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Oral cancer, which originates in the oral cavity tissues, ranks as the eighth most common cancer globally, contributing to high 

mortality rates due to its often late detection. Although tissue biopsy remains the conventional method for diagnosis, it is 

invasive. Recently, liquid biopsy has emerged as a non-invasive diagnostic alternative. This method evaluates the tumor and its 

surrounding microenvironment by analyzing biomarkers found in bodily fluids such as blood, saliva, urine, and breast milk. 

The key molecular elements identified in liquid biopsy include circulating tumor DNA (ctDNA), exosomes, circulating tumor 

cells (CTCs), cell-free DNA (cfDNA), and microRNA (miRNA). The potential of liquid biopsy lies in its ability to facilitate 

early cancer detection, molecular analysis, monitoring treatment responses, and identification of minimal residual disease. This 

paper discusses the evolving role of liquid biopsy in oral cancer diagnostics, highlighting its advantages, the molecular 

biomarkers it targets, and its clinical applications. 
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Introduction  

Oral squamous cell carcinoma (OSCC) represents the 

most common form of cancer in the head and neck 

region, primarily affecting the tongue, lips, and floor of 

the mouth [1]. The situation is particularly alarming in 

Southeast Asia, with India contributing to 36% of new 

cases and 42% of deaths worldwide [2]. Despite 

advances in treatment methods, the survival rate for 

OSCC remains discouragingly low, emphasizing the 

need for more effective early screening and diagnosis [3]. 

Various tools have been developed for patient screening, 

including those based on autofluorescence and 

spectrophotometry, and vital staining with toluidine blue, 

which has been explored for mass screening purposes. 

However, challenges such as the requirement for 

complex data analysis and the higher occurrence of false-

positive results limit the effectiveness of optical imaging 

technologies [4]. 

Saliva, often called a reflection of oral health, contains a 

wide range of biomolecules, making it a potential source 

for biomarkers that could help detect diseases like oral 

cancer [5]. These biomarkers can be valuable in tracking 

and evaluating both the state of systemic health and 

specific diseases. Saliva’s easy accessibility, its location 

in the oral cavity, and its ability to remain unclotted, 

unlike blood, make it an ideal specimen for oral cancer 

screening. This has led to the emergence of the term 

“salivaomics,” which includes genomics, 

transcriptomics, proteomics, metabonomics, and RNA 

analysis [6, 7]. 

In the realm of diagnostic innovation, saliva is 

increasingly used in liquid biopsy—a non-invasive 
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technique that analyzes biological fluids to aid in 

screening, diagnosing, and evaluating prognosis [8]. 

Important biomolecules detected through this method 

include exosomes, platelets, circulating tumor cells 

(CTCs), circulating tumor DNA (ctDNA), and cell-free 

RNA (cfRNA) [9]. 

Liquid biopsy offers the advantage of monitoring real-

time changes in the tumor’s molecular profile, allowing 

for comprehensive disease monitoring, detecting residual 

disease, and analyzing tumor dynamics, particularly in 

metastatic cases. This technique provides valuable “real-

time” data on tumor characteristics and heterogeneity, 

enhancing early detection capabilities. Biomarkers like 

CTCs, exosomes, ctDNA, and miRNA significantly 

improve the utility of liquid biopsy. This review 

highlights the current understanding and clinical use of 

these biomarkers—ctDNA, CTCs, and exosomal 

miRNAs—in the detection, management, and follow-up 

of oral cancer. 

Materials and Methods  

This review was carried out to investigate the application 

of liquid biopsy in diagnosing oral squamous cell 

carcinoma (OSCC), as well as its potential in identifying 

cancer biomarkers. A comprehensive search was 

performed across several academic databases, such as 

PubMed, Web of Science, EMBASE, Scopus, and 

Google Scholar, using a variety of keywords: “liquid 

biopsy,” “oral cancer,” “head and neck cancer,” 

“OSCC,” “salivomics,” and “biomarkers.” After filtering 

the results for studies in English and removing 

duplicates, 431 articles were initially identified. After a 

thorough screening of the titles and abstracts, irrelevant 

studies were excluded. Furthermore, articles with 

unavailable full texts were also excluded, leaving a final 

set of 35 studies that met the inclusion criteria. These 

studies contributed valuable information on liquid 

biopsy’s role in OSCC diagnosis, particularly focusing 

on the use of saliva as a diagnostic fluid. 

