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Abstract. Oral squamous cell carcinoma (OSCC) is the most 
common malignancy of the oral cavity and accounts for >90% 
of all oral cancers. Despite advances in diagnostic proce‑
dures and therapeutic interventions, overall survival has not 
improved significantly in recent decades, primarily due to late 
diagnosis, locoregional recurrence and treatment resistance. 
Identifying reliable biomarkers for early detection, prognosis 
evaluation and treatment response prediction is critical for 
improving clinical outcomes in patients with OSCC. In the 
present review, the prognostic and predictive utility of circu‑
lating biomarkers, such as circulating tumour cells, serological 
biomarkers and histological and genetic biomarkers, were 
explored in the context of OSCC. In addition, the potential role 
of immune checkpoints in the treatment of OSCC was high‑
lighted and the rapidly evolving field of liquid biopsy and its 
potential to revolutionize diagnosis, prognosis evaluation and 

treatment were examined. The existing evidence for the clin‑
ical utility of these biomarkers was critically evaluated and the 
challenges and limitations associated with their introduction 
into routine clinical practice were addressed. In conclusion, 
the present review highlights the promising role of biomarkers 
in improving the current understanding of the pathogenesis of 
OSCC and offers potential avenues for improving patient care 
through personalized medicine approaches.
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1. Introduction: Epidemiology, clinical presentation, 
diagnosis and treatment

Ora l  squamous cel l  ca rcinoma (OSCC) a f fects 
~600,000 patients per year, accounting for ~4% of all cancer 
cases, and this disease has high cancer‑related morbidity and 
mortality rates. The overall 5‑year survival rate for OSCC 
remains as low as ~50‑60%, with early‑stage cancers having 
a considerably better prognosis than advanced‑stage tumours. 
The presence of regional lymph node metastasis is a key 
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predictor of survival, with 5‑year survival rates dropping to 
~30‑40% in such cases (1,2). OSCC is the most common type 
of oral cancer, accounting for >90% of all oral malignancies. 
It should be noted that the global incidence and mortality rates 
of OSCC vary significantly across geographic regions, with 
higher rates observed in South Asia, Southeast Asia and Europe 
than in other regions. OSCC affects men more frequently than 
women and its incidence increases with age (3). These varia‑
tions in OSCC burden across populations may be attributed to 
differences in exposure to risk factors, genetic predisposition 
and health care access.

It should be highlighted that several risk factors have 
been identified for OSCC, including smoking or smoke‑
less (chewing) tobacco use, which is the leading risk factor 
for OSCC, contributing to ~75% of all cases (4). Other risk 
factors that may be highlighted are excessive alcohol intake, 
which is an independent risk factor for OSCC. The combined 
effect of tobacco and alcohol use exponentially increases the 
risk of dysplasia and cancer, and it should be noted that in 
recent years, the importance of human papillomavirus (HPV) 
infection in the oral cavity, which has been recognized as an 
aetiological factor for squamous neoplasia, primarily affecting 
the oropharynx, has been observed. While most HPV infec‑
tions are asymptomatic and transient, there are high‑risk HPV 
types, such as HPV‑16 and HPV‑18, that have been linked with 
the development of various malignancies, including cervical, 
anogenital and oropharyngeal cancers, and have an important 
role in OSCC (5,6). It should be noted that the risk factors for 
HPV‑positive OSCC are different from those of HPV‑negative 
OSCC; the former is more frequently associated with younger 
age, fewer lifetime sexual partners, and a lower prevalence of 
tobacco and alcohol use (7) Other risk factors, such as poor 
oral hygiene and diets low in fruits and vegetables, which 
have been linked to an increased risk of chronic inflammation 
and cancer, are not as important as previous factors, but have 
an important role in OSCC, increasing the risk of squamous 
dysplasia in the oral cavity (8).

The clinical presentation of OSCC may vary among 
patients. Early‑stage OSCC may present with nonspe‑
cific signs and symptoms, such as an indurated, painless, 
nonhealing ulcer, which is one of the most common early 
signs of OSCC (9). The ulcer may be accompanied by raised, 
rolled or everted edges and may have irregular margins. 
Other early signs include the presence of leukoplakia and 
erythroplakia (the latter with a higher risk of malignant 
transformation), which may be precursors of OSCC or 
represent early‑stage lesions (10). Patients may also report 
oral pain, discomfort or a burning sensation that may be 
persistent or intermittent and associated with unexplained 
tooth mobility or tooth changes. In cases involving the base 
of the tongue or oropharynx, this may present as persistent 
sore throat or hoarseness (11).

On the other hand, patients with advanced OSCC may 
have an enlarging mass or growth in the oral cavity, which 
is often firm with irregular margins. This is a characteristic 
finding in advanced OSCC associated with dysphagia, odyno‑
phagia or dysarthria due to tumour infiltration or obstruction 
of the oral cavity or oropharynx. It may also present as 
facial swelling or asymmetry with involvement of cervical 
lymphadenopathy (12).

It is important to note that the diagnosis of OSCC is based 
on clinical examination, biopsy and imaging techniques to 
determine the extent of the disease and histologic confirma‑
tion of malignancy. The first step is clinical examination with 
visual inspection of the oral cavity and oropharynx, which 
may identify lesions suggestive of OSCC, such as leukoplakia 
and erythroplakia, palpation of the oral cavity, and evaluation 
of cranial nerves to identify any neurologic deficits that may 
indicate tumour infiltration or compression of adjacent nerves. 
It is important to emphasize that a biopsy is required to confirm 
the diagnosis of OSCC by histopathologic analysis (13).

