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Abstract

Background

Head and neck squamous cell carcinomas (HNSCC) are often diagnosed in advanced

stages. In search of new diagnostic tools, focus has shifted towards the biological properties

of the HNSCC, and the number of different biomarkers under investigation is rapidly

growing.

Objectives

The objective was to review the current literature regarding aberrantly methylated DNA

found in peripheral blood plasma or serum in patients with HNSCC and to evaluate the diag-

nostic accuracy of these changes.

Methods

The inclusion criteria were clinical studies involving patients with verified HNSCC that

reported findings of aberrantly methylated DNA in peripheral blood serum or plasma. We

systematically searched PubMed, OVID Embase and Cochrane Library. In addition to the

search, we performed forward and backward chaining in references and Web of Science.

The protocol was registered in PROSPERO: CRD42019135406. Two authors indepen-

dently extracted data. The quality and the risk of bias of the included studies were assessed

by the QUADAS-2 tool.

Results

A total of 1,743 studies were found eligible for screening, while ultimately seven studies

were included. All studies were found to have methodological weaknesses, mainly
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concerning patient selection bias. The best individual marker of HNSCC was Septin 9 in

plasma with a sensitivity of 57% and a specificity of 95%.

Conclusions

None of the aberrantly methylated genes found in the retrieved studies are applicable as sin-

gle diagnostic markers for HNSCC and the best gene-panels still lack diagnostic accuracy.

Future studies may benefit from newer sequencing techniques but validation studies with

well-designed cohorts are also needed in the process of developing epigenetic based diag-

nostic tests for HNSCC.

Introduction

Head and neck cancer represents 4% of all malignancies with more than 650.000 new cases

worldwide each year, where the majority of these cancers are squamous cell carcinomas

(HNSCC) [1–3]. The overall 5 year survival of the patients is 60%, and it has improved only

moderately over the last decades [4–6]. A major reason for this is probably that patients with

HNSCC often present at later stages of their disease (III-IV as defined by the American Joint

Committee on Cancer (AJCC) cancer staging manual [7]). Survival is inversely related to dis-

ease stage [8], and for patients with oro- and hypopharyngeal cancers, 72–75% present with

late stages, with a 5 year survival rate below 50% [9, 10]. Smoking and alcohol consumption

are major risk factors in HNSCC [11], however, the role of human papillomavirus (HPV) has

within the last 10 years been increasingly recognized as a factor, particularly in the develop-

ment of oropharyngeal cancer [12].The HPV-related oropharyngeal carcinomas have a better

prognosis and show better response to treatment [13]. The differences between HPV-related

and non HPV-related oropharyngeal carcinomas have caused that separate staging systems

were established in the eighth edition of AJCC cancer staging manual [7].

In search of tools for earlier diagnosis, improved prognostic evaluation and detection of

recurrent disease, focus has shifted towards the biological properties of HNSCC, and the num-

ber of biomarkers under investigation is rapidly growing. Initially, proteins and later changes

in DNA, RNA (microRNA), and circulating tumor cells have been investigated. A particular

evolving branch of DNA-research is epigenetic changes, where DNA-methylation represents

one of the most studied modifications. This consists of the addition of a methyl (CH3) residue

in a cytosine base proceeding a guanosine base, known as a CpG dinucleotide; in normal

human DNA 3–6% of all cytosines are methylated [14].

Most CpG dinucleotides are found in CpG-rich regions, known as CpG islands [15]. 55–

75% of human genes have been reported to have CpG rich promoters, and these are predomi-

nantly unmethylated in normal tissue [16, 17]. In the development of cancers, aberrant meth-

ylation of promoter-regions is of particular interest, as hypermethylation of tumor-suppressor

genes may result in downregulation of the activity of the tumor suppressor function, while

hypomethylation of promoter regions in oncogenes may result in an increased gene expression

[18–21].

Cell-free DNA (cfDNA) from solid tumors has been demonstrated in the bloodstream.

While the exact mechanism behind such release of cfDNA is still debated, apoptotic and

necrotic cells are thought to be the origin [22, 23]. If these DNA-fragments can be detected

and their methylation-status determined, this holds the potential of becoming an important

tool in early demonstration and diagnosis of malignant solid tumors. In several types of malig-

nant solid tumors, but not HNSCC, commercial tests based on aberrant methylation are
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already available (e.g. the Epi proColon1 and Cologuard1 for colorectal-cancer screening and

the Epi proLung1 in detection of lung cancer) [24–29].

Based on this background, the primary objective of this paper was to review the current lit-

erature of the usage of aberrantly methylated DNA found in the peripheral blood plasma or

serum of patients with HNSCC and evaluate the diagnostic accuracy of these changes. A sec-

ond objective was to evaluate the potential prognostic value of such findings.

Materials and methods

We conducted a systematic review according to the Preferred Reporting Items for Systematic

review and Meta-analysis (PRISMA) guidelines (S1 Checklist) [30]. The protocol was regis-

tered in the PROSPERO database for systematic reviews with registration number:

CRD42019135406 [31].

Inclusion criteria

Clinical studies involving patients with histopathologically verified HNSCC that reported find-

ings of aberrantly methylated DNA in peripheral blood serum or plasma were eligible.

Exclusion criteria

Studies were excluded, if they were: (1) performed in animals; (2) only describing aberrantly

methylated DNA in solid tumors; (3) published only as conference abstracts; (4) published

only in a review; or (5) published in a language other than English.

Search strategy

In June 2019, we performed a systematic literature search in OVID Embase, PubMed and

Cochrane Library. No limits were placed on the publication dates in our search. In addition to

the search, we performed forward and backward chaining in references and Web of Science.

The search strategy was structured by one reviewer (C.D.) in collaboration with Pernille

Gaardsted, research librarian at the Medical Library, Aalborg University Hospital. An updated

search was performed in March 2020. The full search strategy appears in S1 Table.

Study selection

Papers found according to our search strategy were imported into the Covidence online soft-

ware (Covidence, Melbourne AUS for data management and literature screening [32]). After

duplicate removal, one reviewer (C.D.) screened titles and abstracts of all potential studies

using the inclusion criteria. Then all full text articles were assessed for eligibility by two inde-

pendent reviewers (C.D., M.M.). Any disagreement was resolved by consensus. A flowchart

showing the study selection process in according to PRISMA was generated (Fig 1).

Data collection process

Two authors (C.D., M.M.) independently extracted data and assessed the risk of bias in the

included studies. Data extraction included the name of first author, year of publication, num-

ber of HNSCC cases, number of controls, medium examined (plasma/serum), type of methyla-

tion analysis used, diagnostic performance, prognostic value of the methylation status in

HNSCC patients measured by recurrence free survival and overall survival. Any disagreement

was resolved by consensus.

Due to the heterogenicity of the included studies a meta-analysis was not considered mean-

ingful and a structured narrative synthesis was performed.
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Quality assessment and assessment of the risk of bias

The quality and the risk of bias of the included studies were assessed by the QUADAS-2 tool

[33]. The tool is designed to assess the quality of primary diagnostic accuracy studies. The follow-

ing domains were evaluated: Patient selection, index test, reference standard, flow and timing.

