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1  |  INTRODUC TION

Oral squamous cell carcinoma (OSCC) is the most common oral can-
cer type, accounting for about 90% of all oral cancer cases.1-3 The 

OSCC 5 years survival rate of 41% has marginally improved in the 
last few years, with less than a 1% improvement per year from 2005 
to 2017.4,5 Conversely, when OSCC is detected in the early stages, 
the survival rates increase to >85%, highlighting the importance of 
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Abstract
The oral squamous cell carcinoma (OSCC) 5 year survival rate of 41% has margin-
ally improved in the last few years, with less than a 1% improvement per year from 
2005 to 2017, with higher survival rates when detected at early stages. Based on 
histopathological grading of oral dysplasia, it is estimated that severe dysplasia has 
a malignant transformation rate of 7%–50%. Despite these numbers, oral dyspla-
sia grading does not reliably predict its clinical behavior. Thus, more accurate mark-
ers predicting oral dysplasia progression to cancer would enable better targeting of 
these lesions for closer follow-up, especially in the early stages of the disease. In this 
context, molecular biomarkers derived from genetics, proteins, and metabolites play 
key roles in clinical oncology. These molecular signatures can help predict the likeli-
hood of OSCC development and/or progression and have the potential to detect the 
disease at an early stage and, support treatment decision-making and predict treat-
ment responsiveness. Also, identifying reliable biomarkers for OSCC detection that 
can be obtained non-invasively would enhance management of OSCC. This review 
will discuss biomarkers for OSCC that have emerged from different biological areas, 
including genomics, transcriptomics, proteomics, metabolomics, immunomics, and 
microbiomics.
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early detection and need for early biomarkers. Unfortunately, al-
most half of OSCC cases worldwide are diagnosed at later stages.6,7 
Primary risk factors for OSCC include tobacco use and heavy alco-
hol consumption8 and the presence of oral potentially malignant 
disorders (OPMDs).9-11 OPMDs are a group of lesions that “carry 
a risk of cancer development in the oral cavity, whether in a clin-
ically definable precursor lesion or in clinically normal mucosa”,12 
with oral leukoplakia being the most frequent OPMD.13 Based on 
histopathological grading of oral dysplasia, it is estimated that se-
vere dysplasia has a malignant transformation rate of 7%–50%, fol-
lowed by moderate dysplasia (3%–15%) and mild dysplasia (<5%).10 
Despite these numbers, oral dysplasia grading does not reliably 
predict its clinical behavior and is by nature imprecise, with a high 
intra- and inter-observer variability in diagnosis,14,15 making it cur-
rently impossible to predict accurately which dysplastic lesions will 
progress to OSCC.16 Thus, more accurate markers predicting oral 
dysplasia progression to cancer would enable better targeting of 
these lesions for closer follow-up, especially in the early stages of 
the disease.16

In this context, molecular biomarkers derived from genet-
ics, proteins, metabolites, autoantibodies and microbiome play 
key roles in clinical oncology (Figure 1). These molecular signa-
tures can help predict the likelihood of OSCC development and/
or progression and have the potential to detect the disease at 
an early stage, and support treatment decision-making and pre-
dict treatment responsiveness.17 Also, identifying reliable bio-
markers for OSCC detection that can be obtained noninvasively 
would enhance management of OSCC. This review will discuss 
biomarkers for OSCC that have emerged from different biologi-
cal areas, including genomics, transcriptomics, proteomics, me-
tabolomics, immunomics and microbiomics and their tissue/cell 
or biofluid of origin.

2  |  NUCLEIC ACID -BA SED BIOMARKERS

2.1  |  Genomics

The growing development of molecular technology has made it 
possible to use nucleic acid molecules as potential noninvasive 
diagnostic biomarkers, as genetic materials can be amplified 
from trace amounts, enabling highly specific detection via the  
pairing of complementary nucleotides.18 In fact, genetic mate-
rials-based diagnostics has become the gold standard for many 
diseases and it was fundamental for effective coronavirus  
disease 2019 (COVID-19) disease control during the 2020 
pandemic.18,19

Besides standard cellular genetic materials, it is now pos-
sible to detect and isolate cancer stem cells (CSCs) and circu-
lating tumor cells (CTCs) from a background of normal cells in 
blood20–24; Exosomes, extracellular vesicles released by normal 
and tumor cells into the bloodstream, which can contain tu-
mor-specific proteins and nucleic acids21,22,25; or even cell-free 
nucleic acids, fragmented nucleic acids released into the blood-
stream through apoptosis or necrosis, which includes cell-free 
DNA (cfDNA) and cell-free RNA (cfRNA). In patients with cancer, 
cfDNA that is released from tumor cells is often referred to as 
circulating tumor DNA (ctDNA).20–22,26 Table  1 summarizes the 
recent studies in the literature.

