
OR I G I N A L AR T I C L E

Droplet digital PCR of tumor suppressor gene methylation
in serial oral rinses of patients with head and neck
squamous cell carcinoma

Sherwood Y. H. Fung PhD1,2,3 | Kwan Chee Allen Chan FRCPA1,2,3 |

Eddy W. Y. Wong FRCSEd4 | Cherrie W. K. Ng MBBS4 | Ryan Cho FRCSEd4 |

Zenon W. C. Yeung FRCSEd4 | Jacky W. K. Lam FRCSEd1,2,3 |

Jason Y. K. Chan FRCSEd4

1Li Ka Shing Institute of Health Sciences, The Chinese University of Hong Kong, Hong Kong SAR, China
2Department of Chemical Pathology, Prince of Wales Hospital, The Chinese University of Hong Kong, Hong Kong SAR, China
3State Key Laboratory of Translational Oncology, Sir Y.K. Pao Centre for Cancer, Prince of Wales Hospital, The Chinese University of Hong Kong,
Hong Kong SAR, China
4Department of Otorhinolaryngology – Head and Neck Surgery, Prince of Wales Hospital, The Chinese University of Hong Kong, Hong Kong SAR,
China

Correspondence
Jason Y. K. Chan, Department of
Otorhinolaryngology – Head and Neck
Surgery, Prince of Wales Hospital, The
Chinese University of Hong Kong, 6/F,
Lui Che Woo Clinical Sciences Building,
Shatin, New Territories, Hong Kong SAR,
China.
Email: jasonchan@ent.cuhk.edu.hk

Funding information
Dr Stanley Ho Medical Foundation;
Research Grants Council, University
Grants Committee, Grant/Award
Numbers: General Research Fund (CUHK
14108818), General Research Fund
(CUHK 14109716), Theme-based Research
Scheme (T12-401/16-W)

Section Editor: Patrick Ha

Abstract

Background: Head and neck squamous cell carcinoma (HNSCC) currently

lacks sensitive approaches to detect cancer-related traits in body fluid.

Methods: Methylation of tumor suppressor genes (TSGs) (PAX5, EDNRB, and

DCC) were measured in the oral rinses from 50 HNSCC and 58 control subjects

using droplet digital PCR (ddPCR). Diagnostic accuracies in detecting HNSCC and

the detection rate of recurrence in the post-treatment monitoring were analyzed.

Results: ddPCR TSG methylation detection in oral rinses for diagnosis of

HNSCC had an AUC of 0.892 for PAX5, 0.753 for EDNRB, and 0.729 for DCC.

Significant drop of TSG methylation was observed after completion of surgery

(p < 0.01). 76.9% of the relapse cases had a pre-emptive rebound of methyla-

tion above presurgery levels in at least one of the tested markers before con-

firmed recurrence.

Conclusions: Utilizing ddPCR for TSG methylation detection in oral rinses

shows potential for detection and monitoring of HNSCC.
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1 | INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is the
sixth most common cancer type worldwide with more
than 700 000 new cases recorded annually.1,2 Primary
treatment of HNSCC has made advancements to reduce
mortality and morbidity.3,4 However, the 5-year survival
rate remains stagnant at approximately 40%–50%. Post-
treatment monitoring of patients with HNSCC is impor-
tant for the early detection and treatment of the recurrent
diseases. The current approach for post-treatment moni-
toring utilizes physical examination and imaging like
F-18-Fluorodeoxyglucose Positron Emission Tomography
(F-18-FDG-PET), for structural and functional analysis
for recurrence.5-7 The imaging approaches have been pro-
posed and adopted in practice, but other approaches are
required to address the possible concerns in both cost
and radioactive exposures.8-11

Molecular diagnostics for the detection of HNSCC
offers the potential for early detection. Aberrant DNA
methylation of CpG-rich sequences within promoter
regions of many tumor suppressor genes (TSGs) has
been detected in tumor tissues, blood, and oral rinses
from patients with HNSCC.12-15 Previous attempts dem-
onstrated successful detection of TSG methylation in the
oral rinses and plasma of patients with HNSCC that
were absent in normal patients but with relatively low
sensitivity.13,16-21 The development droplet digital PCR
(ddPCR) technology, which facilitates partitioning of
input DNA into 20 000 droplets, allowing PCR reactions
in each individual droplet, and offering a distinct advan-
tage in the ability to directly quantify reactions.22-24