Of note, symptom‑based panendoscopy (laryngoscopy, 
bronchoscopy and oesophagoscopy) may be performed in 
the first assessment and the incidence rate of second primary 
upper aerodigestive tract tumours with this method is 2.4 
to 4.5%; this method may also provide information about 
synchronous lesions. On the other hand, fine‑needle aspiration 
biopsy (FNAB) combined with ultrasound has an important 
role in the evaluation of cervical lymph nodes and subsequent 
cytological evaluation is performed to assess suspicious lymph 
nodes (14). FNAB has proven to be an invaluable diagnostic 
tool in the management of OSCC, particularly in the evalu‑
ation of suspicious cervical lymph nodes, with a diagnostic 
accuracy of 89‑98%, and may be used to evaluate potential 
recurrence or residual disease in patients with OSCC after 
treatment, particularly when imaging results are inconclu‑
sive (15). It may also be performed with excisional biopsy of 
the lesion with a surrounding margin of healthy tissue in easily 
accessible lesions and may be used both diagnostically and 
therapeutically in selected patients.

Imaging studies have a critical role in the diagnosis and 
staging of OSCC by providing detailed information about the 
size of the tumour, its location and possible invasion of adjacent 
structures. This usually includes computed tomography (CT), 
which is useful for assessing bone invasion, regional lymphade‑
nopathy and distant metastases. Contrast‑enhanced CT scans 
may improve the visualization of soft tissue involvement and 
vascular structures and positron emission tomography (PET) 
is frequently combined with CT (PET‑CT) to perform OSCC 
staging, detect regional lymph node involvement and identify 
distant metastases or synchronous primary tumours (16). In 
this context, it should be emphasized that magnetic resonance 
imaging (MRI) provides a better soft‑tissue resolution than 
CT, making it the tool of choice for assessing tumour exten‑
sion, perineural spread and involvement of vital structures, 
such as nerves and blood vessels. MRI is also useful for 
distinguishing tumour recurrence from posttreatment changes 
such as fibrosis (17). With regard to metastatic disease, it is 
important to assess distant invasion in OSCC. The incidence of 
metastatic disease ranges from 2 to 26% and varies according 
to locoregional extent, lymphatic involvement and histologic 
grade (18). Typically, distant metastases are asymptomatic and 
the most common sites are the lungs, liver and bones, with the 
CT scan being the most sensitive method for screening metas‑
tases in patients with OSCC, revealing malignant findings in 
4‑19% of newly diagnosed cases (19).

In terms of treatment, advances in diagnostic and 
therapeutic approaches over the years have improved patient 
outcomes, but the prognosis remains poor, particularly in 
advanced‑stage cases. Current treatment strategies for OSCC 
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are based on locoregional and distant disease classification 
according to the TNM staging classification system, which 
was updated in 2018 by the American Joint Committee on 
Cancer and the Union for International Cancer Control (20). 
The primary treatment for early‑stage OSCC remains surgery, 
which includes wide local excision of the tumour and lymph‑
adenectomy with reconstructive surgery when appropriate. 
It is effective, but potential complications include difficulty 
swallowing, speech problems and aesthetic issues that may 
affect patients' quality of life (21). In certain cases, radiation 
therapy may be used as a complementary treatment after 
surgery or as the only treatment for patients who are not 
candidates for surgery, and it includes intensity‑modulated 
radiotherapy and stereotactic body radiotherapy, which 
aim to deliver high doses of radiation to the tumour while 
sparing surrounding normal tissue but are usually associ‑
ated with acute toxicities, such as mucositis, xerostomia 
and dysphagia  (22,23). Chemotherapies such as cisplatin, 
carboplatin and 5‑fluorouracil are often used in conjunction 
with radiotherapy and immunotherapy for locally advanced 
cases and are preferred for symptomatic patients  (24). In 
recent years, the importance of various biomarkers has 
been highlighted, which has enabled the development of 
targeted agents and immunotherapies. For instance, agents 
targeting the epidermal growth factor receptor (EGFR), such 
as cetuximab, have shown promise in improving survival 
when combined with radiotherapy and recently, immune 
checkpoint inhibitors (ICIs) have also shown promise. ICIs 
such as pembrolizumab and nivolumab have been approved 
for relapsed/metastatic OSCC and represent the first‑line 
treatment for locoregional and metastatic disease in patients 
with OSCC (25‑27).

In conclusion, OSCC is a complex disease that requires a 
multifaceted approach to its prevention, diagnosis and treat‑
ment. The introduction of new diagnostic tools and continuing 
advances in treatment modalities require ongoing research 

and clinical trials, with the aim of improving early detection, 
optimizing treatment and increasing survival rates and quality 
of life for patients with OSCC.

2. Role of immunohistochemical biomarkers

Currently, one of the most promising approaches to improve 
OSCC treatment is the identification and application of 
histological biomarkers. These biomarkers may provide 
information regarding prognosis, predict the response to 
treatment and monitor disease progression or recurrence. In 
the context of OSCC, histological biomarkers may provide 
a deeper understanding of the biological behaviour of the 
tumour, which is important for understanding the underlying 
pathophysiology of the tumour and facilitates clinical decision 
making and personalized treatment. All of these biomarkers 
are summarised in Table I and Fig. 1.

Among the various histological biomarkers available in 
OSCC are a number of molecular alterations in proteins or 
genes related to cell proliferation, apoptosis, angiogenesis, 
immune response and metastatic invasion. In recent years, 
several potential histological biomarkers of p16INK4A have been 
identified and their functions in OSCC have been studied in 
detail. These include markers of cell cycle regulation (p16INK4A, 
cyclin D1), EGFR, cell proliferation (Ki‑67), immune check‑
point proteins [programmed cell death 1 (PD‑1) ligand 1 
(PD‑L1)] and others involved in tissue invasion and metastasis, 
such as metalloproteinases (28).

p16. The protein p16INK4A or p16, encoded by the cyclin‑depen‑
dent kinase (CDK) inhibitor 2A gene, has a critical role in the 
regulation of the cell cycle by inhibiting CDK4 and CDK6, 
which are essential for the transition from the G1 phase to 
the S phase of the cell cycle. Dysregulation of p16INK4A is 
frequently observed in numerous types of cancer, including 
OSCC (29).

Table I. Summary of different biomarkers in oral squamous cell carcinoma.

