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INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is 
the sixth most common neoplasm worldwide.[1,2] Oral 
squamous cell carcinoma (OSCC) accounts for almost 
25% of  all cases within this group of  tumours. Despite 
the ease of  oral self‑examination, this condition is usually 
diagnosed late, often at advanced stages.[3,4] Regional and 
distant metastasis is responsible for the poor prognosis of  
advanced OSCC, with only 50% of  the patients remaining 
disease‑free 5 years after treatment.[5] Advances in the 
multidisciplinary management of  advanced OSCC have not 
greatly improved the survival rate. This may be attributed 
to a central biological aspect of  this pathology, the field 
cancerization effect,[6] and necessitates the need to gain a 

deeper insight into the molecular events involved in OSCC 
in pursuit of  new diagnostic biomarkers and therapeutic 
targets.[7]

At present, tissue biopsy and imaging methods are the 
mainstays for the diagnosis and prognostication of  OSCC. 
OSCC is a complex disease with immense tumoural 
heterogeneity and genomic complexity characterised 
at the molecular and cellular levels. The limitations of  
tissue biopsy include difficulty in the accessibility of  
tumours in deeper sites, the possibility of  metastatic 
spread via invasive techniques, requirement of  repetitive 
biopsies to monitor genetic mutations, discomfort and 
inherent clinical risk to the patient. These potential 
hindrances have prevented the development of  a reliable 
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prognostic marker, scrutinizing treatment response and 
facilitating personalized treatment decisions.[8,9] Moreover, 
conventional biopsies are temporally and spatially limited 
and often provide a brief  snapshot of  a single region of  a 
heterogeneous tumour.[10] Additionally, both biopsies and 
imaging methods are unable to discover micro‑metastasis 
and residual lesions at an early stage.[11] This compels the 
search for biomarkers that can effectively reflect tumour 
heterogeneity for early diagnosis, prediction of  metastases 
in the tumour genomic landscape and effective treatment 
monitoring. While ‘biopsy’ is the mainstay for biomarkers 
from solid tissue, biomarker sampling via peripheral 
venepuncture and body fluid analysis are becoming 
increasingly popular.[12]

Research efforts are now focused on the discovery of  
new, minimally invasive methods for the diagnosis and 
comprehension of  the tumour genomic architecture to 
monitor tumour evolution and therapeutic response in 
real‑time.[13,14] In this sense, the field of  liquid biopsy has 
emerged as a revolution in multiple areas of  oncology and 
the development of  tumour‑precision medicine.[15] Liquid 
biopsy effectively allows the analysis of  genetic variations 
occurring during the disease process by detection of  
tumour‑related components in several biological fluids such 
as blood, saliva, cerebrospinal fluid and so on.[16]

With the rising clinical use of  liquid biopsies in various 
tumours, the need for the identification of  circulating 
biomarkers has gained a great deal of  relevance. The 
characterization of  specific circulating biomarkers 
for common neoplasms will facilitate early diagnosis, 
prognostication, prediction and monitoring of  response to 
therapy.[17] In addition, these analytes are complementary 
biomarkers that offer great potential for the development 
of  cancer drug discovery platforms.[18] Circulating tumour 
cells (CTCs) and circulating genetic material such as 
genomic DNA (gDNA), mitochondrial DNA (mtDNA), 
circulating tumour DNA (ctDNA), microRNA (miRNA) 
and exosomes [Figure 1] can be potential sources of  
tumour material from the primary tumour and from all 
disease sites.

The relative ease of  sampling circulating biomarkers 
is making it clinically attractive. Knowledge regarding 
its potential applications, technical limitations and 
supportive evidence as a screening, diagnostic and 
prognostic tool in OSCC will allow clinical use.[15] This 
review will outline the role of  circulating biomarkers 
for early detection, real‑time monitoring and prognostic 
evaluation of  OSCC with special emphasis on CTCs, 
ctDNA and exosomes.

