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Introduction
Head and neck cancer is the sixth most 
common human cancer,[1,2] and the oral cancer 
constitutes 48% of head and neck cancer 
cases.[3] Ninety percent of oral cancer cases 
are histologically diagnosed as oral squamous 
cell carcinomas  (OSCCs).[4] Despite new 
management strategies, the 5‑year survival 
rate of oral cancer is still below 50% in 
most countries.[5] Head and neck cancers are 
heterogeneous tumors, and this characteristic 
of them provides a challenge to treatment 
plan.[6] Due to the poor outcomes in oral 
cancer, prevention is a necessity.[7] The 
development of OSCC is a multistep process 
which starts from some changes in the normal 
mucosa and continues until the development 
of invasive cancer and metastasis.[1] During 
this progress, the accumulation of multiple 
genetic and chromosomal alterations 
occurs.[1,4] Oral cancer is a multifactorial 
lesion and the risk factors include tobacco 
and alcohol, chronic inflammation, ultra 
violet  (UV) radiation (for lip cancer), human 
papilloma virus (HPV) or Candida infections, 
immunosuppression, genetic predisposition, 
and diet.[8] Among them, tobacco use and 
alcohol consumption are considered as the 
main risk factors to develop malignancy in 
the oral cavity.[9] Oral inflammation is another 
suggested hypothesis for development of 
oral cancer due to involvement of several 
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inflammation‑related molecular pathways 
such as cyclooxygenase‑2  (COX‑2), 
epidermal growth factor receptor  (EGFR), 
p38a MAP kinase, nuclear factor 
kappa‑light‑chain‑enhancer of activated B 
cells  (NF‑kB), and STAT (signal transducer 
and activator of transcription).[10] Candida 
albicans genotype A strains have significantly 
been detected in oral cancer patients 
compared with non‑cancer patients, and 
C.  albicans has also been associated with 
leukoplakic lesions.[9] Immunosuppression 
has also been indicated as a risk factor 
for development of oral cancer in patients 
with renal transplant or bone marrow 
transplantation.[11] This review article aims 
to discuss the risk factors and some of new 
strategies for prevention of oral cancer.

Materials and Methods
A relevant English Literature search in 
PubMed, ScienceDirect, and Google Scholar 
from 2000 to mid‑2018 was performed. All 
published articles related to oral cancer and 
its prevention were included in this review.

Risk factors

Tobacco, smokeless tobacco, and alcohol 
consumption

Tobacco smoking and alcohol consumption 
are considered as the main causal factors 
for oral cancer.[12] Besides, the World 
Health Organization  (WHO) has labeled 
smokeless tobacco  (SLT) as a carcinogenic 
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agent although there is a controversy regarding the 
potential role of SLT in carcinogenesis. Naswar, a mixture 
of dried tobacco leaves, is kept in the buccal sulcus of 
the mouth and the active agents are absorbed through 
the oral mucosa. Naswar is cheap nicotine and is used in 
replacement therapy for people trying to quit smoking. 
The amount of carcinogenic agents differs among the 
different brands in the market. Thus, the risk of oral cancer 
associated with Naswar is challenging.[13] Cigarette smoke 
contains different compounds which have some effects 
on the gastrointestinal tract including oral cavity. Among 
them, nicotine is well known for its biological effects 
on the brain and other organs such as oral cavity.[14,15] 
Oral snuff and pipe tobacco also contain nicotine similar 
to cigarette tobacco.[15] The nicotine metabolites 
4‑(Methylnitrosamino)‑1‑(3‑pyridyl)‑1‑butanone  (NNK) 
and N′‑nitrosonornicotine  (NNN) have carcinogenic 
properties.[16] NNK and NNN bind to the nicotinic 
acetylcholine receptor to promote cell proliferation 
and create a microenvironment for tumor growth.[16] 
Alcohol alone has no association with cancer progression 
but synergistically functions with tobacco to develop 
cancer.[12] It is not clear how alcohol plays a role in 
oral carcinogenesis, but several mechanisms have been 
proposed. First, ethanol is metabolized into acetaldehyde, 
a known carcinogen. As acetaldehyde is a tumor promoter, 
the chronic consumption of alcohol promotes the 
development of oral cancer.[17] Second, alcohol contains 
some carcinogenic impurities such as polycyclic aromatic 
and nitrosamines. Finally, alcohol may contribute in 
solubilizing of other carcinogenic compounds that may 
increase the permeability of oral epithelium to these 
compounds and enhance the penetration of carcinogens into 
target tissues. The previous studies revealed that alcohol 
increases the permeability of oral mucosa that results in 
epithelial atrophy. Besides, alcohol decomposes the lipid 
composition of the epithelial cell membrane of oral mucosa, 
which facilities the penetration of carcinogens.[18] High 
levels of acetaldehyde production have been associated 
with certain Streptococcus species, Neisseria species, 
and other bacteria. Overgrowth of such bacteria has been 
demonstrated in smokers and heavy drinkers. These bacteria 
can metabolize ethanol to carcinogenic acetaldehyde and, 
therefore, are associated with the risk of head and neck 
squamous cell carcinoma  (HNSCC).[19] Besides, Candida 
may also contribute to acetaldehyde production.[20]

