the
study not significantly powered to ascertain a difference between the two. Malignant
transformation rates were not reported, and follow-up was short, ranging from 24 to
96 weeks.

More recently, Nammour and colleagues reported on different laser-supported
surgical protocols for the treatment of oral leukoplakia specifically and undertook
long-term follow-up to assess success rates [201]. They found that the surgical laser
protocol respecting the complete excision of leukoplakias, in one session, by the
removal of a minimum of 1 mm in lesion depth and 3 mm of surrounding healthy-
like tissues offered significantly higher success rates compared to other strategies
which included complete superficial vaporisation, complete excision of lesions with
tissue depth of 1 and 1 mm of surrounding healthy-like tissue or complete surgical
excision of large leukoplakia (more than 20 mm) performed in multiple sessions
spaced by 1 month (partial surgical removal of 10 mm per session) [201].

Laser vaporisation has no role in the management of oral potentially malignant
disorders. Laser excision of OPMDs provides a specimen for histopathological
examination. Although the study by Nammour et al. [201] is encouraging and points
to a protocol similar to that highlighted in our approach by cold steel (Fig. 11.2),
there is a need for a randomised controlled trial examining the efficacy of laser exci-
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sion in the management of oral potentially malignant disorders and in preventing
progression to malignancy.

Vermilionectomy by carbon dioxide laser vaporisation has been described [155].
The most significant drawback of this technique is that it does not provide a speci-
men for histopathological analysis.

In a small series of ten patients treated in 1989, all had resolution of actinic chei-
litis on clinical examination and resolution of cellular atypia on histopathological
examination of a random punch biopsy at 1-year post-treatment [155]. In 1990,
Zelickson et al. reported clinical resolution for all but four of 43 cases of actinic
cheilitis (with preoperative moderate to severe dysplasia on histopathology), mean
follow-up 20 months, with three recurrences and one progression to squamous cell
carcinoma [202].

In 2009, de Godoy Peres reported postoperative histopathological outcomes of
26 patients treated for actinic cheilitis with the CO, laser. Using a comparative bilat-
eral lip model, each patient had half their vermillion treated with 250 mJ and half
with 350 mJ CO, laser. Postoperative histopathology demonstrated complete reso-
lution of atypia in 53.8% treated with the 250 mJ laser and 61.5% with the 350 mJ
[203].

In a small study of 12 patients with clinically (four of 12 patients) and histo-
pathologically proven (eight of 12) actinic cheilitis treated with the erbium:yttrium-
aluminium-garnet (Er:YAG) laser on a single occasion demonstrated no recurrences
on clinical examination, mean follow-up 23 months [204]. The authors’ opinion is
that the Er:YAG laser anecdotally has superior evaporative efficiency, minimal ther-
mal injury and improved healing compared to the CO, laser, claims which were not
examined in the same study [204].

In a larger, retrospective, telephone interview follow-up study, the rate of patient-
reported resolution of symptoms of actinic cheilitis was 84%, mean time to tele-
phone follow-up was 65 months [205]. Clinical examination or histopathological
resolution was not reported.

Johnson et al. report immediate post-treatment biopsy results for 14 patients
treatment with CO, laser for AC. Each patient was treated with clinician-determined
number of sequential laser passes, with interval punch biopsies—none which dem-
onstrated residual disease. This small study recommends treatment with one or two
passes of the laser, without clear evidence to support this [206].

To date, there is mixed evidence about the treatment efficacy of laser vermil-
lionectomy and no evidence laser therapy prevents progression to invasive
carcinoma.

Scalpel Excision

The European Association of Oral Medicine protocol for the management of oral
leukoplakia and erythroplakia recommends surgery, either by cold knife or by laser,
as the treatment modality of choice for leukoplakia and erythroplakia [43]. A 2007
survey of diplomates of the American Board of Oral Medicine [159] showed that
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cold steel surgical excision was the preferred method of management of oral poten-
tially malignant disorders with this approach suggested by 69% of responders.

The efficacy of surgical excision of OPMD has never been investigated with a
randomised controlled trial that compares it to placebo or no treatment. The studies
we have in order to assess the efficacy of this treatment are observational studies,
performed since the 1960s.

The most obvious and important advantage of scalpel excision of OPMD is that
the whole lesion is available for histopathological examination. This highlights cold
steel excision of OPMDs as an effective diagnostic tool, as histopathologic exami-
nation is still the gold standard diagnostic test for these lesions [43].

