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Abstract: Background: Visual oral examination (VOE) is a conventional oral cancer screening method.
This study aimed to evaluate the value of methylation marker to assist VOE in identifying oral
epithelial dysplasia and oral squamous cell carcinoma (OED/OSCC) from non-cancerous lesions
in a real-world situation. Methods: 201 patients with high-risk personal habits who self-perceived
oral anomaly were VOE examined, ZNF582 methylation (ZNF582m) tested, and histologically di-
agnosed. Results: Among them, 132 patients (65.7%) were histologically diagnosed OED/OSCC.
Using VOE, 56.1% OED/OSCC patients had possible oral cancer, whereas 37.7% non-OED/OSCC
patients had leukoplakia. ZNF582m-positive was detected in 90.2% OED/OSCC patients and 44.9%
non-OED/OSCC patients. Various logistic regression models were postulated to evaluate the diag-
nostic performance of conventional VOE and new strategies using ZNF582m. ROC analysis and its
corresponding C-index demonstrated that either triage or co-testing models of VOE and ZNF582m

could improve diagnostic performance and discriminative abilities compared with the VOE only
approach. Conclusions: In conclusion, methylation marker test shows equivalent performance to
an experienced judgment by oral maxillofacial surgeons and plays a significantly supplementary
role in increasing the efficacy in identifying oral malignant lesions. ZNF582m may be an especially
important tool for family physicians or general dentists to properly diagnose suspicious oral lesions.

Keywords: DNA methylation; oral cancer; oral epithelial dysplasia; visual oral examination; ZNF582

1. Introduction

Oral squamous cell carcinoma (OSCC) is one of the most common head and neck
cancers and accounts for more than 90% of oral malignant diseases. OSCC is preceded by
oral lesions, termed oral potentially malignant disorders (OPMDs), according to the WHO
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classification [1]. OPMDs are heterogeneous lesions, including leukoplakia, erythroleuko-
plakia, proliferative verrucous leukoplakia, erythroplakia, and verrucous hyperplasia,
associated with an increased risk of malignant transformation to cancer. These oral poten-
tially malignant lesions could be asymptomatic and may be diagnosed as benign lesions
through their clinical appearance.

Early detection of OPMDs with high malignant transformation possibility is crucial for
clinicians to treat and monitor oral cancers. At present, visual oral examinations (VOE) are
the routine screening method exerted subjectively by clinicians in identifying oral cancerous
lesions. However, VOE alone posed a high positivity rate, due to the shortcomings such
as detecting obscure lesions, inflammatory ulcers, or immune-related lesions and distin-
guishing between benign, potentially malignant disorders, or real cancerous lesions even
though VOE was performed by professional specialists [2–7]. A global oral cancer forum
(GOCF) in 2016 suggested that the interpretation of VOE results may greatly depend on the
competence of the examiner and requires training and calibration of screeners. Therefore,
depending solely on VOE by clinicians to distinguish various OPMDs with diverse clinical
features may increase the risk of missing early malignant lesions [2,3,8]. An analysis by the
Taiwan Health Promotion Administration demonstrated that the VOE positivity rate differs
across healthcare units, including medical centers, regional hospitals, district hospitals, and
local clinics. Medical centers had the highest VOE-detected positive rates, likely because of
the deep-rooted stereotypes that patients would receive better medical attention in large
medical centers. Patients aware of or being detected with suspected OPMD or cancerous
lesions are usually referred to medical centers for further management. Regional and
district hospitals had lower VOE positivity rates and were comparable to each other. In
contrast, the local clinics produced the lowest VOE positivity rates possibly due to the lack
of experience and resources in performing oral lesion screening [9]. Thus, there is a need of
reliable molecular markers that can be auxiliary to the conventional VOE method to effec-
tively capture the cancerous lesion at an early stage [2,3,8]. A well-characterized standard
testing regimen such as ZNF582 methylation (ZNF582m) may play an important role in
assisting the general healthcare providers in identifying patients with a high suspicion of
cancerous lesions.

Oral biopsy examination remains the current gold standard for diagnosing oral can-
cer when a suspicious OPMD is detected. OPMDs with oral epithelial dysplasia (OED)
often progressed into carcinomas more frequently than OPMDs without dysplasia [10–12].
Nevertheless, many patients fear and develop anxiety about taking biopsies repeatedly for
diffuse lesions or later-occurred lesions during the follow-up period [13,14]. The study of
P.J. Thomson investigated 26 patients presenting with unilateral OSCC or premalignant
lesions during VOE procedures, and biopsies were taken from the clinically normal-looking
mucosa of their corresponding contralateral sites. Fifteen out of twenty-six patients (58%)
had histologically abnormal tissue, including benign cellular atypia, dysplasia, and SCC.
The study implies that VOE is limited by its subjectively observational nature and urged
the requirement of more reliable and objective testing regimen for the epithelial behaviors
manifesting the processes of cancer development [15]. The 2016 GOCF also commented
that although many studies investigated the usefulness of oral cancer screening tests, there
were relatively few reviews of screening programs and only one community-based ran-
domized control clinical trial implemented in India from 1996 to 2004 [3,16–20]. In addition,
according to the U.S. CDC report on oral cancer incidence in the U.S. from 2007 to 2016,
new oral cancer cases did not seem to have reduced but instead consistently increased over
the years [21]. The evidence demonstrates that the current oral cancer screening using VOE
may not be able to capture all high-risk lesions at their early stage and thus fails to reduce
oral cancer incidence and mortality [3].

DNA methylation is one of the best-studied epigenetic regulations that play a cru-
cial role in cancer development. It involves chemical modification of cytosine (C) to
5-methylcytosine (5mC) in GC-rich regions on promoters of regulatory regions of many
genes [22]. Cumulative studies have shown that aberrant DNA methylation represses key
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tumor suppressor genes or regulatory regions within the genome, leading to cell growth
dysregulation or altered responses to cancer therapies [23,24]. Several methylated genes
have been demonstrated as clinically effective biomarkers for detecting cancers such as
bladder, colon, cervical, and oral cancer [25–29]. As a result, they have received regulatory
market approval as DNA methylation-based in vitro diagnostics (IVDs). ZNF582m, with
the product name of ZNF582 DNA Detection Kit (iStat Biomedical, New Taipei City, Tai-
wan), is a Conformité Européene in vitro diagnostic (CE-IVD), which has been used as an
adjunctive tool assisting VOE for oral cancer by clinicians to facilitate decision making on
whether a histopathological examination should be performed immediately [8,25,29,30].
Several hypermethylated genes have been determined in human oral squamous cell carci-
noma (OSCC) [31]. Among those hypermethylated genes, ZNF582 was studied rigorously
and was selected for biomarker development based on promising findings. The correla-
tion between ZNF582 methylation and oral cancer has been extensively studied in recent
years [29,30,32–35]. ZNF582 methylation demonstrated as an effective biomarker for the
detection of oral dysplasia and oral cancer via collection of oral scrapings from normal oral
mucosa subjects, oral potentially malignant patients, and OSCC patients. Methylation of
ZNF582 may be applicable as a triage tool for patients with abnormal visual oral examina-
tions [29]. Furthermore, a recent follow-up study has also shown that high incidence of
OSCC and oral disease progression was observed in patients with high ZNF582 methylation
lesions at baseline [34].

Given the limitation of VOE, we evaluated the added value of ZNF582 methylation
for VOE in identifying OED/OSCC from a diverse state of OPMDs.

