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Abstract

Objectives—Tobacco usage is the strongest risk factor in the development of oral squamous cell 

carcinoma (OSCC), which mandates careful screening for oral cancers in smokers. However, there 

are indications that oral potentially malignant lesions, such as oral epithelial dysplasia (OED), in 

non-smokers (NS) have a higher cancer risk than those in smokers. Without tobacco as an etiology, 

the development of these lesions in NS may suggest genetic susceptibility. The increasing 

incidence of OSCC in NS calls for a better understanding of the natural history of OED in NS as 

compared to that of smokers.

Materials and Methods—Patients from a population-based longitudinal study with more than 

10 years of follow up were analyzed. Of the 455 patients with primary OED (233 mild and 212 

moderate dysplasia), 139 were NS and 306 were smokers. Demographic and habit information, 

clinical information (lesion site, size and appearance; toluidine blue and fluorescent visualization), 

microsatellite analysis for loss of heterozygosity (LOH) and outcome (progression) were 

compared between the two groups.

Results and Conclusions—The majority of patients with OED were smokers. Of these, more 

were males, non-Caucasians and heavy drinkers. A significantly higher number of OED in NS 

were in the tongue, whereas a significantly higher number of OED in smokers were in the floor of 
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mouth (FOM). OED in NS showed a greater than 2-fold increase in cancer progression. Strikingly, 

OED located in the FOM in NS showed a 38-fold increase in cancer progression as compared to 

those in smokers.

Keywords

Oral cancer; Oral premalignant lesions; Oral leukoplakia; Pathology; oral; Precancerous 
conditions; Neoplasm; epithelial; Cancer progression; Predictive markers; Biomarkers; Non-
smokers

INTRODUCTION

Tobacco usage is the strongest risk factor for the development of oral squamous cell 

carcinoma (OSCC)(1–4), which mandates careful screening for oral cancers in smokers. 

However, OSCC does develop in non-smokers (NS), and there are indications that oral 

potentially malignant lesions (OPML) in NS possess a higher cancer risk than those in 

smokers.(5–8) Without tobacco as an etiology, the development of these lesions in NS may 

suggest genetic susceptibility. Tobacco cessation efforts have resulted in a drop in oral 

cancer rates associated with this habit (9), leading to a growing interest in the increased 

proportion of cases occurring among NS. (10) The increasing incidence of oral cancer in NS 

petition a better understanding of the natural history of OPML in NS as compared to that of 

smokers.

OPML with a histological diagnosis of oral epithelial dysplasia (OED) are at an increased 

risk of progressing to oral cancer than those without dysplasia. (11–13) Although the 

presence of dysplasia provides an indication of risk for higher grades of dysplasia (14, 15), it 

is a relatively poor predictor for OED with low-grade (mild/moderate) dysplasia, which 

represent the majority. (16) A more precise risk stratification is required for low-grade 

lesions.

The study of OPMLs has been the focus of our research team for more than 2 decades, 

mainly with respect to the development of markers that would help in differentiating 

progressing from non-progressing mild/moderate dysplasia. The markers included clinical 

visual aids, such as toluidine blue (TB) staining (17), fluorescent visualization (FV) (18, 19) 

and microsatellite analysis of loss of heterozygosity (LOH).(5)

Microsatellite analysis for loss of heterozygosity (LOH) analysis is used to assess the loss of 

chromosomal regions that contain known or putative tumour suppressor genes. The Oral 

Cancer Prediction Longitudinal (OCPL) study being conducted at the BC Cancer Agency in 

Vancouver (British Columbia, Canada) has reported a risk prediction model which uses 

LOH at key chromosomal loci to stratify lesions to risk of malignant progression. (5) To 

date, this PCR-based assay is the only marker that has been shown to predict malignant 

progression of low-grade OED and has been prospectively validated in an independent 

cohort of patients from community settings. (5, 20) Furthermore, it has been optimized for 

work with archival tissue and small DNA quantities. (21–24)
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Several studies have examined clinical characteristics and the prognosis of OSCC in NS. 