HPV infection

HPV and human immunodefiency virus  (HIV) are mainly 
involved viruses in the development of oral cancer.[20] HPV 
is a small virus containing a circular double‑stranded DNA 
genome of approximately 8 kb. In head and neck area, HPV16 
is the most common type associated with carcinogenesis, 
followed by HPV18. Regarding oropharyngeal squamous 
cell carcinoma  (OPSCC), HPV infection is the main 
risk factor due to sexual behavior. The prevalence peak 

was found in older people especially in men showing a 
longer duration of infection at older ages.[21] In cases of 
oropharyngeal cancer, HPV positivity was mostly found in 
tonsils  (94%), followed by base of the tongue  (62%).[22,23] 
The possible mechanism is direct passage of pathogens like 
HPV from the mucosal lining of the tonsil and tonsillar 
crypts.[24] A previous published work indicated a high 
prevalence of genital HPV infection among U.S. men.[25] In 
addition, another study found the overall prevalence of oral 
HPV infection is 6.9% in the United States.[26] HPV16 has a 
higher risk for OPSCC.[22] E6 and E7 are the early proteins 
of HPV which have a key role in HPV‑related OPSCC. E6 
inhibits p53 and E7 binds to pRb, retinoblastoma protein.[27] 
It is suggested that some factors facilitate the oral infection 
of HPV.[28] For instance, it is believed that oral epithelial 
wound is a site for entry of the virus. Also, a previous 
study found a significant correlation between the number of 
extracted teeth and prevalence of oral HPV presence.[29] It is 
suggested that the basal layer of oral epithelium is infected 
by HPV as it happens for cervical epithelium.[28] It is 
also suggested that poor oral hygiene results in gingival 
inflammation which may help the penetration of HPV via the 
oral epithelial superficial layers to invade the basal layer.[28] 
HPV persistence can lead to a pre‑malignant lesion which 
progresses to an invasive squamous cell carcinoma  (SCC). 
Interestingly, it is proposed that smoking is associated with 
a higher risk for oral HPV infection. Although the exact 
mechanism of this association is not clear, it is believed that 
smoking induces pro‑inflammatory and immunosuppressive 
effects that increase the risk of HPV oral infection.[30,31] HPV 
has been suggested as a critical etiological factor for OSCC 
in non‑smokers and non‑alcoholic drinkers as well.[32] In 
healthy control group, HPV positivity was detected in 12% 
of samples;[33] however, HPV positivity was demonstrated 2 
to 3 times more in pre‑cancerous lesions such as leukoplakia, 
erythroplakia, and oral submucous fibrosis, and 4.7  times 
more in oral cancer.[23] Regarding the oral site for distribution 
of HPV in cases of OSCC, tongue is the most prevalent 
site  (50%) and the floor of mouth is the least prevalent 
site  (26.8%).[34] In addition, HPV has been demonstrated as 
the etiology of some benign oral lesions including squamous 
papilloma and focal epithelial hyperplasia.[35] Interestingly, 
several studies have reported that HPV‑related oral or 
oropharyngeal cancer have a better prognosis.[36] Prevention 
of cervical cancer associated with HPV16 and HPV18 
infections has been done by vaccination of girls prior to 
sexual initiation which has an effective impact on oral and 
oropharyngeal cancer.[37]