2. Materials and Methods
2.1. Study Design and Study Population

A multicenter study was conducted at three teaching hospitals, including Taipei Veter-
ans General Hospital (TVGH), Mackay Memorial Hospital (MMH), and Chung Shan Medi-
cal University Hospital (CSMUH), from 2019 to 2020 in Taiwan. The Institutional Review
Boards at each participating hospital (IRB No: TVGH(2019-09-002A), MMH(19CT007be),
and CSMUH(CS18221)) reviewed and approved this study. The experiments were under-
taken with the understanding and written consent of each subject and that the study con-
forms with The Code of Ethics of the World Medical Association (Declaration of Helsinki)
printed in the British Medical Journal (2013).

Eligible patients were 20 years or older with collectible epithelial cells in the oral
cavity. They sought medical care at the participating hospital; had a high-risk personal
habits of cigarette smoking, alcohol drinking, or betel nut chewing (included quitter);
or had self-perceived oral mucosa abnormalities. Patients were enrolled if they fulfilled
the inclusion criteria and signed the written informed consent. Pregnant patients and
those with previous malignancy were excluded. All patients included in this study had
histologically confirmed oral lesions and did not have a recent systemic inflammatory state,
immune disease, or any acute infection.

2.2. Clinical Evaluations

Demographic data, family history, personal habits, and reasons for seeking health cares
were obtained by well-trained study nurses. Patients were then examined via conventional
VOE by experienced senior oral maxillofacial surgeons (OMS). The VOE assessment of
leukoplakia, erythroleukoplakia, erythroplakia, verrucous hyperplasia, and possibly oral
cancer were identified as abnormal findings in this analysis.

After physical examinations, the oral exfoliated cell specimen from the mucosal lesion
was collected by oral swab of each patient. In addition, a biopsy specimen was taken from
suspected lesions. A pathologist at each respective hospital reviewed the biopsy specimens
and made a diagnosis through histopathological analysis. The diseases of interest in this
analysis, i.e., oral epithelial dysplasia and oral squamous cell carcinoma (OED/OSCC),
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included the histopathological diagnoses of mild dysplasia, moderate dysplasia, severe
dysplasia, carcinoma in situ, and OSCC.

2.3. DNA Preparation of the Oral Specimen

Oral epithelial cells (OEC) were collected using a foam brush and preserved in “Epi-
Gene” Specimen Collection and Transfer Tube (iStat Biomedical Co., Ltd., New Taipei City,
Taiwan; MOHW-MD-(I)-No. 006315). Subsequently, genomic DNA (gDNA) was extracted
from the OECs with the “Epigene” Nucleic Acid Extraction kit (iStat Biomedical Co. Ltd.,
New Taipei City, Taiwan; CE-IVD), according to the manufacturer’s written instructions.

2.4. ZNF582 Methylation (ZNF582m) Assay

The concentration of extracted gDNA was quantified using the NanoDrop 2000c Spec-
trophotometer (Thermo Fisher Scientific, Wilmington, DE, USA) and was subsequently
subjected to bisulfite conversion using the “Epigene” Bisulfite Conversion Kit (iStat Biomed-
ical Co., Ltd., New Taipei City, Taiwan; MOHW-MD-(I)-No. 006611 and CE-IVD). This
process converts the unmethylated cytosine of the gDNA to uracil, while the methylated
cytosine remains unchanged.

The bisulfite-converted gDNA was then used for ZNF582m assays. Briefly, ZNF582m

levels were determined using the “Epigene” ZNF582 DNA Detection Kit (iStat Biomed-
ical Co., Ltd., New Taipei City, Taiwan; CE-IVD) through quantitative methylation-
specific PCR by using TaqMan-based technology with Light Cycler LC480 (Roche Ap-
plied Science, Penzberg, Germany). The type II collagen 2A gene (COL2A), which
contains non-CpG sequences, was used as the internal reference and the validity in-
dicator. Two crossing point (Cp) values were determined, namely one from ZNF582
and the other from COL2A, and the DNA methylation was qualitatively determined in
accordance with manufacturer’s instructions.

2.5. Statistical Analysis

The continuous and dichotomous variables are expressed as mean with standard
deviation (SD) and number with percentage, respectively. The chi-square test for categorical
variables and the Mann–Whitney U test for continuous variables were used to examine the
differences in distributions of patient characteristics between patients with and without
confirmed OEC/OSCC.

Various logistic regression models were first specified to predict the probability of
OEC/OSCC and to evaluate the diagnostic performance of VOE and the ZNF582m marker.
The “reference model” was adjusted for age, sex, and betel nut chewing, which were
important and established risk factors for OSCC. Subsequent models were created by
adding one or two additional covariate(s) to the reference model. The “VOE model” and
“MET model” were based on the reference model and added the additional VOE and
methylation marker covariate, respectively. The “triage (sequential) model” was developed
by adding an indicator, identifying patients with abnormal VOE findings and methylation
positivity, to the reference model. The “co-testing (parallel) model” was constructed by
adding both VOE and methylation marker to the reference model.

We then generated the receiver operating characteristic (ROC) curves and estimated
the area under the curve (AUC; also known as C-index) with a 95% confidence to assess the
discriminative ability for each model. The values of the C-index could be classified as poor
(<0.7), acceptable (≥0.7 and <0.8), and excellent (≥0.8) discrimination [36]. In addition,
the C-index difference, integrated discrimination index (IDI), and relative IDI were further
used to describe the improved predictive performance between models. IDI is a widely
used statistical method to estimate whether an investigated diagnostic marker provides
additional diagnostic value beyond traditional clinical information [37].

Statistical analyses were conducted using Statistical Analysis System software (SAS
System for Windows, Version. 9.4; SAS Institute, Cary, NC, USA). The level of statistical
significance was set at p < 0.05.
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3. Results

Among 201 patients, 65.7% (132 patients) were diagnosed with OED/OSCC, and 34.3%
(69 patients) were non-OED/OSCC. Overall, there were 82.6% males; 19.6% had a college
degree or higher; 8.5% had a family history of oral cancer; and 79.6%, 74.5%, and 51.7% were
cigarette, betel nut, and alcohol ever and/or current users, respectively. Furthermore, 43.3%
had all three habits, and 32.8% had any two, while 9.0% had only one of these habits, and 14.9%
were never exposed to cigarette, betel nut, and alcohol. The mean age was 56.3 ±12.0 years.

Regarding clinical manifestations, 51.7% had abnormal swelling, thickening, or un-
usual pigmented plaques, while 45.8% experienced pain, non-healing ulcers, the presence
of erosions, and lumps in the oral mucosa. Further, 84.2% had abnormal findings by VOE,
including 23.4% leukoplakia, 19.5% erythroleukoplakia/erythroplakia/verrucous hyper-
plasia, and 41.3% with possible oral cancer, respectively. In addition, 74.6% had positive
methylation results. No significant difference of the VOE judgment among the participated
OMS from the three study sites.

The comparisons of patient characteristics by OED/OSCC status are shown in Table 1.
Patients with OED/OSCC were older (p = 0.001), more likely male (p = 0.01), had a lower
education level (p < 0.001), were more likely to have betel-nut-chewing behavior (p = 0.04),
and more likely experienced pain, non-healing ulcers, presence of erosions, and lumps in
the mucosa (p < 0.001).

Table 1. The distribution of patient characteristics by OED/OSCC status.