Both cfDNA in plasma27 and ctDNA in saliva28 have shown 
promise as DNA biomarkers for human papillomavirus (HPV)-
positive OSCC patients. DNA biomarkers play an important role in 
OSCC detection and they can be used to detect both HPV-positive 
and HPV-negative OSCC. For HPV-positive OSCC, the HPV DNA 
can be extracted from liquid biopsies, such as saliva and plasma. 
HPV ctDNA from oral rinses can be used to detect oropharyngeal 
cancers including OSCC with a 94% specificity and 78% sensitivity.29 
In addition to the ctDNA in saliva, HPV cell free DNA (cfDNA) in the 
plasma can be used to detect OSCC with a specificity of 100% and 
sensitivity of 72%.30 Therefore, ctDNA and cfDNA have been used 
to diagnose the disease, predict prognosis, and monitor treatment 
outcomes.

Comparing HPV-positive with HPV-negative gene mutations 
in OSCC cases, Gillison et al.31 reports increased frequencies on 
phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic sub-
unit alpha (PIK3CA), zinc finger protein 750 (ZNF750), fibroblast 
growth factor receptor 3 (FGFR3), castor zinc finger 1 (CASZ1), 
phosphatase and tensin homolog (PTEN), CYLD lysine 63 deu-
biquitinase (CYLD) and DEAD-box helicase 3 X-linked (DDX3X) 
genes in HPV-positive cases, whereas HPV-negative OSCC cases 
presented increased frequencies on tumor protein p53 (TP53), 
FAT atypical cadherin 1 (FAT1), cyclin dependent kinase inhibitor 
2A (CDKN2A), notch receptor 1 (NOTCH1), caspase 9 (CASP8), 
HRas proto-oncogene, and GTPase (HRAS) genes. Shi et al.32 also 
validates increased TP53 gene mutations in 75%–85% of HPV-
negative head and neck squamous cell carcinomas (HNSCC), in-
cluding OSCCs compared to controls.F I G U R E  1  Biological biomarkers of oral cancer.
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2.2  |  Transcriptomics

In addition to genetic mutations, changes in gene expression lev-
els and profiles, also known as the transcriptome, have also served 
as biomarkers for OSCC.33 For example, the DEK proto-oncogene 
(DEK), a known oncogene, was shown to modulate the chromatin 
structure and remodel proteins. HPV-negative status and advanced 
tumor stage in HNSCC patients were found in conjunction with a 
downregulation in plasma DEK oncogene levels.33 Besides changes 
in genetic expression, epigenetic modifications, such as alterations 
in DNA methylation patterns, can also be used as biomarkers for 
OSCC. Palaia et  al.34 reported that the differentially methylated 
CpG site, cg01009664, of the thyrotropin-releasing hormone (TRH) 
gene had a sensitivity of 82.61% and specificity of 92.59%, as as-
sessed via bioinformatic approaches, and demonstrated the poten-
tial of epigenetic modifications as biomarkers for OSCC diagnosis.

RNA biomarkers, including microRNAs (miR) are known to serve 
an oncogenic or suppressor functions for their target genes under cer-
tain conditions,35 and their up- or down-regulation can used for pre-
diction of OSCC prognosis. For example, miR-345 and miR-31-5p are 
upregulated in OSCC patients.36 By influencing mRNA translation and 
transcript degradation, microRNA expression can further influence its 
target gene expression through a common axis. Therefore, microRNA 
upregulation and downregulation has been used to make predictions 
about good or poor prognosis of OSCC.34 Recently, Jia et al.37 deter-
mined that circular RNA for FAT1 (circFAT1,) is specifically expressed 
in OSCC, but not in normal adjacent epithelial tissues. CircFAT1 was 
significantly increased in human OSCC with lymph node metasta-
sis compared with human OSCC without lymph node metastasis. 
Importantly, they found that circFAT1 promotes cancer stemness and 
immune evasion through enhancing signal transducer and activator of 
transcription 3 (STAT3) activation, suggesting that circFAT1 is not only 
a biomarker for OSCC but also an important therapeutic target.

2.3  |  Multi-omics of extracellular vesicles

Extracellular vesicles (EVs)—vesicles released by cells to commu-
nicate with other cells38—have also been demonstrated to be a 
powerful source of biomarkers for OSCC detection. For instance, 
Benecke et  al.39 report significantly elevated levels of tumor-de-
rived extracellular vesicles positive for PanEV makers (tetraspa-
nins CD9, CD63, and CD81) in OSCC patients compared to healthy 
controls. Additionally, EVs carry nucleic acids and proteins as their 
cargo, which may be useful as biomarkers.38 MiRs carried in EVs are 
altered in OSCC patients and have been used to detect OSCC.40,41

2.4  |  Cancer stem cells (CSC) and circulating tumor 
cells (CTC)

