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Summary

In management of oral squamous cell carcinoma (OSCC), only a few biomarkers, ranging 
from clinical and histopathological features to molecular alterations, have been demon-
strated to have clinical and prognostic utility. The intent of this narrative review is to pre-
sent current findings on the use of salivary microRNAs (miRNAs) as prognostic oncologic 
biomarkers in patients with OSCC. The ability to predict survival or recurrence during 
follow-up by quantification of specific miRNAs in saliva has been shown in a number of 
studies, and serves as a possible feature to address in future well-designed clinical studies to 
confirm their prognostic value. The non-invasiveness of liquid biopsy techniques, the ease 
of saliva collection, and the abundance and stability of miRNAs in such a biologic fluid 
make it an attractive combination to improve management of OSCC. For salivary miRNAs 
to be used in routine practice, however, methodological and sampling standardisation are 
still needed to increase the power and accuracy of the results obtained.
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Cover figure. The added value of miRNA-based salivary liquid biopsy in prognostication of 
oral squamous cell carcinoma. Quantification of miR-423-5p levels in saliva samples improves 
risk stratification when combined with lymph node status (from Romani et al., 2021, modified) 24.
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Introduction
Oral squamous cell carcinoma (OSCC) is the most common 
tumour of the head and neck region. With a 5-year survival 
rate of around 50%, OSCC represents a significant cause of 
cancer-related death globally, especially in underdeveloped 
nations  1. This percentage varies greatly according to the 
clinical stage of disease at diagnosis and availability of the 
best diagnostic, therapeutic, and rehabilitative options. Sur-
gery alone represents the standard of care for these tumours 
in their initial phases of development. However, in more 
advanced stages, OSCCs require aggressive multidiscipli-
nary therapeutic approaches including surgical resection 
and reconstruction, followed by (chemo)radiotherapy, and 
frequently show an inexorably fatal course 2. 
The molecular mechanisms underlying the intrinsic ag-
gressiveness of OSCC remain largely unknown. Integrated 
pan-genomic studies conducted in OSCC have shown the 
convergence of specific alterations into distinct molecular 
subgroups  3. Although very informative from a biological 
perspective, the molecular subtypes of OSCC have not been 
associated with clinically relevant differences in outcomes, 
revealing the complexity and high intra-tumoural heteroge-
neity of OSCC. Consequently, despite the efforts made in 
the search for reliable prognostic molecular markers 4, re-
sponse to treatment and post-therapeutic monitoring, at pre-
sent risk stratification and survival prediction of OSCC still 
rely on traditional clinical and histopathological parameters 
such as TNM staging, in addition to histological assessment 
of grading, worst pattern of invasion, perineural, and lym-
pho-vascular involvement 5.
With the advent of liquid biopsy (LB) as a minimally in-
vasive method to gain insight into the biology and dy-
namics of the tumour from a patient’s fluid sample, new 
molecular markers have emerged. Originally referring ex-
clusively to circulating tumour cells (CTC) in the blood of 
patients with cancer, the LB concept was later extended to 
other physiological fluids such as urine, bone marrow, sa-
liva and cerebrospinal fluid, and now comprises different 
molecular entities like circulating cell-free DNA (cfDNA), 
circulating tumour DNA (ctDNA), RNA, including small 
non-coding RNA, and extracellular vesicles  6. Reflecting 
somatic alterations present in tumour tissue, LB-based bio-
markers hold the potential for early detect cancer, monitor 
treatment response or disease progression. This value has 
been widely demonstrated in several cancer types, includ-
ing OSCC, where increased levels of plasma cfDNA have 
been described in patients compared to controls, and corre-
lated with clinicopathological features 7. More recently, the 
new idea of anticipating recurrence through cfDNA-based 