Variables
Overall

(N = 201)

OED/OSCC
p-Value

Yes (N = 132) No (N = 69)

Age, mean (SD), years 56.3 (12.0) 58.3 (11.7) 52.5 (12.3) 0.001
Age group, n (%) 0.03

<40 14 (7.0) 5 (3.8) 9 (13.0)
40–49 56 (27.9) 32 (24.2) 24 (34.8)
50–59 54 (26.9) 39 (29.6) 15 (21.7)
60–69 47 (23.4) 33 (25.0) 14 (20.3)
≥70 30 (14.9) 23 (17.4) 7 (10.1)

Sex group, n (%) 0.01
Male 166 (82.6) 116 (87.9) 50 (72.5)
Female 35 (17.4) 16 (12.1) 19 (27.5)

Education, n (%) <0.001
Middle school or less 80 (40.2) 63 (48.1) 17 (25.0)
High school 80 (40.2) 51 (38.9) 29 (42.7)
College and more 39 (19.6) 17 (13.0) 22 (32.4)

Family history of oral cancer, n (%) 0.32
Yes 17 (8.5) 13 (9.9) 4 (5.8)
No 183 (91.5) 118 (90.1) 65 (94.2)

Cigarette smoking, n (%) 0.07
Nonuser 41 (20.4) 23 (17.4) 18 (26.1)
Current user 117 (58.2) 75 (56.8) 42 (60.9)
Former user 43 (21.4) 34 (25.8) 9 (13.0)

Betel nut chewing, n (%) 0.04
Nonuser 51 (25.5) 26 (19.9) 25 (36.2)
Current user 45 (22.5) 32 (24.4) 13 (18.8)
Former user 104 (52.0) 73 (55.7) 31 (44.9)

Alcohol drinking, n (%) 0.20
Nonuser 97 (48.3) 58 (43.9) 39 (56.5)
Current user 75 (37.3) 52 (39.4) 23 (33.3)
Former user 29 (14.4) 22 (16.7) 7 (10.1)

Chief complaint I, n (%)
Abnormal swelling, thickening, or unusual
pigmented plaques 104 (51.7) 70 (53.0) 34 (49.3) 0.61
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Table 1. Cont.

Variables
Overall

(N = 201)

OED/OSCC
p-Value

Yes (N = 132) No (N = 69)

Chief complaint II, n (%)
Pain, non-healing ulcers, presence of erosions and
lumps in the mucosa 92 (45.8) 72 (54.6) 20 (29.0) <0.001

Months of symptom
median (Q1, Q3), [min, max]

2.0 (1.0, 12.175)
[0.033, 121.75]

2.0 (1.0, 6.0)
[0.033, 121.75]

3.0 (0.7, 12.2)
[0.067, 121.75] 0.33

Visual oral examination, n (%) <0.001
Leukoplakia 47 (23.4) 21 (15.9) 26 (37.7)
Homogeneous thin leukoplakia 18 6 12
Homogeneous thick leukoplakia 24 11 13
Non-homogeneous leukoplakia 5 4 1
Erythroleukoplakia/Erythroplakia 20 (10.0) 14 (10.6) 6 (8.7)
Verrucous hyperplasia 19 (9.5) 12 (9.1) 7 (10.1)
Possible oral cancer 83 (41.3) 74 (56.1) 9 (13.0)
Ulcer 15 (7.5) 8 (6.1) 7 (10.1)

Others 17 (8.5) 3 (2.3) 14 (20.3)
Oral submucous fibrosis 2 0 2
Lichen planus/Inflammation 6 1 5
Unspecified * 9 2 7

ZNF582 methylation test, n (%) <0.001
Positive 150 (74.6) 119 (90.2) 31 (44.9)
Negative 51 (25.4) 13 (9.9) 38 (55.1)

Biopsy results, n (%)
Inflammation 6 (3.0) 6 (8.7)
Atypical epithelial cell 2 (1.0) 2 (2.9)
Hyperplasia 12 (6.0) 12 (7.4)
Hyperkeratosis 33 (16.4) 33 (47.8)
Mild dysplasia 21 (10.5) 21 (15.9)
Moderate dysplasia 16 (8.0) 16 (12.1)
Severe dysplasia 5 (2.5) 5 (3.8)
OSCC/Carcinoma in situ 90 (44.8) 90 (68.2)

Others ** 16 (8.0) 16 (23.2)

p-Value are calculated by chi-square or Mann–Whitney U test as appropriate; * unspecified: lumps or unclear or
unspecified lesions identified by visual oral examination (VOE); ** including muscular-adipose tissue, fibroma,
fibroepithelial polyp, pyogenic granuloma, giant cell fibroma, papilloma, fibrosis, diffuse large B-cell lymphoma,
and mucoepidermoid carcinoma; OED, oral epithelial dysplasia; OSCC, oral squamous cell carcinoma.

The distribution of VOE results between the two groups, i.e., the histopathological
verification as OED/OSCC or not, was also significantly different. In the OED/OSCC
group, there were 21 (15.9%) leukoplakia, 14 (10.6%) erythroplakia/erythroleukoplakia,
12 (9.1%) verrucous hyperplasia, 74 (56.1%) possible oral cancer, 8 (6.1%) ulcer, and 3
(2.3%) others using visual examination. On the other hand, in the non-OED/OSCC group,
there were 26 (37.7) leukoplakia, 6 (8.7%) erythroplakia/erythroleukoplakia, 7 (10.1%)
verrucous hyperplasia, 9 (13.0%) possible oral cancer, 7 (10.1%) ulcer, and 14 (20.3%) others.
Moreover, nearly 90% of patients with OED/OSCC were tested positive for the methylation
marker ZNF582m, whereas only 31 patients without OED/OSCC at the biopsied lesion
sites had positive methylation results. However, they are more likely to show hyperplasia
and hyperkeratosis in the histopathological examination and clinical features of swelling,
mucosal thickening, or pigmentation.

The C-index of the reference model was not quite satisfactory (0.69; 95% CI; 0.61–0.77;
Figure 1). However, as seen in Table 2, the excellent predictive performances to discriminate
OED/OSCC were observed in the MET model (C-index, 0.81; 95% CI, 0.74–0.87), triage
model (0.80; 0.73–0.86), and co-testing model (0.81; 0.75–0.88). While comparing to the
reference model, the MET model (p = 0.001), triage model (p = 0.004), and co-testing model
(p = 0.002) had significantly better C-indices but not the VOE model (p = 0.26). Additionally,
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significantly higher discriminative abilities were observed for the triage model (p = 0.01)
and the co-testing model (p = 0.004) compared to the VOE model.
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Figure 1. ROC curves from various models.

Variables adjusted in the VOE model include age, sex, betel nut chewing, and visual
oral examination results. Variables adjusted in the MET model include age, sex, betel nut
chewing, and methylation marker. Variables adjusted in the triage model include age,
sex, betel nut chewing, and an indicator to identify patients with positive results based
on visual oral examination and methylation positivity. Variables adjusted in the co-testing
model include age, sex, betel nut chewing, visual oral examination results, and methylation
marker. Variables adjusted in the reference model include age, sex, and betel nut chewing.

Table 2. Comparisons of diagnostic performances of four models in predicting OED/OSCC.

Model a
VOE Model MET Model Triage Model Co-Testing Model

Estimate (95% CI) p-Value Estimate (95% CI) p-Value Estimate (95% CI) p-Value Estimate (95% CI) p-Value

C-index 0.72 (0.64, 0.80) <0.001 0.81 (0.74, 0.87) <0.001 0.80 (0.73, 0.86) <0.001 0.81 (0.75, 0.88) <0.001
C-index difference b 0.03 (−0.02, 0.07) 0.26 0.11 (0.04, 0.18) 0.001 0.10 (0.03, 0.17) 0.004 0.11 (0.04, 0.20) 0.002
C-index difference c 0.08 (0.02, 0.13) 0.01 0.09 (0.03, 0.15) 0.004

a Variables adjusted in reference model include age, sex, and betel nut chewing; variables adjusted in VOE model
include age, sex, betel nut chewing, and visual, oral examination results; variables adjusted in MET model include
age, sex, betel nut chewing, and methylation marker; variables adjusted in triage model include age, sex, betel nut
chewing, and an indicator to identify patients with positive results based on both visual and oral examination and
methylation positivity; variables adjusted in co-testing model include age, sex, betel nut chewing, visual, oral
examination results, and methylation marker; b compared to reference model; c compared to VOE model; OED,
oral epithelial dysplasia; OSCC, oral squamous cell carcinoma.