Cancer stem cells (CSCs) are a subset of cancer cells that have character-
istics of stem cells, such as self-renewal and asymmetrical cell division, 

which can produce heterogeneous populations of cancer cells. Further, 
CSCs show greater malignant potential, such as higher anti-apoptosis 
activity, invasiveness, metastatic potential, chemo-resistance, and sur-
vivability compared to other subsets of cancer cells.24

In OSCC, it has been reported that CSCs play important roles 
in the development and progression of the disease.24,42-44 Yet, no 
specific markers defining CSCs in OSCC have been found to date, 
and thus, the majority of CSC isolated from oral cancers have 
mainly been   based on the P-glycoprotein 1 (CD44) marker, which 
is also a marker for breast CSC, or other generic embryonic stem 
cell markers, such as octamer-binding transcription factor 4 (OCT4), 
nanog homeobox (NANOG), and SRY-box transcription factor 2 
(SOX2).24,45 In addition, Ma et al.46 isolated OSCC cells positive and 
negative for prominin-1 (CD133) and reports that CD133-positive 
cells presented higher growth rate, self-renewal, cisplatin resistance 
in  vitro,  and stronger tumourigenic potential in  vivo compared to 
those negative for CD133.

Circulating tumor cells (CTCs) are cells that actively or pas-
sively detach themselves from a primary tumor and pass through 
the bloodstream. Various spontaneous or iatrogenic factors are 
implicated in this process and, thus CTCs showcase tumor hetero-
geneity without the need for an invasive tissue biopsy.47-49 Since 
CTCs can be quickly eliminated by several different processes, 
such as immune attacks, shear stress, cell death due to loss of 
contact with the extracellular matrix or neighboring cells (anoikis), 
oxidative stress and the lack of cytokines and growth factors, they 
undergo a series of adaptations in order to survive. These adapta-
tions include losing the expression of epithelial cellular adhesion 
molecule (EpCAM), keratins, and E-cadherin and upregulating ma-
trix metalloproteinase (MMP) activity, which enables these cells 
to navigate through the local extracellular matrix and enter the 
microvasculature.50,51

In OSCC, Qayyumi et  al.52 demonstrate  progressive increased 
counts of CTC cells as OSCC progresses from stage I to IV. Remarkably, 
the authors also demonstrate that CTC cells have a very high detec-
tion sensitivity and specificity (94% and 98%, respectively), leading 
to an overall detection accuracy of 95%. Counterintuitively, Morgan 
et  al.53 and Chang et  al.54 report higher CTC counts were associ-
ated with overall survival. In this context, Curtin et al.55 performed 
a systematic review of the literature and found that the presence of 
CTCs does not appear to be related to tumor differentiation or size. 
Additionally, the authors point out that specific CTC results for oral 
cancer patients were either inconsistent or mixed with data from 
other anatomical sites and pathologies within the head and neck. 
Given the increasing evidence suggesting that CTCs have diagnos-
tic and prognostic potential as biomarkers for OSCC, there is a clear 
need for studies that can elucidate the relevance of CTCs in OSCC.55

3 | PROTEIN-BASED BIOMARKERS FOR OSCC

Over 2200 different proteins have been cataloged in saliva, which 
is close to the amount of proteins found in plasma (over 2600), thus 
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making both fluids potential sources of biomarkers for OSCC.56-58 
Table 2 summarizes the recent studies in the literature.

The majority of the studies presented here (68%) used saliva 
as the source of biomarkers, possibly due to saliva sampling being 
fast, noninvasive, and well tolerated, besides being a safe procedure 
for healthcare providers.59 Additionally, saliva is a very promising 
source of protein OSCC biomarkers given that it is in direct contact 
with the cancerous lesions and the oral mucosa.60

A minority of studies (26%) focused on blood-based biop-
sies.  Gautam et  al.61 identified 16 potential biomarkers for OSCC, 
using high-throughput screening methods, including Fibrinogen 
alpha and Beta Chains, Fibronectin-1, and Serum amyloid A-1, which 
were increased in the OSCC group up to 5.36-fold. One major dif-
ference, however, is the greater sensitivity that a saliva-based ap-
proach has compared to a serum-based approach. Zheng et  al.62 
examined both saliva and serum carcinoembryonic antigen (CEA) 
and N-α-acetyltransferase 10 protein (Naa10p) expression individu-
ally. The sensitivity and specificity of CEA and Naa10p in saliva were 
80.2%, 81.7% and 81.1%, 83.3%, respectively, while the sensitivity 
and specificity of CEA and Naa10p in serum were 68.9%, 73.3% and 
70.8%, 75.0% respectively. The combined detection of CEA and 
Naa10p in saliva led to the greatest sensitivity and specificity (92.5% 
and 85.0%, respectively). Similarly, Rajkumar et al.63 demonstrated 
3-fold higher levels of cytokeratin-19 fragment CYFRA 21-1 in sa-
liva compared to serum levels. Noteworthy, though, is that in their 
systematic review, Ali et al. (2020) found non-conclusive evidence 
for increased CYFRA 21-1 in saliva samples, due to the presence of 
biases and limitations in the studies evaluated.