It has been well described that a subset of OPMDs excised following an inci-
sional biopsy have been found to contain squamous cell carcinoma on histopathol-
ogy, with rates of up to 10% reported [184, 197, 207]. It has also been shown that
there is intralesional molecular heterogeneity within a single leukoplakic lesion,
providing evidence for excision of the whole lesion and proving an explanation for
disparity between incisional and excisional biopsy results of OPMDs [208]. Aside
from the obvious question as to whether surgical excision prevents malignant trans-
formation of OPMDs, surgical excision of OPMDs can be justified on the basis of
diagnosis alone [209].

A cited drawback to cold steel excision of OPMDs is postoperative wound con-
traction. Large defects may need reconstruction—and it has been proposed that
covering an area of excised OPMD with a flap or graft may hide recurrence of
malignant transformation in that area [187]. More recently however, the coverage of
surgical beds with synthetic resorbable material such as 3D collagen matrices (such
as Geistlich Mucograft® or Orthocell CelGro®) has facilitated wound closure with-
out wound contraction, thus permitting excision of larger areas of OPMD (particu-
larly leukoplakia). These simple reconstructive approaches augment surgical
excision of OPMD by cold steel (Fig. 11.5). Studies assessing removal of OPMD
with electrocautery or diathermy are lacking.

Acknowledgement and consideration of the quality of the evidence for and
against surgical excision of oral potentially malignant disorders must precede dis-
cussion of the possible answers provided by the evidence. There is no high-level
evidence for or against surgical excision of OPMDs to prevent malignant transfor-
mation. Attempts to compare groups treated with surgical excision of OPMD with
groups under surveillance are inherently flawed. It is more than reasonable to
assume that patients with more concerning clinical presentations (patient factors,
lesion factors, history, etc.) would be selected for intervention, while their counter-
parts deemed to be ‘low risk’ by the treating clinician would be selected for obser-
vation. It is easy to see that if we compare malignant transformation in patients
selected for intervention with patients selected for observation without randomisa-
tion; observed differences in these groups will not provide meaningful information
to help answer the question of which treatment strategy is superior.

Observational studies form the bulk of the literature that seeks to answer the
question—does surgical excision of oral potentially malignant disorders prevent
malignant transformation?
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Fig. 11.5 (a) Surgical bed following removal of non-homogenous leukoplakia of the floor of the
mouth resected under local anaesthesia. (b) Synthetic resorbable material matrix (Geistlich
Mucograft®) cut to the size of surgical defect. (¢) Synthetic resorbable material matrix (Geistlich
Mucograft®) sutured into position. (d) Surgical site following healing demonstrates wound closure
without scarring or contraction. Histopathology confirmed moderate oral epithelial dysplasia. This
simple reconstructive approach augments surgical excision of leukoplakia by cold steel permitting
excision of larger areas as detailed in management guidelines (Fig. 11.2)

In 1967, Einhorn et al. concluded from the findings of an observational trial that
there was no evidence that the incidence of oral carcinoma could be diminished by
surgical removal of oral leukoplakia [49]. Since then further observational studies
have drawn the same conclusion [54, 98, 115, 210], while a single observational
study reported that excisional biopsy of oral leukoplakia prevented malignant trans-
formation [211].

Criteria for reporting oral leukoplakia have changed several times since these
early observational studies were first reported. This further complicates comparison
and grouping of study findings [128]. Reporting within studies themselves is often
unclear and not transferable to the clinical situation. One observational study
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grouped OPMDs proven to be carcinoma in situ with the OPMDs, eventually
including them in the 12% malignant transformation rate and then commenting they
accounted for many of the ‘malignant transformations’ in the group. This is an
example of design flaws that permeate the literature on this topic [98].

Mehanna et al. performed a systematic review and meta-analysis examining the
treatment and follow-up of oral dysplastic lesions [113]. Fourteen prospective and
retrospective studies were included. When the published data was pooled, 992
patients with oral dysplasia were included. This study design pooled results from
heterogenous trials—with different inclusion criteria, designs, treatment and fol-
low-up interval and duration. The authors reported a statistically significant differ-
ence in the malignant transformation rate, with a higher transformation rate for
patients who did not undergo surgical excision compared with those who did—
14.6% to 5.4%. This result should be interpreted with caution given pooling differ-
ent studies with marked differences is unlikely to provide a meaningful result.

Despite this, at present there is no convincing evidence that surgical excision of
OPMDs prevents malignant transformation. Surgical excision with a margin of nor-
mal oral mucosa is recommended, as a diagnostic tool alone. There is an urgent
need for a randomised control clinical trial examining the effectiveness of surgical
excision of OPMDs.

