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Abstract

Background: We evaluated the prognostic role of 13-gene DNA methylation

analysis by oral brushing repeatedly performed during the follow-up of patients

surgically treated for oral cancer.

Methods: This is a nested case–control study including 61 patients for a total

of 64 outcomes (2/61 patients experienced multiple relapses). Samples were

collected at baseline (4–10 months after OSCC resection) and repeatedly every

4–10 months until relapse or death. DNA methylation scores were classified as

persistently positive, persistently negative, or mixed.

Results: Twenty cases who had persistently positive scores and 30 cases with

mixed scores had, respectively, an almost 42-fold (p < 0.001) and 32-fold

(p = 0.006) higher likelihood of relapse, compared to 14 patients with persis-

tently negative scores. The last score before reoccurrence was positive in

18/19 secondary events.

Conclusions: The 13-gene DNA methylation analysis may be considered for

the surveillance of patients treated for oral carcinoma.
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1 | INTRODUCTION

Oral squamous cell carcinoma (OSCC) has one of the
highest mortality rates among all cancers1 due to the
high rate of loco-regional recurrence. A further cancer
(including local recurrences [LRs], lymph-node metasta-
ses [LNMs] and second primary tumors [SPTs]) develops
after multimodal therapy in 20%–50% of OSCC patients
and accounts for most cancer-related deaths.2

OSCC recurrence remains a difficult condition to
treat. Many authors considered surgical salvage as the
primary option for recurrent OSCC,3,4 because the effi-
cacy of chemo/radiotherapy is still limited for loco-
regional control and must be balanced with high toxic-
ity.5 So, a timely diagnosis of loco-regional recurrence is
essential to achieve curative surgical excision and a good
prognosis.6 Standard methods for the evaluation of loco-
regional control include clinical evaluation, incisional
biopsy with histological examination, and imaging. How-
ever, repeated incisional biopsies are invasive and may
not be appropriate for the follow-up of treated OSCC
patients, and imaging is expensive and has insufficient
specificity and positive predictive value.7 Although inci-
sional biopsy of visible lesions is an option, it does not
provide useful information if performed for clinically
unaltered mucosa.

The repeated analysis of OSCC biomarkers at ade-
quate follow-up intervals using a minimally invasive sam-
pling procedure may be an attractive strategy to evaluate
loco-regional recurrence. Gene silencing by promoter
methylation is an early and frequent event in oral carcino-
genesis, and may occur even more frequently than struc-
tural inactivation of genes by mutations and deletions.8

Some studies have found that the central pathogenesis of
cancer involves a disrupted and unstable epigenome,
which is usually caused by mutations and often preceded
by epigenetic changes in normal tissues as a result of age
and injury.9 Normal mucosa with normal DNA methyla-
tion levels at the surgical site may exhibit aberrant meth-
ylation before OSCC recurrence because epigenetic
alterations occur early during carcinogenesis.10

In a recent study, we developed a method for the early
detection of OSCC based on the DNA methylation of
13 genes obtained from noninvasive oral brushing sam-
ples. The 13 genes showed an aberrant methylation pat-
tern in patients with OSCC or high-grade dysplasia.11–15

Based on the DNA methylation level of the most

informative CpGs identified previously, a patented algo-
rithm was developed to identify OSCC; an algorithm
score >1.0615547 indicated epigenetic changes related to
OSCC.11 The diagnostic value of the 13-gene DNA meth-
ylation analysis in oral brushing samples was assessed in
a multicenter Italian clinical trial, providing a sensitivity
of 93.6% (CI 87.8–99.5), a specificity of 84.9% (CI 76.2–
93.6), a PPV of 86.6% (CI 78.7–94.4), a NPV of 92.8%
(CI 86.2–99.4), and accuracy of 89.4%.16 The clinical rele-
vance of 13-gene DNA methylation analysis was also eval-
uated for prognostic purposes. Specifically, the present
study was based on a previous investigation in 2019 that
identified an altered methylation profile in 16 (32.7%) of
49 brushing specimens obtained from clinically healthy
mucosa that had replaced the surgical sites after tumor
resection. In addition, patients with a positive score had a
high risk of relapse.17 However, the previous study col-
lected a single sample from the patients at 6 months after
surgical resection of OSCC. So far, the prognostic role of
the analysis of epigenetic alterations performed longitudi-
nally multiple times was described in a single case report:
epigenetic alterations in 13-gene DNA methylation analy-
sis were both found in a non-dysplastic oral leukoplakia
that after 2 years transformed in OSCC and in the regen-
erative oral mucosa at 6 months after the resection of the
primary OSCC before the development of a secondary
OSCC. By contrast, oral brushing samples from the regen-
erative oral mucosa at 6 months after surgical resection for
the secondary oral cancer did not show epigenetic alter-
ations and the patient didn't develop further neoplastic
manifestations.18

