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Abstract

Aims: Diffuse reflectance spectroscopy (DRS) examines the composition of tissue by
analysing light reflected from inside the tissue. DRS has been applied to cancer
diagnostics in liver, brain, breast and others. The aims of this study were to (i) to
formulate a clinical protocol for use of DRS in diagnosis of oral potentially malignant
disorder (OPMD), (ii) to explore the clinical utility for this probe in the mouth and (iii) to

review the protocol and assess its potential use in clinical practice.

Materials and Methods: A clinical protocol for use of the DRS probe was formulated
based on literature review and clinical experience. A translational clinical research study
with two groups, one with histologically confirmed OPMD (n=53) and a control group
(n=27) were enrolled. All participants received DRS of mucosal surfaces, including areas
of OPMD, in the mouth. The readings were then investigated to find reliable biomarkers
and their accuracy to differentiate the two groups. Repeatability and reproducibility
with two users were examined. Interviews were carried out with oral surgery clinicians

after reading the protocol.

Results: The protocol produced good results, which were grouped based on the site of
acquisition. Our analysis found accuracy figures of 89% and 87% respectively for
distinguishing OPMD and normal mucosa in the buccal mucosa and ventral tongue. This
OPMD group was made up of mostly oral lichen planus (OLP), with small numbers of
other diagnoses. (OLP n=41, oral leukoplakia n=5, others n=5) Accuracy figures for the
dorsum of the tongue were poor. DRS was easy to use, quick and acceptable to patients.

Repeatability was shown to be good, however reproducibility was fair. This may be due
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to inter-user pressure differences in the mouth. Clinicians were sceptical of this new

technology, in part due to lack of evidence of clinical utility compared with biopsy.

Conclusion: DRS has shown a new role in identifying oral lichen planus in the buccal
mucosa and ventral tongue. This device may have poor accuracy in identifying oral
lichen planus on the dorsal surface of the tongue. It has potential as a replacement for
biopsy as a screening tool, however observed difficulties in clinical use preclude
widespread implementation. Observed inter-user variability in the mouth has not been
thus far explored in the DRS literature. Further studies are needed to confirm this

observation.
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1 Introduction

Oral potentially malignant disorders (OPMD) are a set of heterogenous conditions
with a variable risk of progression to oral cancer. Easy, non-invasive methods of
diagnosis and monitoring of these OPMDs are needed and useful for ongoing
surveillance and risk stratification. Many patients follow routine surveillance
regimes aimed at detecting malignant transformation of oral potentially malignant
disorders. Risk is stratified modified based on published evidence.(1) Currently, the
gold standard tool to assess neoplastic development of a potentially malignant
lesion is biopsy and histopathological diagnosis. A point-of-care, accurate, non-
invasive and reliable tool with quick results and high accuracy is the goal of

research.(2—4)

The progression of OPMD into the development of oral squamous cell carcinoma
(OSCC) has been well-recognised. Biopsy and histopathological diagnosis have been
the standard of care for OPMD for many years. It has drawbacks including lack of
predictability of malignant transformation, difficulty of selecting optimum site for
sampling, fallibility of grading of risk of malignant transformation, invasive nature,
expense and time taken for results. Histopathological grading of dysplasia in
particular has been shown to have poor agreement in predicting the transformation

of OPMD into OSCC.(13)

Oral squamous cell carcinoma (OSCC) comprises the vast majority of malignant oral
tumours. In Ireland, oral and pharyngeal cancer is the 10" most common

cancer.(6,7) Incidence rates in Ireland of head and neck cancer (HNC) are forecast



to increase by 66% between 2020 and 2045.(8) This is in part due to the emergence
of new causative factors as well as demographic changes. Major risk factors are
alcohol and tobacco, with smoking and tobacco having a combined synergistic
effect making the risk of OSCC 38 times higher in a heavy smoker and drinker
compared to abstainer.(9,10) Across the developed world, the incidence of oral
cancer in men aged in their 40s and 50s is steadily rising.(11) Published data
provides risk factors for malignant transformation of OPMD, with size,
heterogeneous appearance, location, duration of presence, inability to cease
causative habits, age, female gender and lack of causative habits all predictive to
greater or lesser degrees.(12,13) Thus, there is an accepted malignant tendency and
risk profile to OPMD, while there is similarly a need to detect OSCC in a timely

fashion.

The identification of inflammatory environmental factors that promote the
development of clonal cells such as smoking, air pollution and others has helped to
reduce the disease-specific burden related to cancer throughout the 20th and 21st
centuries. This public health effort has worked in concert with new medical
advances to increase disease-specific survival and aid sooner diagnoses. Early
detection of HNC is key. Survival at 5 years post-diagnosis is directly related to
stage. If lesions are detected when they are small, localised, and treated
expeditiously, survival rates of 70-90% can be achieved.(14) However, many oral
cancers are currently detected at stage I1I/IV.(15) This has implications far beyond
survival, with later detection necessitating extensive treatment with devastating
impacts on feeding, speech and appearance.(16) The most significant factor behind

this is diagnostic delay, with smaller tumours and first presentation to a general



dental practitioner (GDP) drivers of delay.(17,18) The rate of second primary OSCC
tumours is also high at 3-7% (9,10) and more often the cause of death.(19) This
necessitates ongoing monitoring, risk stratification and repeat biopsy in case of new

or suspicious lesions in the mouth.

Modern molecular techniques have produced vast datasets which have enabled the
identification of biomarkers whose presence signal the development of a tumour.
Alliance with ‘big data’ analysis to investigate these cellular mechanisms has
opened up a new frontier in the ‘war on cancer’.(20) It is now recognised that
tumourigenesis starts with immunologic alterations to tumour suppressor genes
facilitating activation of oncogenes and clonal expansion of somatic cells. While
early inflammatory alterations in the tumour microenvironment (TME) still defy
time-sensitive identification by current technology, known precursors of oral cancer
are recognised and visible in the mouth. This represents a change compared with
the inaccessibility of other body tissue for screening, while identifiable
precancerous areas are not always present in other cancers. Thus, early
identification and

monitoring of precancerous areas offers a way to downstage oral cancer diagnosis.

Use of adjuncts, including fluorescence imaging and/or toluidine blue staining may
increase the number of OPMD detected compared to oral examination.
Furthermore, these adjuncts may outline the lesion borders more clearly.(12) These
may be performed in primary care, unlike histopathological diagnosis which has
historically been performed in secondary care, with corresponding wait times and

travel times for patients. Novel immediate and primary care-based diagnostic tools



have attracted interest in clinical and academic circles.(21) A new approach to the
diagnosis of OPMD has been the use of optical techniques. These aim to obtain data
on the subsurface composition of tissues using non-invasive technology. Light
passed through tissue is captured and analysed for patterns suggestive of the
diagnosis. While interesting and promising, not least for their non-invasive nature,
no optical device is widely accepted for diagnosis of OPMD or OSCC. This study will

examine such a device in the context of diagnosis of OPMD and OSCC.



2 Literature Review

2.1 Overview and Search Strategy

The literature review is divided into three sections:

1) the prevalence and aetiopathogenesis of OPMD

2) the existing tools for detection of OSCC

3) the use of spectroscopic techniques for detection of OSCC.

An electronic search of Cochrane Library, PubMed and Medline EBSCO databases
was undertaken for the terms outlined in the search strategy below. The PICOS
framework was followed while undertaking the search. The reference lists of
included studies were also searched for any trials of relevance. Inclusion and
exclusion criteria were applied to the relevant articles and any duplicates were
discarded. This was updated in April 2024 to take into account any new emerging

evidence.



Table 1. Search strategy.

Population

#1; “Oral potentially malignant disorder” OR
“oral potentially malignant condition” OR “oral
lesion, precancerous” OR “oral lesion,
premalignant” OR “oral potentially malignant
disease” OR “oral pre-malignant lesion” OR
“oral precancerous condition” OR “oral
precancerous lesion” OR “oral premalignant
lesion” OR “potentially malignant oral disease”
OR “potentially malignant oral disorder” OR
“precancerous oral lesion” OR “precarcinoma,
mouth” OR “premalignant oral lesion” OR “oral
cancer” OR “mouth cancer” OR “oral SCC” OR
“oral squamous cell carcinoma”

34,874

Intervention

#2; “spectroscopy” OR “optical spectrometry”
OR “VIS spectrometry” OR “VIS spectroscopy”
OR “visible light spectrometry” OR “visible light
spectroscopy” OR “visible spectrometry” OR
“visible spectroscopy”

612,129

Conclusion

#3; “detection” OR “diagnosis” OR “screening”

5,271,824

QOutcome

#4; “carcinoma” OR “cancer” OR “dysplasia”
OR “dysplastic lesion” OR “precancer” OR
“precancerous lesion”

3,252,987

Search

combination

#1 AND #2 AND #3 AND #4

223

Database search

Cochrane library, Pubmed, EBSCO

2.2 Oral Potentially Malignant Disorder — a clinical and histological diagnosis

OSCC can arise de novo or be preceded by oral potentially malignant disorders

(OPMD). According to Warnakulasuriya et al (2020), OPMDs are defined as ‘any oral

mucosal abnormality that is associated with a statistically increased risk of

developing oral cancer.” This was historically described by terms such as “pre-

2

cancer”, “precancerous/premalignant lesion” or “intra — epithelial

neoplasia”.(22,23) The initial concept of “precancer” was introduced in the early




19" century.(24) In the mid — 20" century, efforts were made to distinguish

premalignant conditions into leukoplakia (white patch) or erythroplakia (red

patch).(6,25) Warnakulasuriya further elucidated the term as applying to a distinct

area distinguishable by clinical appearance that may have a premalignant

potential.(26) The WHO Collaborating Centre (2020) introduced the term OPMD,

which is now preferred as it implies that not all lesions will become malignant, but

have the potential to do so.(23,27) This body of expert opinion recommended the

use of the term OPMD, which replaced the previously used terms ‘precancer,

epithelial precursor lesions, premalignant, precancerous and intra-epithelial lesions’.

Table 2. Terms used in characterising premalignant conditions(30)
Terms Definition
Oral A morphologically altered tissue that has greater potential to cause
precancerous malignancy than the corresponding normal counterpart does.(28,29)
lesion
Oral A generalized condition that does not necessarily show clinical alteration of
precancerous oral mucosa but is associated with a significantly increased risk of cancer
conditions development.(28,29)
OPMDs Any clinical presentations that carry a high risk of cancer development in

the oral cavity, whether in a clinically definable precursor lesion or in

clinically normal mucosa.(26)

The classification of OPMDs is reproduced in Table 3. There is a general consensus

that in the majority of cancers, there is a detectable precancerous phase.(31) Since



the introduction of the OPMD term, there has been an increase in interest in this
heterogenous group of conditions, leading to better reporting.(26)
Table 3. Important OPMD identified by the WHO’s working group on cancer(22)

Leukoplakia

Proliferative verrucous leukoplakia

Erythroplakia

Oral submucous fibrosis

Oral lichen planus

Actinic keratosis (actinic cheilitis) (AK/AC)

Palatal lesions in reverse smokers

Oral lupus erythematosus

Dyskeratosis congenita

Oral lichenoid lesion

2.2.1 Epidemiology

The estimated overall global prevalence of OPMDs is about 4.5%, although this
varies by geographical area.(32) Most authorities maintain that the prevalence rate
among populations worldwide is 1-5%, It may vary depending on country, people
surveyed, the pattern of tobacco used and the definition of leukoplakia
employed.(31) One systematic review noted the highest incidence of OPMD in
Asian populations with a prevalence of 10.54% for all OPMD.(32) This review only
included those with a histopathological diagnosis, implicitly excluding population-
based studies and including only those who have been treated by dental or medical

practitioners. The largest population-based studies have been conducted in the



developing world. A study of 50915 persons in four different regions of India found
a degree of regional variation from 0.2% in Bihar state in the north to 4.9% in
Andhra Pradesh in the east, apparently related to patterns of tobacco use.(33) Van
der Waal, in his review of the topic, provides a compelling argument for the true
incidence of OPMD being 0.5% or less extrapolating reported rates of malignant
change and reported hospitalisations for oral cancer to a population wide

figure.(23)

This review will focus on the following conditions as they are the conditions being

recruited to this study.



Table 4. Summary table of OPMD

Condition

Leukoplakia

Proliferative
verrucous
leukoplakia
Oral lichen

planus

Erythroplakia

Oral

lichenoid

lesion

Actinic

keratosis

Incidence

2.6-3.32%

(32,34)

Uncommon

1% (32)

0.02-0.83%
(32,45)

Uncommon

0.45-2.4%

(48)

Aetiology

Smoking, male
gender confers
increased risk
(35,36)

Older age higher
risk, otherwise
unknown(37-39)
T cell mediated,
multifactorial

Tobacco, alcohol

Drug-related or
contact reaction
with dental material
(47)

Sun exposure, age,
fair skin,
immunosuppression,

male gender(49)

Malignancy | Management

risk

1-36%

30-70%

(38-40)

<1%
(41-44)
14-50%
(46)

2.5%(44)

Possibly 3%

(50)

Monitoring, surgical

excision, others

Monitoring, surgical

excision (37)

Monitoring, topical

corticosteroids

Surgical removal

Removal of

causative factor

Sun protection,

excision
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2.2.2 Leukoplakia

2.2.2.1 Summary

The most common form of OPMD is leukoplakia. The varying clinical and histologic
diagnoses that have been applied to the term leukoplakia over the course of the
years has hindered collection of data on this disease entity, which is now defined
as: “predominantly white plaques of questionable risk having excluded (other)
known diseases or disorders that carry no increased risk for cancer’.(22,27)
Currently, leukoplakia is a term used for a clinical diagnosis and should not be used

once there is a histological diagnosis.

2.2.2.2 Epidemiology

Major studies into the incidence of leukoplakia have mainly been carried out in the
Indian subcontinent. A study of 57518 mill and textile workers aged over 35 in
Guijarat, India found 6718 leukoplakia as well as 35 lesions showing epithelial

dysplasia, an overall prevalence of 11.7%.(33,51)

In industrialised countries, most studies have been conducted on referral and
hospital populations as opposed to community surveys.(31) Axell’s community-
based survey of 20333 Swedes aged 15 years and over found white lesions in 24.8%

overall.(52)

Petti summarised the worldwide prevalence of leukoplakia in a systematic review of
23 studies from 17 countries published in 2003.(34) Strengths of this analysis
include using standardised worldwide definitions of leukoplakia and only including
studies where the numbers of those presenting with oral leukoplakia (OL) and those

without disease could be accurately calculated. Studies conducted at secondary or

11



tertiary care facilities were excluded. Petti found an overall prevalence of 2.6%
(95% CI 1.72-2.74%), although the researchers found a high degree of
heterogeneity. This is similar to the figures produced by Mello et al., who published
a pooled prevalence figure of 3.32% for oral leukoplakia and 0.32% for oral
erythroplakia, the two OPMDs the authors found they could reliably estimate the
prevalence of.(32) Petti found an unequal distribution of OL, with the highest

incidence being in the Asian population (7.77%).(32)

2.2.2.3 Aetiology
Tobacco use is the commonest pre-disposing factor for leukoplakia. Leukoplakia is

six times more likely to appear in smokers compared to non-smokers.(53)

In developed countries, leukoplakia normally develops in middle-aged and elderly
people, the majority occurring between the fourth and seventh decades of life,

while in the developing world, they typically occur 5-10 years earlier.(31)

Further evidence for tobacco’s causative role in the development of oral
leukoplakia is provided by the Californian study, where leukoplakia disappeared in

44% of the 50 patients who stopped smoking following leukoplakia diagnosis.(35)

No cause could be found in 17.3% of the leukoplakia identified in Axell’s study.(52)
This proportion (roughly 15-30%) is echoed in other studies.(31) Alcohol’s role in
the development of OSCC is well known, however it does not have a well-
established role in the development of leukoplakia. An Indian case-control study
with 927 leukoplakia and 47,773 controls found a link between any consumption of
alcohol and leukoplakia with a risk ratio of 1.5.(54) This study also found a
correlation between BMI and risk of leukoplakia, possibly due to malnutrition in

12



slimmer people. Other potential risk factors for oral leukoplakia or oral
erythroplakia have been inferred from OSCC cohorts and include factors such as use
of an alcohol- containing mouthwash, poor oral hygiene, periodontal disease,
missing teeth, role of chronic mucosal trauma, co-infection with candida and oral

dysbiosis.(55)

2.2.2.4 Pathogenesis

The pathogenesis of leukoplakia is unknown; however some theories are presented
below. Chronic irritation from an exogenous agent leads to tissue adaptation. This
results in an increase in cell proliferation, shrinking cytosolic volume and size of
organelles in response to the trauma. In the oral cavity, this results in cell
proliferation and hyperplasia (growth of the progenitor compartment). If the
irritant persists, the epithelium may display mucosal atrophy (thinning) and
degeneration. As the stage of adaptation and cell damage continues, an irrevocable

cell damage ensues, manifesting as malignant transformation or apoptosis.(56)

2.2.2.5 C(linical presentation

It has a similar appearance to other, benign oral presentations, including cheek
biting, aka frictional keratosis, leukoedema.(22) Axell showed that the prevalence
of leukoplakia can vary from 0.7% and 24.8% with a change in clinical criteria for
defining white patches.(57) Leukoplakia can be divided into homogenous and non-
homogenous types. Homogenous leukoplakia have a smooth surface, well-
demarcated borders and often have cracks or fissuring on the surface. Non-
homogenous leukoplakia have a more varied clinical presentation, and may display

features such as speckling (erythroplakia), nodular appearance (polypoid or

13



rounded projections), or verrucous (exophytic, warty, wrinkled surface). A red
component to leukoplakia, termed erythroplakia or erythroleukoplakia, is indicative
of candida colonisation and implies a higher risk of malignant transformation.(22)
Table 5. Certainty (c-factor) of a leukoplakia diagnosis.(59)
C1 Evidence from a single visit, using inspection and palpation as only diagnostic
means (initial clinical diagnosis)
C2 Evidence obtained by a negative result of elimination of other aetiological
factors e.g. mechanical irritation, during a follow-up period of 2-4 weeks or in

the absence of any suspected aetiological factor

C3 As C2, but complemented by incisional biopsy (provisional histopathological
diagnosis)
c4 Evidence following excision and pathological examination of the resected

specimen (definitive histopathological diagnosis)

2.2.2.6 Management

Visual inspection and palpation are recommended for all suspected leukoplakia,
including the area suspected and the neck region. The gold standard for diagnosis is
biopsy and histopathological diagnosis. This should be done to exclude any other
pathologies and to evaluate and grade the presence of any epithelial dysplasia
within the patch. This is graded into mild, moderate and severe (carcinoma in situ)
and is the best predictor of malignant transformation.(22) Additional testing for
candida can help to establish the risk of malignant change. Management of
leukoplakia and OPMD in general involves establishing the correct diagnosis,
assessing the risk, counselling on risk factors and selecting an appropriate

intervention.(12) The objective is to reduce alcohol and smoking and/or use of
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chewing tobacco or smokeless tobacco. High risk lesions such as leukoplakia with

moderate or severe dysplasia should be excised.(12)

2.2.2.7 Malignant transformation

While leukoplakia can progress to OSCC, the literature demonstrates many

spontaneously regress. (31,58) In the Bombay study, 42.5% of untreated

leukoplakia spontaneously disappeared within 5 years, especially in those who

chewed tobacco. In the Californian study, lesions became smaller or disappeared in

37% of the 133 who were smokers and continued to smoke, in 42% of smokers who

quit when diagnosed with leukoplakia, but in only 3% of 72 non- smokers.(35)

Estimates of malignant transformation vary with population; in the large scale

population-based surveys from India that form much of the seminal literature, the

rate varies between 0.13-2.2%(31)

Table 5. Factors predictive of malignant transformation.(13)

Feature
Clinical Size of lesion
features Texture

Colour

Site

Sex
Age

Habits

Parameter

>200mm?
Nonhomogenous
Red/speckled

Tongue and floor of mouth
Multifocal

Female

>50 years

Non-smoker

Association
Strong
Strong
Strong
Strong
Strong
Medium
Medium

Weak
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Histological Dysplasia Severe Strong

features High-risk Strong
HPV HPV-16 Medium
DNA content Aneuploidy Medium
LOH Many genes involved Medium

Petti’s systematic review found a pooled incidence of malignant transformation of
1.36% per year (95% Cl 0.69-2.03%).(34) However, estimates vary from 1.1% to
17.5%.(31) A Californian study of 257 patients with oral leukoplakia found OSCC in
45 patients, a ratio of 17.5% transformation. Silverman noted a persisting high
chance of malignant transformation even after cessation of the smoking habit.(59)
He noted an initial transformation rate elevated in year 1, and a subsequent rate of
1% malignant transformation per year. Chaturvedi, in a large study of 4886
Californians, found a progression risk of 2.2% from leukoplakia without dysplasia,
11.9% for mild dysplasia, 8.7% for moderate dysplasia and 32.2% for severe
dysplasia. He found that <5% of oral SCC had a detected premalignant stage, due to
lack of screening tools. 39.6% cancers arose from biopsied leukoplakia without

dysplasia.(60)

Most studies conclude that smoking or cessation thereof will confer an influence on

the rate of transformation.

Red and or/erosive appearance, a verrucoid hyperplastic pattern and microscopic
dysplasia all confer increased risk.(35) Roed-Petersen found an increased risk of

malignant transformation in erythroplakia with 9.1% (1/11) of speckled leukoplakias
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and 1.3% (8/598) among other types showed malignant transformation.(61) Female
sex, larger surface area, and no history of smoking were all correlated with

malignancy.

In another UK-based study, lesions on the floor of the mouth displayed high
transformation rates. Of 63 leukoplakia of the floor of mouth referred to a
secondary care facility, 17 had malignancy either at presentation or within three
months, and a further seven patients from the remaining 46 went on to develop
OSCC at a rate of 15.2%.(62) Waldron, in a large study of 3256 oral leukoplakia
biopsied and sent to one lab for histopathological analysis, found that leukoplakia
from the floor of mouth and tongue were more likely to have severe dysplasia/CIS
on histological exam.(63) In Warnakulasuriya and Ariyawardana’s systematic
review, the buccal mucosa was the most common site overall for leukoplakia but
had the lowest rate of transformation. The tongue accounted for 16.14% of lesions
but was the most common site for transformation, with a rate of 24.22%, while the
second most common site for transformation proved to be the tongue/floor of
mouth site.(64) Advancing age, female gender, size of lesion >200mm?, presence of
red or verrucous/exophytic areas on the lesion, grade of dysplasia were all found to

be important risk factors for malignant transformation.(64)

Candida infection has been cited as a risk factor for malignant transformation, with
candida superinfection in an existing leukoplakia carrying a higher risk for malignant
transformation. However, there is conflicting evidence whether candida infection is

the cause of leukoplakia or an infection superimposed on a pre-existing lesion.
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Homogeneity or heterogeneity of lesion has been correlated to risk of
transformation. Homogenous lesions are uniformly flat and thin, have a smooth
surface and may exhibit shallow cracks.(22) Non-homogenous lesions have a higher

risk of malignant transformation.

Loss of heterozygosity at chromosomal sites 9p21 or 3p14 has been found to be a
predictive biomarker of sites at high risk of OSCC development and also predictive
of second primary tumour development.(65-67).(66,67) Aneuploidy also
demonstrates a relationship with degree of differentiation from the norm and
degree of DNA ploidy may be viewed as a surrogate for malignant change.(30)
Other tissue markers, such as increased telomerase activity, keratins, integrin, TGF-
a, cyclin D1, MMP9 and MMP1 are also upgraded in development of OPMD and
carcinogenesis.(30) These tissue markers have all shown promise, however may

prove difficult and expensive to extract.

Many indicators of malignant change are known, however there is no currently no

reliable method of telling when a lesion is going to transform.

2.2.3 Proliferative Verrucous Leukoplakia (PVL)

2.2.3.1 Summary

Any leukoplakic lesion that becomes warty, widespread and that has recurred after
treatment should raise suspicion of PVL. This condition may affect multiple sites
and as such may be difficult to treat. The World Health Organization (WHQO) (2017)

described PVL as “a distinct and aggressive form of oral leukoplakia that potentially
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is @ malignant disorder, exhibiting high recurrence and malignant transformation

rates”.(68)

Thirty years after its recognition, it is a challenging disease entity in recognition in
its early phase, recognition of aetiology and optimum mode of treatment. Diagnosis
is based on a combination of clinical appearance and histological picture, which can
be complicated by its similarity to other conditions. (69,71)

2.2.3.2 Epidemiology

PVL occurs more commonly in females with no gender predilection. The mean age
at diagnosis is in the seventh decade.(39) Approximately two-thirds occur in never
smokers and there is no substantial association with alcohol consumption.(71)
Otherwise, the aetiology is unknown. Villa notes in his review that prevalence data
does not currently exist as it is a rare condition with several competing sets of

diagnostic criteria.(37)

2.2.3.3 Aetiopathogenesis

Epigenetic studies have shown a role for hypermethylation of genes, especially
PCLB1, CD8A, SPOCK2, ARTN and OSR2 among others. PLCB1 and OSR2 products
have been described as tumour-associated proteins and may have a role in
carcinogenesis. ARTN has a role as an oral cancer oncogene and pain mediator. In
head and neck cancer, SPOCK2 has been identified as a potential diagnostic
biomarker.(72) Other studies have found a role for oral microbial dysbiosis in
conferring an increased risk of the disease — however, the authors caution that
many factors may play a role in changing the composition of the oral microbiota.

Other genetic changes found have been changes in level of ploidy, LOH and allelic
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loss, especially at 9p21.(73) Deletion of p14 and p16 have also been noted, along

with an increase in expression of p53.(74)

2.2.3.4 Clinical presentation

It displays an especially aggressive behaviour, especially in relation to other
leukoplakia.(23,31) It is slow-growing, has a tendency towards multifocality, is
extremely persistent and tends to recur after removal. Lesions are characterised by
an initial keratotic appearance, frequently display an erythematous portion and
develop warty exophytic components with time. The most common site for PVL to
arise is the mucosa, gingiva, palate and alveolar processes.(40,75) The most
common site overall is the buccal mucosa and gingiva.(38) Villa sets down criteria
for diagnosis in his article, which offer a simplified version of the diagnostic criteria

set down by Bagan et al. (see below).

2.2.3.5 Management

Excision is usually the treatment of choice. Due to persistent recurrence, resections
may be repeated and may end up being very large. Recurrence rates are high
(>70%) even if more radical resections are undertaken.(13) Close follow-up and
repeat biopsies are essential to ensure early diagnosis and appropriate

management.