A minority of studies (20%) used more invasive biopsy methods 
(i.e., tissue biopsy) and determined that CD44 was differentially 
expressed in OSCC and OPMD, versus healthy tissues, with signifi-
cantly increased levels in OSCC, followed by OPMD, compared to 
controls.64 Similarly, other studies65-67 identified glucose transport-
ers, especially Glucose transporter 1 (GLUT-1) and 3 (GLUT-3), as 
significantly increased in OSCC compared to controls.

A third of the studies (36%) demonstrated that inflammatory 
cytokines, such as interleukin 6 (IL-6), interleukin 8 (IL-8), tumor ne-
crosis factor alpha (TNF-α), and interleukin 1 beta (IL-1β) are signifi-
cantly increased in OSCC compared to controls. Regarding OPMDs, 
most of these studies indicated a significantly progressive increase 
in the inflammatory cytokines, with OSCC levels being significantly 
higher than those in OPMD, and both were significantly higher than 
controls (OSCC > OPMD > Controls). Two reports68,69 contradict 
these studies. Khyani et  al.68 indicated no significant differences 
between OSCC and OPMD, with both being significantly higher 
than controls, whereas Schiegnitz et  al.69 indicated no significant 
difference between OPMD and controls, and both were significantly 
lower than OSCC. These differences, however, could be due to the 
use of a higher detection limit for these particular reports compared 
to the rest of the studies, thus, reducing the ability to distinguish 
OPMD from OSCC and controls. The systematic reviews, however, 
do not agree with each other in this regard. Arroyo et al.70 reported 
that both OSCC and OPMD levels were significantly elevated 

compared to controls, but not significantly different between each 
other (i.e., OSCC and OPMD > Controls), whereas Ferrari et  al.71 
reported that all studies demonstrated that OPMD levels were sig-
nificantly higher than controls, but significantly lower than OSCC 
(OSCC > OPMD > Control), with an effective power of discrimination 
among the samples—Area under the curve (AUC) ranging from 0.70 
to 0.99. Given these findings, additional systematic review studies 
are needed to determine whether OPMD are a different group com-
pared to OSCC and controls.

4  |  METABOLITE-BA SED BIOMARKERS 
FOR OSCC

In addition to protein- and proteomic-based studies, recent studies 
also include the detection and analysis of the metabolomic biomark-
ers associated with oral cancer. Nuclear magnetic resonance (NMR) 
spectroscopy, mass spectrometry (MS) combined with liquid chro-
matography (LC), gas chromatography (GC), capillary electrophore-
sis (CE), or ultra-high-performance liquid chromatography (UHPLC) 
are often utilized for detection of small molecules and metabolomic 
investigations.72,73 Table  3 summarizes the recent studies in the 
literature.

4.1  |  Salivary metabolomic biomarkers

Salivaomics is a broad collection of technologies used to investigate 
the different types of molecules found in saliva. Several investiga-
tors have proposed the use of salivary metabolomics to differentiate 
precancerous from malignant OSCC to help improve the diagnosis 
and prognosis of OSCC. For instance, Ishikawa et  al.74 identified 
3-methylhistidine as a significant prognostic factor, which is con-
sistent with Cadoni's study,75 which reported serum 3-methylhisti-
dine as a biomarker for predicting head and neck cancer. Tantray 
et  al.76 identified 15 signature salivary metabolites that could dif-
ferentiate OSCC from OPMD and controls. Recently, Patil & More77 
conducted a systemic review of 10 publications on the use of sali-
vary metabolomics for diagnosing oral cancer and they found that 
1-methylhistidine is also one of the metabolic biomarkers for oral 
cancer. Additionally, they concluded that the salivary biomarkers 
found were a result of perturbations in pathways involved in the me-
tabolism of amino acids, proteins, carbohydrates, and nucleic acids 
throughout multistage carcinogenesis developments in oral cancer. 
Furthermore, de Sá Alves et al.78 concluded that the malate–aspar-
tate shuttle, the beta-alanine metabolism pathway, and the Warburg 
effect were three important altered metabolic pathways identified 
in OSCC.