In the present study, the 13-gene DNA methylation
analysis on oral brushing samples was collected at differ-
ent times during the oncologic follow-up of patients sur-
gically treated for OSCC.

The aim was to evaluate the association between the
altered methylation level and secondary OSCC, exploring
the predictive value of the 13-gene DNA methylation
analysis for secondary oral carcinoma in treated OSCC
patients.

2 | MATERIALS AND METHODS

The study included 61 consecutive patients who were
diagnosed with OSCC at the Department of Biomedical
and Neuromotor Sciences, Section of Oral Sciences,

2 GISSI ET AL.



University of Bologna, and underwent intent-to-cure sur-
gical resection at the Maxillofacial Surgery Unit, Sant'Or-
sola Hospital, between 2014 and 2019. All clinical
investigations were conducted according to the principles
expressed in the Declaration of Helsinki. The study was
approved by the local Ethics Committee (study number
14092, protocol number 899/CE). Each participant gave
informed consent. Surgical resection of OSCC was per-
formed in accordance with standard practices.19 Preoper-
ative biopsy and surgical specimens were subjected to
histological analysis at the Sections of Anatomic Pathol-
ogy of the University of Bologna and Sant'Orsola
Hospital.

This study included OSCC patients who underwent
complete surgical resection and had no margin involve-
ment. All patients included had no clinical or radio-
graphic evidence of relapse 4 months post initial
treatment. Postoperatively, patients underwent routine
follow-up, including clinical, instrumental, and radiologi-
cal examinations in accordance with the International
National Comprehensive Cancer Network guidelines.20 A
head and neck multidisciplinary team, including ear-
nose-throat specialists (ENT) and maxillofacial surgeons,
radiation and medical oncologists, radiologists, serves as
an outcome review panel. During the period of follow-up,
patients received clinical and endoscopic evaluations.
Both head and neck computed tomography and magnetic
resonance imaging were performed every 6 months dur-
ing the first 3 years for patients with advanced stage of
disease and high risk of relapse, according to our Institu-
tional guidelines. For patients having early stage of dis-
ease, only clinical assessment was performed; imaging
was reserved for patients having local symptoms or sus-
pect of local relapse. This study included some patients
included in previous studies.17,18

2.1 | Oral brushing sample collection

Before any cancer treatment, oral brushing sample collec-
tion and DNA methylation analysis were performed to
evaluate the presence of an altered methylation pattern
in the tumor mass as previously described.11

During the follow-up oral brushing samples were col-
lected from a wide regenerative area after surgical re-
section of the index tumor, exceeding margins of surgical
resection regardless the type of surgery adopted (with or
without reconstructive tissue transfer for surgical repair
after resection). In presence of free-flap reconstruction of
the surgical defect gentle brushing was performed on a
wide area including both reconstructive tissue used for
surgical repair and adjacent oral mucosa. Repeated sam-
ple collection in each patient was performed according to

a previously described protocol.17,21,22 Baseline brushing
samples were obtained after 4–10 months of surgical re-
section of primary OSCC or after radiation therapy in
case of multimodal therapy, and every 4–10 months
thereafter, unless relapse or censoring occurred
(Figure 1). Mean time between samples was 7.3
± 1.5 months, with a median of 7.4 months and an inter-
quartile range equal to 6.2–8.5. Brushing specimens were
collected during follow-up visit at the Department of Bio-
medical and Neuromotor Sciences of the University of
Bologna, and the Section of Oral Sciences and the Maxil-
lofacial Surgery Unit of Sant'Orsola Hospital, between
2014 and 2019.