Results

A total of 2428 studies were imported into Covidence. After removal of duplicates by Covi-

dence (685) a total of 1743 studies were eligible for screening according to the inclusion

Fig 1. PRISMA flow diagram. From Moher et al. [30].

https://doi.org/10.1371/journal.pone.0244101.g001
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criteria. The screening process resulted in the removal of 1705 papers (incl. two duplicates

found during the screening) and left 38 papers for assessment. The full text assessment resulted

in the further exclusion of 31 studies and the inclusion of a total of 7 studies for final analysis

[34–40] (Fig 1). The reference lists of the included articles were screened for additional rele-

vant articles, but none met the inclusion criteria.

The earliest study was performed in 2000 [40], and the latest studies performed in 2017 [37,

38]. Six of the seven studies used gene panels based on results derived from earlier published

studies of HNSCC or other malignant tumors (e.g. lung, breast and colorectal cancers), while

Mydlarz et al. chose a panel based on own earlier findings in saliva [35]. All studies evaluated

the methylation status of the primary tumor and of peripheral blood, serum, or plasma with

focus on a limited number of genes. None of the investigators performed a broad or genome-

wide analysis. The studies show a large variation in included number of cases and controls.

Thus, 425 HNSCC patients were included in the study by Schröck et al. [37], contrasting the

17 patients with oral cancer described by Nakahara et al. [39].

It is noteworthy that studies [37, 38] are from the same research group and that studies [34,

35, 40] are also from one group.

Results from studies of methylation in serum

In 2008, Carvalho et al. [34] published a study on evaluation of promoter hypermethylation in

body fluids as a diagnostic tool in patients with HNSCC and healthy controls using quantita-

tive methylation-specific polymerase chain reaction (qMSP). They examined a panel of 21

genes that previously were described as hypermethylated in HNSCC or other solid tumors. Six

genes found in serum were significantly associated with HNSCC. Hypermethylation of each

gene was treated as a binary variable (methylation versus no methylation) and each gene was

evaluated separately and combined in a panel of the best possible combinations regarding sen-

sitivity and specificity (Table 1).

The performances of the selected panels were explored using multivariable logistic regres-

sion and receiver operating characteristic (ROC) curves. Internal validation of the logistic

regression was done by using an approximation to the leave-one-out jackknife procedure. Of

the six genes only one, Hypermethylated in Cancer 1 (HIC1), was considered useful as a diag-

nostic single-gene-marker with a sensitivity of 31.4% and a specificity of 92.5%. No combina-

tions of the selected genes were able to surpass the specificity of HIC1. A panel of five genes

showed a sensitivity of 87.2% and a specificity of 42.3%.

In their study, Mydlarz et al. [35] evaluated 100 HNSCC patients and 50 controls using

qMSP to detect hypermethylated Endothelin Receptor Type B (EDNRB), Deleted in Colorectal

Cancer (DCC) and Cyclin-Dependent Kinase Inhibitor 2A (CDKN2A). Detection of hyper-

methylation was interpreted in a binary fashion without any cut-off as no methylation was

found in normal serum. In the HNSCC group, genes were hypermethylated in 10%, 2% and

1%, respectively. No hypermethylation of the specific genes could be demonstrated in the con-

trol group. There was no significant association between serum positivity for hypermethylated

genes and local recurrence free and overall survival (Table 2).

In another study, Nakahara et al. [39] examined hypermethylation of CDKN2A in biopsies

and serum of 17 oral squamous cell carcinoma (OSCC) patients and eight healthy controls

using MSP. Methylation was treated as a binary outcome. They found a sensitivity of 35% and

a specificity of 100% in serum. The authors performed pre- and post-treatment serum analy-

ses, and all patients with aberrant methylation in serum before treatment were non-methylated

at two months post-treatment follow up. Four patients had recurrence and three of these
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Table 1. Diagnostic value of DNA methylation in plasma or serum.

Gene Name Cases/

controls

Concordance rate

between

methylation in

tumor and blood

Anatomical

site

Stage Specimen Sensitivity Specificity AUC Method Reference

CDH1 Cadherin 1 62/320 All NA Serum 32% 73% 0.53 qMSPb Carvalho

et al. [34]

(2008)

CCND2 Cyclin D2 47/284 All NA Serum 6% 98% 0.52 qMSPb Carvalho

et al. [34]

(2008)

TGFBR2 Transforming Growth

Factor Beta Receptor 2

37/134 All NA Serum 8% 94% 0.51 qMSPb Carvalho

et al. [34]

(2008)

TIMP3 TIMP Metallopeptidase

Inhibitor 3

50/296 All NA Serum 10% 95% 0.52 qMSPb Carvalho

et al. [34]

(2008)

HIC1 Hypermethylated in

Cancer 1

70/373 All NA Serum 31% 93% 0.62 qMSPb Carvalho

et al. [34]

(2008)

PGP9.5 Neuron Cytoplasmatic

Protein 9.5

52/203 All NA Serum 8% 98% 0.53 qMSPb Carvalho

et al. [34]

(2008)

SEPT91 Septin 9 137/170 - All All Plasma 62% 92% 0.79 quasi-

digital

PCR

De Vos et al.

[38] (2017)

SHOX21 Short Stature Homeobox 2 137/170 - All All Plasma 53% 87% 0.78 quasi-

digital

PCR

De Vos et al.

[38] (2017)

SEPT92 Septin 9 141/102 - All All Plasma 55% 90% 0.75 quasi-

digital

PCR

De Vos et al.

[38] (2017)

SHOX22 Short Stature Homeobox 2 141/102 - All All Plasma 43% 95% 0.77 quasi-

digital

PCR

De Vos et al.

[38] (2017)

EDNRB Endothelin Receptor Type

B

100/50 - All All Serum 10% 100% qMSPb Mydlarz

et al. [35]

(2016)

DCC Deleted in Colo-rectal

Cancer

100/50 - All All Serum 2% 100% qMSPb Mydlarz

et al. [35]

(2016)

CDKN2A Cyklin-Dependent Kinase

Inhibitor 2A

100/50 - All All Serum 1% 100% qMSPb Mydlarz

et al. [35]

(2016)

CDKN2A Cyklin-Dependent Kinase

Inhibitor 2A

17/8 65% Oral All Serum 35% 100% MSPa Nakahara

et al. [39]

(2005)

CDKN2A Cyklin-Dependent Kinase

Inhibitor 2A

50/0 27% All All Serum 4% - MSPa Sanchez-

Cespedes

et al. [40]

(2000)

MGMT O6-Methylguanine-

DNA-Methyltransferase

50/0 33% All All Serum 7% - MSPa Sanchez-

Cespedes

et al. [40]

(2000)

DAPK Death-Associated Protein

Kinase

50/0 18% All All Serum 2% - MSPa Sanchez-

Cespedes

et al. [40]

(2000)

(Continued)
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patients, had aberrant methylation in the peripheral blood. In addition, all three had aberrant

methylation in both tumor and serum prior to treatment.

Using MSP for either methylated or unmethylated sequences, Sanchez-Cespedes et al.

[40] published a study in 2000 examining aberrant methylation of four genes, CDKN2A,

06-methylguanine-DNA-methyltransferase (MGMT), Death-associated protein kinase

(DAPK), Glutathione S-transferase P1 (GSTP1). Out of 95 HNSCC tumor and serum

samples, 52 patients had aberrant methylation in the primary tumor. MSP was unsuccess-

ful in two cases and therefore only 50 serum samples were evaluated. Twenty-one of 50

patients had the same methylation changes in the serum as in the primary tumor.

