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Abstract

Background: Aberrant epigenetic modifications significantly develop and progress

human malignancies including head and neck squamous cell carcinoma (HNSCC).

Taking into account issues of late diagnosis and poor prognosis associated with

HNSCC, this systematic review is designed to provide an up-to-date insight of epige-

netic changes in the management of HNSCC.

Methods: All studies that assessed the diagnostic and prognostic utilities of epige-

netic changes (DNA methylation and histone modifications) among patients diag-

nosed with HNSCC or oral potentially malignant disorders (OPMDs) were considered

for inclusion till June 2023. Pre-defined Medical Subject Headings terms were used

to search Web of Science, Pubmed, Scopus and Embase Ovid databases.

Results: Twenty-five studies were deemed eligible for inclusion with a total number

of 3790 samples (2123 HNSCCs, 334 OPMDs and 1333 as controls). DNA methyla-

tion was investigated in 18 studies while the role of histone modifications was

assessed in seven studies. The most investigated biomarkers among the studies were

H3, DAPK and TIMP3. The diagnostic accuracy of the epigenetic biomarkers in

detecting HNSCC was assessed in eight studies where the following biomarkers

showed the highest area under the curve values: TIPM3, DCC, DAPK, SEPT9,

SHOX9, HOXA9 and TRH. None of the studies assessed the predictability of the epi-

genetic biomarkers in HNSCC and OPMDs.

Conclusion: Although initial promising results were seen using the epigenetic bio-

markers in the early detection of HNSCC, the limited number of patients and the

absence of well-designed longitudinal studies limit the clinical applicability of the

outcomes.
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1 | INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is a significant

global health issue, accounting for nearly 600 000 new cases annu-

ally.1 Despite the incidence of HNSCC being anticipated to increase

by 40% in 2040,2 HNSCC is known for its unpredictable behaviour

and the late diagnosis pattern.3 Although efforts directed toward

early detection of HNSCC to maximise the standards of care,4,5 its

5-year survival rates have not notably improved over the past two

decades.6

Like most solid malignancies, HNSCC has a complicated etiology

involving genetic and environmental factors.7 Cumulative evidence

shows HNSCC as a consequence of serial molecular and cytological

changes rather than a singular event.7 In most cases, these changes

appear phenotypically as oral potentially malignant disorders

(OPMDs).7 Several phenotypic-based criteria were proposed to pre-

dict the prognosis of oral lesions. However, neither the HNSCC out-

comes nor the malignant transformation potential of OPMDs can be

objectively determined.5 This is usually seen in clinical settings where

different outcomes have been reported among patients with HNSCCs

or OPMDs regardless of having similar prognostic profiles, indicating

various underlying patterns of epigenetic and genetic changes at cel-

lular levels.8 While hundreds of molecular biomarkers - proposedly

implicated in head and neck tumorigenesis - have been extensively

investigated in the literature,4,9 conclusive outcomes have yet to be

determined.