Hayashi et al. reported the change from qPCR to ddPCR
for Paired Box 5 (PAX5) methylation detection increased
the detection rate from 29% to 71% in surgical margin
imprint specimens.25 This demonstrated the potential of
adapting ddPCR technology may enhance the detection
of finite methylated signal found in patients with
HNSCC. In this study, we developed ddPCR methyla-
tion detection optimized for fragmented DNA and
sought to evaluate the feasibility of using ddPCR meth-
ylation analysis on a panel of TSG methylation markers
in oral rinses for the noninvasive precise detection and
monitoring of HNSCC.

2 | MATERIALS AND METHODS

2.1 | Patients recruitment

Patients who presented with a HNSCC to the Prince of
Wales Hospital and United Christian Hospital in Hong
Kong and agreed with written informed consent were

included in the study. Subjects with the tumor type other
than squamous cell carcinoma were excluded from the
study. The study was approved by The Joint Chinese Uni-
versity of Hong Kong – New Territories East Cluster Clin-
ical Research Ethics Committee (The Joint CUHK-NTEC
CREC) and Kowloon East Cluster Research Ethics Com-
mittee. Control subjects were recruited from Prince of
Wales Hospital and Alice Ho Miu Ling Nethersole Hospi-
tal with no history of malignancies and above 18 years
of age.

2.2 | Sample collection

2.2.1 | HNSCC cohort

Fifty patients with HNSCC were recruited with the col-
lection of 30 mL oral rinse before surgery. Tumor and
paired normal tissues (5 cm away from the tumor) were
collected during surgery.

2.2.2 | Control cohort

Fifty-eight control cases were recruited in this study.
Thirty-two patients with head and neck cancer that
required tonsillectomy for treatment of nonmalignant
head and neck disease were recruited with the oral
rinse collected before surgery and control tissue speci-
men collected during the surgery. Additional 26 healthy
subjects were recruited with oral rinses alone. Two
groups were combined for analysis in the oral rinse
experiments.

2.3 | Sample preparation

2.3.1 | Oral rinse

Pretreatment 30 mL of oral rinses were obtained with
normal saline gargled twice under supervision, for 20 and
10 s, respectively, as previously described.13,18 The sam-
ples were centrifuged at 1600g for 10 min at 4�C. Super-
natants were discarded and the cellular pellet will be
stored at −80�C until further use.

2.3.2 | Tumor and paired normal tissue

At the time of surgery, approximately 5 mm3 tumor sam-
ples were excised from resected specimens within the
tumor mass, without involving the margin. Paired nor-
mal tissue more than 5 cm away from the margin of the
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tumor was excised. Tissue specimens were stored at
−80�C until further use.

2.3.3 | DNA extraction and bisulfite
modification

Approximately 2 mm3 of tissue samples were used for
DNA extraction with the QIAamp DNA Mini Kit
(Qiagen, Hilden, Germany) according to the manufac-
turer's protocol. The DNA concentration and quality
were assessed with spectrophotometry (Nanodrop;
Thermo Fisher Scientific, Waltham, MA). One micro-
gram of extracted DNA from each specimen was used for
bisulfite conversion with EpiTect Plus DNA Bisulfite Kit
(Qiagen), according to the manufacturer's protocol.

2.4 | Methylation panel

TSG methylation markers panel were chosen with
established markers that were shown differentially methyl-
ated in HNSCC and detected previously in tissue and show-
ing higher detection rate. PAX5, Endothelin Receptor β
(EDNRB), and Deleted in Colorectal Cancer (DCC) were
selected as potential markers for the detection of
HNSCC.17,25,26 The primer and the probe sequences were
listed in Table 1.

2.5 | Methylation-specific ddPCR

The ddPCR assays were designed with one hydrolysis
probe labeled with FAM dye that targeted methylated
sequences (from the tumor), with all the differentially
methylated CpG sites remained unconverted a cytosine
after bisulfite conversion. The other hydrolysis probe in
the assays was labeled with VIC dye (from normal tis-
sue), with differentially methylated CpG sites all
converted uracil and amplified into thymidine. The assay
also contained a nondifferentiating forward primer and a
set of reverse primers with one targeting methylated
sequences and the other targeted unmethylated
sequences. Each reaction was performed in duplicate.