2.2.3.6  Malignant transformation

It is generally accepted that is has a malignant transformation rate of at least 40%,
which can rise to 70% with prolonged observation, and can reach 100% in cases of
erythroplakia.(37,40,70,76) De Mendoza found a MT rate of 65.8% in her

systematic review, while Ramos — Garcia found a pooled MT rate of 43.8% in their
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recent systematic review and Abadie found a rate of 63.9%.(38,39) Malignant
transformation can occur over a long period of time, and thus require consistent

monitoring.(38)

Malignant transformation can arise at any site in the mouth, as there is a ‘field
cancerisation’ effect described in the literature, as patients may develop several
cancers in different parts of the mouth.(38) Studies show the rates observed over
periods of 4.4 to 11.6 years.(38,40,70) Systematic reviews show a time to
malignancy between 6 and 7.4 years.(39,71) Neither smoking nor alcohol has not

been noted to confer an increased risk of malignant change.(71)

Okutoro concluded that viruses or candida, although detected by
immunohistochemistry in many samples of PVL, could not universally explain the
incidence of the disease. This was supported by a further systematic review in
2019.(77) Similarly, he found no evidence for overexpression of p53 or COX-2
indicating high risk of MT. Overexpression of p53 is found in PVL, while COX-2
overexpression is a marker of non-PVL oral epithelial dysplastic change.(37,78,79)
This makes its pathway of carcinogenic change somewhat mysterious.(78) An
interesting paper from McParland and Warnakulasuriya reported on the
appearance of histological lichenoid changes in early PVL before the progression to
full-blown multifocal disease. Lichenoid dysplasia is known to have a high risk of

transformation.(80)
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Table 6. Diagnostic criteria for PVL(38). All criteria must be met in order to reach a diagnosis

White/keratotic lesions that may be smooth, fissured, verrucous, or erythematous with
or without ulcer

Multifocal non-contiguous lesions or a single large lesion >4.0 cm involving one site or a
single large lesion >3 cm involving contiguous sites

Lesions that progress/expand in size and/or develop multifocality over time.
Histopathology that, if not overtly exhibiting dysplasia or carcinoma, shows
hyperkeratosis, parakeratosis, atrophy, or acanthosis with minimal to no cytologic atypia
(KUS), with or without a lymphocytic band, or verrucous hyperplasia; these features

must not support a diagnosis of frictional or reactive keratoses

2.2.4  Oral Lichen Planus

2.2.4.1 Summary
Oral lichen planus (OLP) is an mucocutaneous autoimmune T-cell mediated disease
of unknown aetiology that usually affects those aged 40 and above and affects

females more than males in a ratio of 1.4:1.

2.2.4.2 Epidemiology

OLP is estimated to affect 1.01% of the population worldwide, with a higher rate in
Europe, Southern Central America and Africa (1.43%, 1.74%, 1.32%
respectively).(81) It is considered a potentially malignant disease with a
transformation risk of 1.14%.(42) Prevalence figures may be skewed by the
likelihood that the most common, reticular, type is most likely to be asymptomatic

and not to cause presentation at a physician. Gonzalez-Moles identified an age of

22



onset of 40 years, from which the chances of having OLP increase. No gender

predilection was identified in this systematic review.(81)

2.2.4.3 Aetiology

Even though OLP aetiology is still unknown, many different causes have been
advocated in its aetiopathogenesis, the majors being microbial agents,
psychological stress, local and systemic cell-mediated hypersensitivity, and immune

response.(82)

2.2.4.4 Pathogenesis

During OLP lesion formation, CD8 T cells and CD4 T cells respond to a hitherto
unknown antigen with interaction from MHC Class 1 and Class 2 on basal
keratinocytes. CD8+ T-cells trigger keratinocyte apoptosis by release of TNF-alpha,
while CD 4+ T helper cells also have a role in OLP pathogenesis. Subsequent release
of IL-2 and IFN-gamma induces CD8+ T calls to initiate target cell lysis. Other
cytokines implicated in the pathogenesis of OLP include TGF-beta-1, IL-12, IL-4, IL-
10, IL-6, GM-CSF, IL-1-beta. IL-6, which is a NF-kB-associated cytokine, is critical in
perpetuating chronic inflammation and autoimmunity and is recognised as a key

mediator in the development of chronic inflammation into cancer.(83)

2.2.4.5 Clinical presentation

The diagnosis of OLP is based on clinical and histopathological characteristics. OLP
can be divided into several subtypes based on clinical appearance — reticular,
bullous, papular, atrophic, erosive and plaque-like. Patients may often display more
than one clinical subtype simultaneously. The usual presentation of OLP is reticular

lace-like striations on the buccal mucosa and on other areas of the mouth, like
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tongue and gingiva. These may be symptomatic or asymptomatic. Reticular OLP can
also be found on the lips, floor of mouth, labial mucosa and rarely on the palate.
Atrophic LP is usually found on the gingiva and may be described as desquamative
gingivitis.

The classic histological features are hyperkeratosis, a dense band-like lymphocytic
inflammatory infiltrate, normal maturation epithelium, liquefactive degeneration of
basal cell layer, formation of Civatte bodies and saw-tooth rete ridges.(84) Features
associated with dysplasia such as nuclear enlargement and increased mitotic figures
may be found with features of lichen planus. This lesion should be classified as a
dysplastic lesion rather than OLP, as this lesion has a greater risk of transformation.
In OLP frozen sections, a linear pattern and intense positive fluorescence is
observed at the basement membrane zone, with deposition of IgM, and less often

IgA, 18G and complement C3 are found on the colloid bodies.

2.2.4.6 Management

Biopsy is recommended in cases of uncertainty about the diagnosis, or in an
atypical presentation.(47). Maintenance of good oral hygiene can lessen symptoms
and improve healing. First line treatment is with topical corticosteroids, however
many drugs have been tried for symptomatic OLP, including corticosteroids,
griseofulvin, topical retinoids, hydroxychloroquine, cyclosporin, clobetasol,
tacrolimus, photodynamic therapy and others with variable success.(84) Systemic
corticosteroids are used in cases of severe, widespread OLP or LP recalcitrant to
treatment. Hydroxychloroquine and azathioprine are useful as “steroid-sparing”

agents in systemic corticosteroid responsive OLP.(47). Many patients with OLP can
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be asymptomatic, however atrophic-erosive forms can be painful. Although the risk

of malignant transformation is low, long-term follow up is necessary.

Figure 1. An example of an oral lichen planus (buccal mucosa)

2.2.4.7 Malignant transformation

The notion that malignant change occurs from OLP is debated. Rudolf Virchow,
physician, scientist and politician and “Father of modern pathology” was the first to
notice the proliferation of leucocytes in malignant tissue as far back as 1863 and
surmised the role of inflammation in carcinogenesis.(85) Mignogna notes the link
between chronic inflammation and epithelial malignancy, and supports his
argument by citing examples of chronically inflamed areas undergoing malignant
change such as oesophageal carcinoma secondary to chronic reflux and

oesophageal adenocarcinoma.(86)
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Table 7. Associations between inflammation and cancer risk (87)

Malignancy
Bladder
Cervical
Ovarian
Gastric

MALT lymphoma
Oesophageal
Colorectal
Hepatocellular
Bronchial
Mesothelioma

Kaposi’s sarcoma

Inflammatory stimulus/condition
Schistosomiasis

Papillomavirus

Pelvic inflammatory disease

H. Pylori-induced gastritis

H. pylori

Barrett’s metaplasia
Inflammatory bowel disease
Hepatitis virus (B and C)

Silica, asbestos, cigarette smoke
Asbestos

Human herpesvirus type 8

Production of the free radical nitric oxide as a by-product of chronic inflammation is
thought to be one factor driving carcinogenesis. High levels of circulating COX-2
enzyme secondary to the inflammatory process is also hypothesised to drive
carcinogenesis. Further production of inflammatory cytokines leads to secretion of
toxic malondialdehyde, which is known to cause DNA damage. Changes in the

tumour microenvironment influence the development and induce carcinogenesis.

Tumour associated macrophages (TAMS) are able to stimulate tumour
development and invasion through the production and growth of angiogenic factors

as well as protease enzymes dissolving extracellular matrix.(86) CD34 has been
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found to be overexpressed, especially in erosive and ulcerative forms. Macrophage
inhibitory factor (MIF) has been shown to have an anti-apoptotic effect, repressing
transcription of p53 and stimulates tumour cell proliferation.(86) p53 has been
found to be overexpressed on basal and parabasal keratinocytes, correlating with
increased dysplasia.(30) TAMs are also associated with excess production of MMPs,
leading to tissue destruction and are a major source of TNF (tumour necrosis
factor), a leading feature of carcinogenesis. TNF induces angiogenesis, and in high
doses can destroy tumour cells, but when produced chronically, like in chronic
inflammation, may act as a tumour promoter, influencing both malignant cells
growth and remodelling tumour stroma.(85,86) On the other hand, another school
of thought maintains that the low rates of OLP transformation are evidence in
themselves, and this is evidence that the traditional risk factors of smoking and
drinking are the reasons for development of tumours in oral lichen planus.(86).
Epidemiological evidence is found for the inflammatory hypothesis that patients
who are at higher risk of malignant transformation are Hepatitis C sufferers.(44)
Another lab study showed that mice deficient in TNF gene are not likely to develop
second primary tumours where they have received genetic engineering to make

them susceptible to a particular genetic blood cancer.(86)

Systematic reviews of the evidence have established a malignant transformation
risk. While there is currently a debate raging about what the exact measure and
what the exact figure is, there is a consensus that older people with red or

ulcerated lichen planus are more at risk.
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Fitzpatrick conducted a systematic review in 2014 including 7806 patients with OLP
and 125 patients with oral lichenoid lesions (OLL). From the patients with OLP, 85
developed SCC, giving a transformation rate of 1.09%. In the only study of those
with OLL, four developed SCC, with a rate of 3.2%.(41) Giuliani found in 2017 that
both OLP and OLL have a malignant transformation risk, with OLP having a risk of
MT of 1.4% and an annual risk of 0.2%. He found that female gender, location of
OLP on tongue and red lesions favoured transformation, and that OLL had a slightly
increased risk of transformation compared with OLP.(82) Aghbari’s review of 2017
established a risk of 1.1%.(44) Predisposing factors include smoking (OR=2, 95% ClI
1.25-3.22), alcoholism (OR=3.52, 95% Cl 1.54-8.03)and Hepatitis C co-infection
(OR=5, 95% Cl 1.56-16.07).(44) The site at highest risk of malignant transformation
was the tongue, while female sex and age in the 60s were important predictive

factors.(41)

In Gonzalez — Mole’s systematic review and meta — analysis of 2020, factors that
favour progression of OLL/OLP to malignancy included smoking and/or drinking
habits, Hepatitis C co-infection, presence of epithelial dysplasia.(42) This review
also found that male gender increased likelihood of progression, although this was
not significant, and counselled that many lesions clinically described as oral lichen
planus have a higher than predicted chance of progression and therefore should be
biopsied.(42) Furthermore, lesions that are atrophic or erosive showed the highest
risk of transformation compared to reticular, which showed the lowest. This was
described as a red versus white scenario. He found an overall risk of MT of 1.14%
for OLP (95% Cl = 0.84-1.49), 1.88% for OLL (95% Cl = 0.15-4.95) and 1.71% for LRs

(95% Cl = 0.00-5.46).
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Another systematic review of 2020 disagreed with the above, and using much more
stringent criteria — for example, SCC has to be documented to arise from the site of
an OLP/lichenoid lesion, there has to be a time delay between diagnosis of OLP and
OSCC, no histopathological diagnosis of OLP, found a much lower transformation
rate of 0.44%. ldrees, in this systematic review, criticised Gonzalez-Moles and
Aghbari for, among other things, including cases with proven epithelial dysplasia,
which should exclude OLP as a diagnosis. However, he repeated their conclusions
that MT is more likely in smokers, alcohol consumers and Hepatitis C positive

people.(43)

2.2.5 Erythroplakia

2.2.5.1 Summary

Erythroplakia is defined by the WHO Collaborating Centre for Oral Cancer as ‘a fiery
red patch that cannot be characterised clinically or pathologically as any other
defined disease’.(45) Oral erythroplakia (OE) is usually quite well-defined, irregular
in outline and have a bright red, velvety surface. Erythroplakia may occur in close

combination with leukoplakic lesions.

2.2.5.2 Epidemiology

It has a prevalence of between 0.02-0.83%, making it a rare diagnosis.(87) The
buccal mucosa, tongue, floor of mouth and gingiva are the most commonly
involved subsites identified in the most recent meta-analysis.(45,87) It is more likely

to be observed in males and in those over the age 50.(45) In 58 cases of OE

29



reported by Shafer and Waldron, 37 cases occurred in the sixth and seventh

decades.(88)

2.2.5.3 Aetiology

Case control studies from India found that tobacco use (smoked and chewed),
alcohol use, low vegetable intake, low BMI all contributed to development of this
condition. These studies also found that chewing betel quid in particular raised the
risk of OE, with a linear dose-response relationship after controlling for
confounding factors.(89) Smoking was also associated with erythroplakia, however
the relationship was not as strong as for chewing tobacco.(89) Alcohol consumption
raised the risk of erythroplakia by 3 times, and gave rise to a multiplicative

combined effect with tobacco use.(89)

2.2.5.4 Pathogenesis
The pathogenesis of erythroplakia is poorly understood. It is widely accepted that

alcohol and tobacco play a role in the initiation of the condition and its progression.

2.2.5.5 C(linical presentation

The WHO ‘Histological typing of cancer and precancer of the oral mucosa’ described
the clinical features of OE as follows: “Some erythroplakias are smooth and some
are granular or nodular. Often there is a well-defined margin adjacent to mucosa of
normal appearance”.(91) The red colour, or occasionally speckling, may be due to
mucosal atrophy and epithelial thinning and show through of the underlying

microvasculature.(91)
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Erythema migrans, atrophic candidiasis, gingivitis, pemphigoid, discoid lupus,
erosive lichen planus and other inflammatory/infective conditions can also be

mistaken for erythroplakia.(22)

2.2.5.6 Management
Surgical excision is the treatment of choice, in the absence of any contraindications

to surgery.(12)

2.2.5.7 Malignant transformation

Erythroplakia and its near cousin erythroleukoplakia are associated with severe
dysplasia, carcinoma in situ or frank carcinoma at biopsy.(87,88,92) Shafer found
that 91% were dysplasia, carcinoma in situ or cancer.(88) Lorenzo — Pouso’s meta-
analysis found a malignant transformation rate of 19.9%.(45) This is lower than
guoted by many authors, and he provides a reason, stating that erythroplakia
should only be diagnosed as such if an initial biopsy fails to show SCC or carcinoma
in situ and if the lesion is followed up. He also observed differences in location of
OE corresponding with differences in risk of MT — for example, red lesions on the lip
or buccal mucosa have a lower risk of MT, however, lesions on the floor of mouth
or retromolar areas were found to be highest risk.(45) He concluded that the level
of epithelial dysplasia observed in the initial biopsy is the most important

prognostic factor in predicting MT.
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2.2.6 Oral Lichenoid Lesion

2.2.6.1 Summary
Oral lichenoid lesion (OLL) are a group of intra-oral, reticulated, red and white
lesions similar to oral lichen planus, however, this group of lesions have an

underlying causative factor, as opposed to OLP, which is of unknown aetiology.

2.2.6.2 Epidemiology

Warnakulasuriya states that OLL can include atypical OLP and unilateral lichenoid
lesions.(26) Oral lichenoid contact lesions (OLCR) may occur more often in older
people — this may be due to the time involved in eliciting an immune response. One
study showed an average age of 54.6 years.(95) In one study from Finland, all types

of oral lichenoid reactions were more common in males and in current smokers.(96)

2.2.6.3 Pathogenesis

Holmstrup describes three different mechanisms for OLCR to occur — type IV
sensitivity, toxic reactions and the much rarer acute or generalised sensitivity. Type
IV hypersensitivity reaction is a cell-mediated, delayed response. Mercury salts
from dental amalgam restorations accumulating in damaged mucosa will cause this
contact reaction.(97) Drug-mediated oral lichenoid reactions are also type IV and
associated with systemic medications, which include antihypertensives, oral
hypoglycaemic agents, nonsteroidal anti-inflammatory drugs, beta-blockers, and
HIV antiretrovirals.(98) Nonspecific reactions can also occur as lichenoid lesions

with a similar clinical appearance.
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2.2.6.4 Clinical presentation

Clinically, the appearance can be similar to OLP and shows a range of clinical
presentations — striated, reticular, plaque-like, erythematous, vesicular and erosive
forms. OLL caused by hypersensitivity reaction to dental materials are often
localised to the site of the dental material, usually on the buccal mucosa, gingiva
and tongue with a reticular or plaque - like appearance while OLP has a widespread,
often bilateral appearance. OLL that are drug-induced have certain clinical features,
with a predisposition to being unilateral and erosive. The diagnosis of OLP/OLL is

based on history, clinical presentation, patch test if indicated and histopathology.

Oral lichenoid lesions show histologically similar signs to oral lichen planus —
liquefaction of basal layer and lymphocytic infiltrate. Cutaneous patch tests are
recognised and accepted as ways of identifying allergens responsible for Type | and

Type IV allergic reactions.

2.2.6.5 Management

Resolution usually follows removal of the causative agent. OLR associated
medications include antihypertensives, antimalarial or NSAID medications. A
change of medication should be considered after consultation with the patient’s
GP. Thornhill found that 70% of amalgam contact hypersensitivity lesions were
patch tested positive for mercury or amalgam compared with only 3.9% of OLP
cases. Replacement of amalgam has resulted in lesion resolution of 93% of cases.

(84)
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2.2.6.6  Malignant transformation

Malignant transformation of oral lichenoid lesions follows a similar course to that of
oral lichen planus, with inflammatory mediators playing a role. Malignant
transformation has been estimated as 2.5%.(44). Compared to oral lichen planus
(OLP), oral lichenoid lesion (OLL) exhibit much more loss of heterozygosity (LOH)
and expression of Ki-67 proteins. LOH at tumour suppressor loci may favour
changes in cell proliferation and apoptosis.(99) Other biomarkers of increased risk

progression include upregulation of p53, p16, MCL-1, MMPs, TNF-a, IL-6 and COX-2.

2.2.7 Actinic keratosis/actinic cheilitis

2.2.7.1 Summary

This oral potentially malignant disorder can be defined as: “A disorder that results
from Sun damage and affects exposed areas of the lips, most commonly the
vermilion border of the lower lip with a variable presentation of atrophic and
erosive areas and white plaques”.(100) It is produced by the effect of sunlight on
exposed tissues. First described by Ayres in 1923, it is predominantly a disease of

light - skinned men who work in outdoor occupations.(50,101)

2.2.7.2 Epidemiology
Estimates of prevalence vary widely, with ranges from 0.45-2.4% of the
population(48) , while in studies looking at outdoor populations, prevalence is more

like 4-43%.(48)

2.2.7.3 Aetiology
Sun exposure is the most common risk factor, with people in the tropics at

particular risk. Those with paler skin are more prone to the condition, with lack of
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melanin making fair-skinned people more prone to UV damage. Males show a
predisposition compared to females(48). The lower lip is more prone to sun
damage than the upper lip, and is more delicate with less keratin and more
sebaceous glands than the upper lip.(50) Although people of any age are at risk,
those >50 years of age are at higher risk.(48) This can be for any number of reasons,
including diagnostic delay, slow growth of the lesion and accumulation of UV
damage in the skin over time. Other factors implicated are unhealthy lifestyles —

smoking, poor diet and genetic predisposition.

2.2.7.4 Pathogenesis

UV radiation may be divided into three categories — UV-A, UV-B and UV-C. UV-C s
mostly filtered out by the Earth’s atmosphere and has little effect on human health.
UV-B and UV-A have both been implicated in sun damage, skin cancer and AK. UV
radiation directly affects human DNA, causing genetic changes. Oxidative stress, in
common with other premalignant lesions is seen. Damage to DNA results in
formation of cyclobutane pyrimidine dimers and starts a process of inflammation
and carcinogenesis. UV radiation also causes immunosuppression, leading to

reduced tumour capture.(102)

2.2.7.5 Clinical presentation

Clinical presentation is usually along the lines of flaky, keratotic, white lesion with
signs of dryness.(50) Ulcerative lesions are common with inflammation, atrophy
and loss of epithelium. Scaly red areas are also common. White plaques are seen
after atrophy. Other clinical features include scaly sites, swelling, erythema,

ulceration, indistinct vermilion border, transverse fissures, crusting, tissue pallor
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and blotching.(30) Histologically, the epithelium may show hyperplasia or atrophy,
disordered maturation, degrees of keratinisation or parakeratinisation, cytological
atypia and increased mitotic activity.(26) Lichenoid inflammation is also present,

and a diagnosis of lichenoid actinic keratosis is then appropriate.

Figure 2. An example of actinic keratosis.

2.2.7.6 Management

As with all OPMDs, assessment of risk and reduction of risk factors is a key goal. For
actinic cheilitis, this involves counselling about the risk of sunlight and prescribing
effective sun protection. Usually a lip balm with a an appropriate level of UV
protection is adequate. Depending on clinical signs and symptoms and the result of
a biopsy, treatment normally consists of surgical excision “lip shave” or CO; laser
excision. The advantage of surgical excision is a specimen for histopathological
analysis. If using laser, a pre-treatment biopsy should be taken. Other treatments,

such as photodynamic therapy do not have a solid evidence base.(12,23)
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2.2.7.7 Malignant transformation

Warnakulasuriya states that the risk of malignant transformation cannot be
predicted due to degree of dysplasia being difficult to assess clinically.(26,49)
Dancyger found a rate of 3%, from one study.(50) A study obtaining cells from the
lower lip by smear showed an incidence of malignancy of 3.2% among Brazilian
fishermen.(103) The rate of malignant transformation can be very slow, with

studies reporting ranges from 1 — 30 years.(50)

Up to 89 genes have been implicated in malignant transformation.(104) Loss of
tumour suppressor p53 is important. (50) 90% of SCC cases and 80% of AK have UV-
specific mutations in p53. Other proteins implicated include anti-apoptotic bcl-2
and Ki-67 and Murine Double Minute 2 tumour suppressor protein. MDM2 proteins
act to suppress action of p53, thus a lower level of MDM2 may mean that defective
p53 proteins are not taken out of circulation, leading to carcinogenesis.(105) CD8+
and NK cells are also decreased in AK lesions. Regulatory T cells (Tregs) are involved
in immunosuppression in oral cancer. Expression of Foxp3+Tregs cells inhibits T-cell
proliferation, generating an immunosuppressive environment with high levels of
circulating cytokines, such as IL-10 and lower levels of IFN-y, the former of which
has immunosuppressive properties, and the latter antitumourogenic

properties.(106)

2.2.8 Other premalignant conditions
Other premalignant conditions will not be discussed, as they do not form a part of

the clinical investigation.
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2.2.8.1 Graftvs. host disease

2.2.8.2 Discoid Lupus Erythematosus
2.2.8.3 Oral Submucous Fibrosis

2.2.8.4 Palatal lesions in reverse smokers
2.2.8.5 Dyskeratosis congenita

2.2.8.6 Other OPMDs

2.2.9 Dysplasia and squamous cell carcinoma

2.2.10 Oral Epithelial Dysplasia

Oral Epithelial Dysplasia (OED) is a spectrum of architectural and cytological
epithelial changes caused by accumulation of genetic changes, associated with an
increased risk of progression to oral squamous cell carcinoma. It may be classified

as low grade, high grade or by other systems.(68)

2.2.10.1 Histopathology

2.2.10.1.1 Oral Epithelial dysplasia

A minority of white lesions will display OED, however high-risk red or speckled
lesions usually has some form of dysplasia. There is abnormal proliferation,
maturation and differentiation of epithelial cells. Cytological and histological
features determine the diagnosis and the grade of dysplasia. This process is
operator-specific and shows poor agreement between interpreters. Consensus
grading after review by more than one pathologist may enhance diagnostic
reliability. There is no good evidence to show how the presence of specific features
can be translated into a grade of dysplasia. No specific combination of features
reliably distinguishes mild dysplasia from hyperplasia. Traditionally, OED is divided
into three grades of severity. Mild dysplasia can be defined as cellular atypia limited

to the basal third, moderate dysplasia as extension into the middle third, and
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severe dysplasia by extension into the upper third of the epithelial depth. Further
grade changes can be arrived at by the degree of cellular atypia and architectural
changes. Marked atypia in the basal third of the epithelium may be sufficient for a
diagnosis of severe dysplasia. Carcinoma in situ of the oral cavity is considered

synonymous with severe dysplasia.(107)

2.2.10.2 Prognosis and predictive factors

Many dysplastic lesions will never transform, despite the fact that dysplasia is
correlated with the emergence of oral squamous cell carcinoma. A meta-analysis of
OED-related lesions revealed a transformation rate of 10.3—12% over a mean
period of 4.3 years.(114) Oral squamous cell carcinoma is typically more likely to
occur the more advanced the dysplasia is. According to the conventional three-
grade system, the 15-year transformation rates of mild, moderate, and severe
dysplasia are roughly 6%, 18%, and 36%, respectively, and the presence of dysplasia
signals long-term risk.(108) Research on specific transformation risk is constrained

by the poor inter-rater reliability of current measurements of dysplasia.(5)
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Table 8. Histopathological features seen in dysplasia (111)

Architectural changes

Irregular epithelial stratification

Loss of polarity of basal cells

Drop-shaped rete ridges

Increased number of mitotic figures

Abnormally superficial mitotic figures

Premature keratinization in single cells

Keratin pearls within rete ridges

Loss of epithelial cell cohesion

Cytological changes

Abnormal variation in nuclear size

Abnormal variation in nuclear shape

Abnormal variation in cell size

Abnormal variation in cell shape

Increased N:C ratio

Atypical mitotic figures

Increased number and size of nucleoli

Hyperchromasia

2.2.10.3 Molecular progression of head and neck cancer

Neoplasms arise clonally from transformed cells that have undergone specific

genetic alterations in proto-oncogenes or tumour suppressor genes.(109,110)

Critical changes in gene expression at each step allows for identification of

molecules associated with each stage. The deletion of chromosomal region 9p21,

which is a putative tumour suppressor gene, occurs early in carcinogenesis and is

the most common of genetic changes.(109,111) This results in inactivation of the

p16 gene, which is an inhibitor of cyclin-dependent kinase, which regulates the cell

cycle.(109,112)
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Cellular atypia is typically the first histological sign, and the appearance of oral
epithelial dysplasia provides further evidence of malignant change and offers a

measure of the progression.(30)

Tumours can also evade tumour suppressor pathways such as Rb and p53 by
unknown methods.(113) Over 50% of all cancers contain a mutation of p53 gene

located at 17p13.(114)

2.2.11 Squamous cell carcinoma
Oral squamous cell carcinoma is a carcinoma with squamous differentiation arising

from the mucosal epithelium.(68)

2.2.11.1 Macroscopy

SCC is notoriously variable in appearance, however major clinical signs included
erythematous, indurated, nodular and ulcerated change. When present, ulcerative
changes may have features such as rolled borders and raised margins. Although
ulceration may be present in fewer than 50% of cases, non-healing ulcers are a
classic sign of malignancy (18) Verrucous carcinoma typically has papillary
projections that are extensively keratinized and has a more hyperplastic, fungating

appearance. (107)

2.2.11.2 Histopathology

The majority of oral SCC are well to moderately differentiated, with poorly
differentiated tumours less frequent. Well-differentiated SCC is characterized by
nests, cords and islands of large cells with pink cytoplasm, prominent intracellular
bridges and round nuclei, which may not be obviously hyperchromatic. Dysplasia
features as previously described, including nuclear pleomorphism, nuclear
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hyperchromasia, and mitotic figures (including atypical forms) increase with tumour

grade.

Figure 3. Histologic presentation of oral squamous cell carcinoma.(118)

The role of the basement membrane is as a barrier which provides a provides a
conceptual and physiological Rubicon-like frontier which separates in-situ changes

from invasive SCC.(115)

2.2.11.3 Prognosis and predictive factors

Conventional OSCC is an aggressive tumour. Tumour size, nodal status, and distant
metastasis are the three most important prognostic variables. Non-cohesive
pattern of invasion, perineural and lymphovascular invasion, bone invasion, and
tumour thickness >4mm are all histological risk markers linked to a worse

prognosis.(115)

2.2.12 Management of OSCC and OED

2.2.12.1 OSCC Management

Site and stage at diagnosis determines the management strategy. For lesions of the
oral cavity and mobile tongue, surgery is the method of obtaining local control, with
the use of adjuvant therapies such as radiotherapy and chemotherapy. If one or

both of these treatment modalities fail and recurrence at a local or distant site
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occurs, it is more likely that radiotherapy or chemotherapy will be used as a

primary modality of treatment.(107)

2.2.12.2 Management of Oral Epithelial Dysplasia

Histopathological grading of oral epithelial dysplasia remains the main tool for
assessment of the malignant transformation risk of a particular site and thus the
management, surgical or otherwise. Despite documented difficulties in grading
samples of epithelial dysplasia according to accepted criteria, systematic reviews
have proven the utility of this system in predicting malignant transformation.(116)
Some studies have found that the binary classification system, as originally set out
by Kuffer and Lombardi, provides better prediction of which lesions will progress to
malignancy, however there is no clear consensus.(119) A recent systematic review
of the evidence found that many samples diagnosed as ‘moderate dysplasia’ under
the WHO criteria could be reclassified as high-risk according to the binary

classification.