Concerning improving predictive performance in diagnosing OED/OSCC based on IDI,
results were consistent with findings from the C-index (Table 3). Compared to the reference
model, the co-testing model had the greatest improvement (IDI, 18%; 95% CI, 12–24%; p <
0.001), followed by the MET model (17%; 11–22%; p < 0.001) and triage model (14%; 8–18%; p
< 0.001). Consistently, the co-testing model (IDI, 14%; 95% CI, 19–20%; p < 0.001) and triage
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model (10%; 5–14%; p < 0.001) were also significantly better than the VOE model in terms of
IDI. A similar trend was observed between models while using relative IDI to indicate the
improvement of diagnostic performances for predicting OED/OSCC.

Table 3. Improvement in diagnostic performances of four models in predicting OED/OSCC.

Model a

VOE Model MET Model Triage Model Co-Testing Model

Difference
of Mean

Predicted
Probability

% of
Improvement

Difference
of Mean

Predicted
Probability

% of
Improvement

Difference
of Mean

Predicted
Probability

% of
Improvement

Difference
of Mean

Predicted
Probability

% of
Improvement

Compared with
reference model

IDI: events b 1% 2% 6% 8% 5% 7% 6% 9%
IDI: non-events c 2% 4% 11% 19% 9% 15% 12% 20%

Overall IDI (95% CI),
p-value 3% (1%, 6%), 0.02 17% (11%, 22%), <0.001 14% (8%, 18%), <0.001 18% (12%, 24%), <0.001

Relative IDI 0.29 1.41 1.14 1.51

Compared with VOE
model

IDI: events b 3% 5% 5% 7%
IDI: non-events c 7% 12% 9% 17%

Overall IDI (95% CI),
p-value 10% (5%, 14%), <0.001 14% (9%, 20%), <0.001

Relative IDI 0.65 0.94

a Variables adjusted in the reference model includes age, sex, and betel nut chewing; variables adjusted in VOE
model include age, sex, betel nut chewing, and visual, oral examination results; variables adjusted in MET model
include age, sex, betel nut chewing, and methylation marker; variables adjusted in triage model include age,
sex, betel nut chewing, and an indicator to identify patients with positive results based on both visual and
oral examination and methylation positivity; variables adjusted in co-testing model include age, sex, betel nut
chewing, visual, oral examination results, and methylation marker; b events refer to biopsy-confirmed lesions with
dysplastic or OSCC; c non-events refer to biopsy-confirmed lesions without dysplasia or OSCC diagnosis; OED,
oral epithelial dysplasia; OSCC, oral squamous cell carcinoma; IDI, integrated discrimination improvement.

Figure 2 showed comparisons of mean predicted probability among various models.
For example, in dysplasia or OSCC lesions, the mean predicted probability increased from
70.7% in the VOE model and 74.1% in the triage model to 75.6% in the co-testing model.
Conversely, in non-OED/non-OSCC lesions, the probability also “improved” from 55.6%
in the VOE model and 49.1% in the triage model to 46.3% in the co-testing model since,
clinically, we expected a better model should have a lower predicted probability in this
group. Interestingly, compared to the VOE model, the improvement for non-OED/non-
OSCC lesions was twice the number for OED/OSCC lesions in triage (12% vs. 5%) and the
co-testing (17% vs. 7%) models, respectively.
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4. Discussion

This study evaluated the added value of ZNF582m for VOE in identifying OED/OSCC
from a diverse state of OPMDs in real-world clinical practices. Logistic regression models
with adjustment of age, sex, and betel nut chewing were used to develop the diagnostic
prediction model using the conventional method (i.e., VOE model) and new strategies
(MET, triage, and co-testing models). ROC analysis and its corresponding C-index demon-
strated that our proposed new strategies could improve diagnostic performance and
discriminative abilities compared to the existing traditional VOE approach. IDI measures
suggested approximately 10.0% improvement in diagnostic accuracy in triage and 14.2%
in co-testing strategies. To our knowledge, this is the first study that proposed adding a
well-characterized molecular marker to the traditional VOE approach in order to increase
the predictive power in identifying the OED/OSCC lesions in a real-world setting.

OPMD is a heterogeneous group of oral mucosal lesions associated with an increased
risk of malignant transformation to cancer. OPMDs have a complex clinical manifestation
that is often ambiguous and difficult to distinguish from reactive, inflammatory, or various
immune-related disease conditions of the oral mucosa [38,39]. Moreover, they could be
asymptomatic in the early stage of malignant transformation and usually be assumed
as benign lesions by their appearance recognized by patients and clinicians, resulting
in diagnostic delay [40]. To test the feasibility and efficiency of the combination use of
ZNF582m and VOE to identify OED/OSCC cases, we included a broad spectrum of OPMD
and suspicious lesions in this study. The diversity of patient clinical characteristics differed
from other studies, where many of those recruited OSCC or dysplastic patients were
derived from specific OPMD lesions as cases and healthy participants without visible oral
lesions as controls [41]. Yet, based on the multistep oral carcinogenesis process, complex
oral manifestations are anticipated in the real-world situations. The diverse complaints
of this study population included 51.7% (N = 104) of abnormal swelling, thickening, or
unusual pigmented plaques, and 45.8% (N = 92) experienced pain, non-healing ulcers,
presence of erosions, and lumps in the oral mucosa. Intriguingly, we observed that 34 out
of 104 (33%) patients with abnormal swelling, thickening, or unusual pigmented plaques
were non-OED/OSCC lesions. This result suggests that nearly one-third of abnormal
oral manifestation is not associated with OPMD or cancerous lesions when the patients
were referred or recruited in medical centers. It further demonstrates the difficulties of
discriminating oral lesions merely by oral clinical manifestation that results in judgment
discrepancy. In addition to the 84.2% of OPMDs, composed of 23.4% of leukoplakia,
19.5% of erythroleukoplakia/erythroplakia/verrucous hyperplasia, and 41.3% possible
oral cancer, this study also recruited patients with multiple types of indistinguishable oral
clinical features or symptoms that demonstrate objective and representative of the real
patient population who would visit medical centers for their oral mucosal problems.

Cumulative studies have demonstrated the association between cancer and DNA
methylation [42]. All 201 patients were biopsy-confirmed and categorized into OED/OSCC
(N = 132) and non-OED/OSCC (N = 69) groups. Consistent to the previous studies that
concluded that ZNF582m positivity was highly correlated with OED/OSCC, 119 out of 132
(90.2%) of OED/OSCC patients were ZNF582m-positive. However, 31 out of 69 (44.9%) of
non-OED/OSCC were ZNF582m-positive as well. These could be explained by the field
cancerization effects imposed by various carcinogens exposures, as the genetic or epigenetic
alterations associated with carcinogenesis may have already existed and were detectable
but not yet been observed phenotypically by the histopathologic examination [43]. For this
group of patients, a prospective follow-up study is ongoing to evaluate the malignant trans-
formation rate and the prognosis of the lesions. Our previous studies have demonstrated
that ZNF582 hypermethylation at the adjacent normal oral mucosa in OSCC patients was
associated with aggressive progression and poor prognosis [29,30]. Furthermore, a high
ZNF582m level was independently associated with a higher risk of malignant transforma-
tion [34]. Another reason for this observation may originate from the quality and quantity
of the sampled specimen, which influenced the results interpreted by the pathologists [44].
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Intriguingly, 13 out of 132 (9.9%) of OED/OSCC patients were ZNF582m-negative. This
was possibly due to the insufficient collection of oral exfoliated epithelial cells in areas
of the oral cavity that are difficult to reach during specimen collection or the tumor het-
erogeneity in a specific patient population whose epithelial cells were derived from a
non-ZNF582-hypermethylated molecular mechanisms. This merits further investigation.

