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Abstract: Head and neck cancer (HNC) represents approximately 10% of all cancer cases globally, posing a significant public health 
challenge. Despite advances in therapeutic approaches, the mortality rate associated with HNC continues to rise. A growing body of 
research highlights the role of extracellular vesicles in cancer progression and pathogenesis, positioning them as promising candidates 
for novel biomarker discovery. Concurrently, saliva has emerged as a valuable diagnostic fluid due to its non-invasive, accessible, and 
cost-effective collection methods. This systematic review aims to explore the potential of salivary extracellular vesicles as diagnostic 
tools for the early detection and monitoring of head and neck cancer. PubMed, Scopus, Web of Science, and Embase were thoroughly 
searched from database inception to July 16, 2024. Twenty-three eligible studies were included, focusing on original research that 
described salivary extracellular vesicles as biomarkers in HNC. In oral cancer – predominantly represented by the squamous cell 
carcinoma subtype – several proteins, including PSB7, AMER3, and LOXL2, as well as a ten-protein panel, demonstrated strong 
potential as diagnostic biomarkers. Additionally, the analysis of various microRNAs (miR-140, miR-143, miR-145, miR-412-3p, miR- 
512-3p, miR-1307-5p) and Fourier-transform infrared (FTIR) spectra has shown promising results for oral cancer detection. For 
oropharyngeal cancer, lactate dehydrogenase B appears to be a promising biomarker. Another potential avenue is the assessment of 
human papillomavirus (HPV) risk in the development of oropharyngeal cancer. Four studies investigated HNC without specifying the 
cancer location; however, limited or absent reporting of sensitivity and specificity hampers the reliable evaluation of potential 
biomarkers. In conclusion, salivary extracellular vesicles hold promise for the detection of HNC, but further research is needed to 
validate their diagnostic utility.
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Introduction
Head and neck cancer (HNC) constitutes 7.6% of cancer incident cases globally, with the majority classified as head and 
neck squamous cell carcinoma (HNSCC).1,2 Current treatment strategies for HNC include surgical resection, chemother-
apy, immunotherapy, radiation therapy, targeted therapy, or combinations thereof.3 Despite these therapeutic advances, 
the five-year survival rate ranges from 50% to 85%, depending on tumor location and type.4 Many patients are diagnosed 
at an advanced stage when prognosis is poor and curative potential is limited.5 This highlights the critical importance of 
early detection. Effective screening facilitates earlier diagnosis, enabling timely intervention, improving survival rates, 
and enhancing overall disease management.6,7

The complex nature of HNC, its rapid progression from early to advanced stages, and the anatomical proximity to 
vital structures underscore the urgent need for reliable, non-invasive biomarkers to aid in early diagnosis, prognosis 
assessment, and treatment monitoring.8,9 In this context, extracellular vesicles (EVs) have emerged as a promising class 
of biomarkers with potential applications in cancer screening, prognostication, and real-time disease monitoring.10

EVs are nanoscale, membrane-bound particles secreted by cells into the extracellular environment, playing a critical 
role in intercellular communication.11–14 This communication is a hallmark of cancer biology, and EVs have been 
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identified as key mediators in this process.15 They transport a variety of biomolecules – including proteins, lipids, RNA, 
and DNA – which can induce phenotypic changes in recipient cells and modulate the tumor microenvironment. Notably, 
EVs often carry immunoregulatory molecules that contribute to immune evasion, a hallmark of cancer progression.16 

Their selective enrichment with oncogenic cargo enhances their capacity to influence tumor development, recurrence, and 
therapy resistance.17 EVs have been implicated in multiple stages of cancer progression, including initiation, growth, 
invasion, and metastasis.18 They also promote angiogenesis, modulate fibroblast activity, alter immune responses, and 
condition premetastatic niches, all of which are crucial for tumor progression.19 A recent classification system divides 
EVs into several subtypes: exosomes, microvesicles, supermeres, apoptotic bodies, exomeres, oncosomes, and 
migrasomes.20

In parallel, saliva has gained increasing attention as a valuable diagnostic fluid due to its rich molecular content and 
practical advantages.21–23 It contains diverse biomolecules – such as proteins, nucleic acids, inorganic ions, and 
metabolites – that mirror systemic physiological and pathological conditions.21 Saliva collection is non-invasive, cost- 
effective, and easy to perform, and the fluid itself is stable and easily accessible.23–26 These features have made it an 
attractive medium for biomarker discovery across various disease states, including cancers, autoimmune diseases, 
endocrine disorders, cardiovascular conditions, gastrointestinal diseases, and neurodegenerative disorders.27–32

Given the pivotal role of EVs in cancer pathogenesis and the diagnostic potential of saliva, this systematic review 
aims to comprehensively evaluate the current evidence on the use of salivary EVs as biomarkers for the detection and 
monitoring of head and neck cancer. Previous reviews did not present a systematic approach to analyzing the most recent 
studies from the past five years.33,34 An overview of the concept is schematically illustrated in Figure 1.

Materials and Methods
Search Strategy and Data Extraction
Our systematic review was conducted based on the records published to 16th July 2024, according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement guidelines,35 using the databases 
PubMed, Scopus, Web of Science and Embase. The search queries included:

- for PubMed: saliva* AND ((extracellular vesicle) OR exosome OR microvesicle OR (apoptotic body OR apoptotic 
bodies) OR exomere OR migrasome OR oncosome OR supermere) AND (cancer OR carcinoma OR neoplasm OR 
tumour OR tumor OR oncolog*)

- for Scopus: TITLE-ABS-KEY (saliva* AND (“extracellular vesicle” OR exosome OR microvesicle OR (“apoptotic 
body” OR “apoptotic bodies”) OR exomere OR migrasome OR oncosome OR supermere) AND (cancer OR 
carcinoma OR neoplasm OR tumour OR tumor OR oncolog*))

Figure 1 Schematic representation of the general design of this systematic review. Included studies described sample collection, isolation of extracellular vesicles, laboratory 
analysis, and the utility in head and neck cancer detection. Here, in this systematic review, we investigate the potential use of salivary extracellular vesicles in head and neck 
cancer detection and discuss their utility as cancer biomarkers.
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- for Web of Science: TS=(saliva* AND (extracellular vesicle OR exosome OR microvesicle OR apoptotic body OR 
apoptotic bodies OR exomere OR migrasome OR oncosome OR supermere) AND (cancer OR carcinoma OR 
neoplasm OR tumour OR tumor OR oncolog*))

- for Embase: saliva* AND (‘extracellular vesicle’ OR exosome OR microvesicle OR ‘apoptotic body’ OR ‘apoptotic 
bodies’ OR exomere OR migrasome OR oncosome OR supermere) AND (cancer OR carcinoma OR neoplasm OR 
tumour OR tumor OR oncolog*).

Records were screened by the title, abstract and full text by two independent investigators. Studies included in this 
review matched all the predefined criteria according to PECOS (“Population”, “Exposure”, “Comparison”, “Outcomes” 
and “Study design”), as presented in Table 1. Studies regarding cancers other than head and neck were systematically 
reviewed in another paper.36 A detailed search flowchart is shown in the Section “Results”. The study protocol was 
registered in International prospective register of systematic reviews PROSPERO (CRD42024573878).