Biomarker	 Type of analysis	 Utility 	 (Refs.)

p16	 Immunohistochemical	 Prognosis	 (31‑35)
PD‑L1	 Immunohistochemical	 Treatment, prognosis	 (36‑42)
EGFR	 Immunohistochemical	 Treatment, prognosis	 (43‑47)
Cyclin D1	 Immunohistochemical	 Treatment, prognosis	 (50‑56)
Ki‑67	 Immunohistochemical	 Prognosis	 (58‑65)
CEA	 Serological	 Diagnosis, prognosis	 (66‑68)
VEGF	 Serological, immunohistochemical 	 Diagnosis, prognosis	 (70‑73)
CA‑125	 Serological	 Diagnosis, prognosis	 (75‑78)
CYFRA 21‑1	 Serological 	 Diagnosis, prognosis	 (81‑83)
Circulating tumor cells 	 Serological	 Diagnosis, prognosis,	 (85‑91)
		  treatment
Salivary biomarkers	 Multimodal use of cytokines	 Diagnosis, prognosis	 (84‑99)
	 and proteins.	

PD‑L1, programmed death‑ligand 1; EGFR, epidermal growth factor receptor; CEA, carcinoembryonic antigen; VEGF, vascular endothelial 
growth factor; CA‑125, cancer antigen 125; CYFRA 21‑1, cytokeratin 19 fragment antigen.
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HPV expresses the oncoproteins E6 and E7, which deacti‑
vate tumour suppressor proteins. The E6 protein induces the 
degradation of P53, whose function is to halt cell division at 
the G1 level and induce apoptosis through ubiquitin‑mediated 
proteolysis, inactivating its activity (30‑33). Cells expressing 
E6 are unable to respond to DNA damage signaling medi‑
ated by P53 and are thus susceptible to genomic instability. 
The E7 protein binds and inactivates the retinoblastoma 
tumour suppressor gene product (pRB), causing the cell to 
enter S phase, leading to cell cycle disruption, proliferation 
and malignant transformation. Inactivation of pRB leads to 
upregulation of p16INK4a as a cellular response to uncontrolled 
cell cycle progression (30).

Its importance as a prognostic marker is related to HPV 
infection. The prevalence of HPV in patients with OSCC 
has been examined in various research studies. According to 
Vergori et al (30), HIV‑positive individuals are more likely to 
harbour HPV in the oral cavity than HIV‑negative individuals.

A relevant study on an HIV‑infected population have indi‑
cated an overall prevalence of HPV DNA in the oral cavity 
ranging from 20 to 45%, with the oncogenic type HPV16 found 
in 12 to 26% of cases (31). A study by Castro and Filho (32) 
found that HPV is an independent risk factor for OSCC. 
The prevalence of HPV in oral cancer, particularly SCC, 
was observed to be higher for HPV16 (32). One of the most 
significant studies regarding the relevance of p16 in OSCC 
is a meta‑analysis of 31 studies including ~5,000 patients 
conducted by Katirachi et al (33). The overall prevalence of 
HPV+ OSCC in this meta‑analysis was ~6% (95% CI; 3‑10%), 
and only one study identified a significant correlation between 
HPV and OSCC (33).

From a morphological perspective, it has been observed 
that HPV+ OSCC originates more frequently in the tonsillar 
crypts and presents more often in advanced stages (III or IV) 
than HPV‑OSCC. On the other hand, the prognostic utility of 
p16 in OSCC differs among studies given its low prevalence, 
although according to studies such as that by Doll et al (34), 
P16 expression is connected to a better survival rate in individ‑
uals undergoing primary surgery with adjuvant radio(chemo)
therapy  (34). However, meta‑analyses such as that of 
Christianto et al (35), which evaluated 22 articles comprising 
3,065 patients with OSCC, observed that HPV‑positive OSCC 
is associated with significantly decreased survival.

Therefore, dysregulation of p16INK4A is associated with 
various types of malignancies, including OSCC, where its 
importance is directly associated with HPV infection. As 
mentioned above, several studies have examined the preva‑
lence of HPV in OSCC and found considerably high rates of 
p16 positivity. While certain reports suggest better outcomes 
for patients with P16‑expressing OSCC undergoing specific 
therapies, meta‑analyses offer a more nuanced perspective 
and indicate decreased outcomes in HPV‑positive cases. 
This intricate interplay underscores the need for specialized 
research and approaches. Understanding these processes has 
the potential to offer more effective defences against OSCC, 
reflecting the evolving nature of cancer treatment.

PD‑L1. PD‑L1, also known as CD274 or B7‑H1, is a protein 
that has an important role in oncology, particularly in the 
context of immunotherapy. In OSCC, the role of PD‑L1 
is increasingly recognized as crucial, not only in terms of 
understanding tumour biology but also for determining 

Figure 1. Overview of the main biomarkers currently explored in oral squamous cell carcinoma and their potential uses. PD‑L1, programmed death‑ligand 1; 
EGFR, epidermal growth factor receptor; CEA, carcinoembryonic antigen; VEGF, vascular endothelial growth factor; CA‑125, cancer antigen 125; 
CYFRA 21‑1, cytokeratin 19 fragment antigen.
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prognosis and establishing therapeutic strategies. PD‑L1 is 
typically expressed on the surface of certain cells, including 
cancer cells, where it interacts with its receptor, PD‑1, found 
on T cells (36). This interaction inhibits the immune response 
and allows cancer cells to evade the immune system. This 
mechanism of immune evasion is particularly important in 
OSCC, as there is growing evidence that PD‑L1 expression 
is associated with more aggressive disease features, such 
as advanced tumour stage, nodal metastases and unfavour‑
able overall survival. In recent years, immune checkpoint 
inhibitors that block this interaction have shown promising 
results in various cancer types, including OSCC (37,38). 
This is because PD‑L1 expression appears to be regulated 
by multiple signalling pathways, including MAPK, PI3K 
and Akt/PKB, which are commonly altered in head and 
neck carcinoma. As a consequence of these molecular 
interactions, it is a dynamic biomarker that is subject to 
variations (39).

