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Oral squamous cell carcinoma (OSCC), the most frequent of head and neck cancers,
has been a topic of great interest to the scientific community. This is due to both its very
high incidence and mortality rates in many countries around the world, as well as its
complex social and economic impacts for patients that manage to survive this highly
disabling disease [1]. The paradox about OSCC is the simplicity to diagnose the disease,
with suspicion being aroused after a routine oral examination in most cases, and the
overwhelming number of patients that are diagnosed in advanced stages. The impact of
a late diagnosis in OSCC is dramatic in terms of prognosis, quality of life for the patients
and the financial burden for healthcare systems worldwide [2]. In recent decades, there
have been crucial breakthroughs in the therapeutic management of OSCC. One example
is the introduction of free flap reconstruction techniques, starting with the “Chinese flap”
first reported in 80s for large tumors previously considered unresectable, which allowed
the extension of the therapeutical armamentarium in OSCC [3]. Immunotherapy that was
recently registered for advanced and metastatic head and neck cancers is another example
of efficient strategy to combat OSCC [4]. However, despite all these efforts, the overall
prognosis of OSCC has failed to significantly improve in recent decades. In the incipient
stages of OSCC, the reported survival rates after treatment completion can exceed 90% [5],
and clinical experience shows that almost half of patients have advanced disease at the
moment of diagnosis [6,7]; therefore, it is logical that the most important aspect in the
combat against OSCC is a timely detection of the disease. Furthermore, since risk factors
induce disease in most patients [8], efficient prevention strategies are vital in the global
efforts to fight against OSCC. Consequently, in recent years, many investigations have
addressed these particular aspects of OSSC.

Screening strategies in OSCC, currently based on oral clinical examination, have not
changed survival rates in recent decades [9]. By contrast, prevention campaigns against
smoking and alcohol abuse, as well as recently introduced HPV vaccination campaigns
proved to be highly efficient strategies, which are continuously changing the pattern of inci-
dence and risk-factor-associated OSCC rates [10]. Another important objective is to identify
and diagnose premalignant lesions that develop long before the malignant transformation
occurs or even to identify subjects at high risk of developing an oral cancer. High-resolution
imaging techniques, in particular in vivo reflectance confocal microscopy (RCM), have been
investigated for the discrimination of premalignant lesions from malignancies through a
non-invasive, reproducible method and is currently used in clinical practice [11]. Regarding
specific morphological features described in RCM images, alteration of the typical epithelial
honeycomb pattern and the presence of target keratinocytes in the epidermis are common
findings in premalignant lesions, such as actinic cheilitis. Malignant transformation in
suspicious non-healing mucosal wounds is suggested when a complete epidermal disarray
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occurs in these patients [12]. The focus is currently oriented towards defining reliable RCM
diagnostic criteria for many types of epithelial diseases that can reduce the indication of
conventional diagnostic biopsy [13].

As in many other malignancies, complex metabolic alterations have been reported in
OSCC that can be graphically detected through imaging techniques. High glucose uptake,
which is characteristic for malignant behavior, has been suggested as a potential screening
method for oral cancer using the imaging technique of 18F- fluorodeoxyglucose positron
emission tomography/computed tomography (18F-FDG PET/CT), which is currently used
for diagnosis, staging and monitoring in OSCC. Recent data provide strong evidence
for the utility of PET-CT in cancer screening. This method is associated with improved
long-term outcomes in asymptomatic patients [14]. Furthermore, Ishikawa et al. reported
that in OSCC, salivary metabolites revealed significant correlations with the maximum
standardized uptake value, suggesting a novel potential approach for the early detection of
oral cancer [15].

Imaging techniques have reached an unimaginable level of quality and versatility
compared to several decades ago, and modern medicine greatly relies on imaging in both
diagnosis and treatment planning in most diseases, including OSCC. In recent years, an
increasing interest has been oriented towards artificial intelligence for a fast and accurate
diagnosis based on imaging investigations. Shavlokhova et al. conducted an interesting
study assessing the utility of deep learning processes on the interpretation of ex vivo fluo-
rescent confocal microscopy images for the diagnosis of OSCC. Although the study sample
is relatively low, preliminary results suggest that there might be a paradigm changing
the potential implementation of artificial intelligence for the pathological diagnosis of
OSCC [16].

