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Simple Summary: Laryngeal cancer represents one of the most common head and neck cancers
worldwide. It can arise in different larynx subsites, each associated with specific clinical-pathological
characteristics and treatment options. Due to the nonspecific symptoms, laryngeal cancer diagnosis
often occurs in a late phase, resulting in delayed treatment and worse prognosis. Therefore, success-
ful clinical management is strictly linked to the identification of reliable diagnostic and prognostic
biomarkers. Herein, we provide an overview of the most promising molecular factors to date identi-
fied for both detection and monitoring, focusing on mutated genes, non-coding RNAs, transforming
epigenetic events, inflammatory mediators, and immune-related agents.

Abstract: Laryngeal squamous cell cancer (LSCC) accounts for almost 25–30% of all head and neck
squamous cell cancers and is clustered according to the affected districts, as this determines distinct
tendency to recur and metastasize. A major role for numerous genetic alterations in driving the
onset and progression of this neoplasm is emerging. However, major efforts are still required for the
identification of molecular markers useful for both early diagnosis and prognostic definition of LSCC
that is still characterized by significant morbidity and mortality. Non-coding RNAs appear the most
promising as they circulate in all the biological fluids allowing liquid biopsy determination, as well
as due to their quick and characteristic modulation useful for non-invasive detection and monitoring
of cancer. Other critical aspects are related to recent progress in circulating tumor cells and DNA
detection, in metastatic status and chemo-refractoriness prediction, and in the functional interaction
of LSCC with chronic inflammation and innate immunity. We review all these aspects taking into
account the progress of the technologies in the field of next generation sequencing.

Keywords: LSCC (laryngeal squamous cell carcinoma); miRNA; lncRNA; biomarkers; epigenetic
modifications; ctDNA; CTC; inflammatory markers; TME (tumor microenvironment)
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1. Introduction

Laryngeal cancer represents one-third of all head and neck cancers which are the sixth
most common cancer worldwide, occurring in different subsites of larynx, with different
symptoms and treatments [1]. In 2020, 184,615 new cases were diagnosed globally, while
99,840 deaths were recorded [2]. Based on the data coming from the Surveillance, Epidemi-
ology, and End Results (SEER) Program, from 2011 to 2017, the estimated 5-year relative
survival for patients diagnosed for laryngeal cancer was 60.7% as also found in the last
decades. One of the main factors affecting this index is represented by the high percentage
of diagnosis at advanced stage. In fact, the 5-year relative survival rate for localized laryn-
geal cancer increases up to 77.9%. Moreover, SEER data report a rate of new cases of 4.9 per
100,000 for males and 1.1 for females, whereas the median age at diagnosis is 66 years for
both sexes [3]. Alcohol, tobacco consumption, and infections are the main causative factors
for LSCC. Human papilloma virus (HPV) is considered an independent risk factor and
HPV16 represents the most common type in laryngeal tumors [4]. At diagnosis time, head
and neck squamous cell carcinomas (HNSSCs) patients often present malnutrition and
cachexia which are severe wasting conditions affecting quality of life. Both cachexia and
malnutrition are correlated with poor survival or longest post-operative period [5,6]. The
clinical diagnosis is firstly made by neck palpation, echography, suspension laryngoscopy,
computed tomography (CT), or even magnetic resonance imaging (MRI), supplemented by
a positron emission tomography (PET) in an advanced or suspected locoregional disease.
All these findings contribute to assessing the clinical TMN (cTMN) classification. In addi-
tion, a detailed histopathological analysis performed on the tumor specimens defines the
pathological TMN (pTMN) [7].

Early diagnosis ensures the choice from a wide range of potential successful thera-
peutic strategies. During the last years, many changes have occurred in LSCC treatment
and a significant improvement of patients’ quality of life has been achieved. Before the
1980s, a total laryngectomy followed by radio therapy (RT) was the standard procedure for
advanced tumors. Today, a dedicated multidisciplinary team (MDT) based on an accurate
preoperative assessment guarantees the best treatment option. T1–T2 LSCC patients with
a tumor in situ undergo organ and function preservation treatment by primary larynx-
preserving surgery, transoral CO2 laser excision, or RT [8]. Treatment of locally advanced
disease (T3–T4) involves a non-mutilating surgery strategy in combination with chemother-
apy (CT). The most commonly administered drugs in LSCC CT treatment are cisplatin and
5-fluorouracil and, most recently, taxanes and monoclonal antibodies, such as cetuximab [9].
An old and invasive surgery approach, represented by total laryngectomy, is now reserved
only to those patients with extensive T3–T4 stages. Furthermore, neck dissection can also
occur for patients positive with lymph nodal metastases (LNM) [10].

Given the huge limitation represented by delayed diagnosis, mostly due to the ab-
sence of premonitory symptoms, there is an urgent need to find new early diagnostic and
prognostic biomarkers. Similarly, the deepening of knowledge concerning the molecular
mechanisms underlying the pathology could facilitate a prompt diagnosis improving LSCC
patients’ quality of life.