Quality Assessment of Included Studies
The risk of bias in each individual study was assessed according to the “Study Quality Assessment Tool” issued by the 
National Heart, Lung, and Blood Institute within the National Institute of Health.37 These questionnaires were answered 
by two independent investigators, and any disagreements were resolved by discussion between them.

Results
General Information
Following the search criteria presented above, our systematic review included twenty-three studies. The detailed 
selection strategy for the retrieved records is shown in Figure 2. Table 2 presents data on each eligible study included 
in this systematic review, including the year of publication, study setting and participants, cancer diagnosis, inclusion and 
exclusion criteria, TNM staging, and detailed characteristics related to saliva types, sampling methods, centrifugation, 
storage, and analysis. It also includes potential salivary EV biomarkers for head and neck cancer detection. All studies 
were published between 2011 and 2024.

Participants, Cancer Diagnosis, and TNM Staging
In total, the eligible studies recruited 626 patients diagnosed with head and neck cancers. The included studies 
investigated oral cancer, oropharyngeal cancer, and head and neck cancer without precise tumor localization. 
Predominantly, squamous cell carcinomas were analyzed (540 patients, 86.26%). Most cancer patients included in this 
systematic review were diagnosed with oral cancer (485 patients, 77.48%). Additionally, two studies included 
a combined total of 54 patients with either oral or oropharyngeal cancer without specific selection.

Data were collected across 11 different countries. The majority of studies were conducted in Asia (nine studies) and 
Europe (nine studies). TNM staging or tumor stage information was reported in fourteen studies. Advanced cancer stages 

Table 1 Inclusion and Exclusion Criteria According to the PECOS

Parameter Inclusion Criteria Exclusion Criteria

Population Patients aged 0–99 years, both genders –

Exposure Head&neck cancers Cancers other than headandneck

Comparison Healthy subjects –

Outcomes Salivary extracellular vesicles as biomarkers Other salivary alterations

Study design Case-control, cohort, and cross-sectional 
studies

Literature reviews, case reports, expert opinion, letters to the editor, conference 
reports

Indexed to July 16 2024 Not published in English
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(III and IV) were slightly more common than early stages (I and II), with 131 (53.69%) and 113 (46.31%) patients, 
respectively. Conversely, when evaluating tumor stage numerically, lower stages were more prevalent than higher stages 
(156 and 94 patients, 62.40% and 37.60%, respectively). One study applied a two-level staging classification, in which 
the advanced stage was predominant.64

Inclusion and Exclusion Criteria
In some studies, the inclusion and exclusion criteria were clearly defined; however, these criteria varied across studies. 
Several authors excluded participants with systemic diseases such as diabetes, cardiovascular disorders, or infections. 
The detailed inclusion and exclusion criteria are presented in Table 2.

Saliva Collection, Laboratory Methods
In all included studies, authors collected unstimulated saliva, or stimulation was not reported. When reported, the volume 
of collected samples ranged from 0.8 mL to 15 mL. In most cases, saliva collection took place in the morning hours 
(between 6:00 AM and 12:00 noon). Initial centrifugation was typically performed at forces ranging from 1,000×g to 

Figure 2 PRISMA flow diagram presenting search strategy.
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Table 2 Characteristics of Included Studies

Author, year Setting Study 
group;  
(F/M), Age

Control 
group;  
(F/M), Age

Diagnosis Inclusion Criteria Exclusion Criteria TNM 
stages

Type of Saliva and Method 
of Collection

Centrifugation 
and Storing

Method of 
Marker 
Determination

Potential Biomarkers

Bano et al 

202338

India OC patients: 

40; (NR); 
Smokers: 40; 

(NR), (NR)

40; (NR), 

(NR)

OC OC patients: no clinical 

treatments like 
chemotherapy, 

radiotherapy, surgery yet; 

Non-smoker’s controls: no 

active oral or other 
diseases, no history of 

smoking, chewing tobacco 

products; Smokers: 

smoking index greater than 
100

Smokers: any oral malignant 

lesion

NR 3–5 mL of unstimulated whole 

saliva collected in the morning 
typically between 8 AM and 12 

PM, no coffee or caffeinated 

soft drinks, eating, brushing 

teeth, using oral hygiene 
products for at least 1 h prior 

sampling, patients advised to 

abstain from alcohol 

consumption, chewing, smoking 
tobacco/other products for at 

least 24 h before sampling, kept 

in an ice bucket at 0 °C

centrifuged at 

5,000×g for 
15–20 min at  

4 °C, stored at 

−80 °C

NTA, DLS, FTIR 

spectra

exosomes, exosomal 

spectra

Bozyk et al 

202339

Australia OSCC: 10; 

(4/6), 65 

(55–71); 
OPMD: 20; 

(8/12), 65 

(48–78)

20; (4/16), 

59 (45–74)

OSCC OSCC patients: OSCC; 

OPMD patients: OPMD; 

Controls: age 20+ years, 
no history of OPMD, 

cancer, Sjogren’s syndrome, 

other pathology limiting 

saliva production, no active 
infection or illness, good 

oral hygiene

NR I: 4; II: 6 as described by Lim et al40 

whole mouth saliva collected in 

the morning, saliva pooled in 
the mouth, expectorated into 

a 50 mL Falcon tube, placed on 

dry ice

centrifuged at 

2,000×g for 

10 min, at 
16,000×g for 

20 min, and at 

120,000×g for 3 h, 

all at 4 °C, stored 
at −80 °C

SWATH-MS, 

Western blot

AL9A1, GDIB, LOXL2, 

PLCD1, AMER3, SPB13, 

HEP2, PSB7, SPD2b

Faur et al 

202241

Romania OSCC/ 

OPSCC 

(mixed): 25; 
(3/22), 59 ± 

9; OSCC: 

21; OPSCC: 

4

25; (13/12), 

54 ± 14

OSCC, 

OPSCC

OSCC, OPSCC patients: 

OSCC, OPSCC, negative 

for HPV associated 
infection, patients that 

further required surgical 

treatment

Controls: history of cancer, 

previous surgical, 

oncological treatment, 
presence of acute infections

I: 0; II: 4; 

III: 4; IV: 

17

0.8 to 1.6 mL of unstimulated 

saliva collected by passive 

drooling into a sterile 
receptacle between 7 AM and 

10 AM, no food or liquids 

starting the night before, no 

oral hygiene on the morning of 
saliva collection, deposited at 

−20 °C for a maximum of 

1 week, then at −80 °C

centrifuged at 

12,000×g for 

20 min, at 
120,000×g for 

70 min, at 

120,000×g for 

70 min, all at 4 °C, 
stored at −80 °C

qRT-PCR miR-10b-5p, miR-486-5p

Faur et al 

202342

Romania OSCC/ 

OPSCC 

(mixed): 29; 
(4/25), 59 ± 

9

22; (12/10), 

54 ± 14

OSCC, 

OPSCC

OSCC, OPSCC patients: 

OSCC, OPSCC

Patients: previous history of 

cancer, radiotherapy, 

chemotherapy, present 
acute infections

I: 0; II: 6; 

III: 4; IV: 

19

0.8 to 1.6 mL of saliva colleted 

by spitting into a sterile 

recipient

centrifuged at 

120,000×g for 

70 min at 4 °C, 
stored at −80 °C

SERS SERS spectra

Feng et al 

202343

China 75; (NR), 

(NR)

10; (NR), 

(NR)

OSCC Patients: OSCC NR T1: 21; 

T2: 20; 

T3/T4: 34

NR centrifuged at 

2,000×g for 

15 min at 4 °C, 
stored at −80 °C

magnetic 

microfluidic 

device

Annexin V+/V- EGFR+ EVs

(Continued)
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Table 2 (Continued). 

