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ABSTRACT 

Cancer of the flat squamous cells of the oral cavity is 

called Oral Squamous Cancer Cell (OSCC). OSCC is 

responsible for 95% of all oral cancers. In high-risk 

countries like Pakistan, OSCC has one of the highest 

mortality rates amongst the general demographic. With 

most OSCC cases being identified in later stages, the 5-

year survival rates have remained as low as 50%. 

However, with early diagnosis, OSCC patients have been 

shown to have a better chance of surviving. To that effect, 

identifying potential biomarkers to act as diagnostic 

indicators for OSCC can help in early diagnosis of the 

disease. An emerging field for alternative detection of 

cancer are non-invasive methods that use saliva as a fluid 

for liquid biopsies. Saliva comprises proteomes, 

microbiomes, metabolomes, transcriptomes, and genomes 

that can be used as potential tools for the early detection 

of cancer. “Salivaomics” has established itself as a 

promising area for diagnostic and prognostic purposes. In 

this review paper, we perform a meta-analysis and a 

systematic literature review to catalogue biomarkers 

found in saliva that could potentially be used in the early 

diagnosis of OSCC. 
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INTRODUCTION 

Head and Neck Cancer (HNC) comprises of at least 

8-10% of all cancer.1 Globally, Head and Neck 

Cancer account for more than 330,000 deaths and 

650,000 cases every year.2 In 2012, an estimated 

4% of the cancer incidences in Europe were HNC.2 

HNC are defined by the region where they begin. 

According to the National Cancer Institute, the 

HNC includes oral cavity, pharynx, larynx, 

paranasal sinuses, nasal cavity and salivary glands. 

Most HNC are Head and Neck Squamous Cell 

Carcinoma (HNSCC) which is a type of cancer that 

arise from the mucosal surfaces of larynx, 

oropharynx (OPSCC) and the oral cavity and 

accounts for 90% of HNC.3 

Worldwide, oral cancer is the fourth most common 

cancer among males and the eighth most common 

cancer among the female population.1 Oral 

Squamous Cancer Cell (OSCC), which is a cancer 

of the flat squamous cells of the oral cavity, is 

responsible for 95% of all oral cancer globally.1 

Among European countries, France has the highest 

rate of OSCC with high rates also noted in countries 

like Hungary, Slovakia and Slovenia.4 The Indian 

Subcontinent i.e. Pakistan, India and Bangladesh, 

has one of the highest rates of oral squamous cell 

carcinoma in the world. In these high-risk 

countries, OSCC is the most common cancer in 

men and the third most common cancer in women.4 

According to the Globocan 2020 report,5 in 

Pakistan, Lip and Oral Cavity accounts for 9.5% of 

all cancer cases with this being the leading cause 

for cancer in males and the second leading cause for 

females with second highest mortality rate of 9.1% 

in Pakistan.5 

Almost two-thirds of OSCC cases are first 

diagnosed in the later stages of cancer (Stage 3 and 

Stage 4) with patients having a 5-year survival rate 

of less than 50%.6,7 Overall, the five-year survival 

rate of OSCC has remained at 50% in the last 30 

years.8 On the contrary, OSCC diagnosed in Stage 

1 and Stage 2 has a survival rate of 80% and 65% 

respectively.8 This means that early diagnosis of 

OSCC can help in better treatment of OSCC 

patients. 

Traditionally used methods for diagnosis of OSCC 

include a visual clinical examination followed by a 

biopsy and a histopathological examination.9 

However, there are some limitations in these 

conventional methods such as visual clinical 

inspection has a specificity of 31%,8 and needle 

biopsies have a risk of causing infection to the 

patients as well as damage to structures adjacent to 

the cancer site.10 Incisional biopsies increase the 

risk of metastasis and can cause other 

complications like hematoma at the site of the 

biopsy.10,11 

An emerging alternative method for the detection 

of cancer are liquid biopsies, which refer to the 

examination of non-solid biological tissues through 

body fluids.12 Body fluids can include excreted 

fluids like urine, secreted fluids like breast milk and 

saliva, or those obtained through a needle, like 

blood or cerebrospinal fluid. Apart from being 

considered less invasive and easier to collect, one 

of the biggest advantages of liquid biopsies is that 

they have the ability to provide clinicians with real-

time results regarding the presence of a disease. 

Recent research has found the use of biomarkers 

present in these body fluids for the detection of 

cancer.13
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According to the National Institutes of Health (NIH), Biomarkers 

Definitions Working Group, “biomarkers are characteristics that 

are objectively measured and evaluated as an indicator of normal 

biological processes, pathogenic processes or pharmacological 

responses to a therapeutic intervention”. The World Health 

Organization (WHO) defines biomarkers as “almost any 

measurement reflecting an interaction between a biological 

system and a potential hazard which may be biological, chemical 

or physical”.14 

Among the body fluids, the use of saliva has previously been 

reported as a convenient body fluid for liquid biopsies. Saliva is 

non-invasive, easy to collect and store, and does not provide 

discomfort to the patients. Besides this, saliva has an additional 

advantage over other body fluids like blood as saliva does not clot 

which means that in configuration it does not change. These offer 

a huge advantage to investigate the use of saliva for clinical 

diagnostic purposes. 