Preoperative clinical information (age, sex, smoking
status, and tumor location), pathological information,
and the staging results for surgical specimens (primary
tumor type, regional lymph node involvement, tumor
grade, depth of invasion [DOI], perineural invasion, re-
section margins, and tumor stage) were recorded in
accordance with the 8th American Joint Committee on
Cancer criteria.23 Variables related to index OSCC treat-
ment (i.e., postoperative radiotherapy and free-flap recon-
struction of the surgical defect) were also evaluated.

Disease-free survival (DFS), defined as the interval
between primary OSCC resection and occurrence of new
loco-regional neoplastic manifestations, as tumor pro-
gression (which comprised LRs, LNMs or distant metas-
tases) or as SPT and death were evaluated at the final
follow-up visit in December 2019. LR and SPT were dis-
tinguished applying the criteria of Hong et al.,24 that rep-
resent a modification of the definition given by Warren
and Gates.25 LR was defined as a second neoplastic lesion
having the same histological features, appearing within
2 cm and occurring less than 3 years after the index
tumor. SPT was defined as a second neoplastic lesion
located at a distance greater than 2 cm from the index
tumor or a second lesion occurring more than 3 years
after the index tumor; any histopathologic differences
between second and primary neoplastic lesions or the
presence of Epithelial Precursor Lesions (EPL) associated
with the second tumor supported the hypothesis of
an SPT.

2.2 | Thirteen-gene DNA methylation
analysis

A 13-gene DNA methylation analysis was performed as
described previously.11 Briefly, DNA from exfoliated cells
was purified using the Quick DNA MagBead Plus kit
(cat. no. D4081; Zymo Research, Irvine, CA, USA) and
were treated with sodium bisulfite using EZ-96 DNA
Methylation MagPrep (cat. no. D5041; Zymo Research)
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according to the manufacturer's instructions. The recom-
mended minimum quantity of DNA is 100 ng (2 ng/μL in
50 ul of elution volume), corresponding to about 16 600
cells, as one single cell contains 6 pg. Quantitative DNA
methylation analysis of the following genes was per-
formed using next-generation sequencing: ZAP70,
ITGA4, KIF1A, PARP15, EPHX3, NTM, LRRTM1, FLI1,
MIR193, LINC00599, MIR296, TERT, and GP1BB. Librar-
ies were prepared using Nextera™ Index Kit (Illumina,

San Diego, CA, USA) and a locus-specific bisulfite ampli-
con approach.11 The libraries were loaded onto the MiSeq
instrument (15 027 617; Illumina), with ≥1000 reads/
region allocated to obtain a coverage depth ≥1000�.
FASTQ output files were subjected to quality control
(>Q30) and evaluated using an oral risk score (https://
galaxy.studiumgenetics.com).26 In our previous study,11

the best CpGs identified by receiver operating character-
istic curve analysis were used to generate an algorithm

FIGURE 1 Time-to-relapse chart

depicting the individual follow-up

periods observed in the study. Patients

No. 20 and No. 43 developed two and

three tumors during the study period,

respectively, and for this reason were

included multiple times in the study

design. [Color figure can be viewed at

wileyonlinelibrary.com]
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based on a multiclass linear discriminant analysis. This
approach identified a threshold value for OSCC of
1.0615547; this value had the optimal sensitivity and
specificity (area under the curve = 0.981). Values exceed-
ing the threshold were considered positive.

2.3 | Statistical analysis

Quantitative variables are presented as means ± standard
deviations, whereas categorical variables are presented as
frequencies and percentages. DFS was estimated by the
Kaplan–Meier method using the date of surgery as
the time of origin.