During the past few years, scientific evidence has highlighted a

strong association between epigenetic mechanisms and the hallmarks

of cancer, where tumorigenesis is seen as a consequence of multiple

epigenetic events.8 Contrasting to the irreversible nature of genetic

changes, epigenetics are genomic mechanisms that reversibly regulate

gene expression and are considered a link between genotype and phe-

notype.8 They provide an opportunity to investigate underlying mecha-

nisms implicated in cancer phenotypes and potential therapies.10

DNA methylation is the principal epigenetic factor and the critical

regulator of several cellular activities like cell growth and differentia-

tion.8 The fundamental enzymes that control DNA methylation and

mediate the transfer of the methyl group from S-adenosylmethionine

to the cytosine are called DNA methyltransferases (DNMTs).10 In can-

cer cells, aberrant DNA methylation patterns are associated with

chromosomal instability and a decrease in the expression of tumour-

silencing genes.8 Loss of DNA methylation, also known as global DNA

hypomethylation, usually arises earlier and is linked with genomic

instability and mutagenesis.10 It has also been reported that global

hypomethylation of specific sequences (LINE-1, Alu and Sat-α) can

negatively impacts tumour prognosis.11 On the contrary, DNA hyper-

methylation is associated with carcinogenesis by silencing tumour

suppressor genes and impairing the DNA repair genes by adding addi-

tional methyl groups to CpG islands located at the promoter regions

of these genes.10 In oral cancer, literatures have reported more than

40 tumour suppressor genes silenced by DNA hypermethylation in a

process that impacts several cellular functions like cellular cycles,

apoptosis and cell-to-cell adhesion.12,13

On the other hand, common histone modifications observed in

HNSCCs and OPMDs include histone acetylation, methylation,

phosphorylation, parylation and ubiquitination.14 Unlike DNA

methylation, histone modifications can promote DNA transcription

rather than only silence the expression of specific genes.14 Analy-

sis of cancer cells revealed that lower levels of histone modifica-

tions are indicators of more aggressive malignancies.15 Changes in

H3K4 histone methylation have also been reported at early events

of HNSCCs, highlighting their potential role in head and neck

tumorigenesis.16,17

Liquid biopsy, as a minimally invasive alternative to conven-

tional surgical biopsies, has gained significant attention in recent

years, especially for its cost-effectiveness and low-technique sensi-

tivity.3 This includes collecting and analysing body fluids like saliva,

urine and blood.18 A previous comparative study revealed a high

concordance of the levels of specific nucleic acid biomarkers

between liquid and tissue biopsies.19 In the head and neck medicine

field, fluid biopsies showed promising potential for detecting vari-

ous genetic and epigenetic changes for both diagnostic and prog-

nostic purposes.3,18

The primary aim of this systematic review was to summarise the

results of published studies that assessed the potential diagnostic and

prognostic role of epigenetic biomarkers in head and neck malignan-

cies. In addition, we highlighted the associated limitations and pro-

vided recommendations for future studies.

2 | MATERIALS AND METHODS

2.1 | Protocol and focused questions

This systematic review was conducted per the Preferred Reporting

Items for Systematic Review and Meta-analysis (PRISMA).20 The

review was designed to answer the following questions: (a) What are

the diagnostic and prognostic values of epigenetic biomarkers in

OPMDs and HNSCC? and (b) What are the potential limitations asso-

ciated with the current studies?

2.2 | Eligibility criteria

Studies published in the English language from 1947 to June 2023

and evaluated the role of any epigenetic biomarker in human malig-

nancies were included according to the following inclusion criteria

(a) involved cases with confirmed HNSCC and OPMDs through clini-

cal and histopathological assessments, (b) collected samples utilising

saliva, oral rinse, blood, or tissue biopsies, (c) provided a cohort of

comparable controls in terms of the exposure and demographic details

and (d) provided details about the employed molecular analysis

assays.

Systematic reviews and meta-analyses, letters to the editors and

case reports were excluded. Data derived from cell lines or animal

models were also excluded.
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2.3 | Search strategy and data extraction

MEDLINE by PubMed, Scopus, Embase Ovid and Web of Science

databases were searched to identify potentially eligible studies using

sensitive Medical Subject Headings (MeSH) (Table S1). No restrictions

were involved on the date of publication. All results were exported

to EndNote X9 (Clarivate, PA, USA). De-duplication was carried out

by the automated procedure in EndNote (I.L.) and manually reviewed

by two reviewers (J.T. and A.A.) who performed the manual

deduplication.

Three independent authors (I.L., J.T. and A.A.) blindly evaluated

the retrieved studies by reading their abstracts. Studies that were

considered potentially eligible for inclusion were then assessed by

full-text reading. Only studies that matched the pre-defined inclusion

criteria were included. The authors (I.L., J.T., A.A. and O.K.) completed

a calibration exercise before commencing the title and abstract's

screening. The inter-rater agreement using Cohen's Kappa coefficient

showed substantial agreement between investigators (κ = 0.71).

Discrepancies in the assessment among the authors were resolved by

discussion with a senior author (O.K.).

The assessors (I.L., J.T. and A.A.) independently utilised a standar-

dised data collection form to extrapolate the following data from the

included studies: (a) authors, publication year and country of publica-

tion; (b) patient age and gender; (c) lesion types and numbers (HNSCC

or OPMDs), (d) number of samples, (e) study design and molecular

assays, (f) epigenetic biomarkers and (g) outcomes. A senior

author (M.I.) verified all data extracted by the three assessors

(I.L., J.T. and A.A.).