An additional matter to consider with surgical excision or indeed laser excision
is the extent of the surgical margin of the lesion. Molecular aberrations exist in
‘normal’-appearing mucosa adjacent to clinically apparent lesions, and this may
account for recurrence of surgically treated lesions [209, 212]. It is not possible to
precisely determine the margin of OPMDs. For these reasons, excision should be a
distance from the edge of the lesion. Optical adjunctive devices such as optical fluo-
rescence imaging (e.g. VELscope®, LED Dental; Bio/Screen®, AdDent Inc;
Identafi®, StarDental) and narrowband imaging (NBI; Olympus®) are emerging as
important tools to improve the accuracy of margin delineation (Fig. 11.6) [213].
These devices demonstrate lesions extending beyond the clinical ‘margin’ present
on examination with the naked eye or white light alone. A prospective gene-profiling
study examining the utility of NBI in determining margins for OSCC resection
demonstrated the presence of molecular aberrations in the white light margin sur-
rounding OSCC, with more abnormalities in margins delineated with white light as
compared to NBI [213]. In a retrospective, case-control observational study, Poh
et al. report a reduced rate of local recurrence in high-grade OPMDs when fluores-
cence utilisation was used as part of preoperative margin delineation [214].
Adjunctive diagnostic devices, such as NBI and direct autofluorescence, typically
show lesions to be larger under these devices when compared to the naked eye
[215].

At present, there are no guidelines recommending the width of the surgical mar-
gins [15, 43]. The European Association of Oral Medicine suggests most clinicians
would excise the lesion with a margin of a ‘few millimetres’ of macroscopically
normal tissue [43]. It should be noted that a macroscopically normal margin may
not be possible with widespread lesions or lesions over anatomically sensitive sites,
such as salivary gland ducts [134]. Our own protocol (Fig. 11.2) recommends com-
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Fig. 11.6 (a) VELscope Vx® (LED Dental) fluorescence visualisation device. (b) Bio/Screen®
(AdDent Inc) fluorescence device. (¢) Identafi® (StarDental) multispectral visualisation device. (d)
Narrow Band Imaging (Olympus®) endoscopic unit

plete removal of lesions (whenever possible) with a clear margin of normal tissue
(1-2 mm) achieved with the use of adjunctive optical devices (optical fluorescence
imaging or narrowband imaging) and complete closure.

Cold steel vermilionectomy has been described as treatment for actinic cheilitis
(Fig. 11.7) [154]. Simple vermilionectomy involves vermilion epidermal resection,
with glandular and orbicularis oris muscle resected in a modified vermilionectomy
[154]. Vermilionectomy is operator dependent [154], with a multitude of techniques
being described. It is the only treatment of actinic cheilitis that provides a specimen
for histopathological analysis. Menta Simonsen Nico et al. compared initial punch
biopsy diagnoses of actinic cheilitis with subsequent histopathological analysis of
cold steel vermilionectomy specimens in a series of 20 patients [216]. In 40% of the
cases, the complete specimen yielded more severe histopathological alterations
when compared with the original punch biopsy. In one of the 20 cases, invasive
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Fig. 11.7 (a) Actinic cheilitis in an elderly male with a history of sun exposure presenting on the
lower lip with widespread non-homogenous keratotic white changes. The lesion on the lower left
lip was removed with cold steel excision (b) with a margin of normal tissue down to underlying
connective tissue (¢) and closed with direct primary closure. (d) Clinical appearance of the lower
left lip 2 weeks postsurgical excision and direct primary closure. Healing was uneventful with
good aesthetic outcome. Histopathology revealed orthokeratosis with no epithelial dysplasia

squamous cell carcinoma was diagnosed on the analysis of the vermilionectomy
specimen.

In 1989, a small randomised trial of ten patients treated with vermilionectomy
reported clinical and histopathological resolution of actinic cheilitis with this treat-
ment in all patients [155]. Satorres Nieto et al. reported a series of 41 patients with
actinic cheilitis treated with cold steel vermilionectomy. Of these, none had evi-
dence of clinical recurrence at minimum 6 months’ follow-up [217].

Following vermilionectomy, multiple techniques for closure of the defect have
been described, including direct primary closure and mucosal advancement flaps
with or without tissue undermining and pedicled buccal mucosal flaps [217-219].

Vermilionectomy with cold steel appears to be the preferred method for defini-
tive treatment of actinic cheilitis with good outcomes, in addition to having the
distinct advantage of being the only proposed treatment method for actinic cheilitis
that provides a specimen for histopathological analysis (Fig. 11.7).
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Photo Dynamic Therapy

Over a century ago, researchers have noted that they could induce cell death using a
combination of light and chemicals [220]. Modern photodynamic therapy (PDT)
exerts its effect on tissues and cells utilising three components. The first is a ‘photo-
sensitiser’—a molecule that localises to target tissues. The second is a light of a
specific wavelength that will activate the photosensitiser. The third is oxygen. In the
presence of oxygen, the first two components generate reactive oxygen species and
other radicals [220], and these products damage tumour cells and their vasculature
and generate an immune response.