The role of inflammation in cancer development

Chronic inflammation has an essential role in the 
development of some epithelial cancers such as oral 
and pharyngeal neoplasms.[38] Tumor microenvironment 
is connected to different steps of tumorigenesis and 
composed of different types of cells such as fibroblasts, 
myofibroblasts, adipose cells, immune and inflammatory 
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cells, and extracellular matrix  (ECM). ECM is composed of 
collagens, elastin, and proteoglycans/glycosaminoglycans. 
In pathological conditions, the biomechanical characteristics 
of ECM change and enhance cell migration which is 
essential for cancer development.[4] Besides, ECM is a 
reservoir for growth factors including fibroblast growth 
factors  (FGFs), hepatocyte growth factor  (HGF), vascular 
endothelial growth factor  (VEGF), bone morphogenetic 
proteins  (BMPs), and transforming growth factor 
beta  (TGF‑β).[39] Matrix metalloproteinases  (MMPs) are 
necessary to degrade  ECM.[40] For example, MMP2 and 
MMP9 degrade type  IV collagen to facilitate invasion.[41] In 
HNSCC patients, the over‑expression of MMP9 and MMP2 
is associated with lymph node involvement.[42,43] A growing 
body of studies shows the overexpression of COX‑2 in 
80% of head and neck pre‑malignant and malignant tissue 
samples. Besides, overexpression of COX‑2 is associated 
with lymph node metastasis in head and neck cancer cases.[44] 
COX‑2 induces carcinogenesis in murine models.[44,45]

Oral microbiome

Several cancers are linked to microorganisms such 
as HPV  (cervical cancer, oropharyngeal cancer),[46] 
EBV (head and neck cancer),[47] hepatitis B and C 
virus  (hepatocellular carcinoma),[48] Helicobacter 
pylori  (gastroduodenal cancer),[49] and Porphyromonas 
gingivalis (orodigestive cancer).[50,51] More than 700 different 
bacterial species colonize the human oral cavity, called the 
oral microbiome.[52] The oral microbiota has a critical role in 
human health such as immune response, nutrient digestion, 
and carcinogen metabolism. Gingivitis and periodontitis 
are the most common inflammatory tooth structure 
conditions[53] and the main causative microorganism for 
periodontitis is Porphyromonas gingivalis. A  previous 
study on OSCC showed that P.  gingivalis interacts with 
oral cancer cells.[54] Another published work demonstrated 
that periodontitis promotes the development of oral 
leukoplakia in a dose‑dependent manner.[55] Poor oral health 
is correlated to elevated risk of several diseases including 
cancers such as head and neck cancer, esophagus cancer, 
stomach cancer, and pancreas cancers. The mechanism is 
not clear, perhaps oral microbiome such as H. pylori causes 
chronic inflammation which in turn participates in cancer 
pathogenesis such as gastric cancer and oral cancer.[52,53,56‑58]

Genetic predisposition

Genetic predisposition plays a critical role in the 
development of OSCC, especially tongue and buccal 
mucosa cancers.[4,59] It is suggested that in 29.5% of 
first‑degree relatives of head and neck cancer patients, 
other cancers such as respiratory tract and upper 
orodigestive tract cancers can develop.[60] However, in 
terms of oral cancer, it is hard to determine genetic or 
familial disposition due to coexistence of risk factors 
such as smoking and alcohol. Some investigators believe 
that people who inherit the inability to metabolize 

carcinogens or pro‑carcinogens are not able to repair DNA 
damage; therefore, they are susceptible to develop an oral 
malignancy. For example, in cases of tobacco‑induced 
head and neck cancers, genetic polymorphisms of the P450 
enzymes, and xenobiotic metabolizing enzymes  (XMEs) 
which are responsible for tobacco carcinogen metabolism 
play an essential role in the genetic predisposition.[61] The 
inactivation of p53 and pRb tumor suppressor gene leads 
to the accumulation of genomic alterations, inhibition of 
the apoptotic signaling, and an increase of the telomerase 
activity.[24,62] Epithelial‑mesenchymal transition  (EMT) 
process contributes to cancer stemness and cancer 
metastasis.[63‑66] Prior study demonstrated that areca 
nut extract or arecoline activates several EMT‑related 
molecules, such as vimentin, in oral epithelial cells.[67]