2.4 | Risk of bias assessment

Two independent reviewers (I.L., J.T. and A.A.) assessed the quality of

the included studies using the Newcastle–Ottawa quality assessment

scale with some modifications due to the design of the studies

by removing an item related to the response rate.21 Accordingly,

F IGURE 1 PRISMA flow
chart of the screened, included
and excluded studies.
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reported data in each study was assessed based on three main

domains that include eight sub-domains, each sub-domain worth one

point, making the total score for each study out of eight (Table S2).

The main domains are (a) selection of the study subjects,

(b) comparability of cases and controls in terms of the design and anal-

ysis and (c) ascertainment of the prespecified outcomes. Finally, the

quality of each study was classified according to its final score into

(a) high quality (8 points), (b) medium quality (6–7 points) and (c) low

quality (<5 points).22

3 | RESULTS

3.1 | Results of database searches

A total of 1461 papers were retrieved for abstract screening out of

3311 results initially identified using the proposed search criteria.

Of these, 35 studies were assessed by full-text reading, whereby

10 studies were deemed ineligible for inclusion (Figure 1). A general

description of the included studies is shown in Table 1. Ten studies

were excluded for the following reasons: review (four studies), animal-

based study (one), in vitro based study (one) and four data-mining

based studies.

3.2 | Descriptions of the included cases and
methods of epigenetic biomarker analysis

The publication years of the included studies ranged from 2004 to

2020. A total of 3790 samples from the 25 studies were analysed,

including 1392 OSCC samples, 731 HNSCC but not OSCC samples,

334 OPMD samples and 1333 as controls. Several types of OPMDs

were reported in the studies; the most common was oral lichen planus

with 83 samples, followed by oral leucoplakia in 55 cases. General

characteristics of the included studies are listed in Table 1.

Of the included studies, tissue samples were the primary source

to study the epigenetic changes in 17 studies12,13,16,17,23–36

(Table 1), followed by six studies investigating the epigenetic bio-

markers in blood samples.28,31,34,37–39 Saliva28,32,40–42 and oral brush

cytology26,30,34,42,43 were employed in five studies each, while two

studies employed oral rinse in their design30,31 (Table 1).

Polymerase chain reaction (PCR) was the most employed approach

for epigenetic biomarker analysis in 16 studies,12,13,24,26–30,32,34,37,38,40–43

followed by two studies that used a combination of immunohisto-

chemistry (IHC) and PCR,25,33 and two studies that used only immu-

nohistochemistry (IHC) as the method of epigenetic biomarkers

assessment.17,35 Additionally, one study used PCR and phosphor-

imaging in the analysis31 (Table 2) whilst a combination of IHC and

imaging was used in another study.23 Likewise, a combination of his-

tology and immunofluorescence (IF),16 and a combination of histone

acetylation detection, PCR and cytokine array were used in one

study.39 Finally, IHC and tissue microarray were employed in one

study36 (Table 2).T
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3.3 | Descriptions of the investigated epigenetic
biomarkers

Several epigenetic markers were analysed for their diagnostic

and prognostic values for the HNSCC and the OPMDs. Of the

included studies, 18 investigated DNA methylation,12,13,24–34,37,38,40–42

and seven studies considered histone modifications in their

design16,17,23,35,36,39,43 (Table 2).

H316,23,35,36,39,43 and p1623,27,29,32,34,42 were the most common

epigenetic biomarkers investigated in six studies each, followed by

DAPK12,27,28,32 in four studies. While TIMP3 was analysed in three

reports.12,32,42 DCC,41,42 SEPT9,37,38 SHOX2,37,38 HoxA9,13,41

RASSF1A,27,32 MGMT32,42 and CCNA112,42 were investigated in two

studies each. The following groups of epigenetic biomarkers were

investigated in one study each; (CDH1, HIC1 and AIM1),12 (ARK2,

G9a, EZH2 and SUV39H),17 (AGTR1, FOXI2, PENK, IC1 and LINE1),13

and (HDAC6, HDAC7).39 Other investigated biomarkers that were

investigated in one study each are p15,24 DLEC1,25 CD44,40 TRH,30

Alu,31 ECAD,32 DAP,42 Mint31,42 hMLH133 and UT5085.34 The meth-

ylation statuses of ZAP70, ITGA4, KIF1A, PARP15, EPHX3, NTM,

LRRTM1, FLI1, MIR193, LINC00599, MIR296, TERT and GP1BB were

investigated in one study.26 Likewise, the methylation statuses of

(EDNRB, HOXA9, GATA4, NID2, MCAM, KIF1A, DCC and CALCA),41

and (p21, p27, p53, RB1)29 were assessed in a single study each

(Table 2).