Results and Discussion  

The results from the literature suggest that liquid biopsy 

represents a promising, non-invasive method for 

detecting and diagnosing oral cancer. Additionally, the 

exploration of novel biomarkers within body fluids may 

enhance the sensitivity and accuracy of cancer screening 

and therapeutic monitoring. Nevertheless, more research 

is necessary to fully unlock the potential of liquid biopsy 

techniques and biomarkers for OSCC management. 

Circulating tumor DNA (ctDNA) 

Circulating tumor DNA (ctDNA) is DNA released by 

tumor cells into the bloodstream or saliva. It serves as a 

valuable biomarker for OSCC due to its short half-life in 

body fluids (less than two hours) and its increase in 

concentration as the cancer progresses or metastasizes. 

This makes ctDNA an important marker for tracking 

tumor changes in real time during therapy. ctDNA 

analysis can identify somatic mutations, including TP53, 

CDKN2A, NRAS, NOTCH1, PIK3CA, HRAS, and 

certain strains of HPV (types 16 and 18). Additionally, 

salivary DNA analysis can reveal hypermethylation of 

genes like EDNRB, KIF1A, and HOXA9, offering the 

potential for early detection and diagnosis of oral cancer 

[10-14]. 

Exosomes are extracellular vesicles, ranging from 40 to 

160 nm in size, that are released by all cell types during 

normal cellular activity. Their formation begins with the 

inward folding of the plasma membrane, resulting in the 

creation of multivesicular bodies (MVBs). These MVBs 

can interact with intracellular components such as the 

Golgi apparatus, endoplasmic reticulum, and other 

vesicular structures. Depending on the cell’s metabolic 

state and its microenvironment, MVBs may fuse with 

lysosomes, autophagosomes, or the plasma membrane. 

Exosomes have garnered attention in liquid biopsy 

research due to their abundance in biological fluids, 

including blood, where their concentrations can reach as 

high as 1011 particles per milliliter. In cancer patients, 

approximately 10% of these exosomes are derived from 

tumors, and their contents—such as DNA, RNA, lipids, 

and proteins—reflect the molecular profile of the parent 

tumor cells. Exosomes offer several advantages over 

other liquid biopsy analytes, including the ability to carry 

both RNA and DNA, which mirror the mutations present 

in the tumor. Additionally, exosomal DNA retains the 

full genomic and mutational characteristics of the 

original tumor, making it a more reliable source for 

genetic analysis compared to ctDNA, which consists of 

fragmented DNA. This makes exosomes a promising 

option for cancer diagnosis and monitoring. Furthermore, 

exosome concentration can serve as a clinical indicator 

of disease progression [15-19]. 

Circulating tumor cells (CTCs) are another critical 

component of liquid biopsy. These are tumor cells that 

have detached from the primary tumor or metastatic sites 
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and entered the bloodstream. CTCs are considered a 

hallmark of metastasis, as they can travel throughout the 

body and establish secondary tumors. Typically, only one 

CTC is found per 107 blood cells in metastatic patients, 

highlighting their rarity. Despite their low numbers, 

CTCs provide valuable insights into the mutational 

profile of the tumor and its metastatic potential. They 

play a central role in precision oncology, offering 

opportunities for early detection of cancer, assessment of 

metastasis, and the identification of therapeutic targets. 

CTCs may also reveal critical information regarding 

tumor composition, its invasiveness, and how it might 

respond to treatment. Therefore, studying CTCs offers 

the potential for improved cancer management, 

especially in the context of metastasis and recurrence. 

Removing CTCs from the bloodstream could not only 

limit their ability to spread but also reduce overall tumor 

burden. Consequently, CTCs represent an essential 

biomarker for monitoring cancer progression and 

tailoring treatment strategies [18-22]. 