2. Histopathological Features of LSCC

Currently, histopathological analysis is essential for clinicians to determine the surgeon
margins. These can be hypothetically defined “safe” if negative for the presence of cancer
cells. The current strategy to have an “adequate” resection margin is 5 mm from the
invasive front of the carcinoma [11]. One of the most interesting recent findings underlining
the importance of surgical margins is that patients with negative margins but positive for
prognostic biomarkers, such as p53, Cyclin-1, Bcl-2 and others, show enhanced tendency to
relapse [12].

A large part (95%) of laryngeal malignancies is represented by squamous cell carcino-
mas (LSCCs), while the remaining 5% are verrucous squamous cell carcinomas, chondrosar-
comas, leiomyosarcomas, and others [13,14]. In recent years, there has been an increasing
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interest in understanding the role played by HPV in LSCC etiopathology. A great deal of
studies report HPV-16 as the most common viral type detected and internalized in LSCC.
Its capability to encode oncoproteins able to drive cell cycle progression has been also
characterized [15]. HPV-16 positivity was found to be independently correlated with LSCC
onset and, surprisingly, LSCC risk in “never-smokers” was found to be higher than in
“ever-smokers” [16]. Moreover, most recently, Lifsics et al. confirmed, by means of immuno-
histochemistry, the involvement of p16 and E6/E7 oncoproteins in LSCC tumorigenesis,
while loss of E6/E7 oncoproteins in some LSCC analyzed tissues suggested the occurrence
of other tumorigenic mechanisms to be further deepened [17].

According to the American Joint Committee on Cancer (AJCC) 8th ed. (2017), the
primary larynx cancer can be located at the glottic, supraglottic, or subglottic region, with
incidence following the reported order [18].

The supraglottic tumors often appear silent and more invasive compared to the glottic
ones which, conversely, present more chances to remain localized, mainly due to their
more marked ability to establish an extensive lymphatic network. Invasiveness is a specific
feature of squamous cell cancers (SCCs) which frequently spread into the stroma disrupting
the basal membrane [19].

LSCC diagnosis must be necessarily preceded by an in-depth differential study, to
exclude other similar and less dangerous diseases. The classical method which usually
allows LSCC diagnosis is the histopathologic exam by hematoxylin and eosin staining
(H&E). In the case of unclear histology, immunohistochemical methods are performed to
target specific markers, such as p53, CD44, and EGFR [20]. Nevertheless, in most cases
there is no need to perform immunohistochemical reactions to confirm LSCC diagnosis.
The invasiveness is conventionally graded after histopathological analysis as follows: well
(G1), moderately (G2), and poorly differentiated (G3). The histological confirmation of extra
nodal metastatic spreading is extremely important for adjuvant treatment planning [21].

Most LSCCs are described as keratinizing due to the copious keratin production by
tumor cells. An indicator of invasiveness called desmoplasia can be detected by H&E
staining, which can reveal tumor cell movement from the epithelium into the stroma.

LSCC is frequently characterized by delayed diagnosis for the absence of evident signs
or symptoms. However, it often develops from precancerous lesions, such as epithelial
hyperplasia, epidermoid metaplasia, acanthosis, keratosis, dyskeratosis, pachydermia, and
dysplasia. In particular, a strong consequential relationship has been found with chronic
dysplastic conditions, with higher risk of carcinoma transformation in the case of severe
dysplasia grade [22]. Multiple scientific studies assessed the histopathological steps of
pathology progression. Johnson et al. showed the transition from epithelial cell hyperplasia,
to dysplasia, to carcinoma in situ, and, ultimately, to invasive carcinoma [23].

In light of these considerations, laryngeal epithelial premalignant lesion (LEPL) is an
important stage in LSCC development. Thus, to further investigate LSCC pathogenesis
and to avoid delayed diagnosis, upcoming studies aimed at defining a clear guideline to
describe and treat these lesions are highly requested. To this aim, a strong interest has
also been developed in finding both diagnostic and predictive biomarkers in LEPLs. Hu
et al. discovered the diagnostic potential of both miR-10a-5p and miR-34c-5p in assisting
histopathological classification of LEPL. In detail, miR-10a helped distinguish low-risk
from high-risk lesions [24].

The mortality risk associated with SCC is strongly dependent on invasive and metastatic
potential. Tuncturk et al. reported a proportional correlation between the upregulation
of 9 miRNAs and the increased malignancy of the lesions [25]. Among these miRNAs,
the expression of Hsa-miR-106b-3p was 3.01- and 7.31-fold higher in premalignant and
malignant groups, respectively, compared to the benign group. On this basis, it has been
proposed as a transformation biomarker [26]. In a recent study, Daquan et al. reported
a decreased prognostic nutrition index value for LSCC compared to LEPL or laryngeal
benign lesion (LBL). Moreover, poor nutritional index was correlated with higher risk of
developing LSCC [27].
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Furthermore, there is a great interest in understanding how long-noncoding RNA
could affect tumor pathogenesis. For instance, Lan et al. clarified the role of LINC00886,
which was downregulated by promoter hypermethylation with a consequent effect of stim-
ulating epithelial-mesenchymal transition (EMT), proliferation, migration, and invasion
processes. In addition, decreased LINC00886 expression was correlated with pathological
differentiation grade and metastasis occurrence [28].