The association between exposure (oral risk score)
and outcome (relapse) was assessed using a nested case–
control design, which can be seen as a case–control in a
cohort study.27 Cases were patients who experienced
relapse during follow-up and, for each, four time-
matched controls were randomly selected from among
those in the cohort who had not relapsed by the time of
disease occurrence in the case. An example of this tech-
nique, which is called “risk-set sampling” or “incidence
density sampling,” is provided in Figure S1. This
approach was selected to ensure a similar time window
for the measurement of methylation scores between cases
and controls.28 Cases and controls were classified into
three mutually exclusive groups: persistently negative
(scores persistently <1.0615547), persistently positive
(scores persistently >1.0615547), and mixed (variable
scores). Matched controls were excluded from the analy-
sis if no samples were available between the dates of sur-
gery and matching. The associations between score
groups and relapse were estimated with a logistic regres-
sion model using Firth's method, which is similar to the
penalization of the log-likelihood by the Jeffreys prior
(which reduces the bias of maximum likelihood estimates
and represents an ideal solution to the problem of separa-
tion or quasi-separation).29 Unconditional Firth-type
regression analysis was performed by controlling for the
matching factor used in risk-set sampling (i.e., time of
case occurrence) and including the matched follow-up
period as a covariate in the model.30 In a secondary anal-
ysis, the adjustment for confounders was enhanced by
adding propensity scores based on baseline patient char-
acteristics as additional covariates, including an age of
>70 years, smoking, and hard palate tumor location.
These variables were considered potential confounders
because of their significant association with the outcome
(p = 0.10) in simple (crude) regression analysis. The
results are expressed as odds ratios (ORs). The regression
analysis was replicated on LRs and SPTs separately, treat-
ing competing outcomes as censoring events. P-values

were computed by the penalized profile likelihood
method.29 Lastly, the regression analysis was replicated
to confirm the impact of each methylation beta value
included in the last available score before the
matching date.

Data were analyzed using Stata (version 17.0; Stata-
Corp., College Station, TX, USA) and R (version 4.1.0; R
Foundation for Statistical Computing, Vienna, Austria)
software.31 The significance level was set at p < 0.05
(two-sided).

3 | RESULTS

This study included 61 patients (35 [57%] females and
26 [43%] males) with a median age at the index OSCC
presentation of 66.8 ± 13.0 (range: 36–91) years. In total,
22 patients were classified as T1N0M0, 12 as T2N0M0,
4 as T3N0M0, and 11 as T4N0M0; among patients with
lymph node involvement, 2 had T2N2M0, 2 had
T2N3M0, 1 had T3N3M0, 3 had T4N1M0, 1 had
T4N2M0, and 3 had T4N3M0. Twenty-three (38%) of
sixty-one patients received radiation therapy as adjuvant
postoperative treatment. All baseline demographic, clini-
cal, and histological characteristics of the patients are
summarized in Table 1.

3.1 | Baseline prognostic variables

A time-to-relapse chart that illustrates all the individual
follow-up periods included in the study is presented in
Figure 1. During a median follow-up of 28.9 (interquartile
range: 18–36.5) months, 19 secondary tumors were diag-
nosed. Two of the sixty-one patients developed multiple
tumors (three in case No. 20 and two in case No. 43). As a
result, there were 64 observations in total. Secondary
tumors were classified according to the criteria established
by Hong et al.24: seven patients had LRs (5/7 LRs limited
to oral cavity and 2/7 LRs of the oral cavity also presented
lymph node involvement) and 12 had SPT developed in
oral cavity. In addition, seven patients died due to disease
progression and two died due to unrelated causes.

Figure 2 presents the Kaplan–Meier DFS curve. The
log-rank test showed that age >70 years was associated
with decreased DFS (p = 0.001). The relapse rate was
2.05 per 100 person-months among patients aged
>70 years and 0.39 per 100 person-months among those
aged ≤70 years. A hard palate tumor location had a sig-
nificant negative association with DFS (p = 0.002); the
incidence rate was 3.78 per 100 person-months in this
location and 0.86 per 100 person-months in the remain-
ing tumor locations.
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3.2 | Thirteen-gene DNA methylation
analysis

A preoperative positive score has been detected in
61 OSCC patients of the population study (mean value
3.77 ± 1.37).

As shown in Figure 1, 221 oral brushing specimens
were analyzed during follow-up. The DNA amount ran-
ged between 100 and 500 ng. None of clinical variables
(included radiation therapy) resulted significantly related
with a significant lower DNA amount. A single oral
brushing sample was collected in 9 patients (14%), all of
whom experienced disease relapse, while two specimens
were collected in 16 patients (25%), three in 11 patients
(17%), four in 13 patients (20%), five in 5 patients (8%),
six in 4 patients (6%), seven in 3 patients (5%), eight in
2 patients (2%), and nine in 1 patient (1%). Cases were

classified into persistently negative (n = 14, 22%), persis-
tently positive (n = 20, 31%), and mixed (n = 30, 47%)
score groups. Among the 30 patients with mixed profiles,
21 tested negatives after the first oral brushing sample
collection performed at 4–10 months after OSCC surgical
resection, while 9 tested positive; in these two groups,
3/21 (14%) and 1/9 (11%) SPTs were observed,
respectively.