3.4 | Diagnostic biomarkers accuracy

Of the included studies, eight provided details concerning the

diagnostic accuracy of epigenetic biomarkers in detecting

HNSCCs12,28,30,31,37,38,40,41 (Table 3). However, the prognostic utility

of these biomarkers in HNSCC was not investigated, while only one

study included OPMDs in its design but without specifying their diag-

nosis.28 Noteworthy, out of 20 biomarkers that were assessed for

their diagnostic utilities, only two biomarkers were twice evaluated in

two studies (SEPT9 and SHOX2).37,38 In contrast, other biomarkers

were assessed once, which hindered the ability to evaluate the utility

of these biomarkers in the studies (Table 3).

The associated area under the curve (AUC) for the differentiation

between HNSCCs and healthy tissues ranged between 0.475

and 0.95. Biomarkers associated with high AUC values are TIPM3,

DCC, DAPK, SEPT9, SHOX9, HOXA9 and TRH. On the contrary, the

following biomarkers showed relatively low AUC values: H1C1,

CDH1, MGMT and A1M1 (Table 3).

3.5 | Risk of bias assessment

Based on the adopted Newcastle–Ottawa quality assessment scale,

none of the studies was classified as high quality. Nine studies were

associated with a moderate level of quality,12,23,26,28,35,37–40 while

16 were considered low-quality studies.13,16,24,25,27,29–34,36,41–43 EightT
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studies included controls matched in age and other confounders with

the diseased individuals.12,23,26,28,37–40 Only one study provided com-

plete details about the recruitment methods of the controls.26 A

complete list of studies with detailed information about the risk of

bias assessment is included in Table S2.

4 | DISCUSSION

Various epigenetic biomarkers, in general, and DNA methylation, in

particular, have been extensively published in the literature to deter-

mine their predictive and diagnostic values in head and neck tumori-

genesis. However, unlike other malignancies such as colorectal

cancers where minimally invasive tools based on epigenetic bio-

markers are commercially available to help screen high-risk patients,44

the application relevant to HNSCCs is yet to be adopted. Previous

reviews were conducted in this field but only focused on the diagnos-

tic and prognostic values of salivary DNA methylation in HNSCCs.22

Therefore, our review was designed to assess the utility of epigenetic

biomarkers, regardless of their type, in the management of cases with

HNSCCs and OPMDs, which, to the best of our knowledge, is the first

of its kind in the literature.

The most extensively studied epigenetic modification in the

HNSCC is aberrant DNA methylation. We found a gap in assessing

the pathogenesis of histone modification patterns in head and neck

malignancies. Additionally, most papers demonstrated the robustness

of using epigenetic biomarkers in diagnosing and differentiating

between HNSCC of different grades. However, none was conducted

to depict the association between these biomarkers and the likely

course of HNSCC progression. This, in turn highlights an urgent need

to reconsider this field by adequately designing and conducting longi-

tudinal studies that follow large cohorts over time.