Precancerous lesions and the field cancerization

It is estimated that 50% of oral cancers develop from 
precursor lesions.[5] Therefore, early detection and proper 
management of the pre‑malignant lesions play a critical 
role in preventive programs.[7] However, a prior published 
paper indicated that surgically treated pre‑cancerous 
lesions cannot reduce the rate of malignant transformation 
perhaps due to field cancerization.[5] The concept of field 
cancerization, first coined by Slaughter et  al. in 1953, 
explains the development of multiple primary tumors and 
recurrent local tumors. This term is a phenomenon by 
which molecular alterations develop in normal‑appearing 
tissue and, overtime, form premalignant lesions which 
progress to dysplasia and finally to a frank cancer.[68] In 
the beginning, the oral epithelium exposed to a carcinogen 
may look like a normal mucosa.[3] Oral epithelial 
dysplasia is a precancerous change and has a high risk of 
progressing to oral cancer.[7,69] Oral premalignant lesions 
include leukoplakia, erythroplakia, submucous fibrosis, 
reverse smoking, lichen planus,[69,70] and discoid lupus 
erythematosus.[7] Tobacco smoking is one of the factors 
which increases the risk of malignant changes in oral 
epithelium. Increased proliferation rate of oral epithelium 
due to tobacco smoking occurs even after cessation of 
smoking which suggests that smoking involves field 
cancerization.[3] Loss of chromosomal material in 3p, 
9q, and 17p has been reported as the early markers of 
carcinogenesis in dysplastic lesions.[71] Braakhuis et  al. 
updated the model of field cancerization. According to 
their proposal, the stem cells of the proliferative basal 
layer are involved in carcinogenesis.[72] Van Houton et  al. 
demonstrated the p53 gene‑mutated cells called patches as 
an early event in oral cancer. They proposed that the altered 
cells acquire more mutations and spread laterally to replace 
the normal epithelial cells.[73] These cluster of cells show 
TP53 mutation especially in patients with multiple primary 
head and neck tumors.[72] Overtime, the accumulation of 
mutations within the fields results in invasive carcinoma 
with metastatic potential.[74] Lydiatt et  al. found that 
clinically normal appearing oral mucosa surrounding cancer 
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as a spice or medicine in India.[80,81] Curcumin has 
anticancer effects in HNSCC due to anti‑inflammatory 
effect via down‑regulation of NF‑κB and pro‑apoptotic 
effects through up‑regulation and activation of p53 and 
p21.[82,83] Besides, curcumin inhibits tumor growth via 
targeting VEGF, the most powerful angiogenic factor, 
and the EGFR.[82,84] Interestingly, curcumin inhibits HPV 
oncoprotein transcription via inhibiting AP‑1 transcription 
factor and via interaction between curcumin and P53 
binding site of E6 protein of HPV16.[85] Other sources of 
polyphenols are grape seed extract, green tea extract, cocoa 
extract, and coffee.[86‑88] Previous epidemiological studies 
found an association between coffee consumption and 
reduced cancer incidence or mortality.[89] A previous study 
revealed that coffee consumption can reduce the risk of 
oral cancer.[90] Another meta‑analysis found an association 
between reduced risk of oral cancer and tea consumption.[91] 
Hong et al. used isotretinoin to treat oral leukoplakia. They 
showed isotretinoin could decrease the size of the lesion 
and also reversed oral dysplastic changes,[92] even though 
isotretinoin could prevent recurrence of tumor in HNSCC 
patients in a dose‑dependent manner.[82] In addition, 
isotretinoin in combination with interferon‑α and 
α‑tocopherol  (vitamin E) has a great effect on oral 
pre‑malignant lesions.[93] Luteolin, a flavonoid, found in 
vegetables like cabbage, celery, broccoli, and parsley, is 
absorbed by the oral epithelium and has anti‑inflammatory 
effects by blocking the NF‑κB pathway. Delivery of 
luteolin in nanoparticles inhibited the growth of HNSCC 
tumors in  vitro and in  vivo.[94] Lycopene, a natural 
compound in red‑colored carotenoid especially in tomatoes, 
decreases the risk of cancer. Anti‑cancer effect of lycopene 
acts by different mechanisms. For example, lycopene 
inhibits VEGF‑mediated angiogenesis and also decreases 
plasma levels and activity of MMP‑2 and MMP‑9 to inhibit 
invasion and metastasis.[82] Pomegranate, the fruit of the tree 
Punica granatum, has anti‑oxidant and anti‑inflammatory 
effects. The polyphenol‑rich fractions of pomegranate 
contain polyphenol which inhibits the growth of cancer 
cells such as breast cancer. Pomegranate decreases the 
expression levels of VEGF and hypoxia‑inducible factor 
1‑alpha  (HIF‑1α).[95] Omega‑3 fatty acids are also used for 
cancer prevention. Omega‑3 fatty acids reduce production 
of cytokines such as interleukin‑1  (IL‑1), IL‑6, and 
tumor necrosis factor  (TNF).[96] Resolvin D‑series  (RvDs) 
are endogenous lipid mediators derived from omega‑3 
fatty acids and have anti‑cancer and analgesic effects 

harbors early pre‑malignant genetic alterations. The field of 
cancerization may extend from 4  mm to 7  cm.[75] Figure  1 
summarizes the mechanism of genetic alteration and field 
cancerization to develop oral carcinoma.