In this context, an integrated clinical, pathologic, and genetic evaluation of LSCC is
required for the correct assessment of invasive grading, as well as for the definition of a
suitable surgical and oncologic treatment. Immunohistochemistry has a huge relevance in
LSCC for the need to take advantage of prognostic factors correlating with cancer evolution
and histopathological degree of the lesion.

3. Molecular Markers for Clinical Management of LSCC
3.1. Mutated Genes and Abnormal Protein Expression in LSCC

Numerous LSCC-related genetic alterations have been described to date, though the
actual molecular effects that specifically drive the onset and progression of this neoplasm
remain almost uncertain. Therefore, the understanding of the downstream molecular
changes of such aberrations could help in clarifying the mechanisms of underlying cancer
progression and, above all, it could direct the identification of specific biological targets for
the development of new treatment strategies. It is very important to point out that over half
of LSCC patients with advanced disease (stage III or IV) at the time of diagnosis experience
recurrence or the onset of distant metastasis. For this reason, there is a clinical need to
identify novel biomarkers for both early diagnosis and effective timely treatment to improve
patients’ outcomes. In depth characterization of LSCC-related molecular profiles represents
the most promising approach to achieve this goal, and next generation sequencing (NGS)
is a reliable procedure to elucidate the mutational landscape of LSCC [29].

Based on the recently identified mutations in LSCC, the major pathologic pathways
implicated in its tumorigenesis include the dysregulation of some key processes, such
as cellular survival and proliferation (Tp53 and EGFR), cell-cycle control (CDKN1A),
and cellular differentiation (NOTCH1) pathways [30]. In this context, we tried to focus
our attention on widely studied and recently identified mutations and abnormal protein
expression, describing them for the different functions, modes of action, and clinical roles
as prognostic biomarkers.

p53. p53 is a key regulator of genomic stability and acts as a tumor suppressor protein.
Numerous studies have identified TP53 mutations in HNSCC with an incidence ranging
from 50% and 80% [31,32], and a strong correlation with poor survival, which was even
greater in the case of disruptive mutations [31]. Poeta et al. observed TP53 mutations
in 224 of 420 tumor patients (53.3%) which also showed decreased overall survival (OS)
compared with the wild-type ones [31]. Moreover, p53 expression, together with Mouse
double minute 2 homolog expression (MDM2), was positively correlated with advanced
stage of LSCC by Chrysovergis et al., as demonstrated by immunostaining of p53 and
MDM2 in the 50 LSCC patients included in their study. The results showed p53 over-
expression in 32% LSCC patients and a stronger MDM2 expression in 44% cases [33].
TP53 gene mutations have been also assumed to affect the response to radiotherapy and
drive both cell differentiation and neck LNM, although no correlation with LSCC clinical
stages was observed [34,35]. Moreover, Pruneri and collaborators assessed the relationships
between p63 expression and TP53 gene status, suggesting that abnormal p63 levels may be
involved in the early phases of laryngeal tumorigenesis irrespective of TP53 mutational
features [36]. In this study, both the prevalence and clinical implications of p63 immunoreac-
tivity (IR) were evaluated together with mRNA expression in LSCCs. The authors analyzed
150 LSCC cases and results evidenced no significant association between p63 IR and pa-
tients’ survival. In detail, mRNA transcripts with (TA-p63) or without (∆N-p63) trans
activating properties were analyzed on p53-responsive genes. ∆N-p63 mRNA transcripts
were detected in all the 23 tumors analyzed, whereas TA-p63 mRNA transcripts were absent
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in 5 cases. Moreover, TP53 gene mutations were found in 24 of the 82 cases and p53 IR in
58 of 108, and neither event was associated with p63 IR. In addition, a downregulation
of TA-p63 mRNA transcripts was observed in patients with T3–T4 tumors and advanced
clinical stage [36]. Of note, another study analyzed the genetic changes associated with
the transformation-progression of 94 tissue samples by multiple ligation-dependent probe
amplification (MLPA). As a result, it showed a copy number variation for 37 genes. Among
these, the most common were TP53, IL1A, and RB1 losses and STK11 gain, all associated
with metastatic primary tumors, while the LNM were characterized by LMNA, RECQL4
and IGF1R losses, and both N33 and CDKN2D gains [37].