CDKN2A was positive in eight serum samples, MGMT in 14 and DAPK in three. GSTP1

hypermethylation was not found in any tumor or serum sample. As control subjects, they

analyzed serum of 25 patients, who did not have aberrant methylation in the primary

tumor. None of the serum samples in the control group, showed aberrant methylation of

the four genes. Seven of the patients had a new serum sample post-treatment. None of the

methylation-negative patients had converted, however, one DAPK-positive patient had

become negative, whereas two patients still were methylation-positive 5–6 months post-

treatment.

Table 1. (Continued)

Gene Name Cases/

controls

Concordance rate

between

methylation in

tumor and blood

Anatomical

site

Stage Specimen Sensitivity Specificity AUC Method Reference

GSTP1 Glutathione S-transferase

p1

50/0 0% All All Serum 0% - MSPa Sanchez-

Cespedes

et al. [40]

(2000)

SHOX21 Short Stature Homeobox 2 137/122 - All All Plasma 50% 95% 0.80 qPCR Schröck

et al. [37]

(2017)

SEPT91 Septin 9 137/122 - All All Plasma 57% 95% 0.79 qPCR Schröck

et al. [37]

(2017)

SHOX22 Short Stature Homeobox 2 141/102 - All All Plasma 0.79 qPCR Schröck

et al. [37]

(2017)

SEPT92 Septin 9 141/102 - All All Plasma 0.74 qPCR Schröck

et al. [37]

(2017)

CDKN2A Cyklin-Dependent Kinase

Inhibitor 2A

20/24 49% All All Plasma 65% (13/

20)

67% (16/

24)

Real

time

PCR

Wong et al.

[36] (2003)

CDKN2B Cyklin-Dependent Kinase

Inhibitor 2B

20/24 60% All All Plasma 60% (12/

20)

50% (12/

24)

Real

time

PCR

Wong et al.

[36] (2003)

a: Methylation specific PCR.

b: Quantitative methylation specific PCR.

c: Combined bisulfite restriction analysis.

1: Training Cohort.

2: Testing cohort.

�The test is between OSCC and OP. No healthy controls.

https://doi.org/10.1371/journal.pone.0244101.t001

PLOS ONE DNA methylation biomarkers in peripheral blood of patients with head and neck squamous cell carcinomas

PLOS ONE | https://doi.org/10.1371/journal.pone.0244101 December 17, 2020 7 / 18

https://doi.org/10.1371/journal.pone.0244101.t001
https://doi.org/10.1371/journal.pone.0244101


Results from studies of methylation in plasma

Short Stature Homeobox 2 (SHOX2) and Septin 9 (SEPT9) have been examined by Schröck

et al. and De Vos et al. [37, 38]. First, a training cohort with 284 patients with HNSCC and 122

matched healthy controls and a test cohort with 141 patients with HNSCC and 102 matched

healthy individuals were tested for these two biomarkers with triplex quantitative PCR. Only

137 of 284 patients with HNSCC in the training cohort, had baseline blood plasma samples

available. The authors introduced a methylation cut-off value to dichotomize the methylation

values and levels below these values were considered sporadic background methylation.

Matched tumor samples and pretherapeutic methylation in plasma from 55 patients were ana-

lyzed [37]. SHOX2 methylation in plasma correlated significantly with tissue levels (Spear-

man’s p = 0.36, P = 0,007), while SEPT9 showed a suggestive trend (Spearman’s p = 0.25,

P = 0.067). ROC curves have been computed as a measure of diagnostic accuracy and in the

training cohort SHOX2/SEPT9 sensitivity and specificity were reported to be 59% and 96%,

respectively (Table 1). Using univariate Cox proportional hazard analysis for both cohorts, the

authors found a significantly higher risk of death for methylation positive patients for both

markers [37, 38] (Table 2).

In their second study [38], the team evaluated three different algorithms to asses methylated

cfDNA; Relative quantification, Absolute quantification and Quasi-Digital PCR. They used the

same two markers (SEPT9 and SHOX2) and almost the same training and testing cohort as in

their previous study [37], only adding 48 extra controls to the training cohort. All three

Table 2. Prognostic value of DNA methylation in plasma or serum.

Gene(s) Name Anatomical

site

Stage Local recurrence-free survival

(hazard ratio)

Overall survival (hazard

ratio)

Method Reference

EDNRB/DCC/

CDKN2A

All All 1.35c (0.17–10.5) 1.35c (0.41–4.43) qMSP Mydlarz et al.

[35]

SEPT91 Septin 9 All All - 5.27a (2.03–13.68) qPCR Schröck et al.

[37]

SHOX21 Short statue

Homeobox 2

All All - 2.32a (1.12–4.83) qPCR Schröck et al.

[37]

SEPT91 Septin 9 All All 1.32b (1.09–1.59) 1.23b (1.07–1.41) qPCR Schröck et al.

[37]

SEPT92 Septin 9 All All - 2.78a(1.16–6.67) qPCR Schröck et al.

[37]

SHOX22 Short statue

Homeobox 2

All All - 2.50a (1.12–5.60) qPCR Schröck et al.

[37]

SEPT91 Septin 9 All All - 1.90d (1.43–2.69) quasi-digital

PCR

De Vos et al.

[38]

SHOX21 Short statue

Homeobox 2

All All - 1.85d (1.18–2.91) quasi-digital

PCR

De Vos et al.

[38]

SEPT92 Septin 9 All All - 1.67d (1.13–2.45) quasi-digital

PCR

De Vos et al.

[38]

SHOX22 Short statue

Homeobox 2

All All - 1.71d (1.05–2.80) quasi-digital

PCR

De Vos et al.

[38]

a: Univariate cox proportional hazards analysis of the 129 cases with positive serum samples using the introduced cut-off value.

b: Multivariate cox proportional hazards analysis of the 129 cases using the DNA methylations levels as a continuous variable.

c: Univariate proportional hazards analysis.

d: Univariate cox proportional hazards analysis.

1: Training Cohort.

2: Testing Cohort.

https://doi.org/10.1371/journal.pone.0244101.t002
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algorithms showed similar Area Under the Curve (AUC) in the ROC curves (Performance for

Quasi-Digital PCR can be found in Table 1). In prognostic evaluation in both cohorts, all three

algorithms also showed significantly increased hazard ratios for methylation positive patients

(Performance for Quasi-Digital PCR can be found in Table 2).

Finally, Wong and colleagues [36], used real time PCR to examine promoter methylation of

the p16 and p15 genes in plasma. Methylated p16 was found in 65% of the patients with HNSCC

in contrast to 20% of the healthy controls. Methylated p15 was seen in the plasma of 60% of the

patients with HNSCC and in 50% of the healthy controls. The mean concentration of methylated

p16 and p15 was significantly higher in HNSCC patients compared to healthy controls (p = 0.016

and 0.0037 respectively), but no cut-off values for background methylation was defined.

Risk of bias

The QUADAS-2 evaluation of the included studies showed that all studies had a high or

unclear risk of bias related to patient selection. None of the studies explicitly described how

patients or controls were enrolled, e.g. consecutively or randomly or other criteria. Further-

more, all the studies were case control by design. All index-tests were interpreted with the

knowledge of the reference standard in the HNSCC groups. None of the included studies

described the precise flow and timing regarding time from diagnosis to biopsy and blood sam-

pling. (An overview of the QUADAS-2 evaluation appears in Table 3).

Applicability concerns

There were no concerns regarding the condition as defined by the reference standard in any of

the included studies. One study [40], was graded as unclear concerning the index test, as no

healthy control group was included.