Saliva is an extracellular liquid secreted by the three major 

salivary glands (parotid, submandibular and sublingual) along 

with minor salivary glands located throughout the oral 

mucosa.15,16 Saliva is slightly acidic with a pH of 6.6. It is mostly 

a water-based compound comprising 99% of water, 0.2% organic 

and inorganic substances, 0.3% proteins and numerous cellular 

elements.15,17 Due to the close proximity of the salivary glands to 

blood vessels, salivary proteomic studies revealed that 20-30% of 

salivary proteins are overlapping with plasma proteomes.17 

The composition of saliva includes biomarkers from the 

proteomes,18 microbiomes,19 metabolomes,20 transcriptomes and 

genomes,21 which are sometimes referred to as “SalivaOmics”.15 

This study attempts to undertake an analysis of existing literature 

and identify potential salivary biomarkers which can be used in 

the early detection of OSCC. 

MATERIALS & METHODS 

Source of Data Collection 

PubMed was thoroughly searched for relevant articles published 

in 2015-2020 related to saliva biomarkers of OSCC. The data was 

collected from PubMed in September, 2020. 

Search Strategy 

A total of two sets of keywords were used in the selected 

databases which returned a combined total of 30 articles. 

The keywords “Salivaomics” and “Oral Cancer” and “Oral 

squamous cell carcinoma” were used which gave us a total of 17 

results. After screening, 5 articles that related to saliva 

biomarkers and OSCC were selected. 

A second set of keywords: “Salivaomics, Oral Cancer, 

Diagnosis” was used together in a latter search which gave us a 

total of 13 articles to screen. Of these 13 articles, 4 were selected. 

This gave us a total of nine articles to look at. 

The next step involved reading the references mentioned in these 

articles and then looking at the selected cross-reference articles 

in the initial references. Altogether, 96 articles were studied for 

potential saliva biomarkers.

 
Figure 1: Summary of literature review from PubMed in September, 2020.

RESULTS 

The salivary biomarker candidates were classified based on their 

type of source, i.e. genomics, proteomics, metabolomics, 

microbiomes and transcriptomics (Figure 2). They were then 

subcategorized into their respective molecule type (if any) like 

mRNA or microRNA in transcriptomics. Reported biomarkers in 

the saliva being involved in the development of OSCC were 

selected. A total of 129 salivary biomarkers were shortlisted. Of 

these the most investigated markers were of the transcriptomes, 

however, different proteomes were also studied in high numbers 

(Figure 2).
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Figure 2: Distribution of OSCC saliva biomarkers reported showing biomarkers of transcriptome (in blue), proteome (in red), 

metabolome (in orange), microbiome (in green) and genome (in purple).

The distributions of the biomarkers are as follow: transcriptomes 

42.9%, proteome 33.3%, metabolome 8.7%, microbiome 9.5%, 

genome 5.6% (Figure 2). Our results showed that among all the 

proteome biomarkers, interleukin-8 (IL-8) is the most reported 

biomarker followed by Interleukin-6 (IL-6), Tumour Necrosis 

Factor alpha (TNF-a) and Interleukin-1B (IL-1B) (Figure 3). 

 
Figure 3: Most reported proteome biomarkers in the literature. Interleukin-8 (IL-8) (in blue) is the most reported biomarker 

followed by Interleukin-6 (IL-6) (in red), Tumour Necrosis Factor alpha (TNF-a) (in green) and Interleukin- 1B (IL-1B) (in 

yellow) respectively.

Among the transcriptomic saliva biomarkers, microRNAs were 

the most abundantly reported subcategory of saliva biomarkers 

having a potential for diagnosis of OSCC. 

Therefore, these biomarkers were grouped together, and their 

diagnostic accuracies were evaluated according to the literature. 

The evaluation was done on the basis of reported Area Under the 

Curve (AUC) of Receiver Operating Characteristic (ROC) in 

literature. A total of 45 miRNAs were compiled in which only 16 

had AUC values. Of these 16 miRNAs, the top ten based on their 

reported AUC Values were selected as candidates for early-stage 

diagnosis. has-miR-136 had the highest AUC value of 0.9683 

(Table 1). 
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Table 1: List of microRNA saliva biomarkers with reported AUC values in the literature. 

microRNA Biomarker AUC              References 

has-miR-136 0.9683           (Momen-Heravi et al., 2014)22 

has-miR-27b 0.9643           (Momen-Heravi et al., 2014)22 

has-miR-375 0.957             (Harrandah et al., 2016)23 

has-miR-412-3p 0.871             (Gai et al., 2018)24 

has-miR-184 0.86               (Zahran et al., 2015)25 

has-miR-512-3p 0.847              (Gai et al., 2018)24 

has-miR-31 0.82               (Liu et al., 2010)26 

has-miR-122-5p 0.73               (Salazar-Ruales et al., 2018)27 

has-miR-21 0.73               (Zahran et al., 2015)25 

has-miR-124-3p 0.71               (Salazar-Ruales et al., 2018)27 

Some important messenger RNA (mRNAs) transcripts that have 

been reported in the literature were DUSP1, SAT1, OAZ1, 

S100P, H3F3A, transcript IL-8 and transcript IL-1β. The results 

showed that every study reported varying AUC values.