In the last decade, several immune checkpoint inhibi‑
tors targeting PD‑1 or PD‑L1 have been approved for the 
treatment of recurrent or metastatic OSCC. Among these 
drugs are pembrolizumab and nivolumab (targeting PD‑1) 
and atezolizumab and durvalumab (targeting PD‑L1). These 
inhibitors have shown promising results in terms of response 
rates and survival, particularly in patients with PD‑L1‑positive 
tumours, changing the treatment paradigm for this patient 
population. For instance, pembrolizumab was approved as a 
first‑line treatment for relapsed or metastatic OSCC with a 
PD‑L1 combined positive score of 1 or higher according to 
the KEYNOTE‑048 trial (40,41). This study demonstrated 
that pembrolizumab improved overall survival compared to 
that with the standard therapy EXTREME (cetuximab with 
platinum‑based chemotherapy) (42).

Therefore, PD‑L1+ tumours tend to exhibit better 
response rates to anti‑PD‑1/PD‑L1 therapies compared to 
PD‑L1‑tumours (40). It is important to note that, albeit to a 
lesser extent, PD‑L1‑tumours also benefit from these treat‑
ments (41), indicating the need to consider additional factors, 
such as HPV status or tumour mutational burden, when initi‑
ating these treatments.

However, studies such as CHECKMATE‑141 failed to 
show a significant association between PD‑L1 expression and 
tumour response or survival when evaluating nivolumab in 
platinum‑resistant patients (42). The lack of concordance in 
these results obtained from different studies may be explained 
by the heterogeneity in biomarker expression, as well as the 
lack of uniformity in assays and the variability in thresholds 
used to define PD‑L1 positivity, leading to the establishment 
of harmonization projects for PD‑L1 assays by the scientific 
community and regulatory bodies (41,42).

Anti‑PD‑L1 therapies, such as atezolizumab and 
durvalumab, are also being studied at various stages of clinical 
trials for OSCC and are showing promising results. Despite 
these advances, overall response rates to monotherapies 
against PD‑1/PD‑L1 remain relatively modest, underscoring 
the need for strategies to improve their efficacy  (43). The 
combination of immune checkpoint inhibitors with other 
therapies, such as cytotoxic chemotherapy, radiotherapy or 
other immunotherapeutic agents, is a promising approach 
under active investigation (44).

EGFR. EGFR is a transmembrane receptor that belongs to the 
ErbB family of receptor tyrosine kinases. This receptor has 
a critical role in the pathogenesis and progression of several 
cancers, including OSCC. EGFR is frequently overexpressed 
in OSCC and its upregulation is associated with aggressive 
tumour behaviour, increased invasiveness and poor prog‑
nosis (45). In this sense, it correlates with advanced tumour 
stage, lymph node metastasis and lower overall survival rates. 
Therefore, the determination of EGFR expression levels in 
OSCC may serve as a valuable prognostic indicator to aid in 
treatment planning and patient management (46).

EGFR is not only a prognostic marker but also an 
emerging therapeutic target in OSCC. Several strategies, 
including monoclonal antibodies (such as cetuximab) and 
small molecule tyrosine kinase inhibitors (such as erlotinib), 
have been developed to inhibit EGFR signalling. Cetuximab 
has been shown to be clinically effective in combination with 
radiotherapy or chemotherapy for locally advanced OSCC, 
leading to improved survival rates. It is important to high‑
light that in recent years, EGFR therapies have been shown 
to have the potential to sensitize tumours to other treatments, 
improve the efficacy of chemotherapy and radiotherapy, and 
overcome treatment resistance  (47). Related to treatment 
resistance, several molecular alterations, such as EGFR gene 
amplification, mutations and activation of downstream signal‑
ling pathways, remain a major challenge in these patients and 
represent one of the main limitations of these therapies (48).

EGFR has a critical role in the pathogenesis and progres‑
sion of OSCC. Its overexpression is associated with aggressive 
tumour behaviour and poor prognosis. Targeting EGFR repre‑
sents a promising therapeutic approach for OSCC that may 
improve treatment outcomes. However, further research is 
needed to refine patient selection criteria, overcome resistance 
mechanisms and optimize treatment strategies to fully realize 
the therapeutic potential of EGFR inhibition in OSCC.

Cyclin D1. Cyclin D1 is an important regulatory protein 
involved in cell‑cycle progression and has been extensively 
studied in various cancers, including OSCC. Cyclin D1 has a 
critical role in regulating the transition from G1 to S phase of the 
cell cycle by forming complexes with CDKs. Overexpression 
of cyclin D1 has been observed in OSCC, which is associ‑
ated with impaired cell cycle control, increased proliferation 
and tumour progression (49). Multiple molecular alterations, 
including gene amplifications, mutations and dysregulated 
signalling pathways, contribute to the upregulation of cyclin 
D1 in OSCC (50).

Numerous studies have investigated the prognostic signifi‑
cance of cyclin D1 expression in OSCC. Increased expression 
of cyclin D1 has been associated with unfavourable clinico‑
pathological features, including advanced tumour stage, lymph 
node metastasis and poor overall survival. Its overexpression 
serves as an independent prognostic marker for aggressive 
tumour behaviour and may aid in risk stratification and treat‑
ment planning (51‑53).

Cyclin D1 is closely involved in the interaction with various 
oncogenic signalling pathways in OSCC, such as p53, RB and 
components of the Wnt/β‑catenin pathway, thus influencing 
cell‑cycle progression, apoptosis and tumour growth  (54). 
Despite the growing evidence for the link between cyclin D1 
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and OSCC, several challenges remain to be overcome. These 
include standardization of cyclin D1 determination methods, 
identification of predictive biomarkers for treatment response, 
and understanding the complex network of interactions 
involving cyclin D1 in OSCC (55,56).

In conclusion, cyclin D1 has a critical role in the patho‑
genesis of OSCC and serves as a prognostic marker. Its 
dysregulation contributes to tumour progression and poor 
clinical outcomes. Further exploration of the molecular 
mechanisms underlying cyclin D1 involvement in OSCC and 
clinical validation of therapeutic approaches targeting cyclin 
D1 will pave the way for more effective treatment strategies 
and improved outcomes for OSCC.