Author, year Setting Study 
group;  
(F/M), Age

Control 
group;  
(F/M), Age

Diagnosis Inclusion Criteria Exclusion Criteria TNM 
stages

Type of Saliva and Method 
of Collection

Centrifugation 
and Storing

Method of 
Marker 
Determination

Potential Biomarkers

Fontana et al 

202144

Italy OSCC total: 

18; (NR), 

(NR); OSCC 
NLNM: 6; 

(5/1), 68.2 ± 

7.8; OSCC 

LNM: 12; (4/ 
8), 67.4 ± 

9.6

5; (2/3), 61.4 

± 11.2

OSCC Patients: OSCC; Controls: 

no medication, regular oral 

hygiene

NR T1: 2; T2: 

8; T3: 5; 

T4: 3; I: 2; 
II: 4; III: 4; 

IV: 8

15 mL of saliva collected in 

50 mL Falcon tubes, no eating, 

drinking, oral hygiene for at 
least 1 h prior to collection

stored at −80 °C 

(if not 

immediately 
processed)

SWATH-MS proteomic panel

Gai et al 

201845

Italy 21; (9/12), 

65.75 

(38–78)

11; (5/6), 

61.64 

(39–75)

OSCC Patients: OSCC; Controls: 

no clinically detectable oral 

lesions

Patients: <18 years of age, 

pregnant or breast feeding, 

psychiatrically or mentally 
unstable

T1: 7; T2: 

8; T3: 3; 

T4: 3

unstimulated saliva collected by 

spitting into a 50 mL Falcon 

tube usually between 9 and 11 
AM, no eating, drinking, oral 

hygiene for at least 1 h prior to 

collection

centrifuged at 

3,000×g for 

15 min, at 
3,000×g for 

30 min, and at 

1,500×g for 5 min, 

stored at −80 °C

qRT-PCR array, 

qRT-PCR

miR-512-3p, miR-412-3p

He et al 

202046

China 49; (19/30), 

≤50 years: 
22; >50 

years: 27

14; (6/8), 

≤50 years: 7; 
>50 years: 7

OSCC Patients: OSCC diagnosed 

for the first time by tissue 
biopsy and histopathologic 

examination, no clinical 

interventions such as 

chemotherapy and 
radiation before surgery

All: any other malignant 

tumors, oral mucosal 
lesions, severe systemic 

diseases

NR 5 mL of unstimulated whole 

saliva was collected through 
chilled 50 mL conical tubes 

from 9 AM to 12 PM within 

30 min, no eating, drinking 

coffee, caffeinated soft drinks, 
chewing gum, brushing teeth for 

at least 1 h prior to sampling

centrifuged at 

2,600×g for 
30 min at 4 °C, 

stored at −80 °C

miRNA 

microarray, qRT- 
PCR

miR-24-3p

Hofmann et al 

2022 – July47

Germany 21; (3/18), 

≤63 years: 

12; >63 

years: 9; 
(49–79)

12; (4/8), 

≤63 years: 9; 

>50 years: 3; 

(51–71)

HNSCC Patients: newly diagnosed, 

treatment naïve HNSCC

NR T1: 4; T2: 

7; T3: 3; 

T4: 7; I: 3; 

II: 4; III: 3; 
IV: 11

saliva collected using salivette 

plain cotton swabs between 7 

AM and 10 AM, no eating, 

drinking, dental hygiene for at 
least 1 h before collection, 

samples immediately put on ice 

during the collection process

centrifuged at 

1,000×g for 2 min, 

stored at −80 °C

on-bead flow 

cytometry, mass 

spectrometry, 

nCounter® 

SPRINT system

hsa-miR-21-5p, hsa-miR 

-133a-5p, hsa-miR-203a-3p, 

hsa-miR-378e, hsa-miR 

-378i, hsa-miR-1253, hsa- 
miR-1283, hsa-miR-4516, 

PDL1, CD39, CD44v3, 

adenosine

Hofmann et al 

2022 – 
August48

Germany 11; (1/10), 

58 (49–64)

5; (1/4), 53 

(43–65)

HNSCC Patients: treatment naïve 

HNSCC

NR T1: 2; T2: 

4; T3: 3; 
T4: 2; I, II: 

5; III/IV: 6

saliva collected using Salivette 

plain cotton swabs between 8 
AM and 12 AM, no eating, 

drinking, dental hygiene for at 

least 1 h before collection, 

samples kept on ice during 
collection

centrifuged at 

1,000×g for 2 min, 
stored at −80 °C

nCounter® 

SPRINT system

hsa-miR-1245b-5p, hsa-miR 

-1271-5p, hsa-miR-765, 
hsa-miR-411-5p, hsa-miR 

-744-5p, hsa-miR-3144-3p, 

hsa-miR-519c-3p, hsa-miR 

-183-5p, hsa-miR-205-5p, 
hsa-miR-4454 + 7975
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Langevin et al 
201749

USA 2 cohorts, in 
total: 16 (3/ 

13), (47–76)

2 cohorts, in 
total: 14 (8/ 

6), (19–66)

HNSCC Patients: newly diagnosed 
initial primary HNSCC 

(pretreatment)

NR I/II: 3; III/ 
IV: 13

2 mL of saliva collected centrifuged at 
1,500×g for 

10 min, at 

17,000×g for 

15 min, and at 
160,000×g for 

60 min

miRNA-seq, 
ddPCR

miR-486-5p, miR-486-3p, 
miR-10b-5p

Man et al 

202250

China OSCC 

patients: 63; 

(16/47), 58 

(36–83); 
Oral 

dysplasia 

patients: 24; 

(NR), (NR)

24; (NR), 

(NR)

OSCC OSCC patients: OSCC; 

Oral dysplasia patients: 

oral dysplasia

OSCC patients: previous 

resection, insufficient 

pathological evaluation or 

treated with cetuximab 
therapy

T1/T2: 

43; T3/ 

T4: 20; I/ 

II: 40; III/ 
IV: 23

5 mL of unstimulated saliva 

collected between 6 AM and 9 

AM, no oral hygiene 

procedures, smoking and 
alcohol drinking inhibited, no 

drinking and eating for at least 

1 h before saliva collecting

Centrifuged at 

3,000×g for 

20 min at room 

temperature, at 
3,000×g for 

20 min at 4 °C, 

stored at −80 °C

Western blot, 

flow cytometry

Non-apoptotic 

microvesicles

Nakamichi 
et al 202151

Japan 23; (NR), 
(NR)

