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The early detection of cancer, and in particular oral cancer, has been a priority objective of study in recent years. Saliva has been
proposed as an easy-to-obtain means of providing the necessary information to diagnose malignant lesions in the oral cavity, since
it can be obtained very easily and completely noninvasively. There are a number of molecules, known as biomarkers, which may
be involved in the malignant transformation of oral lesions, and which have different natures. The involvement of proteins
(“proteomics”), metabolites (“metabolomics”), and even certain genes in the structural changes of altered tissue has been
investigated in order to establish validated parameters for the early diagnosis of oral cancer. In addition, the development of
new analytical assay methods that can reduce costs and obtain better results in terms of sensitivity and specificity has been a
key point in recent research in this field. Even though there are numerous biomarkers with results showing high sensitivity and
specificity, there is still a need for more studies, with a larger sample and with analytical methods that can constitute a real
advance in time and cost. Although salivary biomarkers are a promising new diagnostic tool for oral cancer, for the moment

they do not replace biopsy as the “gold standard”.

1. Introduction

Oral cancer is the sixth most common cancer worldwide [1].
Tobacco use, alcohol consumption, and overinfection with
some oncogenic papillomavirus (HPV) serotypes have been
shown to be the main risk factors for developing oral cancer.
In addition, other factors such as sun exposure and chronic
mucosal irritation are also considered factors that may
increase the risk of developing oral cancer [2]. Moreover,
diet has also been suggested as a protective or risk factor
for oral cancer according to Rodriguez-Molinero et al. [3].

Performing an early diagnosis is necessary to obtain bet-
ter prognosis and survival rates, in addition to improving the
quality of life of patients [4].

Intraoral systematic examination of high risk of malig-
nancy areas is a key point for the diagnosis of oral cancer.
Nowadays, the gold standard for the diagnosis of oral cancer
is still the biopsy and histopathological examination, but
lately, the scientific community has been trying to find other
tools to be able to perform early diagnosis of oral cancer in a
less invasive way, introducing salivary diagnostics of bio-
markers that could be used as screening and monitoring
prognosis of the disease [4-6].

According to the FDA-NIH Biomarker Working Group, a
biomarker is defined as a characteristic that is measured as an
indicator of normal biological processes, pathogenic processes,
or responses to an exposure or intervention. Biomarkers
should be tested and validated in terms of specificity and
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sensitivity. Thus, biomarkers could be diagnostic, monitoring,
pharmacodynamic/response biomarkers, predictive, and
prognostic [7].

Saliva is a complex secretion, consisting of 98% water
and organic and inorganic particles [8]. Its secretion is regu-
lated by the autonomic nervous system. Whole saliva or oral
fluid refers to the liquid made up of salivary gland secretion,
crevicular fluid, epithelial cells shed from the oral mucosa,
and food debris [9]. Other components may include DNA,
proteins, metabolites, RNA, and microbiota which have been
proposed as biomarkers of certain diseases. Collecting saliva
is easy, noninvasive, and well tolerated by patients [10]. As a
result, point-of-care device technology has been a break-
through in the detection of oral and systemic diseases such
as viral (including SARS-CoV-2), bacterial or fungal infec-
tions, and cancer or genetic disorders [11, 12]. Therefore,
saliva can be considered a suitable, convenient, and extraor-
dinary diagnostic biofluid [13].

Researchers have classified these biomarkers into fields
or boxes of knowledge, under the term of “OMICS” (or
“SALIVAOMICS”), including genome and epigenome (the
study of genes and methylation), transcriptomics (the study
of mRNA within cells or organisms), metabolomics (the
study of global metabolite profiles in a system), lipidomics
(the study of the lipidic profile), proteomics (the study of
proteins), and microbiota (the study of microbiology) [14].

The purpose of this review is to highlight the recent
advancements in the OMIC disciplines concerning oral can-
cer diagnostic biomarkers.