MicroRNAs (miRNAs) are small, non-coding RNAs 

approximately 25 nucleotides in length that play a pivotal 

role in regulating gene expression. In recent years, 

miRNAs have attracted significant interest as potential 

biomarkers for early cancer detection due to their 

stability and presence in various biological fluids, 

including blood, saliva, and urine. Their ability to bind 

with proteins such as Ago2 or be incorporated into 

extracellular vesicles (EVs) explains their wide 

distribution in the body. Detection of miRNAs in these 

fluids is facilitated by advanced techniques such as 

microarray, next-generation sequencing, and traditional 

PCR methods. As a result, miRNAs have emerged as 

promising candidates for liquid biopsy, allowing for early 

cancer detection. For example, a machine learning model 

developed in Japan demonstrated an 88% accuracy rate 

in cancer detection across all stages, with a 90% accuracy 

for early stages. Similarly, studies have shown that 

miRNA expression profiles in serum can accurately 

distinguish between oral cancer patients and healthy 

controls. In a separate study, a panel of 25 miRNAs was 

identified that differentiated between patients with oral 

squamous cell carcinoma (OSCC) and healthy 

individuals. Additionally, a miRNA panel with 98% 

sensitivity and 60% specificity has shown promise in 

diagnosing OSCC. However, as these findings are based 

on case-control studies, the timing of miRNA appearance 

in bodily fluids remains unclear. Future prospective 

cohort studies are needed to validate the potential of 

miRNAs as reliable biomarkers for cancer detection. 

With further research, miRNAs could become a routine 

part of cancer screening, offering a noninvasive method 

for early diagnosis and improving patient outcomes [23-

28]. 

Cell-free DNA (cfDNA) refers to DNA fragments that 

are released from apoptotic or necrotic cells into bodily 

fluids such as blood, saliva, plasma, urine, and 

cerebrospinal fluid. These fragments can be analyzed for 

somatic mutations and provide valuable insights into the 

genetic changes associated with various cancers, 

including oral squamous cell carcinoma (OSCC). Recent 

studies have explored the use of cfDNA in detecting 

mutations in OSCC patients, although no significant 

differences were found across groups. Perdomo et al. 

employed two methods to identify circulating tumor 

DNA (ctDNA) mutations in head and neck cancers, 

including TP53 mutations in plasma and tumor tissue. 

HPV detection in cfDNA has also shown potential in 

OSCC, with a study by Mazurek et al. highlighting that 

HPV cfDNA testing could be used for early detection and 

monitoring of HPV-positive head and neck squamous 

cell carcinomas. In their study, 14% of participants tested 

positive for HPV, with a majority (96.4%) testing 

positive for HPV16. Additionally, methylation markers 

such as SPEPT9 and SPEPT3 have shown promise for 

identifying malignancies in head and neck cancers 

outside of the oral cavity. However, challenges remain in 

detecting ctDNA at low levels in early-stage cancers. The 

need for multiplexed assays to address tumor 

heterogeneity and evolution, along with the lack of 

standardized detection methods, are significant barriers 

that must be overcome before ctDNA can be routinely 

used in clinical practice (Figure 1) [29-34]. 
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Figure 1. The essence of using saliva as a liquid biopsy in oral cancer diagnostics. 

Future perspectives 

Liquid biopsy presents a promising noninvasive 

approach for early cancer detection, molecular profiling, 

monitoring treatment responses, and identifying minimal 

residual disease. While its application in oral cancer 

diagnosis is still under exploration, its potential benefits 

suggest a need for further investigation. Advancements 

in personalized medicine are paving the way for the 

development of a sensitive and specific panel of 

biomarkers, which could enhance the diagnosis and 

prognosis of patients with oral cancer. 

Recent findings indicate that liquid biopsy can detect oral 

cancer-specific changes in circulating tumor DNA, RNA, 

and proteins. These biomarkers could be valuable for 

early diagnosis, monitoring treatment efficacy, and 

predicting patient outcomes. Liquid biopsy also provides 

insights into the clonal evolution of oral cancer, which 

can aid in the identification of new therapeutic targets. 

Understanding the underlying biology of these 

biomarkers, such as tumor-derived exosomes that carry 

RNA and proteins, is crucial for improving the accuracy 

and efficiency of liquid biopsy. 

Furthermore, the creation of a reliable and precise panel 

of biomarkers could offer a noninvasive alternative to 

tissue biopsy, making it easier and more cost-effective to 

monitor disease progression and treatment outcomes. 

Despite the promising results, liquid biopsy for oral 

cancer is still in the early phases, and large-scale 

prospective studies are necessary to fully assess the 

clinical value of these biomarkers. These studies could 

ultimately lead to personalized treatment strategies and 

provide novel therapeutic options for patients with oral 

cancer. 

Conclusion 

Liquid biopsy stands out as a noninvasive diagnostic 

method, offering real-time insights into cancer 

characteristics. It shows promising results for detecting 

oral cancer and provides several advantages over 

traditional histology. Although biomarkers such as 

extracellular vesicles, cell-free DNA, and circulating 

tumor cells have not yet been established for oral cancer, 

they hold significant promise for improving early 

diagnosis and treatment. Ongoing research is essential to 

validate these markers and establish their therapeutic 

potential in oral cancer management. 