Ki‑67. Ki‑67 is a nuclear protein associated with cell prolif‑
eration and has been shown to be a valuable biomarker in 
cancer research, including OSCC. Ki‑67 is commonly used 
as a marker of cell proliferation, as it is present in the active 
phases of the cell cycle (G1, S, G2 and mitosis) (57). OSCC 
is characterized by dysregulated cell proliferation and Ki‑67 
expression levels reflect proliferation activity in the tumour. 
High Ki‑67 expression in OSCC is associated with aggressive 
clinicopathological features in various cancers, such as breast 
cancer (58,59).

Numerous studies have investigated the prognostic value 
of Ki‑67 expression in head and neck cancer. Increased 
Ki‑67 expression has been associated with decreased overall 
survival and disease‑free survival, and increased risk of recur‑
rence (60,61). Its evaluation may be helpful in risk stratification, 
treatment planning and posttreatment surveillance. Ki‑67 
expression has been shown to be particularly valuable in iden‑
tifying high‑risk subgroups among patients with early‑stage 
OSCC, for whom accurate prognosis prediction is difficult. 
Ki‑67 expression has also been studied as a predictive marker 
of treatment response in OSCC (62). Low Ki‑67 expression has 
been associated with a better response to therapy, including 
surgery, radiotherapy and chemotherapy (63). Conversely, high 
Ki‑67 expression may indicate treatment resistance and the 
need for more aggressive therapeutic approaches. Incorporating 
Ki‑67 assessment into treatment decision‑making may help 
personalize treatment strategies and optimize outcomes (64).

Combining Ki‑67 assessment with other molecular 
biomarkers has the potential to improve risk stratification and 
treatment planning in OSCC. Integration of Ki‑67 with factors 
such as those previously discussed (PD‑L1, cyclin D1, EGFR 
and p16) may lead to a more comprehensive understanding 
of tumour behaviour and enable personalized therapeutic 
approaches (65).

In summary, the evaluation of histologic biomarkers in 
OSCC, including p16, EGFR, PD‑L1, cyclin D1 and Ki‑67, 
provides valuable insight into tumour behaviour, prognosis and 
response to treatment. These biomarkers have the potential to 
aid in risk stratification, treatment planning and the develop‑
ment of targeted therapies for OSCC.

3. Serological markers

Serological markers are biomolecules present in the blood that 
can indicate cancer development and progression and response 
to treatment. The potential of combining multiple markers to 

improve diagnostic accuracy and specificity is also a key point, 
and the integration of diverse markers into routine clinical 
practice may aid in early detection. In this sense, a diverse 
group of molecules has been described in OSCC. All of these 
biomarkers are summarised in Table I.

Carcinoma‑specific carcinoembryonic antigen (CEA). 
CEA is a high‑molecular‑weight glycoprotein, isolated 
from a tumour cell extract, and is found in the cytoplasmic 
membrane of numerous glandular cells. The term carcinoem‑
bryonic is due to its presence in foetal colonic mucosa (66). 
Its physiological function is unknown. Due to its structural 
similarity with members of the immunoglobulin family, it 
may be involved in cellular recognition mechanisms or cell 
adhesion mechanisms.

It is usually present at very low concentrations in human 
serum, generally below 5 ng/ml. However, of note, higher 
levels (5‑10 ng/ml) may be found in healthy smokers. Initially, 
CEA was thought to be a specific marker for digestive tract 
tumours; later studies revealed that it is elevated in various 
types of tumour, including OSCC (67). It may also be elevated 
in nontumor diseases, such as renal insufficiency, liver 
cirrhosis, pancreatitis and inflammatory bowel disease.

Several studies have evaluated the diagnostic value of CEA 
in OSCC. For instance, a study investigated the diagnostic 
value of serum tumour markers, including CEA, in patients 
with OSCC, and the results showed that CEA levels were 
significantly higher in these patients than in patients with 
benign oral tumours and healthy controls (68). This suggests 
that CEA may be a useful biomarker for its detection, as its 
overexpression in these types of cancer may be related to the 
malignant transformation of epithelial cells (67). However, 
due to the variability in CEA levels among patients and the 
possibility of elevations in other types of diseases, CEA is 
not used as a sole marker for the diagnosis of head and neck 
cancer but rather as part of a more comprehensive diagnostic 
approach (68).

In addition to its diagnostic value, CEA levels may also 
be useful for monitoring treatment response in patients with 
head and neck cancer. A decrease in CEA levels during 
or after treatment may indicate a favourable treatment 
response (67,68).

Apart from CEA, other tumour markers have also been 
studied in OSCC. For instance, a study identified serum 
autoantibodies against sideroflexin 3 as a potential tumour 
marker for OSCC (67). Furthermore, another study revealed 
that CEA levels in saliva increase in the presence of oral 
cavity malignancies, including OSCC (69). These findings 
suggest that CEA, along with other tumour markers, may be 
of diagnostic value.

It is important to note that the diagnostic accuracy of CEA 
and other tumour markers in OSCC may vary depending on the 
specific marker and the studied population. For instance, the 
diagnostic accuracy of progastrin‑releasing peptide (ProGRP), 
CEA, cytokeratin 19 fragment antigen (CYFRA 21‑1) and 
neuron‑specific enolase in the differential diagnosis of small 
cell lung cancer demonstrated that ProGRP exhibited higher 
detection accuracy than CEA in lung cancer (68). Therefore, 
further research is needed to determine the specific diagnostic 
value of CEA in OSCC.
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Vascular endothelial growth factor (VEGF). VEGF has a 
crucial role in OSCC by promoting angiogenesis, invasive‑
ness, aggressiveness and proliferation of cancer cells (70). The 
overexpression of VEGF has been associated with tumour 
progression, lymph node metastasis and poor prognosis in 
OSCC (71,72). Several studies have investigated the expression 
and role of VEGF in OSCC.

The expression of VEGF‑A and its receptor VEGFR‑2 has 
been evaluated in patients with OSCC. The results showed that 
VEGF‑A gene expression and serum levels were significantly 
higher in patients with OSCC than in controls. In addition, 
VEGFR‑2 expression was observed in tumour tissues. These 
findings suggest that VEGF‑A and VEGFR‑2 may have a role 
in the pathophysiology of OSCC (71).