However, this question has not been explored thoroughly with respect to OED. (25–30) Not 

only is the natural history of OED in NS poorly understood, but the path to prevention and 

intervention of disease is not well defined in this group. There is a gap in the knowledge 

surrounding the clinicopathological and genetic characterization and the risk of progression 

in this growing category. This information is critical to the evolution of precision medicine 

in this subgroup by allowing for medical decisions, practices, and interventions to be 

tailored to the individual patient based on their predicted risk of disease.

This study reports on findings within the ongoing OCPL study, of which the overall goal is 

to establish a risk model for the malignant progression of low-grade OED. The purpose of 

the present study was to characterize the clinicopathological features and the genetic profile 

of low-grade OED in NS, as well as to compare progression rates and time to progression 

between NS and smokers with OED. By describing the clinical characteristics of OED in 

NS, we seek to better define this unique subset of patients and ultimately aid in the 

prevention, diagnosis, and management of this disease.

MATERIALS AND METHODS

Since January 1, 1997, the OCPL study has prospectively enrolled and followed patients 

with low-grade OED to a primary endpoint of malignant progression to severe dysplasia, 

carcinoma in situ (CIS), or SCC. Participants in the study were identified through a 

centralized population-based biopsy service, the BC Oral Biopsy Service, where community 

dentists and specialists across British Columbia (population 4.6 million, in 2014) send 

biopsies for histological diagnosis. Patients with a diagnosis of low-grade OED were 

referred by these community clinicians, upon recommendation from the OBS, for follow up 

to Oral Dysplasia Clinics, where they were invited to participate in the OCPL study. Study 

protocol and ethical approval was obtained from the University of British Columbia/BC 

Cancer Agency Research Ethics Board, and participants were accrued to the study using 

written informed consent.

The current study is a focused analysis which used a subgroup of the OCPL study 

population. Eligibility criteria for this analysis required a histologically confirmed primary 

mild or moderate OED with lesion clinicopathogical and tobacco history available and no 

prior history of oral cancer. Participants where followed a minimum of 12 months, or to 

progression, whichever occurred first. No participants were excluded, unless they did not 

meet the criteria. A total of 445 subjects met the selection criteria and were included in the 

present analysis, with a median follow-up time of 55.4 months (3.3 – 241.4 months). Of the 

445 cases reported, 269 were reported in a previously published study involving patients 

with primary OPML. (5)

Detailed past and present tobacco and alcohol habits were collected by a standardized 

questionnaire at study entry. Past and current smoking status, as well as amount and form of 

tobacco (cigarette, pipe, cigar or smokeless tobacco), were documented. Pipe, cigar and 

smokeless tobacco were recorded if the subject indicated that they had used this form of 

tobacco more than once per week for one year or longer. (31) Cigarette equivalents were 
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calculated as one pipe equaled 3 cigarettes, and one cigar equaled 2 cigarettes. Smoker was 

defined as having consumed more than 100 cigarettes (or the equivalent) in one’s life time. 

(32) Periods of time where a subject had temporarily or permanently quit smoking were 

recorded. Lifetime smoking history over the subject’s entire life, including amount smoked 

per day during specific age categories, was collated as a pack-year calculation. A pack-year 

was defined as the equivalent of smoking 20 cigarettes (1 pack) per day for 1 year. Average 

weekly alcohol consumption was recorded. One alcoholic drink was defined as 8 ounces of 

beer, 4 ounces of wine or 1 ounce of spirits. Heavy drinker was defined as consumption of 

more than 14 drinks per week for women and 21 drinks per week for men. (33, 34)

Clinicopathological data, including lesion site, size, appearance, lesion margin 

characteristics, as well as information on FV retention and TB positivity were included in 

the analysis. Lesion size was measured using a calibrated probe and recorded with a 

bidirectional measurement in millimeters. Lesion appearance was documented as either 

homogenous (same colour and texture throughout) or as non-homogenous (colour and 

texture not uniform). Lesion margins were either ill-defined or well-defined. Index lesions 

were assessed for FV and TB status as previously described. (17, 19) LOH analysis was 

performed on index biopsies collected at baseline, and lesions were classified as low, 

intermediate or high risk of progression, using previously published methods. (5, 35)