Two studies [27, 30], did not report any information on the control groups, and they were

judged as unclear regarding patient selection. As no healthy control group was defined in the

study by Sanchez-Cespedes et al. [40], the concern regarding patient selection was high. The

remaining four studies [34, 35, 37, 38], were judged as low as they had matched control groups

and provided tables with demographic information regarding age, gender, tobacco- and alco-

hol consumption. (An overview of the applicability concerns is given in Table 3)

Discussion

Epigenetic changes, including aberrant DNA methylation, in human cancers was initially

described more than thirty years ago [41]. With the development of new laboratory techniques

Table 3. Risk of bias and applicability concerns.

Study RISK OF BIAS APPLICABILITY CONCERNS

PATIENT

SELECTION

INDEX

TEST

REFERENCE

STANDARD

FLOW AND

TIMING

PATIENT

SELECTION

INDEX

TEST

REFERENCE

STANDARD

Carvalho et al. [34] High High Low Unclear Low Low Low

Mydlarz et al. [35] Unclear High Low Unclear Low Low Low

Nakahara et al. [39] High High Low Unclear Unclear Low Low

Sanchez-Cespedes

et al. [40]

Unclear High Low Unclear High Unclear Low

Schröck et al. [37] High High Low Unclear Low Low Low

De Vos et al. [38] High High Low Unclear Low Low Low

Wong et al. [36] High High Low Unclear Unclear Low Low

https://doi.org/10.1371/journal.pone.0244101.t003
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and assays, the ability to examine body fluids, especially blood, for circulating tumor cells or

tumor DNA has inspired the search of new diagnostic and prognostic tools in cancer. The

objective of this review was to provide an overview of aberrantly methylated DNA found in

plasma or serum of peripheral blood and their diagnostic and prognostic potential in patients

with HNSCC.

The majority of the studies, we retrieved in this systematic review, described both sensitivity

and specificity of the different aberrantly methylated genes, whereas the study by Sanchez-

Cespedes et al. [40] did not include a healthy control group, so that specificity could not be

calculated.

Not all included studies presented both diagnostic and prognostic data, as only three studies

[35, 37, 38], described follow-up, and therefore, they were able to calculate hazard ratios on

local recurrence free survival and overall survival.

Both single genes and gene-panels were evaluated. The best individual marker was found

by Schröck et al. [37] as detected hypermethylated SEPT9 in plasma had a 57% sensitivity and

95% specificity. Hypermethylated SEPT9 was also assessed in studies of other solid tumors,

e.g. the Epi proColon1 that is a commercially available blood-based DNA hypermethylation

test screening for colorectal cancer. As a single marker, the assay reached a sensitivity of 48.2%

and specificity of 91.5% in a large prospective study with 6874 asymptomatic patients sched-

uled for colorectal cancer screening [42].

When combining both SHOX2 and SEPT9 (MeanShox2/SEPT9), Schröck et al. [37] demon-

strated that the sensitivity and specificity can be improved to 59% and 96%, respectively. In the

study by Carvalho et al. [34] the best combined gene panel generated a sensitivity of 87% and a

specificity of 42%. Their study was limited by the fact that not all genes were analyzed in all

HNSCC- and control samples.

Anatomical subsite, stage and HPV status

The anatomical subsite and HNSCC tumor stage may also play a role in the release of tumor

DNA, and hence, the methylation-findings in peripheral blood. Thus, tumors in subsites with

rich lymphatic drainage and blood supply may possibly be detected earlier. For example, the

lymphatic drainage and blood supply of the larynx is remarkably different to other subsites

due to the dual embryological origin [43]. Tumor size may also play a role, as small T1 tumors

of the larynx will present a small cell-turnover compared to a large invasive T4b supraglottic

tumor invading the prevertebral space.

The incidence of HPV-related HNSCC has been increasing during the last decades and is

now described as an independent subtype with a distinct morphological profile and occurs pri-

marily in the oropharynx of younger patients without tobacco and alcohol as co-factors [44,

45]. It has been shown that expression of the p16 protein is highly correlated to HPV in oro-

pharyngeal cancer where the protein is upregulated in contrast to non HPV-related HNSCC.

Due to this strong correlation, immunohistochemical analysis of p16 are used as a surrogate

marker of HPV-related HNSCC [46].

This etiological linkage and role of HPV should be taken into consideration when evaluat-

ing methylation profiles as these may differ between HPV-related and non HPV-related

HNSCC. This has been addressed by Delgi Esposti et al. [47]. Using pooled genome-wide anal-

yses they found that HPV infection affects the DNA methylation in HNSCC across different

anatomical subsites.

Of the seven studies included, only Mydlarz et al. [35] reported the HPV-status in their

HNSCC patients, but did not mention the method used to determine HPV-status. They

described the HPV- status related to survival but not in relation to the biomarkers examined.
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Five studies [34–36, 39, 40] evaluated methylation of the p16 promoter, but none described or

discussed the findings in relation to HPV and potential differences between HPV-related and

non HPV-related HNSCC.

The mechanism of DNA release into the circulation it not fully clarified. However, it is sug-

gested that circulating DNA is derived from apoptotic or neoplastic cells or from tumor cells

that are not capable of generating metastases [22, 23, 48]. Carvalho et al. [34] did not report

the tumor size and stage of the cancer patients examined, while Wong et al. [36] only reported

methylation status of the primary tumor in relation to tumor size. All positive samples in the

study by Mydlarz et al. [35] were Stage IV cancers and Schröck et al. [37] found a strong corre-

lation between the level of the biomarkers in plasma and tumor- and nodal-category.

This should be taken into consideration when evaluating blood-based biomarkers as

screening tools for HNSCC and if possible, anatomical subsite, HPV status, tumor size and

stage should be reported when evaluating the potential diagnostic and prognostic biomarkers.

Examination of plasma versus serum–flow and timing

The use of plasma and serum was almost equally distributed as four studies [34, 35, 39, 40],

evaluated methylation in serum, and three studies [36–38] evaluated methylation in plasma.

In general, the amount of cell free DNA is higher in serum compared to plasma (2–24

times). Therefore, serum is suggested as the best source for evaluation, however, Jung et al.

[49] examined the changes in the concentration of DNA in serum and plasma during storage

and handling of blood samples. They found no change in DNA concentration in plasma stored

8h at room temperature, but time delay and storage temperature had significant impact (3.8–

4.8 times higher for samples stored 2-8h at room temperature) on the concentration of DNA

in serum.

Of the included studies, only Schröck et al. [37] and De Vos et al. [38] explicitly described

the plasma preparation regarding timing, as plasma were prepared within 2h after sampling.

None of the included studies described the flow and timing between the biopsy (histologi-

cally verifying the diagnosis) and the blood samples. If a large biopsy in a vascularized field is

taken, it may cause a release of tumor-cells in the bloodstream, and hence, an elevation of

cfDNA in the blood sample afterwards. Henriksen at al. demonstrated that total cfDNA levels

were elevated up to four weeks after surgery in patients undergoing colorectal cancer surgery

[50]. Therefore, when studying biomarkers potentially released from tumor tissue, the study

should preferable include a measurement the DNA methylation status before (and after) the

primary biopsy with documented flow and timing, or at least describe the flow of sample

collection.