3/61 OSCC cases showed close margins of surgical re-
section and finally one case showed histological dysplasia
on the margin of resection. 2/3 close margins of the surgi-
cal resection margins showed a persistent positive score
in oral brushing cell collection 6 months after OSCC
resection. The only case with mild dysplasia on the mar-
gin of resection showed a negative score for oral brushing
cell collection 6 months after OSCC resection. No signifi-
cant relationship was found between the persistent posi-
tive score and the presence of a close resection margin.

A preoperative mean-score of 3.14 ± 0.3 has been cal-
culated in the group of patients with persistently positive
score during follow-up period, 2.8 ± 0.2 in the group of
patients with mixed score and a mean score of 2.3 ± 0.4
has been detected in the group of patients with persis-
tently negative score during follow-up period. A mean
postoperative score of 2.75 ± 0.27 has been calculated in
the group with persistently positive scores during the
follow-up period, 0.96 ± 0.2 in the group with a mixed
score during the follow-up period, and a mean

FIGURE 2 Kaplan–Meier survival estimates of time to relapse

after surgical resection for oral squamous cell carcinoma (OSCC),

overall and by age group. The spikes indicate censoring times.

[Color figure can be viewed at wileyonlinelibrary.com]

TABLE 1 Baseline characteristics at index OSCC

manifestation (n = 61).

Characteristic n (%)

Female 35 (57%)

Age >70 years 27 (44%)

Smoker 13 (21%)

OSCC location

Gum 23 (38%)

Tongue 16 (26%)

Labial gingival mucosa 11 (18%)

Hard palate 8 (13%)

Soft palate 2 (3%)

Floor of mouth 1 (2%)

Grading

1 27 (44%)

2 25 (41%)

3 9 (15%)

T3/T4 size and extent 23 (38%)

Lymph node involvement 12 (20%)

Radiation therapy 23 (38%)

Reconstructive skin flap 26 (43%)

Perineural invasion 9 (15%)

Vascular invasion 4 (7%)

Depth of invasion ≥4 mm 27 (44%)

Surgical margin

Clear 57 (93%)

Close 3 (5%)

Dysplasia at surgical margin 1 (2%)

Abbreviation: OSCC, oral squamous cell carcinoma.
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postoperative score of �0.35 ± 0.29 was detected in the
group of patients with persistently negative scores during
the follow-up period. No correlations exist between pre-
operative and postoperative score during follow-up
period.

Table 2 presents the scores for the cases and matched
controls. Controls were matched to cases at a ratio of 4:1
based on the follow-up duration, to ensure a similar time
window for the measurement of methylation scores
between the two groups. Among the 19 relapsed cases,
15 (79%) had persistently positive results before recur-
rence, whereas 4 (21%) had mixed results and none had
persistently negative results. In particular, among the
15 cases with persistently positive results, 9 (5 LRs and
4 SPTs) were diagnosed after a single oral brushing sam-
ple collection, 4 (2 LRs and 2 SPTs) after two collections,
and 2 SPTs after four collections. Four patients with
mixed results experienced a secondary neoplastic event
(Figure 1). The first case (No. 21) developed SPT after
two negative tests at 7 and 13 months, and had a positive
test at 21 months after the diagnosis of the index cancer
and 6 months before the recurrence. The second case
(No. 22) developed SPT following a first positive test
8 months after OSCC treatment, and had a subsequent
negative test 5 months before the SPT was detected. The
third case (No. 30) developed SPT after a first negative
test, and had two positive tests at 14 and 21 months after
index tumor excision. The fourth case (No. 49) developed
SPT following a first negative test 8 months after OSCC
treatment and a positive test 14 months after diagnosis
and excision of the index cancer.

The median time between the last oral brushing sam-
ple collection and secondary tumor appearance was 2.6
(range: 0.7–9.5) months (see Table 3 for detailed data on
relapsed cases).