Clinical follow-up visits occurred every 6 months. Comparative biopsies of the index site 

were performed upon significant clinical change or approximately every 24 months if no 

significant change. Outcome was histologically proven progression to severe dysplasia, CIS, 

or SCC. Inclusion of severe dysplasia as the progression endpoint was based on our findings 

that without treatment, progression occurred in 32% of patients in 3 years; 60% in 5 years. 

(15)

Data analyses were carried out using SPSS® Version 24.0 software (Armonk, NY: IBM 

Corp). The threshold for significance was set at P < 0.05, and all tests were 2-tailed. The 

inferential analysis included separate bivariate analyses between each independent and 

dependent variable. Categorical variables were tested using the Chi-square Test or Fisher’s 

Exact Test when more than 20% of cells contained expected frequencies of < 5. Quantitative 

variables were tested using an independent samples T-test; those that were not normally 

distributed were tested with the Mann-Whitney U test. Interaction effects between tobacco 

and gender, site and alcohol were evaluated with respect to progression, using a binomial 

logistic regression model. The main analyses were based on the time-to-event outcome. 

Time to endpoint was calculated from date of the index biopsy to endpoint date or to last 

follow-up date (as of Nov 15, 2016), if no progression occurred. Time-to-progression curves 

and 3-year and 5-year progression rates were estimated using Kaplan–Meier analysis and the 

Log Rank test. Hazard ratios and the corresponding 95% confidence intervals (95% CI) were 

determined using the Cox proportional hazards regression model.
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RESULTS

Sociodemographic and Lifestyle Characteristics

A total of 445 subjects were included in the analysis. Approximately one third (31%) of the 

subjects were NS. Sixty-nine percent of subjects were smokers; 3.4% had reported having 

used chewing tobacco, 6.5% reported using cigars and 4.9% reported smoking a pipe. Table 

1 shows the distribution of cases of OED according to sociodemographic and lifestyle 

variables in NS as compared to smokers. The majority were Caucasian and over the age of 

40, and males were more likely to be smokers than females were. Age at diagnosis was not 

significantly associated with smoking status. Gender and ethnicity were significant for 

smoking status (P = 0.01 and P < 0.001, respectively). Alcohol consumption was also 

associated with smoking status. Heavy consumers of alcohol were 6.6 times more likely to 

have smoked than those who were light drinkers or who abstained (95% CI, 2.58 – 16.76; P 
< 0.001). Gender, ethnicity and alcohol category were each tested in multivariate analysis to 

see if interaction with smoking status was predictive of malignant progression. When 

combined with smoking status, neither gender (P= 0.36), ethnicity (P = 0.86), or alcohol 

consumption (P = 0.85), was significantly associated with progression.

Clinicopathological Features

The first aim of the study was to characterize the clinicopathological features of OED in NS. 

Clinical features, including lesion size, texture, colour, appearance, margin characteristics, 

FV status and TB status, did not differ significantly between smokers and NS (Table 2). 

Smokers were more likely to have OED at the palate, retromolar trigone or floor of the 

mouth (FOM) (P < 0.001). Dysplastic lesions on the tongue were 7.3 times more likely to 

progress than OED elsewhere in the oral cavity (95% CI, 1.71 – 31.11; P < 0.001). Lesion 

size (P < 0.001), non-homogenous appearance (P = 0.01), loss of FV (P = 0.01), TB 

positivity (P = 0.001), and grade of dysplasia (P = 0.002) were also significantly associated 

with progression. Strikingly, when lesion site was analyzed together with smoking status, 

interaction analysis revealed that NS with a lesion on the FOM possessed a 38-fold 

increased risk of progression as compared to smokers (95% CI, 3.35 – 440.26; P < 0.003).