Thus, this binary or trimodal approach to risk has its limitations, particularly in
lesions like oral lichen planus which may not demonstrate dysplastic change prior to

malignancy.

Surgical excision is the treatment of choice for high-risk OPMDs, with close
surveillance afterwards. Up to 35% of lesions recur.(108) Mehanna’s landmark
study outlined the risk of transformation of oral dysplastic lesions and a strategy for
management. This simple schema can be complicated further by patient and
pattern of tobacco consumption. Lesions on the buccal mucosa in tobacco-chewers

and palatal lesion of reverse smoking are also of just as much risk as the lesion on
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the lateral tongue or floor of mouth. Females have been noted to be at higher risk
of progression of PVL.(122) As previously noted, the lack of evident clarity and
agreement with classification of dysplastic lesions makes the decision on

management contingent on several factors.

It is generally agreed that all red or speckled lesions have a high risk of malignant

change and should therefore be excised.(122)

The Liverpool algorithm provides a useful method of stratifying lesions by risk,
planning biopsy and subsequent follow-up or excision.(1) Biopsy is an integral part
of this pathway, initially establishing the diagnosis, then a major part of the risk
stratification is the level of dysplasia. Multiple biopsies may be needed in larger

areas.

-

Oral lesion is referred
to OS/OMFS
or Oral Medicine (i}

|

Assessment:
Photographs / Biopsy
Histopathology (ii)
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Malignancy or Severe/ Moderate Oral

Micro-invasive cancer: Epithelial Dysplasia & Mild Oral Epithelial
To H&N MDT Carcinoma in situ Dysplasia {iii, vi)

Routi L
Oral Epithelial PI’FdICfIVP nsk factors outine monitoring
Dysplasia Clinic Oral Med/OMFS/0S
(iii, iv, v) Clinical Concern 6/12; 12/12 for 5 years
V||

Discharge to Primary
Care (vil)

Resection Close monitoring
GA/ LA Possible re-biopsy 1/12;3/12; 6/”12
Figure 4. The Liverpool algorithm for management of dysplastic lesions(1)

Long term (vii)
CO2 Laser / scalpel

Those with severe dysplasia are offered excision, while those with moderate

dysplasia may be offered excision if the lesion is not too large, with a pre- or post-



excision period of clinical monitoring. This is usually one, three, six or twelve
months. This period may be continued for a minimum of 5 years, or may be

extended indefinitely, with clinical and histological monitoring.(1)

Lodi et al., in a Cochrane review, explored medical and surgical management
options for oral leukoplakia. They noted that a reduction in size correlated a
decreased risk of oral cancer. Other auxiliary methods of treating leukoplakia —
systemic Vitamin A and systemic beta carotene or carotenoids were evaluated in
the same trial — and found to be of benefit. NSAID therapy, herbal extracts, topical
bleomycin and use of Bowman-Birk inhibitor were all mentioned in this study and
no benefit was found in terms of resolving or reducing size of leukoplakia. Surgical

intervention was not evaluated due to a lack of appropriate studies(123).

Oral cancer is frequently associated with the development of multiple primary
tumours. This occurs at a rate higher than any other malignancy.(10) This led to
Slaughter’s concept of field cancerization, (unexpected multifocal early
0SCC/synchronous primary tumours) where multiple primary tumours develop in
the upper aerodigestive tract in response to long-term exposure to carcinogens.(21)
Widespread neoplastic change makes identification of the borders of clinically
healthy and diseased tissue extremely challenging. This theory, although not
universally accepted, explains why some patients have recurrences —35% of
patients who are treated for a primary oral SCC have a new tumour develop within

5 years.(19) This is more likely to develop at the original site —in 10-30% cases.(124)
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Optical techniques make it possible to detect biochemical changes that go with field
cancerisation, however false positives are possible due to subtle tissue changes in

buccal mucosa in distant cancers such as lung and oesophageal cancer.(125)

Innovative research using IR spectroscopy techniques with PCA — LDA component
analysis has identified a role for spectroscopic techniques in predicting which

lesions are at most risk of malignant transformation.(126)

This is the crucial role that optical techniques can fill — enabling the instantaneous,
real time accurate detection of oral malignancy in a non-invasive manner. Repeated
biopsies can be hard for patients to tolerate, thus extended periods of monitoring
with clinical photographs are necessary. An accurate, real-time detector as offered

by optical techniques offers great promise.
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2.3 Existing tools for the detection of OPMD and OSCC

2.3.1 Screening tools

Screening tools for detection of premalignant and malignant conditions have been
shown to significantly reduce morbidity and mortality from a range of conditions,
such as the Pap test for cervical cancer and mammography for breast cancer

screening.(21)

Screening tools for oral potentially malignant lesions most commonly used include
visual examination with incandescent light. Carried out by a suitably qualified and
experienced personnel with the availability of histopathological confirmation of

diagnosis, this is the gold standard for detection and treatment of OPMD.

Prevention is tied into the World Health Organisation’s (WHO) resolution to include
oral cancer into national cancer control programmes.(127) Primary screening
programmes for cancers such as breast, bowel and cervical cancer have improved

mortality rates and helped to decrease the incidence of these cancers.(128,129)

Screening represents the possibility to identify suspicious lesions early and decrease
the burden of disease on the patient by early identification of suspicious lesions.
There is currently no NHS approved screening programme for oral cancer, as no

current screening tool reaches the criteria for cost-effectiveness.

2.3.1.1 Screening for oral cancer and oral premalignancy

2.3.1.2 Clinical Oral Examination
Clinical oral examination (COE) using an incandescent light has long been the
standard of care for oral cancer screening. It has been demonstrated that this is

cost-effective.(130,131) COE has demonstrated an overall specificity of 0.97 and
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sensitivity of 0.85 in a systematic review.(132) The authors of this systematic review
concluded that this showed good results in comparison with cervical screening and
mammography, which showed sensitivities of 0.8 and 0.98 respectively.(94)
Another systematic review with stringent criteria found a sensitivity of 0.91 and
specificity of 0.31.(133) An interesting study from Taiwan, a country with a strong
centralised municipal medical system and cancer registry found a sensitivity and
specificity 98.9 and 98.7% with experienced examiners and 13878 participants,
using the Taiwan Cancer Registry as a surrogate for undetected cancers. It has been
shown that regular clinical oral examination can increase overall long-term survival
for high-risk populations, such as those who smoke and drink.(134,135) A Cuban
study screening the entire 10 million population over a 7 year period downstaged
oral cancer diagnoses nationwide, despite poor logistics hampering biopsy
procedures.(136) It is logical that COE will serve as an efficient and adequate means
of detecting oral abnormalities, while the adjuncts serve as risk stratifiers and
means to identify high-risk areas not obvious to initial exam. An Indian trial
demonstrated reductions in oral cancer deaths and increase in detection of oral
cancer in a subgroup of tobacco users in a population-based screening programme,
with reductions first noted at 9 years into the study maintained at 15
years.(137,138) A Cochrane review found that screening could possibly help reduce

oral cancer death or to downstage cancers at diagnosis in a high-risk population.[9]

While oral examination may be effective as a screening tool, problems remain.
Approximately 5-15% of the population may have oral mucosal abnormalities.(139)
Of these, only a small percentage will be malignant or of clinical concern. And with

any oral malignancy, it can also arise in areas of normal-appearing mucosa.

48



Thomson’s study found that of 9 out of 26 consecutive patients with a newly
diagnosed oral SCC, the contralateral site yielded a histologic result of dysplasia or

in situ SCC on biopsy.(140)

Lesions discovered during routine screening or by other means may be difficult to
distinguish in primary care and also suffer from underdiagnosis in secondary care.
For this reason, adjuncts providing quicker, or more thorough, or easier, or cheaper,
or more accurate findings hold promise and deserved further investigation as per

the Cochrane review[11].

2.3.1.3 Biopsy and histopathological diagnosis

This is the gold standard for diagnosis of oral SCC and oral premalignant lesions. Has
high sensitivity and specificity, however may have false negatives due to sampling
of inappropriate area in larger lesions. Incisional biopsy has traditionally been
favoured. There is a well-documented lack of inter-observer reliability between
pathologists examining oral SCC, and Lee at al reported underdiagnosis of SCCin
12% of incisional biopsies quickly followed by complete excision in an OMFS unit in
Taiwan.(5,141) She recommended multiple biopsies for nonhomogenous oral

leukoplakia.

2.3.2 Adjunct Screening Tools

2.3.2.1 Oral cytology

Cytopathology involves laboratory analysis of cell samples collected from mucosal
surfaces by brush biopsy. These samples are fixed onto a glass slide and stained

using a Papanicolau stain, scanned and analysed microscopically by a
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cytopathologist. Brush-based cytology offers the advantage over exfoliative

cytology of being able to collect cells from one specific area. (143)

2.3.2.1.1 Brush Biopsy

The Brush Biopsy (CDx Laboratories, Suffren, NY) was introduced as a potential oral
cancer case-finding device in 1999. It was designed for the interrogation of clinical
lesions that would otherwise not be subjected to biopsy because the level of
suspicion for carcinoma, based upon clinical features, was low.(21) It involves
rotating a bristled brush over oral mucosa, to obtain cells for cytological analysis.
While it has shown good results in identifying mouths and areas that would
typically be biopsied due to their suspicious nature on visual examination, estimates
of sensitivity and specificity are influenced higher by the lack of biopsies in cases
ruled to not be suspicious by brush biopsy.(21) It may be useful in non-compliant
patients or those with several clinical areas of concern. Recent meta-analysis has
revealed good pooled sensitivity of 86% and specificity of 81% in use of brush
biopsy, however sensitivity of 71% and specificity of 32% was reported in one

trial.(144,145)

2.3.2.1.2 Advantages and disadvantages of oral brush cytology

Recent American Dental Association guidelines advocate brush cytology “may be
used to initiate the diagnostic process until a biopsy can be performed (conditional
recommendation, low-quality evidence)”.(146) This organization promotes its use
particularly in cases suspect of malignancy where biopsy facilities are inaccessible
or biopsy is declined by the patient. Its reported good sensitivity offers the clinician

a chance to rule out a suspect lesion being malignant, however it may be difficult to

50



sample from deeper layers or in thickened hyperkeratotic lesions, making a severe
dysplasia less likely to be detected. Indeed, it may be argued that the use of such a

tool can be harmful to the patient as it may delay biopsy and eventual diagnosis.

2.3.2.1.3 DNA image cytometry

DNA-image cytometry was introduced for detection of malignant change. It detects
DNA aneuploidy by microscopic analysis of saliva samples. DNA ploidy has been
well-studied as a marker of malignant change. Ye’s meta-analysis found sensitivity
of 89% and specificity of 99% in detecting dysplastic and neoplastic mucosa from

normal oral mucosa.(144)

2.3.2.2 Liquid-based cytology

Identification of tumour markers such as DNA hypermethylation and loss of
heterozygosity in saliva samples has been made by spectroscopic techniques This
has applications in recurrence monitoring and also in the detection of distant
neoplasms.(147) The literature contains many systematic reviews with uneven
standard. Many have small sample size and heterogeneity of the study groups is a
recurring theme. (148, 150, 153) Salivary metabolomes that are identified to be
upregulated in OPMDs and OSCC include lactic acid, amino acids (i.e., alanine,
valine, and proline), and glucose (i.e., N-acetylglucosamine), while metabolomes
that are downregulated are from the fatty acid family, such as propanoic acid and
ethanedioic acid.(149) IL-6 and -8 show promise for detection of OSCC arising from
OPMD.(150) Collections of salivary immunoglobulins are consistently lower in
smokers and cohorts of PVL and OLL patients, however this in itself is not helpful.

Matrix metalloproteinases (MMPs), in particular MMP-1 have shown risk-related
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increases in salivary concentration with OPMD and again with SCC development,

however are not accurate enough for use.(151)

One Japanese study found poor results for the identification of SCC, dysplasia and
normal tissue. It found saliva gives fewer inadequate results compared with brush
biopsy and the researchers supported the inclusion of LBC with oral cytology,
presumably to increase the number of cells harvested and thus the overall
predictive value.(158) Lack of understanding of how and when biomolecules are
secreted into saliva as well as heterogeneity of sampling and analytic techniques
hampers comparison.(148, 149) In the literature, heterogeneity of groups (primary
site, parameter investigated etc), lack of consensus on what levels and what
biomarker to investigate was noted in 2016 and still seems relevant.(148,159) It
may be used as an adjunct, however lack of understanding of these factors hinders
it as a standalone tool. Raman spectroscopy currently is favoured in the analysis of
salivary metabolites, as it can detect low levels of target compounds and the weak

confounding Raman activity of water.

2.3.2.3 Lab-on-a-chip

This is the adaptation, miniaturization, integration, and automation of analytical
laboratory procedures into a single device or "chip." It uses liquid cytology and
machine learning with information including age, gender, smoking history to predict
likelihood of malignant change in an OPMD. It, however, needs more research

before it can be routinely recommended.(161)
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2.3.2.4 Contrast agents/vital dyes

2.3.2.4.1 Tolonium chloride/toluidine blue

Tolonium chloride / toluidine blue (TB) has been used for more than 40 years to aid
in visual diagnosis of mucosal abnormalities of the mouth and of the cervix. It
preferentially binds to rapidly dividing cells such as healing tissue or neoplastic
tissue, to sites associated with DNA change such as OPML or both. Rosenberg’s
meta-analysis found sensitivity of 93.5% and specificity of 73.3%.(162) It has been
advocated as a way of marking the outlines of a cancerous lesion prior to excision
or as a way of identifying areas of dysplasia in otherwise normal areas of mucosa. It
seems most sensible to use as an adjunct to screening in high-risk populations and
has shown high sensitivity but specificity remains an issue, with almost 60% false
positives identified in one study.(21,163,164) It is sensitive to carcinomas but
cannot identify dysplasia reliably.(21) A systematic review of this product from
1989, supported by current literature noted that it had not reached acceptance as a
screening tool in the United States as of yet because it tended to adhere to areas of

inflammation and trauma as well as areas of suspected SCC.(132,162)

2.3.2.5 Artificial intelligence

Interesting studies from India have demonstrated a smartphone-based image and
autofluorescence system where images and AF are sent to a specialist or analysed
using convolutional neural networks (CNN) deep learning. Sensitivity and specificity
of the algorithm and specialist are similar.(165,166) New techniques using deep
neural networks to identify oral dysplastic lesions and SCC from photographs have

had good results, with sensitivity and specificity exceeding that of general
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practitioners in identifying dysplastic and cancerous oral mucosa.(167) This
interesting application of Al seems suited to the task, with a wide variety of

unpredictable factors coming into play.

2.3.3 Adjuncts not suitable for screening

2.3.3.1 Immunohistochemistry
Systemic circulating antibodies have been investigated as potential tumour
biomarkers. Serum p53 antibodies and p53 immunoreactivity have also been

examined as potential biomarkers.(169)

2.3.3.2 Bioimpedance

This novel technique aims to combine machine learning with readings of
bioimpedance obtained from passing a weak electric current through bodily tissue.
It is synonymous with electrical impedance, however the prefix bio- signifies its use
in biological tissues. It has the advantage of immediate results, being cost-effective,
and involving little guidance.(170) It has shown promise in differentiating low- and
high-risk oral cavity lesions.(171) There is significant disparity in the method of use.
Multiple variables in the cell volume make finding a predictable algorithm difficult.
There are few studies published in this area.(170) Zedscan (Zilico, Manchester, UK)
is a handheld electrical impedance spectroscopy device used in colposcopy for

lesions of the cervix.

2.3.3.3 Nanotechnology
Use of nanoparticles that preferentially bind to cancer markers such as TNF-alpha
and that can be detected by small sensors placed intraorally are an avenue of

research. No such detectors are currently on the market, but may become available
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in future. These offer rapid detection, simplicity of action and cost-effectiveness but
need more research. Nanoparticles are currently used to enhance detection of
molecules with low concentrations — for example to enhance Raman signal in

surface-enhanced Raman spectroscopy.

2.3.3.4 Fine needle aspiration (FNA)

This technique is used in the evaluation of masses — for example solid tumours. A
fine-bore needle is inserted into the lesion of interest and some cells are aspirated
into a syringe. Cytological analysis can then identify malignant cells. However, it has

the risk of false-negatives and spread of malignant cells.

2.3.4 Optical techniques

These may be broadly divided into techniques that produce a visible change and
spectral techniques. A first category includes techniques that measure the light
absorbed or scattered, detected by a user. Examples include vital staining, tissue
autofluorescence and chemiluminescence. A common feature is that the tissue
needs either dye or incident light to produce visible results. Imaging techniques
produce a visible result — either on a screen or in the operator’s field of view. These
typically use a high-powered light to illuminate the tissue. Examples include narrow
band imaging, optical coherence tomography, diffuse reflectance imaging or laser
endomicroscopy. Spectral spectroscopic techniques include diffuse reflectance
spectroscopy (DRS); autofluorescence spectroscopy (FS); elastic scattering
spectroscopy (ESS); and Raman Spectroscopy (RS). The principle is the same: tissue

characterization is performed by measuring the spectrum produced after the tissue
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is illuminated with a selected spectral band of light. Any of the above may be

combined to produce a result with features common to one or more systems.

2.3.4.1 Tissue autofluorescence tools

2.3.4.1.1 Overview

Tissue autofluorescence diagnosis is based on the differing composition of tissues
undergoing carcinogenesis. Biological compounds present in all tissues, e.g.
collagen, elastin absorb light and can emit it again at a different wavelength
(fluorescence). The levels of these compounds (known as fluorophores) vary in
normal and dysplastic tissue, typically resulting in loss of fluorescence through
absorption and scattering of light. The main fluorophores in the mouth are
nicotinamide adenine dinucleotide, flavin adenine dinucleotide and collagen

crosslinks in the stroma of oral tissues.(172)

Changes in fluorescence reflect changed levels of fluorophores in tissue and
structural changes in tissue morphology. The endogenous fluorophores that are
most relevant for optical screening and the diagnosis of precancer and cancer are
those that excite in the visible spectrum from visible violet/blue (400-450nm) to
UV-A (315-400nm) and which have properties that have been spectroscopically
correlated with oral cancer. Healthy tissues autofluoresce at 515 nm and produce
green light.(173) Gillenwater, in a keystone paper in the 90s, produced sensitivity of
88% and specificity of 100% for differentiation of normal and dysplastic tissue.(174)
Autofluorescence studies demonstrated sensitivities and specificities in the 90s for
differentiating normal from malignant tissue in the mouth, however more recent

research has contradicted this.(175) Moffa’s recent systematic review found a
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pooled sensitivity of 81.3% and specificity of 52.1%.(176) Mendonca’s 2022
systematic review found pooled sensitivity of 0.75 (Cl 0.72-0.78) and specificity
0.50(0.47 to 0.53). Many of these studies had drawbacks which preclude
widespread long-term clinical use. These include use of ultraviolet light intra-orally,
causing harm, or time-consuming protocol disqualifying full-mouth scanning.(177) It

has consistently demonstrated poor specificity in modern data.

2.3.4.1.2 Velscope

A direct tissue fluorescence probe (Velscope, LED Dental, Vancouver, BC, Canada)
has been used in detection of oral premalignant lesions in combination with visual
examination. This device is convenient, non-invasive and effective at identifying
areas of abnormal tissue, however there was poor data on its ability to distinguish
pre-cancerous and non-cancerous areas.(178) Benign inflammatory conditions can
cause increased blood flow to a lesion.The increased haemoglobin can cause light
absorbance and mimic neoplasia. Reported sensitivity of VELscope in showing
fluorescence visualization loss in OPMD and OSCC ranges from 30-100%, and
specificity from 15.3-100%. The literature reports ability of this system to identify
occult lesions.(179) The most likely utility of this system lies as an adjunct for
diagnosis, in combination with another possibly spectrum-based modality due to its
low specificity.(180) Disadvantages include high set up costs and necessity for a
dark environment.(4) Mendonca found pooled sensitivity and specificity of 0.72(Cl)
(0.67-0.76), 0.38 (0.34-0.42).(181) There is much data published relating to

Velscope.
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Figure 5. An example of autofluorescence of submucous fibrosis of buccal mucosa. Characteristic loss of
fluorescence is seen for the high-risk part(186).

Neither toluidine blue, brush biopsy nor fluorescence imaging was recommended

by the authors of a recent Cochrane review.(9)

2.3.4.1.3 Advantages and disadvantages of autofluorescence

It offers realtime analysis with operator friendly simple controls. However, it cannot
be recommended as an alternative to biopsy. One study found it can see areas that
are invisible to the naked eye. This seems to be its main advantage, with the
Chinese Association of Stomatology issuing a weak recommendation for its use in
the identification of leukoplakia along with DNA ploidy and toluidine blue.(182)
However, areas of loss of autofluorescence may have many causes, and thus has

low specificity.

2.3.4.1.4 GOCCLES (Glasses for Oral Cancer — Curing Light Exposed — Screening)
This Italian - developed tool uses autofluorescence reflection from oral tissue
illuminated by dental curing light to identify areas of dysplasia and OSCC. Moro

found similar results to COE, however it has a high rate of false positives.(183)
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Figure 6. GOCCLES used for visualizing intraoral OPMD(188)

2.3.4.2 Chemiluminescent tools

2.3.4.3 Overview

Chemiluminescence describes the emission of light from a chemical reaction. It has
a history of use in the cervix, due to a preferential light emitting reaction with
dysplastic or cancerous mucosa in this area. A 2021 systematic review found pooled
sensitivity of 84.9% but low specificity of 51.8% for all forms of chemiluminescence
in detecting OSCC and OPMD.(176) Another recent meta-analysis and systematic
review found no benefit for chemiluminescence over clinical oral examination.(184)
Mendonca’s systematic review found sensitivity of 0.74(Cl: 0.68-0.79) and

specificity of 0.47 (0.40-0.53).

2.3.4.3.1 Vizilite and VizilitePlus

The Vizilite system was designed to detect cervical cancer. An acetic acid rinse
removes surface contaminants and may increase the visibility of epithelial cell
nuclei. Normal mucosal cells absorb a low-energy blue-white light and appear blue

while abnormal cells with abnormal nuclei and high nuclear/cytoplasmic ratios
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reflect light and display an ‘acetowhite’ change. Again, it has good sensitivity but
low specificity, identifying many areas of benign oral change as areas of
concern.(177) Scepticism about the actual utility of this tool is related to dysplastic
progression occurring from deeper mucosal levels, reducing the diagnostic utility of
reflected light from superficial levels. Hyperkeratotic leukoplakic areas will,
however, preferentially reflect light.(179) This was borne out by the results of a
systematic review by Rashid and Warnakulasuriya (2015) which found sensitivity of
77.3-100% for ViziLite and consistently low specificity of 0-27.8%.(179) Vizilite
frequently identified conditions with a benign or inflammatory aetiology such as
frictional keratosis as malignant or potentially malignant in this literature review.
Additive use of Toluidine blue (TB) also known as Vizilite Plus system reduced
sensitivity of this tool to a range of 0-59%, while specificity was improved to 75.5 —
78% in two studies. Severe dysplasia was more likely to be identified, however a
considerable amount (1/3) of benign lesions were positive to Vizilite.(179) This
chemiluminescence system has the advantage of positively identifying occult
lesions undetectable to the naked eye, and is non-invasive and non-toxic. Epstein et
al reported that Vizilite identified two lesions not identifiable on visual
examination, with one of these lesions being an occult SCC(185). However, it must

be noted that it also identified several lesions incorrectly as SCC.

High false-negatives make it hard to recommend ViziLite as a screening tool as it
may lead to worry for patients, unnecessary biopsies with accompanying morbidity,
or lead-time bias, where unnecessary biopsies of benign lesions may necessitate

monitoring of low-risk lesions. It also suffers from high running costs.(4)
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2.3.4.3.2 MicroLux DL

The MicroLux DL system is a multiuse system developed from a blue-white light
emitting diode and a diffused fibre-optic light guide that generates a low-energy
blue light.(142) Rashid and Warnakulasuriya reported a sensitivity of 77.8% and

specificity of 70.7% in detecting oral cancer and OPMDs from one study.(179)

2.3.4.3.3 Orascoptic DK
The Orascoptic DK system is a LED light which is used with an acetic acid rinse to

improve visualization of oral lesions.(142)

2.3.4.3.4 Advantages and disadvantages of chemiluminescence
Similar to autofluorescence, quick results and ease of use. Limited by poor

specificity and sensitivity.

2.3.4.4 Optical Coherence Tomography (OCT)

OCT uses subepithelial reflection to build a cross-sectional image of tissue

structure. It is analogous to ultrasound. It can detect architectural changes but not

cellular atypia, limiting its use.(186) It is used in surveying the oropharyngeal region

in cases of unknown primary tumours. Distortions were noted in tissue samples

obtained for histopathological purposes versus the in vivo images taken by OCT,

suggesting that in vivo OCT imaging of living tissues may represent a truer biological

picture than conventional histopathological analysis. Systematic review has given
sensitivity (93-96%) and specificity (74—49%) in groups of OSCC, leukoplakia with
hyperplasia and healthy simple tissue(187).] No study has yet demonstrated an
ability to assess grades of dysplasia, while it may be used to identify cancers

breaching the basement membrane, it is not accurate at diagnosing OPMD.(188)
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There is currently no classification to guide results.(189) Interpretation of scans is
complicated by volume of data and heterogeneity of oral mucosa by anatomic

subsite. Al has potential to help.

2.3.4.5 Narrow band imaging

NBI (Olympus Medical System Corporation, Tokyo, Japan) involves acquisition of
images and analysis of intraepithelial capillary loops. It can be used to detect
unknown primary tumours and to determine the severity of leukoplakia.(186) The
pattern and behaviour of the capillary loops gives the diagnosis. It is possible to
detect abnormally large vessels with destruction of surrounding tissue and
angiogenesis. Types II/11I-1V are generally accepted to be high-risk-It is necessary to
be skilled in analysis of the bands. It has been shown to be superior to white light
endoscopy. Systematic reviews have found good results in diagnosing high grade
dysplasia and SCC(190). A high-quality review found high specificity with low pooled
sensitivity (0.9 and 0.31)(181), while Saraniti found high sensitivity and specificity
in diagnosing cancer.(191) It has reported potential in detecting early-stage
malignancy in oral lichen planus.(192) Zhang et al. in a meta-analysis reported it to
have relatively high overall diagnostic accuracy for the malignant transformation of

OPMD.(195)

This technique requires a high setup cost, restricting its use. It also has a shallow
depth of penetration. This can limit its ability to penetrate for example thick
leukoplakia. Furthermore, the vascular pattern in ulcers and the vascular
proliferation in inflammation of severe erosive lichen planus can confuse

diagnosis.(190,194,195) The literature recommends the introduction of clinical
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guidelines for use to encourage use of this modality.(196) A 2024 systematic review
of systematic reviews concluded that NBI findings could be used to decide whether

to biopsy.(197)

Figure 7. Endoscopy of hard palate erythroplakia on left with NBI on right. (195)

2.3.4.6  Fluorescence microscopy

Laser confocal microscopy relies on the infusion of fluorescein dye to obtain a
magnified cross-sectional image. it is not applicable to keratinised mucosa, limiting
its use on the mouth.(198) SCC was detected in the floor of mouth using this
technique, however it is difficult to get images without motion artefact and also the

bulk of the microscope is an issue.(199)

Reflectance confocal microscopy uses focused laser illumination and detects the
back-scattered light. It does not use fluorescent mediums. It is thus possible to
visualise nuclear density and morphology of the tissue. The Vivascope microscopes
are used to perform RCM and can visualize 3- to 5-um thin optical sections at a 0.5
to 1 um resolution and up to depths of 200 to 300 um (Caliber I.D., Rochester, New

York). It has been in use in dermatology, particularly in identification of basal cell
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carcinoma without a biopsy. It can be used in conjunction with 5-ALA to improve
contrast or delineate surgical margins.(200) A systematic review from 2016 found
that it offers promise, however more research is needed as to its accuracy and best
way to use.(201) The large size of the microscope makes oral examination difficult.
Motion artefacts is also an issue. Maitland et al. produced a miniaturised

microscope capable of looking at posterior parts of the mouth.(202)

2.3.4.6.1 Multi-modality imaging using autofluorescence and high-resolution
microendoscopy

A combined approach with autofluorescence and microscopy gives higher accuracy
than either modality alone, with 91% sensitivity in diagnosing OPMD and SCC. (203)
Autofluorescence is used to scan the mucosa for areas with loss of fluorescence,
and the topical agent proflavine is used to stain the mucosa, followed by laser
microscopic examination. It has shown ability to identify areas of moderate and
higher dysplasia not obvious to examiners, however the converse is also true.(203)

It warrants more research, in view of its high reported sensitivity.