2. Material and Methods

A search was carried out using the databases PubMed, Med-
line and SCOPUS with keywords “saliva”; “oral cancer”;
“cancer biomarkers”; “oral cancer detection”; “mRNA”;
“proteomics”; and “metabolomics” in various combinations,
using the Boolean operators “AND” and “OR”. To make
sure the subject to be reviewed was up to date, the search
was limited to articles published in the last 5 years, more
specifically between January 2016 and July 2021. The search
was limited to articles published in English, and related to
studies carried out with saliva in humans. Studies that ana-
lyzed oropharyngeal cancer without specifying location were
eliminated. Review articles, opinions, letters to the editor,
editorials, news, clinical cases, in vitro studies, and any clin-
ical trials not based on a case-control study were excluded.

3. Results

The initial search resulted in 390 articles. A first selection
reduced this number to 178 articles with possible interest.
Subsequently, the titles were preliminarily assessed, and
unpublished articles in English were excluded as well as
reviews, letters to the editor, news, opinions, and clinical
cases, resulting in a total of 66 articles available for use. After
a more exhaustive assessment of the abstract, it was decided
to eliminate 19 articles due to the following reasons: (1)
studies in “in vitro” models, (2) studies in nonhuman
models, (3) studies that made reference to other types of

BioMed Research International

cancers, (4) studies that referred generically to head and
neck cancers, (5) studies that did not have a control group,
and (6) studies that did not establish a precise methodology.
Finally, 47 studies were selected. The search sequence is
reflected in Figure 1.

4. Discussion

The collection of saliva can be considered a useful and con-
venient method for noninvasive diagnosis of certain dis-
eases, within this oral cancer [15]. In most of the articles
reviewed, saliva collection took place in the mornings
[16-32]. Salivary secretion varies throughout the day and is
influenced by factors such as temperature, the different sea-
sons of the year, the individual’s hydration status, and the
medication they take [10]. Not to forget the different types
of diet that also alters salivary composition. The same sub-
ject is likely to have different rates of salivary secretion at dif-
ferent times of the day [15].

Regarding the sample collection, a certain preference for
collecting unstimulated saliva stands out: only two studies
used stimulated saliva [29, 33], and only one indicated that
the patient should spit [34]. The preferred method of collec-
tion is “unstimulated whole saliva”, although it must be kept
in mind that an “unstimulated” state of saliva is never going
to be completely unstimulated; it is impossible to standard-
ize an unstimulated collection of saliva, as small involuntary
movements and stimuli can alter the secretion of the same
[15]. The collection of saliva can even be influenced by the
duration of collection: too short or too long collection
periods can result in unreliable amounts [35]. Furthermore,
to standardize sample collection conditions, patients should
be instructed on how to properly perform the saliva collec-
tion, without eating or drinking 90 minutes prior to collec-
tion and making the least possible mouth movements [36,
37]. The “whole saliva” collection method includes, in addi-
tion to the salivary secretion itself, the presence of fluids,
bacteria, and cellular debris. The main advantage of this col-
lection method is that it is very easy to perform, mainly
because it is a noninvasive and stress-free procedure for
the patient [15]. Collection of saliva in ice-chilled vials is rec-
ommended to slow down the activity of hydrolytic enzymes
present in saliva. In addition, it is advisable to collect saliva
in vials containing protease inhibitors (EDTA (ethylenedi-
aminetetraacetic acid), PMSF (phenylmethanesulfonylfluor-
ide), soybean trypsin inhibitor, and E-64 for example to
inhibit proteolysis when protein purification is desired.
These compounds do not interfere with biomarker analysis
[15]. When it is not possible to collect in vials with ice,
sodium azide can be added to the sample to delay bacterial
growth. It is important to keep in mind that this compound
is an inhibitor of those enzymes that contain heme-groups
such as peroxidases, and therefore may interfere with some
laboratory tests, such as the ELISA test [15].

The conserving of the sample is recommended in liquid
nitrogen at -80°C, as performed by most of the authors con-
sulted. At higher storage temperatures, protein degradation
may occur, however, Hashimoto et al., Rhai et al, and
Khyani et al. stored them at -20°C. [16, 26, 38] When the
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control group studies, lack of clearly
metodology.

FIGURE 1: Literature search sequence.

sample is to be processed, it should be thawed as quickly as
possible. Centrifugation is performed after collection in
order to discard bacteria and cellular debris, as bacteria are
rich in hydrolytic enzymes that could break down salivary
biomarkers. Centrifugation is another aspect that differs
greatly among the analyzed literature. It has been observed
in the literature how the centrifugal force varies with values
between 2600 and 10000 x g, and in other cases, the value
used is the revolutions per minute (rpm) ranging between
1200 and 11000 rpm. The ideal situation would be that all
the salivary biomarkers have the same collection, conserva-
tion, and processing method [15].