Fur thermore, the cor relat ion between cl inico‑
pathological factors and VEGF expression in OSCC was 
examined. Immunohistochemical staining and reverse 
transcription‑quantitative (RT‑q)PCR were performed to 
assess VEGF expression. The results showed that high‑level 
staining of VEGF was observed in poorly differentiated and 
invasive OSCC. There were significant correlations between 
VEGF expression and histologic differentiation and tumour 
size. These findings suggest that VEGF expression may be 
associated with tumour aggressiveness in OSCC (72).

In addition to its role in angiogenesis, VEGF has been 
implicated in the epithelial‑to‑mesenchymal transition (EMT) 
process in OSCC. Neuropilin‑1 (NRP1), a coreceptor of VEGF, 
has been shown to promote EMT by activating the NF‑κB 
pathway (72). In this sense, NRP1 overexpression promotes 
EMT in OSCC. Inhibition of the NF‑κB pathway reverses the 
NRP1‑mediated EMT process. These findings suggest that 
VEGF‑NRP1 signalling may contribute to the invasive and 
metastatic potential of OSCC (73).

Furthermore, Alsafadi and Manadili (74) investigated the 
expression of VEGF in OSCC after inducing it in hamsters 
and subjecting them to radiotherapy. The results showed that 
VEGF expression was not significantly different between the 
group that received radiotherapy and the group that did not. 
In addition, tumour cells that were resistant to radiotherapy 
showed positive expression of VEGF. These findings suggest 
that VEGF expression may be associated with radioresistance 
in OSCC (74). In conclusion, VEGF has a significant role in 
the pathogenesis and progression of OSCC. Its overexpression 
has been associated with tumour aggressiveness, lymph node 
metastasis and poor prognosis in OSCC.

Cancer antigen 125 (CA‑125). CA‑125 is a glycoprotein 
initially isolated from ovarian tumours and produced under 
normal conditions by structures derived from Müller's ducts 
(fallopian tube, endocervix and vaginal fundus), as well 
as in the pleural, pericardial and peritoneal mesothelia. 
Concentrations <35‑40 U/ml are considered normal. CA‑125 
is the marker of choice for epithelial ovarian tumours (except 
mucinous ovarian tumours), but several studies have investi‑
gated the expression of CA‑125 in patients with OSCC and 
its potential as a biomarker with diagnostic, predictive and 
prognostic utility (75,76).

The serum concentration of CA‑125 accurately reflects 
the malignant degree of the tumour mass, and thus, pretreat‑
ment serum values are directly related to the tumour stage 

in patients (75). However, higher levels of CA‑125 may be 
detected in benign conditions, such as endometriosis, benign 
ovarian tumours, cysts or tuberculosis.

Saliva has also been investigated as a diagnostic medium 
to detect biomarkers in patients with OSCC. Zhang et al (75) 
reported that an increase in CA‑125 levels in saliva may be 
considered a salivary biomarker for cancers of the oral cavity. 
Similarly, Roi et al (76) found that CA‑125 levels were signifi‑
cantly elevated in the saliva of patients with oral cancer. These 
findings suggest that CA‑125 may be a potential salivary 
biomarker for OSCC (75,76).

Furthermore, Goldoni et al (77) found that CA‑125 levels 
were significantly elevated in saliva samples from patients 
with OSCC analysed using the immunoblot technique. They 
also reported that elevated levels of soluble CD44 in saliva 
were present in the majority of OSCC cases and could distin‑
guish cancer from benign tumours with high specificity (77).

Furthermore, a review mentioned that CA‑125 has been 
studied as a diagnostic marker in head and neck SCC, including 
OSCC. They emphasized the importance of protein markers, 
such as CA‑125 in the diagnosis and progression of various 
cancer types (78).

In this context, the available literature suggests that CA‑125 
may be a potential biomarker for OSCC, but further research 
is needed to validate its diagnostic and prognostic value 
in patients with OSCC. Saliva‑based diagnostic methods, 
including the analysis of salivary biomarkers such as CA‑125, 
show promise for the early detection of OSCC.

CYFRA 21‑1. CYFRA 21‑1 is a soluble form of cytokeratin 
19, a structural protein found in epithelial cells. Research has 
been conducted to determine the clinical value of CYFRA 
21‑1 in the diagnosis, prognosis and follow‑up of head and 
neck cancer.

Rajkumar et al (79) investigated the levels of salivary and 
serum CYFRA 21‑1 in patients with oral precancer and OSCC. 
The study found that CYFRA 21‑1 levels were increased 
in both salivary and serum samples of patients with OSCC 
compared to healthy controls (79). This suggests that CYFRA 
21‑1 may serve as a potential biomarker for the detection of 
OSCC. In reference to its prognostic utility, Liu et al  (80) 
highlighted that high levels of CYFRA 21‑1 were significantly 
associated with shorter overall survival.

CYFRA 21‑1 is not specific to OSCC and has been 
studied in other types of cancer as well. However, the studies 
mentioned above provide evidence for the potential utility of 
CYFRA 21‑1 as a biomarker in OSCC.

SCC antigen (SCCA). SCCA is a member of the serine protease 
inhibitor family located in the serine protease inhibitor (serpin) 
group on chromosome 18q21.3. It is a glycoprotein with a 
molecular weight of ~48 kDa, a molecule initially described 
from cervical tissue. Molecular studies demonstrate that 
SCCA is transcribed by two nearly identical genes (SCCA1 
and SCCA2), and it has been observed that both SCCA1 and 
SCCA2 are expressed in moderately and well‑differentiated 
tumours. It is thought that SCCA has a role in protecting tissue 
against enzymatic degradation. However, its exact function 
remains to be fully elucidated. It has been shown that SCCA2 
inhibits chymotrypsin‑like proteinases, such as cathepsin 
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G and mast cell chymase, while SCCA1 inhibits cysteine 
proteinases such as cathepsins K, L and S (81,82).

In terms of its clinical utility, its use as a marker for the 
diagnosis, prognosis, monitoring and histological differentia‑
tion of certain squamous lineage cancers, such as lung SCC, 
cervical cancer, OSCC and anal cancer, has been explored (81). 
This is particularly useful, since ~90% of head and neck cancer 
cases are of a squamous lineage.