Oral examination consisting of visual inspection and palpation has been the conven-
tional method of screening for OPMDs and oral cancer. Visual inspection surveils the whole
oral cavity for any ulcerations, nodules, swelling, or alterations in color and textures. Palpa-
tion is a form of tactile examination on facial bones and soft tissues to note asymmetries or
masses and the relevance of lymphadenopathy [45,46]. VOE, however, has drawbacks and
depends heavily on the experience of the clinicians because some OPMDs, such as white
or red lesions or persistent ulcers, are often indistinguishable with other similar lesions at
their clinical presentation [2]. Therefore, a subjective interpretation occurs and may result
in inappropriate medical judgment. Therefore, it is not surprising that the VOE model
had a lower AUC of 0.72 than 0.80 and 0.81 in the triage and co-testing models. Namely,
introducing an objective measure of the ZNF582m increased the discrimination ability for
OPMD by 8% in the triage model and 9% in the co-testing model, respectively. This result
implies that using DNA methylation level, such as ZNF582m, benefits the discrimination
and clarification of the disease severity in terms of the malignancy from a complex setting
of oral lesions. However, the sequential “triage” algorithm and the parallel “co-testing”
method are different in their medical costs, especially since the sequential procedure applies
the ZNF582m test in VOE-abnormal patients only. In contrast, both VOE and ZNF582m tests
should be used in all patients with mucosal lesions for a parallel approach.

In addition to AUC, we used the IDI index to determine the improvement after
including the ZNF582m test against the VOE only model in OED/OSCC patients and
non-OED/OSCC patients separately. Our data show the inclusion of the ZNF582m test
could prevent 6.5% and 9.3% of non-OED/OSCC patients from misdiagnosis and further
unnecessary aggressive medical intervention in both triage and co-testing approaches,
accordingly. In OED/OSCC patients, a 3.4% improvement in triage and 4.9% in co-testing
strategy were also observed. This result suggested that the value-added by ZNF582m is
even more powerful and significant in ruling out a non-diseased status.

In this study, all patients were examined by experienced OMS in medical centers,
a group of highly trained professional surgeons to identify and treat oral mucosa and
OED/OSCC lesions. However, it is still inevitable that some lesions may go unnoticed or
are misdiagnosed as benign or more severe diseases. The situation is expected to be more se-
rious in regional hospitals and community-based clinics, where the expertise in OED/OSCC
detection is usually deficient. In this study, we have shown the objective ZNF582m test could
play a significantly supplementary role in increasing the efficacy in identifying OED/OSCC
lesions compared to the VOE-only approach. It implies the ZNF582m test can make a greater
contribution to general practices of VOE in community-based health services. In Taiwan,
the government provides free oral mucosal examination biennially to Taiwan nationals
with high-risk personal habits in order to capture early OED/OSCC lesions. However, VOE
is the only screening method, and individuals with suspected positive results are referred
to an OMS or otolaryngologist for confirmatory biopsy-based diagnosis and treatment [47].
The inefficient screening procedures and the cumbersome and lengthy referral processes
may delay the treatment. In the study by Chiang et al., a substantial difference in the levels
of training and experience between general dentists, physician, and experienced surgeons
in identifying and treating OPMD and cancerous lesions was found [48]. An Australian
study also found that lack of confidence due to insufficient training was a barrier to general
dentists in making accurate diagnoses [49], suggesting that additional diagnosis tools are
critically needed to improve diagnosis. Thus, the well-characterized ZNF582m may be an
excellent approach to help the community-based healthcare providers to clarify obscure
oral lesions and make proper medical decisions regarding whether to refer a patient with
suspicious lesions to an experienced OMS or otolaryngologist for further management.
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This study also bears limitations. The evidence from a relatively small sample size
of 201 in three hospitals may not be strong enough to show the prediction ability of these
models. Thus, it warrants a further larger nationwide or even multinational studies to
validate its performance. On the other hand, betel nut chewing is the major risk factor of
oral cancer, followed by cigarette smoking and alcoholic drinking in Taiwan. Betel nut
chewing is also endemic in South Asia and Southeast Asia countries [50]. Therefore, our
strategy of incorporating ZNF582m may apply to other Asian countries with similar risk
factors but not in Western countries [50]. Firstly, betel nut chewing is not popular in Western
countries; secondly, the study did not evaluate other oral-cancer-causing factors such as
HPV infection, which is one of the major risk factors of oral cancer in Western countries [51].
The significance of ZNF582m in HPV-related oral cancer remains to be determined. Further-
more, the inherited epigenetic background may also differ between Asian and Western or
other ethnicities [52]. Therefore, whether the models incorporating ZNF582m can apply in
Western countries remains unknown and requires further investigation. Another unavoid-
able limitation in such studies is that the clinical setting is usually more complicated than
mathematic models even after considering many patient characteristics.

However, our prediction models incorporating ZNF582m has its clinical application
in many perspectives. First, the triage (sequential) model suggests methylation marker
could play a significant adjunctive role in the identification of OED/OSCC and may be
beneficial to the current oral screening program in Taiwan. The incorporation of ZNF582m

triage model into the current screening program can be applied when a positive VOE
patient is identified during an oral cancer screening even when an ambiguous OPMD is
observed. The ZNF582m assists the front-line clinicians to decide whether a referral or an
invasive biopsy examination is required. Thus, our triage model can greatly reduce the
burden and misdiagnosis risks of the front-line healthcare providers. Second, it can be
useful in many rural areas with shortage of dental and medical service resources regardless
whether it is in rural areas in Taiwan or other low- and middle-income countries in South
Asia or Southeast Asia [53,54]. Particularly, our findings are more likely to be appreciated
by OMS and otolaryngologists, general dentists, and even other medical or healthcare
professionals. Considering the simplicity of sample collection, ZNF582m is measured from
the oral exfoliated cells that are conveniently collected through mucosa swabbing. The
harvested cell specimens are easily stored in a preservation buffer and transported to a
centralized clinical laboratory for a standardized test. Test results can be obtained within
few days; its data-oriented analysis is more objective and scientifically sound than that of
naked-eye observation. Thus, it is beneficial for the different degrees of experience and
training background of the healthcare professionals.

5. Conclusions

This study has developed and analyzed several prediction models based on the
adjustment of several patient characteristics to assess the value of ZNF582m added to
VOE in identifying OED/OSCC from a diverse state of OPMDs in real-world clinical
practices. The objective nature of ZNF582m test significantly increased the efficacy to
identify OED/OSCC lesions compared to the VOE-only approach. In conclusion, the
ZNF582m biomarker is as good as an experienced judgment by a professional OMS and
would greatly improve the efficiency in identifying malignant oral lesions. In this aspect,
ZNF582m may be an especially important tool for family physicians or general dentists to
properly diagnose suspicious oral lesions.