CIRCULATING TUMOUR CELLS (CTCS)

A subpopulation of  rare atypical precursor cells released 
in the circulation by primary tumours are labelled as 
Circulating tumour cells (CTCs). They are believed to have 
acquired somatic mutations and genomic rearrangements 
similar to the primary tumours.[19] They are released from 
the primary tumour actively or passively like ‘seeds’.[20] 
Various spontaneous or iatrogenic factors are implicated in 
this process of  release into the circulation by the primary 
tumour. Thus, they act as a mirror to showcase tumour 
heterogeneity[18] without the need for an invasive tissue 
biopsy.[21]

The half‑life of  CTCs varies from 1 to 2.4 h. Harsh 
conditions in circulation, such as immune attacks, 
apoptotic processes, shear forces and fluidic turbulences 
impact it.[22,23] Only a small part of  them survive and are 
able to metastasize. CTCs may circulate in isolation or in 
groups.[16] CTC clusters are defined as ≥3 tumour cells 
with strong cell‑cell adhesions, CTCs can also cluster with 
non‑malignant cells, such as platelets, immune cells and 
fibroblasts.[24] Evidence points to the strong metastasis 
ability of  CTC clusters. They traverse narrow capillaries in a 
single file and retain their cluster properties upon exiting.[25]

CTC analysis is a developing technology in the field of  
HNSCC in general and in that of  OSCC in particular.[16] 
The identification and characterisation of  CTCs require 
extremely sensitive and specific analytical methods. 
Enrichment and separation procedures for detection and 
analysis are often tedious and expensive.[26,27] Antibodies 
against the epithelial cell adhesion molecule (EpCAM) 
and subsequent immunocytological detection of  CTCs 
are performed with antibodies to cytokeratins (CKs) for 
positive selection.[28] Although EpCAM‑based enrichment 
technique has been the most widely used technique, it 
could not detect CTCs in all metastasized or advanced 

Figure 1: Schematic representation of circulating biomarkers
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disease patients of  OSCC. This unpredictability could be 
attributed to either low incidence of  CTCs or to exclusion 
of  non‑EpCAM and/or non‑keratin expressing CTCs as 
EMT is characterised by loss of  epithelial characteristics.[29]

Promise of CTCs in oral cancer
The unique feature of  CTCs is their ability to be 
characterized at the cellular level and even cultured/grown. 
This sets them apart from other circulating biomarkers 
renewing continuing interest and promise in their 
diagnostic and prognostic abilities.[30]

Various recent studies indicate that CTCs may be effective 
markers to predict disease progression and survival in 
metastatic and possibly even early‑stage cancer patients. 
High CTC numbers correlate with aggressive disease, 
increased metastasis and decreased time to relapse.[31]

The detection of  CTCs in patients with oral cancer has 
been found to be associated with a high risk of  locoregional 
recurrence and distant metastasis. Their value as an 
independent prognostic marker in OSCC is attributed to 
their ability to predict relapse with more sensitivity than 
routine staging procedures.[12] Additionally, an increased 
expression of  programmed death‑ligand 1 (PD‑L1), 
HOXB9 and ZNF813 in OSCC‑derived CTCs on gene 
expression profiling emphasized their role.[32] This also 
fuelled the development of  anti‑PD‑L1 therapy for OSCC 
patients.[16,18]

Apart from its potential as a prognostic biomarker, the 
role of  CTCs in regulating disease behavior has been 
investigated. The checkpoint inhibitors that block the 
PD‑1/PD‑L1 immune checkpoint pathway on CTCs and 
stimulate the immune system to remove CTCs in circulation 
may reduce the risk of  metastasis and disease recurrence. 
In patients with OSCC, PD‑L1 overexpression in CTCs 
has been identified and utilized to monitor the treatment 
response.[32]

CTCs may be shed from different locations within 
tumours, which are heterogeneous in nature, and even from 
metastases. There is a clear discrepancy in gene expression 
between primary tumours and CTCs, as well as heterogeneity 
within the CTC population. There is a possibility to identify 
the tissue of  origin of  CTCs by using expression profiling 
to detect organ‑specific metastatic signatures. This is 
presumed to localize small metastatic lesions and guide 
further diagnostic and therapeutic strategies.[31]

CTCs could serve as a real‑time marker[31] for recurrent 
assessments for disease monitoring before, during and 

after therapy, as sample collection is simple and minimally 
invasive. Numerous studies[26‑30] have demonstrated the 
potential utility of  a cutting‑edge technology that may 
improve the detection and monitoring of  cancer using a 
small number of  blood samples.[18]

Thus, CTCs are ideal candidates for the prediction of  
relapse and local and/or distant spread as they reflect 
tumour mutational profiles. Additionally, they are 
non‑invasive Adeola and help in determining tailored 
therapies for better outcomes.[33]