Table 4 presents the results of the regression analysis.
Compared to persistently negative patients, persistently
positive patients had an almost 42-fold higher relapse
likelihood (OR = 42.15, p < 0.001), whereas patients with
mixed results had a 32-fold higher likelihood
(OR = 31.96, p = 0.006). No significant differences were
observed between the persistently positive and mixed
groups, even after adjustment for the baseline risk fac-
tors. Compared to persistently negative patients, persis-
tently positive patients had a 58-fold higher LR
likelihood (OR: 57.96) and 20-fold higher SPT likelihood
(OR: 19.31) (see Tables S1 and S2). No significant differ-
ences were observed between mixed groups and negative
groups. Nearly all single methylation beta values
included in the last available score before the matching
date were significantly associated with increased relapse
likelihood: ZAP70-16 (OR = 4.06, p = 0.000), GP1BB-1
(OR = 2.41, p = 0.010), MiR193-12 (OR = 2.02,
p = 0.010), NTM-14 (OR = 2.00, p = 0.000), LRRTM1-3
(OR = 2.00, p = 0.000), KIF1A-22 (OR = 1.92,
p = 0.000), PARP15-2 (OR = 1.60, p = 0.050), EPHX3-1
(OR = 1.60, p = 0.030), and LINC00599-1 (OR = 1.57,
p = 0.040). These results indicate an increase in the odds
of relapse of one standard deviation with an increase in
the methylation beta values.

4 | DISCUSSION

In the present study, we evaluated whether 13-gene DNA
methylation analysis from oral brushing can be repeated
to determine the time-related risk of OSCC development
and identify LRs and SPTs. To our knowledge, this is the
first study to use a minimally invasive tool based on DNA
methylation analysis performed at different times to
determine the risk of relapse during follow-up of patients
treated for primary OSCC.

The 13-DNA methylation analysis of repeat oral
brushing specimens was used to categorize patients into
persistently negative (n = 14; score <1.06457), persis-
tently positive (n = 20; score >1.06457), and mixed
(n = 30) groups.

The present results showed that patients with persis-
tently positive (OR = 42) or mixed (OR = 32) scores had
a significantly higher risk of OSCC relapse compared to
those with persistently negative scores. Specifically, none
of the 14 patients with persistently negative scores devel-
oped a secondary tumor. In comparison, 15 (7 LRs and
8 SPTs) of the 19 secondary carcinomas had persistently

TABLE 2 Distribution of brushing score results in cases and

matched controls obtained via risk-set sampling; values are count

(percentage) or mean ± standard deviation [range].

Brushing score

Relapse
cases

Matched
controls

(n = 19) (n = 66)a

Results over follow-up
period

Negative 0 (0%) 28 (42%)

Positive 15 (79%) 23 (35%)

Mixed (both neg. and
pos.)

4 (21%) 15 (23%)

Last result before matching
date

Negative 1 (5%) 32 (48%)

Positive 18 (95%) 34 (52%)

aSample size is 66 instead of 19 � 4 = 76 because 76 – 66 = 10 controls had
no available cytological samples between the date of surgery and the
matching date, and were thus discarded.
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TABLE 3 Distribution of the scoring results during oncological follow-up in patients who developed multiple oral squamous cell

carcinoma during oncological follow-up.

Cases

Index
tumor
date

Time distribution of oral brushing sampling collection, score calculation and secondary
neoplastic manifestations

Case 10 December
2015

April 2016: POS
(2.19)*

December 2016:
POS (1.45)*

August 2017:
POS (1.35)*

April 2018:
POS (1.26)*

February
2019: SPT‡

Case 18 August
2016

April 2017: POS
(2.76)*

November 2017:
POS (1.18)*

April 2018: SPT‡

Case 20 August
2016

May 2017: POS
(3.39)*

September 2017:
LR†

May 2018: POS
(1.91)*

January 2019:
POS (3.12)*

August 2019:
SPT‡

Case 21 September
2016

April 2017: NEG
(�1.37)

October 2017:
NEG (�0.56)

June 2018: POS
(2.35)*

January 2019:
SPT‡

Case 22 September
2016

May 2017: POS
(3.35)*

December 2017:
NEG (0.49)

May 2018: SPT ‡

Case 28 November
2016

April 2017: POS
(8.88) *

May 2017: LR†

Case 30 December
2016

July 2017: NEG
(0.68)