The ddPCR was performed using the QX200 Droplet
Digital PCR system (Bio-Rad, Hercules, CA). Bisulfite-
treated DNA (8 μL) were added to complete the reaction
mix (20 μL). The forward primer was prepared at a final
concentration of 900 nmol/L, with the set of reverse
primers prepared at a final concentration each at
450 nmol/L. The probes were prepared at the concentra-
tion of 250 nmol/L. The thermal profile started with the
initial activation step at 95�C for 10 min and then
45 cycles of the following two steps, 94�C for 15 s as the
denaturing step and an anneal/extension step with tem-
perature set differently for the markers, 52�C for 60 s
(PAX5), 54�C for 60 s (EDNRB), 60�C for 60 s (DCC),
followed by 98�C for 10 min of final incubation.

TABLE 1 Oligonucleotide sequences used in the methylation-specific droplet digital PCR (ddPCR) assays

Target
Name of
oligonucleotide Sequence (50-30)a

PAX5 promoter region (Chr 9:
37002661–37002595)

Forward primer TAAGAGAGAY GAAGGTAAGAGAGG

Reverse M primer AAACAAACCCCGTAAAACG

Reverse UM primer AAAAACAAACCCCATAAAACA

M probe (FAM)-TCGCGTAGTTTCGTCGG-(MGB)

UM probe (VIC)-TTTGTGTAGTTTTGTTGGGGA-(MGB)

EDNRB promoter region (Chr 13:
77919140–77919056)

Forward prime GGGAGTTGTAGTTTAGTTAGTTAGGGAG

Reverse M primer TACCCCGCGATTAAACTCG

Reverse UM primer CCTCTATACCCCACAATTAAACTCA

M probe 6FAM-TAGCGGTTTTTATTCGTCGG-MGBNFQ

UM probe VIC-TAGTGGTTTTTATTTGTTGGGA-MGBNFQ

DCC promoter region (Chr 18:
52340708–52340791)

Forward primer TGTGTATGY GTGTGTGAGTGTATGTG

Reverse M primer CCATATTTCAACCAACACCTTCG

Reverse UM primer CCATATTTCAACCAACACCTTCA

M probe 6FAM-TCGTTGTTCGCGATTT-MGBNFQ

UM probe VIC-TTGTTGTTGTTTGTGATTT-MGBNFQ

Abbreviations: DCC, Deleted in Colorectal Cancer; EDNRB, Endothelin Receptor Beta; M, methylated specific; PAX5, Paired Box 5; UM, unmethylated specific.
aThe differentially methylated nucleotides are listed as underlined. The degenerate base in the designed sequence denoted as italic Y.
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Universal methylated human DNA and universally
unmethylated human DNA (EpiTect Control DNA Set,
Qiagen) was used in each run as the positive and nega-
tive control, respectively. QuantaSoft v1.7.4 (Bio-Rad)
was used in the system or machine control and subse-
quent analysis. Optimization of the assay is shown in
Figure 1.

In the digital PCR analysis, methylation density
which refers to the fraction of molecules being methyl-
ated is calculated as

2.6 | Statistical analysis

Statistical analyses were performed using MedCalc Sta-
tistical Software v18.5 and R software.27,28 Differences
of methylation markers between different groups are
assessed with Student's t test, Mann–Whitney U test,
and Wilcoxon signed-rank test. The sensitivity and the

specificity of the markers are determined by receiver-
operating characteristics (ROC) analysis and the area
under the curve (AUC) of the ROC curves are
compared.

3 | RESULTS

3.1 | Patient characteristics

Fifty patients with HNSCC were recruited in the study
(Table 2). Their mean age was 66 years. Thirty-seven
(74%) were males and 13 (26%) were females. The group
predominantly consisted of stage III/IV, 34 (68%). Fifty-
eight normal subjects were recruited, with a median age
of 37.5 years, including 31 (53%) males and 27 (47%)
females.

FIGURE 1 Optimization of the droplet digital quantitative methylation specific PCR (ddqMSP) assays. (A) Testing of the ddqMSP assay

of Deleted in Colorectal Cancer (DCC) using universally methylated DNA and universally unmethylated DNA, the assay showed specific

identification of only methylated signal and unmethylated signal. (B) Quantification performances of the assays were evaluated under low

methylation concentration testing, showing the assays could correctly identify the methylated sequence in low concentration conditions.