minimal residual disease (MRD) detection following cura-
tive treatment, already successfully pursued in other solid 
tumors 8, has also been applied to head and neck SCC (HN-
SCC), illustrating the feasibility of personalised LB-based 
assay for planning therapy and follow-up 9. Further support-
ing the prognostic capacity of LB, a serum-based miRNA 
classifier capable of identifying recurrent OSCC before it 
becomes clinically evident has been reported as a promis-
ing approach for non-invasive monitoring of OSCC 10.
With respect to conventional and/or targeted therapy the 
predictive value of circulating miRNA is emerging both in 
adjuvant and neoadjuvant settings. In HER-2 positive breast 
cancer patients, for instance, changes in plasma levels of 
specific miRNA have been associated with response to neo-
adjuvant trastuzumab-based therapy and exploited to dif-
ferentiate among patients with distinct prognosis 11. Moving 
to the immune-checkpoint-inhibitor (ICI) context, ongoing 
investigations in advanced lung cancer are exploring how 
the profile of plasma or serum-derived miRNA correlates 
to checkpoint blockade response, with multiple baseline 
signature identified that could distinguish responders from 
non-responders  12. Such important findings encourage the 
study of miRNA-based LB to predict benefit from ICI 
therapy in OSCC as well, since immunotherapy has already 
shown promising efficacy in recurrent and metastatic dis-
eases and is currently under investigation in the neoadju-
vant/induction settings 13.
Recent studies indicate that saliva is more enriched with 
ctDNA compared to blood plasma in HNSCC 14 and sug-
gest that the quantification of these molecules in saliva may 
aid in both diagnosis and treatment of patients with OSCC. 

Saliva as a matrix for biomarkers 
Because of its direct proximity to the oral cavity, saliva rep-
resents an easily accessible source of biomarkers, offering 
an inexpensive, non-invasive means to assess the presence 
and characteristics of OSCC. As for peripheral blood, saliva 
can provide information about the dissemination of disease 
in terms of circulating molecules mirroring the biologi-
cal features of tumour cells from which they derived, and 
represent an alternative to current standard-of-care tissue 
biopsy 14. Hence, the analysis of saliva has the potential to 
provide useful information for early diagnosis of primary 
OSCC and recurrent disease, along with its prognostica-
tion  16. This possibility has been extensively explored in 
the last decades. The continuously growing number of pub-
lished reports collectively suggests its feasibility for sev-
eral clinical applications such as early detection, choice of 



Salivary miRNAs in oral squamous cell carcinoma

3

treatment, and surveillance of OSCC, including the value of 
longitudinal LB for early detection of recurrence. 
In the following paragraphs, the main studies with a focus 
on the use of salivary miRNA-based LB in OSCC prognos-
tication will be presented. 

Detection of miRNAs in saliva
Subtypes of RNA circulating in saliva include miRNAs, a 
class of single-strand, small, non-coding RNAs which play 
crucial roles in regulating varying cellular process, and 
exhibit differences in expression profiles between healthy 
individuals and those with disease which reflect differen-
tial expression patterns in cancer cells compared to normal 
ones 17. MiRNAs are present in both whole saliva and su-
pernatant, where they circulate as cf-miRNAs associated 
with RNA binding proteins or selectively packed in extra-
cellular vesicles (i.e. exosomes) which protect them from 
degradation by endogenous ribonucleases.
Sufficient amounts of high-quality extracellular miRNAs 
can be isolated from saliva using commercial kits 18. A va-
riety of profiling methods and analytical platforms, either 
based on real-time quantitative polymerase chain reaction 
(RT-qPCR), microarray or next-generation sequencing, are 
used to detect their levels of expression 19. Along with rela-
tive abundance and the remarkable stability of miRNAs in 
saliva, these properties fulfill the main requirements of an 
ideal biomarker defined as a measurable, objective indi-
cator of an individual’s normal or pathological state, and 
strengthen the utility of salivary miRNAs as non-invasive 
biomarkers for diagnosis and monitoring of cancer. Distinct 
miRNA expression profiles have indeed appeared between 
saliva of OSCC patients and healthy controls in multiple 
independent studies. In addition, different levels of miRNA 
expression have been described in OSCC as a potential pre-
dictor of survival. 
In one of the first studies comparing the expression levels 
of selected miRNAs in saliva between OSCC and healthy 
subjects, Park and colleagues 20 observed a significant de-
crease in miR-125a and miR-200a in patients with OSCC 
compared to control subjects. A diagnostic panel of 3 miR-
NAs was later developed by Salazar et al. 21 for the detec-
tion of HNSCC after validation in saliva samples from two 
independent cohorts of healthy controls and patients. This 
combination of miRNA provided a satisfactory diagnostic 
capacity (area under the curve [AUC] = 0.74, p < 0.0001) 
and indicated that salivary derived miR-9, miR-134, and 
miR-191 are novel biomarkers that can reliably detect HN-
SCC. 