4.1. Analysis of the Main Groups of Biomarkers

4.1.1. Proteomics. There are many salivary biomarkers cur-
rently under investigation, the field of proteomics being the
one presenting the greatest number of studies. Higher levels
of tumor necrosis factor (TNF-a) have been found in oral
squamous cell carcinoma (OSCC) than in controls, and even
in premalignant lesions [17], significant differences are
noted between patients with early-stage OSCC and controls
[39]. Dikova et al. indicate in their research, carried out in
Spain, that TNF-«a (among other markers) may be useful in
the discrimination and distinguishing between patients with
OSCC and patients with oral leukoplakia and healthy sub-
jects [40].

Various studies analyze the prognostic value of interleu-
kins (IL) interpreted as tumor biomarkers in cases of OSCC.
Lee et al. state that, as is the case with TNF-q, there are sig-
nificant differences in the levels of IL-1f3, IL-6, and IL-8 in
saliva between those patients with OSCC and those subjects
that are healthy [39]. In contrast, another study did not find
significantly elevated levels of IL-6 in all groups; however,

elevated levels of IL-8 are found [38]. Singh et al. state that
they found elevated levels of IL-1f3 and IL-8 in all stages
[25]. This theory is supported by other authors, asserting
that IL-6 and IL-8 may have diagnostic utility to discrimi-
nate between OSCC and healthy patients, noting that IL-6
is elevated in cases of stages T3 and T4 and those stages in
which there is cervical metastasis [40].

Other possible biomarkers such as metalloproteinases 1
and 3 (MMP1, MMP3) peptidyl arginine deiminase type 1
(PADII), tenascin-C (TNC), and cystatin-A (CSTA) have
also shown significant levels in patients with OSCC [41].
Hsiao et al. and Chang et al. detected elevated levels of
MMP1 in patients with OSCC, while these levels were not
detectable in healthy subjects allowing to establish a possible
biomarker that can discriminate healthy subjects from
patients [42, 43]. Furthermore, they show that MMP1 levels
may correlate with tumor progression [43]. MMP9 has
shown significantly higher levels in patients with OSCC than
in those with premalignant oral lesions (OPMD) as well as
those in the control group [29, 44]. It was also found that
the values of epidermal growth-factor receptor (EGFR)
[45], solute carrier family 3 member (SLC3A2), and S100
calcium-binding protein A2 (S100A2) [46] are increased in
saliva in those patients suffering from OSCC. In addition,
some cases demonstrated altered levels of certain biomarkers
such as CD44, S100 calcium-binding protein A7 (S1000A7),
and S100 calcium-binding protein P (S100P) even in cases of
leukoplakia with epithelial dysplasia [22]. Table 1.

4.1.2. Metabolomics. The salivary metabolic profile has often
been called the “body’s mirror” because it provides an over-
view of significantly modified metabolites from aberrant enzy-
matic regulation, captures oncometabolites that arise from
metabolic re-arrangement, and highlights altered pathways
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during metabolic reprogramming [56-58]. More than 100
metabolites have been described to show alteration with
malignant progression of OSCC. Some mentioned are choline,
carnitine, lactate, glutamate, sialic acid, histidine, polyamines,
pipecolic  acid, trimethylamine N-oxide, and S-
adenosylmethionine [58-61]. To study, it can be more or less
complicated depending on the evaluation system used. Mass
spectrometry (MS) is a very useful tool for proteomics and
metabolomics and has become commonplace in biomedical
research due to its deep coverage of various molecular species.
However, many of the MS systems require a rather complex
pretreatment time for biological samples, especially when
working with a large number of samples. But the development
of methods such as CPSI-MS (Conductive polymer spray ion-
ization mass spectrometry), capable of analyzing a wide spec-
trum of metabolites in a few seconds, allows for studies in large
population groups. Song et al. suggest that the combination of
CPSI-MS and ML (machine learning) constitutes a feasible
tool for accurate and automatic diagnosis of OSCC. In their
study of 373 patients, 175 whom suffered from OSCC; slight
metabolic changes were found, starting with the aminoacyl t-
RNA biosynthesis, arginine biosynthesis, and arginine metab-
olism, lysine degradation, histidine metabolism, and proline
metabolism during the precancerous stage. These findings
provide potential clinical markers to indicate OSCC tumori-
genesis. Furthermore, they demonstrate that CPSO-MS is a
promising environmental mass spectrometry tool, with cost-
effective performance in monitoring hundreds of salivary
metabolites without the need for laborious sample pretreat-
ment, as is the case with the other procedures [58].