Figure 8. Using laser confocal microscopy on the lower anterior gingiva
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2.3.5 The use of spectroscopic techniques in the detection of OPMD and OSCC
Table 9. Advantages of optical spectroscopy

Real time

Enables optimal biopsy examination without removal of excess tissue

Guide to effective diagnosis

Guide to consent

Guide to effective sampling

Guide to treatment during and after operation

Potential to guide other methods of treatment such as photodynamic therapy

Spectroscopy relies on evaluating the physical properties of a given molecule based
on the scattering of incident light. Fluorescence (FS), infrared (IS), and Raman (RS)
spectroscopy evaluate the fluorescent, vibrational, and rotational properties of
molecules, respectively. Optical spectroscopy offers potential to distinguish normal
tissue, OPMD and malignancy in a non-invasive manner free from artefacts that

may arise during excision, cutting, freezing and staining tissue.

2.3.5.1 Behaviour of light in living tissue

The optical properties of the medium are referred to as the refractive index, the
absorption coefficient, the scattering coefficient and scattering anisotropy, each of
which are given a mathematical value. For a given molecule, several possibilities

can occur in an interaction with a photon.(204)

Absorption and attenuation, or scattering, are the relevant interactions here. The

other interactions are not relevant as they involve high energy transfers. The
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absorption of a photon can elevate an electron or electrons and it can radiate the
energy of the photon as heat or light. If another photon is emitted, this event is
known as fluorescence or phosphorescence, depending on the lifespan of the
emitted electron. Reflection should be distinguished from scattering, which occurs
in diffuse reflectance spectroscopy. In reflection, the light travels in straight lines,
while in scattering, the light travels in different directions.(205)

Raman scattering can give information on the chemical composition and molecular
structure of the molecule, while elastic scattering can reveal information on the size

distribution of the scatterers.(205)

Predicting the behaviour of light in biological tissue is complex. In the physics
literature it is generally referred to as ‘the behaviour of light in a turbid medium’.
This refers to the high number of scattering events that a photon of light is
expected to undergo in a tissue. Optical absorption is weak in the 400-1350 nm
spectral region. This is the spectrum in which most optical techniques, including
DRS operate. The absorption coefficient . is the probability of a photon being
absorbed in a medium per unit path length. In biological tissue, it has a value of

0.1cm™.(205,206)

In biological tissue, the main absorbers are haemoglobin, melanin, water and
deoxyhaemoglobin. Fig. 9 shows the molar extinction coefficient of oxy- and
deoxyhaemoglobin as a function of wavelength, where the extinction coefficient is

described as the chance of photon interaction with matter per unit path length.
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Figure 9. The chance of photon interaction with deoxy and oxyhaemoglobin as against its wavelength.(208)

As wavelength increases, the chance of a photon interaction with the compound in
solution changes. This shows that, for a given wavelength and with prior knowledge
of the optical properties of the molecule, the concentration can be estimated.
However, in a biological tissue, other absorbers complicate the picture and create

their own peaks.(207)

Knowledge of the extinction coefficients of oxy and deoxyhaemoglobin means that
the concentration of oxyhaemoglobin and oxygen saturation in a tissue can be
estimated by using light of two wavelengths and a formula. This is the principle on

which pulse oximetry is based.

Traditional spectroscopic techniques measure the intensity of the light emitted
(photons emitted on the y axis) with incident light of a fixed wavelength (x axis),
and plot the received light, forming a curve where as wavelength increases, fewer

photons are received.(208)
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2.3.5.2 Monte Carlo simulation of light propagation in tissue

The Monte Carlo simulation can be used to estimate the concentration of absorbers
in a tissue. The path of photons through a tissue can be described as a persistent
random walk. The Monte Carlo method resists easy definition, however it may be

defined as:

“In all applications of the Monte Carlo method, a stochastic model is constructed
in which the expected value of a certain random variable (or of a combination of
several variables) is equivalent to the value of a physical quantity to be
determined. This expected value is then estimated by averaging multiple
independent samples representing the random variable introduced above. For
the construction of the series of independent samples, random numbers

following the distribution of the variable to be estimated are used.”(205)

The Monte Carlo method involves, for a given set of photons, estimating the
microscopic composition of sample that may be macroscopically homogenous by
the angles of scattering and step sizes. The sheer amount of computations involved
has been simplified by the advent of modern computing. The Monte Carlo method

relies on the sampling of random variables from their probability distributions:
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Table 10. Advantages and disadvantages of various optical systems

Optical diagnostic
technique

Diffuse reflectance

spectroscopy

Raman spectroscopy

Chemiluminescence

Microendoscopy

Narrow band imaging

Optical coherence

tomography

Modus Advantages
operandi

Capture of In situ, almost real
reflected light time, can be used
from tissue is endoscopically
analysed

Reflection of Real time, in situ,
light from can guide resection

molecular bonds

Tissues Real time, in situ
fluoresce under

green/purple

light
Cheap, in situ, real
time

Inspection of Real time and in

capillary loops situ

Infrared light Real time, in situ
reflected from

subepithelial

layers shows

structure

Disadvantages

Needs specialist equipment,
technique sensitive, sampling

strategy is subjective

Sampling strategy is
subjective, high capital outlay,
may not detect smaller
changes

Low specificity, needs
specialist equipment,
traditional techniques may
cause harm

Depends on use, can only be
used in specialist centres

Expensive

Requires pathologist, images
can be difficult to interpret,
requires special probe for oral
examination, images are

expensive to process
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2.3.6 Raman Spectroscopy

Raman spectroscopy provides vibrational molecular information based on light
scattering from molecular species, including amino acids, lipids, proteins and
nucleic acid.(211) Since each Raman-active functional group of nucleic acids,
proteins, lipids and carbohydrates has a different emission wavelength, this allows

for identification and characterization of tissue type.(208)

An increase in proteins and nucleic acids and a decrease in lipids has been reported
to be a Raman indicator of carcinogenesis.(212) It has been utilized in detection of
molecular differences in diseases such as breast, bladder, cervical, brain and

gastrointestinal cancer during endoscopy.(211)

Recent systematic review has found accuracy of 98% in cancer detection, with
accuracy of 97% in grading of differentiation of tumour and sensitivity of 95% and
specificity of 88% in identifying involved margins on resected specimens. In vivo
tumour detection reached 94%.(212) This is the highest figure of any technique

studied in this review.

Although these results seem promising, analysing an entire specimen may take up
to several hours, in vivo accessibility is difficult as only rigid scopes can be used, and
interpretation of results is more mathematical than visual. This technique has the
highest accuracy, however the need for rigorous protocols to obtain an accurate
Raman signal makes it hard to recommend for clinical practice. The limitation of RS
has been its intrinsically weak signals. Only 1 in approximately 107 photons is Raman
shifted. This necessitates a larger setup that may be heavier and more sensitive to

external contaminants.
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Another issue includes the need to exclude all other sources of electromagnetic

energy. However, if these problems can be attenuated, it has great potential.

2.3.7 Infrared Spectroscopy

IR spectroscopy combined with Fourier transform and machine learning (FT-IR) has
also been studied for its ability to diagnose OSCC and OPMD.(213) Recent studies
into FT-IR have demonstrated an ability to predict transformation of dysplastic
lesions with a sensitivity of 79% and specificity of 76%.(126) Near-infrared
spectroscopy has the purported advantage of deeper penetration into tissue.
However, it is hampered by low specificity and is difficult to use in the mouth due

to high water content.(214)

2.3.8 Fluorescence spectroscopy

Laser-induced fluorescence and xenon arc lamp are used as an excitation source
and spectra were recorded with varying excitation wavelengths and spectroscopic
devices. Pooled sensitivity and specificity of 0.96(Cl) (0.91-0.98), 0.74(0.60—0.85)
were reported by Mendonca.(181) It is hampered by the fact that compounds in the
mouth have strong and overlapping fluorescent signals, and fluorescence from
porphyrin-producing bacteria needs to be excluded. Furthermore, it is not
applicable on keratinized surfaces, implicitly excluding the dorsal surface of the

tongue.

2.3.8.1 5-amino levunic acid induced protoporphyrin IX fluorescence based imaging
(5-ALA induced PPIX)

Application of a solution of 5-ALA to the mucosa via oral rinse and fluorescence

imaging after a period of 1 to 2.5 hours gave a pooled sensitivity of 0.91 and
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specificity of 0.78.(181) 5-ALA, when induced with protoporphyrin IX (PPIX)
fluoresces in tissue. Topical administration of 5-ALA results in selective
accumulation of PPIX in neoplastic tissue, differentiating it from surrounding tissue

by high contrast.

2.3.8.2 Fluorescence and microendoscopy

This may be used with 5-ALA or fluorescein dye. It has been described as a way to
optically section tissue, showing cellular atypia and dysplasia. A new application
combining autofluorescence to identify suspect areas, and laser microscopy to

visualize, has produced good results for sensitivity and specificity.(203)

2.3.8.3 Nanoparticles and spectroscopic techniques

Gold and silver colloid have been used in Surface Enhanced Raman Spectroscopy
(SERS) to enhance the Raman signal. These nanoparticles create large electrical
fields when they interact with photons undergoing Raman scattering, amplifying
Raman signal. They have also been used to enhance DR signal, in pinpointing

tumours by accumulating at the most acidic spot, and to guide therapy.(215)

2.3.9 Diffuse Reflectance Spectroscopy

DRS is based on light reflectance from light absorbers, including deoxygenated and
oxygenated haemoglobin, lipids, water, cytochromes and melanin.(204,211,216—
219) This technology is based on delivering white light in the frequency range of
400-720nm using a conglomerate source-detector pair. The reflected light can be
collected as a single wavelength, a group of wavelengths, or in a spectrally resolved

manner. The shape (in the case of spectrally resolved acquisition) and the
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magnitude of the reflected light is indicative of light scattering (related to the tissue

microstructure) and absorption (associated with its biomolecular content).
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Figure 10. Example of a spectrum produced from oral tissue. Characteristic dips are noted in the oxy and
deoxyhaemoglobin region as light is absorbed preferentially by the higher concentrations of this molecule in

human tissue

2.3.9.1 Theory of DRS

The Beer-Lambert law states that there is a linear relationship between the
concentration and the absorbance of the solution. It is commonly applied to
chemical analysis measurements to determine the concentration of chemical
species that absorb light. This law is widely applied in biomedical optics, for
example, to calculate oxygen saturation in human tissues to determine the molar
absorbance of bilirubin in blood plasma sample, and to determine the

concentration of haemoglobin components or optical pathlength through a

tissue.(205)

The reflectance spectrum can be analysed using a model of photon propagation in

tissue to extract the absorption and reduced scattering coefficients. Analysis of the
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combination of scattering and absorption (optical properties), as well as the
orientation of the light source and detector can then be used for tissue
identification based on the biochemical composition, oxygenation and
microstructure of the tissue. (216,220,221) However, this can be time-consuming to
run these models, therefore most studies have used the variation in the spectrum
produced by varying concentrations of different biomarkers such as deoxy- and
oxyhaemoglobin to characterise tissues, with discriminant analysis or other forms
of statistical analysis to obtain results.(175) This is a cruder form of analysis, with
patterns in the data associated with particular diagnoses identified with
discriminant analysis or other forms of statistical analysis.(175) This may produce
inaccuracies due to the inherent limitations of the statistical technique used.
Nevertheless, a systematic review has given a figure of 98.6% sensitivity and 83%
specificity in detecting OPMD and oral SCC, and recommended this as the most
accurate biopsy adjunct.(223)

It is quick, with tissue interrogations taking less than a minute, and can accurately

localize OPMD or SCC to one small area for biopsy or resection.

However, drawbacks include small area of examination, shallow depth of
penetration, and tissue autofluorescence, raising the possibility of false

negatives.(114)

Because optical techniques identify molecular pathologies that may be common to
broader array of cancers, it is possible to identify cancers no matter their
histological diagnosis, and potentially many other disorders based on their

molecular signatures.(211)
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2.3.10 Multimodal spectroscopy

Multimodality of an optical system implies the use of one or more optical
techniques to improve the system's overall performance and maximum utility. An
example is the approach taken by Greening et al. in a proof-of-concept study. He
used fluorescence imaging to delineate areas of interest and then used sub-DRS to
guantify the tissue optical properties.(224) Good results were obtained by Muller et
al. and Mallia. Muller, in 2003, used trimodal spectroscopy (DRS, intrinsic
fluorescence and light scattering spectroscopy) to distinguish dysplasia and cancer
with sensitivity of 64% and specificity 90%.(225) Mallia used autofluorescence
corrected by DRS to obtain good results in 2010.(226) Complementary techniques

help to negate drawbacks.

2.3.11 Development of DRS

Keystone laboratory work underpinning the concept of diffuse reflectance includes
research demonstrating mathematically the path of a detected photon from its last
incident surface and important work by Sokolov identifying the role of diffuse
reflectance in investigating changes in cell nucleoli due to dysplastic
processes.(209,227) The lack of vascularity and necrosis at the centre of larger
tumours makes identification of an advanced cancer easier using a DRS probe,
which is especially good at distinguishing low oxygen and haemoglobin content
tissues.(228,229) On the other hand, the identification of smaller tumours at an

earlier stage is more difficult for a DRS probe.(220)

Early researchers scored success with the use of DRS probes in distinguishing SCC

and normal tissue in the bowel.(230). Initial reports on DRS in the oral cavity found
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poor differentiation between cancerous and benign tissue.(217) However, further
research in the area has given much more promising results. The ultimate goal of
research is to identify oral squamous cell carcinoma at a stage when it is very early

and not when it is obvious.

2.3.11.1 Technological advances in the lab and clinically — finding the right
configuration

Much research on the field of biophotonics pre-2015 focused on the technique of
autofluorescence, however this technology was and is hampered by persistent poor
specificity. The eventual decline in interest in autofluorescence affected the entire
optical spectroscopy industry. While poor specificity was initially an issue with DRS,
various methods have been used to increase efficiency and accuracy. Mallia’s 2008
paper demonstrated excellent sensitivities (between 96-100%) in distinguishing
neoplasia from dysplasia, dysplasia from hyperplastic tissue and hyperplastic tissue
from normal, however specificity did not exceed 86%.(175) Resolution of the depth
of investigation is a theme throughout the literature from 2007 onwards. In DR
spectroscopy, incident light is directed perpendicular to the tissue surface and thus
is aimed directly through the superficial epithelium, where carcinoma arises. Poor
results were as a result of high scattering from the stroma lying deep to the
epithelium, which is not of interest to researchers. Approaches to solving this
problem included angulation of probe and source to allow an oblique beam of light
to pass through the epithelium or in a similar fashion including a lens in the source

array in order to change the angulation of the incident photon beam.(231-233)
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Figure 11. Varying source-detector distance to preferentially get data from superficial layers

Schwarz built on the work of Mallia and produced sensitivity of 82% and specificity
of 87% in an in vivo study using a similar protocol while differentiating between
keratinized and non-keratinised sites.(234) While an angled approach either with or
without a lens is in use today and can produce excellent results (235-237),
Amelink’s work showed that it is unnecessary and adds to the size and complexity
of the detector(238-240). Meglinski proposed varying the source-detector distance
to interrogate superficial layers in an elegant 1999 paper, and this was supported

by the work of Pfefer in 2003.(241,242)

Changing the probe-detector geometry to allow the incident light to penetrate
deeper layers, a process known as multi-channel or depth-sensitive DRS, has also
been used to provide good results, most notably by Schwarz and
Amelink.(231,234,239) Single fibres can be used to propagate a beam of light and
the same fibre can be used to collect the reflected signal, a process known as
single-fibre DRS.(243) Multi-fibre systems typically have one, two, four or more
collection fibres around a central incident fibre. See Figs. 11,12,13 for examples of
geometry. Time-gated spectroscopy means allowing a set period of time to elapse

when measuring DRS signal. This can be varied to allow only light from more

77



superficial layers time to return to the surface, preferentially excluding the deeper

photons.

Use of anatomy- or tissue-specific algorithms to allow grouping of DRS readings
taken from different body sites has also improved sensitivity and specificity. McGee
found sensitivity and specificity of 85% and 97% in distinguishing healthy from
dysplastic/malignant and 81% and 96% in differentiating healthy from benign in a
cohort of 64 using autofluorescence and DRS in 2009.(244) This was achieved using
a perpendicular source with six detector fibres. Further studies on the use of
anatomy- or tissue based algorithms give good sensitivity and specificity.

(228,239,245)

Altering the geometry of the source and detector has also been a controversy in the
literature, with, as described previously, alterations in the source-detector distance
allowing for changes in the depth of signal penetration. However, altering the
spatial relationship of probe and detector or narrowing the radius of the collection
fibre can change the depth of penetration(246). Using polarized light has been
advocated to demarcate between detected light that has been reflected from
deeper layers and light that has been reflected from more superficial
layers(237,246). The theory is that the light which has undergone more scattering
events (i.e. been reflected from deeper layers) will no longer be polarized and thus
it can be excluded from detector array, while light that retains its polarization will

have undergone fewer scattering events in the upper epithelium.

Experimental advances in computational algorithmic simulations (Monte Carlo

methods) used to model phenomena with significant uncertainty and complicated
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conditions allow for estimation of the path of photons on their path from light
source to detector.(206) Hafez established wavelengths of visible light for which
different types of mucosa — masticatory, lining and specialized mucosa can display

measurable reflectance.(247)

2.3.11.2 Resolving issues around DR probe design

Farrell described in his 1992 paper the steady state diffusion theory, which provides
one method of ascertaining the standard deviation of the molecules in a sample
from the incident light.(248) Monte Carlo based theory of diffusion can extract the
scattering coefficient of turbid media, including human epithelial tissue. Palmer et
al. ingeniously demonstrated its applicability to human tissue in this experiment
using haemoglobin dissolved in liquid.(249) Researchers have applied the use of
Monte Carlo to produce look-up tables (LUT) which aim to reduce the complexity
and time factor involved in the MC simulation.(250) Machine learning offers further
developments in this area of resolving the DRS readings into useful data about the
subsurface tissues.(250) Monte Carlo simulations have determined the optimal SDD

for photon detection in a multilayered tissue.(242,251)

79



Detection Fibers
L 4 3 4 5 b

(KO OO O_’H‘_O

0.2 mm

Source Fiber

Shallow lllum Shallow and
Medium Collect

Medium lllum

N

2 <o o ;
v 573 N

Deep Collect 7 o ~ Deep Collect

{
Deep lllum Deep lllum

Ball Lens

Figure 12. (top) An example of a multi-detector array with fixed fibre diameters with the possibility to vary the
source-detector distance.(241)

Figure 13. (bottom) Another example of a multi-channel detector array with detector fibres labelled to allow
collection from deeper and superficial layers.(234)

2.3.11.3 Confounding factors in oral DRS

Elevation of probe contact pressure produces major profile alterations in diffuse
reflectance spectra between 400-650nm, making the standardization of operator
pressure of high importance.(252-254) Local changes in pressure can alter blood
volume, blood oxygenation and tissue morphology — all major constituents of a DRS
probe’s spectra. This can remain for some time after the pressure is removed, as
the pressure causes the microvasculature to collapse, leading to a reduction in
haemoglobin and a disappearance of small capillaries. Palmer incorporated a
pressure sensor in his DRS probe and found an inverse relationship between
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applied pressure and haemoglobin levels.(255) He advocated a gentle pressure less
than 25mm Hg. Another study found significant differences in Hb readings when
the pressure varies by 1psi. This is evidence of the significant role of pressure in
using a DRS probe.(256) Further evidence of the long and short term effects of
pressure on DRS readings is evident throughout the literature, with two of the
most-cited papers coming in the early 2010s.(257,258) Conversely, stretching the
mucosa alters its optical properties, with compression and stretching of blood
vessels leading to an alteration in haemoglobin levels and a distortion of macro
architecture.(205) The heterogeneity of oral mucosa also offers a challenge to DRS.
It has been shown that tissue types can cause differences in DRS spectra. Most
authors have used an anatomically based algorithm, and this is supported by Hafez,
who found differences between keratinized and non-keratinised mucosa optical
properties.(247) On the other hand, Hu et al organized the oral and upper airway
mucosa by tissue type (muscle, lymphoid etc.) and found better accuracy than by

using anatomical classifiers.(228)

Bugter et al demonstrated field cancerization in the buccal mucosa of patients who

had been diagnosed with upper airway tract squamous cell carcinoma.(125)

2.3.11.4 Clinical application

Challenges to the implementation of this tool as a standard screening and
diagnostic instrument include heterogeneity of biological specimens. Contaminants
on mucosal surface can also make reading difficult. Water has high absorbance and
thus can give a false signal. Blood, similarly, absorbs light preferentially along the

545nm/560nm part of the visible light spectrum and can influence results.
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DRS technology has been used in in vivo in detection of oesophageal, liver, bowel,
breast cancers and in resection of malignant metastases to the brain and has shown
sensitivity and specificity in the 90t percentile in distinguishing normal tissue from
cancerous structures.(207,220,259) In the Netherlands, a DRS probe demonstrated
sensitivity of 95% and specificity of 92% in differentiating tumour and normal liver
tissue. This was conducted in vivo in clinically neoplastic tissue and tissue at least
2cm distant from the nearest clinically obvious metastatic deposit.(221)
Fluorescence spectroscopy provided no additional benefit over and above DRS in
this study. The measurements in this case were complicated by the evident blood in
the surgical field. It has also shown good results in breast cancer. Breast tissue is
not homogenous, varying depending on age and hormonal status, while breast
cancers display varied histology.(260) Ex vivo (lab) studies initially promised good
results.(260,261) However, as early as 2008, investigators were able to reach
sensitivity and specificity more than 95% in differentiating malignancy from other

conditions.(261)
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Figure 14. An example of DRS spectra obtained from different mammary tissue.(267)
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However, it must be noted that the oral cavity itself and lesions presenting in the
oral cavity are much more complex than those in other organs. Initial reports on
DRS in the oral cavity found poor differentiation between cancerous and benign
tissue.(195) Early investigations focused on lab studies of resected specimens.(199)
Research into the technical aspects of DRS combined with theoretical advances led

to improvements throughout the 2010s.(229)

2.3.11.5 Diffuse Optical Imaging

This is a whole field of view technique compared with the point view given by
spectroscopy. The underlying basis is similar to diffuse reflectance spectroscopy.
The interaction of light with haemoglobin is processed to produce spatially-resolved
images. Narayanan’s group in Trivandrum have produced several papers in this
field.(245) Generally they have used light of the 545/575nm wavelength and
measured the reflected and absorbed light to capture the haemoglobin content of
tissue. In breast cancer, the standard of care is now x-ray imaging to detect
microcalcifications suggestive of early cancer. Diffuse optical imaging is capable of
capturing these subsurface areas without the use of radiation and with increased

sensitivity and specificity.(263)
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Figure 15. This shows diffuse reflectance imaging of an ulcer on the right lateral tongue. (a) clinical photograph,
(b) histopathology, (c) monochrome 545/575nm reflectance image, (d) colourised reflectance at 545 and
575nm.(264)

2.3.11.5.1 IdentaFi

A tool combining DRS and fluorescence spectroscopy to screen for OPMD and SCC
(Identafi, Dental EZ) is on the market. It emits light on a wavelength of 405 and
575nm with two wavelengths of light one green-amber and one white light for
capturing tissue autofluorescence and diffuse reflectance. In one paper from
Australia, the authors reported good ease of use and similar results in detection of
OPMD and SCC to clinical oral examination.(172) Other authors have questioned

the utility of Identafi and had good results from DRS alone.(245,265)

2.3.11.5.2 OralScan

Oral Scan is a multimodal device to detect oral cancer and loss of fluorescence from
PplIX. The diffuse optical imaging system is set for DR intensity at the green (R545)
and red (R610) wavelengths are used to observe the changes in concentration of
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HbO, and deoxyhemoglobin and the extent of malignant transformation is assessed
from the increase in the DR image ratio (R610/R545). A multicentric clinical study
was conducted with OralScan and the findings were published.(245) In that study, a
sensitivity of 82% and specificity of 96.6% was obtained for discrimination of oral

premalignant and malignant tissues from healthy tissues.(245)

2.3.11.5.3 Intraoral DRS studies

Muller in 2003 advocated trimodal spectroscopy using reflectance, light scattering
spectroscopy and diffuse spectroscopy to achieve sensitivity of 96% and specificity
of 96% in distinguishing normal from cancerous tissue. However, low sensitivity of
64% in differentiating cancerous from dysplastic tissue was the major drawback of
this study. (225) Multiple authors have combined different modalities of

spectroscopic examination, usually giving improved results. (266)

Narayanan’s Indian group produced several papers that set the direction for DR
spectroscopy in oral cancer detection. The first paper in 2008 established the
haemoglobin/deoxyhaemoglobin ratio as a surrogate marker for
tumourigenesis.(229) This group produced sensitivity and specificity in 100% and
86% in distinguishing hyperplastic buccal tissue from dysplastic. This was in stark
contrast to previous reports, such as De Veld’s report in 2005 where sensitivity and
specificity in distinguishing malignant from healthy tissue was only 80% and 89%.
This led the author to conclude that DRS could not be recommended clinically.(217)
This paper came from the Dutch group, which as detailed below, has carried out
many important works in the field under the aegis of the Netherlands Cancer

Institute. Another researcher from Narayanan’s group, Mallia, produced a 2008
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paper that demonstrated excellent sensitivities (between 96-100%) in
distinguishing neoplasia from dysplasia, dysplasia from hyperplastic tissue and
hyperplastic tissue from normal. However specificity did not exceed 86%.(175)
Schwarz, in Texas, working under Dr. Ann Gillenwater, built on this work and with a
rigorous protocol produced sensitivity of 82% and specificity of 87% in
distinguishing normal, benign, mild, moderate or severe dysplasia and cancer in an
in vivo study.(267) This study was characterized by the use of a validation set of
measurements, where operator and patient were blinded to the histopathological
diagnosis. It is well established that DRS is better at distinguishing malignant and
normal tissue, however areas of benign and dysplastic tissue show more subtle
changes that are more difficult to identify reliably. Contemporaneously, Nieman
found sensitivity and specificity of 100% and 85% in differentiating normal and
severely dysplastic tissue, however benign tissue and mild dysplasia were identified
with only 92% sensitivity and 69% specificity.(235) Again, Amelink found in a 2008
paper statistically significant optical differences between normal tissue and

SCC.(239)

Mallia in 2010 published a new study which found sensitivity and specificity of
100% each in differentiating severe dysplasia from SCC.(226) This study, however,
used autofluorescence to guide the DRS probe. In 2011, the Dutch researcher
Amelink published a major study attempting to solve what was becoming a difficult
problem in oral cavity DRS research — distinguishing between dysplastic and non-
dysplastic. Her DRS probe gave a sensitivity of 91% and specificity of 80% using a
2mm source-detector distance.(240) The next major report on DRS came from Duke

University in the USA, where a team of researchers found their DRS probe could
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distinguish node-positive tumours from node-negative tumours by scanning the
tumour directly. They achieved sensitivity of 71% and 88% overall in identifying
lesions by histopathological diagnosis with a wide range of anatomical subsites
examined (larynx, pharynx, oral cavity). Their results were improved by using a
tissue-specific (muscle, lymphoid, mucosal) rather than based on the organ sampled

(anatomy-based algorithm).(228)

Narayanan et al achieved sensitivity of 96% and specificity of 100% in distinguishing
cancerous and premalignant lesions from healthy mucosa in a different patient
using DR imaging.(245) This study used site-specific algorithms to each area of the
mouth and cloud-based machine learning. The authors credited grouping DR
readings based on their originating sites in the mouth with achieving such good
results. Hu also noted the role of differentiation between areas of the mouth when
grouping the results of their in vivo DRS and benefit to using linear discriminant
analysis.(228) Hafez advocated creation of a bank of DRS measurements of healthy
mucosa to help in differentiating healthy and cancerous or pre-malignant
mucosa.(247) Narayanan’s research also supports this conclusion, with a finding
from their study that sensitivity and specificity was increased by comparing
malignant sites with a site in a similar anatomical location from a healthy volunteer,
instead of a contralateral seemingly healthy site from the same patient. The effect
of field cancerization may be the reason for this. De Koning obtained best results
using a Imm source — detector distance in separating healthy and cancerous

tissue(268). Amelink experimentally found that a 1mm source-detector distance
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interrogated preferentially the first 350um of tissue depth, while another study
with rigorous protocol from the same author found significant differences between
dysplastic and non-dysplastic leukoplakia.(239,240) Use of spectral fitting and

Monte Carlo simulations estimate the tissue depth interrogated.