Rawi et al. 22 systematically reviewed the role of differen-
tially expressed miRNAs in saliva as potential biomarkers 
in OSCC and, among 14 published studies, found 25 miR-
NAs that were differentially expressed between cases and 
controls. Of interest, 4 of these, namely miR-21, miR-31, 
miR-125, and miR-200, were evaluated in more than one 
study, supporting their relevance in this cancer type.
The results of a meta-analysis by Kang in 2021 23, which 
gathered data from 443 HNSCC patients and 316 healthy 
controls in 17 studies, reported an overall moderate level 
of accuracy of salivary miRNAs in discriminating between 
patients with cancer and healthy controls with a combined 
sensitivity and specificity of 0.697 (95% confidence inter-
val [CI] = 0.644-0.744) and 0.868 (95% CI = 0.811-0.910), 
respectively, and an AUC of 0.803. Nevertheless, the results 
of individual studies indicate that several miRNAs used 
alone show excellent accuracy and clinical value. Expecting 
to define the most efficient method to combine miRNAs, to-
gether with the definition of an optimal cut-off value for ex-
pression and a common normalisation strategy, the authors 
highlighted the need for large-scale multicentre studies to 
validate these results.

The predictive and prognostic values of 
salivary miRNAs in OSCC
Unlike the diagnostic capacity of salivary miRNAs, their 
potential in predicting OSCC progression and/or anticipat-
ing post-treatment recurrence is emerging. In reviewing the 
current literature to verify the association of salivary miR-
NAs with survival in HNSCC, 4 publications were retrieved 
showing that miRNA expression has prognostic value.
In a pioneering study conducted by our research group in 
2021 24, we showed that increased expression of miR-423-
5p in preoperative saliva from patients with OSCC inde-
pendently predicted reduced disease-free survival (DFS), 
and when included in multivariate analysis with the num-
ber of positive lymph nodes (LN), it was the only feature 
strongly associated with DFS when considering purely 
clinical variables. The robustness of miR-423-5p was tested 
in two independent cohorts of individuals, in which miR-
423-5p overexpression was also confirmed to be useful in 
subclassifying those patients considered in an intermediate-
risk class according to the LN status (i.e. 1 ≤ LN < 5), and 
demonstrated that quantification of salivary miRNAs could 
also assist in prognostic stratification. In particular, patients 
with 1 to 5 positive nodes could be segregated according 
to the presence or absence of miR-423-5p in two groups, 
which showed survival outcomes similar to the high-risk 
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(more than 5 positive nodes) and low-risk group (no posi-
tive nodes), respectively (Cover figure).
Enhanced expression of miR-1307-5p was also found ex-
clusively in tissue and salivary exosomes isolated from pa-
tients with OSCC compared to non-cancerous counterparts, 
and demonstrated clinical association with chemo-resist-
ance. In fact, a significant increase in the expression lev-
els of salivary exosomal miR-1307-5p was observed in the 
chemo-resistant cohort (fold-change [FC]  =  4.82  ±  2.38, 
p  =  0.01) compared to patients with complete remission 
(FC  =  2.3  ±  1.2)  25 making it an ideal prognosticator for 
OSCC.
Two papers, both published in 2023 26,27, more specifically 
evaluated the association of salivary miRNAs with clinical-
pathological features or risk factors for HNSCC. Tailoring 
the study on the Indian population, Saproo and colleagues 26 

identified miR-6087 and miR-449b-5p as potential salivary 
indicators of OSCC and functionally associated with mul-
tiple oncogenic pathways, including those related to drug 
response. In a pilot study performed on 23 patients with 
OSCC and 21 healthy volunteers, assessing salivary and 
serum miRNAs associated with OSCC and stratified by 
smoking status, salivary miR-21, miR-136, and miR-3928 
all showed significant differential expression in early stage 
tumours versus controls (p < 0.05) 27. MiR-21, in particu-
lar, was detected at significantly higher levels in saliva of 
patients with OSCC and smoking history compared to pa-
tients with OSCC who had never smoked or healthy control 
smokers (p < 0.005). Thus, miR-21 in the saliva of current/
former smokers is potentially associated with OSCC and is 
useful for risk stratification. 