Bcl-2. Bcl-2 family members are involved in the regulation of apoptotic cell death,
acting as either anti-apoptotic (Bcl-2 and Bcl-xL) or pro-apoptotic (Bax and Bak) mediators,
or, additionally, working dually as anti-apoptotic or pro-apoptotic isoforms (Bcl-x, Bcl2L12)
by alternative splicing. Together with p53, Bcl-2 plays a central role in the regulation of
apoptosis. It has been proven that p53/Bcl-2 co-expression was significantly associated
with poor differentiation, tumor extension, LNM, and advanced clinical stage of LSCC [38].
In a recent study, 78 primary LSCC patients were analyzed, and the Kaplan–Meier survival
curves showed advanced LSCC patients with BCL2L12-positive tumors characterized
by significantly longer OS time and a lower risk of death. These data suggested that
BCL2L12 protein expression could be used as a favorable prognostic tissue biomarker in
patients with advanced primary LSCC. However, Bcl-2 and Bax levels were not correlated
with primary LSCC patients’ prognosis [39]. Another recent study showed high Bcl-2
protein expression levels in 42% LSCC tissue sections, whereas the remaining cases exposed
a low expression. In depth evaluation displayed that Bcl-2 overexpression correlated
with aggressive phenotype and anatomic localization, as well as with negative response to
radiotherapy [40]. The prognostic potential of the Bax/Bcl2 ratio in LSCC was also analyzed
by real-time qPCR, showing decreased risk of relapse and overall good prognostic outcome
for patients with high Bax/Bcl2 ratio, with special reference to N0 patients, predicting for
them longer DFS and OS independently from histological grade, tumor size, and TNM
stage, as evidenced by Kaplan–Meier survival analysis [41].

Cyclin D1. Cell cycle-related proteins have also been widely investigated in LSCC to
identify molecular markers for early diagnosis and prognosis and to find new therapeutic
targets. Recent insights revealed a significantly higher positivity for cyclin D1 immunostain-
ing in LSCC patients compared with both subjects suffering from laryngeal dysplasia and
healthy individuals. In detail, this protein was identified as a highly sensitive (81.2%) and
specific (83.9%) marker of LSCC compared to laryngeal dysplasia, and a highly sensitive
(81.2%) and lower specific (41.4%) marker in comparison with healthy laryngeal mucosa.
FGF3 and p16 levels were also significantly upregulated in LSCC patients compared with
both laryngeal dysplasia and healthy mucosa groups. Moreover, both cyclin D1 and p21
positive immunostaining strongly correlated with the occurrence of regional LNM [42].

p21 and p27. Among other cell cycle regulators, the prognostic significance of p21 and
p27 protein expression in LSCC was investigated for the first time by Pruneri and colleagues
in 1999, when a role of independent predictor marker for prognosis was identified for
p27 [43]. Almost concurrently, reduced p27 expression in LSCC was correlated with
aggressive behavior, advanced clinical stage, and metastatic disease [44,45]. More recently,
increased p21 expression has been significantly associated with higher cyclin D, cyclin
E, and Ki67 levels, while p27 upregulation was correlated with p53 accumulation and
increased proliferation, thus suggesting the establishment of a protective mechanism
against the inhibitory effect exerted by these proteins on cell cycle progression [46].

EGFR. One of the molecules involved in the occurrence of LSCC is epidermal growth
factor receptor (EGFR). The EGFR pathway induces cell transformation through autocrine
overproduction of epidermal growth factor/transforming growth factor α (EGF/TGFα).
EGFR overexpression by gene amplification can alter the transcriptional mechanism of
survival. The role of combined EGFR/anaplastic lymphoma kinase (ALK) expression as
molecular marker was analyzed in 25 primary LSCC patients by immunohistochemistry
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(IHC). In detail, EGFR overexpression, observed in 68% of cases, was correlated with tumor
aggressiveness (p = 0.049), while ALK low expression in 92% was associated with stage
(p = 0.048). A biphasic EGFR protein expression pattern was observed for some LSCC
patients, whereas ALK levels were stable in all cases. In conclusion, EGFR overexpression
is frequently observed in LSCC combined with low ALK levels, thus suggesting possible
targeted therapeutic strategies for patients with a high EGFR/ALK ratio [47]. In recent
work, a total of 38 LSCC cases were analyzed by IHC paying particular attention to age,
gender, histological grade, depth of invasion (pT), lymph node metastasis (pN), and tumor
stage. Metastases were not diagnosed (pM0) in any of the present cases. The results
confirmed a significant increase of EGFR values, mostly in poorly differentiated carcinomas
compared with moderately and well differentiated ones [48]. Furthermore, the correlation
between EGFR, cyclin D1, and KRAS in LSCC and how the three genes play a synergistic role
in the onset and development of this neoplasm has also been reported. Expression levels
in LSCC tissues were analyzed by IHC and correlated with clinical features by statistical
analysis. The results indicated that EGFR, cyclin D1, and KRAS levels are closely associated
with clinical stage and metastasis or recurrence after treatment. In detail, the expression of
the three genes in LSCC tissues increased compared to vocal cord polyp tissues and acted
synergistically to promote the onset and development of LSCC. The Kaplan–Meier method,
used to evaluate the mean survival time and survival rate of patients, showed a significant
decrease of these parameters for EGFR, cyclin D1, and KRAS high-expressing groups,
influencing prognosis as well as age, smoking, and alcoholism, that were considered
relative risk factors by multivariate analysis of prognosis using the Cox regression model,
while clinical stage and response to treatment were independent risk factors [49].