A recent systematic review of 12 studies concluded that PDT was a useful treat-
ment strategy in the management of oral premalignant lesions [221]. Pooled studies
cited in the systematic review showed a recurrence rate between 0% and 36%.

In a large prospective study, 147 patients with oral dysplasia or carcinoma in situ
were treated with PDT [222]. The grouping of carcinoma in situ with oral poten-
tially malignant lesions is an example of the heterogeneity of the literature on the
topic. In this trial, 81% of patients had complete response to PDT at 5 years, with
one or more applications. The recurrence rate was 12%. Eleven patients in the
cohort (7.5%) had subsequent malignant transformation; patients with carcinoma in
situ are more likely to progress.

Proponents of PDT cite ease of administration in the outpatient setting [223],
good functional and cosmetic outcomes [130] and low systemic toxicity as positives
of PDT [130]. There are drawbacks to using PDT however. Patients must avoid
sunlight for 2-3 weeks post-application, which restricts the routine use of PDT for
most patients. PDT of OPMD has an unacceptable drawback, similar to the use of
laser vaporisation of OPMDs, not permitting histopathological examination of the
whole lesion. It is known that a subset of patients diagnosed with OPMD on inci-
sional biopsy will be found to have carcinoma on examination of the complete
lesion following excision. The efficacy of PDT has not been compared with pla-
cebo, and at present there is no convincing evidence PDT is superior to placebo in
preventing malignant progression. There is however a phase III, randomised,
double-blind trial underway in Vienna currently recruiting patients with oral leuko-
plakia and oral lichen planus, comparing the efficacy of PDT and aminolaevulinic
acid with placebo [224]. The primary outcome measure is the area affected by
OPMD, as measured by a caliper. At this stage however, PDT is not currently rec-
ommended for the management of OPMDs.

Photodynamic therapy has been proposed as a treatment for actinic cheilitis
[225]. Four studies have examined the efficacy of PDT in treating actinic cheilitis,
comparing pre- and post-treatment histopathology. The first treated ten patients with
5-aminolaevulinic acid-based photodynamic therapy, reporting an 80% histopatho-
logical cure rate at 3 months [226]. The same group reported an 18-month follow-up
study of the same PDT technique, with a cure rate of 65.4% on histopathological
analysis [227]. Berking et al. used methyl-aminoxopentanoate-based PDT (MAL-
PDT), reporting 38% histopathological cure rate, also at 3 months [228]. The fourth
study prospectively examined treatment with fractionated photodynamic therapy,
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two treatment doses on a single day. Follow-up was 18 months, with half of the ten
patients having histopathologically proven persistent or recurrent actinic cheilitis
[229].

In a randomised controlled trial of 33 patients, Choi et al. compared routine two-
session MAL-PDT with pretreatment with fractional laser resurfacing using the
erbium:yttrium-aluminium-garnet (Er:YAG) laser, followed by MAL-PDT in the
comparator group [230]. Pretreatment with the Er: YAG laser resulted in a complete
histological and clinical response of 79% at 12 months, compared to 26% in the
routine MAL-PDT group, with a statistically significant difference between the two
groups. The use of Er:YAG pretreatment PDT has not been further investigated
beyond this small trial.

Kim et al. investigated multiple sessions of PDT as treatment for actinic cheilitis.
After an average of 4.6 treatments, five of ten patients showed complete clinical
response. Two later recurred, yielding a response rate of 30%, even with repeated
therapies [231].

Photodynamic therapy has not been demonstrated to be an efficacious treatment
for actinic cheilitis.

Other

Limiting sun exposure to actinic cheilitis-affected areas of the lower lip is thought
to prevent progression of actinic cheilitis to carcinoma, but this has not been dem-
onstrated in well-designed follow-up studies [103].

Follow-Up

As with the prementioned aspects of the management of OPMDs, there is no high-
level evidence to suggest appropriate follow-up of patients with oral potentially
malignant disorders. There are no randomised controlled trials examining the topic
[128].

Patients with OPMDs should be monitored closely. The efficacy of close moni-
toring however in improving patient outcomes has not been demonstrated [117].