Mendonca found pooled sensitivity of 0.79(Cl) (0.67—-0.89), specificity 0.86(0.80—
0.91) for DRS in oral malignant and potentially malignant lesions.(181) This recent
literature review conveyed a sense of anticipation about the prospects for this
technology when it states: “studies indicated DRS to be a potential diagnostic,
screening, biopsy and surgical guidance tool along with the added advantage of
being able to discriminate all types of tissues of the oral cavity as compared to
[fluorescence spectroscopy]. DRS was the most sensitive technique in the meta-
analysis by Fuller et al (Se: 98.6%, Spe: 83.2%) in the diagnosis of dysplasia and

malignancy.(223)

2.3.11.6 Advantages and disadvantages of DRS

2.3.11.6.1 Problems with DRS

DRS is sensitive to changes in pressure. Operator pressure is extremely important,
as even the smallest changes in pressure can influence readings. Although invalid
scans can be discarded, the perturbation to tissue physiology takes time to settle

down and may affect the following valid scans.

DRS is sensitive to outside light. Readings must exclude as much electromagnetic

energy as possible.

Temperature fluctuations, which occurs when the probe is brought in contact with

live tissue or the probe—tissue coupling changes due to handshaking, can cause up
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to a measurement drift up to £0.5 psi. This measurement uncertainty reduces the

accuracy in probe pressure control.

2.3.11.7 Advantages of DRS

Multiple studies have advocated this as a diagnostic tool in low and middle income

countries which are disproportionately affected by oral cancer and do not have

extensive histopathologic services.(256) Recent studies in the pursuit of this goal

have succeeded in making devices portable and low-cost.(269) DRS readings are

accurate, instantaneous and non-invasive. They do not require specialist input or

interpretation. DRS is easy to use in comparison with other optical techniques, for

example narrow band imaging or Raman spectroscopy.

Table 11. Summary of DRS studies. (Key: Se: sensitivity, Spe: specificity, MiD: mild dysplasia,

MoD:moderate dysplasia, SD: severe dysplasia)

Year | Lead N = Mode Type of diagnoses | Findings Comments
author | subjects
(lesions)

2003 | Mdiller | 23(91) Trimodal | Normal, mild Se96 Sp 96 in Used logistic
spectros | dysplasia, distinguishing regression and
copy moderate normal from binary plot
with dysplasia, severe | cancer/dysplastic.

DRS, dysplasia, SCC Se 64 Sp90in
intrinsic dysplasia from
fluoresc cancer

ence and

light

scatterin

g

spectros

copy

2005 | De Veld | 225 Autofluo | Normal, Excellent in Anatomical-
rescence | dysplasia, benign, | distinguishing based algorithm
and DRS | cancer (poorly cancer from restricted to 3

described)

normal, neither
system capable of
distinguishing
benign,
premalignant.

areas — dorsal
tongue,
vermilion lip,
other
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Se67% Sp77% in all
malignant and
dysplastic vs
healthy

2008 | De Veld | 155 DRS Se69% Spe77% in
differentiating all
premalignant and
malignant lesions
from healthy
2008 | Nieman | 27 oblique | Benign, mild, Se100% Spe85% No stratification
polarize | moderate, severe | benign vs SD. according to
d dysplasia Se75% Spe73% tissue type
reflectan Benign vs MiD
ce
spectros
copy
2008 | Mallia 29 DRS Healthy, Se100% Spe86% in | Healthy sites all
hyperplasia, hyperplasia vs from buccal
dysplasia, SCC dysplasia mucosa only
2008 | Amelink | 31 Different | SCC and normal Statistically Used 1Imm
ial path | mucosa. significant source-detector
length Confirmed by differences in distance; good
spectros | biopsy after optical parameters | reporting of
copy measurements between normal method
and SCC.
2009 | Schwarz | 124 depth- Normal, Se 82% Spe87% Several depths
resolved | cancerous and of interrogation
DRS dysplastic sites in employed,
spectros | the mouth shallow and
copy medium best
2009 | McGee | 64 DRS and | Malignant, Se85 Spe97in 9 anatomical
autofluo | dysplastic and healthy vs regions used in
rescence | benign premalignant effort to
improve
accuracy
2010 | Mallia 72 Autofluo | Healthy, DRS gave Se 90% Small sample
resence | hyperplastic, Spe 86% in size limiting
and DRS | dysplastic, hyperplastic vs quality of
malignant dysplastic results.
Se86% Spe94% Superiority of
dysplasia v DRS over
malignant autofluorescenc
e noted
2010 | Mallia 56 Autofluo | Healthy, Se 100 Spe 100 in Used
rescence | hyperplastic, distinguishing SD distribution
with DRS | MiD, MoD, SD, and well-diff SCC scatterplots to
readings | well-, moderate- | Se100% Spe 86% in | improve analysis
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used to | and poorly- differentiating MiD
correct differentiated from benign
SCC
2011 | Amelink | 18 (74) DRS Leukoplakias — 91% sensitivity and | Increased
hyperkeratosis, 80% specificity in source-detector
hyperplasia, discriminating distance to
lichen planus, dysplastic and non- | interrogate
mild, moderate, dysplastic deeper layers of
severe dysplasia leukoplakias hyperkeratinised
and carcinoma in lesions
situ
2011 | Jayanthi | 130 DRS Normal, Se Spe between 95 | Limited to
hyperplastic, and 100 for buccal mucosa.
mild, moderate, normal/ Biopsy only for
severe dysplasia, | hyperplastic/dyspla | those with
well, moderate stic. Se 98.5 Spe 96 | malignant
and poorly dysplasia vs SCC features on DRS.
differentiated Used LDA and
SCC box plots.
Misclassification
s of lesser
nature (i.e.
dysplastic as SCC
and vice versa.
Excluded hx of
cancer and any
medication use
2013 | Stephen | 88(155) | DRS Hyperplasia, mild, | AUC 0.84 to Misclassified
imaging | moderate and distinguish one SCC as
severe dysplasia. | premalignant from | normal
Well, moderate malignant
and poorly
differentiated
SCC
2014 | Hu 57(252) | DRS Normal, Se 71% Spe 88% Sites from larynx
hyperplastic, SCC and pharynx
included. Results
classified by
tissue location
2016 | Ko 6(15) DRS Normal Monte Carlo
simulation used to
determine depth of
buccal mucosa in
healthy volunteers
2017 | Bailey 28(93) DRS Benign, mild or Benign vs mild Did not use
severe dysplasia dysplasia Se74 Spe | anatomy specific
80 algorithm,
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oblique fibre-
collection with
width 100um.
No control
group, used
contralateral
mucosa

2021 | Naraya | 65(89) DRS Leukoplakia, Se82% Spe 96.6% Grouped into
nan imaging | erythroplakia, OPMD/SCC vs keratinized and
oral submucous normal non-keratinised
fibrosis, mucosa.
dysplasia, Exclusions were
moderately to those who had
well- previous cancer
differentiated treatment or
SCC used medication
for last 4/52.
Improvement in
accuracy when
healthy
volunteer data
used. Able to
distinguish
traumatic ulcers
from SCC
2023 | Kolpakov | 119 DRS OLP, OLL, 75% accuracy in Used PCA and
traumatic vivo ML models with

erosion, glossitis,
fibroma, other

discriminant
analyses.
Reported results
only for ventral
tongue and
buccal mucosa.

2.3.12 Resolving issues around DR probe design
There are multiple factors that complicate sensitive detection of malignancies in the

oral cavity, including high levels of keratinisation and variable epithelial thickness

due to benign inflammatory conditions. Furthermore, neoplastic changes of

epithelia and the underlying stroma in the oral cavity are associated with

concurrent alterations in optical signals from different depths.(216)
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2.3.13 Summary and knowledge gap

Squamous cell carcinoma of the oral cavity is an established and
long-standing public health concern, with no appreciable reduction
in deaths or new cases in the last twenty years

Oral Potentially Malignant Disorders (OPMD) have been
established as precursor lesions in some cases

Screening for oral cancer has been shown to downstage cancer at
diagnosis

Current methods of oral cancer screening have been deemed not
cost-effective and cumbersome

Optical spectroscopic techniques have shown promise in detecting
oral cancer

There is no current consensus on the use of optical techniques in

diagnosis and screening for oral cancer
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2.4 Aims and objectives

2.4.1 Projectaims

This project is part of an overall effort to investigate the effectiveness of

multimodality spectroscopic techniques with the intention of employing same for a

future national screening programme in oral cancer.

Aim:

To develop a multimodality optical spectroscopic screening tool for the

detection of oral cancer and oral potentially malignant disorders.

With this aim in mind, we developed three objectives:

1. Toformulate a clinical protocol for use of DRS in the mouth
2. To explore the clinical utility for this probe in the mouth
3. Review of the protocol and assessment of its potential use in clinical
practice
To fulfil these objective, a multiphase clinical research study was designed as set

forth overleaf.
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3 Materials and methods

3.1 Overview

This study was divided into three main stages.

A preclinical phase involved development of an protocol for use of DRS in the
mouth. The primary goal was to formulate a series of evidence-based steps to be
followed in using DRS in the mouth. In Phase 0, the protocol was then tested in a
pilot clinical study. It entailed use of DRS on oral lesions and normal oral mucosa in
ten volunteers. The goals were to evaluate the protocol’s applicability to a clinical
setting, to identify optical parameters suitable for the oral mucosa and the
familiarisation of the team with new procedures and materiel. Acquisition of saliva
samples and Raman spectroscopy was carried out in both Phase 0 and Phase 1 to

contribute to the larger goal of evaluating multimodality spectroscopy.

Phase 1 was the main clinical research element of this project. It involved
recruitment of two groups (i) the study group, composed of patients with biopsy-
proven OPMD, and (ii) a control group with acquisition of DRS, Raman and saliva
data from all volunteers. The goals of this phase were (i) to evaluate the clinical
utility of DRS to differentiate OPMD and normal using objective markers such as
accuracy, repeatability and reproducibility and (ii) to evaluate the clinical

effectiveness of the protocol.

Phase 2 involved collection of qualitative data on the protocol and DRS. The aim of

this stage was to appraise the protocol and its potential use in clinical practice.
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3.1.2 Ethical considerations

Prior to commencement, ethical approval was sought and granted by the Clinical
Research Ethics Committee of the Cork Teaching Hospitals (CREC), reference
number: ECM 4 (y) 13/4/2021 & ECM 3 (permission to reopen study) 12/09/2023.
All volunteers provided written informed consent before participation. Due to this
project being a component part of a larger research project, ethical approval was
obtained to include 500 patients with an oral mucosal abnormality for any type of

oral spectroscopy.

3.2 Preclinical phase

3.2.1 Development of protocol

A protocol is defined as a method or procedure for carrying out an experiment,
investigation, or course of medical treatment.(270) A guideline is defined as a rule,
principle, or general statement which may be regarded as a guide to procedure,
policy, interpretation.(271) This suggests that a protocol dictates actions which
must be adhered to, whereas guidelines offer less rigid advice. This is the intention
of the protocol - as a series of steps to be followed to optimise performance. It is
envisaged to promote further development of DRS for oral mucosal conditions with

standardised methods.

3.2.2 Building of protocol
Guidance on the development of clinical protocols was taken from National
Institute of Health and Clinical Excellence (London, UK) guidelines on ‘Interim

process and methods statement for the production of Medtech Innovation Briefings
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(MIBs)’. The processes described in this manual are consistent with international

best practice.

The scope initially set out the target population, the target intervention, intended
use and what the protocol will not consider. An initial scoping review was carried
out to identify relevant literature and any other guidelines for use of the DRS probe

in the mouth.

The target audience was decided to be oral medicine and oral surgery specialists,
head and neck surgeons, doctors, both general practice and specialists, general
dentists as well as auxiliaries such as dental therapists or dental hygienists who can
use the probe. This was identified by a combination of literature review and expert
consensus. The target population identified was anyone with a suspected diagnosis
of oral potentially malignant disorders, oral cancer, those with a confirmed
diagnosis of an oral potentially malignant disorder where there is a suspicion of
transformation to cancer, and the general population where the clinician is carrying

out an exam of the intra-oral soft tissues for oral disease or oral cancer.

3.2.3 Protocol development

3.2.3.1 Identifying question to be answered

A second stage of literature review identified the question to be answered and the
population of relevance. A consensus was reached that certain populations, for
example those with long-term premalignant conditions such as proliferative
verrucous leukoplakia, oral submucous fibrosis or oral lichen planus that may
require repeated biopsies would benefit from a non-invasive tool. This may also be

of relevance to those with haematological disorders who need incisional biopsies.
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3.2.3.2 Literature review process

Literature review searches were carried out on Pubmed, SPIES, EBSCO and guideline
repositories such as Guidelines Index Network. No relevant guidelines were found.
Further studies were identified from the references of included papers, from
searching relevant journals and from grey literature. Studies were included based
on the degree of explanation of their method, whether DRS was primarily used to
obtain a result and clearly explained. Only studies which used a DRS probe in vivo
were included. This was to reduce the risk of bias or incorrect method used in a lab
or purely experimental setting. Proof of concept and preclinical studies were

excluded.

3.3 PhaseO

3.3.1 Overview

Phase 0 was a pilot clinical study. We recruited ten volunteers with the goal of
obtaining reflectance spectra reliably, quickly and with features capable of analysis
while following the protocol outlined in the preclinical phase. Our DRS system had
been used previously in a separate study looking at bowel cancer. Literature review
found new settings for light intensity and acquisition time for obtaining signal from
the full depth of oral mucosa. The time required for calibration and warm up of DRS
and Raman system was found during this pre-clinical phase. Clinics were carried out
weekly, with analysis of the data in the intervening time to determine success of

experimental parameters.

Phase 0 entailed use of the protocol developed in the preclinical phase. It was

anticipated that impracticalities evident in the protocol would be identified in this
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phase before launching a full-scale research study. This was a translational clinical
research study, with involvement of biophotonics researchers who had developed
the DRS and Raman probes we used. The clinical team had no experience in using
optical spectroscopy for oral mucosal diagnosis, so a period of familiarisation with
the equipment was expected. Similarly, the biophotonics researchers had little

experience in the clinical setting.

= N
)

Clinical

roles

Figure 16. The roles of the multidisciplinary team on the clinic

3.4 Phase 1 recruitment

3.4.1 Overview
Phase 1 involved further recruitment of volunteers and data analysis. This was the

main data gathering stage. The recruited participants were divided into two groups:

Group 1 with a histopathologically confirmed diagnosis of an OPMD

Group 2 of Control participants.

We used three different optical spectroscopy techniques — intra-oral mucosal DRS
and Raman spectroscopy examination and also analysis of dried saliva by Raman
Spectroscopy. This was an open-label controlled translational clinical research

study.
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Group 1

ePersistent OPMD
*Biopsy proven

Group 2 (control)

eClinically normal
| *No history of head and neck SCC
1) *Age and sex-matched

Figure 17. Representation of study groups

3.4.2 Sample size calculation

An initial target for data collection was set at 50 participants with a histological
diagnosis of an oral potentially malignant disorder. A further control group of 20
age- and sex-matched controls was planned. The sample size was initially set from a
literature review to be similar with other studies.(175,264,272) The target was
reviewed based on interim analyses. Once the addition of further data did not alter

the effect size, data collection was halted.

3.5 Recruitment

3.5.1 OPMD and SCC groups

Recruiting and data collection started in April 2022 and finished in Feb 2024,
inclusive. A convenience sample of patients from Oral Surgery and Oral Medicine
outpatient review and new patient clinics was recruited. These were all assessed by
a specialist in Oral Medicine and had a biopsy-proven diagnosis of an OPMD.
Clinical examination was carried out to determine the persistence of a lesion prior
to inclusion. If there was no evidence of an OPMD, the patient was enrolled in the
control group, with a note made of potential subclinical OPMD. One of these

patients was excluded from the final analysis based on analysis of the spectral data.
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3.5.2 Control group
Control participants were recruited from the Emergency and Dental Hygiene clinics.

These patients had no oral mucosal abnormalities.

3.6 Participants and recruitment

3.6.1 Inclusion criteria (study group):
e Histopathological diagnosis of oral potentially malignant disorder or SCC
e Current visible intra-oral OPMD or SCC

It was considered essential to compare the results of spectroscopy with the gold-

standard biopsy and histopathological diagnosis.

3.6.2 Exclusion criteria (study group):

The following criteria deemed patients ineligible for participation in the study

e Previous diagnosis of upper aerodigestive tract cancer
This was based on studies that had found spectroscopic changes in the buccal
mucosa of patients with upper airway tract malignancy and found unsuspected
malignancies in the contralateral normal mucosa in patients with oral cavity

SCC.(125,140)

3.6.3 Control group

Inclusion criteria:

e no oral mucosal abnormality on clinical exam

Exclusion criteria:

e previous malignancy of the upper aerodigestive tract
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The controls were age- and sex-matched to the participants in Groups 1 and 2. In
vivo studies have shown that optical properties of skin and breast change with age.
Although no studies have been published on changes in the mouth, it is likely that

changes in collagen with ageing will have some effect in the mouth.(273,274)

3.7 Data Collection

Each prospective participant was first contacted by phone to confirm their eligibility
for the study. All participants received written pre-trial instructions by post, which
was signed and returned to clinic. One researcher (EF) went through the details of

the trial on the day and obtained written informed consent for participation.

Each participant was assigned a pseudonymous number to act as their study

identifier.

3.7.1 Demographics

Demographic details were recorded using a questionnaire. Age, gender, ethnicity,
recent vigorous exercise (2 hours), oral hygiene, diabetes, hypertension, other co-
morbidities and stress levels were all noted. The saliva flow rate (time taken to
produce 1ml of saliva) was documented. Questions were chosen based on literature
review which found factors that can affect skin autofluorescence as well as saliva
flow rate and composition.(205,274) Other questions aimed to elucidate oral cancer
risk, with questions on smoking, alcohol, use of alcohol-containing mouthwash and

processed meat consumption, all factors that have been linked to oral cancer.(14)

3.7.2 Saliva collection

Saliva samples were also obtained from all participants as part of the project.
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3.7.3 Imaging
An initial photograph was taken of any area to be inspected with the probe using an

intraoral camera. The area was then marked on a schematic diagram.

Figure 18. Schema used to map mouth

3.7.3.1 Microcamera development

It was envisaged the microcamera, which is a form of diffuse reflectance imaging,
would act as a guide for DR and Raman spectroscopy. It was intended to find occult
or highlight areas of atypical reflectance after processing. However, the integrated
light source provided weak illumination of the site. We stopped using this early in

data collection.

3.7.4 Collecting DRS and Raman data

A team of 2 worked in tandem to collect the DRS and Raman data, where one
clinician held the probe in contact with the mucosa and a researcher operated the
spectrometer detector. Two sets of readings were taken from each participant, with
DRS being followed by Raman spectroscopy of the same areas. Five readings were
taken from each area of OPMD or SCC, from a slightly different location each time.

A further 5 readings were taken from the contralateral, clinically normal mucosa.
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An anatomically based sequence was then followed, to take 5 readings from each
area of the mouth, excluding the areas that had been already sampled. These area

included the following:

a. buccal mucosa,

b. dorsal surface of the tongue
c. ventral surface of the tongue
d. floor of mouth

e. gingiva

f. lip

If the patient was included as a control, a similar process was followed.

Care was taken to place the probe in a way that the surface of the tissue to be
measured provided an approximate angle of 90° toward the beam of the
illumination light. The area of interest was also dried thoroughly using gauze and
visually inspected for any saliva contamination. Multi-modality spectroscopic

system and probes

3.7.4.1 DRS configuration
Our DRS system comprised a broadband light source with one spectrometer (QE-
Pro, Ocean Optics, Edinburgh, United Kingdom). The source has a typical output

power of 8.4mW, and a warm-up time of 10 minutes.

To obtain the reflectance spectrum preferentially from the superficial tissue, we
used a quadrifurcated 400-um-core Low-OH-Silica fibre optic probe (BF44LS01 1-to-
4 Fan-Out Bundle, Thorlabs, Munich, Germany) with a minimum of 630 um source-
to-detector distance and a maximum of 1.2mm (SDD; fibre centre-to-centre
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distance represented in Fig. 19. This was dual fibre DRS, with the light intensity
detected by the spectrometer pre-processed to obtain the tissue reflectance
spectra. SDD was formulated by first conducting a literature review to determine
the depth of oral epithelium. Further literature review determined the optimal SDD
to obtain signal preferentially from the epithelium, while minimizing signal from the

underlying stroma.

One of the optical fibres was used for illumination, two other fibres were used for
collection, and the remaining one was not used during the reflectance

measurements.

Figure 19. Common end configuration

8%8
L3

Figure 20. Linear end configuration

With 50ms of integration time, the reflection/backscattering probe acquired the
diffuse reflectance spectra by means of two collection fibres. The collection probe
with the shorter SDD obtained signal preferentially from the top layers, while the
higher SDD obtained signal from the full thickness of epithelium and the stroma

underneath.
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3.7.4.2 Raman setup

The Raman laser was a 785 nm narrow line width laser with high suppression of
side bands (>60 dB suppression at 0.3 nm from the laser peak, Cobolt 08-01 Series,
Cobolt, Sweden). The spectrometer was the same as the one used for DRS-It is
envisaged that this will be connected to an integrated probe that offers DRS, Raman
and Raman microscopy. In our study, the optical fibre was changed when we
wished to switch from DRS to Raman and vice versa. This takes a maximum of 5
minutes. The background and calibration are the same for all three configurations.
The final system will be more automated, which will seamlessly switch between

different configurations.

785 nm La

-

Ser

DRS light source

DRS spectrometer

Figure 21. This is our DRS and Raman configuration. The central probe is envisaged to be a multi-modality probe,
however in our study we used a similar probe for Raman and a smaller probe (below) for DRS.(281) The size of
this DRS probe is optimised to the mouth.
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3.7.5 Data collection protocol
All potential sources of extraneous light were excluded as much as possible, using

blackout curtains and drapes. This created profound darkness in the room.

Prior to and after each session of clinical data collection, we collected the
background and reference reflectance measurements. These were taken with the
experimental conditions of darkness in force, before the patient sat in the chair.
The objective was to find the natural variance in the lamp output and also the
background light that must be subtracted from the readings. The reference
measurements were taken on a specialized holder able to keep a fixed distance of 2
mm and 6 mm between the SDD probe and the reflectance standard (FWS-99-01c,
Avian Technologies LLC, New London, USA), respectively. The fixed distance allows
the comparison of the reflectance data across patients. The reflectance standard
was WS-1-SL Diffuse Reflectance Standard (Ocean Insight, Orlando, Florida),
composed of Spectralon. The reflectivity was 99% (400-1500 nm) and >96% (250-

2000 nm) for s spectral range of 250-2000nm.
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Figure 22. Customised reflectance stand holder

A period of time (usually more than 10 minutes and up to 30 minutes) was
permitted for lamp warm-up. Measurement of the light output during this time was
taken to estimate the periodic lamp intensity drift. After each set of tissue
measurements, the probe was cleaned using Tristel chlorine dioxide wipes (Tristel,
Newmarket, UK). The same probe was used for every clinical measurement
throughout this study. Another researcher monitored the output readings and gave
feedback to the clinical researcher holding the probe. lllumination of the mouth

was provided when required by a third researcher.

Figure 23. Using the probe. Room lights are turned on for the purposes of the photo.
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3.7.6 Variance data
Variance was estimated for two intervals. First, reproducibility (inter-examiner
variance) was investigated. Two users conducted subsequent DRS exams with the

same area being examined immediately after by examiner no. 2 with 5

measurements being taken of one area per examiner.

The second, repeatability (intra-examiner variance), was carried out by one
examiner. This was probed on three patients, with a repeated exam following
another. This was done as quickly as possible following the first DRS exam in order
to avoid changes in clinical parameters due to time or movement by the participant.

Paired t-test was used to analyse the values.

3.8 Analysis of in vivo data

3.8.1 Reflectance data preprocessing and analysis
The DRS data preprocessing comprised of the background subtraction and
subsequent division of the captured signal (tissue reflected intensity) by the

reflected intensity of the reference (reflectance standard):

tissue reflected intensity — background intensity

Reflect A1) =
eflectance (1) reference reflected intensity — background intensity

In order to prepare the reflectance data for classification, the data was centred and

scaled/normalized between - 1 and + 1.

3.8.2 Statistical analysis
Quantitative and qualitative analysis established data related to pre-test
guestionnaires. Graphic analyses were created describing the research participants.

Six sites had been identified as sites for analysis prior to start of the study. These
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were gingiva, buccal mucosa, dorsal surface of tongue, ventral surface of the

tongue, floor of mouth and lip.

Statistical analysis was conducted with the aid of a data scientist (SM) from Tyndall
National Research Institute. All data analysis was coded for using Python version
3.12.2 on Windows 10. Functions for classification algorithms were obtained from
open-source Python libraries such Pandas, pingouin, SKLearn, SciPy. Use of open

source libraries helps to achieve uniformity across studies.

Outlying spectra with features not consistent with the overall data set were
identified and removed if either created in error or to be not representative. These
were done by looking at each spectrum individually. If a spectra was obviously
aberrant, it was removed. Criteria for removal included areas of the spectrum
below the x-axis and large reflectance spikes consistent with water contamination.

Another operation removed all spectra with negative acquisitions on the x-axis.

Savitzky-Golay filters were applied to the DRS data. This is a least-squares fitting

polynomial that reduces the signal-to-noise ratio by smoothing the curve.

Lasso selected peaks

Reflectance (a.u)

390 485 580 675 770 866 961 1056

wavelength (nm)

Figure 24. Extraction of spectral features using LASSO for dorsal surface of the tongue.
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LASSO (Least Absolute Shrinkage and Selection Operator) was used to select
identifiers on the spectra for DRS and Raman saliva data. LASSO is used in data
analysis when there are a large number of independent variables or predictors
(denoted by p) in a dataset and the data points are not all related to the outcome

measure.