February 2018:
POS (2.08)*

September 2018:
POS (4.06)*

March 2019:
SPT‡

Case 32 March
2017

June 2017: POS
(1.27)*

January 2018:
POS (2.54)*

September 2018:
POS (3.04)*

April 2019:
POS (1.79)*

July 2019:
SPT‡

Case 35 May 2017 November 2017:
POS (2.34)*

January 2018:
LR†

Case 43 November
2017

March 2018: POS
(1.15)*

May 2018: LR† September 2018:
POS (1.67)*

December
2018: SPT‡

June 2019:
POS (1.64)*

September
2019: SPT‡

Case 46 December
2017

April 2018: POS
(3.99)*

October 2018:
POS (3.86)*

January 2019:
LR†

Case 49 March
2018

November 2018:
NEG (0.96)

May 2019: POS
(2.66)*

August 2019:
SPT‡

Case 54 June 2018 February 2019:
POS (2.22)*

October 2019:
POS (2.8)*

December 2019:
LR†

Case 55 June 2018 December 2018:
POS (3.59)*

March 2019:
SPT‡

Case 59 August
2018

April 2019: POS
(1.15)*

July 2019: SPT‡

Case 61 March
2019

September 2019:
POS (1.86)*

May 2020: LR†

Abbreviations: LR†, local recurrence; NEG, negative test; POS*, positive test; SPT‡, second primary tumor.

TABLE 4 Odds ratio estimates (p-values) for OSCC relapse obtained with unconditional Firth-type logistic regression; the full set of

pairwise comparisons between the three exposure groups is presented.

Reference: Low Reference: High Reference: Mixed

Brushing score Unadjusted Adjusteda Unadjusted Adjusteda Unadjusted Adjusteda

Negative 1.00 1.00 0.02b 0.04b 0.03b 0.05b

(�) (�) (<0.001) (<0.001) (0.006) (0.020)

Positive 42.15b 28.12b 1.00 1.00 1.32 1.42

(<0.001) (<0.001) (�) (�) (0.712) (0.639)

Mixed (neg./pos.) 31.96b 19.75b 0.76 0.70 1.00 1.00

(0.006) (0.020) (0.712) (0.639) (�) (�)
aControlled for age >70 years, smoking, and hard palate OSCC location via propensity-score covariate adjustment.
bSignificant at the 5% level (p-value ≤0.05).
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positive scores during follow-up: 9 further carcinomas
(5 LRs and 4 SPTs) developed after the first oral brushing
sample collection 4–10 months after OSCC surgical resec-
tion, 4 secondary OSCCs (2 LRs and 2 SPTs) developed
after the second positive test, and 2 SPTs developed after
four positive tests.

Interestingly, 30 surgically treated OSCC patients with
mixed scores for the brushing samples collected every
6 months during follow-up were identified. As described
previously, 21 (70%) of the 30 mixed results showed a nega-
tive score after the first oral brushing sample collection per-
formed 4–10 months after OSCC surgical resection.

The four patients with mixed results who developed a
SPT had characteristic epigenetic alterations: three had
a first negative result 6 months after OSCC treatment, with
subsequent samples showing a positive result. In the pres-
ence of a single oral brushing sample, patients may be erro-
neously considered to be at low risk of a secondary tumor.
One only of these four patients developed a secondary
event 5 months after a single negative test (No. 22).

The changes of the scores (i.e., positive and negative)
in the mixed group may have been due to an insufficient
number of adult cancer stem cells or cancer cells to
repopulate the area of surgical intervention, leading to
aberrant methylation patterns. Alternatively, this phe-
nomenon might be explained by tumor heterogeneity,
which may lead to insufficient altered epialleles to cross
the threshold value.

The present results confirmed the predictive value of
the 13-gene methylation analysis: 18 (95%) of 19 loco-
regional relapses developed after a positive score on oral
brushing sample collection. Further studies are needed to
understand the implications of the negative score
obtained before SPT developed in case No. 22. A strategy
characterized by a strict brushing sample collection inter-
val (i.e., every 3–4 months) may enhance the ability of
13-gene based methylation analysis to identify patients at
risk of secondary tumors.