Malignant transformation can occur over a long period of time following diagno-
sis of an OPMD [210]. In a large observational study of oral potentially malignant
disorders in 1458 patients, the average interval from diagnosis to malignant trans-
formation was 43 months [232]. The delay in progression of OPMDs has led to the
recommendation of lifelong follow-up of patients with and without dysplasia [117].
There exists no consensus about appropriate follow-up intervals. The European
Association of Oral Medicine suggests follow-up at intervals of 6 months for non-
dysplastic leukoplakia (low-risk lesions) and 3 months for dysplastic leukoplakic
lesions (higher-risk lesions) [43]. Field et al. recommend long-term review of
patients with moderate to severe OED 1 month post-surgery and then 3, 6 and 12
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monthly depending on clinical assessment, histopathology and previous history
[16]. In cases of mild OED, patients are reviewed 6 and then 12 monthly for a period
of 5 years and then discharged to primary care practitioners depending on past den-
tal history and attendance, patient preference and liaison with the patient’s dental
practitioner [16]. Our recommendations for long-term surveillance of patients with
OPMD are summarised in Fig. 11.2. Regular long-term follow-up of patients with
OLP is necessary with the frequency of clinical reviews based on clinical parame-
ters such as the presence of erosive or ulcerative lesions [57].

The cost-effectiveness of long-term follow-up of patients with OPMDs is not
known [210]. To optimise resource allocation, it has been proposed that long-term
follow-up be shared between primary and secondary healthcare providers, with spe-
cialists supporting their colleagues [129].

Further research is needed to examine the cost-effectiveness of lifelong surveil-
lance and to determine whether it facilitates earlier diagnosis of malignant transfor-
mation and whether it improves long-term patient outcomes.

Multidisciplinary Approach to Patient Care

Oral potentially malignant disorders, representing a diverse group of lesions and
conditions, both in terms of etiopathogenesis and clinical presentations, are man-
aged by a variety of clinicians with expertise in medicine, including oral medicine,
surgery and pathology. Depending on the nature and extent of the particular disor-
der, the treating clinician (or clinicians) may range from oral medicine specialists,
dermatologists and immunologists to oral and maxillofacial surgeons, ENT and/or
plastic surgeons [233].

While at present there is a distinct lack of evidence-based guidelines regarding
the optimal management of OPMDs [16], it is generally accepted that complete
excision is probably the ideal treatment option, and this is particularly the case when
a histopathological diagnosis of oral epithelial dysplasia is present—the strongest
predictor of future malignant transformation in an OPMD [147]. It is therefore not
surprising that a recent British survey intended to ascertain treatment protocols,
targeting clinicians who treat OPMDs from oral and maxillofacial surgery, oral
medicine, ENT and plastic surgery, identified the majority of participants to be oral
and maxillofacial surgeons (71%), followed by ENT (19%) [14].

It has long been recognised that the optimal management of many complex dis-
eases, including head and neck cancer, requires a multidisciplinary treatment
approach to ensure that optimal patient outcomes are achieved and is now consid-
ered the standard of care [16, 25, 234]. The benefits of a multidisciplinary approach
in the management of OPMDs are also becoming increasingly apparent [16]. Given
the diverse presentations and potential complexities associated with the treatment of
individuals with these disorders, it is clear that no one healthcare provider can be
expected to hold all the necessary skills and expertise to ensure optimal treatment of
the affected individual. A multidisciplinary team assessment and discussion, as can
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occur in the setting of a head and neck cancer clinic, are far more likely to ensure
that all factors relevant to treatment planning are considered and that individuals are
offered the best treatment advice, which is not limited or prejudiced by the skill or
expertise of a single clinician [234]. A multidisciplinary approach to the manage-
ment of patients with OPMD, particularly those exhibiting oral epithelial dysplasia,
is therefore currently considered best practice [16].

Conclusion

There are no truly effective treatment options for OPMDs. Treatment of OPMDs is
complicated by the heterogeneity of pathologies included in its definition, their
underlying etiopathogenesis and different approaches to managing symptoms or
undertaking definitive treatment. Even if one considers treatment options for oral
leukoplakia (the most common OPMD), then the heterogeneity and deficiency in
study design, limits the usefulness of current literature for determination of
evidence-based best practice.

To date, the best treatment option for OPMD appears to be cold steel removal
with a margin of macroscopically normal oral mucosa, particularly for oral leuko-
plakia and erythroplakia. Additionally, management of infectious and inflammatory
components of OPMDs should be undertaken as appropriate, with regular follow-
up. Management of OPMDs, especially those in high-risk patients, is best achieved
in a multidisciplinary setting. With greater knowledge and more well-designed stud-
ies around the role and application of optical adjuncts, these may become valuable
for clinicians to use not only in early detection of OPMD but also their
management.
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