Using the extracted LASSO features for the three anatomical sites, we then carried
out principal component analysis (PCA) on the DRS spectral data. Principal
components were retained for further analysis. PCA aims to reduce the number of
variables in a dataset while retaining as much information as possible. It identifies
the dimensionality of the data by first centring the data around its mean and then
finding the eigenvectors and eigenvalues of the covariance matrix. The eigenvectors
represent the directions of maximum variance, while the eigenvalues represent the
amount of variance explained by each eigenvector. The eigenvectors are then used
to project the data onto a lower-dimensional space, so that spectral features
common to all spectra are eliminated. This is well-studied in the literature and has

applicability to the research question.(275)

Leave-one-out cross-validation was done to reduce the risk of overtraining and
overfitting of saliva and DRS data. This is supported in the literature as a method of
increasing accuracy of spectroscopy results.(237) Leave one out leaves out a single
subject to generate the model, thus testing the external validity of the sample if a
random sample is removed. Overtraining occurs when an algorithm, by being
trained to be applicable to a small data set, becomes less accurate to another, as

yet unknown data set.
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Final assessment of accuracy was attempted by several methods. Previous
approaches used in the literature and new approaches suggested by colleagues in
the field at multi-disciplinary meetings were assessed and utilised. Support Vector
Machines (SVM) are a set of supervised learning methods used for classification,
regression and outliers detection. Linear Discriminant Analysis (LDA) and Quadratic
Discriminant Analysis (QDA) were used in an attempt to classify the data.
Discriminant analysis is well-studied in the literature and has produced good

results.(175,276) It is often used for classification and feature selection.

Classification was attempted based on three approaches: First, the classifying
features established using the LASSO tool were compared across the data set to
establish accuracy. Then, classification was attempted without using the features.

Finally, classification was attempted using all wavelengths.

3.9 Assessment of protocol recommendations

Rating the effectiveness of our clinical recommendations was needed in order to
establish external validity. We chose to use the GRADE system in formulating our
protocol, and to validate firmly the protocol in a clinical study. The GRADE approach
has been endorsed by a large number of societies and institutions including The
Cochrane Collaboration and has been used in various fields of medicine such as
allergies, heart disease, oncology, endocrinology and respiratory and critical care
medicine.(277) It is currently recommended by the BMJ in its “Instructions to
Authors” that authors submitting to this journal should use the GRADE tool when
submitting a clinical guidelines article. While this tool is described to be purposed

for the formulation of guidelines as opposed to protocols, literature does show its
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use in compiling clinical protocols.(278) Our project was aimed at formulating a
consensus best-practice protocol from several other protocols in use in other
studies. Thus it seemed logical to use this objective tool to influence the objectivity

and effectiveness of the putative protocol.

GRADE assesses the following features for the evidence found for each outcome:

study limitations (risk of bias) — the internal validity of the evidence.
e inconsistency —the heterogeneity or variability in the estimates of
treatment effect across studies
e indirectness —the extent of differences between the population,
intervention, comparator for the intervention and outcome of interest in
the studies from that in the review protocol
e imprecision —the level of certainly in the effect estimate
e other considerations — publication bias, the degree of selective publication
of studies.
In a standard GRADE approach, the certainty or confidence of evidence is classified

as high, moderate, low or very low.

e High —further research is very unlikely to change our recommendation.
e Moderate — further research may have an important impact on our
confidence in the estimate of effect and may change the strength of our

recommendation.
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e Low —further research is likely to have an important impact on our
confidence in the estimate of effect and is likely to change the
recommendation.

e Very low — any estimate of effect is very uncertain and further research will
probably change the recommendation.

One author conducted the literature review and carried out the GRADE rating. We
used the modified QUADAS-2 tool, as set down by Walsh et al. to assess for risk of
bias.(4) This was used to assess the methodological quality of the studies over four
key domains: patient selection, index test, reference standard, and flow and timing

of participants.

The GRADE guidelines provide a systematic way of rating the quality of evidence in
a reproducible manner. Opinions may differ between clinicians, however GRADE
provides a way of objectively scoring the quality and difference in strength of
recommendations, helping decision makers. Cross-sectional or cohort studies in the
context of diagnostic uncertainty and in the framework of a new diagnostic test can

be considered high-quality by the GRADE tool.(279)
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Table 12. Quality criteria of diagnostic accuracy studies derived from QUADAS-2..(286)

Domain Patient Index Test Reference Flow and
Selection Standard Timing
Description Describe Describe the Describe the Describe any
methods of index test and | reference patients who
patient how it was standard and did not
selection conducted and | how it was receive the
Describe interpreted conducted and | index tests or
intended interpreted reference
patients standard or
(previous who were
testing, excluded from
intended use the 2x2
of index test table.
and setting) Describe the
interval and
any
interventions
between
index tests
and reference
standard
Signalling Was it a Were the Is the Was there an
questions consecutive or | index tests reference appropriate
(yes, no or random interpreted standard likely | interval
unclear) sample? Was | without to correctly between
a case-control | knowledge of | classify the index tests
design the reference | target and reference
avoided? Did standard? If a | condition? standard? Did
the study threshold was | Were the all patients
avoid used, was it reference receive a
inappropriate | pre-specified? | standard reference
exclusions? results standard?
interpreted Were all
without patients
knowledge of | included in
the index test? | the analysis?
Risk of bias Could the Could the Could the Could the
(yes, no or selection of conduct or reference patient flow
unclear) patients have | interpretation | standardin have
introduced of the index use or introduced
bias? test have interpretation | bias?
introduced introduced
bias? bias?
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3.9.1 Testing of the guideline

In the next phase, we aimed to use the protocol in our study on the clinical utility of
DRS, as described above. We also aimed to assess the guideline’s readability and
assess the potential impact of the new technology on clinicians. Six clinicians
experienced at oral medicine and biopsy clinics but unfamiliar with the DRS

technology were asked for their opinions on the technology and the protocol.

3.9.1.1 Clinician opinion
A questionnaire was formulated for distribution to clinicians based on a similar
qguestionnaire used in the formulation of NICE guidance on an optical

technique.(280) The results were synthesised and themes identified.

3.9.1.2 Readability

The Flesch reading ease score and Flesch-Kincaid Grade Level was used to assess
readability of the guidance. This was assessed using an online tool <readability.io>.
These are widely used, credible reading tools that give results based on the grade
level that would be expected to read the document.(281) The protocol was then
edited based on the issues identified from the software. This was continued until no
further improvements in the score could be made without compromising the

structure and content.
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4 Results

4.1 Overview

In the reporting of the results, more weight will be given to the DRS findings as

these were the focus of this project.

4.2 Preclinical phase results
The initial phase of the project was a preclinical phase. In this phase, a protocol for
use of the DRS probe was formulated. A lab-based protocol for use of DRS was used

a basis for formulation of recommendations.

A total of 7 studies with 439 participants with the subject matter of diffuse
reflectance spectroscopy for detection of oral cancer or oral potentially malignant
disorders were included in the development of the protocol (see Appendix A). Proof
of concept and preclinical studies were excluded. No clinical guidelines or protocols
were identified from searching the literature. Two systematic reviews with meta-

analyses discussed DRS in the diagnosis of OSCC and OPMD.

An initial literature search found 97 studies, of which 10 fit the inclusion criteria.

Three in vivo studies were excluded. Schwarz 2009 was excluded on the basis they
did not separate DR and fluorescence spectroscopy in the reporting of results. Liu
2023 was excluded on the basis of poor reporting of method. Kolpakov 2023 was

excluded on the basis of no reporting of gold standard.(282-284)

The findings of literature review were synthesised and a value (strong, weak,

moderate) was assigned to each recommendation.
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The evidence found in the literature review on DRS was found to be of moderate
quality. The evidence included five prospective clinical trials comparing DRS
spectroscopy with biopsy and histopathology, a feasibility study that reported
diagnostic accuracy and an experimental study demonstrating the effect of
pressure on oral mucosa. Evaluation of the risk of bias was carried out using the
QUADAS-2 tool. The most likely judgement of bias was moderate, due to the lack of
multiple pathologist grading. Good consistency was noted across the studies, with
lower effects most likely as a result of grouping heterogenous tissues together. The
level of indirectness was most likely moderate-high, with variation in the type of

DRS used and population variability.

The research was done in specialist centres. Clinical examination, biopsy and DRS
were all done by highly trained surgeons and oral medicine specialists so may not
be reproducible in all primary care settings. Multiple studies were carried out on
similar referral groups with small numbers. The reporting of diagnoses included was
generally good. The reporting of the gold standard used was in general good. The
reporting of procedures used was adequate. The literature contains many reports
with similar methods and similar results. A need was identified for larger studies
with more diverse referral populations and in more clinical settings. Some studies
contained few diagnoses from certain areas of the mouth, for example the gingiva

and the palate.
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4.3 Phase O results

4.3.1 Overview

A sample of 10 patients from Oral Medicine clinics were recruited for this
preparatory study. Six were male and four were female. The mean age was 66.8.
Five had no diagnosis of OPMD, three had diagnoses of OLP, one had PVL, one had
mild dysplasia. The sites of lesion were ventral tongue (n=2), buccal mucosa (n=2)
and lower lip (n=1). The whole cohort received DRS and Raman readings as laid out

previously.

4.3.2 Familiarisation with DRS equipment and clinical procedure
This was found to be easy to use and intuitive. Few repeat readings were needed.

Patients similarly found the experience to be straightforward.

4.3.3 Use of the protocol

The DRS protocol was used for all patients, was found to be repeatable and easy to
follow. No issues were noted with its use and acquisition of data was
uncomplicated. Only one modification was needed. This was to increase the
number of acquisition spectra from three to five. This was to reduce the influence

of aberrant spectra.

4.3.4 Test reflectance spectra acquisition
The objective of this part of the pilot study to find optical parameters such as light

intensity and duration of acquisition.

Empirical optical parameters found from literature review were used in this phase.
Analysis of the results gave more appropriate values. Areas such as the ventral

tongue with increased microvessel density was noted to reflect more light, with
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intensities overwhelming the sensor. In these areas, lower intensities and/or
shorter exposure times were used. Raman settings were found by experiment to be

30mW intensity with an integration time of 0.43sec for 9 acquisitions.

DRS was 50msec integration time at 8.4mW output. DRS was noted to be easier to
acquire and faster due to fewer unusable (redo) results. These settings were then

used in the second phase of the study.

4.4 Phase 1 results

4.4.1 Overview

This phase involved use of the protocol to obtain DRS readings from the oral
mucosa. A total of 53 participants were recruited to the study group, and 27 were
recruited to the age- and sex-matched control group. One patient was excluded
from the final control group due to spectral anomalies consistent with subclinical

OPMD. This made the final total for the control group 26.

4.4.2 Demographics

The mean age of participants in the control group and the study/OPMD group was
56.5 and 62 years old respectively. The median age was 62 in the study group and
60 in the control group. 59% of the OPMD group were over 60, with 37% aged

between 40-60. This is further shown in Table 13.

Table 13. Gender of the study participants.

Age (years) Control group Study group

“ 60.03 (SD: +/-10)  56.5 (SD: +/-13) 62.1 (SD: +/- 8.5)
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Almost 70% of the total participants (53/79) were female, with 26 being male. This
imbalance was reflected in the composition of the control and study groups, with
68% of the study group being female, while 65% of the control group was female.
Gender stratification was achieved between the two study arms. This is further

shown in Table 14.

Table 14. Gender distribution between study arms.

Gender Control group Study group

R

53

79 26 53

4.4.3  Summary statistics

4.4.3.1 Tobacco and alcohol consumption

Comparatively few participants overall were current or former tobacco users, with
32% (17/53) in the study group and 50% (13/26) in the control group reporting
current or former cigarette, pipe, vape or chewing tobacco use. Alcohol
consumption patterns were closer to each other, however 84% (22/26) of the
control group reported current or previous regular alcohol consumption, compared
with 96% (52/54) of the study group. The majority reported current alcohol use,

with 24 reporting consumption of more than 10 units alcohol weekly.
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SMOKING AND ALCOHOL HABITS

M Current mEx ™ Never

10

7

SMOKING (STUDY SMOKING (CONTROL) ALCOHOL (STUDY  ALCOHOL (CONTROL)
GROUP) GROUP)

Figure 25. Smoking and alcohol habits compared across groups.

4.4.3.2 Dietary habits

The dietary habits of the two main study groups did not differ substantially, with
the proportion of participants in the study group who consumed processed meat
roughly similar across the categories of never, seldom, daily or weekly. Similarly,
the use of alcohol-containing mouthwash was low, with a figure of 5% and 12% in

the study and control groups, respectively, using a mouthwash frequently.

Consumption of processed meat and use of alcohol - based
mouthwash

PROCESSED MEAT (Study PROCESSED MEAT ALCOHOL MOUTHWASH ALCOHOL MOUTHWASH
group) (Control) (Study group) (Control)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

B NEVER mSELDOM m ONCE PER WEEK m DAILY

Figure 26. Habits of processed meat consumption and use of alcohol-containing mouthwash across groups
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4.4.3.3 Ethnic background

The vast majority reported their ethnicity as White Irish, with 8 outliers reporting
other ethnicities. Two were contained in the study group, with one of British
ethnicity and another one of white Polish ethnicity. In the control group, five were

white Europeans and one was of South Asian ethnicity.

4.4.3.4 Co-morbidities

The vast majority of all participants (48/53) and (25/26) reported good health, with
most participants having one or two co-morbidities. In the control group, 8
reported no co-morbidities, 8 had one co-morbidity, 5 had 2, and 6 had more than
2 co-morbidities. In the study group, 9 had no co-morbidities, 18 had one co-
morbidity, 11 had 2, and 14 had more than 2. The control group was less healthy
than the study group, with more co-morbidities.

Table 15. Co-morbidities by numbers of chronic illnesses reported per control group.

Total Control Study

17 8 (29%) 9 (17%)

26 8 (30%) 18 (34%)
16 5 (18.5%) 11 (21%)
20 6 (22%) 14 (26%)

4.4.3.5 Body Mass Index
Many were unsure of their weight, and some of their height, therefore statistics for
this group may be incomplete. In the study group, 12/44 (27%) were normal, 22/44

(50%) were overweight, 8/44 (18%) obese and 2/44 (5%) underweight according to
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the NHS BMI calculator for adults. In the control group, 9/25 (36%) were normal,

13/25 (52%) were overweight, 3/25 (12%) were obese.(285)

4.4.3.6 Site-specific results

The results were grouped according to site and to histological diagnosis. There were
comparatively few results of premalignant lesions from the floor of the mouth, lip
and gingiva. The most common areas we found were the buccal mucosa, then
ventral and dorsal surfaces of the tongue. Almost half of readings of premalignant
sites (24/53) came from buccal mucosa. The next most common was ventral surface
of the tongue, with 14/53 premalignant lesions we studied located on this surface.
The dorsal surface of the tongue was next, with six total areas studied. Finally, the

lip (4), gingiva (3), floor of mouth (1) comprised the remaining locations.

OPMD STUDIED BY SITE

mBuccal mucosa mVentral tongue mDorsaltongue mLip mGingiva

Gingiva
4%

Dorsal tongue
12%

Buccal mucosa
48%

Ventral tongue

Figure 27. Sites of OPMD included in the study

125



4.4.3.7 Oral premalignant conditions studied

The most common diagnosis was oral lichen planus. Oral lichen planus patients
comprised 41/53 of the oral diagnoses we included in this study. The less common
diagnoses were leukoplakia (n=5), proliferative verrucous leukoplakia (n=1), actinic
keratosis (n=4) and oral lichenoid lesion (n=1). Other diagnoses included geographic
tongue (included in control group as not premalignant) and graft vs host disease

(included in control group as completely resolved).

NUMBER OF DIAGNOSES BY PARTICIPANT

Others .
Actinic chelitis . 3
Proliferative verrucous leukoplakia I 1
Oral leukoplakia - 5

0 5 10 15 20 25 30 35 40 45
NUMBER OF PARTICIPANTS

DIAGNOSIS

Figure 28. Number of participants with each diagnosis. Control is included as a comparison

4.4.4 Saliva data
Some saliva samples were unusable due to mucus contamination. The final amount

of saliva samples that were used for analysis is given in the table below.

126



Table 16. Numbers of saliva samples usable for analysis.

Groups No. of No. of data files or Locations
Patients

Control 14 215

OPMD 30 611

The Raman spectrum of saliva shows protein peaks that can be linked to known
biomarkers. For instance, peaks around 1049 —1053 cm™ are assignable to
stretching and vibration of the C—C bond in lipids. Furthermore, a Raman band
characteristic of amide vibration of salivary proteins at around 1639 — 1670 cm™ are
also discernible. Also, unique to the saliva specimen are two additional peaks at 877

cm (polysaccharide) and 938 cm™ (a-helix proteins).(286)

(A) —— Lig saliva —— Single cheek cells smear (B)
—— Dry saliva —— Single red blood cells smear
reB 28 8N 88 84 )3
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Figure 29. A spectrum obtained from a saliva analyte. Wavelengths of biomarkers are drawn in. Red blood cells
and epithelial cells were isolated as part of the centrifuge process and analysed

This figure shows the difference between dry saliva, liquid saliva and the smear of
the red blood cells and mucosal cells identified from the saliva analyte. Wet saliva is

included for comparison and has few identifying features.
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Classification was attempted using support vector machines (SVM). This gave a

balanced accuracy of 81.6% and accuracy of 81.7% for healthy vs OPMD and SCC.

4.45 Imaging data

Two diffuse reflectance imaging microcameras with integrated light source were
employed to guide sampling. Both proved unsatisfactory or offered little above
what clinical oral examination with white light could achieve. Specular reflection
was an issue at all wavelengths. In this case, the reflected light does not enter the

tissues and is reflected at a surface level.

4.4.6 Raman Data

Analysis of the Raman data has shown differences between normal and
premalignant sites in the mouth. This finding awaits further analysis and the
production of accuracy figures. For now, the focus of this thesis is on solving

problems with DRS.

4.47 DRS Data

4.4.7.1 Overview

Three anatomical areas were included for the purpose of statistical analysis: the
dorsal surface of the tongue, the ventral surface of the tongue and the buccal
mucosa. Due to differences in the tissue structure, an OPMD at one site cannot be
grouped with a similar OPMD at another site. Only buccal mucosa, dorsal surface of
tongue and ventral surface of tongue could be used for data analysis as we did not

have sufficient numbers.

There were eight OPMDs found in the literature and generally recognised. We
recruited as many patients as possible with each OPMD.
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Table 17. Number of data files obtained per patient group for DRS.

Label Description No. of data files
Control Readings taken from control group 1659
OPMD Taken from OPMD lesion 795
Normal Visibly healthy tissue from participant 4926
with OPMD

We had notably many fewer OPMD in the lip, gingiva and dorsal tongue.

Number of data files for analysis

800
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600
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400
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o

Dorsal tongue  Ventral tongue Buccal mucosa  Floor of mouth Gingiva

HOPMD mControl Normal

Figure 30. Number of data files suitable for analysis, divided by site and study group.

The buccal mucosa, ventral tongue and to a lesser extent the dorsal tongue have
the most OPMD per site. Normal denotes a measurement taken from a site

clinically normal in the mouth of a participant diagnosed with an OPMD.

14011

129



4.4.7.2 Analytics of data collection

The time taken for data collection was remarkably uniform. The minimum time it
took for a full mouth DRS readings with 5 points at each anatomical area including a
control area was 4 minutes, the maximum was 13. Clustering around a central point
of 8 minutes or so was consistent. This did not vary greatly from the first patient to

the last, suggesting that the protocol is quick to become accustomed to.

4.4.7.3 Biomarkers and spectral shape
This spectrum (Fig. 27) shows the characteristic absorption pattern of OLP in the
buccal mucosa. The dip between 400-500nm (referred to as an absorption peak) is

due to the tissue presence of haemoglobin and deoxyhaemoglobin.

Buccal mucosa oral lichen planus with standard deviation
0.6

1-” T Il

0.4
0.3

0.2

Reflectance (a.u.)

0.1

250 500 750 1000

Wavelength (nm)

Figure 31. Patient 55. Oral Lichen Planus on the buccal mucosa. Mean of five readings in red and standard
deviation in blue.

The reflectance curve for a patient who has a histological diagnosis of oral
leukoplakia in the ventral surface of the tongue is shown. This is the average of 5
spectra collected, normalized to the mean. There is more overall reflectance (on

the y-axis) noted in Fig. 27 (above) compared the leukoplakia below.
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Oral leukoplakia on ventral tongue with standard deviation
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Figure 32. Patient 58. Oral leukoplakia on the ventral tongue. Mean of five readings in red and standard
deviation in blue.

In the DRS spectra, the first segment (400—650 nm) is dominated by optical
absorption of haemoglobin, myoglobin, and, to a lesser extent, beta-carotene.
Water shows a characteristic local reduction in optical absorption at 1000 to 1160

nm.(287)
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Figure 33. (a) above and (b) below. DRS spectra with standard deviation. Floor of mouth (left) and dorsum of
tongue (right). The spectral shape is slightly different.

In Fig. 33 (a and b), two DRS spectra are set side by side from the same patient. The
left is from the floor of mouth, the right from the dorsal surface of the tongue. The
area in the spectrum from 500-600nm has a double dip appearance and is similar in

both. The appearance of this area is due to haemoglobin levels, which preferentially
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absorbs light in this wavelength region. The main differences in the spectrum are
from 600nm onwards. These wavelengths have strong water absorption. If there is
surface water, this will alter the spectral shape, making the removal of surface

water of high priority.

4.4.7.4 Dorsal surface of the tongue

Collected spectra with standard deviation for dorsum of tongue
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Figure 34. Mean and standard deviation of collected spectra for dorsum of the tongue.
This shows the mean for the collected spectra for the dorsal surface of the tongue
(central, solid line). The lighter colours show the standard deviation around the
normalised mean. Wide variance between patients is noted due to inter-patient

differences however the spectral shape is retained.
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LASSO - selected features for dorsum of tongue
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Figure 35. LASSO selected features from the dorsum of the tongue

LASSO selects those wavelengths with most reliable or greatest measurable
variation in order to provide a point of differentiation. These wavelengths for the
dorsal surface of the tongue were 390nm, 428nm, 475nm, 523nm, 623nm, 628nm,
1013nm and 1094nm. Classification of tissues was attempted based on two
approaches: first, the classifiers identified using LASSO were used, and the mean of
the result was taken as the true value. Second, the LASSO points were not used,
and classification was attempted using all wavelengths. Classification on all
wavelengths gave best results, however balanced accuracy was poor. Discriminant
analyses gave poor results. Linear discriminant analysis gave superior results.

Table 18. Discriminant analysis for dorsal surface of the tongue.

Classification with features:

LDA QDA SVM
Balanced Acc. 67 % 48 % 50 %

Classification on all wavelengths:

LDA QDA SVM

Balanced Acc. 60 % 50 % 60 %
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4.4.7.5 Buccal mucosa

Collected spectra for buccal mucosa with standard deviation
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Figure 36. Mean spectra (solid line) for buccal mucosa on all patients with standard deviation shown.

The mean spectral curve for buccal mucosa with SD is shown above. Again, high
levels of variance are noted, especially in the 300-500nm region, where oxy- and
deoxyhaemoglobin are found and again from 500nm. This may be due to tissue

variance.
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Figure 37. LASSO — identified wavelengths for statistical comparison from the buccal mucosa.
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The wavelengths identified by LASSO in the buccal mucosa are 390nm, 432nm,

437nm, 485nm, 490nm, 528nm, 571nm, 599nm, 808nm and 1094nm.

Leave-one-out classification was performed to reduce the risk of overtraining and

curve overfitting.

Table 19. Discriminant analysis for the buccal mucosa.

Classification with features:

LDA

Balanced Acc. 85 % 85 % 89 %

Classification on all wavelengths:

LDA QDA SVM

Balanced Acc. 81 % 73 % 71 %

The improvement and similarity of balanced accuracy figures with this more

balanced dataset is striking.
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4.4.7.6 Ventral surface of the tongue
Mean spectra for ventral tongue with standard deviation
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Figure 38. Mean spectra for ventral tongue with standard deviation.

There was less overall reflectance from the ventral tongue. This is most likely due to
the increased haemoglobin and deoxyhaemoglobin in this vascular part of the
tongue. These are light absorbers. Again, there is a large amount of variance due to
inter-patient variation. More variation is noted in the 500-1000nm region. LASSO
scores were highest for 713nm, 961nm, 718nm, 523nm, 437nm, 571nm, 723nm,
604nm wavelengths. These are more consistent with biomarkers from the

literature. Leave-one-out cross-validation was performed in this case also.
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Figure 39. LASSO selected classifiers plotted with OPMD in blue and normal in red
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Table 20. Discriminant analysis for ventral surface of the tongue.

Classification with features by majority voting:

Balanced Acc. 86 % 78 % 68 %

Classification on all wavelengths

Balanced Acc. 80 % 87 % 57 %
This dataset was more balanced and had more OPMD in its numbers than the

dorsal tongue.

4.4.8 Inter-examiner variance figures
4.4.8.1.1 Reproducibility

Three patients (all OPMD) were used to test reproducibility of the DRS
measurements — two different observers interrogated all tissue types at separate
instances on the same day. The two datasets were analysed using two sample t-test
to understand whether the means of both populations are significantly different.

The data were analysed patient-wise and for the same tissue type.

The data shows mixed results. The example spectra below demonstrate the inter-
observer variation, which can change depending on the observation at a given
wavelength for the same patient. Five readings were taken for each site, from as
close to the same area as the previous reading. These readings were normalized to
the mean and analysed. The spectral shape was maintained, however significant

inter — observer variation was noted, particularly in the lower wavelengths in the
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haemoglobin region. This was observed throughout the sample at all anatomical

sites.
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Figure 40.(a) and (b). This shows the inter-observer variation for healthy buccal mucosa for one patient.
Significant variability is inferred from the wide standard deviation for each observer.

In Fig. 40, (above) differences are noted in the reflectance captured in the 500-
600nm and from 800nm onwards. This is confirmed in the t-test graph shown on
the right. Statistically significant inter-observer difference is achieved at all

wavelengths excepting 600-800nm.
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Figure 41. Significant differences at shorter wavelengths

While differences in the 500-600nm region were observed at all sites surveyed —

buccal mucosa, dorsal ventral tongue, floor of mouth, gingiva and lip to a smaller
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degree, other patterns were observed in the floor of the mouth. This showed
significant variance at the 400-600nm region. This was expected as it is a vascular
region, but also variance was observed in the 600-1000nm region. The lip was

noted to have good reproducibility.

4.4.8.1.2 Repeatability (intra-observer variation)

Four patients (all OPMD) were used to test repeatability of the DRS measurements
—same observer interrogated all tissue types twice at separate instances on the
same day. The two datasets were analysed using paired t-test to understand
whether the means of both populations are significantly different. The results for
repeatability were improved compared to reproducibility. Differences were noted
again in the 400-600nm region mostly. The buccal mucosa region showed some
variability, mostly uniformly in the 500-900nm region. The dorsal surface of the
tongue again showed good repeatability, however some variation was noted in the
400-600nm region. The anterior floor of mouth, similarly to the reproducibility
tests, showed variance at longer wavelengths (600-1100nm). The lip was noted to

have good repeatability.
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Figure 42.The curve for the buccal mucosa (left) and gingiva (right) are set side-by-side. The increased variance
for gingival tissue is clear compared with buccal mucosa.
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45 Phase 2 results

4.5.1 Perceptions of DRS and protocol for clinical use

4.5.1.1 Clinicians involved

We sought the opinion of six clinicians in the field after reading the protocol. All
have practiced Oral Medicine for a minimum of one year and have carried out
original research in the field. We also sought opinions from patients and from the

researcher who had developed the DRS set-up (SM).