Pearson correlation tests showed close correlation between the droplet digital PCR (ddPCR) results with the expected methylation density of

the tested concentrations [Color figure can be viewed at wileyonlinelibrary.com]

Methylation density M%ð Þ= Number of methylated sequences
Number of methylated sequence+number of unmethylated sequence

:
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3.2 | TSG methylation analysis in tissue
specimens

We first analyzed the methylation status of the tumor
in the patients with HNSCC to assess the degree of the

methylation of the selected TSG methylation markers,
PAX5, EDNRB, and DCC. Selected markers showed sig-
nificantly higher methylation density in the tested
50 tumor specimens, compared with paired normal tis-
sues from patients (p < 0.001) and 32 control tissues

TABLE 2 Demographics of recruited patients with head and neck squamous cell carcinoma (HNSCC) and control subjects

Patient characteristics
Patients with HNSCC
recruited, n = 50 (%)

Control subjects
recruited, n = 58 (%) p-value

Age (years) Median: 66
Range: 31–92

Median: 37.5
Range: 19–77

p < 0.001

Gender M 37 (74%) 31 (53%) p < 0.03

F 13 (26%) 27 (26%)

Smoking status Non-smoker 19 (38%) 41 (71%) p < 0.001

Smoker 31 (62%) 13 (22%)

Unknown 0 (0%) 4 (7%)

Alcohol consumption Non-drinker 32 (64%) 45 (78%) p < 0.01

Drinker 18 (36%) 7 (12%)

Unknown 0 (0%) 6 (10%)

Primary site Oral cavity 37 (74%)

Oropharynx 3 (6%)

Hypopharynx 5 (10%)

Larynx 4 (8%)

Paranasal sinus 1 (2%)

Pathological T classification T1/T2 24 (48%)

T3/T4 26 (52%)

Pathological N classification N0 29 (58%)

N+ 21 (42%)

Overall stage I/II 16 (32%)

III/IV 34 (68%)

Note: Comparison of the demographic feature between patients with HNSCC and control subjects were completed with Student's t test.

Abbreviations: F, female; HNSCC, head and neck squamous carcinoma; M, male.

FIGURE 2 Methylation density of tumor suppressor gene (TSG) markers in head and neck squamous cell carcinoma (HNSCC) tissue

specimens and tissues from recruited control subjects. Paired Box 5 (PAX5) (A), Endothelin Receptor Beta (EDNRB) (B), and Deleted in

Colorectal Cancer (DCC) (C). All three markers showed aberrant methylation in tumor, compared with the paired normal tissues (p < 0.001,

Mann–Whitney U test) and with the control tissues (p < 0.001, Mann–Whitney U test). Each dot in the three groups represents individual

patients. Median methylation level of each group was indicated [Color figure can be viewed at wileyonlinelibrary.com]
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from control subjects (p < 0.001). The comparison of
the methylation density between tumor and control tis-
sues of the individual markers is shown in Figure 2.

3.3 | TSG methylation analysis in the
oral rinse for HNSCC diagnosis

After evaluation in the tumor tissue methylation status,
the markers were tested in oral rinses for their diagnostic
performances. The methylation status of the three
markers was examined in both the preoperative oral
rinses of the 50 patients with HNSCC and 58 controls. All
three markers including PAX5 (p < 0.001), EDNRB
(p < 0.001), DCC (p < 0.02) showed a significantly higher
methylation density in patients with HNSCC. Compared
with the tumor methylation results, 38 (88%) cases
showed PAX5 methylation in the tumor also recorded
aberrant methylation in their oral rinse specimens,
whereas for EDNRB and DCC, the number of cases that
detected methylation in both tumor and oral rinse was
22 (82%) and 28 (78%), respectively. The diagnostic per-
formances of the three TSG markers in differentiating