In another study using capillary electrophoresis time-of-
flight mass spectrometry on a sample of 24 patients with
OSCC and 44 healthy subjects, they found that both pipeco-
lic acid and S-adenosylmethionine showed significantly
higher levels in patients with OSCC [59], while Ohshima
et al. used the same method and obtained significant levels
of taurine, valine, leucine, isoleucine, choline, cadaverine,
and tryptophan, in addition to the presence of 3-
hydroxybuyric acid in the metabolism of patients with
OSCC [62].

Another group of metabolites studied as a possible
tumor marker is that of monosaccharides. Serum-L-
fucose has been reported to be elevated in various cancers,
including breast cancer, colorectal cancer, cervical cancer,
lung cancer, and brain tumors [23]. Fucose is a monosac-
charide component of many N- and O-linked glycans and
glycolipids produced by mammalian cells. It has been
observed that remodeling of cell surface glycoproteins
and glycolipids by modifying oligosaccharide structures is
associated with the biological behavior or tumor cells.
These being mechanisms through which fucose can be
associated with cancer and inflammation. There are several
studies carried out on serum, but so far, only one in saliva.
In this research, the levels of L-fucose in the saliva of 30
OSCC patients were studied, comparing them with healthy
subjects and with patients with oral potentially malignant
disorders (OPMD). In the group of OSCC patients, the
levels of L-fucose were significantly elevated, which con-
firms the fact that fucosylated glycans are overexpressed

BioMed Research International

in tumor cells, and that they are continuously secreted in
saliva [23].

Among the biomarkers suggested for the study of oral
cancer, we also find volatile organic compounds (VOCs)
present in saliva, although there is scarce literature on the
subject. The technique used for its assessment is gas
chromatography-mass spectrometry. Lipid peroxidation of
polyunsaturated fatty acids present in cell membranes, reac-
tions which are triggered by oxidative stress, is the mecha-
nism considered as the main mechanism in the formation
of these differentiated VOCs associated with diseases. Aro
et al. conducted a study in Poland on 30 subjects of which
five had oral cancer. They selected a total of 32 VOCs, and
after eliminating those possibly due to oral bacteria growth,
they saw a significant result in a total of five VOCs (E-2-
octenal, heptanoic acid, octanoic acid, E-2-nonenal, nona-
noic acid, and 9-undecenoic acid), derived from linoleic, pal-
mitoleic, and oleic acid, increasing in patients with oral
cancer, although Aro et al. emphasize that the sample stud-
ied was small [13]. VOCs have also been studied by Shi-
geyama et al. in Japan, performing a comparative analysis
of salivary profiles of VOCs on 12 patients in OSCC. Altered
values of 12 VOCs were found, some due to a decrease with
healthy patients (Ethanol, 2-Pentanone, Phenol and Hexade-
canoic acid); others disappeared (Undecane, 1-Octanol,
Butyrolactone and Benzyl alcohol), and four were newly
appeared (3- Heptanone, 1,3-Butanediol, 1,2-Pentanediol
and 1-Hexadecanol) [63]. Table 2.