Limitations of CTCs
The potential of  CTCs as a biomarker for cancer is 
tremendous. However, certain challenges that need to be 
addressed include the technical aspects of  isolation and 
analysis. Although specimen collection is easy, enumeration 
of  CTCs is limited by the detection of  sufficient cells for 
adequate analysis. With frequencies of  about one CTC 
per million blood cells, the detection of  CTCs faces 
the proverbial ‘needle in a haystack’ problem.[12] They 
account for a few cells from a solid tumour that are shed 
in circulation among a sea of  haematological ones.[30] The 
rarity of  CTCs in the bloodstream requires differentiation 
of  the normal blood cells (numbering in the billions/ml) 
from the CTCs (which may be below 10 cells/ml). Hence, 
even methods achieving a purity of  99.9% must be able to 
detect one CTC per million background cells.[12]

Detection and analysis of  CTCs are technique sensitive 
and require specialized equipment and expertise. The 
processing is laborious and challenging, as the sample must 
be processed quickly after blood collection and the 
detection process is labour intensive.[12] As the cells have 
a short life span in circulation,[19] retesting or saving them 
for further analysis is not possible. In vitro and clinical 
research in this field are limited greatly due to the high cost 
of  quantification and analysis of  CTCs.[12]

Future prospects
As CTCs have been proven to effectively reflect the 
mutational landscape and genotypic alterations observed 
in the primary tumour, they have immense potential as 
non‑invasive indicators of  disease progression, tumour 
staging, assessment of  treatment response and therapeutic 
monitoring in oral cancers.

A proposal to include the analysis of  CTCs for ‘molecular 
staging’ may fill the gap between prognostication based 
on TNM staging and actual clinical outcomes.[12] There 
is renewed hope that the analysis of  CTCs will enhance 
understanding of  the complex metastatic process. This 
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may unravel new approaches to destroying metastatic 
cells. However, a factor of  crucial importance in any 
future clinical implementation is the need to improve 
the sensitivity of  the techniques used to quantify and 
characterise the presence of  CTCs.[16]

CIRCULATING DNA (CTDNA)

Fragmented, tumour‑derived DNA that is not associated 
with cells (i.e., cell‑free) and found within the circulatory 
system is referred to as ctDNA. Apoptosis and necrosis 
under physiologic and pathologic conditions contribute to 
this tumour‑derived circulating cell‑free DNA (cfDNA), 
which accounts for the total DNA shed into the blood 
and biological fluids.[34]

There is evidence that the proportion of  ctDNA detectable 
within the pool of  cell‑free plasma DNA is related to 
tumour burden in cancer patients.[35] The length of  ctDNA 
fragments is less than 167 base pairs, approximately the 
size of  one nucleosome.[36] ctDNA accounts for a small 
percentage of  the total cfDNA in peripheral blood. 
The quantity is influenced by tumour type, location, 
vascularization stage and size.[37‑39]

The first potential application of  ctDNA is screening 
for early diagnosis of  cancer to allow early treatment and 
improved outcomes.[40] The half‑life of  ctDNA is less than 
2 h, which is shorter than the half‑life of  protein markers. 
Therefore, ctDNA can reflect the real‑time change of  the 
tumour burden during cancer therapy.[41] It is more sensitive 
than CTCs in early detection and reflects tumour burden 
in real time.[17]

ctDNA provides a reasonably unbiased sample of  the 
whole tumour burden and, therefore, a means to evade 
spatial intratumour genetic heterogeneity, which is one of  
the main causes of  the potential non‑representative nature 
of  single‑tumour biopsies.[17]

Promise of ctDNA in oral cancer
Presently, due to the ease of  analysis, cfDNA is being 
studied extensively in comparison to other biomarkers. 
Evidence suggests that ctDNA represents the tumour 
genome from primary tumours and metastasis.[15] The 
identification of  tumour‑specific point mutations, 
promoter hypermethylations and the identification of  
allelic imbalance using microsatellite markers analysis 
in ctDNA are helpful tools of  assessment in patient 
management.[42]

The circulating DNA reflects the characteristics of  tumour 
DNA including molecular changes, such as methylation, 

point mutations and microsatellite instability.[43] DNA 
methylation is the widely used epigenetic biomarker, which 
has been the hotspot of  ctDNA research in recent years.