Cut-off values and background methylation

Only two studies [35, 39] did not find any aberrant methylation of the evaluated biomarkers in

the healthy control groups. The fact that the other studies find aberrant methylation in healthy

controls suggest that other factors may contribute to the methylation-level in general. This

issue was only addressed by Schröck and others [37] and defined as sporadic background

methylation. Therefore, a methylation level cutoff was introduced.

Wong et al. [36] evaluated the resection-margins of 29 smoking patients with HNSCC.

They found that methylation-levels of the p15 promoter were significantly higher in resection

margins (and histopathologic healthy tissue) in chronic smokers compared to non-smokers.

These findings have also been documented by others [51, 52]. When evaluating a biomarker as

a screening or diagnostic tool, it should be evaluated in a group of people at risk. Matched con-

trols regarding age, gender, use of tobacco, alcohol and general health-status should be
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preferred. Of the included studies, two failed to report demographics of their control patients,

hence introducing potential bias in the patient selection [36, 39].

Reflections of tumor-methylation in peripheral blood–concordance rate

All the included studies describe that methylation analyses of the primary tumors have been

performed, but not all described the concordance between tumor- and the serum-methylation.

Using Spearman correlation, Schröck et al. analyzed 55 matched tumor and blood samples

and found a significant correlation for SHOX2 but not for SEPT9. Sanchez-Cespedes et al.

[40] found that 42% of the examined patients had the same methylation changes in serum and

the primary tumor.

In the study of aberrantly methylated CDKN2A by Nakahara et al. [39], 54,5% of the

patients had matching tumor and serum changes. In a study of CDKN2A in 94 colorectal can-

cer patients, a concordance rate of 30% was found [53], and in a study of primary lung cancer

(using MSP) by Ooki et al., the concordance rate was between 20–56% in a six-gene panel [54].

None of the included studies had a perfect concordance rate of methylation in tumor and

plasma/ serum, which raises the question, why that is so. HNSCC are highly heterogeneous

tumors and different methylation-profiles may exist even within the tumor. Thus, different

biopsy-sites may yield different methylation-profiles. If different methylation-profiles exists,

this may also be reflected in the DNA released to the circulation.

Prognostic value of aberrant blood methylation in HNSCC and post-

treatment surveillance

Several studies have evaluated the prognostic value of aberrant methylation profiles in the pri-

mary tumors of HNSCC [55–59]. Of the included studies, only three [35, 37, 38] had follow-

up, thus describing local recurrence free- and overall survival. Mydlarz et al. [35] did not find a

significant association between local recurrence or overall survival and promoter hypermethy-

lation of the three genes examined (Table 2).

Schröck et al. [37] performed univariate proportional hazards analyses on both cohorts and

multivariate analyses on their training cohort. In the univariate analyses, patients with positive

plasma levels of either SEPT9 or SHOX2 were at higher risk of death compared to the methyla-

tion negative patients. In multivariate analyses of the 129 patients in their training cohort,
SEPT9 proved to be an independent prognostic factor regarding local recurrence free survival

(HR: 1.32 CI:1.09–1.59) and overall survival (HR:1.23 CI: 1.07–1.41) (Table 2). De Vos et al.

[38] found both SEPT9 and SHOX2 to be significant prognostic factors regarding overall sur-

vival in all tested quantification algorithms (Table 2).

Post-treatment evaluation of aberrant methylated DNA was only reported in two of the

seven studies included [39, 40]. Nakahara et al. found that all six patients with positive tests

with regard to pre-treatment aberrant methylated DNA had converted to negative tests two

months after treatment; four of these patients were later diagnosed with recurrent disease, and

three had converted back to positive tests [39]. Sanchez-Cespedes et al. reported from post-

treatment samples that in three patients with positive pre-treatment tests, only one patient

became negative after treatment, while in two patients’ tests were still positive at five to six

months of follow-up. It was not reported, whether these patients later had recurrent disease

[40]. The role of post-treatment profiles of aberrant methylated DNA in HNSCC remains

unclear. Symonds et al. reported conversion of positive to negative tests in 35 of 47 patients

with colorectal-cancer [60]. Thus, it seems relevant to pursue this aspect in patients with

HNSCC as it may reveal an important method for surveillance.
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Methods used in methylation analyses

The included studies use different methods in their methylation analyses. Methylation-specific

PCR (MSP) was one of the earliest methods used in methylation studies and was initially

described by Herman et al. in 1996 [61]. The method uses primers to recognize methylated-

and unmethylated CpG’s. The method is cost-effective, but has a disadvantage of false positives

results [62]. MSP have been used in two studies in this review, which are also two of the oldest

studies (Sanchez-Cespedes et al. in 2000 and Nakahara et al. in 2005).

Of more recent methods, Yokoi et al. named the quantitative methylation specific PCR

(qMSP) as the “gold standard” of methylation analyses in a review from 2017 [63]. qMSP has

been used in another two of the included studies [34, 35]. The group with Schröck and De Vos

used triplex quantitative PCR (qPCR) and Wong et al. used real time PCR [36].

There are several challenges in the detection and quantification of cfDNA. The amount of

circulating cfDNA from tumor is generally very limited and have a short half-life. Therefore,

the methods used are particularly susceptible to timing and workflow, and optimal standard-

ized methods are needed in order to obtain a high performance.

All the included studies used targeted assays covering only a few numbers of known pro-

moters. Recent technological progress has enabled whole genome methylation analyses e.g.

Methylated DNA immunoprecipitation sequencing (MeDIPseq), whole-genome bisulfite

sequencing or the Infinium MethylationEpic Array [64, 65]. Each method has its advantages

but common for all are the genome wide coverage compared to targeted assays.

Using comprehensive integrative molecular analyses of 10.000 specimens of primary

tumors across 33 types of cancer in The Cancer Genome Atlas, Hoadley et al. [66] shoved that

the influence of cell type was evident in DNA-methylation based clustering. Using MeDIP-seq,

Shen et al. [67] demonstrated detection of early-stage pancreatic cancer trough cfDNA in

plasma but also the potential of multi-cancer classification using the same protocol in a cohort

of 189 plasma samples from 7 different tumor types. Early-stage detection across >50 different

cancers, including HNSCC by analyzing methylation signatures in cfDNA with advanced

computational biology has also recently been described by Liu et al. [68].

Ideally, each subtype of cancer presents a unique, detectable cfDNA signature and a

genome-wide analysis with improved bioinformatics would be able to detect the cancer pres-

ent at an early stage and the cell or tissue of origin.

Methods used in bisulfite conversion

Despite using different PCR-methods, all the included studies use bisulfite treatment of puri-

fied DNA. Efficient bisulfite conversion of DNA prior to PCR or any other methylation analy-

sis is an important step. Incomplete conversion may result in overestimation of methylation.

Furthermore, bisulfite treatment may result in degradation and loss of DNA, especially when

using samples of less than 200 ng DNA. In these cases, more than 95% of the bisulfite-treated

DNA is lost, if using standard procedures [69]. However high recovery can be achieved

through a rapid bisulfite-treatment protocol [70]. The challenge regarding efficient bisulfite

conversion has also been addressed by Ørntoft and colleagues [71]. They compared 12 differ-

ent kits for bisulfite conversion of circulating cfDNA and found that mean recovery ranged

between 9 and 32% and a bisulfite conversion efficiency of 97–99.9%. Based on their findings,

they recommend that an integrated bisulfite conversion efficiency control should be integrated

in the protocol of studies examining methylation markers in cfDNA.