4.1.3. Genetic Biomarkers. OSCC biomarkers using salivary
RNA have been analyzed, including messenger RNA
(mRNA), microRNAs (miRNA), and salivary DNA. It was
long believed that RNA was rapidly degraded by enzymes
(ribonucleases) in saliva, but it is now known that RNA is
protected by its degradation by exosomes [64]. Exosomes
are extracellular vesicles contained in a lipid bilayer between
50-150nm in diameter that contain molecules such as
mRNA, microRNA and proteins. Exosomes can be secreted
from cells or organs into bodily fluids (blood, urine, saliva.)
These circulating exosomes contain potential biomarkers.
However, there are two important problems: the first being
that techniques used for processing can determine differ-
ences in the composition of exosomes, and the second being
that the composition of salivary exosomes can vary due to
external factors such as alcohol consumption, tobacco, or
HPV infections, so these factors need to be taken into con-
sideration in studies [20]. Detection is performed using
microarray analysis and quantitative real time PCR
(qQRTPCR), the latter method more sensitive. Results to mea-
sure the validity of transcripts are made using ROC (receiver
operating characteristic) curve analysis, determining the
adequacy of specificity and sensitivity.

(1) Messenger RNA (mRNA). mRNA can be isolated in saliva
and can verify an increase or decrease of mRNA transcripts
in patients with OSCC. The objective of the current research
is to find transcripts or combinations of them, with their
modification showing enough significance to be able to
become biomarkers with adequate sensitivity and specificity
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for the detection of OSCC. Most authors use similar detec-
tion methods, while Han et al. propose a new detection
method: SERS (surface-enhanced Raman Spectroscopy).
They describe this method as the most suitable for its appli-
cation in a health center, finding concentrations of S100P
(S100 calcium-binding protein P) mRNA tripled in patients
with OSCC [19]. However, the study is limited to only 3
patients and 3 controls. Another study analyzed the decrease
in monoamine oxidase B (MAOB), NGFI-A-binding protein
2 (NAB2), collagen type IIT alpha 1 (COL3A1), CYP27Al,
NPIPB4, and sialic acid acetylesterase (SIAE) in patients
with OSCC. Here, they found that the greatest decrease in
mRNA levels in MAOB and NAB2 occurs in patients youn-
ger than 60 years, with an AUC (area under the curve) of
0.91, while it was not significant in patients over 60
years [65].

Just as we can appreciate differences of expression
depending on age, in another study it was observed that
there may also be differences by gender in certain markers.
The expression of leucine zipper downregulated in cancer-
1 (LDOC1) was increased in women with OSCC, while what
could be a biomarker amongst men was the low level of
LDOCI [34]. Another suggestion is the significant expres-
sion of nuclear undecaprenyl pyrophosphate synthase 1
(NUS1) and reticulocalbin 1 (RCN1) in OSCC patients com-
pared to healthy individuals. NUSI has been found to be
effective in detecting cases of OSCC, but with a high level
of false positives in healthy patients. When combined with
RCNI, the negative predictive value improves [21]. The role
of ciliogenesis and planar polarity effector 1 (CPLANEL1) has
been analyzed in patients with OSCC, patients with poten-
tially malignant disorders (leukoplakia and lichen planus
without distinguishing between these pathologies, and
healthy subjects. Results show that CPLANEI could be used
as a salivary biomarker for early detection, as it detected
OSCC with a sensitivity of 0.8 and a specificity of 0.925.
However, performing the analysis by age, it was seen that
in the group over 60 years there was a higher number of false
positives [66].

(2) MicroRNA. MicroRNAs (miRNAs) are a subclass of
short RNAs (19-23 nucleotides), involved in the regulation
of various physiological processes, playing an important role
in tumor progression and oncogenesis by negatively regulat-
ing gene expression at a post-transcriptional level, and inter-
vening in the processes of cell growth, apoptosis,
differentiation, motility, and immunity [64]. One of the
mechanisms responsible for the reduction or loss or miRNA
expression is through epigenetic mechanisms due to DNA
methylation at the genetic regulation sites of microRNA
[55]. miRNAs are stable in the blood, and when circulating
they can be indicative of cancer phenotype, thus used as
noninvasive tools for cancer staging and prognosis. Many
miRNAs can regulate a gene, and multiple genes can be reg-
ulated by a single miRNA [67].

miR-let-7a-5p and miR-3928 have been proposed as
possible biomarkers of OSCC as these show a significant
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decrease in patients with OSCC [68]. Salazar et al. also found
a significant decrease in miR-124-3p in OSCC, and an
increase in miR-146a-5p, although in his sample he did
not specify the number of patients with OSCC [67].