In HNSCC patients, SHOX2 and SEPT9 methylation are 
of  diagnostic values and aid in molecular staging, making 
treatment choices and post‑therapeutic monitoring. Apart 
from DNA methylation, tumour‑associated mutations 
in ctDNA are also explored. The different mutants and 
epigenetic modification in ctDNA, as well as the detection 
of  ctHPV16DNA, have significance in the early diagnosis 
of  HNSCC.[20]

ctDNA serves as a quantitative marker for longitudinal 
follow‑up and disease monitoring. It also characterizes the 
genomic landscape of  the various stages of  cancer and as 
a means to address the challenge of  intratumour genetic 
heterogeneity.[17]

Limitations of ctDNA
Limitations of  ctDNA use as a source of  biological material 
for biomarker analyses include a low detection ratio in 
the early stages of  cancer. Second, multiplexed assays 
are required to analyze several mutations simultaneously. 
Finally, there is still a lack of  a standardized methods for 
ctDNA analysis.[15]

The yields of  ctDNA may be related to cancer cell 
death‑inducing factors such as hypoxia, proliferation, 
treatment responses and tumour handling (surgery or 
biopsy). Assessment of  these variables may have an impact 
on the prognostic and predictive value of  ctDNA‑derived 
biomarkers.

It is unlikely that the inter‑ and intratumour genetic 
heterogeneity will be reflected by tracking of  single‑point 
mutation in ctDNA. Thus, it would be necessary either 
to have prior knowledge of  the tumour’s “truncal” driver 
genetic aberration which is present in all cancer cells, or 
to test a large panel of  the most recurrent cancer‑specific 
alterations or private chromosomal rearrangements.[17]

Future prospects
ctDNA has been reported to be a highly sensitive genetic 
biomarker in several types of  cancer which directly reflect 
the tumour burden and genetic dynamics. cfDNA may 
be applied as a screening marker for early detection of  
precancer and cancer as well as for prognostication of  oral 
cancer.[44] ctDNA analysis in HNSCC should include not 
only the detection of  tumor‑specific mutations but also 
the detection of  the human papillomavirus (HPV) DNA 
for HPV‑positive oropharyngeal cancer.[40]
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EXOSOMES

Exosomes are nano‑scale membrane encapsulated 
vesicles derived from cells with diameters ranging from 
40 to 100 nm, which are exceptionally stable and shuttle 
through bodily fluids.[45] The component transported 
in exosomes includes several molecular biomarkers—
proteins, a broad range of  RNA types (miRNA, lncRNA 
and mRNA) and various DNA. These biomarkers affect 
stroma modification and angiogenesis by delivering to 
recipient cells.[20] The presence of  exosomes in the tumour 
microenvironment suggests their role in tumorigenesis, 
tumour invasion and metastasis.[46,47] Exosomes can 
be abundantly released by different types of  cells into 
numerous biological fluids such as urine, semen, saliva, 
amniotic fluid, cerebrospinal fluid, lymph, bile, ascites, 
tears, breast milk and blood, both in healthy and diseased 
conditions.[15]

Promise of exosomes in oral cancer
In OSCC, exosomes have been reported as key elements 
in the tumour microenvironment that upregulate the 
transforming growth factor‑β (TGF‑β) signaling pathway, 
contributing to the progression and drug resistance of  
OSCC.[48] Under hypoxic conditions, exosomes secreted 
by tumour cells are involved in tumour angiogenesis and 
metastasis.[49,50]

The detection of  miRNA biomarkers in both the plasma 
and tumours of  patients with squamous cell carcinoma 
of  the tongue highlights the significance of  free and 
exosomal miRNAs as potential diagnostic biomarkers for 
tongue cancer. In addition, packaged circulating miRNAs 
in protein complexes or encapsulated within microvesicles 
are protected against the activity of  blood RNAses, and 
represent a more dependable approach for the assessment 
of  circulating tumour‑miRNA signatures. On miRNA 
expression profiling, a correlation was found between 
circulating exosomal miR‑21 levels and metastasis in the 
lymph nodes in OSCC patients.[15]