E-cadherin. EMT refers to a process whereby the adhesive polarity of epithelial can-
cer cells dissipates and changes to mesenchymal cells. Cadherin switching, consisting in
E-cadherin decrease and simultaneous N-cadherin raise, is a feature of EMT in numerous
types of malignant tumors, including HNSCC, where this process often correlates with
the occurrence of LNM [50]. E-cadherin expression and its correlation with both clinic-
pathological features and LSCC prognosis was assessed in 75 patients by IHC. The low
expression rate of E-cadherin was reported in about 50.7% versus 83.2% cases, as demon-
strated by Larizadeh et al. [51]. Meanwhile, a significant association between reduced
E-cadherin expression and tumors of the supraglottic region, poor tumor differentiation,
LNM, advanced T-stage, and TNM stage was identified [52]. A similar observation was
reported by Nardi et al. who evaluated by IHC analysis the expression of E-cadherin and
β-catenin in 52 LSCC tissue samples. The authors showed that E-cadherin and β-catenin
decrease lead to a greater local aggression and cervical metastases occurrence [53]. In a
recent retrospective study, EMT-associated markers’ expression (E-cadherin, N-cadherin,
β-catenin, and ZEB2) was analyzed in 76 stage I–IVa LSCC patients treated with surgery,
with and without LNM, using IHC analysis. In particular, the clinic-pathological sig-
nificance of E-cadherin/N-cadherin, E-cadherin/β-catenin, and E-cadherin/ZEB2 co-
expression in LSCC was assessed. ZEB2 is a transcriptional repressor which induces
EMT by suppressing E-cadherin expression, thus contributing to the invasiveness of malig-
nant tumors. Therefore, it has been considered a predictor of poor prognosis in numerous
types of cancer, including HNSCC. The results of the current study also evidenced the role
of ZEB2 expression as a critical factor in predicting the prognosis of LSCC. N-cadherin was
also indicated as an EMT biomarker based on its association with oncogenesis, develop-
ment, and metastasis in LSCC [54].

CTNNA2 and CTNNA3. Catenin Alpha 2 and 3 (CTNNA2 and CTNNA3) were found
mutated in 15% of LSCC tissues analyzed by exome sequencing by Fanjul-Fernández and
colleagues, who hypothesized a tumor suppressor function for these genes. CTNNA2
and CTNNA3 are key proteins of the adherents’ junctional complex in epithelial cells. To
evaluate the impact of CTNNA2 and CTNNA3 mutations in the clinical outcome of LSCC
patients, the authors examined the available clinical data of 86 patients, including 7 with the
mutated isoform of at least one of these genes. As a result, the mutations were associated
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with a worse clinical prognosis. Furthermore, they evaluated cell invasion under conditions
of loss or gain of function of these α-catenins, supporting the hypothesis that CTNNA2 and
CTNNA3 are tumor suppressor genes and their genetic inactivation endows HNSCC cells
with migration and invasion advantages, thus contributing to LSCC progression [55].

NOTCH. NOTCH signaling pathway is highly conserved evolutionarily, playing cen-
tral roles in embryonic development and adult life, as well as regulating tumor biology in
a context-dependent manner. To better understand the alterations of NOTCH signaling
pathway, Sun et al. performed DNA copy number, methylation, expression, and mutation
analysis from a cohort of 44 HNSCC tumors and 25 normal mucosae [56]. In detail, they
provided robust evidence about the leading activation of NOTCH pathway because of
ligand receptor copy number increase in HNSCC subsets with wild type NOTCH1 and,
against, a deficiency of NOTCH pathway in correspondence of loss of function mutations.
These results suggest the relevance of NOTCH-targeting therapies in NOTCH1 wild type
tumors [56]. In fact, NOTCH1 activity is contextual, playing a bimodal role as tumor sup-
pressor or oncogene [57]. Regarding the biomarker properties of this gene, a study showed
that NOTCH1 expression in the LSCC tissues of 106 patients was significantly associated
with clinical stage and LNM, supporting the role of NOTCH1 in the malignant progression
of human LSCC [58]. Meng-Yuan et al. analyzed NOTCH1 expression in 55 LSCC samples
(18 cases with metastasis, 37 without). They performed a tissue microarray of 40 LSCC cases
(5 cases with metastasis and 35 without) and both quantum dot immunohistochemistry
(QD-IHC) and conventional IHC analysis to comprehensively confirm NOTCH1 expres-
sion levels in LSCC tissues. Moreover, the authors silenced NOTCH1 in human laryngeal
carcinoma HEp-2 cell line to elucidate the downstream effects on LSCC cell proliferation,
apoptosis, migration, and invasion, demonstrating the contribution of NOTCH1 to the last
two processes. Nevertheless, further studies are warranted to determine the molecular
mechanisms underlying the role of NOTCH1 in LSCC invasion and metastasis [59]. There
are also other mutations capable of activating crucial components of the NOTCH signaling
pathway, including NOTCH2 or 3 receptors, which may result in LSCC. As revealed by
QD-IHC, an upregulation of NOTCH2 expression was observed in LSCC tissues compared
with vocal cord polyps and a further upregulation was recorded for LSCC tissues from
patients with LNM compared to the non-metastatic ones. The analysis was performed on
23 LSCC samples with LNM, 72 LSCC samples without, and 31 samples from vocal cord
polyps. The authors also demonstrated that NOTCH2 signaling contributes to cell growth,
survival, and metastasis in LSCC [60].