Diagnostics 2022, 12, 1544 12 of 14

Author Contributions: Conceptualization, C.-C.Y., Y.-F.S., C.-W.F. and C.-J.L.; methodology, C.-C.Y.,
Y.-F.S., C.-W.F. and C.-J.L.; validation, C.-C.Y., Y.-F.S., C.-W.F. and C.-J.L.; formal analysis, C.-C.Y.,
Y.-F.S., Y.-C.J., C.-W.F. and C.-J.L.; investigation, C.-C.Y., H.-C.C., Y.-W.C., C.-H.W., P.-Y.C., Y.-H.L.,
Y.-L.C., Y.-T.C., C.-Y.P., M.-Y.L., C.-H.Y., Y.-F.H., S.-Y.K. and C.-J.L.; resources, Y.-F.S., Y.-C.J. and
C.-W.F.; writing—original draft preparation, C.-C.Y., Y.-F.S., Y.-C.J., C.-W.F. and C.-J.L.; writing—
review and editing, C.-C.Y., Y.-F.S., H.-C.C., Y.-C.J., Y.-W.C., C.-H.W., P.-Y.C., Y.-H.L., Y.-L.C., Y.-T.C.,
C.-Y.P., M.-Y.L., C.-H.Y., Y.-F.H., S.-Y.K., C.-W.F. and C.-J.L.; visualization, C.-C.Y., Y.-F.S., C.-W.F., and
C.-J.L.; supervision, C.-C.Y., Y.-F.S., C.-W.F. and C.-J.L.; project administration, C.-C.Y., Y.-F.S., C.-W.F.
and C.-J.L. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by iStat Biomedical Co., Ltd. No other external source of funding
was obtained.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Taipei Veterans General
Hospital (protocol code: TVGH(2019-09-002A) and 27 September 2019), Mackay Memorial Hospital
(protocol code: MMH(19CT007be) and 15 March 2019), and Chung Shan Medical University Hospital
(protocol code: CSMUH(CS18221) and 4 March 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: We thank Bai, Chyi-Huey and Fan, Yen-Chun for their statistical analysis support.

Conflicts of Interest: Su, Y.-F., Juan, Y.-C. and Fwu, C.-W are employees at iStat Biomedical Co., Ltd.,
Taiwan. The other authors declared that they have no potential conflict of interest.

References
1. Reibel, J.; Gale, N.; Hille, J.; Hunt, J.L.; Lingen, M.; Muller, S.; Sloan, P.; Tilakaratne, W.M.; Westra, W.H.; Willams, M.D. Oral

potentially malignant disorders and oral epithelial dysplasia. In WHO Classification of Head and Neck Tumours; El-Naggar, A.K.,
Chan, J.K.C., Grandis, J.R., Takata, T., Slootweg, P.J., Eds.; IARC: Lyon, France, 2017; Volume 4, pp. 112–115.

2. Mehrotra, R.; Gupta, D.K. Exciting new advances in oral cancer diagnosis: Avenues to early detection. Head Neck Oncol. 2011,
3, 33. [CrossRef] [PubMed]

3. Speight, P.M.; Epstein, J.; Kujan, O.; Lingen, M.W.; Nagao, T.; Ranganathan, K.; Vargas, P. Screening for oral cancer-a perspective
from the Global Oral Cancer Forum. Oral. Surg. Oral Med. Oral Pathol. Oral Radiol. 2017, 123, 680–687. [CrossRef] [PubMed]

4. Epstein, J.B.; Silverman, S., Jr.; Epstein, J.D.; Lonky, S.A.; Bride, M.A. Analysis of oral lesion biopsies identified and evaluated by
visual examination, chemiluminescence and toluidine blue. Oral Oncol. 2008, 44, 538–544. [CrossRef] [PubMed]

5. Laronde, D.M.; Williams, P.M.; Hislop, T.G.; Poh, C.; Ng, S.; Zhang, L.; Rosin, M.P. Decision making on detection and triage of
oral mucosa lesions in community dental practices: Screening decisions and referral. Community Dent. Oral Epidemiol. 2014, 42,
375–384. [CrossRef] [PubMed]

6. Macey, R.; Walsh, T.; Brocklehurst, P.; Kerr, A.R.; Liu, J.L.; Lingen, M.W.; Ogden, G.R.; Warnakulasuriya, S.; Scully, C. Diagnostic
tests for oral cancer and potentially malignant disorders in patients presenting with clinically evident lesions. Cochrane Database
Syst. Rev. 2015, 2015, CD010276. [CrossRef]

7. Tatehara, S.; Satomura, K. Non-Invasive Diagnostic System Based on Light for Detecting Early-Stage Oral Cancer and High-Risk
Precancerous Lesions-Potential for Dentistry. Cancers 2020, 12, 3185. [CrossRef]

8. Su, Y.F.; Chen, Y.J.; Tsai, F.T.; Li, W.C.; Hsu, M.L.; Wang, D.H.; Yang, C.C. Current Insights into Oral Cancer Diagnostics. Diagnostics
2021, 11, 1287. [CrossRef]

9. Oral Cancer Screening Quality Report 2020. Available online: https://www.hpa.gov.tw/Pages/Detail.aspx?nodeid=612&pid=11
389 (accessed on 30 April 2022).

10. Chierici, G.; Silverman, S., Jr.; Forsythe, B. A tumor registry study of oral squamous carcinoma. J. Oral Med. 1968, 23, 91–98.
11. Wright, A.; Shear, M. Epithelial dysplasia immediately adjacent to oral squamous cell carcinomas. J. Oral Pathol. Med. 1985, 14,

559–564. [CrossRef]
12. Mehanna, H.M.; Rattay, T.; Smith, J.; McConkey, C.C. Treatment and follow-up of oral dysplasia—A systematic review and

meta-analysis. Head Neck 2009, 31, 1600–1609. [CrossRef]
13. Davies, A.D.; Davies, C.; Delpo, M.C. Depression and anxiety in patients undergoing diagnostic investigations for head and neck

cancers. Br. J. Psychiatry 1986, 149, 491–493. [CrossRef] [PubMed]
14. Godoy, G.P.; Amorim, R.F.B.; Silva, R.T.; Muniz, P.A.; Carneiro, F.P. Anxiety in Patients Submitted to Oral Biopsies: An Overview.

Appl. Cancer Res. 2010, 30, 322–324.
15. Thomson, P.J. Field change and oral cancer: New evidence for widespread carcinogenesis? Int. J. Oral Maxillofac. Surg. 2002, 31,

262–266. [CrossRef] [PubMed]

http://doi.org/10.1186/1758-3284-3-33
http://www.ncbi.nlm.nih.gov/pubmed/21798030
http://doi.org/10.1016/j.oooo.2016.08.021
http://www.ncbi.nlm.nih.gov/pubmed/27727113
http://doi.org/10.1016/j.oraloncology.2007.08.011
http://www.ncbi.nlm.nih.gov/pubmed/17996486
http://doi.org/10.1111/cdoe.12093
http://www.ncbi.nlm.nih.gov/pubmed/24460662
http://doi.org/10.1002/14651858.CD010276.pub2
http://doi.org/10.3390/cancers12113185
http://doi.org/10.3390/diagnostics11071287
https://www.hpa.gov.tw/Pages/Detail.aspx?nodeid=612&pid=11389
https://www.hpa.gov.tw/Pages/Detail.aspx?nodeid=612&pid=11389
http://doi.org/10.1111/j.1600-0714.1985.tb00529.x
http://doi.org/10.1002/hed.21131
http://doi.org/10.1192/bjp.149.4.491
http://www.ncbi.nlm.nih.gov/pubmed/3814934
http://doi.org/10.1054/ijom.2002.0220
http://www.ncbi.nlm.nih.gov/pubmed/12190131