Exosomal chemokine‑like factor (CKLF)‑like MARVEL 
transmembrane domain‑containing six (CMTM6) 
of  OSCC cells aid the polarization of  alternatively 
activated macrophages (M2) via activation of  the 
signaling of  ERK1/2 in macrophages. M2 macrophages 
have pro‑tumour functions, facilitating initiation and 
progression of  the tumour.[18] Evidence suggests that 
tumour exosomes play an important role in immune 
suppression, boosting tumour initiation and progression. 
This is allowed as tumour exosomes can communicate with 
immune cells through immunoinhibitory (protumour) and 

immunostimulatory (antitumour) signals in the tumour 
microenvironment.[51]

Limited available evidence suggests a potential 
discriminatory biomarker role of  exosomes, between 
active OSCC disease patients and cured OSCC patients. 
Oral fluid‑derived exosomes have been morphologically 
characterized in OSCC.[52] The role of  some exosomal 
miRNA (e.g., miR‑223, miR‑101‑3p, miR‑338 and 
miR‑34a‑5p) as tumour suppressors and the robust 
potential of  exosomes for therapeutic drug delivery to the 
tumour for effective treatment or to improve prognosis has 
also been highlighted.[53]

Limitations of exosomes
Various unanswered questions remain regarding the 
challenges of  the clinical use of  circulating exosomes as a 
circulating biomarker. Although in vitro or in vivo xenograft 
models have investigated the function of  tumour exosomes, 
there is a need for comprehensive studies focusing on 
the mechanisms of  biogenesis, cargo sorting or the 
physiological relevance of  the exosome. Therefore, in vivo 
studies are required to gain insights into the heterogeneity 
of  tumour exosomes and their functional significance. In 
addition, a consensus on the isolation strategy, classification 
and contents of  exosomes must be clarified to generate 
the common and standardized protocols required for 
clinical use.[15]

CONCLUSION

The disease‑free survival rate of  OSCC patients remains 
dismal in spite of  the advances in diagnosis and therapeutic 
modalities. Over half  of  the oral cancer patients suffer from 
loco‑regional relapses while 1/4th of  the patients develop 
distant organ metastases.[19] The unprecedented advances in 
the understanding of  tumour biology have paved the way 
for developing minimally invasive methods that facilitate 
early diagnosis and repeated characterization of  tumours.

Circulating biomarkers have been heralded as blood‑borne 
biological surrogates of  tissues for molecular analysis of  
cancers.[28] The detection and analysis of  CTCs, ctDNA and 
circulating exosomes represent a promising opportunity 
for early cancer detection, molecular profiling analysis, 
monitoring of  treatment response and detection of  
minimal residual disease and relapse.[15]

Circulating biomarkers provide the advantage of  repeated 
sampling of  tumour tissue, and this longitudinal follow‑up, 
combined with the multiplicity of  the molecular targets 
that can be assessed, may provide a wealth of  data that 
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can ultimately change the way tumour response to specific 
therapies is perceived and provide new insights in the 
complex biology of  micrometastasis with important 
implications for the clinical management of  cancer 
patients.[28]

CTCs have the potential to offer a means of  providing 
living cells directly representative of  the primary tumour 
and may therefore uncover breakthroughs needed in the 
management of  oral cancer. There is a paucity of  focused 
research on their role in OSCC and further prospective 
longitudinal studies to assess the predictive value of  CTC 
testing for early diagnosis and surveillance are the need of  
the hour.[12] ctDNA has been employed as a diagnostic tool 
with higher sensitivity as it carries the tumour‑specific gene 
alteration.[20] Because distinct biological processes give rise 
to CTCs and ctDNA, it is plausible that the qualitative and 
quantitative information and potential clinical applications 
of  these modalities of  blood‑borne biomarkers will not 
overlap entirely.[17] Exosomes contain various proteins 
and nucleic acids to mirror tumour cell sources, such as 
miRNA, genomic DNA and viral RNA, thus, serving as 
effective biomarkers.[15] Focused research on the utilization 
of  each circulating biomarkers in the context of  oral 
cancer is required to unlock and apply the benefits of  these 
technologies appropriately.

A better knowledge of  the biology and origin of  circulating 
biomarkers would be the key to the development of  
effective therapies for and the management of  oral cancer. 
Although the value of  liquid biopsies has been explored 
in solid tumors of  various anatomic locations, studies 
in oral cancer are limited and preliminary. Longitudinal, 
multicentric studies are recommended to establish the 
clinical use of  liquid biopsies in oral cancer.
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