NAT1 and NAT2. Other cancer-related polymorphisms affect enzymes involved in the
biotransformation of tumorigenic components of tobacco, such as N-Acetyltransferase 1
(NAT1) and 2 (NAT2), which actively participate in the metabolic activation of aromatic
and heterocyclic amines to electrophilic intermediates. The association of NAT1 and NAT2
genotypes to LSCC risk was analyzed between the end of the last millennium and the
beginning of the new one, but no recent evidence is currently available. A significant, even
if rare, overrepresentation of homozygous NAT2 genotypes coding for rapid acetylation
was reported for LSCC patients compared to healthy individuals [61]. Later, NAT1 and
NAT2 polymorphisms were associated with an increased risk of LSCC, and a correlation
between NAT1*10/*11 genotype frequency and tumor location was also observed [62].

OGG1. A notable mutation associated with an increased risk of laryngeal cancer
involves the key enzyme OGG1 (the human 8-oxoguanine glycosylase 1), which performs
excision repair versus 7, 8-dihydro-8-oxoguanine (8-oxoG), a mutagenic derivative result-
ing from the exposure to reactive oxygen species (ROS). The study was conducted on
210 patients with histologically confirmed laryngeal cancer and 210 cancer-free controls.
The obtained data on gene environment interactions illustrated a positive association be-
tween smoking and LSCC for OGG1 mutated patients: His699-700His, in case of light
smokers, and Gln718Gln, Ala597Val, Glu707Lys, and His699-700His, in case of heavy
smokers. In conclusion, both silent and missense mutations were found to accumulate in



Cancers 2022, 14, 1716 8 of 40

smokers and, particularly, His699-His700 silent mutation displayed an enhanced risk by
~9.0 fold to develop LSCC, thus suggesting a role in the risk prediction [63].

PIK3CA, FGFR3, JAK3, MET, and FBXW7. Mutations in PIK3CA (phosphatidylinositol-
4,5-bisphosphate 3-kinase catalytic subunit alpha) and FGFR3 (fibroblast growth factor
receptor), two of the most important intracellular regulators of cell growth, have recently
been detected in LSCC cases, through the use of next generation sequencing, followed
by Sanger sequencing and/or qPCR validation. Interestingly, these mutations were also
detected in the matched tissues of patients with antecedent laryngeal dysplasia. In contrast,
mutations in JAK3 (Janus kinase 3), MET, and FBXW7 (F-Box and WD repeat domain
containing 7) were found only in non-progressing dysplasia, but absent in progressing
dysplasia and LSCC cases [29].

PTEN. PTEN is a tumor suppressor gene, member of the PI3K/AKT/PTEN/mTOR
signaling pathway, which regulates many cellular functions including cell proliferation,
protein synthesis, and survival. Decreased PTEN expression has been recently shown in
LSCC with a specific correlation with the glottic region and a lower association with the
supraglottic one. Mastronikolis et al. analyzed PTEN expression in 50 archival formalin-
fixed, paraffin-embedded tissue samples of primary LSCC finding a downregulation in
56% of samples, while a strong or moderate expression in the remaining 44%, similarly to
the normal-appearing laryngeal epithelia used as control group. PTEN downregulation
was correlated with shorter OS and advanced tumor degree (grade II/III). Therefore, PTEN
expression could be a useful prognostic marker of tumor aggressiveness [64].

PARK7. PARK7 (Parkinson protein 7), known as DJ1, acts as a positive regulator
of androgen receptor-dependent transcription. An immunohistochemistry-based study
correlated its overexpression with LSCC site, as well. Moreover, its upregulation was
related to lymph nodal status, clinical stage, and patients’ outcomes [65]. It has been
shown that DJ1 overexpression was negatively correlated with PTEN expression in the
tumor tissues of patients with LSCC. siRNA targeting of DJ1 effectively upregulated PTEN
expression, resulting in enhanced cell death, as well as decreased proliferation and invasion
of HEp-2 and SNU-899 cells. These data suggested that DJ1-induced PTEN downregulation
may be involved in the proliferation and invasion of LSCC [66].

TrkB. The altered expression and the occurrence of genetic mutations affecting
tropomyosin-related kinase B receptor (TrkB), have been proven to play an essential role for
tumor progression as observed by the increase of invasion, metastasis, angiogenesis, and
resistance against therapeutic treatments. Even though the underlying mechanism remains
unclear, TrkB was frequently overexpressed in highly metastatic laryngeal cancer cell lines,
and in clinical laryngeal cancer samples, acting as a key regulator of the c-Src-mediated
activation of PI3K/AKT signal pathway and driving EMT [67]. Therefore, TrkB could
represent a therapeutic target for counteracting the metastatic process in LSCC. Interestingly,
the therapeutic targeting of Trk has also been found to suppress tumor proliferation and
enhance cisplatin activity in HNSCC [68].