None of the included studies in this review had a description of DNA recovery and bisulfite

conversion efficiency in their methods, nor mentioned the bisulfite treatment as a crucial step

in their discussion.
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Conclusion

None of the examined genes found in this literature review are applicable as single diagnostic

markers for HNSCC, and the best gene-panels still lack diagnostic accuracy. All the included

studies evaluated predefined candidate genes based on earlier studies, and thus, future studies

evaluating diagnostic methylation-markers in HNSCC may benefit from the use of whole

genome sequencing, new microarray technology, and improved bioinformatics algorithms.

Methylation levels seem to correlate with tumor size, stage, and nodal involvement so the diag-

nostic challenge of HNSCC may remain in small tumors with none- or uncharacteristic symp-

toms, but new panels with refined computational biology may be able to overcome this

challenge.

Future evaluation of cfDNA methylation in peripheral blood could have a diagnostic as well

as prognostic value and could be used for post-treatment surveillance. This would potentially

improve the survival rate and reduce the treatment related morbidity in these patients by

enabling early detection and less invasive procedures in the post-treatment follow-up care.

In conclusion, further studies are needed that ideally include thorough documentation of

laboratory methods used and genome-wide analyses of single anatomical sites. This also

includes analysis of correlation between methylation in tumor and peripheral blood, the HPV

status, matched cases and controls, and sample size calculations. Altogether, these aspects may

contribute to an improvement of HNSCC treatment regarding survival and the overall quality

of life for these patients.

Supporting information

S1 Checklist. PRISMA 2009 checklist.

(DOC)

S1 Table. Search algorithms in PubMed and OVID EMBASE.

(DOCX)

Acknowledgments

The authors would like to thank Pernille Gaarsted, research librarian at the Medical Library,

Aalborg University Hospital for her valuable time and help to structure the literature search.

Author Contributions

Conceptualization: Christian Sander Danstrup, Inge Søkilde Pedersen, Karen Dybkær,

Michael Gaihede.

Formal analysis: Christian Sander Danstrup, Mette Marcussen.

Investigation: Christian Sander Danstrup, Mette Marcussen.

Methodology: Mette Marcussen, Henrik Jacobsen, Michael Gaihede.

Project administration: Christian Sander Danstrup.

Resources: Henrik Jacobsen.

Supervision: Mette Marcussen, Inge Søkilde Pedersen, Henrik Jacobsen, Karen Dybkær,

Michael Gaihede.

Writing – original draft: Christian Sander Danstrup.

PLOS ONE DNA methylation biomarkers in peripheral blood of patients with head and neck squamous cell carcinomas

PLOS ONE | https://doi.org/10.1371/journal.pone.0244101 December 17, 2020 14 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244101.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244101.s002
https://doi.org/10.1371/journal.pone.0244101


Writing – review & editing: Mette Marcussen, Inge Søkilde Pedersen, Henrik Jacobsen,

Karen Dybkær, Michael Gaihede.

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin. 2020; 70: 7–30. https://doi.

org/10.3322/caac.21590 PMID: 31912902

2. Gatta G, Botta L, Sánchez MJ, Anderson LA, Pierannunzio D, Licitra L, et al. Prognoses and improve-

ment for head and neck cancers diagnosed in Europe in early 2000s: The EUROCARE-5 population-

based study. Eur J Cancer. 2015; 51: 2130–2143. https://doi.org/10.1016/j.ejca.2015.07.043 PMID:

26421817

3. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLO-

BOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J

Clin. 2018; 68: 394–424. https://doi.org/10.3322/caac.21492 PMID: 30207593

4. Braakhuis BJM, Leemans CR, Visser O. Incidence and survival trends of head and neck squamous cell

carcinoma in the Netherlands between 1989 and 2011. Oral Oncol. 2014; 50: 670–675. https://doi.org/

10.1016/j.oraloncology.2014.03.008 PMID: 24735546

5. Pulte D, Brenner H. Changes in Survival in Head and Neck Cancers in the Late 20th and Early 21st

Century: A Period Analysis. Oncologist. 2010; 15: 994–1001. https://doi.org/10.1634/theoncologist.

2009-0289 PMID: 20798198

6. Jakobsen KK, Grønhøj C, Jensen DH, Karnov KKS, Agander TK, Specht L, et al. Increasing incidence

and survival of head and neck cancers in Denmark: a nation-wide study from 1980 to 2014. Acta Oncol

(Madr). 2018; 57: 1143–1151. https://doi.org/10.1080/0284186X.2018.1438657 PMID: 29447088

7. Amin MB; Edge SB; Greene FL. AJCC Cancer Staging Manual. 8th. ed. New York: Springer; 2017.

8. Howlader N, Noone A, Krapcho M, Miller D, Brest A, Yu M, et al. SEER Cancer Statistics. SEER Cancer

Stat Rev 1975–2017. 2020. Available: https://seer.cancer.gov/csr/1975_2017/sections.html

9. Thompson-Harvey A, Yetukuri M, Hansen AR, Simpson MC, Adjei Boakye E, Varvares MA, et al. Rising

incidence of late-stage head and neck cancer in the United States. Cancer. 2020; 126: 1090–1101.

https://doi.org/10.1002/cncr.32583 PMID: 31722124

10. Janz TA, Graboyes EM, Nguyen SA, Ellis MA, Neskey DM, Harruff EE, et al. A Comparison of the

NCDB and SEER Database for Research Involving Head and Neck Cancer. Otolaryngol—Head Neck

Surg (United States). 2019; 160: 284–294. https://doi.org/10.1177/0194599818792205 PMID:

30129822

11. Blot WJ, McLaughlin JK, Winn DM, Austin DF, Greenberg RS, Susan S, et al. Smoking and Drinking in

Relation to Oral and Pharyngeal Cancer. Cancer Res. 1988; 48: 3282–3287. PMID: 3365707

12. Lassen P. The role of Human papillomavirus in head and neck cancer and the impact on radiotherapy

outcome. Radiother Oncol. 2010; 95: 371–380. https://doi.org/10.1016/j.radonc.2010.04.022 PMID:

20493569

13. Fakhry C, Westra WH, Li S, Cmelak A, Ridge JA, Pinto H, et al. Improved survival of patients with

human papillomavirus-positive head and neck squamous cell carcinoma in a prospective clinical trial. J

Natl Cancer Inst. 2008; 100: 261–9. https://doi.org/10.1093/jnci/djn011 PMID: 18270337

14. Mulero-Navarro S, Esteller M. Epigenetic biomarkers for human cancer: The time is now. Critical

Reviews in Oncology/Hematology. Crit Rev Oncol Hematol; 2008. pp. 1–11. https://doi.org/10.1016/j.

critrevonc.2008.03.001 PMID: 18430583

15. Bird AP. CpG-Rich islands and the function of DNA methylation. Nature. 1986; 321: 209–213. https://

doi.org/10.1038/321209a0 PMID: 2423876

16. Antequera F, Bird A. Number of CpG islands and genes in human and mouse. Proc Natl Acad Sci U S

A. 1993; 90: 11995–11999. https://doi.org/10.1073/pnas.90.24.11995 PMID: 7505451

17. Bestor TH, Edwards JR, Boulard M. Notes on the role of dynamic DNA methylation in mammalian

development. Proc Natl Acad Sci U S A. 2015; 112: 6796–6799. https://doi.org/10.1073/pnas.