Diagnostics 2022, 12, 1544 13 of 14

16. Sankaranarayanan, R.; Mathew, B.; Jacob, B.J.; Thomas, G.; Somanathan, T.; Pisani, P.; Pandey, M.; Ramadas, K.; Najeeb, K.;
Abraham, E. Early findings from a community-based, cluster-randomized, controlled oral cancer screening trial in Kerala, India.
The Trivandrum Oral Cancer Screening Study Group. Cancer 2000, 88, 664–673. [CrossRef]

17. Ramadas, K.; Sankaranarayanan, R.; Jacob, B.J.; Thomas, G.; Somanathan, T.; Mahe, C.; Pandey, M.; Abraham, E.; Najeeb, S.;
Mathew, B.; et al. Interim results from a cluster randomized controlled oral cancer screening trial in Kerala, India. Oral Oncol.
2003, 39, 580–588. [CrossRef]

18. Sankaranarayanan, R.; Ramadas, K.; Thomas, G.; Muwonge, R.; Thara, S.; Mathew, B.; Rajan, B.; Trivandrum Oral Cancer
Screening Study Group. Effect of screening on oral cancer mortality in Kerala, India: A cluster-randomised controlled trial. Lancet
2005, 365, 1927–1933. [CrossRef]

19. Sankaranarayanan, R.; Ramadas, K.; Thara, S.; Muwonge, R.; Thomas, G.; Anju, G.; Mathew, B. Long term effect of visual
screening on oral cancer incidence and mortality in a randomized trial in Kerala, India. Oral Oncol. 2013, 49, 314–321. [CrossRef]

20. Subramanian, S.; Sankaranarayanan, R.; Bapat, B.; Somanathan, T.; Thomas, G.; Mathew, B.; Vinoda, J.; Ramadas, K. Cost-
effectiveness of oral cancer screening: Results from a cluster randomized controlled trial in India. Bull. World Health Organ. 2009,
87, 200–206. [CrossRef]

21. Ellington, T.D.; Henley, S.J.; Senkomago, V.; O’Neil, M.E.; Wilson, R.J.; Singh, S.; Thomas, C.C.; Wu, M.; Richardson, L.C. Trends
in Incidence of Cancers of the Oral Cavity and Pharynx—United States 2007–2016. MMWR Morb. Mortal. Wkly. Rep. 2020, 69,
433–438. [CrossRef]

22. Deaton, A.M.; Bird, A. CpG islands and the regulation of transcription. Genes Dev. 2011, 25, 1010–1022. [CrossRef]
23. Ushijima, T. Detection and interpretation of altered methylation patterns in cancer cells. Nat. Rev. Cancer 2005, 5, 223–231.

[CrossRef] [PubMed]
24. Asokan, G.S.; Jeelani, S.; Gnanasundaram, N. Promoter hypermethylation profile of tumour suppressor genes in oral leukoplakia

and oral squamous cell carcinoma. J. Clin. Diagn. Res. 2014, 8, ZC09-12. [CrossRef]
25. Locke, W.J.; Guanzon, D.; Ma, C.; Liew, Y.J.; Duesing, K.R.; Fung, K.Y.C.; Ross, J.P. DNA Methylation Cancer Biomarkers:

Translation to the Clinic. Front. Genet. 2019, 10, 1150. [CrossRef] [PubMed]
26. Witjes, J.A.; Morote, J.; Cornel, E.B.; Gakis, G.; van Valenberg, F.J.P.; Lozano, F.; Sternberg, I.A.; Willemsen, E.; Hegemann, M.L.;

Paitan, Y.; et al. Performance of the Bladder EpiCheck Methylation Test for Patients Under Surveillance for Non-muscle-invasive
Bladder Cancer: Results of a Multicenter, Prospective, Blinded Clinical Trial. Eur. Urol. Oncol. 2018, 1, 307–313. [CrossRef]
[PubMed]

27. Song, L.; Jia, J.; Peng, X.; Xiao, W.; Li, Y. The performance of the SEPT9 gene methylation assay and a comparison with other CRC
screening tests: A meta-analysis. Sci. Rep. 2017, 7, 3032. [CrossRef]

28. Kan, Y.Y.; Liou, Y.L.; Wang, H.J.; Chen, C.Y.; Sung, L.C.; Chang, C.F.; Liao, C.I. PAX1 methylation as a potential biomarker for
cervical cancer screening. Int. J. Gynecol. Cancer 2014, 24, 928–934. [CrossRef]

29. Cheng, S.J.; Chang, C.F.; Lee, J.J.; Chen, H.M.; Wang, H.J.; Liou, Y.L.; Yen, C.; Chiang, C.P. Hypermethylated ZNF582 and PAX1
are effective biomarkers for detection of oral dysplasia and oral cancer. Oral Oncol. 2016, 62, 34–43. [CrossRef]

30. Cheng, S.J.; Chang, C.F.; Ko, H.H.; Liu, Y.C.; Peng, H.H.; Wang, H.J.; Lin, H.S.; Chiang, C.P. Hypermethylated ZNF582 and PAX1
genes in oral scrapings collected from cancer-adjacent normal oral mucosal sites are associated with aggressive progression and
poor prognosis of oral cancer. Oral Oncol. 2017, 75, 169–177. [CrossRef]

31. Huang, Y.K.; Peng, B.Y.; Wu, C.Y.; Su, C.T.; Wang, H.C.; Lai, H.C. DNA methylation of PAX1 as a biomarker for oral squamous
cell carcinoma. Clin. Oral Investig. 2014, 18, 801–808. [CrossRef]

32. Cheng, S.J.; Chang, C.F.; Ko, H.H.; Lee, J.J.; Chen, H.M.; Wang, H.J.; Lin, H.S.; Chiang, C.P. Hypermethylated ZNF582 and PAX1
genes in mouth rinse samples as biomarkers for oral dysplasia and oral cancer detection. Head Neck 2018, 40, 355–368. [CrossRef]

33. Sun, R.; Juan, Y.C.; Su, Y.F.; Zhang, W.B.; Yu, Y.; Yang, H.Y.; Yu, G.Y.; Peng, X. Hypermethylated PAX1 and ZNF582 genes in the
tissue sample are associated with aggressive progression of oral squamous cell carcinoma. J. Oral Pathol. Med. 2020, 49, 751–760.
[CrossRef] [PubMed]

34. Juan, Y.C.; Su, Y.F.; Bai, C.H.; Fan, Y.C.; Kuo, T.T.; Ko, H.H.; Peng, H.H.; Chiang, C.P.; Fwu, C.W.; Cheng, S.J. ZNF582
hypermethylation as a prognostic biomarker for malignant transformation of oral lesions. Oral Dis. 2021. [CrossRef] [PubMed]

35. Chiu, Y.W.; Su, Y.F.; Yang, C.C.; Liu, C.J.; Chen, Y.J.; Cheng, H.C.; Wu, C.H.; Chen, P.Y.; Lee, Y.H.; Chen, Y.L.; et al. Is OLP
potentially malignant? A clue from ZNF582 methylation. Oral Dis. 2021. [CrossRef] [PubMed]

36. Pencina, M.J.; D’Agostino, R.B., Sr. Evaluating Discrimination of Risk Prediction Models: The C Statistic. JAMA 2015, 314,
1063–1064. [CrossRef] [PubMed]

37. Pencina, M.J.; D’Agostino, R.B., Sr.; D’Agostino, R.B., Jr.; Vasan, R.S. Evaluating the added predictive ability of a new marker:
From area under the ROC curve to reclassification and beyond. Stat. Med. 2008, 27, 157–172, discussion 207–112. [CrossRef]