Multiple studies reported different metabolic profiles in saliva 
samples from OSCC cases. Supawat et  al.'s study79 determined 
that trimethylamine N-oxide (TMAO) and glycine were signifi-
cantly higher in oral cancer patients when compared with saliva 
samples taken from normal subjects. Consistent with Supawat 
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et al.'s study, Ishikawa et al.80-82 determined that trimethylamine 
N-oxide was significantly higher in the OSCC group than in the 
OPMD group. Using different identification platforms, trimethyl-
amine N-oxide, choline, cadaverine, proline, glutamine, lactate, 
fucose, and glycine were determined to be consistently different 
between OSCC and controls.79,82-86 Song et  al.83 used a combi-
nation of conductive polymer spray ionization mass spectrome-
try (CPSI-MS) and machine learning (ML) analysis and found this 
approach as a feasible tool for accurate, automated diagnosis of 
OSCC in clinical practice.

Recently, Grootveld et  al.87 and Panneerselvam et  al.88 con-
ducted a summative assessment of the latest progress on applica-
tions dedicated to the diagnostic and prognostic monitoring of oral 
cancer, especially focused on salivary metabolomic analysis, and 
suggested that optimal screening programs should involve a combi-
nation of both conventional and newly developed technologies. For 
example, several ML-based data processing and analysis strategies 
include oral cancer identification, automated disease progression 
staging, and the application of image processing to distinguish be-
tween cancerous and precancerous cells.89,90

4.2  |  Plasma/serum metabolomic biomarkers

Multiple studies have shown differential metabolic profiles in the 
plasma and serum of OSCC patients. In a recent study, Li et  al.91 
demonstrated that the biomarkers associated with OSCC were 
closely related to cholic acid metabolism and amino acid metabo-
lism. Additionally, Wu et al.92 determined that serine and lactic acid 
gradually increased in benign and malignant salivary gland tumors. 
Zou et  al.93 used ultra-high-performance liquid chromatography-
high resolution mass spectrometry serum metabolomic analysis to 
demonstrate that succinic acid changes (low levels), hypoxanthine 
changes (high levels), and tumor grade provided the highest predic-
tive accuracy of patients with OSCC. Further, Kyoto Encyclopedia 
of Genes and Genomes (KEGG) enrichment analysis showed that 
the imbalance in the amino acid and purine metabolic pathway may 
affect the prognosis of OSCC. Further, integrative analysis of me-
tabolomic and transcriptomic data can identify prognostic biomark-
ers associated with OSCC. Using quadrupole time of flight-liquid 
chromatography-mass spectrometry, Sridharan et  al.94 identified 
a significant upregulation of putrescine, 8-hydroxyadenine, and 
5,6-dihydrouridine in OSCC compared to OPMD, indicating that 
these metabolites play a potential role in predicting the malignant 
transformation of OPMD.

4.3  |  Tumor tissue metabolomic biomarkers

Oral cancer tissue biopsy is an invasive approach and remains the 
current clinical gold standard for detection and diagnosis of oral 
cancer. Tumor tissue metabolomics is used to identify signifi-
cant metabolic alterations in tumors compared to normal tissues. 
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Recently, Yang et al.95 summarized findings from a systemic review 
of oral biopsies, sample types, and detection techniques applied to 
oral cancer detection, and concluded that tissue biopsies provide 
increased diagnostic value compared to liquid biopsies. Kasiappan 
et al.96 summarized the published metabolomic data for head and 
neck cancer and identified significant metabolites that differenti-
ate head and neck cancer from normal controls based on tissue, 
serum, saliva, cell lines, and urine. Additionally, the authors also 
discussed the various tools used in metabolomics to identify im-
portant metabolites from these sample types. Multiple studies 
have confirmed that OSCC tissues undergo significant changes in 
metabolic pathways, including glycolysis, amino acid metabolism, 
and the pentose phosphate pathway.72,82,95,97-101 Using Ultra per-
formance liquid chromatography in tandem mass spectrometer 
(UPLC-MS/MS)-profiling and gas chromatography mass spectrom-
etry (GC–MS)-validation studies, Kamarajan et al.102 demonstrated 
that highly active glutaminolysis was involved in primary and meta-
static HNSCC tissues; this was marked by high glutamate and low 
glutamine levels in human head and neck cancer tissue, saliva, and 
plasma compared to controls. Further, Ishikawa et al.82 also showed 
that the glycolysis-Embden–Meyerhof–Parnas (EMP) pathway, tri-
carboxylic acid cycle (TCA) cycle, and glutathione pathway were 
aligned with cancer metabolic changes and could be potential dis-
criminant biomarkers, which is consistent with the previous stud-
ies by Ogawa and colleagues.98 Additionally, increased glucose 
consumption and rise in lactate levels with a concomitant decrease 
in the levels of glycolysis intermediates in OSCC is possibly the 
result of the Warburg effect.82,98-101 These studies suggest that 
glucose metabolism may be more important for survival and pro-
liferation, whereas glutamine/glutamate metabolism may be essen-
tial for subsequent aggressive transitions, including metastasis.102 
Furthermore, Shin et  al.103 highlighted that several publications 
suggest that the oral and gut microbiome contribute to the etiology 
of different types of cancers due to their ability to alter the commu-
nity composition and induce inflammatory reactions, DNA damage, 
apoptosis, and altered metabolism. Thus, when considering cancer-
associated metabolomics, the influence of the microbiota and its 
repertoire of metabolites should also be considered, since the mi-
crobiota are profoundly abundant in the human body and on can-
cerous tissues. Recently, Vitorio et al.104 summarized the metabolic 
landscape of OSCC and evaluated the studies focused on metabo-
lomic analysis and metabolomic biomarker signatures identified so 
far in saliva, serum, plasma, urine, and tissue, and concluded that 
validation and optimization are still required to translate these find-
ings into clinical applications.