Summarizing, the knowledge of LSCC molecular traits, i.e., the complex combination
of genetic alterations and protein aberrations, could represent an important turning point
for the identification of new molecular biomarkers, as well as of new treatment options for
an upcoming clinical management of the neoplasm. A panel of molecular diagnostic and/or
prognostic factors analyzed in the last years and reviewed in this work, are summarized in
Table 1.
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Table 1. Aberrantly expressed genes in LSCC patients.

Gene Mutation Regulation Biological Role Clinical-Pathological and Prognostic Implications Refs.

TP53 Disruptive
(exons 2 through 11) Down (wild type isoform) Tumor suppressor

Decreased overall survival HR (95% CI):1.4 (1.1–1.8) (p = 0.009)
Primary tumor recurrence

(p = 0.001)
[31–35,37]

TP63 - Abnormal Expression Tumor suppressor/
oncogene

Cancer development
Tumor recurrence
Higher death rate

[36]

IL1A - Down Anti-tumor
immune response

Primary tumor recurrence
(p = 0.004) [37]

RB1 - Down Tumor suppressor Primary tumor recurrence
(p = 0.031) [37]

STK1 - Up Tumor suppressor Primary tumor recurrence
(p = 0.031) [37]

LMNA - Down Transcriptional signaling Lymph node metastases [37]

RECQL4 - Down DNA replication Lymph node metastases [37]

IGF1R - Down Receptor Lymph node metastases [37]

N33 - Up Tumor suppressor Lymph node metastases [37]

CDKN2D - Up Signal transduction Lymph node metastases [37]

Cyclin D1 - Up Oncogene
Lymph node metastases

Tumor staging
Decreased overall survival

[49]

P21 - Up Tumor suppressor - [42]

FGF3 - Up Signal transduction - [42]

P16 - Up Cell cycle regulator - [42]

P27 - Down Tumor suppressor

Shorter 5-year overall survival
(p = 0.045)

Advanced tumor size
(p = 0.0023)

Lymph node metastasis
(p = 0.0016)

General metastasis occurrence
(p = 0.0097)

Advanced clinical stage
(p = 0.0008)

[43–45]



Cancers 2022, 14, 1716 10 of 40

Table 1. Cont.

Gene Mutation Regulation Biological Role Clinical-Pathological and Prognostic Implications Refs.

NOTCH1 - Up (wild type isoform)
Down (mutated isoform) Oncogene/tumor suppressor

Higher clinical stage incidence of lymph node metastasis
Histological grade

(p < 0.05)
Shorter overall survival and disease-free survival p < 0.01

[56,58,59]

NOTCH2 - Up Oncogene Tumorigenesis
Lymph node metastasis [60]

EGFR

Exons Deletions (19-del) Insertions
(20-ins), Point Missense Mutations
(L858R, T790M, G719X, T790M and
L858R, L861Q, G719X and L861Q)

Up Oncogene

Tumor aggressiveness
Lymph node metastasis

(p = 0.534)
Decreased overall survival

[48]

BCL2 - Up Oncogene
Tumor recurrence
Reduced survival
Chemo-resistance

[38,41]

BCL2L12 - Up Tumor suppressor Increased overall survival [39]

OGG1 Silent and missense mutations Aberrant expression DNA structure regulation
Higher cancer risk

T3–T4 stage (p < 0.04)
Laryngeal cancer (p < 0.02)

[63]

E-cadherin - Down Tumor suppressor

Tumor staging
Degree of differentiation
Lymph node metastasis
Supraglottic localization

Poor differentiation

[53]

FGFR3 Non-synonymous mutations (S249C) Aberrant expression Tumor suppressor/
oncogene

Progressing dysplasia
Carcinoma progression [29]

PIK3CA Non-synonymous mutations (E542K) Aberrant expression Oncogene Progressing dysplasia
Carcinoma progression [29]

TRKB - Up Oncogene - [67,68]

NAT1/NAT2 Polymorphism Aberrant expression Oncogene Increased risk of laryngeal cancer [62]

PARK7 - Up Oncogene

Cancer cells proliferation
Lymph node metastasis

Laryngeal cancer localization
Clinical stage

[65]

β-catenin - Up Oncogene

Cervical metastasis
Later tumor (T) stage

Decreased tumor differentiation Reduced overall survival
(p = 0.002)

[53,54]
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Table 1. Cont.

Gene Mutation Regulation Biological Role Clinical-Pathological and Prognostic Implications Refs.