Table 21. Professional background of clinicians interviewed. (OS: Oral Surgery. OM: Oral Medicine)

(01 University Consultant/senior Practiced Trainee
specialist and private lecturer solely OM

practice

Participant 1 X X X X

i *
- -
X

Participant 5
Participant 6 X

The most experienced clinician had practiced solely in oral medicine for a period of

five years, the next most experienced had practiced oral surgery for more than

twenty years.

4.5.1.2 Clinical utility of DRS

All clinicians identified the utility of DRS techniques in treating anxious patients or
those who needed multiple or repeat biopsies of larger areas. The dysplasia clinic
was specifically mentioned by 2 participants (P2, P5) who talked about the

invasiveness of repeated biopsies.
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All participants thought that DRS was most likely to be of use to untrained staff,
such as general practitioners, dentists or junior hospital staff. Another commenter
saw its utility in diagnosing likely benign, or low risk lesions. The same consultant
(P1) felt it would be of use in low-income countries, with high levels of oral cancer
and poor access to advanced medical care. The time needed to train in the use of
DRS and to become skilled at interpreting results would militate against its time-
effectiveness, as per P3, and thus may not be useful in a hospital setting. Another
issue raised was decontamination. While the probe can be wiped down using
chlorine wipes and this is compliant with regulations for use in a dental practice,
some clinicians felt uncomfortable with this. The current standard of care in dental
practice is disinfection with an autoclave or to use disposable instruments. The

probe cannot be autoclaved.

One clinician highlighted the issue of calibration and allowing for lamp fluctuations.
In a hospital or clinic setting, a clinician would need extra training or would need to
have someone trained present to carry out calibration and background

measurements.

Another problem to be resolved was the issue of how to take measurements. The
amount of pressure and how to orient the probe without deforming the mucosa

needs some practice and instruction.

Participants in the study found the experience of being examined with the DRS
probe to be an easy experience compared with conventional biopsy. Some found it
uncomfortable with the probe touching a raw area of oral mucosa, such as erosive

lichen planus. However, these were in the small minority, and were able to tolerate
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without undue difficulty with a little care on the part of the clinician. The one
person who was not satisfied with his participation in the study was disappointed as

he thought we could provide an alternative diagnosis for his condition.

Some individuals found it difficult to produce enough saliva for the saliva sampling.
In these cases, we took a smaller amount of saliva. This was sufficient for analysis.
For similar reasons, those with a dry mouth found it difficult to hold the mouth

open for long periods.

The research team found that the main problems with DRS were (i) the lack of
ambient light to see which area is being sampled, and (ii) saliva contamination in
the mouth had an impact on the spectral output. The difficulty in maintaining
adequate pressure meant also that spectra had to be discarded or repeated. This
was both personal experience, from working with the probe throughout the
project, and also opinion taken from another clinician (RniR) who used the probe. |
thought that the DRS probe worked very well and was easy to use. However, it was
difficult to see where to put the probe and gauge the amount of pressure to be
used in a dark room. Saliva contamination was also hard to judge in a dark room. A
self-calibrating probe which would allow extraneous light during use of the probe
would improve user experience. Clinician 2 (RniR) also commented on the difficulty
in applying the correct amount of pressure and also the need for a finger rest to
reduce involuntary movements or tiredness. The lack of an intuitive, visible result
means that clinician trust in the device is likely to be guarded until definitive

statements of utility are set forward.
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4.5.1.3 Healthcare system impact

Most thought that DRS would not speed up patient flow and would have little
impact on waiting lists. The participants generally assumed biopsy will still be
needed in the future and could not be replaced by this technology. Concerns over
accuracy would cast doubt on any outcome until DRS becomes more widespread in
practice. Three interviewees (P1, P2, P3) stated that it may be helpful in triaging
unknown lesions. One interviewee (P2) commented that the 2-week-wait (2WW)
system means that likely cancers were already done on an expedited pathway, so
the use of an instantaneous point-of-care diagnostic system would not add much

speed to the referral pathway.

None of the group judged DRS as being clinically useful or likely to adopt it.

The most common judgment was that this would be better in the hands of high-
throughput specialist units, however two interviewees identified a role in screening
(P1, P2). The long calibration and warm-up time was highlighted by one commenter
(P1). No one person thought the DRS device would be helpful for clinicians. One
clinician raised the issue of clinical effectiveness versus cost-effectiveness (P2).
While cost-effectiveness can be debated and studied, clinical effectiveness is

currently poor, as patients must undergo biopsy as well as DRS to get a diagnosis.

The main issue identified was that the probe itself is unproven and thus cannot be

recommended as a choice to biopsy.

The alternative solution to this is that the probe can be used as an adjunct to
biopsy, in sampling some areas or as a guide to biopsy. However, this was not seen
as favourable by any commenter, with the cost of the setup outweighing the
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benefits. One interviewee recognized that studies in DRS have been ongoing since

the early 2000s, without a firm answer on utility (P4).

The advantages proferred were (i) non-invasive, (ii) screening, (iii) as a guide to

biopsy.

There was unanimous scepticism about the cost-benefit ratio to taking this up as an

ongoing project.

The least experienced and the most experienced shared positive views on the new
technology. One interviewee commented that it would be difficult to change
people’s minds on this and it would take some time before the newer generation

coming through are trained in this new technology for things to change (P6).

4.5.1.4 Themes identified

1. High set up cost is an issue
2. Lack of clinical data to guide implementation
3. Need high patient throughput to justify inclusion of DRS in pathway
4. Current pathway for diagnosis and treatment seen as adequate
4.5.2 Readability
The readability of the protocol was scored as a 10th grade level, roughly equivalent

to a 15 or 16 year old. The Flesch Reading Ease was 36.9, out of a maximum of 100.
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5 Discussion

5.1 Overview

In the results of this project, certain key findings carry more importance. We will

focus on these pre-eminent findings in discussing this thesis.

5.2 Accuracy of DRS

We were successful in recruiting 80 participants to this study. This large sample size
is the second largest number of in vivo subjects in a trial of singular DRS
spectroscopy for oral mucosal disease outside India. The protocol’s accuracy in the
ventral tongue and buccal mucosa reached 87 and 89% respectively. This shows the
DRS probe can accurately identify OPMD, the vast majority of which is OLP, on the
buccal mucosa and the ventral tongue. Due to insufficient numbers for other
diagnoses, we grouped all OPMD together into one group. Almost 80% of diagnoses

included were of OLP.

The high accuracy figures are further underlined by preclinical studies showing DRS’
error range to vary from 1-10% in estimating the contents of a homogenous
sample.(256) This shows the inherent limits of the technique and upper limits on its
accuracy. Kolpakov et al in a 2023 report, found overall accuracy of 75% in an in
vivo study with a wide range of oral mucosal diagnoses. This notable study reported
results only from the ventral tongue and the buccal mucosa. This study is the most
similar to ours in the literature in the ambition of its range of diagnoses and sample
size, however the experimental protocol was not well described. Accuracy of 75% is
poor compared with our findings. To improve our accuracy figures, we stratified
and compared by site of acquisition (buccal mucosa, ventral and dorsal tongue, lip
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etc.) and diagnosis (normal vs OPMD). This method is following that chosen by
other studies, some of which have shown good results in examining OPMD on the
buccal mucosa only.(175,288) Jayanthi et al 2011 produced sensitivities and
specificities ranging from 90-100% in distinguishing a range of hyperplastic and
dysplastic lesions from each other and SCC. However, the site reported was limited
to the buccal mucosa, retromolar region and commissures.(288) Mallia similarly
found improved sensitivity and specificity when analysing data from buccal mucosa
vs. all other sites in the mouth.(175) No comment was offered by either author on
the significance of DRS of the buccal mucosa giving more accurate results, however
she noted more reflectance was observed in buccal mucosa and dorsal tongue

compared with gingiva and alveolar mucosa.

McGee et al demonstrated that the microvascular and scattering properties of the
tissue depend on the anatomical location.(244) She noted an increased accuracy
gained by studies in spectroscopy literature when separating by anatomical subsite.

This was especially noted for keratinised vs non-keratinised mucosa.

An advantage of these studies has been their prospective nature. In these studies,
spectroscopic examination has been succeeded by biopsy of the same area
measured.(239,240,276,282,288) Schwarz et al examined 124 people with oral
cancer, OPMD and normal with biopsy succeeding DRS and fluorescence
measurements. While this study noted a paucity of measurements of OPMD from
keratinised sites to form training and validation sets, a lower accuracy of (AUC [area
under the curve]: 0.76), sensitivity was 79% and specificity was 80%(282) was noted

for keratinised tissue compared to non-keratinised tissue. For non-keratinised
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tissue, AUC was 0.96 for training set and 0.93 for validation set, with sensitivity of
100% and specificity of 73% in the validation set. In this study, diagnoses were
divided into quite empirical binary categories - abnormal/low risk (diagnoses
including OLP — mild dysplasia, with hyperplasia included in this category) and high

risk (moderate dysplasia — SCC).

Our protocol gave poor results in distinguishing OLP and normal on the dorsal
surface of the tongue. Our sample size here was universally OLP. Difficulty in
diagnosing on the dorsum of the tongue has not been reported thus far in the DRS
literature. Autofluorescence studies from the 2000s found poor results on the
dorsum of the tongue.(226,276) Mallia et al. excluded lesions from the dorsal and
lateral tongue and vermilion border in a 2008 fluorescence study.(289) The same
author found good accuracy later for DRS in a small data set for dysplastic lesions
and SCC on the dorsal tongue.(175) One possible explanation for our result is the
keratinised layer on the dorsal tongue. Our primary collected lesion, OLP, has a
clinical appearance that is often keratotic. Reticular OLP is the most common form
of OLP and was the type most often included in this study. This may be difficult to
distinguish on the keratotic, linear architecture of the dorsal surface of the tongue.
Some studies in the DRS literature have omitted to examine the
tongue.(245,288,290) More research has been focused on the buccal mucosa. This
imbalance should be corrected by future workers to get a truer picture of the utility
of DRS. Recruitment of participants with OLP on the dorsal tongue would help to
establish if this is an inherent weakness in DRS. The oral tissues are well recognised
to be heterogenous and to contain high levels of haemoglobin and keratin.(244)

Their heterogeneity is due to the number of tissue types present in the mouth.
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Some investigators have separated readings by tissue type — muscle, lymphoid and
other.(228) We chose to separate our readings by anatomical area, as set out in the
paper by Mallia(226) and this is supported by up to date evidence.(247) There is no
consensus in the literature what is the most appropriate approach to take, although
the majority of studies have used our or similar pattern. External validation of our
approach is provided by good accuracy figures. Our spectral analyses show wide
variations between different tissues, thus grouping by tissue type may be too
simplistic. McGee’s study of spectra from different regions of the mouth grouped
only gingiva and hard palate as keratinised.(244) Our data from this study showed
poor accuracy figures in the 60s when all tissues are grouped together without

separating by anatomical area.

Our results corroborate findings elsewhere that there is less reflectance from oral
leukoplakia.(237) Although no single histologic variable specifically distinguishes
OPMD, nuclear atypia seems directly related to the amount of light scattering.(291)
SCC is denoted by increased absorption in the haemoglobin region of the spectrum,
as angiogenesis increases local haemoglobin content.(256) Conversely, the
epithelial layer displays greater reflectance due to increased nuclear size, increased
DNA content and hyperchromasia.(256) Further tissue changes during development
of OPMD are increased water and changes seen in the 800-1000nm region due to
growth of the stratum corneum.(283) This may correspond with visual changes such
as hyperkeratosis.(283) Increase in hyperkeratosis will also cause decrease in
reflectance signal, as the effective distance from the haemoglobin-rich part of the

lesion will increase.(240)
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One of the themes in the literature is resolving the analyses to be used in order to
make a judgement on accuracy. Feature selection models such as least absolute
shrinkage selection operator (LASSO) have been used to enhance classification in
oral cancer, lung and breast cancer studies among others.(292) The aim of this
strategy is to identify markers on the spectrum common to OPMD and common to
normal. This was expected to be water, lipids, deoxy- and oxyhaemoglobin prior to
data collection. Using accepted biomarkers helps in verification and establishes

external validity of results.

Table 22. Biomarkers and their absorption peaks.(219)

Biomarker Absorption

peak (nm)

755,972

Deoxyhaemoglobin [:e[eR10e)

Oxyhaemoglobin 300-600

Across the literature, the wavelengths used for analysis are mainly in the 545, 565,
570nm region.(175,226,239,240) These correspond to deoxy- and oxyhaemoglobin.
Bailey et al. investigated 450-469nm with equivocal results.(237) In contrast, the
wavelengths selected by LASSO for the dorsum of the tongue were not as expected.
Results were improved when the whole spectrum was used, and differences
between peaks analysed. In contrast, LASSO for the ventral tongue and buccal
mucosa regions displayed improved predictive ability. The tool selected biomarkers
consistent with literature. Use of the correct models is crucial in generating robust
datasets. A combination of linear discriminant and other discriminant analyses has
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been used successfully in multiple similar trials before.(226,235,293) Review of
previous studies validated this approach as a method for use in spectroscopy.(294)
Leave one out analysis has also been validated across the literature as a means of

improving accuracy by reducing the effect of outliers. (235)

Balanced accuracy was used to denote final results. In this dataset the populations
are imbalanced. There are far more normal, or not diseased readings in this dataset
compared to those who have an OPMD. Balanced accuracy in this case is more
applicable than accuracy it applies equal weight to the OPMD and normal groups.
Therefore, to have good balanced accuracy the algorithm must not only predict
correctly that a reading is normal but must correctly diagnose OPMD. Discriminant

analysis aims to separate classifiers by a simple separation plane.

5.3 Barriers to implementation of DRS and protocol to clinical practice

The explicit use of protocol over guideline was felt to be appropriate here for two
reasons. First, this DRS probe may be unfamiliar to end-users who may not have
domain expertise to interpret guidance correctly. Second, a deterministic approach
implies standardisation of technique and simplifies systematic comparison of

research findings.

The clinician reviewers identified one of the major barriers to implementation of
the protocol is the long warm-up time. It is not uncommon for this to take 30

minutes or more before it is ready to start. Time is of the essence for the general
practitioner, and the protocol would not then be useful for a handful of patients.

On the other hand, time taken for acquisitions was rapid, with about 8 minutes
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being required to obtain data from all areas of the mouth. In clinical practice, it is
likely that less time than this will be required to conduct an exam as the focus will
be on one area. If there is a large number of patients who need analysis on a
particular day, then the investment in time would be worthwhile. This is unlikely in
a general practice setting. DRS also requires considerable investment in training and
financially. The long lead in time is partially due to warm-up time but also takes in
time needed for calibration and background light measurements, which are then
subtracted from the readings. The exclusion of all background light was a second
requirement identified by one clinician as also being difficult in a clinic or hospital
not set up for DRS. Our research team also identified the exclusion of background
light as a significant drawback of DRS. This had caused difficulties in acquisition of
data. One of the main reasons for spectra being defective or insufficient was either
water contamination, excessive pressure or the probe not touching the mucosa.
Checking these conditions are not fulfilled is more difficult in a darkened room.
Water has a strong signal and can change the acquired spectrum. Therefore, saliva
exclusion from the area being read was universally recommended by literature
search. Minimal pressure was used during measurements and the mucosa was
relaxed for measurements. This was to ensure the blood volume fraction (bvf), or
amount of blood present in the tissue is constant. It is similarly universally observed
to apply minimal pressure. The effect of excessive pressure is to deform the mucosa
and to reduce blood flow to the area being studied. This will reduce the
haemoglobin present in tissue, thus changing the reflectance.(255,274,295).

However, measuring the mucosa in a relaxed condition may be difficult contingent
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on the patient’s mouth opening and the area being examined, with more posterior

areas being more difficult.

It is envisaged that these difficulties in implementation can be addressed by future
research. In a local research unit, Grygoryev produced a small mini-spectrometer
that self-corrects for background light. In future, this can be used to replace the
current iteration, as it does not require a measurement of background reflectance
step and removes the requirement for darkness.(296) This could potentially speed
up the process and make it easier to take accurate readings. A team in the US
produced a portable DRS probe for screening of cervical cancer in a low-income
country (Haiti). The results demonstrated successfully that a built-in supplementary
channel in the DRS probe can be used to correct for the effects of fluctuations in
the DRS intensity due to light source drifts and fibre-bending attenuation of the
incident beam. The clinical study in Haiti also indicated that without a pressure
sensor, the probe pressure could vary up to 3-5 psi.(256) This team included a
pressure sensor capable of feeding back to the observer when too much pressure
was being applied, potentially changing the haemoglobin content of tissue. This
however, crucially, still needed conditions of darkness for measurements to be
accurate. Nevertheless, this study indicates that a self-calibrating DRS setup can be

successful in point-of-care diagnostics.

Saliva contamination was straightforward to manage, however if the mucosa was
better illuminated during readings, then repeated leakage of saliva into the field

would be easily detected.
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Chang et al. used the self-calibrating system in a screening project for cervical
cancer in Haiti.(258) Cervical cancer screening and oral cancer screening share
some common features. First, the type and visibility of the precancerous lesions
encountered in the cervix share a common history and grading system.(116)
Second, some of the screening tools used in the mouth are applicable in the
cervix.(185) Because of the accessibility of the cervix for screening and the
tendency for late-stage presentations of cervical cancer, screening has been widely
used in the field. One of the main drivers of cervical cancer is HPV infection.(116)
Prior to collection of clinical data, Chang’s team identified high-risk individuals. An
initial smear test identified HPV, with DRS collected at colposcopically abnormal
sites. The use of the self-calibrating channel eliminated the need for a calibration
step, speeding up setup, while extraction of sample optical properties from a
homogenous disc of uniform composition was more accurate using self-calibrating
methods. The conclusion noted that calibration is necessary periodically in order to
check the efficacy of the self-calibrating system, especially in the case of an

untrained operator.(258)

If the lack of OPMD encountered in primary care may make the DRS protocol
superfluous, OPMD are much more likely to be encountered in secondary care. The
most referred oral medicine condition to our hospital is white lesions in females on
the tongue in the age bracket 40-70.(297) This infers that the ability to identify
correctly and quickly OLP and leukoplakia would be of benefit to secondary care
clinicians. A large throughput of patients needing analysis would be needed to
justify the cost and time sink of adapting to a new technology. An aim of the overall

project of which this thesis is a part, is to investigate the potential role for multi-
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modality spectroscopy in the detection of oral cancer as part of a national screening
programme. National screening programmes for oral cancer have been successful,
and it has been shown that screening downstages cancers at diagnosis and results
in better health outcomes for some targeted groups.(136,298) A UK cost-benefit
analysis from the early 2000s deemed a national screening programme for oral
cancer not cost-effective.(130) However, this issue is ripe for re-exploration, with
newer technologies available for screening,(146) a rise in cancers with different
aetiologies,(299) renewed focus on prevention and screening,(300) and a fall in

access to dental practitioners across both Ireland and UK.(301,302)

This preliminary study has shown this DRS protocol could be effective for a large-
scale screening project, where a large cohort requiring triage of suspicious lesions is
recruited. Biopsy can be carried out on high-risk lesions. At present, evidence for
the protocol to diagnose high-risk dysplastic lesions and SCC is lacking. Further
research is needed to identify biomarkers and levels typical of oral cancer, dysplasia
and other OPMD. Technical work should meanwhile continue to mitigate technical
difficulties we have encountered in this project. Amelink et al set out to provide a
use for DRS in screening. This 2011 paper attempted to distinguish between
dysplastic and non-dysplastic leukoplakia in a screening setting. This was aimed at
finding a utility for DRS in risk stratification of a lesion of unknown malignant

potential.(240)

Validity of our protocol recommendations was ensured by several methods. The
readability of the protocol was scored by the Flesch-Kincaid Grade Level and the

Flesch Reading Ease score. This was scored as a 10t grade level, roughly equivalent
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to a 15 or 16 year old’s reading level. An evaluation of patient information leaflets
gave an average reading difficulty of a 6th grade level.(281) It is reasonable that a
technical bulletin should be higher.(303) The Flesch Reading Ease was 36.9, out of a
maximum of 100. Over 60 is considered a good score. In order to improve the
readability of the guidance, we removed longer words or rephrased them. Many
sentences were also shortened in order to improve the score. However, this
reached a certain limit where it became impossible to remove words or condense
the document. Thus the document is as clearly written as it can be for a technical
audience. Readability research has typically focused on consent forms and patient
information leaflets. No clear guidance exists regarding readability of clinical

guidelines in practice.

The protocol was easily understood by the clinician group. This provides external
validation of readability. The steps were easy to follow, not numerous and easy to
remember. This is important in a setting where there may be multiple demands on

a clinician’s time.

The six clinicians felt after reading the user protocol unanimously that it is
inapplicable to clinical practice. This finding is a major barrier to implementation of
DRS. The six clinicians interviewed here held a range of positions, all in secondary
care and all with private practice careers also. All were experienced, with five out of
six having more than five years’ experience of managing OPMD. Thus, this cross-

section is suited to judging clinical utility of the protocol.

In formulating the protocol, a paucity of published literature on DRS for detection

of OPMD and OSCC was found. A literature search of Pubmed, SPIE and Embase
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databases using the search terms “diffuse reflectance” OR “reflectance
spectroscopy” AND “oral” OR “mouth” OR “oral cavity” AND “oral potentially
malignant disorder” OR “OPMD” OR “squamous cell carcinoma” OR “SCC” OR
“neoplasia” OR “cancer” OR “oral potentially malignant lesion” OR “OPML” OR
“precancer” yielded only 10 clinical trials of DRS for this purpose. Only Kolpakov and
de Veld et al included a significant number of OPMD other than leukoplakia and
SCC.(217,283) De Veld, Amelink, Jayanthi, Mallia recorded the ages of participants,
while only de Veld and Amelink supplied the gender of
participants.(175,217,240,288) All studies were performed in secondary or tertiary
institutions on referral populations. This draws the transferability of DRS research
findings into question. Jayanthi 2011 focused solely on the buccal mucosa, and a
similar study by the same author excluded any results from the tongue.(288,290)
This may artificially inflate accuracy figures. No protocols were found in the

literature.(240,276,290) The risk of imprecision was rated as high for all studies.

5.4 Reproducibility and repeatability

In this segment, we examined inter-operator variance (reproducibility) and intra-
operator variance (repeatability). Both values were calculated on the same day.
Reproducibility was estimated based on five measurements for each area of the
mouth. Each was taken as a set by a different examiner one after the other from
the same area, repeated for each area of the mouth. The spectra were then
normalised to a mean, and t-test was used to examine for areas of the spectrum
where variance was noted to be statistically significant (p<0.05). Wide values for

reproducibility were noted on all tissues. The most common site for significant
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inter-operator variability was the 400—600nm region, where haemoglobin and
deoxyhaemoglobin display most absorbance. Thus, it is most likely that the
observed variance was due to excess pressure being applied. If excess pressure is
applied to the mucosa, this will collapse the microvasculature, thus causing
measured haemoglobin levels to fall.(256) This can then give a misleading picture of
the composition of the tissue. Haemoglobin levels are the primary method of

differentiating malignant and normal tissue with DRS.(240)

In the floor of mouth, variance was noted was noted in the 600-1000nm region.
Water has a strong signature in this region.(216) An explanation for this result
would be saliva contamination, as the salivary ducts of Wharton and Bartholin are
located in the floor of the mouth and it creates a natural reservoir, bounded by the
mandibular alveolus and the base of the tongue. The lip was noted to have good

reproducibility and repeatability.

From the literature, variance between different users is an unsuspected source of
error. Few studies have examined repeatability and reproducibility, with fewer still
looking at these values in oral tissue. Studies have used one operator, not stated
the number of operators used or, if variance was addressed, tried to minimize this
by a software preprocessing step.(290) Amelink et al used 3 — 5 measurements per
site to reduce the effect of tissue heterogeneity.(239) Brooks found little variance
between users in a pre-clinical study on human skin, and concluded that inter-
operator variance is low in the mouth.(274) However, the dexterity required to use
a probe in the mouth is more difficult than on skin. The mouth also presents unique

challenges of visual access and variation in mucosa. Many groups have investigated
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the effect of pressure on human tissue. Rylander found that contact pressure
displaced interstitial water and blood underneath the contact region, induced zones
of dehydration, reduced tissue thickness, and modified optical properties.(304) The
change in tissue properties caused by excess pressure is dependent on the
thickness of the tissue, the location (for example thin tissue overlying prominent
bony outcrop), and may be affected by factors such as age, BMI, vascularity and
lifestyle habits.(305). Li et al stated that the optical properties of the human earlobe
are not affected with pressure less than 25kPa.(295) This conflicts with Yu’s finding
that 1 psi (roughly 4 times smaller) is the maximum pressure that can be applied
without compromising spectral acquisition from buccal mucosa.(256) This shows
that the oral mucosa and skin may have different requirements in respect of
applied pressure. With that said, the oral mucosa is heterogenous and may display
increased stiffness, while more subjective pressure may be applied to stiffer
mucosa.(305) More research is now required to test this hypothesis that increased
inter-operator pressure is a source of variance. There is no convincing evidence in
the literature that inter-examiner variance for DRS is low. This has implications for

its potential widespread use.

In our study, the area between the vermilion border and the wet-dry line gave the
best results for reproducibility and repeatability. The most likely reason is that the
lip has good visual and spatial access with little heterogeneity, compared with the

floor of mouth or others, where our visual access is limited by darkness in the room.

Repeatability was good, with differences noted mainly on gingival tissue. Changes in

the spectral shape and wide standard deviations were observed in gingival tissue.
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This is most likely mainly due to tissue heterogeneity. Gingival tissue contains
dentine, cementum, bone, attached and unattached mucosa, which can introduce
variation. Lip repeatability was noted to be good. Buccal mucosa also was
repeatable. Some differences noted in the haemoglobin region in the buccal
mucosa may be due to pressure, tissue variation or saliva in the area. This area
should not suffer from saliva contamination, so the most likely explanation is tissue
heterogeneity or pressure. Bregar et al. found that intra-operator probe pressures
are much more consistent than inter-operator deviations.(305) This is logical, as the

idea of light pressure may be specific to one person.

The dorsal surface of the tongue showed poor repeatability in the haemoglobin
region. This may be due to posturing of the tongue for analysis. This can be
sometimes unavoidable, or it may be difficult for patients to consciously control
their tongue. The floor of mouth, similarly to reproducibility tests, showed variance
at longer wavelengths (600-1100nm). This is most likely due to saliva contamination
of the area. It is much more difficult to confirm lack of saliva in the area when the
room is in darkness. Nieman in 2008 examined repeatability and similarly noted
little variance, however she remarked on the role that pressure can potentially

exert on results, and called for further research in this area.(235)

5.5 Study design

5.5.1 Overview
This was a controlled, open-label clinical study. A clinical trial evaluates a CE-
marked device for predetermined clinical outcomes e.g. success or failure or

magnitude of effect. This study has elements of a technical report investigating a
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new technology, however the outcome measures are not preset, e.g. magnitude of

effect or success/failure.

In an open-label study, all participants receive the same intervention. This helps

establish internal and external validity, as set out by Campbell et al.(306)

5.5.2 Initial pilot stage

Many other studies in the optical spectroscopy domain used an ex vivo stage to
establish the efficacy of their probe.(224,229,239) In our case, we have already
used this DRS probe in a study of bowel cancer specimens. This established a

baseline set of optical parameters.

An initial pilot stage aimed at acquiring optical parameters bespoke to oral tissue.
This also allowed for familiarisation of the research team with the new equipment,
as consistent with good practice in trials of new techniques set out by Burke et
al.(307). The optical parameters we used are robust and may be used by other

studies. This reinforces external validity and demonstrates scientific rigour.