Aberrant methylations of p16, DAPK and TIMP3 are among the

most extensively investigated DNA methylation events in head and

neck tumorigenesis. P16 plays a significant role in controlling cell

growth, and it has been reported that p16 methylation might be impli-

cated in early events of transformation to head and neck malignan-

cies.27 In support of that, methylation of p16 has been found in

immortalised non-tumour and tumour-derived cell lines. Therefore, it

has been proposed that p16 methylation in distant mucosal regions

may explain the high recurrence rates of secondary tumours in

HNSCC patients.27 Furthermore, a previous study revealed a signifi-

cant increase in the rate of progression of oral epithelial dysplasia to

oral squamous cell carcinoma among p16 methylation-positive

patients in comparison to p16 methylation-negative ones.45

Death-associated protein kinase (DAPK), on the other hand is a

tumour suppressor gene that mediates cell death of INF-Ƴ-induced

apoptosis.32 Promoter hypermethylation of DAPK, which in turn leads

to suppression of the expression of DAPK, is implicated in the patho-

genesis of several human cancers, including head and neck malignan-

cies.32,46 A previous meta-analysis revealed that DAPK promoter

methylation is significantly associated with HNSCC with a pooled

odds ratio of 3.96.46 Moreover, it has been reported in the literature

that higher DAPK hypermethylation is significantly associated with

lymph node metastasis among patients with HNSCC.47

The tissue inhibitor of metalloproteinase-3 (TIMP3) is a member

of the TIMP family and plays a significant role in promoting apoptosis

and inhibiting migration and invasion in various human malignancies.48

A study has found that aberrant methylation of TIMP3 is associated

with poor prognosis among patients with HNSCC by significantly

increasing the second primary tumours' development rate.49 Another

paper showed that DAPK and TIMP3 were hypermethylated in almost

90% of clinically T1 and T2 OSCC cases.12 Interestingly, it has also

been reported that hypermethylation of TIMP3 detected utilising sali-

vary rinse is an independent prognostic indicator of local recurrence-

free survival rate.50

Unlike DNA methylation patterns, the prognostic utility of his-

tone modifications in HNSCC is not well-investigated.36 Our review

found that seven studies included histone modifications in their

design, and only two prospectively followed patients. Nonetheless, it

has been shown that modifications in core histone H3 may play a sig-

nificant role in the progression to HNSCC and poor prognosis.36 The

low level of H3K4ac was significantly associated with tumour stage,

nodal invasion and perineural invasion.36 Furthermore, another study

found that ARK2 expressions are associated with 3-year survival and

tumour stage.17 In OPMDs, it has been found that the increased

expression of H3 acetylation (particularly H3k9a) is correlated with

oral lichen planus patients who had a poor response to therapy and a

high recurrence rate.16

It is also worth noting that it is challenging to compare data among

studies due to the highly variable measures employed in these studies.

The high risk of bias among studies should be considered, especially

where 16 out of 25 were associated with low quality, and none were

considered high quality. The significant risk of bias among the included

studies was related to the selection of the study subject domain, where

only one provided details about the selection of the controls. This was

also found by previous reviews that a relatively high risk of bias exist

amongst studies concerning DNA methylation in head and neck malig-

nancies due to an unclear subject selection process.22

Our systematic review has also demonstrated the capacity to use

liquid and minimally invasive brush biopsies to detect and manage

OPMDs and HNSCC. Saliva, as a reliable source of molecular bio-

markers has been extensively investigated in the literature.3,18 In the

head and neck region, saliva proved superior over other body liquids

for being preferentially enriched with tumour DNA from the head and

neck region.18 Moreover, a high concordance rate (κ = 0.833) was

reported between tissue and saliva samples in terms of detecting and

quantifying epigenetic biomarkers in head and neck cancers. In con-

trast, this concordance rate became excellent (κ = 1.0) for oral cavity

tumours.32 Likewise, strong correlations of gene promoter hyper-

methylation were demonstrated between saliva samples collected

with and without an exfoliative brush, highlighting the great potential

of employing saliva to detect epigenetic changes in the head and neck

region.42

Several limitations are potentially associated with this systematic

review. First, including only studies published in English highlights the

104 LIM ET AL.

 16000714, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jop.13513 by Icgeb, W

iley O
nline L

ibrary on [01/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



possibility of missing reports published in other languages. Second,

the conducted risk of bias assessment showed that the included stud-

ies were associated with medium and low qualities, which may hinder

the reliability of the outcomes of some studies. Finally, comparison

between studies and providing conclusive results was not feasible due

to the heterogeneity among studies in terms of sampling and analysis

methods.

In conclusion, the current literature shows promising diagnostic

value for epigenetic biomarkers in head and neck tumorigenesis.

Nonetheless, the limited number of patients and the absence of stan-

dardised criteria to recruit subjects and report outcomes may hinder

the ability to compare between studies. Further multi-centre studies

that followed patients prospectively are warranted to provide conclu-

sive results.
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