patients with HNSCC from control subjects were com-
pared using ROC analysis (Figure 3(A)). The sensitivity
of PAX5 methylation analysis in oral rinse to detect
HNSCC was 84.0% (95%CI: 70.9–92.8) with a specificity of
87.9% (95%CI: 76.7–95.0). The cut-off for the PAX5 methyl-
ation density (PAX5 M%) in oral rinse was set at
M% > 0.5%. The cut-off for EDNRB hypermethylation in
oral rinse was set at EDNRB M% > 0.1%. The sensitivity
and specificity for EDNRB methylation analysis were
78.0% (95%CI: 64.0–88.5) and 72.4% (95%CI: 59.1–83.3),
respectively. The cut-off for DCC hypermethylation in oral
rinse was set at DCC M% > 0.08%. While the sensitivity
and specificity of DCC methylation analysis were 76.0%
(95%CI: 61.8–86.9) and 72.4% (95%CI: 59.1–83.3). The
AUC of the ROC analysis of PAX5 for HNSCC diagnosis
was 0.892. While the AUC for the ROC of EDNRB and
DCC were 0.753 and 0.729, respectively (Figure 3(A)).

The markers were also evaluated of possible improve-
ment in diagnostic accuracy for HNSCC through the
marker combinations. A combination of all three
markers had an AUC of 0.897, which showed no signifi-
cant improvement when compared to using only PAX5
for the HNSCC diagnosis in oral rinse (p = 0.31). The

FIGURE 3 Comparison of the HNSCC diagnostic accuracy of TSG methylation markers. (A) Diagnostic accuracy of the individual TSG

methylation markers. The cut-off selected in the model was marked by a dot in each ROC curve. Diagnostic accuracy of Paired Box 5 (PAX5)

methylation in oral rinse is significantly better compared with Endothelin Receptor Beta (EDNRB) and Deleted in Colorectal Cancer (DCC)

(p < 0.004, log-rank test). The cut-off for PAX5 methylation was set at methylation density (M%) >0.5%. The cut-off for EDNRB and DCC

methylation was set at EDNRB M% >0.1% and DCC M% >0.08%, respectively. (B) Comparison between the marker combinations and the

best-performed TSG marker (PAX5). In the trial of the combination of the TSG methylation markers, the best performed three marker

combination did not show significant improvement compared with PAX5 (p = 0.306, log-rank test) [Color figure can be viewed at

wileyonlinelibrary.com]
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ROC comparison is illustrated in Figure 3(B). There is no
significant difference in the methylation level of the
markers in the oral rinse of patients with HNSCC and
the control cases, regardless of their smoking and alcohol
consumption status (Tables S1–S10 and Figures S1 and
S2, Supporting Information). In addition, there was no
significant effect on the methylation level of the oral
rinse with regard to the tumor load based on the T classi-
fications and the site of the tumors (Tables S5–S10).

3.4 | Methylation analysis in the oral
rinse for patient monitoring

Forty-eight recruited patients with HNSCC had oral rinse
specimens collected 4 weeks after completion of surgical
treatment. The methylation density of PAX5 (p < 0.001),
EDNRB (p < 0.001), and DCC (p < 0.01) in oral rinse
showed a significant drop after the surgical excision of
the tumor (Figure 4). These 48 patients were serially

FIGURE 4 Change in methylation density of tumor suppressor gene (TSG) markers in oral rinse specimens before and after surgical

treatment. The figure showed the paired comparison of the methylation densities of Paired Box 5 (PAX5) (A), Endothelin Receptor Beta

(EDNRB) (B), and Deleted in Colorectal Cancer (DCC) (C) in oral rinse collected on presurgery and post 4-week (first postsurgery timepoint)

timepoint. Median level in each group was indicated by the blue mark. Three markers all shown significant drop in the methylation

densities after completion of the surgery [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 5 Longitudinal variation of the oral rinse tumor suppressor gene (TSG) methylation in head and neck squamous cell

carcinoma (HNSCC) patients. (A) The methylation densities of TSG markers in serial collected oral rinse samples from non-relapse patients

showed significant drop after completion of the treatment and remained at low levels till final followup time point. (B) Some relapse cases

showed close correlation between the variation of TSG methylation in oral rinse and the disease progression and treatment [Color figure can