1415301111 PMID: 25368180

18. Hasegawa M, Nelson HH, Peters E, Ringstrom E, Posner M, Kelsey KT. Patterns of gene promoter

methylation in squamous cell cancer of the head and neck. Oncogene. 2002; 21: 4231–4236. https://

doi.org/10.1038/sj.onc.1205528 PMID: 12082610

19. Lu YF, Yu JR, Yang Z, Zhu GX, Gao P, Wang H, et al. Promoter hypomethylation mediated upregula-

tion of MicroRNA-10b-3p targets FOXO3 to promote the progression of esophageal squamous cell car-

cinoma (ESCC) 11 Medical and Health Sciences 1112 Oncology and Carcinogenesis. J Exp Clin

Cancer Res. 2018;37. https://doi.org/10.1186/s13046-018-0689-3 PMID: 29475441

PLOS ONE DNA methylation biomarkers in peripheral blood of patients with head and neck squamous cell carcinomas

PLOS ONE | https://doi.org/10.1371/journal.pone.0244101 December 17, 2020 15 / 18

https://doi.org/10.3322/caac.21590
https://doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/31912902
https://doi.org/10.1016/j.ejca.2015.07.043
http://www.ncbi.nlm.nih.gov/pubmed/26421817
https://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
https://doi.org/10.1016/j.oraloncology.2014.03.008
https://doi.org/10.1016/j.oraloncology.2014.03.008
http://www.ncbi.nlm.nih.gov/pubmed/24735546
https://doi.org/10.1634/theoncologist.2009-0289
https://doi.org/10.1634/theoncologist.2009-0289
http://www.ncbi.nlm.nih.gov/pubmed/20798198
https://doi.org/10.1080/0284186X.2018.1438657
http://www.ncbi.nlm.nih.gov/pubmed/29447088
https://seer.cancer.gov/csr/1975_2017/sections.html
https://doi.org/10.1002/cncr.32583
http://www.ncbi.nlm.nih.gov/pubmed/31722124
https://doi.org/10.1177/0194599818792205
http://www.ncbi.nlm.nih.gov/pubmed/30129822
http://www.ncbi.nlm.nih.gov/pubmed/3365707
https://doi.org/10.1016/j.radonc.2010.04.022
http://www.ncbi.nlm.nih.gov/pubmed/20493569
https://doi.org/10.1093/jnci/djn011
http://www.ncbi.nlm.nih.gov/pubmed/18270337
https://doi.org/10.1016/j.critrevonc.2008.03.001
https://doi.org/10.1016/j.critrevonc.2008.03.001
http://www.ncbi.nlm.nih.gov/pubmed/18430583
https://doi.org/10.1038/321209a0
https://doi.org/10.1038/321209a0
http://www.ncbi.nlm.nih.gov/pubmed/2423876
https://doi.org/10.1073/pnas.90.24.11995
http://www.ncbi.nlm.nih.gov/pubmed/7505451
https://doi.org/10.1073/pnas.1415301111
https://doi.org/10.1073/pnas.1415301111
http://www.ncbi.nlm.nih.gov/pubmed/25368180
https://doi.org/10.1038/sj.onc.1205528
https://doi.org/10.1038/sj.onc.1205528
http://www.ncbi.nlm.nih.gov/pubmed/12082610
https://doi.org/10.1186/s13046-018-0689-3
http://www.ncbi.nlm.nih.gov/pubmed/29475441
https://doi.org/10.1371/journal.pone.0244101


20. Sun W, Liu Y, Glazer CA, Shao C, Bhan S, Demokan S, et al. TKTL1 is activated by promoter hypo-

methylation and contributes to head and neck squamous cell carcinoma carcinogenesis through

increased aerobic glycolysis and HIF1α stabilization. Clin Cancer Res. 2010; 16: 857–866. https://doi.

org/10.1158/1078-0432.CCR-09-2604 PMID: 20103683

21. Basu B, Chakraborty J, Chandra A, Katarkar A, Baldevbhai JRK, Dhar Chowdhury D, et al. Genome-

wide DNA methylation profile identified a unique set of differentially methylated immune genes in oral

squamous cell carcinoma patients in India. Clin Epigenetics. 2017; 9: 13. https://doi.org/10.1186/

s13148-017-0314-x PMID: 28174608

22. Jahr S, Hentze H, Englisch S, Hardt D, Fackelmayer FO, Hesch RD, et al. DNA fragments in the blood

plasma of cancer patients: Quantitations and evidence for their origin from apoptotic and necrotic cells.

Cancer Res. 2001; 61: 1659–1665. PMID: 11245480

23. Diehl F, Li M, Dressman D, He Y, Shen D, Szabo S, et al. Detection and quantification of mutations in

the plasma of patients with colorectal tumors. Proc Natl Acad Sci U S A. 2005; 102: 16368–16373.

https://doi.org/10.1073/pnas.0507904102 PMID: 16258065

24. Issa IA, NouredDine M. Colorectal cancer screening: An updated review of the available options. World

Journal of Gastroenterology. Baishideng Publishing Group Co., Limited; 2017. pp. 5086–5096. https://

doi.org/10.3748/wjg.v23.i28.5086 PMID: 28811705

25. Imperiale TF, Ransohoff DF, Itzkowitz SH, Levin TR, Lavin P, Lidgard GP, et al. Multitarget stool DNA

testing for colorectal-cancer screening. N Engl J Med. 2014; 370: 1287–1297. https://doi.org/10.1056/

NEJMoa1311194 PMID: 24645800

26. Weiss G, Schlegel A, Kottwitz D, König T, Tetzner R. Validation of the SHOX2/PTGER4 DNA Methyla-

tion Marker Panel for Plasma-Based Discrimination between Patients with Malignant and Nonmalignant

Lung Disease. J Thorac Oncol. 2017; 12: 77–84. https://doi.org/10.1016/j.jtho.2016.08.123 PMID:

27544059

27. Partin AW, Van Neste L, Klein EA, Marks LS, Gee JR, Troyer DA, et al. Clinical validation of an epige-

netic assay to predict negative histopathological results in repeat prostate biopsies. J Urol. 2014; 192:

1081–1087. https://doi.org/10.1016/j.juro.2014.04.013 PMID: 24747657

28. Mancini M, Righetto M, Zumerle S, Montopoli M, Zattoni F. The Bladder EpiCheck Test as a Non-Inva-

sive Tool Based on the Identification of DNA Methylation in Bladder Cancer Cells in the Urine: A Review

of Published Evidence. Int J Mol Sci. 2020; 21: 6542. https://doi.org/10.3390/ijms21186542 PMID:

32911596

29. van Kessel KEM, Beukers W, Lurkin I, Ziel-van der Made A, van der Keur KA, Boormans JL, et al. Vali-

dation of a DNA Methylation-Mutation Urine Assay to Select Patients with Hematuria for Cystoscopy. J

Urol. 2017; 197: 590–595. https://doi.org/10.1016/j.juro.2016.09.118 PMID: 27746284

30. Moher D, Liberati A, Tetzlaff J, Altman DG, Altman D, Antes G, et al. Preferred reporting items for sys-

tematic reviews and meta-analyses: The PRISMA statement. PLoS Medicine. 2009. https://doi.org/10.