In the quest for non-invasive diagnostic tools, saliva has been proposed as an alter-
native for the early detection, diagnosis and monitoring of OSCC and oral premalignant
lesions. Babiuch et al. investigated the immunological mechanisms in oral carcinogenesis,
expressed through the alterations of proinflammatory NF-kappaB dependent cytokines in
premalignant and malignant oral mucosa. Their results identified IL-8 as the most relevant
biomarker for the malignant transformation in OSCC, with changes detectable both in
tumor tissue and salivary samples [17]. Furthermore, the salivary levels of other proin-
flammatory cytokines, such as IL-6 and TNF-alfa, were also increased in OSCC patients
compared to healthy controls or patients with oral dysplastic lesions, thus confirming the
important role of chronic inflammation in the pathogenesis of OSCC. Genetic alterations in
OSCC have also been investigated through salivary determinations, revealing prognostic
features. Oh et al. reported important salivary mARN changes for a series of six genes that
exhibited significantly lower expressions in OSCC saliva samples. Assessed in combina-
tion, monoamine oxidase B and NGFI-A binding protein 2 were an important predictive
element for the early detection of OSCC in younger patients [18]. These findings provide an
important insight into the pathogenetic mechanisms of OSCC, and further investigations
are required to confirm the biomarker potential of mRNA though salivary determinations
in OSCC.

In addition to the early detection in OSCC, an important aspect is the accuracy of prog-
nostic stratification, especially in patients with advanced disease. Nodal involvement is a
common finding at presentation in OSCC, and the prognosis dramatically changes in these
patients. A recent study conducted by Shimomura et al. reported an increased expression
of the non-structural maintenance of chromosome (SMC) Condensin I Complex Subunit H
(NCAPH) in patients with OSCC in correlation with regional lymphatic spread [19]. Fur-
thermore, NCAPH was associated with resistance to chemotherapy and worse prognosis in
these patients. These findings imply underlying mechanisms between NCAPH alterations
and OSCC pathogenesis. Unveiling these mechanisms might provide new therapeutic
strategies in the future for OSCC patients. In addition to lymphatic spread, many clinical
studies confirmed the negative predictive role of extranodal extension in head and neck
cancer [20], but the main challenge is the detection of this feature, which currently implies
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pathology examination after surgical removal of the lymph nodes as part of neck dissec-
tion. Tsai et al. identified significant metabolomic alterations in tumor tissue of patients
with advanced OSCC and extranodal extension, which can be detected in plasma, thus
implying the predictive character of the metabolomic alterations for extranodal extension
in OSCC [21].

Interestingly, even though it is known that OSCC, alongside other types of upper
aero-digestive tract malignancies, is more common in the elderly population, it seems that
age does not significantly impact cancer-related prognosis [22]. Many studies investigated
the aspects related to age and cancer-related survival. Onishi et al. reported that the only
independent predictive factor in elderly patients diagnosed with esophageal squamous
cell carcinoma was sarcopenic obesity [23]. The main challenge is related to the difficulties
in diagnosing sarcopenic obesity based on clinical and imaging findings, which limits the
implementation of this method into clinical practice.

There are many similarities between OSCC and cutaneous squamous cell carcinoma
(cSCC) in terms of pathogenetic mechanisms [24]. Many types of genetic alterations have
been associated with progression to both OSCC and cSCC. Genes involved in cell cycle
control, epithelial cell differentiation, epithelial-to-mesenchymal transition, cell survival,
in addition to the inactivation of tumor suppressor genes, TP53 being most frequently
reported, are currently considered the drivers for progression to malignancy [25]. Recent
discoveries highlighted promising features in non-coding RNA molecules—miRNAs and
lncRNAs—which could interfere with carcinogenetic processes in the post-transcriptional
stage as potential therapeutic targets in many types of cancer, including epithelial ma-
lignancies, and represent a popular topic in the scientific community [25]. Pre-existing
premalignant lesions, namely actinic keratosis (AC), are a common finding in cSCC, and
cellular plasticity is an essential feature for progression to malignancy. This epithelial-to-
mesenchymal transition was manipulated in experimental models, and the results reveal
that zinc finger E-box binding homeobox 1 (ZEB1), one of the EMT markers, upregulated
in cSCC samples, attained an increased expression in A431 squamous cell carcinoma cell
line after the knockdown of ovo-like zinc finger-2 (OVOL2), facilitating an aggressive
behavior [26]. These pathogenetic mechanisms could be further developed and might be
proposed in the future for the prevention of cSCC.

In conclusion, the data presented above emphasize the magnitude and impact of
squamous cell carcinomas worldwide and the increased interest of the scientific community
to elucidate the molecular mechanisms that lead to malignancy and cause their aggressive
behavior. In the quest for novel, accessible diagnostic strategies and therapeutic targets
in squamous cell carcinoma, promising elements have been identified, which could be
developed into effective treatment strategies that will improve the prognosis for all patients
affected by this malignancy.
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