be viewed at wileyonlinelibrary.com]
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monitored with a mean follow-up period of 323 days
(range: 75–447 days). For the cases that reached and
remained in remission, the methylation densities of the
three TSG markers remained at a low level after comple-
tion of the tumor resection. Seventy-five percent of non-
recurring cases recorded PAX5 methylation density
remained below presurgery level. While for EDNRB and
DCC, 66% and 75% of those cases remained below
presurgery methylation density, respectively (Figure 5(A)).
Thirteen patients with disease recurrence were able to
complete longitudinal study after treatment completion.
Four (80%) patients with local recurrence have shown a
significant rebound in at least one of the markers. Six
(86%) patients with regional spread showed a significant
rebound in at least one of the markers. Interestingly,
two (100%) with distant metastasis showed a rebound
in all three TSG markers. Both cases were diagnosed
with lung metastasis. The variation of the TSG methyla-
tion in oral rinse has shown a correlation with the clini-
cal events as illustrated with the cases below
(Figure 5(B)).

Case HN2 was diagnosed with stage II buccal SCC.
The methylation density of PAX5 in oral rinse dropped
from 1.4% before surgery to 0% on Day 32 after tumor
resection. PAX5 methylation remained at 0.3% on Day
111. The level rose to 0.8% on Day 181 and to 1.6% on
Day 384. A parallel increase was also observed in EDNRB
M% and DCC M% at 1.6% and 2.5%, respectively, on Day
384. The rise in the methylation level of the three tumor
markers was 152 days ahead of the confirmed presence of
lung metastasis.

Case HN6 was diagnosed with stage I buccal SCC.
PAX5 M% dropped from 0.9% before surgery to 0.5%,
25 days after tumor resection. EDNRB M% also observed
a drop from 0.2% before surgery to 0% at the same time-
point. PAX5 and EDNRB M% showed rebound reaching
1.1% and 0.5%, respectively, on 223 days after surgery.
The patient was confirmed to have a regional recurrence
on Day 265. The patient received second surgery on Day
336 and the methylation density of PAX5, EDNRB, and
DCC all rose further to 2.7%, 1.4%, and 2.8% on Day
363 after the first surgery, 27 days after the second sur-
gery. The patient eventually showed distant metastasis
on Day 514 and died on Day 550.

Case HN15 was a patient with stage IVa buccal SCC.
The methylation densities of the three TSG markers
showed a significant drop 34 days after tumor resection.
PAX5 methylation density dropped from 0.9% to 0.4%,
EDNRB dropped from 0.3% to 0%, and DCC dropped from
1.4% to 0.1%. The patient was given subsequent concur-
rent chemoradiotherapy. After completion of the regi-
ment, PAX5 and EDNRB showed an increase of
methylation density to 0.5%, while DCC rose to 1%. The

methylation density continued to rise till the last time-
point on Day 391, with PAX5 methylation density rose
from 0.9% before surgery to 2.0% on Day 391 after tumor
resection. While EDNRB methylation density rose from
0.3% pretreatment to 1.1% on Day 391, DCC methylation
density rose from 1.4% before surgery to 1.5% on Day 391.
The patient has subsequently diagnosed with Lung, adre-
nal and skull base metastasis on Day 658. The marked
rebound of the three markers was recorded 267 days
before confirmed relapse.

Case HN36 was a patient with stage II tongue SCC.
PAX5 M% in oral rinse dropped from 0.8% to 0.3% on
Day 27 after tumor resection. EDNRB methylation den-
sity dropped from 0.5% to 0.2% and DCC methylation
density dropped from 1.4% to 0.7% at the same timepoint.
The patient was found to have recurrence on Day
230 and salvage surgery was performed on Day 262.
PAX5 methylation density rose from 0.6% on Day 188 to
1.7% at the time of salvage surgery. EDNRB and DCC M%
also showed a parallel increase in the same period,
EDNRB M% rose from 0.03% to 0.6%. DCC M% rose from
0.3% to 1.0%. PAX5, EDNRB, and DCC M% showed drop
on Day 280, 18 days after salvage surgery. PAX5 M%
dropped from 1.7% to 0.3%, EDNRB M% dropped from
0.6% to 0.3%, and DCC M% dropped from 1.0% to 0.7%.
The patient was given concurrent chemoradiotherapy fol-
lowing the second surgery. The oral rinse TSG M%
remained at a low level on Day 447, with PAX5 M% mea-
sured at 0.1%, EDNRB M% measured at 0.03%, and DCC
M% measured at 0.5%. Follow-up for the patient ended
on Day 489 with the patient in remission.