20; (NR), 
(NR)

OSCC Patients: OSCC NR T1: 8; T2: 
10; T3: 2; 

T4: 2; I: 7; 

II: 6; III: 4; 

IV: 5

Saliva collected preoperatively Centrifuged at 
10,000×g for 

10 min at 4°C, at 

100,000×g for 

70 min, and at 
100,000×g for 

70 min

ELISA Alix

Patel et al 

202252

India 20; (0/20), 

(NR)

NR OSCC Patients: OSCC, buccal 

mucosa being the subsite of 

the primary malignancy, 

etiology of smokeless 
tobacco

Patients: subsites: tongue, 

larynx, pharynx, 

hypopharynx, benign 

leukoplakia, HIV/HbsAg/ 
HPV/COVID-19 infection, 

sample may be required for 

repetitive diagnoses by the 

histopathologist, disease- 
oriented complications, 

pediatric patients

NR Whole unstimulated saliva 

collected into sterile tubes as 

described by Davidovich et al53

Centrifuged at 

2,000×g for 

10 min at room 

temperature

RNA sequencing, 

Real-Time PCR

miR-1307-5p

Patel et al 

202354

India 28; (0/28), 

(NR)

8; (0/8), 

(NR)

OSCC Patients: OSCC, primary 

subsite buccal mucosa, 

etiology smokeless 
tobacco, males

Patients: subsites: tongue, 

larynx, pharynx, 

hypopharynx, benign 
leukoplakia, HPV, HIV, HCV, 

and HbsAg-positive 

malignancies, pediatric 

cases, patients initially 
treated with other adjuvant 

therapeutic modalities

NR Whole unstimulated saliva 

collected into a sterile tube as 

described by Ventura et al55

Centrifuged at 

2,000×g for 

10 min at 37 °C, 
stored at −80 °C

RNA sequencing, 

qRT-PCR

miR-140, miR-143, miR- 

145

(Continued)
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Table 2 (Continued). 

Author, year Setting Study 
group;  
(F/M), Age

Control 
group;  
(F/M), Age

Diagnosis Inclusion Criteria Exclusion Criteria TNM 
stages

Type of Saliva and Method 
of Collection

Centrifugation 
and Storing

Method of 
Marker 
Determination

Potential Biomarkers

Sharma et al 

201156

USA 5; (NR), NR 5; (NR), NR OC Patients: OC NR NR 1 mL of saliva collected Centrifuged at 

2,600×g for 

15 min, 12,000×g 

for 20 min, and 
120,000×g for 

180 min

AFM, Western 

blot, SMFS

Exosomes, CD63

Sun et al 

202357

China 40; (NR), 

(NR)

30; (NR), 

(NR)

OSCC Patients: OSCC NR NR Saliva collected between 9 and 

10 AM, the post-surgical saliva 

of patients were obtained about 

1 month after oral operation, 
no smoking, drinking, eating for 

1 h before saliva collection

Centrifuged at 

2,500×g for 

15 min, stored at 

−80 °C

LC-MS/MS, label- 

free quantitation, 

prm-FASEF

NHERF-2, HEP2, MMP25, 

ACLY, PGM 1, KPCD

Tang et al 

202158

United 

Kingdom

10; (0/10), 

62 (50–78)

20; (4/16), 

58.5 (45–74)

OPC Patients: HPV16-positive 

OPC

NR II: all Unstimulated saliva collected as 

described by Tang et al59 by 

drooling into a 50 mL falcon 
tube, saliva pooled in the 

mouth, kept on ice

Centrifuged at 

16,000×g for 

20 min at 4 °C, at 
100,000×g for 

120 min at 4 °C, 

stored at −80 °C

qPCR, SWATH- 

MS

HPV16 DNA, ALDOA, 

LDHA, LDHB, PGK1, 

GAPDH, PKM

Tengler et al 

202460

Germany 19; (2/17), 

65

8; (NR), NR HNSCC Patients: HNSCC NR T1: 0; T2: 

12; T3: 3; 

T4: 4; I: 4; 
II: 5; III: 4; 

IV: 6

Saliva collected between 7 AM 

and 10 AM using salivettes, 

samples immediately kept on 
ice

Centrifuged at 

1,000×g for 2 min, 

stored at −80 °C

Flow cytometry FasL, PD-L1

Wang et al 

202061

United 

Kingdom

10; (NR), 

(NR)

NR OPC Patients: HPV-related OPC NR NR Saliva collected by spitting into 

a collection pot after gargling 

for 2 min

Centrifuged at 

1,500×g for 

10 min, stored at 
−80 °C

Acoustofluidic 

isolation 

technology, 
ddPCR

HPV16 DNA

Winck et al 
201562

Brazil 7; (NR), 
(NR)

10; (NR), 
(NR)

OSCC Patients: OSCC NR NR Whole saliva collected into 
a glass recipient

Immediately 
frozen at −80 °C

LC-MS/MS, label- 
free protein 

quantification

Mucin-5B, Ig alpha-1 chain 
C region, Galectin- 

3-binding protein, 

Prolactin-inducible protein, 

Haptoglobin; Haptoglobin 
alpha chain, Pyruvate 

kinase isozymes M1/M2, 

Alpha-2-macroglobulin, 

Glyceraldehyde- 
3-phosphate 

dehydrogenase
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Zhong et al 

201963

China OSCC: 65; 

(NR), NR; 

OU: 21; 

(NR), NR

42; (NR), 

(NR)

OSCC OSCC patients: OSCC, 

free of any other systemic 

disease including diabetes 

and cardiovascular 
disorders; OU patients: 

OU

NR NR 5 mL of unstimulated saliva 

collected between 9 AM and 10 

AM, no oral hygiene 

procedures, smoking and 
alcohol drinking inhibited, no 

drinking and eating for at least 

1 h before saliva collecting

NR Flow cytometry microvesicles

Zlotogorski- 

Hurvitz et al 

201964

Israel 21 (12 

pooled into 

1, 9 analyzed 
individually); 

(8/13), 

(38–81)

13 (8 pooled 

into 1, 5 

analyzed 
individually); 

(3/10), 

(28–52)

OC Patients: OC Controls: any pathological 

lesions

T1-2/ 

N0M0: 

10; 
advanced 

stage: 13

Unstimulated whole saliva 

collected; from OC patients 

prior to any anti-cancer 
treatment

Centrifuged at 

3,000×g for 

20 min at 4 °C, 
stored at −70 °C

FTIR spectra, 

Western blot, 

NTA

Exosomal spectra

Abbreviations: AFM, atomic force microscopy; Ag, antigen; DLS, dynamic light scattering; ddPCR, droplet digital polymerase chain reaction; EGFR, epidermal growth factor receptor, ELISA, enzyme-linked immunosorbent assay; EVs, 
extracellular vesicles; FTIR, Fourier-transform infrared spectra; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HNSCC, head and neck squamous cell carcinoma; HPV, human papilloma virus; Ig, immunoglobulin; LC-MS/MS, 
liquid chromatography-mass spectrometry/mass spectrometry; LNM, with lymph node metastasis; miRNA-seq, miRNA sequencing; MRI, magnetic resonance imaging; NLNM, without lymph node metastasis; NR, not reported; NTA, 
nanoparticle tracking analysis; OPC, oropharyngeal cancer; OPMD, oral potentially malignant disease; OPSCC, oropharyngeal squamous cell carcinoma; OSCC, oral squamous cell carcinoma; OR, oral cancer; OU, oral ulcer; prm-PASEF, 
parallel reaction monitoring with parallel accumulation-serial fragmentation; qPCR, quantitative polymerase chain reaction; Real-Time PCR, real-time polymerase chain reaction; RT-qPCR, quantitative real-time polymerase chain reaction, 
quantitative reverse transcription polymerase chain reaction; SMFS, single-molecule force spectroscopy; SWATH-MS, sequential window acquisition of all theoretical mass spectra.
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3,000×g, followed by ultracentrifugation. Most samples were stored at −80 °C. A wide range of methods was employed 
for biomarker identification, with PCR-based techniques being the most common (used in eight studies), followed by 
mass spectrometry (used in six studies).