Acknowledgments: None 

Conflict of Interest: None 

Financial Support: None 

Ethics Statement: None 

References 

1. Radu CC, Delcea C, Plesa A, Rad D. Transforming 

perceptions of drug consumption among youth 

through a Cognitive-Social-Medico-Legal 

educational approach. Pharmacophore. 

2023;14(4):50-6. 



Arch Int J Cancer Allied Sci, 2024, 4(1):1-6                                              Pardo-Zamora and Castellano-Rioja 
 

 

5 

2. Ho SYE, Walsh LJ, Pradhan A, Yang J, Lopez Silva 

CP. Perspectives of oral health therapists on the 

barriers to oral care provision in nursing homes in 

Singapore: a qualitative analysis. Spec Care Dentist. 

2024;44(1):157-65. doi:10.1111/scd.12833 

3. Palmirotta R, Lovero D, Cafforio P, Felici C, 

Mannavola F, Pellè E, et al. Liquid biopsy of cancer: 

a multimodal diagnostic tool in clinical oncology. 

Ther Adv Med Oncol. 2018;10:1758835918794630. 

4. Warnakulasuriya S, Greenspan JS. Textbook of oral 

cancer: prevention, diagnosis and management. 

Springer Nature; 2020. 

5. Voiţă-Mekereş F, Delcea C, Buhaș CL, Ciocan V. 

Novichok toxicology: a review study. Arch Pharm 

Pract. 2023;14(3):62-6. 

6. Tvarijonaviciute A, Martínez-Subiela S, López-

Jornet P, Lamy E. Saliva in health and disease: the 

present and future of a unique sample for diagnosis. 

Springer Nature; 2020. 

7. Nonaka T, Wong DTW. Saliva diagnostics: 

salivaomics, saliva exosomics, and saliva liquid 

biopsy. J Am Dent Assoc. 2023;154(8):696-704. 

8. Vartolomei L, Cotruș A, Stanciu C, Delcea C, Tozzi 

M, Lievore E, et al. Quality of life and psychological 

distress among patients with small renal masses. J 

Clin Med. 2022;11(14):3944. 

9. Galot R, Machiels JPH. Current applications and 

challenges of circulating tumor DNA (ctDNA) in 

squamous cell carcinoma of the head and neck 

(SCCHN). Cancer Treat Rev. 2020;85:101992. 

10. Prakash N, Pradeep GL. Circulating biomarkers in 

oral cancer: unravelling the mystery. J Oral 

Maxillofac Pathol. 2022;26(3):300-6. 

11. Wang Y, Springer S, Mulvey CL, Silliman N, 

Schaefer J, Sausen M, et al. Detection of somatic 

mutations and HPV in the saliva and plasma of 

patients with head and neck squamous cell 

carcinomas. Sci Transl Med. 2015;7(293):293ra104. 

12. Guerrero-Preston R, Soudry E, Acero J, Orera M, 

Moreno-López L, Macía-Colón G, et al. NID2 and 

HOXA9 promoter hypermethylation as biomarkers 

for prevention and early detection in oral cavity 

squamous cell carcinoma tissues and saliva. Cancer 

Prev Res. 2011;4(7):1061-72. 

13. Pan BT, Johnstone RM. Fate of the transferrin 

receptor during maturation of sheep reticulocytes in 

vitro: selective externalization of the receptor. Cell. 

1983;33(3):967-78. 

14. Kalluri R, LeBleu VS. The biology, function, and 

biomedical applications of exosomes. Science. 

2020;367(6478):eaau6977. 

doi:10.1126/science.aau6977 

15. Wahlgren J, De L Karlson T, Brisslert M, Vaziri 

Sani F, Telemo E, Sunnerhagen P, et al. Plasma 

exosomes can deliver exogenous short interfering 

RNA to monocytes and lymphocytes. Nucleic Acids 

Res. 2012;40(17):e130. 

16. Van der Pol E, Böing AN, Harrison P, Sturk A, 

Nieuwland R. Classification, functions, and clinical 

relevance of extracellular vesicles. Pharmacol Rev. 

2012;64(3):676-705. 

17. Abels ER, Breakefield XO. Introduction to 

extracellular vesicles: biogenesis, RNA cargo 

selection, content, release, and uptake. Cell Mol 

Neurobiol. 2016;36(3):301-12. 

18. H Rashed M, Bayraktar E, K Helal G, Abd-Ellah 

MF, Amero P, Chavez-Reyes A, et al. Exosomes: 

from garbage bins to promising therapeutic targets. 