Regarding its diagnostic utility, in certain cases, elevated 
levels of SCCA in the blood may suggest the presence of SCC. 
Furthermore, the presence of SCCA has been associated with 
unfavourable prognosis in certain cases, serving as a guide for 
clinical decision making (82).

This antigen may be physiologically found in saliva, hair 
and skin particles; thus, there is a certain risk of contamination 
that may lead to inaccurate SCCA values in current assays. 
Furthermore, it may be present in other benign conditions 
and its levels may vary based on the method of blood sample 
collection for subsequent analysis (83).

In OSCC, SCCA is useful for aiding in the diagnosis in 
certain cases, as elevated levels of SCCA in the blood may 
suggest the presence of SCC. In addition, the presence of 
SCCA has been associated with a poorer prognosis in certain 
cases. Due to its short half‑life, which is <24 h, it may assist in 
postoperative monitoring; in this way, SCCA levels in the blood 
generally decrease after tumour resection. It also aids in moni‑
toring the response to a specific therapy, as it may decrease in 
responsive tumours and increase with recurrence (82,83). The 
increased SCCA2/SCCA1 mRNA ratio in a primary tumour is 
also associated with cancer recurrence; hence, it is interesting 
to detect both SCCA1 and SCCA2 to determine total SCCA 
expression (82). However, currently available assay systems 
cannot differentiate between the two isoforms in this manner, 
as the assays were not developed for this specific purpose (81).

It is worth noting that currently, there is no firm evidence 
or reports on the interaction between HPV status and SCCA in 
relation to OSCC prognosis (83).

Research on SCCA remains active, with the aim of 
better understanding its function, clinical utility and limita‑
tions. In addition, more sensitive and specific assay methods 
for its detection and quantification are being developed and 
evaluated (82).

4. Circulating tumour cells (CTCs)

CTCs are those cells that break away from a primary tumour 
and enter the blood or lymphatic circulation, giving them the 
potential to spread to other parts of the body. Techniques used 
to detect and analyse CTCs include immunocapture, which 
uses specific antibodies to identify and isolate CTCs, and tech‑
niques based on nucleic acid amplification, such as PCR and 
RT‑qPCR, to amplify and detect specific markers of CTCs. 
Currently, the screening test approved by the Food and Drug 
Administration is based on the detection of epithelial cell 
adhesion molecule)/cytokeratin‑expressing cells in the blood 
using antibodies through the CellSearch platform (84,85).

Molecular analysis of CTCs provides information on the 
genetic and molecular characteristics of the primary tumour; 
in this way, specific genetic mutations may be examined, such 
as mutations in the TP53 gene, which is common in head 

and neck cancer. In addition, gene expression and chromo‑
somal alterations in CTCs may be analysed to gain a more 
detailed understanding of the specific characteristics of the 
tumour (85,86).

In OSCC, the detection and characterization of CTCs 
have been studied to gain insight into tumour biology and to 
develop novel therapeutic strategies. Studies have indicated 
that the presence of CTCs is associated with poor prognosis 
and an increased risk of metastasis in patients with OSCC. 
The quantification and analysis of CTCs may provide valuable 
information about tumour progression, treatment response and 
the development of resistance (86,87).

Certain specific markers have been identified in CTCs, 
such as increased expression of Ki‑67 (a cell proliferation 
marker) or genes associated with invasion and metastasis, 
such as Twist1 or Snail, which have been associated with unfa‑
vourable prognosis and a higher probability of relapse in this 
tumour type (88,89).

Another aspect to consider is that CTCs may acquire 
characteristics that confer resistance to conventional cancer 
treatments. This may be due to genetic and molecular 
changes that occur in tumour cells during the metastasis 
process. For instance, CTCs may develop mutations in 
genes related to drug response, such as genes involved in 
DNA repair or in the EGFR signalling pathway. One of the 
characteristics that confers these resistances to CTCs is their 
heterogeneity; certain CTCs may be inherently resistant to 
drugs, while others may develop resistance during treatment 
or may alter the expression of genes that are involved in the 
response to these therapies. Therefore, the study of CTCs 
and their resistance to treatments may provide key informa‑
tion to develop therapeutic strategies aimed at overcoming 
these resistances. Drug combinations may also be evaluated 
to address the heterogeneity of CTCs and target multiple 
survival pathways (90,91).

Another useful application of CTC analysis is the evalua‑
tion of the efficacy of treatments and the monitoring of tumour 
response over time. Changes in the number and characteris‑
tics of CTCs may indicate a positive or negative response to 
treatment. For instance, a decrease in the number of CTCs or 
changes in their molecular profile may suggest a favourable 
response. Conversely, persistent or increased CTCs during or 
after treatment may indicate a suboptimal response and poor 
prognosis. This may be particularly useful in the early detec‑
tion of tumour progression and in therapeutic decision‑making; 
for instance, the persistence of CTCs after treatment has been 
associated with an increased risk of relapse (92,93).

5. Salivary biomarkers

Although biopsies or serological markers have been considered 
the ‘gold standard’ for oral cancer diagnosis, other noninvasive 
techniques are being implemented to predict its development. 
Body fluids, such as saliva, have a specific structural composi‑
tion for each condition or disease. Studies have been conducted 
on predictive, diagnostic or prognostic biomarkers found in 
saliva, with positive results for carcinomatous, inflammatory 
and genetic oral diseases. Furthermore, it has been observed 
that saliva may be useful for assessing certain systemic 
diseases with varying sensitivity and specificity (94).
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One of the possible sample types is gingival crevicular fluid 
(GCF), a biological fluid found in the space between the tooth 
and the gum, known as the gingival sulcus. GCF is a clear, 
watery liquid that originates from periodontal tissues and 
contains a variety of components, such as proteins, enzymes, 
hormones, immune cells and tissue breakdown products. This 
fluid has an important role in maintaining periodontal health 
and may vary in composition based on oral conditions, such 
as gingival health, inflammation and periodontal disease. The 
analysis of GCF may provide valuable information about the 
health status of the gums and periodontal tissues. Another 
fluid of interest is dentinal tubular fluid (DTF), which has a 
fundamental role in protecting the pulp from microbial inva‑
sion when the pulp‑dentin complex is injured. With the onset 
of the inflammatory cascade, the exudate of dentinal fluid 
mainly contains polymorphonuclear leukocytes, migrating 
macrophages, B cells and T cells. Therefore, the characteriza‑
tion of DTF may provide estimates of the extent of dentopulpal 
injury, the degree of pulpal inflammation or the efficacy of 
dental restoration (94,95).