He et al. look for markers that appear increased in cases
of OSCC, such as miR-24-3p, which is significantly elevated
in OSCC patients (by analyzing the ROC curve, the AUC of
miR24-3p was 0.7838, indicating that it allows for the signif-
icant distinguishing of patients and healthy subjects in with
64.4% sensitivity and 80% specificity [20]. In all of the
RNA analysis articles from the past 5 years, a striking obser-
vation is that none of them analyze two equal factors or
increase the number of the study sample. A number of dif-
ferent study elements are presented making it difficult to
choose one or a group of biomarkers that have appropriate
levels of specificity and sensitivity to be used as an early
diagnosis.

(3) DNA-Based Markers. Aberrant DNA-methylation can be
detected in saliva. The methylation of p16INK4a, RASSF1A,
TIMP3 and PCQAP/MED15 has been studied in patients
with OSCC compared to controls. Its relationship with risk
factors such as tobacco, alcohol, and betel nut has been ana-
lyzed, and it can be concluded that these factors are consid-
ered promoters of hyper methylation of the aforementioned
genes, and that they can be found in OSCC patients [69]. It
has been hypothesized that there exists a possibility DNA
methylation of miRNA-encoding loci (mgmiRs) can be used
for detection of cancer in tissue and its correlation in saliva.
Being a genomic technique based on DNA it is less depen-
dent on sample processing techniques than techniques based
on the detection of mRNA or proteins. In addition, DNA
methylation occurs in early stages of cancer, so it can be used
for early detection. A combination of the 7 (mgmiRs) ana-
lyzed in saliva allowed the detection of 76.9% of the OSCC
[70]. Table 3.

5. Limitations

Despite promising results of many of the included articles,
there still exist limitations making it difficult to use salivary
biomarkers as valid tools in the early diagnosis of oral can-
cer. There is a lack of standardization in the management
of samples, with regard to all collection, processing, and
storage. One of the first variables that may affect the levels
of salivary biomarkers is the selection of the saliva collection
method, the time of collection and the type of saliva col-
lected. The vast majority of studies use the “whole saliva”,
unstimulated and collected during the morning. This
method is simple and inexpensive in addition to not requir-
ing special elements for its collection—unlike methods that
stimulate the secretion of saliva from specific glands. Few
articles use stimulated saliva despite research suggesting that
there is greater precision in the detection of cancer-related
biomarkers [71, 72]. However, we found that the time of col-
lection is not precisely specified, or very little data is pro-
vided regarding this. Adding to this fact, some studies do
not specify their population inclusion and exclusion criteria.
These are important factors; the subjects serving as cases and
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controls must be perfectly defined to avoid false positives or
false negatives. Although it has been observed that the opti-
mal storage temperature of saliva is -80°C, there are studies
using lower temperatures or do not provide data in this
regard. Per now, there is no research pointing to which cen-
trifugation speed is the best, and so there is great variability
between studies that may influence the detection of bio-
markers [73]. Detection methods are diverse and complex.
Test systems that can replace ELISA and RT-PCR have been
investigated to improve sensitivity and cost, but further
research is required to validate the results.

There remains a lack of standardization in the quantifi-
cation of salivary biomarker levels that identify healthy indi-
viduals and patients with oral cancer or precancerous
lesions. This could perhaps be explained by a wide interindi-
vidual variability associated with factors such as gender,
race, and habits [72]. In addition, it should be taken into
account that other pathologies can alter the levels of the bio-
markers themselves, such as periodontal disease, inflamma-
tory diseases and trauma or fungal infections, which must
be recorded in the medical history [74]. The use of an iso-
lated biomarker obtains worse results in terms of diagnostic
precision, with lower values of sensitivity and specificity,
than when several are combined. It is better to use them
simultaneously, which implies studying several biomarkers,
demanding a greater investment in terms of costs [75].

6. Conclusions

Despite the limitations of the articles, salivary biomarkers
constitute a promising new diagnostic tool. For the time
being, the use of biomarkers as a diagnostic tool cannot
replace the biopsy as the “gold standard”, and more
resources are needed for its widespread use in prevention
and diagnosis of oral cancer to be implemented. Although
there are numerous biomarkers of different nature with
results showing high sensitivity and specificity, more studies
with larger sample sizes and analytical methods that can
constitute a real advance in time and cost are necessary.
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