Oral cancer prevention strategies

Probiotics

Recently published studies assessed microbial compositions 
in patients with OSCC. Interestingly, the microbial flora 
of patients was different from healthy individuals. It 
is suggested that some factors such as diet, age, and 
smoking have effects on the microbial composition and 
development of OSCC. It is assumed that cytokines and 
other secretory mediators of bacteria lead to malignant 
transformation. There are accumulating evidence to 
indicate a higher incidence of oral cancer in patients with 
poor oral hygiene.[76] Probiotics are live microorganisms 
which provide a health benefit on the host. The probiotic 
products mostly contain lactic acid bacteria and help host 
for the maintenance of intestinal microbial balance. Recent 
data on probiotic products show a protective effect against 
the carcinogenic activity of mediators of bacteria. Among 
them, Lactobacillus acidophilus and Lactobacillus casei 
have been known for reducing the level of cytokines and 
mediators of bacteria. Besides, consuming the probiotics 
significantly reduces Streptococcus mutans counts which 
prevents tooth decay, improves periodontitis, and is 
effective for the treatment of oral candidiasis.[76] Previous 
studies have shown that consumption of probiotics is useful 
for treatment of periodontitis and elimination of halitosis[76] 
as well as controlling oral candidiasis and hyposalivation 
in elderly patients.[77] Also, probiotics have potential for 
prevention of tumor formation and metastasis. A  daily 
probiotic drink for 6  months enhances the clearance of 
HPV and cervical pre‑malignant lesions.[78]

Chemoprevention

Chemoprevention is a promising plan to inhibit, suppress, 
or control the carcinogenesis. Regarding oral lesions, 
leukoplakia and postoperative oral cancer patients are 
the best target population for chemoprevention.[79] There 
are some natural products to prevent oral cancer such as 
polyphenols and strong antioxidants like vitamin C, E, 
and carotenoids.[2] Vitamin A, isotretinoin  (13‑cis retinoic 
acid), green tea extract, and some medicinal herbs have 
been used as chemo‑preventive agents.[79] Curcumin, 
an active constituent of turmeric, is a polyphenol used 

Figure 1: Schematic mechanism of genetic alteration and field cancerization to develop a carcinoma
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on OSCC.[97] Diets containing vegetables like broccoli, 
cabbage, and cauliflower are associated with reduced 
risk of HNSCC. It is clear that broccoli extracts promote 
detoxication of chemical carcinogens found in tobacco 
smoke and the airborne pollutants acrolein and benzene.[98] 
Besides, salted food and some that contain preservatives 
develop head and neck cancer. Improper diet and nutrition 
including lack of vegetables, fruits, and vitamins are 
suggested to be another risk factor for oral cancer, as 
some food contain antioxidants which can inhibit DNA 
mutation and change in enzyme activity.[52,99] Mediterranean 
diet  (MD), rich in monounsaturated fatty acids from olive 
oil, vegetables fruits, fish, low‑fat dairy, moderate alcohol 
intake, and low red meat consumption, reduces the risk 
of developing many diseases including head and neck 
cancer due to α‑tocopherol and phenol oils and being good 
sources of dietary fiber and antioxidants.[100] Pterostilbene, 
a pantropical genus of trees, inhibits DNA synthesis. 
Pterostilbene induces apoptosis of oral cancer cells via 
activation of caspase‑3,  ‑8, and  ‑9. Iranian orthodox black 
tea extracts induces apoptosis in oral cancer cells in vitro.[2] 
H.  pylori is a resident in the oral cavity especially in the 
developing countries. Eradication of H.  pylori infection 
is difficult.[56‑58] Sulforaphane, a compound obtained from 
cruciferous vegetables such as broccoli, Brussels sprouts, 
and cabbages, kills H.  pylori which is recognized as the 
main cause of stomach cancer.[101,102]