In total, 9 of the 13 genes (ZAP70-16, GP1BB-1,
MiR193-12, NTM-14, LRRTM1-3, KIF1A-22, PARP15-2,
EPHX3-1, and LINC00599-1) showed a significantly
altered methylation level in samples collected before the
development of a secondary tumor compared to
the remaining samples.

The present results confirm the role of DNA methyla-
tion as a molecular biomarker of microscopic and histo-
logical cellular alterations after OSCC treatment. This is
the first study to reveal time-dependent epigenetic insta-
bility in the clinically healthy mucosa of patients surgi-
cally treated for OSCC.

Two different mechanisms have been proposed to
explain the high rate of second neoplastic manifestations
in the oral cavity. Slaughter et al. introduced the concept

of “field cancerization”: on the basis of histological exam-
inations the authors hypothesized the persistence of
abnormal tissue after surgery that explains the high rate
of second neoplastic manifestations.32 A secondary oral
cancer may be also related to the possibility of an incom-
plete surgical resection of primary tumor.2

Previous studies have demonstrated that the presence
of epithelial precursor lesions and/or molecular alter-
ations in the negative surgical margins of resection
beyond OSCC are powerful risk factors for secondary
neoplastic events. Altered expression of genetic markers
such as p53,33–36 hLy6D,37 and epigenetic markers has
been associated with the presence of minimal residual
disease and local recurrence. In contrast, dysplasia at the
surgical margin of resection,38,39 loss-of-heterozygosity
(LOH),40 and altered expression of Ki-67 40,41 MMP9,
and PTHLH42 were observed in tumor-adjacent normal
tissue and were associated with preneoplastic altered
fields. Specifically, two recent studies demonstrated a
relationship between the presence of dysplasia at surgical
margins of resection and appearance of the SPT38,39

whereas Carvalho et al. demonstrated that altered expres-
sion of MMP9 and PTHLH in the analysis of negative
surgical margins of resection was associated with SPT.42

Data of the present study suggested that oral brushing
cell collection in wide regenerative area after OSCC re-
section resulted in a minimally invasive procedure able
to identify epigenetic modifications related to small clus-
ters of residual tumor cells or a field effect undetectable
in the histological analysis of the margins or both respon-
sible for the development of a LR or SPT. The oral brush-
ing sampling procedure showed potential limitations:
data from the present study did not reveal whether an
altered methylation level was related to the presence of
minimum residual disease or the presence of a preneo-
plastic field. In case of a field effect responsible for multi-
ple tumors brushing cell collection in a wide regenerative
area after oral cancer surgical resection is not able to
identify exactly the extension preneoplastic field, further
investigations with a second oral brushing sampling col-
lection in the opposite clinically normal mucosa (cheek
opposite) may help us to identify the extension of the pre-
neoplastic field.

In line with our results, two studies reported hyper-
methylation of a single gene or panel of genes in saliva
samples collected after the diagnosis and treatment of
primary OSCC.43,44 Finally, a recent study found that the
minimally invasive procedure is feasible, thereby
highlighting the value of oral brushing sample as a non-
invasive surrogate for tissue biopsies for the epigenomic
profiling of oral cancer.45

Another potential limit of this study, in addition to
the small population, is the presence of a high number of
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elderly patients (44%). OSCC is characterized by high
prevalence in elderly age and it is well known that aging
can affect global genome methylation.46 However, an
increase in the incidence of OSCC in patients younger
than 45 has been recently reported and further investiga-
tion is needed to analyze the reliability of 13-gene DNA
methylation analysis in selected younger than 45 years
old OSCCs.

5 | CONCLUSIONS

The present study evaluated the application of a mini-
mally invasive procedure based on 13-gene DNA methyl-
ation analysis of oral brushing samples collected at
different times during the follow-up of patients surgically
treated for oral cancer. A positive score on methylation
analysis was associated with diagnostic accuracy of >90%
for emerging secondary neoplastic events. Furthermore,
epigenetic instability was observed in patients with
OSCC. Further studies with long-term follow-up and a
shorter surveillance interval (i.e., every 3 months) are
necessary to verify our findings and determine the opti-
mal brushing cell collection interval. Moreover, biological
factors potentially related to OSCC influence the methyl-
ation status of patients surgically treated for this oral
cancer.
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