5.5.3 Control group
The selection of a control group is a critical decision in study design. We used a
controlled parallel-group study design. This is consistent with more recent studies

in the literature.(226,235,264)
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Figure 43.Types of clinical study.(308)

Brocklehurst and Hoare state the randomised controlled clinical trial is “the
workhorse of evidence-based healthcare and the only research design that can
demonstrate causality”.(308) Randomisation was not possible in this trial as the
diagnostic accuracy of the device in question has not yet been attested. In order to
achieve clinical relevance for widespread implementation of DRS, a (or multiple)
well-designed RCT must be carried out comparing with gold standard. Split mouth
design studies, where the other side is expected to act as the control, have
limitations in this field. First, the healthy must be assumed to be indistinguishable
from the general population. The field cancerisation effect has been recognised as
applicable to oral spectroscopy, insofar as subjects with upper aerodigestive tract
malignancy have been found to have spectroscopic changes in the oral
mucosa.(125) Therefore, it is not safe to assume that one side will act as the other’s

control.

However, controlled clinical studies are not without their drawbacks. The first is
selection bias, where only those who are the most affected by a disease are
included. Others include blinding and attrition analysis. In this case, we controlled

for these drawbacks by conducting an open-label trial design, while attrition was
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minimised by sampling at one end point. Selection bias was diminished by
recruiting similar demographics for the study and control group while recruiting as

widely and as much as possible, introducing more variation into the matrix.

Thus, a multiphase controlled clinical study was the most appropriate design for

this study.

5.5.4 Population

There was a female preponderance (68%) in our study group, and this imbalance
was managed by stratifying for gender from the outset. This was in keeping with
the overall preponderance of oral lichen planus patients. Oral lichen planus is
predominantly to be found among females. Some of the highest incidence rates of
OLP worldwide are to be found in Europe, and this disease has been shown to be

underdiagnosed due to its latent asymptomatic nature.(32)

The participants were almost age-balanced, with a wider standard deviation in the
control group compared with the study group. Fluorescence studies have shown a
change in skin fluorescence with age, however the effect of this small discrepancy is

unknown.(309)

Factors such as skin glucose content, hypertension and BMI have been known to
affect spectroscopy.(216) Increased tissue perfusion with changes in capillary
microstructures due to physiological changes in essential hypertension can lead to
variation.(310,311) The BMI of the participants was similar, while the levels of
concurrent co-morbidity were quantitatively similar, however uneven in terms of
disease burden. Analysis is under way to determine the significance of these factors
on results. The effect of this is so far unknown.
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5.5.5 Inclusion/exclusion criteria

These were deliberately kept broad in order to include as many potential
participants as possible. Those with a current or previous diagnosis of upper
aerodigestive tract SCC were excluded due to the field cancerisation effect.(125)

The final utility for this project is envisaged to cover a wide variety of presentations.

Our trial had adaptive features, insofar as the sample size was adjusted based on
the results of interim analyses. This has scientific validity and can help to bring a
quicker result while maintaining scientific rigour. However, this should be carefully
planned in advance, and endpoints should be agreed with the involvement of

statisticians.(312) This was instigated with the help of data scientists.

5.6 Study strengths

5.6.1 Study population

Our sample size is one of the largest in the literature for DRS in the oral cavity. This
makes the results more robust and adds to a data bank that can be useful in further
research. The population recruited is majority oral lichen planus. This sets our study
apart in the literature, as only one other study has investigated the spectroscopic
appearance of OLP in the mouth.(283) We have found excellent results in
distinguishing OPMD, mainly OLP, on the buccal mucosa and ventral tongue. The
finding that a DRS probe can distinguish normal and oral lichen planus on the buccal
mucosa and ventral tongue has not been reported thus far in the literature, and
thus is a major finding for this study. The large sample size also allows us to note

trends in the data, which can then be used for future research projects.
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Stratification in age and gender was also achieved. This helps ensure transferability

of results.

5.6.2 Study design

We employed a multi-phase design with initial feasibility studies aimed at finding
the clinical difficulties with DRS. This directly informed trial design, enabling us to
find pragmatic methods of obtaining spectroscopic data on a large scale, and
defining clinical parameters and outcomes. This ensures scientific rigour and helps
to control for errors in experimental protocol and allows for familiarisation of the
team with the equipment and protocol. This also allows for experimentation with
design and removal of non-functional or not useful components of the study. An
example is the DR imaging microcamera. This was trialled in an effort to delineate

OPMD borders and find unsuspected areas but proved to be flawed.

We reported our method and how we arrived at our protocol rigorously and used
multiple phases to ensure validity of the chosen experimental technique. One of
the main criteria for judging the strength of a study is the quality of its reporting of

method.

5.6.3 Multiple observers

The use of reproducibility and repeatability statistics helps to establish the validity
of findings and opens up discussion in the research field. The finding that there is
lack of reproducibility of DRS findings between different observers will inform the
direction of future studies as well as the continuation of this project. Examination of
the inter-operator differences can also inform continuing development of the

protocol and is thus an essential step. File metadata showing time for acquisition in
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a new examiner vs experienced examiner was also similar. This shows effectiveness

of training and applicability of the clinical protocol.

5.6.4 Multiple opinions

We obtained opinions on our putative protocol from several experienced clinicians
not involved with the project, from researchers and also from participants. Having a
wide spectrum of views increases the transferability of the protocol. New
technologies may fail to come to market due to lack of effective communication
between developers of a product and end-users. Market research can help
establish a gap in the market, while identifying gaps or failures in a current

workflow may establish the space for a new innovation.(313)

5.7 Study limitations

5.7.1 Comparison with gold standard

We used one pathologist’s opinion on the histopathology to guide our diagnosis.
This was taken as our gold standard. The histopathology report was taken before
we had conducted spectroscopy in the area. This may introduce uncertainty if the
diagnosis was doubtful or if there had been changes in the interim. The use of a
prospective trial design with multiple examiners in a prospective trial would help

eliminate detection bias.

5.7.2 Point-wise nature of comparisons

A biopsy taken from one point may not adequately reflect the underlying
physiology of a larger area. This is in keeping with what we now know as a more
widespread, non-linear model of carcinogenesis. As an OPMD may affect a broad

area of mucosa, this may introduce differences between the index test (DRS) and
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the reference standard (biopsy and histopathology). The acquisition of multiple

spectra with a calculated mean acting as the true value was intended to alleviate
this shortcoming. It was not possible to identify the site of the biopsy. Evers et al.
found minimal differences in excised biopsy specimens when examined with DRS.

However, oral tissue is more heterogenous than breast.(260)

An early approach we took to identifying physiological differences was using diffuse
optical imaging to detect haemoglobin variations in the tissue. Multi-modality
spectroscopy works by adding complementary data to guide and correct the
findings from one technique. This approach has potential, however in our case the
imaging probe was not useful. Prospectively designed clinical trials with biopsy after
DRS data acquisition would reduce the potential for this error. However, such trials

are time-consuming and expensive.

5.7.3 Probe design

Our spectrometer contains a broadband light source with a narrow diffraction
grating. Spatially offset detector fibres permit detection from deeper layers of the
tissue (see Fig. 40 below). Our setup was a single-fibre light source, with an
integrated detector array, without a lens and a small source-to-detector distance.
Other, newer studies have used multi-fibre designs with multiple fibres in a
detector bundle. This offers the advantage of receiving photons which have
travelled in 360 degrees. Our DRS probe design can only receive photons which

have travelled in the linear plane from the source to the detector.
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Incident light

Detector  Detector Detector

position 1 gaposition 2 position 3

Figure 44. Multi fibre probe design capable of receiving photons in 360 degrees compared with linear array
(right)

Studies in breast cancer DRS have shown that accuracy of the probe diminishes as
the percentage of tumour cells in a particular slice of tissue decreases.(314) This
makes a multiplanar accumulation of data in all directions, with consequent greater
tissue volume acquisition most important for accuracy. Veluponnar found more
accurate classification for tumour vs healthy in a DRS probe with three or more
fibres compared with a single or two-fibre spectroscopy setup.(314) This study
identified correctly three involved tumour margins using three or more fibres that

was not identified by surgeon at time of operation.

We chose a design that involves placement of the probe at 90 degrees to the
epithelium. This was to provide ergonomic comfort and to reduce the effect of
pressure from a researcher trying to feel if an angled probe might be in contact

with mucosa.

5.7.4 Unsuspected sources of variation
Inter-patient variation can make the measurements appear dissimilar. De Boer in

her review of breast cancer DRS noted that inter-patient variation can play a role in
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measurement variability, however no data has as yet been published in the

mouth.(315)

If intra-operator and inter-operator differences are similar, then it is safe to assume

that the difference is due to tissue heterogeneity.(274)

We found little difference in intra-operator readings, but large differences between
operators. This finding needs further investigation, as it has not been reported thus
far in the literature. We have a small sample size of three individuals. However the
effect was noted for all sites and all spectra, so we feel the observed effect is
genuine. One Russian study showed unsuspected variation between spectrometer
readings by comparing readings of a homogenous medium with two
spectrometers.(283) The readings of the same medium were significantly different

for two different spectrometers.

5.7.5 Difficulties in translational research

Despite technological advancements and promising results, fibre-optic
spectroscopy has not yet found clinical acceptance in practice. This gap between
original research and final clinical implementation is not specific for these
technologies. It is considered to be one of the key aspects of translational research
in general, as it can take more than two decades before the findings of original
research become part of routine clinical practice.[12, 13] However, awareness of
the causes of the gap and potential strategies could help the field of DRS avoiding

unnecessary delay in the evolution of this technology into clinical useful tools.
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5.8 Suggestions for future research

We have conducted a robust literature review and delineated a set of evidence-
based instructions for use of a DRS probe in the mouth. This protocol has been
tested thoroughly with a large sample size and shown to be useful in the detection
of OPMD in certain areas of the mouth. This protocol can be used as a template for

researchers to carry out DRS in the mouth in the future.

Clinical research in general is hampered by lack of detailed protocols and poor
documentation of results. Poor study design leads to waste of the work that has
been put in by researchers and participants due to poor study design, flaws in
reporting or incorrect method. For example, a recent Cochrane review excluded 46

studies on the basis of poor reporting or poor method and included only 23.(4,316)

As per the IDEAL framework for the development of a new surgical device, clinical
trials demonstrating safety need to be followed up with multicentre studies, then

with randomised controlled trials to determine superiority/inferiority.

STAGE 2B STAGE 3
Assessment. High-
quality RCT,
comparison with
gold standard,
clinical middle and
long-term
outcomes

Exploration.
STAGE 2A Multicentre,
procedure
refinement and
community
learning.
Explanatory or
feasibility RCT

STAGE 0

Preclinical phase.

STAGE 1
Proof of concept.
First in human.
E.G. Case report

STAGE 4

Development. Surveillance.

Assessment prior
to testing in
humans

Prospective single
centre case series

Monitoring long-
term outcomes

Figure 45.IDEAL framework. (322]

Further studies will include more participants with more diverse population of
disease and with multiple users at multiple centres. While it is unlikely that data will

be produced in the short-term to justify an RCT versus the current gold standard,
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replication of positive findings of high sensitivity and specificity with good

acceptability to patients will help to justify a role as a biopsy adjunct.
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6 Conclusions

The study population is skewed towards oral lichen planus in its distribution, with
80% of its population OLP. The protocol shows over 87% accuracy in distinguishing
between normal and our population of OPMD in the ventral tongue and buccal
mucosa. Therefore it has high accuracy in detecting OLP in the ventral tongue and
buccal mucosa. This is contrasted with the dorsal tongue, where accuracy does not
exceed 70%. The use of this protocol to detect oral lichen planus may not be

recommended on the dorsal surface of the tongue.

Fair reproducibility was noted, with good repeatability. This requires further
investigation but may be due to applied pressure. This effect was noted across all
tissues in a small sample size. There is a lack of similar studies comparing DRS
measurements between observers. This observation calls into question the
applicability of DRS across clinical settings and should be investigated further. The
use of a unified protocol, if it is accepted generally, may help to standardise method

and to systematically analyse any evidence produced.

The time taken to set up and warm up is a barrier to clinical implementation and to
adoption generally among clinicians. The necessity for readings to be taken in
darkness is also a barrier to implementation. Given these results, it would seem
sensible to further develop the use of self-calibrating probes. These have the
potential to offer more accurate DRS without darkness obscuring vision and with an

inbuilt pressure sensor.
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The overall aim to assess the utility of multimodality spectroscopy for a large-scale
screening programme for oral cancer has been partially fulfilled. This is a
preliminary study with a large sample size which has found a role for DRS in
identifying OLP on the buccal mucosa and ventral tongue. This result shows
promise, however further research is needed in diagnosis of other OPMD and oral
cancer in the mouth. The probe is quick to take acquisitions, acceptable to patients
and with excellent accuracy. It is best used in a specialist setting, where there are

many patients to be tested.

1. The protocol has been formulated successfully

2. Our method of DRS can reliably distinguish between OLP and normal in the
buccal mucosa and ventral tongue

3. Inter-observer variability may be high and needs further investigation

4. An application is identified for its use in a large-scale screening project, if
further research can demonstrate acceptable sensitivity and specificity in
distinguishing between other OPMD and oral cancer

5. Clinicians are sceptical about the protocol. The setup time and necessity for

darkness while in use are major deterrents.
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User protocol for use of diffuse reflectance spectroscopy (DRS)
in the detection of oral potentially malignant disease (OPMD)
and squamous cell carcinoma (SCC)

Stakeholder group
Dr. Edward Fahy (Cork University Dental School and Hospital)

Prof. Richeal Ni Riordain (Cork University Dental School and Hospital)

Siddra Maryam (Tyndall National Institute of Biophotonics)

Scope of the guidance

This guidance is intended for new users of diffuse reflectance spectroscopy (DRS)
probes. It outlines evidence-based methods for its use to diagnose and
differentiate between normal, oral premalignant disease (OPMD) and oral
squamous cell carcinoma (OSCC). This guidance is intended to cover the clinical use
of the probe. This will encourage future research in the field and provide
standardised results.

Why this guidance is needed

There are multiple published studies on the use of diffuse reflectance probes for
detection of oral OPMD and OSCC. There is currently no consensus or best practice
on the use of DRS in the mouth.

Introduction

Diffuse reflectance spectroscopy is a light-based optical technique that aims to
measure the light reflectance from light absorbers and reflectors. It requires the
use of software and post-processing to produce a result. Using DRS, a spectrum is
produced that can be analysed for of the ratio of deoxygenated haemoglobin to
oxygenated haemoglobin in the tissue. It has been used to diagnose disease in the
mouth, Gl tract, liver, lungs, urinary tract, cervix, breast and brain.[1] This protocol
is intended to be used only in the mouth. DRS shows greater sensitivity and
specificity than other light-based optical techniques for recognising normal, benign,
premalignant and malignancy in the mouth.[2] It requires the probe to be in contact
with the mucosa in order to produce a result.
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Innovation

DRS uses captured reflected white light in the 300-700nm region from an area of
interest. Haemoglobin preferentially absorbs white light in this region. This can be
measured and the ratio compared to other tissues to reach a diagnosis. Other
systems have similar features, however DRS is simpler and provides information on
composition and morphology of tissue.

Current care pathway

Current best practice dictates patients presenting with a new or changing oral
mucosal abnormality will have a biopsy done by a surgeon or specialist dentist or
doctor. Biopsies taken are examined under a microscope for OPMD or OSCC by a
histopathologist. The extent of precancerous change, also termed as dysplasia, is
graded. Once dysplasia is identified, the patient should be followed up with regular
clinical exams and repeated surveillance biopsies in the event of changes or other
worrying signs. This necessitates repeated biopsies in the mouth, with resulting
increase in burden to the patient and healthcare system. In some cases, patients
are recommended further treatment to remove or otherwise destroy the area. The
literature recommends surgical excision of any area graded as moderate dysplasia
or above.[3, 4] A new non-invasive, point-of-care solution would be of benefit to
patients and to the healthcare system to reduce the number of biopsies and obtain
quicker results.

Indications

Any patient with a suspected or proven OPMD or OSCC. DRS can be used for the
first time in patients who have an undiagnosed oral lesion or can be used in
patients to check for change in a previously diagnosed area. DRS can be used by any
doctor or dentist with experience of diagnosing and treating oral premalignant
conditions. Additional training may be needed to use the probe effectively.

Prior to investigation

Patients should be provided with the necessary information related to their health
care in a format that enables them to make an informed decision. Consideration
should be given to the use of written materials and diagrams. A written informed
consent must be obtained for invasive diagnostic and therapeutic procedures.
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Clinical evidence

Procedure and clinical guideline

Published evidence
7 studies are summarised in this guidance including 439 people who have oral
potentially malignant disease or cancer.

There are two meta-analyses that are published with regard to DRS in the mouth.
Fuller et al (2015) included 3 studies. This study found that DRS has the greatest
accuracy of the techniques under investigation (sensitivity: 98.6% with 101
dysplasia and cancers sampled, with a p value of superiority vs: [Toluidine Blue (TB)
<0.001], [clinical oral examination (COE) 0.014], [cytology 0.007], [light-induced
autofluorescence (LIAF) 0.990]. Specificity: 83.2% with 21 benign lesions, p-value vs
TB 0.013 and COE 0.098. Accuracy n= 122, 96.5% [2]

Mendonca (2022) included three studies with 63 dysplastic and 177 non-dysplastic
lesions analysed. This showed high diagnostic index values (Sen: 0.79(Cl) (0.67—
0.89), Spe: 0.86(0.80-0.91), DOR: 40.47 (0.80, 2047.56) and SAUC of 0.911(SE =
0.034)[5]

Summary of published studies

The evidence for DRS is of moderate quality and provides some information as to
how DRS could be used in the diagnosis of OPMD and SCC. The evidence includes
five prospective clinical trials comparing DRS spectroscopy with biopsy and
histopathology and a feasibility study that reports diagnostic accuracy. Evaluation
of the risk of bias was carried out using the QUADAS-2 tool. The most likely
judgement of bias was moderate, due to the lack of multiple pathologist grading.
Good consistency was noted across the studies, with lower effects most likely as a
result of grouping heterogenous tissues together. The level of indirectness was
most likely moderate-high, with variation in the type of DRS used and population
variability. The research was done in specialist centres. Clinical examination, biopsy
and DRS all were done by highly trained surgeons and oral medicine specialists so
may not be reproducible in all primary care settings. Further randomised trials are
needed with standardised protocols and diagnostic criteria.

Preparation

e Background electromagnetic radiation needs to be excluded. This can be
done by turning off the room lights and closing any curtains or blinds.
(Strong recommendation — low risk of bias)[6—9]
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e Patient and operating team should wear safety glasses when the laser is in
operation. [6]

Calibration
System Warm up
e Prepare the system for measurements (start system, start software, warm
up system etc.) This should be done at least 30 minutes before starting to

eliminate fluctuations due to lamp intensity.[10] (Strong evidence, low risk
of bias)

Data collection from Standard
e Background reflectance should be measured with the integrated light
source switched off or covered.
e This background reflectance then be subtracted from the experimental
reflectance readings.[7, 8, 11-13]
e Calibration using a reflectance standard is also carried out now. At least
10-15 minutes should be allocated for this.[10]

Probe Cleaning/Sterilizing
e Clean DRS probe prior to use. Tristel chlorine wipes to be used and rinsed
at the end with deionized water.[14] (Conditional recommendation, high
risk of bias)

Data Collection

e A pre-operative rinse for thirty seconds should be administered to reduce
the effect of residual food.[6, 9, 15] (Moderate recommendation, weak
evidence)

e The area assessed should be dried. Gauze is preferable (expert opinion)

e Photography helps to identify and cross-reference diagnosis. (expert
opinion)

e The probe should be placed at a 90 degree angle to the dry mucosal
surface to be analysed. (moderate recommendation, high risk of bias)

e Asecure finger rest should be obtained at all times (expert opinion)

e The pressure applied should be minimal. [16—-18](strong recommendation,
low risk of bias)

e Move the probe slightly each time to ensure no deformation of the mucosa
with loss of blood flow. At least 3 points, and preferably 5 samples are
advised.[19] (conditional recommendation, high risk of bias)
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Area of interest

The tissues in the oral cavity vary in their optical properties. There is currently no
consensus on which tissues can be grouped together.[20] Most authors use a
variation of the below to take readings.[14, 15, 19, 21]

Lesion.

Contralateral site.

Dorsal surface of tongue

Ventral surface of tongue.

Lip between vermilion border and wet-dry line.
Buccal mucosa.

Gingiva.

Floor of mouth.

Palate (hard/soft).

LN R WN R

Precautions
1. Tapdry the area from which the data is being collected as water can
change the signal.
2. The mucosa should be relaxed as much as possible. Stretching or
dilating the mucosa will change the optical properties.

Summary of evidence

The below is a summary of the in vivo clinical trials included in this guidance.
Studies were included based on the degree of explanation of their method,
whether DRS was primarily used to obtain a result and clearly explained. Only
studies which used a DRS probe in vivo were included. This was to reduce the risk of
bias or incorrect method used in a lab or purely experimental setting. Studies were
excluded if the reporting of their accuracy was not included or incomplete, or if the
reporting of the gold standard diagnoses (i.e. histopathology) was either not carried
out, not reported or was incomplete.
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Yu 2017 [22]

DRS probe with integrated pressure sensor and automated
pressure application. Applied to the buccal mucosa of 8
volunteers. Significant spectral differences observed above 1psi.

Bailey 2017[8

]

Study size,
location and
design

Clinical feasibility study with 28 patients, Canada. Included 93
measurements from 25 patients.

Intervention
and

Biopsy of all sites after spectroscopy. Reported by one pathologist.
2-3 normal site measurements

comparison

Key Samples grouped by normal, benign, mild dysplasia, severe

outcomes dysplasia. excellent performance in the discrimination of normal
from benign and dysplasia. Spectra normalised, preprocessed and
standardised. Maximum relevance minimum redundancy with
leave-one-out cross-validation used to select most discriminatory
spectral features — found by dividing spectra in 20nm blocks. No
difference in depth-selective fibres in classification.

Strengths Did not separate sites by anatomical area or by tissue type. Not

and blinded to histological diagnosis when calculating

limitations sensitivity/specificity. Low accuracy in calculating benign vs

dysplasia. No control group — risk of confounding

Amelink 2011[19]

Study size,
location and
design

Open — label clinical trial including 18 participants in the
Netherlands. 27 leukoplakias, 75 DRS spectra. 45 dysplastic, 31
non-dysplastic lesions. 24 clinically normal sites taken as
reference. The Netherlands

Intervention
and

Diffuse reflectance spectroscopy of all lesions immediately
followed by biopsy, blinded pathologist. Averaged results of 4-5

comparison: | acquisitions from lesion

Key Used linear discriminant analysis of blood volume fraction (bvf),

outcomes vessel diameter and tissue oxygenation to discriminate dysplastic
leukoplakia and non-dysplastic leukoplakia with a sensitivity and
specificity of 91% and 80%, respectively. The area under the
receiver-operating characteristic (ROC) curve was 0.87. Bvf
borderline significant for difference between normal, non-
dysplastic leukoplakia and dysplastic leukoplakia.

Strengths One investigator part of industry. Did not use depth-sensitive

and spectroscope, therefore only obtained results from superior

limitations epithelium. Did not differentiate between grades of dysplasia,

leading to imprecision in effect estimate. No control group,
therefore risk of confounding
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Jayanthi 2011[6]

Study size,
location and
design

Prospective open-label clinical trial in outpatient department of
dental school in India including 96 patients and 34 healthy
volunteers.

Intervention
and

Incisional biopsy taken from all that showed malignant features on
DRS spectra.

comparison

Key Used training and validation sets. PCA-LDA performed on

outcomes normalised spectra with PCA to extract spectral features and LDA
used to generate discriminant function with leave-one-out cross-
validation. Sensitivity 98.5% and specificity of 96.0% for
distinguishing SCC from dysplasia. AUC 0.98 (95% Cl 0.95 to 1.00)
for distinguishing dysplasia from SCC

Strengths Limited to buccal mucosa only which has a smaller risk for cancer,

and therefore results may not be applicable to all areas of the mouth.

limitations Not all participants received the gold standard for diagnosis of

biopsy, this may have confounded results. Two pathologists
confirmed histology. Controls not age- and sex-matched

Jayanthi 2011[23]

Study size,
location and
design

Prospective clinical trial, India. 30 controls, 65 patients with oral
mucosal disease

Intervention
and

Incisional biopsy taken from all patients with results interpreted by
pathologist blinded to spectra

comparison

Key Sensitivity 100% and specificity 96% in distinguishing dysplasia and

outcomes SCC. AUC 0.991 for DRS. Used normalised spectral data and found
best resulta with discriminant function analysis.

Strengths Good variety of diagnoses. Excluded lateral tongue, vermilion

and border and dorsal surface of tongue which may confound results.

limitations Only one pathologist grading. Control group noted to have

different habits to study group, which may confound results

Mallia 2010[7]

Study size,
location and
design

Observational clinical trial, India. N=56. 36 healthy volunteers, 36
with high or low-risk lesions. 30 sites of 16 patients used to get
algorithm for dorsal surface of tongue.

Intervention
and

DRS spectroscopy. Immediate biopsy and histopathology with
visual inspection for healthy patients. Pathologist blinded to

comparison | spectroscopy graded results.

Key Sensitivity of 86% and specificity of 94% to discriminate dysplasia

outcomes from SCC on dorsal of tongue. sensitivity of 90% and specificity of
86% in hyperplastic vs dysplasia. Used 545/575nm haemoglobin
ratios and scatter plot.

Strengths Limited to one area, Controls not age and sex matched, did not

and exclude cancer from control, little exclusions, only one pathologist

weaknesses
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Mallia 2008[24]

Study size,
location and
design

Observational clinical trial, India. 36 healthy volunteers and 29
patients with high or low risk oral abnormalities.

Intervention
and

Diffuse reflectance spectroscopy followed by immediate biopsy
with pathologist blinded to results

comparison

Key Use 545/575nm haemoglobin absorption ratio and scatter plot. 13

outcomes patients included in final analysis to obtain results for buccal
mucosa only. Dysplasia and SCC distinguished with 96% sensitivity
and 100% specificity

Strengths Controls not age and sex matched. Volunteers had no tobacco

and habits. Divided by anatomical site. Buccal mucosa only. Diagnosed

limitations SCC that was undiagnosed by histology and SCC that was
unsuspected by COE but confirmed by histology

Nieman 2008[25]

Study size, Pilot clinical study, USA. n=24, 57 sites

location and

design

Intervention
and

Biopsy of area taken after DRS measurements

comparison

Key Able to differentiate mild dysplasia from severe dysplasia with

outcomes sensitivity 80 and specificity 83%

Strengths Examined repeatability, however pathologists not blinded to

and histology which may be a confounder, small sample size in this

limitations study, did not divide samples by anatomical location leading to
imprecision

De Veld 2005

Study size, Clinical trial, the Netherlands, 155 patients with oral mucosal

location and | abnormalities, 70 controls

design

Intervention
and

DRS measurements followed by biopsy

comparison

Key Benign from dysplastic results: ROC-AUC 0.77, sensitivity 69%,

outcomes specificity 77%). Author: “not good enough for clinical
application”.

Strengths Good reporting of dropouts and excluded readings. Imbalanced

and dataset, with few dysplastic lesions. Not all lesions biopsied, only

limitations | those felt to be clearly premalignant or malignant. No description

of histopathological examination. This early study’s results have

not been replicated.
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Excluded studies
Kolpakov 2023[26]

Schwarz 2009[21]
Liu 2023[27]

Recommendation for research/audit
This should be audited for clarity and for ease of reproducibility across healthcare
settings and patient groups
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Flow diagram of user protocol

Calibration and
collection of
background data

Follow

algorithm Bring in
for full patient
mouth

Repeat for
greater
accuracy
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