5  |  TUMOR-A SSOCIATED 
AUTOANTIBODIES–BIOMARKERS FOR 
OSCC

The discovery of novel potential biomarkers for a disease may shed 
new light on potentially novel pathophysiological mechanisms. This 

is particularly true for the field of immunology and the study of an-
tibodies as they are at the center of the human immune defense 
system against infectious diseases yet are also key components in 
autoimmune diseases and carcinogenesis.105,106 Particularly in car-
cinogenesis, tumors must evade and subvert the host immune re-
sponse in order to escape immuno-elimination and thereby grow and 
proliferate. Furthermore, tumors also exploit the immune system to-
gether with other host factors to promote angiogenesis to further 
support their growth.106 This whole process leads to the production 
of many abnormal substances that are no longer recognized as the 
host's own, and this leads to the production of what it is known as 
tumor-associated autoantibodies.107

Autoantibodies are regular Immunoglobulin M (IgM) antibodies, 
produced by B cells that react with the host's own molecules, such as 
host proteins, nucleic acids, carbohydrates, lipids, or a combination 
of these.108 Although the majority of these antibodies are polyreac-
tive with a moderate affinity, some of these autoantibodies can be 
highly specific for a particular antigen in one specific cell type in the 
body,108 making them promising biomarkers in cancer diagnosis.109

For OSCC, in particular, salivary autoantibodies may be more 
clinically applicable compared to other molecules due to the anti-
bodies having higher specificity, stability, and abundance in saliva, 
and reagents and platforms required for antibody detection are 
well-established and readily accessible.107,110–114 Table 4 summarizes 
the recent studies in the literature.

Several antigens can elicit OSCC-associated autoantibodies, 
including metalloproteinase 1 (MMP1) and 3 (MMP3), and Sperm 
protein 17 (SP17), and these autoantibodies can be uniquely and sig-
nificantly increased in OSCC compared to controls. Hsueh et al.,110 
demonstrated that a panel of 10 autoantibodies were significantly 
increased in the OSCC group compared to the control group. The au-
thors also demonstrated that a panel with 4 of these autoantibodies 
(anti-MMP3, anti-peroxiredoxin 2 (PRDX2), anti- secreted protein 
acidic and cysteine rich (SPARC), and anti-heat shock protein family 
A member 5 (HSPA5) was enough to achieve a sensitivity of 63.8% 
for detection of early-stage OSCC. Tseng et al.,115 further developed 
the idea of a ML-based risk prediction model to detect OSCC and 
found that a panel of 8 autoantibodies improved prediction perfor-
mance by 13.9% (from 0.698 to 0.795). These studies demonstrate 
the potential for the use of autoantibodies as OSCC biomarkers, 
however, further investigations are needed to validate their use.

Other autoantibodies, such as anti-p53, and anti-Survivin, are 
elevated in more than 50% of tumor types, thus they have become 
known as “universal” tumor autoantibodies.105 In a systematic re-
view, Pillai et  al.116 reported increased levels of anti-p53 and an-
ti-Hsp70 autoantibodies in OSSC patients, compared to controls. 
Similarly, Wu et al.114 found increased levels of anti-p53, anti-Sur-
vivin, anti-heat shock protein 60 (Hsp60), and anti-ribosomal protein 
lateral stalk subunit P0 (RPLP0) autoantibodies in OSCC, compared 
to controls. However, upon progression, in the late-stage OSCC 
group the levels were not significantly different when compared to 
controls, suggesting that OSCC may subvert the autoantibody pro-
cesses over time.
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Interestingly, autoantibodies may also have some antitumor 
capabilities. Liu et  al.117,118 demonstrated that plasma containing 
higher levels of autoantibodies positive for integrin-associated pro-
tein (CD47) or Adenosine triphosphate-binding cassette subfamily 
C member 3 (ABCC3) induced apoptosis and cell cycle arrest in 5 
different OSCC cell lines, compared to plasma negative for these 
antigens. In their earlier work, Liu et al.118 showed that anti-ABCC3 
immunoglobulin G (IgG) significantly induced apoptosis and cell 
cycle arrest in the CAL27 cell line, while no significant effects were 
found for the SCC15 cell line, even though ABCC3 was expressed 
in both cell lines. The authors hypothesized that the ABCC3 struc-
ture might be different between the two cell lines, resulting in dif-
ferent responses to the autoantibodies. On the other hand, in their 
more recent work, Liu et al.,117 demonstrated that plasma containing 
anti-CD47 autoantibodies induced cell apoptosis and inhibited the 
invasion of all three OSCC cell lines (CAL27, SCC25, and SCC9 cell 
lines) via p-AKT suppression.