Quality Assessment
Figure 3 reports the summarized quality assessment, according to the “Study Quality Assessment Tool” issued by the 
National Heart, Lung, and Blood Institute within the National Institute of Health.37 The most frequently identified risks 
of bias were the lack of information on blinding and randomization (reported in all studies), as well as the absence of 
sample size justification (noted in twenty-one studies). Critical appraisal was conducted by assigning points to each 
criterion of potential bias (1 point for low risk, 0.5 for unclear risk, and 0 for high risk). Based on the total scores, four 
studies (17.4%) were classified as having “good” quality (≥80% of the total score), while nineteen studies (82.6%) were 
considered to have “intermediate” quality (≥60% of the total score).

All included studies were classified as level III or IV evidence (case-control studies) according to the five-level scale 
of the Oxford Centre for Evidence-Based Medicine for diagnostic studies.65

Discussion
Oral Cancer
Oral cancer is considered one of the most prevalent cancers within the head and neck.66 It constitutes a significant public 
health problem with increasing morbidity among young patients. Poor public awareness hinders early diagnosis, 
contributing to a high mortality rate.67 Importantly, this cancer is considered preventable since most of the risk factors, 
including betel nut chewing, alcohol consumption, and tobacco use, can be avoided.68 The term oral cancer generally 
comprises neoplasms located in the inner lip, hard and soft palate, dorsal surface of the tongue, gums, buccal mucosa, 
and floor of the mouth.69 Approximately 90% of oral malignancies constitute oral squamous cell carcinoma (OSCC).70 

OSCC in its early stage is usually painless, but as the lesions progress, nodularity, ulceration, or tissue attachment may 
appear, leading to discomfort.71 Oral potentially malignant disorders (OPMDs), which include oral leukoplakia and 
erythroplakia, oral submucous fibrosis, proliferative verrucous leukoplakia, and oral lichen planus/lichenoid lesions, 
predispose to the development of OSCC.72,73 The primary method of OSCC treatment is surgical resection assisted with 
chemo- or radiotherapy, if needed. Other treatment options include immunotherapy, immune checkpoint inhibitors, 
monoclonal antibodies, photodynamic therapy, or cyclooxygenase-2 inhibitors.74

On the other hand, OSCC diagnosis is established with the help of visual examination, biopsy, toluidine blue or Lugol 
iodine staining, oral brush biopsy, light-based detection system, cell-free DNA biomarkers, radiological imaging, and 
saliva-based biomarkers.74,75 Saliva contains various compounds that may serve as potential biomarkers, including DNA 
and RNA molecules, cytokines, circulating or tissue-derived cells, and EVs.76 Evidence shows that EVs play a pivotal 
role in oral cancer pathology, regulating tumorigenesis by transferring proteins and microRNAs (miRNAs), modulating 
the immune system, and contributing to lymphangiogenesis. Moreover, EVs impact natural killer cells, tumor-associated 
macrophages, and drug resistance during oral cancer treatment.77

In a study by Bozyk et al,39 eight proteins (AL9A1, GDIB, LOXL2, PLCD1, AMER3, SPB13, HEP2, SPD2b) were 
significantly more abundant in salivary exosomes of OSCC patients compared to controls. These proteins were mostly 
linked with cancer development, participating in processes like protein homeostasis, cell migration and invasion or Wnt 
signaling. Further investigation using Western blot confirmed a decreased abundance of LOXL2, AMER3, ALD9A1, and 
PSB7 in controls compared to both patient groups. A combined panel of PSB7, AMER3, and LOXL2 provided the best 
results in discriminating between healthy participants and OSCC patients (AUC 0.96, specificity 100%, sensitivity 75%), 
indicating its potential in the OSCC diagnosis.

Another research focused on miRNAs. MiR-10b-5p tended to be downregulated, while miR-486-5p upregulated in 
the oral and oropharyngeal SCC patients group compared to healthy controls; however, without statistical significance. 
Interestingly, miR-10b-5p expression was decreased in stage IV and increased in stage II and III, while miR-486-5p was 
elevated in stage II compared with stage III and IV. Concomitantly, miR-486-5p expression was upregulated in grade 1 
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(G1) SCC compared to G3 SCC, whereas miR-10b-5p was decreased in G2 and increased in G1 and G3. In non- 
keratinizing SCC tumors, miR-486-5p was upregulated, and miR-10b-5p was downregulated. None of these observations 
was statistically significant; the AUC of these miRNAs varied between 0.50 to 0.89 in detecting oral or oropharyngeal 
cancer (0.72 and 0.59 for combined malignancies), limiting their potential use in cancer diagnosis.41

Figure 3 Quality assessment, including the main potential risk of bias (risk level: green – low, yellow – unspecified, and red – high; quality score: green – good, yellow – 
intermediate, and red – poor).
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An interesting method was employed by Faur et al.42 Similarly to the previous study, patients with oropharyngeal 
SCC and OSCC were grouped together. The authors investigated the surface-enhanced Raman spectra (SERS) of salivary 
exosomes. The analysis revealed significant differences between the mean intensities of cancer and control groups, 
especially in the 1740–2540 cm−1 range and other sparse values (350, 700, 960, 1170, 1320, 1500 cm−1, and others). The 
ROC analysis of salivary exosomes SERS spectra in cancer discrimination exhibited satisfactory values of AUC for the 
2000–2200 cm−1 range but worse for a full range of spectra (AUC 0.751 and 0.654, respectively).