Outcome

The second aim of the study was to explore whether there were differences in progression 

between smokers and non-smokers with OED. Out of 445 subjects, 60 (13%) cases 

progressed (Table 3); 33 to severe dysplasia (7%), 5 to CIS (1%), and 22 to SCC (5%). A 

significantly higher proportion of progression occurred in NS: NS were more than twice as 

likely to progress than those who smoked (95% CI, 1.24 – 3.76; P = 0.006). When smokers 

were further categorized into former smoker (FS) and continuing smoker (CS), NS 

possessed a 4-fold increased risk of progression as compared to that of CS (P = 0.004). 

Amount of smoking was also negatively associated with progression: NS possessed more 

than twice the risk of heavy smokers (HR=2.31; 95% CI, 1.16 – 4.60; P=.02).

Time to progression occurred faster in NS as well (Figure 1). Table 4 compares the 

probability of progression in NS and in smokers, showing 3- and 5-year rates. Both 3-year 

and 5-year progression rates were higher in NS than those in smokers (3-year: 12.7% vs. 
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5.5%; 5-year: 16.6% vs. 10.1%, respectively) (P = 0.002). Length of follow up did not differ 

significantly between the groups (median time of 66.2 months for NS, 60.4 months for 

smokers; P = 0.07).

When the LOH risk model was used to examine outcome in NS compared to that in 

smokers, Cox regression analysis showed that LOH risk patterns were strongly associated 

with progression and was sensitive in both groups. Overall, lesions in the high-risk category 

had a 25-fold increased risk of progression (95% CI 8.50 – 76.69; P < 0.001) as compared to 

those in a low-risk category. However, NS in a high-risk category possessed much higher 

risk (HR = 60.74; 95% CI, 7.17 – 514.51; P < 0.001) than smokers (HR=15.09; 95% CI, 

3.98 – 57.25; P < 0.001) (Figure 2).

DISCUSSION

This study characterizes both the clinicopathological features and the genetic profile of OED 

in NS and associates these findings with outcome in a large number of patients in 

longitudinal follow up. Although several studies have explored the association between 

clinical or genomic characteristics and outcome of OSCC in NS (25–28, 30, 36, 37), few 

studies have explored these considerations with respect to OED. Although previous studies 

have reported a higher transformation rate in NS,(5–8, 37, 38) this study is more 

comprehensive in that the primary focus is to compare multiple parameters (histological, 

clinicopathological and genetic) between smokers and NS, as well as to evaluate the 

interaction of smoking status with these parameters in association with progression. In 2012, 

Ho et al. (38) found that non-smoking status and tongue subsite had the highest risk of 

transformation. Our study has supported the findings of previous studies in OPML, by 

confirming that NS with OED possess a significantly elevated risk for progression, and has 

presented new findings in interaction analysis with clinical features, the genetic risk models, 

as well as the proportion and time to progression among smokers and NS. This study was 

conducted within the framework of a prospective clinical trial, the OCPL Study, the largest 

longitudinal study attempted to date, and is unique in that it draws from a community-based 

rather than a high-risk population. The study design demonstrates clear temporal sequence 

between exposure and outcome. The limitations are the same inherent limitations as those of 

any prospective cohort study: it requires a large sample size and long follow up. Long 

latency periods increase the study time, complexity, and cost, as well as increase the 

potential of loss to follow-up. Another potential limitation comes from the self-reported 

smoking data which requires the participant to recall and report this information accurately.

Tobacco use is considered one of the most significant risk factors for OSCC. (1–4). 

However, this environmental exposure is not the only pathway to oral cancer. Alcohol 

consumption is also recognized as an independent risk factor for OSCC. (3, 4, 39–42) There 

is also evidence that suggests tobacco and alcohol act synergistically to contribute to OSCC 

risk. (3, 4, 43–45) Although alcohol was strongly associated with smoking status in this data 

set, alcohol alone had no association with progression (P = 0.65). Like other studies that 

have examined alcohol and tobacco interaction in the etiology of OSCC, results of this study 

are hampered by the low numbers of heavy drinkers who do not use tobacco (n = 5). The 

interaction between alcohol category (none/light vs. heavy) and smoking (NS vs. smoker) 
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was not predictive of progression (P = 0.85). Similarly, interaction between number of 

tobacco pack-years and weekly alcohol consumption was also not predictive of progression 

(P = 0.19).