Translating salivary miRNAs in routine 
practice: obstacles and challenges
The non-invasiveness of LB techniques, the ease of saliva 
collection, and the abundance and stability of miRNAs in 
saliva make it an attractive combination to improve man-
agement of OSCC. In this field, the informative potential 
of extracellular miRNAs circulating in saliva has been ex-
plored for early detection, using quantitative assessment of 
key miRNAs and measuring changes in their expression 
levels. This is a novel notion that has been recently used in 
clinical research on other cancer types, including breast and 
lung cancer, and has also been proposed for risk stratifica-
tion, monitoring the course of disease and the patient’s re-
sponse to conventional and targeted treatments 28,29. Despite 
the undoubted advantages of miRNA-based salivary LB, its 
routine use in clinical practice has yet to be introduced and 

the fundamental reason is the high heterogeneity of existing 
research on this topic, which have not currently produced 
any validated miRNA, not even in the types of cancer where 
the research is more advanced.
From a methodological point of view, testing miRNAs in 
biofluid samples is challenging in many ways. Like other 
biofluids, saliva is susceptible to several pre-analytical vari-
ables, ranging from how samples are collected, processed, 
and stored to methods of extraction and quality control of 
the purified miRNAs  30. All these steps are considered to 
be potential causes of inconsistency in miRNA experiments 
that make comparison between studies and reproducibil-
ity of published data virtually impossible. At a prognostic 
level, in particular, considering the relatively small sample 
size of published studies and the lack of information on fol-
low-up, the available data on salivary miRNAs in OSCC are 
still insufficient to draw significant conclusions about their 
possible utility in survival prediction. Biological factors 
further contributing to discrepancies between studies may 
be attributed to the composition of tumour microenviron-
ment (TME), as alteration of miRNAs has also been dem-
onstrated in stromal and immune cell population and could 
directly influence the expression of target miRNAs 31. This 
observation highlights the urgency of validating the most 
promising candidate miRNAs in large independent sample 
sets to minimise the effect of such potential confounding 
factor. Bioinformatic approaches could also be adopted to 
find specific miRNA profiles related to TME components, 
complemented by in vitro functional studies to identify 
tumor-specific signatures. Furthermore, in situ detection 
of miRNAs using recent RNAscope technology 32 could be 
useful to study their spatial expression profile in tissues.
Considering that RT-qPCR is the most commonly used 
method to detect miRNAs, the main challenge at the post-
analytical level is definition of a proper normalization strat-
egy, which is critical to overcome the intrinsic limits of this 
approach based on relative quantification of the levels of 
target miRNA compared to an endogenous reference 33. In 
fact, the choice of reference miRNA for qPCR data correc-
tion has a great impact on the results, since different nor-
malisation strategies can lead to differences in interpretation 
of data, thus resulting in ambiguous or even contradictory 
conclusions. The emergence of complementary detection 
systems, such as droplet digital technology (ddPCR), may 
be a reliable alternative to RT-qPCR for the absolute quanti-
fication of circulating miRNAs 34. Applied to serum, ddPCR 
provided greater reproducibility and higher sensitivity in 
low-abundance miRNA detection compared to qPCR 35,36. 
In addition, being able to quantify the exact count of circu-
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lating miRNA without the need of normalization steps, and 
being more resilient to differences in sample quality, the 
ddPCR approach should simplify the comparison of results 
obtained in different studies and warrants further investiga-
tion in saliva.

Conclusions
The search for biomarkers that are useful in predicting 
prognosis or defining risk of recurrence is one of the fields 
that can potentially improve outcomes of patients with 
OSCC, and follow-up after treatment with curative intent 
has the main objective of detecting local recurrence as early 
as possible. After reviewing major studies that have evalu-
ated the expression of circulating miRNAs as biomarkers 
in OSCC, there appears to be adequate evidence that LB 
techniques can be of tremendous benefit in clinical man-
agement. Circulating miRNAs can be obtained as a very 
stable biomarker in saliva, and may thus represent a more 
appropriate surrogate LB biomarker compared to other cir-
culating components 37. Although few studies have explored 
the prognostic potential of miRNAs in saliva, the available 
results are encouraging. With the emergence of increasingly 
sensitive, reliable, and low-cost technologies to isolate and 
quantify circulating miRNAs, the analysis of such biomark-
ers is likely to become the next frontier in clinical manage-
ment of OSCC.
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