1371/journal.pmed.1000097 PMID: 19621072

31. Prospero. Available: https://www.crd.york.ac.uk/prospero/

32. Covidence review tool. Available: https://www.covidence.org

33. University of Bristol. QUADAS. Available: http://www.bristol.ac.uk/population-health-sciences/projects/

quadas/

34. Carvalho AL, Jeronimo C, Kim MM, Henrique R, Zhang Z, Hoque MO, et al. Evaluation of promoter

hypermethylation detection in body fluids as a screening/diagnosis tool for head and neck squamous

cell carcinoma. Clin Cancer Res. 2008; 14: 97–107. https://doi.org/10.1158/1078-0432.CCR-07-0722

PMID: 18172258

35. Mydlarz WK, Hennessey PT, Wang H, Carvalho AL, Califano JA. Serum biomarkers for detection of

head and neck squamous cell carcinoma. Head Neck. 2016; 38: 9–14. https://doi.org/10.1002/hed.

23842 PMID: 24995714

36. Wong TS, Man MWL, Lam AKY, Wei WI, Kwong YL, Yuen APW. The study of p16 and p15 gene meth-

ylation in head and neck squamous cell carcinoma and their quantitative evaluation in plasma by real-

time PCR. Eur J Cancer. 2003; 39: 1881–1887. https://doi.org/10.1016/s0959-8049(03)00428-3 PMID:

12932666
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38. de Vos L, Gevensleben H, Schröck A, Franzen A, Kristiansen G, Bootz F, et al. Comparison of quantifi-

cation algorithms for circulating cell-free DNA methylation biomarkers in blood plasma from cancer

patients. Clin Epigenetics. 2017; 9: 125. https://doi.org/10.1186/s13148-017-0425-4 PMID: 29213339

PLOS ONE DNA methylation biomarkers in peripheral blood of patients with head and neck squamous cell carcinomas

PLOS ONE | https://doi.org/10.1371/journal.pone.0244101 December 17, 2020 16 / 18

https://doi.org/10.1158/1078-0432.CCR-09-2604
https://doi.org/10.1158/1078-0432.CCR-09-2604
http://www.ncbi.nlm.nih.gov/pubmed/20103683
https://doi.org/10.1186/s13148-017-0314-x
https://doi.org/10.1186/s13148-017-0314-x
http://www.ncbi.nlm.nih.gov/pubmed/28174608
http://www.ncbi.nlm.nih.gov/pubmed/11245480
https://doi.org/10.1073/pnas.0507904102
http://www.ncbi.nlm.nih.gov/pubmed/16258065
https://doi.org/10.3748/wjg.v23.i28.5086
https://doi.org/10.3748/wjg.v23.i28.5086
http://www.ncbi.nlm.nih.gov/pubmed/28811705
https://doi.org/10.1056/NEJMoa1311194
https://doi.org/10.1056/NEJMoa1311194
http://www.ncbi.nlm.nih.gov/pubmed/24645800
https://doi.org/10.1016/j.jtho.2016.08.123
http://www.ncbi.nlm.nih.gov/pubmed/27544059
https://doi.org/10.1016/j.juro.2014.04.013
http://www.ncbi.nlm.nih.gov/pubmed/24747657
https://doi.org/10.3390/ijms21186542
http://www.ncbi.nlm.nih.gov/pubmed/32911596
https://doi.org/10.1016/j.juro.2016.09.118
http://www.ncbi.nlm.nih.gov/pubmed/27746284
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
https://www.crd.york.ac.uk/prospero/
https://www.covidence.org
http://www.bristol.ac.uk/population-health-sciences/projects/quadas/
http://www.bristol.ac.uk/population-health-sciences/projects/quadas/
https://doi.org/10.1158/1078-0432.CCR-07-0722
http://www.ncbi.nlm.nih.gov/pubmed/18172258
https://doi.org/10.1002/hed.23842
https://doi.org/10.1002/hed.23842
http://www.ncbi.nlm.nih.gov/pubmed/24995714
https://doi.org/10.1016/s0959-8049(03)00428-3
http://www.ncbi.nlm.nih.gov/pubmed/12932666
https://doi.org/10.1373/clinchem.2016.270207
https://doi.org/10.1373/clinchem.2016.270207
http://www.ncbi.nlm.nih.gov/pubmed/28515105
https://doi.org/10.1186/s13148-017-0425-4
http://www.ncbi.nlm.nih.gov/pubmed/29213339
https://doi.org/10.1371/journal.pone.0244101


39. Nakahara Y, Shintani S, Mihara M, Hino S, Hamakawa H. Detection of p16 promoter methylation in the

serum of oral cancer patients. Int J Oral Maxillofac Surg. 2006; 35: 362–365. https://doi.org/10.1016/j.

ijom.2005.08.005 PMID: 16298513

40. Sanchez-Cespedes M, Esteller M, Wu L, Nawroz-Danish H, Yoo GH, Koch WM, et al. Gene promoter

hypermethylation in tumors and serum of head and neck cancer patients. Cancer Res. 2000; 60: 892–

895. PMID: 10706101

41. Feinberg AP, Vogelstein B. Hypomethylation of ras oncogenes in primary human cancers. Biochem

Biophys Res Commun. 1983; 111: 47–54. https://doi.org/10.1016/s0006-291x(83)80115-6 PMID:

6187346

42. Church TR, Wandell M, Lofton-Day C, Mongin SJ, Burger M, Payne SR, et al. Prospective evaluation of

methylated SEPT9 in plasma for detection of asymptomatic colorectal cancer. Gut. 2014; 63: 317–25.

https://doi.org/10.1136/gutjnl-2012-304149 PMID: 23408352

43. Armstrong WB, Netterville JL. Anatomy of the larynx, trachea, and bronchi. Otolaryngologic Clinics of

North America. 1995. pp. 685–699. PMID: 7478631

44. Lassen P, Primdahl H, Johansen J, Kristensen CA, Andersen E, Andersen LJ, et al. Impact of HPV-

associated p16-expression on radiotherapy outcome in advanced oropharynx and non-oropharynx can-

cer. Radiother Oncol. 2014; 113: 310–316. https://doi.org/10.1016/j.radonc.2014.11.032 PMID:

25544647

45. Westra WH. The Morphologic Profile of HPV-Related Head and Neck Squamous Carcinoma: Implica-

tions for Diagnosis, Prognosis, and Clinical Management. Head and Neck Pathology. Head Neck

Pathol; 2012. pp. 48–54. https://doi.org/10.1007/s12105-011-0288-5 PMID: 21877232

46. El-Naggar AK, Westra WH. P16 expression as a surrogate marker for HPV-related oropharyngeal carci-

noma: A guide for interpretative relevance and consistency. Head and Neck. Head Neck; 2012. pp.

459–461. https://doi.org/10.1002/hed.21974 PMID: 22180304

47. Degli Esposti D, Sklias A, Lima SC, Beghelli-de la Forest Divonne S, Cahais V, Fernandez-Jimenez N,

et al. Unique DNA methylation signature in HPV-positive head and neck squamous cell carcinomas.

Genome Med. 2017; 9: 33. https://doi.org/10.1186/s13073-017-0419-z PMID: 28381277

48. Sidransky D. Emerging molecular markers of cancer. Nature Reviews Cancer. European Association

for Cardio-Thoracic Surgery; 2002. pp. 210–219. https://doi.org/10.1038/nrc755 PMID: 11990857

49. Jung M, Klotzek S, Lewandowski M, Fleischhacker M, Jung K. Changes in concentration of DNA in

serum and plasma during storage of blood samples. Clin Chem. 2003; 49: 1028–9. https://doi.org/10.

1373/49.6.1028 PMID: 12766024
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