With increasing evidence of the etiological role of human papilloma virus (HPV) in the 

development of cancers of many human organs and tissues, one could hypothesize that HPV 

may play an important etiological role for oral SCC in NS. However unpublished data from 

our lab has shown a higher percentage of oral SCC with HPV DNA in smokers (9%, 13/135) 

than that of NS (3%, 2/76) although the difference was not significant (P = 0.09).

The data presented in this analysis confirm that although smokers are more likely to develop 

OED, when OED does occur in NS, they are at higher risk for cancer progression. Our 

findings not only clearly demonstrate a significantly elevated risk for malignant progression 

in NS with OED, but also reveal that OED in NS progress more quickly than smoking 

associated OED. LOH markers can delineate high risk lesions, regardless of risk habits, and 

should be an important consideration in the management of OED.

Cancer development is believed to be underlined by accumulation of mutations of driver 

genes through exposure to environmental carcinogens or hereditary predisposition. Recently 

Tomasetti and Vogelstein (46) have proposed a third theory for the mutation - mutations 

resulting from the random mistakes made during normal DNA replication, or replicative 

errors. It has been proposed that up to two-thirds of human cancers are a result of such 

errors. (47) It is possible that OED in NS is driven either by inherited predisposition and/or 

by replicative errors, versus smokers whose OED is more likely attributable to mutations 

that are environmental in etiology. To test the hypothesis that the progression risk model 

would differ in the OED of NS and those of smokers, we examined the chromosomal 

changes in regions of hypothesized tumour suppressor genes at 3p, 4q, 8p, 9p, 11q, 13q and 

17p. The previously published LOH risk model, which uses LOH at 9p, 17p and 4q to 

predict the cancer risk of OED, was still the best risk model and equally predictive of 

progression in both smokers and NS. (5) The similarities in the prediction models could be 

interpreted as showing that the genetic alterations are similar between smokers and NS, 

regardless of how these changes are acquired, i.e., through environmental carcinogens, 

genetic predisposition or replicative errors. On the other hand, OED in NS may involve 

unique genetic mutations, which are driving progression, which have not yet been identified. 

Further genomic characterization, using methods such as next genome sequencing (NGS), 

would be needed to provide valuable insight into the differences in the molecular 

pathogenesis of OSCC associated with cigarette smoking and that of NS.

It is generally accepted that OED is at risk of progression to SCC (11–13), although no 

universally accepted guidelines for the management of low-grade OED exist. Therefore, it is 

suggested that the secondary prevention of SCC, from OED, should utilize, not only the 

histological diagnosis of dysplasia, but also more objective biomarkers of the risk of 

transformation. The need to find molecular markers for the risk of OSCC, and the 

importance of the implications for the prevention and early detection has been highlighted 

by others.(23, 48–50) The term precision medicine, or personalized medicine, refers to the 

ability to make medical decisions and offer treatment or interventions tailored to the 
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individual patient based on their predicted risk of disease. (51) The ability to identify low-

grade lesions that are at risk for progression paves the way for interception, or the idea that 

premalignant lesions (OPML) can actively be treated to reduce the risk of the lesion 

becoming a full blown cancer. (52). These high-risk individuals could be offered more 

aggressive treatment options and more intensive follow-up; they are also prime candidates to 

target for chemoprevention trials.

Conclusion

Clinicians should be diligent in screening for cancer in both smokers and NS. Tobacco 

remains one of the strongest risk factors for the development of OSCC, yet for patients with 

a histologically confirmed OED, NS have increased cancer risk. With smoking eliminated as 

an etiology, their development in these patients suggest either genetic susceptibility or 

replicative errors. These findings substantiate the risk of progression in NS and emphasize 

the need for clinicians to consider smoking history and the molecular profiles in the triage 

and management of OED. The consideration of smoking history and LOH risk category 

marks the evolution of a systematic decision-making process for this very heterogeneous 

group of lesions and an important move towards clinical application of these markers in a 

way that minimizes patient morbidity while maximizing health system and cost efficiency. 