Another approach utilized a magnetic microfluidic device to investigate salivary Annexin V− EGFR+ EV and Annexin 
V+ EGFR+ EV subpopulations. The EGFR (epidermal growth factor receptor) is a cell-surface protein that participates in 
migration, proliferation, DNA synthesis, and adhesion. Additionally, EGFR overexpression is associated with increased 
metastatic potential and poor prognosis in oral cancer.78 The level of total EGFR+ EVs was significantly increased in 
OSCC patients compared to controls. Moreover, the level of Annexin V+ EGFR+ EVs was significantly elevated in 
patients with stage T3 and T4 OSCC compared to T1 and T2 stages of OSCC. Furthermore, the ratio of Annexin V+ 

EGFR+ EVs to Annexin V− EGFR+ EVs decreased with the ascending tumor volume. These results indicate that Annexin 
V+/V− EGFR+ EVs may be considered as potential tools in OSCC detection and disease monitoring.43

Similarly, another study revealed that in non-apoptotic salivary microvesicles with Annexin V−, AXL protein and 
EGFR were significantly upregulated compared with apoptotic salivary microvesicles with Annexin V.+50 In parallel to 
EGFR, AXL is involved in several signal transduction cascades and biological processes including cell survival, 
proliferation, migration, angiogenesis, platelet aggregation and fibrosis.79 The levels of non-apoptotic salivary micro-
vesicles were significantly decreased in healthy individuals and OSCC patients with T1 to T2 stages with respect to 
OSCC patients with T3 to T4 stages. Notably, comparing a smaller sample of healthy controls and OSCC patients, there 
was a significantly upregulated ratio of Annexin V−/EGFR+ microvesicles in the latter group. This ratio was also 
significantly linked with tumor T stage, indicating the potential use of non-apoptotic salivary microvesicles in the 
detection and prognosis of OSCC.50

A considerable panel of potential OSCC biomarkers was proposed in a proteomic study investigating salivary EVs. 
Among cancer patients, twelve had lymph node metastasis (LNM), while six did not have (NLNM). The authors found 
235 significantly differentially modulated proteins in the comparison of controls and NLNM patients (91 down- 
represented and 144 up-represented proteins), 157 in the comparison of controls and LNM patients (89 down- 
represented and 68 up-represented proteins), and 189 in the comparison of NLNM and LNM patients (119 down- 
represented and 70 up-represented proteins). Proteins found in samples of cancer patients were associated with 
antimicrobial properties, acute inflammatory response, regulation of blood coagulation, and plasma lipoprotein particle 
remodeling.44

On the other hand, Gai et al45 investigated salivary EVs miRNAs and revealed eleven significantly deregulated 
miRNAs in the comparison of OSCC and control groups (upregulated: miR-412-3p, miR-489-3p, miR-512-3p, miR-597- 
5p, miR-603; downregulated: miR-30e3p, miR-193b-3p, miR-376c-3p, miR-484, miR-720, miR-93-3p). Further analysis 
of chosen miRNAs confirmed exclusive detection of miR-302b-3p and miR-517b-3p only in the OSCC group and 
significant upregulation of miR-512-3p and miR-412-3p in patients compared to controls. The latter finding was 
evaluated with ROC analysis, which exhibited satisfactory results for both miRNAs (AUC 0.847 and 0.871, miR-512- 
3p and miR-412-3p, respectively). Additionally, investigation of these miRNAs suggested their probable involvement in 
various pathways activated in OSCC (TGF-β, ErbB signaling, signaling regulating pluripotency of stem cells, proteo-
glycans- or lysine-associated pathways), which, combined with satisfactory performance, increases their potential in 
OSCC diagnosis.

A similar approach revealed that in comparison with healthy individuals, 109 exosomal miRNAs were significantly 
altered in OSCC patients (50 upregulated, 59 downregulated). For further investigation, only miR-24-3p was selected.46 

This miRNA is implicated in cancer pathogenesis since it induces cell proliferation and regulates chemosensitivity.80 In 
OSCC patients, the salivary exosomal miR-24-3p level was significantly higher than in controls. The diagnostic power of 
this miRNA in distinguishing between OSCC patients and healthy individuals was relatively satisfactory (AUC 0.738), 
which suggests its potential in OSCC detection.46
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Nakamichi et al51 analyzed salivary exosomal Alix (programmed cell death 6-interacting protein) among 23 OSCC 
patients and 20 healthy donors. The salivary exosomal Alix levels were significantly elevated in patients compared to 
controls. No OSCC stage-dependent pattern was observed. The performance of salivary exosomal Alix in the detection of 
OSCC reached fair AUC (0.712) and excellent specificity (100%) but low sensitivity (34.8%). This research shows 
salivary exosomal Alix as a poor biomarker for early OSCC detection but good for diagnostic confirmation.

Another research investigated OSCC salivary exosomes and revealed three significantly expressed miRNAs, unique 
for salivary exosomes of OSCC patients. One of them, miR-1307-5p, was significantly upregulated in salivary exosomes 
and tissue samples of OSCC patients compared to healthy controls. Moreover, the predictive power of this miRNA was 
determined with ROC analysis, reaching excellent results (AUC 0.99). Interestingly, salivary exosomal miR-1307-5p 
levels were significantly elevated in chemoresistant patients, patients with high-grade tumors and LNM (compared to 
patients with complete remission, patients with low-grade tumors and NLNM, respectively). Concomitantly, evidence 
shows that miR-1307-5p is implicated in cancer pathogenesis by modulating cell apoptosis, proliferation, maintenance of 
cancer stem cells, and angiogenesis. These findings implicate salivary exosomal miR-1307-5p as a potential biomarker 
for OSCC diagnosis, prognosis, and monitoring.52

A similar approach was presented by Patel et al;54 seven miRNAs (let-7i, miR-21, miR-30a, miR-140, miR-143, miR- 
145, miR-423) had significantly differential expression in both salivary exosomes and tissue of OSCC patients with 
respect to controls. ROC analysis indicated that a combination of salivary exosomal miR-140, miR-143, and miR-145 
provides excellent results in detecting OSCC patients (AUC 0.99). Moreover, the authors observed a significant down-
regulation of salivary exosomal miR-140 and miR-143 in advanced cancer-stage patients. An integrated network analysis 
revealed that these miRNAs may modulate sixteen potential hub genes, known as driver candidates responsible for the 
initiation and progression of oral cancer. Collectively, these findings suggest the potential utility of this 3-miRNA panel 
in OSCC detection, monitoring, and prognosis.

On the other hand, a proteomic study provided potential biomarker candidates for OSCC surgical treatment monitoring. 
The results revealed 132 upregulated phosphoproteins and 315 upregulated proteins in OSCC patients, respectively, among 
more than 1000 EV phosphoproteins and 2500 EV proteins. Additionally, ten proteins showed distinctive changes between 
pre- and post-surgical samples, and a ten-protein panel exhibited excellent results in distinguishing between these samples 
(ROC analysis AUC 0.90). Among them, six proteins (3 full proteins: NHERF-2, HEP2, MMP25, and 3 phosphoproteins: 
ACLY, PGM 1, KPCD) were sensitive to surgical status in at least 80%, with HEP2 being the most sensitive.57

Another proteomic study identified eight EV proteins with differential expression levels between OSCC and healthy 
control groups (Mucin-5B, Ig alpha-1 chain C region, Galectin-3-binding protein, Prolactin-inducible protein, 
Haptoglobin; Haptoglobin alpha chain, Pyruvate kinase isozymes M1/M2, Alpha-2-macroglobulin, Glyceraldehyde- 
3-phosphate dehydrogenase). Concomitantly, four and eighteen proteins were detected exclusively in OSCC and control 
samples, respectively. Interestingly, proteins found in OSCC patients were associated with cellular growth, proliferation 
and molecular transport, mainly comprising metals. This finding indicates their role in the tumor microenvironment and 
opens up possibilities for further research.62