38. Ganesh, D.; Sreenivasan, P.; Ohman, J.; Wallstrom, M.; Braz-Silva, P.H.; Giglio, D.; Kjeller, G.; Hasseus, B. Potentially Malignant
Oral Disorders and Cancer Transformation. Anticancer Res. 2018, 38, 3223–3229. [CrossRef]

39. Chakraborty, D.; Natarajan, C.; Mukherjee, A. Advances in oral cancer detection. Adv. Clin. Chem. 2019, 91, 181–200. [CrossRef]
40. Gigliotti, J.; Madathil, S.; Makhoul, N. Delays in oral cavity cancer. Int. J. Oral Maxillofac. Surg. 2019, 48, 1131–1137. [CrossRef]
41. Shridhar, K.; Walia, G.K.; Aggarwal, A.; Gulati, S.; Geetha, A.V.; Prabhakaran, D.; Dhillon, P.K.; Rajaraman, P. DNA methylation

markers for oral pre-cancer progression: A critical review. Oral Oncol. 2016, 53, 1–9. [CrossRef]
42. Sharma, S.; Kelly, T.K.; Jones, P.A. Epigenetics in cancer. Carcinogenesis 2010, 31, 27–36. [CrossRef]

http://doi.org/10.1002/(SICI)1097-0142(20000201)88:3&lt;664::AID-CNCR25&gt;3.0.CO;2-V
http://doi.org/10.1016/S1368-8375(03)00041-1
http://doi.org/10.1016/S0140-6736(05)66658-5
http://doi.org/10.1016/j.oraloncology.2012.11.004
http://doi.org/10.2471/BLT.08.053231
http://doi.org/10.15585/mmwr.mm6915a1
http://doi.org/10.1101/gad.2037511
http://doi.org/10.1038/nrc1571
http://www.ncbi.nlm.nih.gov/pubmed/15719030
http://doi.org/10.7860/JCDR/2014/9251.4949
http://doi.org/10.3389/fgene.2019.01150
http://www.ncbi.nlm.nih.gov/pubmed/31803237
http://doi.org/10.1016/j.euo.2018.06.011
http://www.ncbi.nlm.nih.gov/pubmed/31100252
http://doi.org/10.1038/s41598-017-03321-8
http://doi.org/10.1097/IGC.0000000000000155
http://doi.org/10.1016/j.oraloncology.2016.09.007
http://doi.org/10.1016/j.oraloncology.2017.11.013
http://doi.org/10.1007/s00784-013-1048-6
http://doi.org/10.1002/hed.24958
http://doi.org/10.1111/jop.13035
http://www.ncbi.nlm.nih.gov/pubmed/32428271
http://doi.org/10.1111/odi.13946
http://www.ncbi.nlm.nih.gov/pubmed/34145953
http://doi.org/10.1111/odi.14120
http://www.ncbi.nlm.nih.gov/pubmed/34967949
http://doi.org/10.1001/jama.2015.11082
http://www.ncbi.nlm.nih.gov/pubmed/26348755
http://doi.org/10.1002/sim.2929
http://doi.org/10.21873/anticanres.12587
http://doi.org/10.1016/bs.acc.2019.03.006
http://doi.org/10.1016/j.ijom.2019.02.015
http://doi.org/10.1016/j.oraloncology.2015.11.012
http://doi.org/10.1093/carcin/bgp220


Diagnostics 2022, 12, 1544 14 of 14

43. Mallegowda, H.; Theresa, R.; Amberkar, V.S. Oral field cancerization: Tracking the invisible. Int. J. Oral Health Sci. 2019, 9, 28–35.
[CrossRef]

44. Seoane, J.; Varela-Centelles, P.; Ramirez, J.R.; Romero, M.A.; De La Cruz, A. Artefacts produced by suture traction during
incisional biopsy of oral lesions. Clin. Otolaryngol Allied Sci. 2002, 27, 549–553. [CrossRef] [PubMed]

45. Mashberg, A.; Samit, A. Early diagnosis of asymptomatic oral and oropharyngeal squamous cancers. CA Cancer J. Clin. 1995, 45,
328–351. [CrossRef] [PubMed]

46. Schnetler, J.F. Oral cancer diagnosis and delays in referral. Br. J. Oral Maxillofac. Surg. 1992, 30, 210–213. [CrossRef]
47. Huang, C.C.; Lin, C.N.; Chung, C.H.; Hwang, J.S.; Tsai, S.T.; Wang, J.D. Cost-effectiveness analysis of the oral cancer screening

program in Taiwan. Oral Oncol. 2019, 89, 59–65. [CrossRef]
48. Chiang, T.E.; Lin, Y.C.; Wu, C.T.; Yang, C.Y.; Wu, S.T.; Chen, Y.W. Comparison of the accuracy of diagnoses of oral potentially

malignant disorders with dysplasia by a general dental clinician and a specialist using the Taiwanese Nationwide Oral Mucosal
Screening Program. PLoS ONE 2021, 16, e0244740. [CrossRef]

49. Allen, K.; Farah, C.S. Screening and referral of oral mucosal pathology: A check-up of Australian dentists. Aust. Dent. J. 2015, 60,
52–58. [CrossRef]

50. Chi, A.C.; Day, T.A.; Neville, B.W. Oral cavity and oropharyngeal squamous cell carcinoma–an update. CA Cancer J. Clin. 2015, 65,
401–421. [CrossRef]

51. Yete, S.; D’Souza, W.; Saranath, D. High-Risk Human Papillomavirus in Oral Cancer: Clinical Implications. Oncology 2018, 94,
133–141. [CrossRef]

52. Ye, W.; Siwko, S.; Tsai, R.Y.L. Sex and Race-Related DNA Methylation Changes in Hepatocellular Carcinoma. Int. J. Mol. Sci. 2021,
22, 3820. [CrossRef]

53. Kailembo, A.; Preet, R.; Stewart Williams, J. Socioeconomic inequality in self-reported unmet need for oral health services in
adults aged 50 years and over in China, Ghana, and India. Int. J. Equity Health 2018, 17, 99. [CrossRef] [PubMed]

54. Wen, P.C.; Lee, C.B.; Chang, Y.H.; Ku, L.E.; Li, C.Y. Demographic and rural-urban variations in dental service utilization in Taiwan.
Rural Remote Health 2017, 17, 4161. [CrossRef] [PubMed]

http://doi.org/10.4103/ijohs.ijohs_34_18
http://doi.org/10.1046/j.1365-2273.2002.00619.x
http://www.ncbi.nlm.nih.gov/pubmed/12472529
http://doi.org/10.3322/canjclin.45.6.328
http://www.ncbi.nlm.nih.gov/pubmed/7583906
http://doi.org/10.1016/0266-4356(92)90262-H
http://doi.org/10.1016/j.oraloncology.2018.12.011
http://doi.org/10.1371/journal.pone.0244740
http://doi.org/10.1111/adj.12261
http://doi.org/10.3322/caac.21293
http://doi.org/10.1159/000485322
http://doi.org/10.3390/ijms22083820
http://doi.org/10.1186/s12939-018-0812-2
http://www.ncbi.nlm.nih.gov/pubmed/29996847
http://doi.org/10.22605/RRH4161
http://www.ncbi.nlm.nih.gov/pubmed/28838246

	Introduction 
	Materials and Methods 
	Study Design and Study Population 
	Clinical Evaluations 
	DNA Preparation of the Oral Specimen 
	ZNF582 Methylation (ZNF582m) Assay 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