This information is critical to the evolution of precision medicine in this subgroup by 

allowing for medical decisions, practices, and interventions to be tailored to the individual 

patient based on their predicted risk of disease.
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HIGHLIGHTS

• The majority of patients with OED were smokers; yet NS with OED were at a 

higher risk of progression

• OED in smokers and NS were similar in size and appearance, but differed 

with respect to site

• NS with an OED at the FOM possessed a 38-fold increased risk of 

progression compared to smokers

• LOH markers can identify high-risk lesions, and are sensitive regardless of 

smoking risk habits
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Figure 1. 
Kaplan–Meier plot of time to progression in smokers vs. non-smokers. Smoker was defined 

as > 100 cigarettes in lifetime; Non-smoker was defined as <100 cigarettes in lifetime.
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Figure 2. 
Cox proportional hazards regression model analysis for loss of heterozygosity (LOH) risk 

patterns in non-smokers (A) compared to smokers (B) with risk stratification by the 

previously reported LOH model. (5) Non-smoker (NS) was defined as less than 100 

cigarettes in life time; Smoker was defined as consumption of more than 100 cigarettes in 

lifetime. Low Risk was defined as 9p Retained; Moderate Risk was defined as 9p LOH 

(Loss of Heterozygosity), or 9p LOH + 17p LOH, or 9p LOH + 4q LOH; High Risk was 

defined as 9p LOH + 17p LOH + 4q LOH.
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Table 1

Distribution of cases according to sociodemographic and lifestyle variables

ALL Non-Smokera (%)* Smokerb (%)* P value

Total 445(100) 139 306

Age at diagnosis (n= 444)

 Mean (years ± SD) 58.8 ± 11.86 60.1 ± 12.43 58.2 ± 11.55 .10

Age Category (n=444)

 <40 years 18 (4) 6 (4) 12 (4)

.35 40 – 60 years 227 (51) 64 (46) 163 (53)

 ≥60 years 199 (45) 69 (50) 130 (43)

Gender (n=445)

 Female 220 (49) 81 (58) 139 (45)
.01

 Male 225 (51) 58 (42) 167 (55)

Ethnicity (n=445)

 Caucasian 368 (83) 99 (71) 269 (88)

<.001
 Asian 37 (8) 21 (15) 16 (5)

 South Asian 29 (7) 14 (10) 15 (5)

 Otherc 11 (2) 5 (4) 6 (2)

Alcohol Categoryd (n=441)

 None/Light 376 (85) 133 (96) 243 (80)
<.001

 Heavy 65 (15) 5 (4) 60 (20)

*
Column percentage reported

a
Non-smoker was defined as less than 100 cigarettes in life time

b
Smoker was defined as consumption of more than 100 cigarettes in life time

c
3 Hispanic, 2 African American, 2 North American Aboriginal/First Nations, 1 Mixed, 1 Unknown

d
Heavy drinker is defined as consumption of more than 14 drinks per week for women and 21 drinks per week for men. 1 drink = 8oz beer or 4oz 

wine or 1oz spirits
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Table 4

Probability of progression in smokers versus non-smokers

ALL Non-Smokera Smokerb P value

Total 445 139 306

Probability of Progression†

 3-year (95% CI) 12.7 (9.8 – 15.6) 5.5 (4.1 – 6.9)
.02

 5-year (95% Ci) 16.6 (13.2 – 20) 10.1 (8.1 – 12.8)

a
Non-smoker was defined as less than 100 cigarettes in life time

b
Smoker was defined as consumption of more than 100 cigarettes in life time

†
Progression defined as progression to severe dysplasia, carcinoma in-situ, squamous cell carcinoma
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