To demonstrate the feasibility of using autoantibodies to diag-
nose OSCC, Chu et al.119 showed that the sensitivity of 8 autoan-
tibodies for OSCC, ranged from 16% to 62%, with an area under 
the curve (AUC) ranging from 0.656 to 0.796. A panel containing 
4 autoantibodies (anti- lectin, mannose binding 2 (LMAN2), anti- 
prostaglandin reductase 1 (PTGR1), anti-ras-related protein 13 
(RAB13), and anti- ubiquinol-cytochrome c reductase core protein 2 
(UQCRC2) presented a sensitivity of 76% and AUC of 0.863.

6  |  OR AL MICROBIOME-BA SED 
BIOMARKERS FOR OSCC

The oral cavity contains up to 1000 microbial species, comprised 
of bacterial, fungal, viral, archaeal, and protozoan species, which 
are known as the oral microbiome. These species interact among 
themselves and with their host, thus forming symbiotic interac-
tions known as the oralome.8,120 Even though the oral microbiome 
is known to be resilient, insults or changes to the microbiome, such 
as those due to tobacco and alcohol use, can shift the oralome to 
an unbalanced state of host–microbe interactions, in part character-
ized by dysbiosis, which can promote diseases in the host, including 
OSCC.8,120 Recent cohort studies have demonstrated that poor oral 
hygiene increases the risk and decreases the survival rates of pa-
tients with head-and-neck cancer (HNC),121,122 while epidemiologi-
cal data shows that the odds ratio of OSCC are up to 4.6-fold higher 
in patients with severe periodontitis compared to  controls,123-126 
suggesting that oral microbial dysbiosis may play an important role 
in HNC and OSCC pathogenesis. In fact, early association studies 
by Nagy and colleagues found that many oral pathogens including 
Porphyromonas spp. and Fusobacterium spp. are enriched in OSCC 
tissues as compared with adjacent heathy ones.127,128 Interestingly, 
in a mouse model of oral tumorigenesis, co-infection by the two 
anaerobic periodontal pathogens Porphyromonas gingivalis and 
Fusobacterium nucleatum significantly enhanced the severity of 
tongue tumors, concomitant with increased STAT3 activation and TA
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increased IL-6 levels in tongue epithelium.129 Further, anaerobic 
and facultative bacteria can colonize and grow in tumors.8,130 For 
instance, Abed et al.,131 reported that F. nucleatum was detected in 
CT26 colon tumors 2 h after tail vein injection in  vivo, and bacte-
rial proliferation was observed inside of the tumors 24 h and 72 h 
post-injection.

Given its nature and the recent evidence linking the oral micro-
biome to cancer, specifically OSCC,8 the oral microbiome has an 
immense potential to be a diagnostic biomarker for OSCC. Table 5 
summarizes the recent studies in the literature.

Specifically for OSCC, a systematic review with 2809 patients 
indicated an association between oral microbial dysbiosis and 
OSCC.132 Moreover, the majority of these studies (75%) indicated a 
significant increase in Fusobacteria, especially F. nucleatum species, 
and P. gingivalis abundance in OSCC. These bacteria are known to 
induce the production of inflammatory cytokines, cellular prolif-
eration, migration, and invasion, and inhibition apoptosis, through 
host cell genomic alterations in OSCC.133 Additionally, two studies 
reported significantly larger tumors and larger numbers of lesions in 
mice infected with F. nucleatum, P gingivalis and Treponema denticola 
compared to controls.134,135

Despite numerous studies on the oral microbiome and OSCC, 
the focus of these studies has traditionally been on bacterial dysbio-
sis.120 Yet, OSCC has also been linked to dysbiosis in the oral myco-
biome and virome. Specific changes in OSCC mycobiome have been 
identified by several studies, such as the enrichment of Candida, 
Gibberella and Hannaella genera, as well the decrease of Malassezia 
and Aspergillus genera in OSCC compared to healthy controls.136 
Moreover, several studies have demonstrated that Candida albicans 
is able to induce carcinogenesis through induction of pro-inflamma-
tory T-helper 17 cells, as well as induction of IL-6 and IL-8 cytokines 
by oral cells.136-138 Yet, due to the relatively low prevalence of indi-
vidual fungal species and the lack of well-characterized reference 
genomes, further studies are needed on the relationship between 
mycobial dysbiosis and OSCC.136,138