Salivary biomarkers are proteomic or genomic macromol‑
ecules; >100 salivary biomarkers have been identified; these 
include DNA, RNA, mRNA, defensin‑1, P53, Cyfra 21‑1, 
tissue‑specific polypeptide antigen, dual‑specificity phos‑
phatase, spermidine/spermine N1‑acetyltransferase, profilin, 
cofilin‑1 and transferrin. However, to date, no single marker 
has been agreed upon due to a lack of research and consensus 
among researchers. However, there are promising results 
regarding cytokines (96).

Cytokines are a group of low‑molecular‑weight glycopro‑
teins produced by immune and nonimmune cells that have 
a crucial role in the regulation, signalling, maintenance and 
induction of most cellular interactions. They have roles in 
phenotypes and processes such as pleiotropy, inflammation 
and cellular apoptosis. Oral conditions, both benign (such 
as aphthous ulcers or periodontitis) and malignant (such 
as dysplastic lesions and oral and pharyngeal carcinomas), 
contribute to elevated cytokine levels. Among the most studied 
cytokines are interleukin 8 (IL8) and IL6, as well as tumour 
necrosis factor α (TNF‑α) (97).

Among the cytokine analysis techniques for saliva samples, 
enzyme‑linked immunosorbent assays are used for quantita‑
tive evaluation, and PCR is used for qualitative evaluation. 
Additional techniques include western blotting, migration 
assays, immunohistochemical staining, liquid chromatography 
and commercial colorimetric methods. Luminex bead‑based 
multiplex assays are used to discoverdiagnostic biomarkers in 
human saliva and plasma responsible for tumour progression in 
patients with OSCC, reporting that IL‑1β, macrophage inflam‑
matory protein 1β, IFN‑γ, TNF‑α, IL‑6, IL‑8 and eotaxin are 
plausible salivary biomarkers (97,98).

Certain studies determined the presence of IL‑6 and IL‑8 
cytokines in patients with OSCC, potentially malignant lesions 
(PML), and a control group. A significant increase in IL‑6 and 
IL‑8 values was observed in saliva samples from patients with 
OSCC compared to the control group. However, in the PML 
group, only IL‑8 was found to be elevated. Furthermore, in 
the OSCC patient group, the ratio of these cytokines in serum 
and blood was compared, revealing that the levels of IL‑8 
were similar in serum and saliva samples, while the levels 

of IL‑6 were higher in serum than in saliva samples from 
patients diagnosed with OSCC (98). However, in other studies, 
although these biomarkers were elevated in the OSCC group 
compared to the control group, no statistically significant 
differences were found (99).

While IL‑8 levels may be altered due to lifestyle, 
geographical distribution, ethnic differences, genetic differ‑
ences, gingivitis or periodontitis, none of these causes have led 
to levels as high as those observed in cases of OSCC. This is 
because IL‑8 possesses angiogenic properties and contributes 
to tumour progression. Other cytokines, such as IL‑6 and 
TNF‑α, are also elevated in patients with oral leukoplakia, 
oral lichen planus and oral submucosal fibrosis, making them 
possible diagnostic markers for precancerous oral lesions (100).

Patients with OSCC are commonly diagnosed at advanced 
stages of malignancy and therefore have an unfavourable prog‑
nosis. Thus, identified salivary biomarkers may have a valuable 
role as a complement in the early detection and management 
of OSCC.

6. Conclusions

The study of histological and serological biomarkers in OSCC 
has shown great promise in improving the diagnosis, prog‑
nosis and management of this deadly disease. Histological 
examination remains the gold standard for diagnosing 
OSCC, providing valuable insight into tumour characteris‑
tics, such as tumour size, grade, invasion and lymph node 
involvement. However, the limitations of histology, including 
subjectivity and intraobserver variability, have prompted 
researchers to explore alternative approaches, such as sero‑
logical biomarkers. Serological biomarkers, which may be 
easily measured in blood samples, offer a noninvasive and 
cost‑effective means of detecting and monitoring OSCC. 
Various biomarkers, including CTCs, circulating tumour 
DNA and tumour‑specific antigens, have been investigated. 
These biomarkers hold tremendous potential in aiding in 
early detection, prediction of the treatment response, moni‑
toring of disease progression or identification of patients 
at high risk of recurrence; furthermore, the integration of 
histological and serological biomarkers has the potential to 
revolutionize OSCC management. Combining the morpho‑
logical information obtained from histological analysis with 
the molecular insight offered by serological biomarkers may 
enhance diagnostic accuracy, enable personalized treatment 
and guide clinicians in making informed decisions about 
patient care. This multimodal approach may also facilitate 
the identification of novel therapeutic targets and the devel‑
opment of targeted therapies, leading to improved patient 
outcomes. The use of saliva for early cancer detection in the 
quest for new clinical markers is a promising approach since 
sample collection is simple and noninvasive.

On the other hand, it is essential to acknowledge the 
existing challenges and limitations in the field of histological 
and serological biomarkers in OSCC. Standardization of 
sample collection and processing and analysis methods is 
crucial to ensure reliable and reproducible results. In addition, 
large‑scale multicentre studies are necessary to validate the 
clinical utility and establish the optimal cut‑off values for 
different biomarkers.
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To summarize, these biomarkers have the potential to 
transform the landscape of OSCC diagnosis, prognosis and 
treatment by providing valuable information on tumour 
characteristics and patient outcomes, but further research 
and collaboration are needed to refine these biomarkers and 
establish their clinical utility in the management of OSCC.
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