The role of anti‑inflammatory drugs on cancer prevention

Celecoxib (CXB), a selective COX‑2 inhibitor, is approved 
for use in early cancer prevention in some lesions such 
as familial adenomatous polyposis. CXB has different 
anti‑cancer progression molecular mechanisms including 
anti‑angiogenesis activity via decreasing VEGF production 
and anti‑EMT properties.[103] In murine model study, CXB 
inhibited EMT phenomenon in OSCC.[104] Aspirin, another 
anti‑inflammatory drug, significantly reduces the risk of 
colorectal cancer.[105] A previous study on aspirin and its 
role in head and neck cancer found an association between 
the reduction of risk of cancer especially in people with 
low to moderate exposure to cigarette smoke or alcohol 
consumption.[106] Another study demonstrated an improved 
survival rate in patients with head and neck cancer who 
used aspirin after diagnosis.[107] However, a recent published 
work did not find any effect of aspirin on survival or 
recurrence of HNSCC cases.[108]

Cancer screening, early detection

Cancers detected at early stages can be treated more 
successfully. Delay in diagnosis has effect on cancer‑related 
morbidity and mortality. Therefore, screening and early 
clinical diagnosis help to provide more safe and cheap 
treatments. Awareness of health care providers has a great 
impact on early diagnosis.[52,109,110] It is critical that oral 
health professionals understand the importance of oral 
screening examination for pre‑malignant and malignant 

lesions.[110‑113] Dentists are usually the first health care 
professionals who examine the oral cavity and, therefore, 
have the opportunity to screen oral cancer.[1,4,111‑114] A visible 
precancerous lesion helps the practitioners in early detection 
and treatment.[115] Moreover, the mouth self‑examination is 
another way to detect oral cancer at early stage.[116] Salivary 
biomarkers can also help in the diagnosis of potentially 
malignant and malignant disorders of the mouth. For 
example, Cyfra‑21‑1, tissue polypetide antigen  [TPA], 
and cancer antigen CA‑125 are tumor markers which are 
significantly increased in saliva of patients with OSCC.[117] 
Choline and pipecolate can be detected in the saliva of 
patients with OSCC even in early stages.[118] Altogether, 
the best diagnostic technique is experience and training. 
Salivary biomarkers help in early detection of oral cancer. 
Some other methods such as toluidine blue staining and 
lugol staining are helpful in the screening of pre‑malignant 
and malignant lesions of the oral cavity. Besides, tissue 
biopsy and histopathological examination should remain 
the gold standard for oral cancer diagnosis.[119] Like the 
cervical cancer, the incidence of OPSCC in women is 
decreasing in the United States due to increased preventive 
health care such as screening.[120]

The role of biomarkers for oral cancer detection

Carcinogenesis is a multistep process, and recent studies 
on molecular biology have indicated the genetic basis of 
the process of carcinogenesis.[63,121] Secretory leukocyte 
protease inhibitor  (SLPI) has broad anti‑microbial and 
anti‑inflammatory properties and has been considered as 
a potential diagnostic and prognostic biomarker in head 
and neck cancer. Besides, SLPI protects against head 
and neck cancer development. Salivary SLPI reduces 
transmission of HIV in the oral cavity and also protects 
against oral HPV infection. It is suggested that SLPI 
protects oral mucosa against proteolysis, epithelial tissue 
damage, and degradation in cases of prolonged epithelial 
cell exposure to carcinogens such as tobacco and alcohol. 
SLPI protein expression decreases the risk of lymph 
node metastases.[122] CD44, a cell surface transmembrane 
glycoprotein, is overexpressed in pre‑malignant lesions 
of the larynx and stomach.[123,124] CD44 is found in body 
fluids such as saliva; a prior study suggested CD44 
and total protein as reliable markers to test and screen 
increased risk of oral cancer.[125] Previous studies on 
OSCC and mucoepidermoid carcinoma, the most prevalent 
malignant salivary gland tumor, suggested CD44 as an 
effective head and neck cancer biomarker.[63,65] Zhong 
et al. detected telomerase activity in the saliva of the 75% 
of patients with OSCC. They suggested the telomerase 
detection as an assistant marker in the OSCC.[126] Different 
molecular biomarkers have been investigated regarding 
the heterogeneity of head and neck cancers[7,63‑65] such as 
E‑cadherin and VE‑cadherin as the components of adherent 
junctions involved in EMT. Also DNA repair proteins like 
BRCA1/2 are linked to treatment outcomes.[121] BRCA1/2 
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