Table 2: List of mRNA biomarkers with AUC values reported in literature.

 

 

Biomarker 

AUC 

Values 

(Li et al., 

2004)28 

AUC 

Values 

(Elashoff 

et al., 

2012)29 

AUC 

(Gleber-

Netto et al., 

2016)30 

 

Sensitivity 

(Elashoff et 

al., 2012)29 

Specificity 

(Elashoff et 

al., 2012)29 

Sensitivity 

(Li et al., 

2004)28 

Specificity 

(Li et al., 

2004)28 

DUSP1 0.65 0.76 0.649 60% 56% 59% 75% 

SAT1 0.7 0.8 0.643 66% 63% 81% 56% 

OAZ1 0.69 0.73 0.519 62% 58% 100% 38% 

S100P 0.71 0.78 0.597 60% 56% 72% 63% 

H3F3A 0.68 0.74 0.524 61% 56% 53% 81% 

IL-8 0.85 Nil 0.449 68% 64% 88% 81% 

IL-1β 0.7 0.76 0.721 65% 60% 63% 72% 

Our results show that top candidates for detection of OSCC at 

early stage includes IL-8, IL-6 proteins, has-miR-136, has-miR-

27b, and has-miR-375 microRNA, DUSP1, SAT1, OAZ1, 

S100P, H3F3A, IL-8 and IL-1B from the mRNA biomarkers. 

DISCUSSION 

The potential of liquid biopsy in early diagnosis of cancer has 

been established now over the last decade. We found that in 

OSCC, early stage can be detected by using saliva biomarkers as 

a tool. 

We found that the proteins of IL-8 and IL-6 had been reported to 

have increased in their expression in OSCC Patients about 3.5-

fold as compared to healthy controls. 31,32 

Brinkmann et al., 201133 also supports this increase in expression 

of protein IL-8 in the saliva of OSCC patients in the Serbian 

population. Juretić et al., 201334 also found an increased 

concentration of IL-6 and TNF-a in the saliva of OSCC patients 

as well as in oral potentially malignant lesion. 

However, according to Sahebjamee et al., 2008,35 the 

concentration of IL-8 and TNF-a though was higher in OSCC 

patients, the difference was not statistically significant. 

IL-1B has also been reported as an important diagnostic 

biomarker by Brinkmann et al., 2011,33 according to which the 

concentration of this marker increases in OSCC patients. This is 

also in accordance with the studies published by Arellano-Garcia 

et al., 2008 and MAR St. John et al., 2004.31,32 

According to Martin et al. 2015,36 the concentration of DUSP1, 

SAT1, OAZ1, S100P are increased in OSCC patients. Brinkmann 

et al., 201133 has also reported the increased concentration of 

S100P, SAT 1 as well as transcript concentration of IL-8 and IL-

B. 

However, according to Gleber-Netto et al., 2016,30 the 

concentration of DUSP1 in OSCC patients decreases as 

compared to healthy controls. 

The miRNAs hsa-miR-124-3p has been reported by Salazar-

Ruales et al., 201827 to have a decreased expression in OSCC 

patients. According to Harrandah et al., 201623 the concentration 

of hsa-miR-375 in OSCC patients is low. Momen-Heravi et al., 

201422 has reported the downregulation of miRNA-136 in 

patients with OSCC. The miRNAs hsa-miR-412-3p, hsa-miR-

512-3p have been validated by Rapado-González et al., 201937 

and Gai et al., 2018.24 They showed that these miRNAs have a 

higher concentration in OSCC patients. MicroRNAs hsa-miR-31, 

hsa-miR-184, hsa-miR-21, have been reported by Zahran et al., 

201525 to have an increased concentration in OSCC patients. 

According to Momen-Heravi et al., 2014,22 hsa-miR-27b has a 

higher expression in patients with OSCC. Salazar-Ruales et al., 
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201827 has shown that hsa-miR-122-5p has a higher 

concentration in patients diagnosed with OSCC. 

CONCLUSION 

The detection of oral squamous cell carcinoma using saliva 

biomarkers must include a panel having multiple biomarkers 

from genome, transcriptome and proteome. However, 

experimental and clinical validation of these biomarkers is 

necessary in the Pakistani population. 
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