Int J Mol Sci. 2017;18(3):538. 

doi:10.3390/ijms18030538 

19. Theodoraki MN, Yerneni SS, Hoffmann TK, 

Gooding WE, Whiteside TL. Clinical significance of 

PD-L1+ exosomes in plasma of head and neck 

cancer patients. Clin Cancer Res. 2018;24(4):896-

905. 

20. Aro K, Wei F, Wong DT, Tu M. Saliva liquid biopsy 

for point-of-care applications. Front Public Health. 

2017;5:77. 

21. Kai K, Dittmar RL, Sen S. Secretory microRNAs as 

biomarkers of cancer. Semin Cell Dev Biol. 

2018;78:22-36. 

22. Schafer CA, Schafer JJ, Yakob M, Lima P, Camargo 

P, Wong DTW. Saliva diagnostics: utilizing oral 

fluids to determine health status. Monogr Oral Sci. 

2014;24:88-98. 

23. Streckfus CF. Advances in salivary diagnostics. 

Springer; 2015. 

24. Momen-Heravi F, Trachtenberg AJ, Kuo WP, Cheng 

YS. Genomewide study of salivary microRNAs for 

detection of oral cancer. J Dent Res. 2014;93(7 

Suppl):86S-93. 

25. Park NJ, Zhou H, Elashoff D, Henson BS, 

Kastratovic DA, Abemayor E, et al. Salivary 

microRNA: discovery, characterization, and clinical 

utility for oral cancer detection. Clin Cancer Res. 

2009;15(17):5473-7. 



Pardo-Zamora and Castellano-Rioja                                              Arch Int J Cancer Allied Sci, 2024, 4(1):1-6  
 

 

6 

26. Li L, Li C, Wang S, Wang Z, Jiang J, Wang W, et al. 

Exosomes derived from hypoxic oral squamous cell 

carcinoma cells deliver miR-21 to normoxic cells to 

elicit a prometastatic phenotype. Cancer Res. 

2016;76(7):1770-80. 

27. Nakamura K, Hiyake N, Hamada T, Yokoyama S, 

Mori K, Yamashiro K, et al. Circulating microRNA 

panel as a potential novel biomarker for oral 

squamous cell carcinoma diagnosis. Cancers. 

2021;13(3):449. doi:10.3390/cancers13030449 

28. Romani C, Salviato E, Paderno A, Zanotti L, 

Ravaggi A, Deganello A, et al. Genome-wide study 

of salivary miRNAs identifies miR-423-5p as 

promising diagnostic and prognostic biomarker in 

oral squamous cell carcinoma. Theranostics. 

2021;11(6):2987-99. 

29. Mehterov N, Sacconi A, Pulito C, Vladimirov B, 

Haralanov G, Pazardjikliev D, et al. A novel panel 

of clinically relevant miRNAs signature accurately 

differentiates oral cancer from normal mucosa. Front 

Oncol. 2022;12:1072579. 

30. Salvi S, Gurioli G, De Giorgi U, Conteduca V, 

Tedaldi G, Calistri D, et al. Cell-free DNA as a 

diagnostic marker for cancer: current insights. Onco 

Targets Ther. 2016;9:6549-59. 

31. Nishita DM, Jack LM, McElroy M, McClure JB, 

Richards J, Swan GE, et al. Clinical trial participant 

characteristics and saliva and DNA metrics. BMC 

Med Res Methodol. 2009;9:71. 

32. Perdomo S, Avogbe PH, Foll M, Abedi-Ardekani B, 

Facciolla VL, Anantharaman D, et al. Circulating 

tumor DNA detection in head and neck cancer: 

evaluation of two different detection approaches. 

Oncotarget. 2017;8(42):72621-32. 

33. Mazurek AM, Rutkowski T, Fiszer-Kierzkowska A, 

Małusecka E, Składowski K. Assessment of the total 

cfDNA and HPV16/18 detection in plasma samples 

of head and neck squamous cell carcinoma patients. 

Oral Oncol. 2016;54:36-41. 

34. Lousada-Fernandez F, Rapado-Gonzalez O, Lopez-

Cedrun JL, Lopez-Lopez R, Muinelo-Romay L, 

Suarez-Cunqueiro MM. Liquid biopsy in oral 

cancer. Int J Mol Sci. 2018;19(6):1704. 

doi:10.3390/ijms19061704 

 

 