4 | DISCUSSION

This study illustrated the possible application of ddPCR
methylation detection in oral rinses for the detection and
monitoring of HNSCC. The evaluation of the markers in
the study cohort confirmed that PAX5, EDNRB, and DCC
were frequently methylated among patients with HNSCC.
Such an observation was replicated in the pretreatment oral
rinse specimens, showing aberrant methylation compared
with the normal oral rinse specimens. This observation
demonstrates the potential of ddPCR of methylation
markers in the noninvasive detection of HNSCC. Compared
to previous studies which utilized quantitative real-time
PCR approach, ddPCR-based methylation detection
achieved higher sensitivity, with EDNRB increased from
38% to 78% and DCC raised from 27% to 72%, respectively.
AUC in the ROC analysis also increased from 0.58 to 0.75
for EDNRB and from 0.57 to 0.73 for DCC.29

Previous studies demonstrated ddPCR provides
enhanced resolution for the detection of finite targets in
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the pool of nontarget molecules.22,30,31 This approach also
allows for the absolute quantification of the target mole-
cule without the need for an external reference standard.
In this study, the ddPCR method allowed quantification
and detection of methylated target that is common in the
salivary rinse, with the dilution of unmethylated normal
DNA to as low as 0.01%. This low detection limit allows
the differentiation of background low methylation signals
from the high tumor derived methylation signal and an
improved sensitivity compared to previous studies.

The decrease in methylation density of TSG markers
after treatment completion indicated the potential utility
of the methylation analysis in oral rinse as a mean for
disease monitoring. Utilizing oral rinse for analysis pro-
vided a noninvasive way to detect cancer-specific aberra-
tions. Wang et al. have previously shown that oral rinses
have better detection of cancer-specific aberrations and
HPV infection in patients with oral and oropharyngeal
cancer corroborating the use of oral rinses in the detec-
tion of HNSCC in these particular sites.32 In our cohort
of nonrelapse cases, the methylation density of the
markers remained at consistently low levels throughout
the study. In comparison, some of the relapse cases
showed a substantial increase in TSG methylation density
in oral rinses, which predates the confirmed diagnosis of
disease recurrence. Such different patterns between
relapse and nonrelapse patients suggest the possible use
of the methylation analysis of serially collected oral rinse
as a personalized tool for disease monitoring of patients
with HNSCC. The methylation markers may provide
molecular detection toward the subclinical residual dis-
ease before they manifest (Figure 5(B)).

This main limitation of the study is that the sample
cohort mainly comprised of patients with oral cancer.
Other studies had shown a similar pattern with the oral
cancer cases comprised of more than 60% of the recruited
cohort.32,33 This may have led to the skewed representa-
tion of the status of the markers more in line with mostly
patients with oral cancer, with the study among the other
subsites of the patients with head and neck cancer yet to
be confirmed. In the combined TSG marker panel, the
PAX5 methylation contributed to a majority of the pre-
diction power in the ROC curve analyses. For the
HNSCC cases, especially human papilloma virus (HPV)
negative cases, TP53 mutations has been shown to be
highly prevalent.33 PAX5 methylation has been indicated
to be prevalent among the cases that carry the TP53
mutations in another report from Gurrero-Preston et al.34

A close correlation of PAX5 methylation with TP53 muta-
tions was shown to be prevalent among a large number
of patients with HNSCC. For EDNRB and DCC methyla-
tion, markers were previously shown to be methylated
among 33%–67% of patients with HNSCC.29,35,36 In this

study, the detection rate of oral rinse EDNRB methylation
and DCC methylation was 78% and 76%, respectively,
demonstrating that our method has a higher sensitivity
toward detecting the finite methylation signal found in
the oral rinse of the patients with HNSCC for the two
markers. PAX5 demonstrated superior performances as a
biomarker for the HNSCC in comparison with EDNRB
and DCC. But with the relatively small cohort, the diag-
nostic accuracies and performances for the markers may
require further validation.

5 | CONCLUSION

This study highlights the diagnostic potential of ddPCR-
based detection of TSG methylation in the oral rinse for
the HNSCC. PAX5 methylation analysis in the oral rinse
could be a highly sensitive and specific marker for the
diagnosis and disease monitoring after treatment comple-
tion for the detection of the residual disease and traces
for relapse but requires a larger cohort study.
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