Finally, Zhong et al63 presented promising results of salivary microvesicles in OSCC detection and prognosis. The 
level of salivary microvesicles was significantly elevated in the OSCC group compared to patients with oral ulcer (OU) 
and controls. Moreover, OSCC LNM patients or patients with higher cancer stages (III and IV) had significantly 
increased levels of salivary microvesicles with respect to NLNM patients or those with lower cancer stages (I and II), 
respectively. Furthermore, salivary microvesicle levels significantly correlated with vascular endothelial growth factor 
C (VEGF-C) expression in OSCC patients. Importantly, VEGF-C, a pro-lymphangiogenic growth factor, contributes to 
cancer development by promoting metastasis. Interestingly, the authors observed equal proportions of apoptotic and non- 
apoptotic salivary microvesicles in all groups. Nevertheless, the percentage of apoptotic microvesicles was significantly 
elevated in OSCC patients with lower pathological grades (I and II) with respect to those with a higher grade (III). 
Concomitantly, the ratio of apoptotic to non-apoptotic microvesicles significantly and negatively correlated with 
pathological grade. Additionally, a higher ratio of apoptotic to non-apoptotic microvesicles significantly predicted 
a better survival rate among OSCC patients.
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Three studies investigated oral cancer without a precise specification of the histological type. Bano et al38 analyzed 
salivary exosomes among three groups: oral cancer patients, healthy smokers, and non-smoking controls. Nanoparticle 
size was significantly larger in the cancer group compared to the remaining participants when measured by dynamic light 
scattering, but the differences disappeared in nanoparticle tracking analysis. Interestingly, controls demonstrated 
a significantly lower proportion of standard-sized exosomes compared to cancer patients. Salivary exosomes exhibited 
the highest exosomal concentrations in oral cancer patients, while smokers showed elevated particle concentrations 
compared to non-smoking controls. Concomitantly, a Fourier-transform infrared (FTIR) spectroscopy investigation 
revealed that the intensity ratios of I1156/I2922, I1645/I1079, I1645/I2958, I1315/I2922, I1645/I1315 (all in cm−1) 
were the highest in oral cancer patients (with a significant difference) followed by smokers and controls. Moreover, FTIR 
peaks at 1156 cm−1 and 1079 cm−1, accredited to the carbohydrate part and the symmetric vibrations of the PO4 group of 
nucleic acids, presented an analogical pattern, with cancer patients having the highest peak levels. These findings provide 
insights into the properties of salivary exosomes in distinguishing between oral cancer patients, high-risk smokers, and 
healthy controls, suggesting their potential role in biomarker development.

Similarly, Sharma et al56 noticed a significantly increased size of exosomes in oral cancer patients compared to non- 
cancer controls. The authors observed a two to four-fold increase in the density of exosomes in the cancer group with 
respect to healthy donors. Interestingly, in several oral cancer samples, exosomes were enclosed by multi-vesicular 
bodies. Additionally, cancer exosomes exhibited a significantly higher density of surface CD63 molecules.

A study by Zlotogorski-Hurvitz et al64 showed considerably larger diameters of salivary exosomes in the oral cancer 
group compared to controls. Moreover, CD9, CD63, CD81 molecules were more prominent in the cancer samples. FTIR 
attenuated total reflection spectra revealed that oral cancer samples consistently differed from non-cancer controls at 
1072 cm−1 (nucleic acids), 1543 cm−1 (transmembrane proteins), 2854 cm−1, and 2924 cm−1 (membranous lipids). In 
addition, the intensity ratios of I1033/I1072, I1404/I2924, and I2924/I2854 (all in cm−1) were significantly higher in 
patients compared to healthy individuals. Two classification models based on the ratios of I1037/2924, I2854/2874 (all 
in cm−1), spectra absorbance bands in the 900 cm−1–3700 cm−1, and the area under the absorbance spectrum from 
950–1500 cm−1, 1720–1760 cm,−1 and 2820–3000 cm−1 provided excellent results (sensitivity 100%, specificity 89%, 
accuracy 89–100%). These findings suggest a potential use of FTIR spectra in oral cancer detection. In contrast, 
differences in exosome size, as suggested in this study and in a few studies regarding oral cancer,38,56,64 are opposed 
by other OSCC studies that describe no significant differences in exosome size.39,52

Oropharyngeal Cancer
Oropharyngeal cancer (OPC) refers to malignancies found in the lateral and posterior pharyngeal walls, the tonsils, the 
soft palate, and the posterior one-third and base of the tongue. The prevalence of OPC is associated with its risk factors, 
which include tobacco smoking, HPV, alcohol consumption, and areca nut chewing.81 Oropharyngeal squamous cell 
carcinoma (OPSCC) occurs in approximately 90% of cases.82 On the other hand, HPV-positive OPC constitutes one- 
fourth of all cancers related to the head and neck.83 Usually, HPV-positive OPC is associated with younger patients with 
better prognosis; nevertheless, significant disabilities linked to cancer treatment in advanced stages underscore the need 
for early detection of this cancer.84 One of the potential biomarkers for OPC detection might be EVs, which are secreted 
by tumor cells and contain particles present in these cells.85

Two studies regarding OPSCC have already been described above.41,42 Two other papers refer to OPC without stating its 
squamous type. One of them, comprising HPV-positive OPC patients, revealed that in salivary exosomes, HPV16 E6/7 DNA 
was detected in 80% of cancer samples and in none of the healthy controls. Moreover, 36 proteins in salivary exosomes were 
differentially expressed between groups (18 upregulated and 18 downregulated). Interestingly, six main glycolytic enzymes 
were significantly upregulated in salivary exosomes of OPC patients. These enzymes included Aldolase 19 (ALDOA), Lactate 
dehydrogenase A/B 20 (LDHA; LDHB), Phosphoglycerate kinase 1 (PGK1), Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH), and Pyruvate kinase M1/2 (PKM). The ROC analysis indicated that the best results in discriminating healthy and 
HPV-OPC patients reached LDHB (AUC 0.93), while the rest of the enzymes exhibited relatively satisfactory performance 
(AUC 0.785–0.73).58 Interestingly, evidence indicates that LDH might be involved in cancer pathways, since LDH may reflect 
the level of hypoxia in cancer cells predicting patients’ prognosis.86
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Wang et al61 recruited 10 hPV-positive OPC patients to detect HPV16 in various salivary EVs. The majority (92%) of 
HPV16 signals were located in exosome fraction, approximately twelve times higher than in microvesicles. Using 
acoustofluidic isolation technology with droplet digital PCR assay, the authors detected HPV16 in 80% of HPV-positive 
OPC patients, which suggests that this method may evaluate HPV16 risk of developing OPC.