Several viruses has been identified in OSCC tissues, including 
Epstein–Barr Virus (EBV),139 Human papillomavirus (HPV),140,141 her-
pes simplex virus (HSV)142 and Human cytomegalovirus (HCMV).143 
EBV prevalence is between 48.18%–50.2%, depending on the 
specimen type (i.e., paraffin-embeded or fresh frozen, respec-
tively).139,144 Further, She et al.139 meta-analyzed 13 case–control 
studies and found that EBV infection is statistically associated 
with increased risk of OSCC (OR 5.03%–95% CI; 1.80–14.01) com-
pared to controls. These data highlight that EBV infection may 
be a high-risk factor for OSCC. Although HPV status has been 
used in clinical settings to categorize OSCC patients, HPV's car-
cinogenic role in OSCC is still debatable.145 HPV-positive OSCC 
has been significantly associated with younger patients with no 
history of smoking and drinking.146 Moreover, a distinct oral mi-
crobial composition has been reported for HPV–positive OSCC-
namely an enrichment in Lactobacillus, Gemella, Leuconostoc and 
Weeksellaceae genera in HPV-Positive OSCC compared with HPV-
negative tissues–suggesting that HPV presence may influence the 

oral microbiome composition toward dysbiosis.8,147 However, the 
lack of molecular evidence,145 heterogeneity due to geographic 
location and detection methods,146 and its low prevalence (3%–
6%),140,141,148 with no significant association with OSCC148 has 
raised questions whether HPV does in fact drive OSCC carcino-
genesis.145 HSV and HCMV prevalence in OSCC, are 5%142 and 
3%,143 respectively, which seems to indicate that these viruses 
may not be high-risk factors for OSCC development, but may in-
stead play a minor role in the disease, since they are known to 
act as mutagens in other tissues.149 Nonetheless, more studies are 
needed to further understand the role of these viruses in OSCC 
pathogenesis.

Several mechanisms have been proposed to explain the car-
cinogenic potential of the oral microbiome, including promoting 
epithelial barrier dysfunction, chronic inflammation, and epigen-
etic modulation.8 Kamarajan et al.,134 for instance, demonstrated 
that bacteria found in periodontal disease, including Treponema 
denticola promote cancer aggressivity via toll-like receptor 2 
(TLR2)/myeloid differentiation primary response 88(MyD88) trig-
gered activation of integrin/FAK signaling. It is intriguing to note 
that F. nucleatum has also been linked to colorectal cancer (CRC), 
breast cancer and pancreatic cancer.150-152 In CRC, F. nucleatum 
promotes colorectal carcinogenesis via the adhesin FadA by mod-
ulating E-cadherin/β-catenin signaling,153 especially. via induction 
of the Wnt/β-catenin modulator Annexin A1.154 Furthermore, 
F. nucleatum induces autophagy activation and apoptosis inhibi-
tion that is dependent on toll-like receptor 4 (TLR4)/MyD88 sig-
naling.150 It remains to be investigated if similar pathways in OSCC 
are modulated by F. nucleatum.

7  |  CURRENT CHALLENGES AND FUTURE 
PERSPEC TIVES

Advancements in genomics, proteomics, metabolomics, immu-
nomics, and microbiomics, as shown in this review, have expanded 
the  understanding of OSCC tumorigenesis and progression, and 
also the discovery of biomarkers that facilitate the diagnosis and 
prognosis of the disease. However, tumorigenesis complexity, in-
cluding synergistic genomic, transcriptomic, proteomic and me-
tabolomic alterations, coupled with an oral microbiome dysbiosis, 
and patient heterogeneity make it unlikely for a single diagnos-
tic biomarker to be effective for cancer diagnosis. In fact, panels 
integrating multiple omics may be required for a comprehensive 
patient evaluation and would enhance the panel reliability, sensi-
tivity and specificity.8,120,155 Additionally, methodological stand-
ardization and reproducible validation of oral cancer biomarkers 
are still required, since multiple methodologies were used to ob-
tain these biomarkers and contradicting results can still be found 
in the literature.

As future perspectives, we expect a rise in the use of liquid bi-
opsies, especially the use of saliva for OPMD and OSCC diagnosis 
and prognosis, as saliva has been widely investigated as a source 
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of OSCC biomarkers in the majority (over 50%) of the studies an-
alyzed. Additionally, saliva use may improve the ability to monitor 
OPMD and OSCC in patients over time, given its simple and safe 
collection protocols and ability for collection of larger volumes of 
samples.155,156

Together with liquid-based biopsies, multi-omic panels, such as 
those containing genomic, transcriptomic, proteomic, metabolomic, 
immunomic and microbiomic biomarkers may help us to diagnose 
early lesions or even prevent the onset of OPMDs and OSCC.
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