Head and Neck Cancer
Four other studies discussed head and neck cancers without exact specification of one localization of the tumor. In 2022, 
Hofmann et al47 suggested various possibilities for the potential detection of HNSCC. A significantly higher relative 
fluorescent intensity was observed for PD-L1, CD39, and CD44v3 in the salivary exosomes of the cancer group 
compared to controls. Moreover, there was a significantly elevated production of immune suppressive adenosine in 
salivary exosomes of HNSCC patients. Additionally, the analysis revealed eight miRNAs (hsa-miR-21-5p, hsa-miR 
-133a-5p, hsa-miR-203a-3p, hsa-miR-378e, hsa-miR-378i, hsa-miR-1253, hsa-miR-1283, hsa-miR-4516) with signifi-
cantly lower expression ratios in the cancer group, with hsa-miR-133a-5p having the highest significance.

Another study presented an intra-correlation analysis of co-expressed salivary exosomal miRNAs in HNSCC, which 
revealed the strongest correlation for hsa-miR-765, hsa-miR-1245b-5p, and hsa-miR-1271-5p. Hsa-miR-519c-3p pro-
vided the best results as a prognostic indicator of disease-free survival. Interestingly, the comparison of HPV-negative 
and HPV-positive HNSCC showed that hsa-miR-183-5p, hsa-miR-205-5p, and hsa-miR-4454 + 7975 exhibited signifi-
cantly increased levels in the latter group. Concomitantly, three miRNAs (hsa-miR-411-5p, hsa-miR-744-5p, hsa-miR 
-3144-3p) were significantly upregulated in patients with a higher stage of HNSCC compared to those with lower stage, 
suggesting the diagnostic potential of miRNAs in HNSCC detection and prognosis.48

Both studies mentioned above determined molecular functions of investigated miRNAs in the context of HNSCC 
development. These functions included cell-to-cell signaling involving RAS/MAPK, NF-κB complex, Smad2/3, and 
IFN-α pathways, cellular assembly, development, growth, proliferation, organization, maintenance, function, and cellular 
response to therapeutics, as well as DNA replication.47,48

Similarly, Langevin et al49 analyzed miRNAs in two cohorts of participants. In the initial testing, either salivary 
exosomal miR-486-5p or miR-486-3p combined with miR-10b-5p enabled discrimination of 80% of HNSCC patients 
from controls. In the validation stage, miR-10b-5p and miR-486-5p enabled discrimination of patients and controls with 
a sensitivity of 18% and 45% and specificity of 100% and 89%, respectively. Importantly, miR-486-5p could identify 
patients with the early stage of HNSCC. Nevertheless, low sensitivity questions the utility of these miRNAs in HNSCC 
detection.

A recent research showed that salivary exosomal PD-L1, FasL, and TGF-β had elevated levels in the HNSCC group 
compared to controls. Furthermore, levels of these three molecules were more pronounced in patients with HPV-negative 
than HPV-positive HNSCC and with advanced than early stages of HNSCC. However, tetraspanin positive analysis 
reached a significance level only for FasL and PD-L1 (regarding the level between cancer/non-cancer and HPV positive/ 
negative, respectively), indicating these two immunomodulatory proteins as potential candidates for HNSCC 
diagnosis.60,87 Interestingly, both FasL and PD-L1 are involved in HNSCC pathology, contributing to patients’ prognosis 
and survival.88,89 Additionally, the average median count of tetraspanin-positive CTLA-4+ particles doubled in the 
HNSCC group compared to controls, but there was no difference with regard to HPV-related HNSCC.60

Study Limitations
There are some limitations in this paper. The included studies are heterogeneous in terms of the types of salivary EVs 
investigated, diagnosis of various cancers, and inclusion or exclusion criteria for participants. In most cases, eligible studies 
investigated diverse potential biomarkers, which hindered comparing their utility. Additionally, only some papers included 
the results of ROC analysis to assess the diagnostic power of potential salivary biomarkers in HNC detection. The risk of 
bias was increased due to limited data regarding blinding, randomization and sample size justification. The eligible studies 
also underscore the absence of standardized methods for EVs isolation or quantification, limiting the reproducibility of 
utilizing salivary EVs in cancer diagnostics. Indeed, the selection of a particular isolation technique may influence the 
composition of purified EVs subpopulations, contributing to different results. Furthermore, difficulties encountered in the 
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laboratory processes during EVs isolation and analysis, limited number of participants, diminishing statistical power, as 
well as heterogeneity among EVs subpopulations are other limitations mentioned in the included studies.

Existing Limitations in Using EVs
Medicine requires non-invasive methods for early cancer detection, based on more appropriate and specific biomarkers. 
Therefore, the collection of EVs is of great importance. Clinical validation of EVs-based diagnostic tests is essential, as it 
will pave the way for new diagnostic techniques in medicine. Unfortunately, these techniques still face several limitations.

Firstly, there is a need to develop standardized procedures to ensure a high-quality input material and inter-batch 
comparability during the sample acquisition process.91 Secondly, the isolation of EVs remains a significant challenge, 
primarily due to low efficiency. Current isolation procedures include ultracentrifugation, ultrafiltration, size-exclusion 
chromatography, polyethylene glycol (PEG)-based precipitation, microfluidics-based techniques, and various commercially 
available EVs isolation kits.90–92 The choice of an appropriate isolation method should always be adjusted to the type of 
material collected, taking into account its source. In some cases, a combination of different methods is necessary.93

Each method has its advantages and disadvantages. For example, ultrafiltration is relatively expensive and can 
damage EVs, but the isolation procedure itself is extremely simple.90,94 The size-exclusion chromatography method is 
more cost-effective and gentler on EVs.92 Density gradient centrifugation facilitates the separation process and yields 
clean samples, but its long duration and requirement for specialized equipment limit its broader application.94

EVs can be characterized by specific receptors on their membrane. However, the latest research shows that they are 
often only weakly enriched in membrane receptors, and their specificity may vary depending on the composition of the 
biofluid from which they are isolated.90 One promising isolation approach involves using magnetic beads for EVs 
analysis.94 For instance, immunoaffinity capture techniques isolate exosomes by recognition of surface proteins such as 
CD81, CD63, and CD9. These types of extraction methods are commonly used for isolating EVs from saliva.91

Storage of EVs for future analysis presents another challenge. Their stability is driven by several factors, including 
temperature. For example, EVs remain stable at 4°C for up to one week. Storage in liquid nitrogen results in long-term 
preservation of EVs concentration. Additionally, it is also crucial to minimize freeze-thaw cycles during transportation 
and storage to maintain sample integrity.94

Despite growing knowledge about EVs, their analysis remains challenging. Further research, including clinical 
studies, is needed to improve laboratory techniques. Fundamental aspects still require clarification - for example, forcing 
large-scale EVs production from cell lines, transitioning from 2D to 3D cell cultures, developing standardized isolation 
protocols, ensuring purity and quality control, among others. Moreover, the clinical usefulness of novel biomarkers must 
be confirmed through comprehensive validation studies.90

Conclusions
Early detection plays a pivotal role in the management of head and neck cancers. This systematic review highlights the 
potential of salivary extracellular vesicles as promising biomarkers for the diagnosis of these cancers. Notably, several 
studies reported excellent diagnostic performance in distinguishing cancer patients from healthy individuals. In addition 
to cancer detection, some EV-based biomarkers have also been proposed for monitoring disease progression and 
predicting prognosis. However, further research involving larger and more diverse populations is necessary to fully 
evaluate their clinical utility in head and neck cancer detection.
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