ZEB2 - Up Oncogene
Later tumor (T) stage

Decreased tumor differentiation Reduced overall survival
(p = 0.0003)

[54]

N.cadherin - Up Oncogene
Later tumor (T) stage

Decreased tumor differentiation Reduced overall survival
(p = 0.003)

[54]

CTNNA2
Point mutations

Missense mutations
Nonsense mutations

Up
(mutated isoform)

Down
(wild type isoform)

Tumor suppressor Worse prognosis [55]

CTNNA3
Point mutations

Missense mutations
Nonsense mutations

Up
(mutated isoform)

Down
(wild type isoform)

Tumor suppressor Worse prognosis [55]

JAK3 Non-synonymous mutations
c.2164G > A Aberrant expression Oncogene Non-progressing dysplasia

Carcinoma progression [29]

MET Non-synonymous mutations
c.2962C > T Aberrant expression Oncogene Non-progressing dysplasia

Carcinoma progression [29]

FWXB7 Non-synonymous mutations
c.1273C > A Aberrant expression Oncogene Non-progressing dysplasia

Carcinoma progression [29]

PTEN

Point mutations
LOH

Epigenetic silencing (abnormal
methylation)

Aberrant
expression Tumor suppressor

Shorter overall survival
Glottic localization

Advanced tumor grade
(when downregulated)

[64]

KRAS - Up Oncogene

Tumorigenesis
Invasion

Lymph node metastasis
Recurrence

Decreased overall survival

[49]
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3.2. miRNA and lncRNA Signatures as Predictors of LSCC Spreading
3.2.1. miRNAs as Tissue Biomarkers

Within the wide panel of molecular factors to be explored for their therapeutic and/or
diagnostic potential, a primary role is played by the big family of non-coding RNAs, which
arouse growing interest for their multiple biomedical applications.

miRNAs, known as a subset of small non-coding RNAs of approximately 22 nucleotides
in length, post-transcriptionally regulate gene expression through binding target mes-
senger RNAs (mRNAs), leading to their destabilization and degradation or translational
repression [69]. To date, many studies demonstrated that a number of miRNAs are dereg-
ulated and work as oncogenes or tumor-suppressors in various cancer types including
LSCC [69,70]. In addition, miRNA abnormalities have been found to correlate with metas-
tasis occurrence in many malignancies or with other clinical-pathological parameters such
as differentiation, T classification, or clinical grading, thus suggesting their valuable use
as predictive biomarkers for early detection of tumor spreading [71]. In addition, these
new potential biomarkers can predict occult metastasis and may substantially improve
treatment strategies for LSCC patients, thereby increasing the 5-year OS after the surgery.

So far, it has been reported that many miRNAs are deregulated in the LSCC tissues
of patients suffering from metastasis. Chen et al. showed different correlations between
miR-141 and some clinical-pathological features [72]. For instance, they demonstrated sig-
nificant downregulation of miR-141 in laryngeal cancer tissues from individuals with lymph
node involvement (N+) compared to non-metastatic ones (N-), as well as for patients with
high TNM stage and differentiation degree. The characterization of the pertaining molecu-
lar mechanism unveiled both in vitro and in vivo inhibition of EMT, LNM occurrence, and
TGF-β pathway, through direct targeting of homeobox C6 (HOXC6), a well-known EMT
regulator [72].

Continuing with the miRNAs recently characterized for their anti-metastatic activity,
another study showed the decrease of miR-138 expression in LSCC tissues with distal
metastases, with respect to non-metastatic specimens. Further investigation indicated
that miR-138 suppresses LSCC cells’ ability to spread into adjacent tissues, regulating the
invasion factor ZEB2 [73].

Afterwards, Zhao and colleagues found lowered miR-145 expression levels in N+
tissues compared to N- ones, while high levels were displayed in early T stages and well
differentiated specimens. Moreover, low miR-145 levels were related to poor prognosis.
In addition, the authors demonstrated the ability of this miRNA in suppressing LSCC
cell proliferation and invasion, as well as in promoting the apoptosis through the direct
targeting of MYO5A [74].

Similarly, miR-203 reduced expression in LSCC tissues was significantly associated
with the occurrence of LNM, poor tumor differentiation, advanced T stage, and poor
prognosis 5 years after diagnosis. Moreover, its ectopic expression in laryngeal cancer cells
was demonstrated to inhibit cell growth and invasion, and to induce cell cycle arrest and
apoptosis via regulating ASAP1 [75].

miR-204-5p was also down-modulated in N+ LSCC samples and in T3–T4 stages;
functional analysis showed that miR-204-5p can attenuate cell proliferation, migration,
invasion, and EMT processes in laryngeal cancer cells by targeting Forkhead box C1
(FOXC1). Additionally, it strongly inhibits in vivo tumor growth in mice xenografts injected
with HEp-2 or TU-177 cells [76].

Anti-proliferative, anti-migratory, and anti-invasive in vitro properties were also
demonstrated for miR-143-3p, which also suppressed in vivo tumor growth and showed
significant low expression in LSCC N+ tissues compared to N- ones. Of note, the in-
volved mechanism is the k-Ras/Raf/MEK/ERK signaling pathway, which mediates cell
survival, proliferation, and metastatic transformation [77]. Another report revealed that
miR-101 downregulation correlates with the occurrence of LNM, high tumor grading, and
high clinical stages. Furthermore, it was also analyzed the 5-year OS, showing that low
miR-101 levels correlated with poor LSCC prognosis. Additionally, it was confirmed
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that miR-101 inhibits both proliferation and migration and promotes cell cycle arrest and
apoptosis via cyclin-dependent kinase 8 (CDK8) targeting in LSCC cells [78].

Another study analyzed miR-149 expression in laryngeal cancer tissues, finding a sub-
stantial downregulation in the N+ group, in highly differentiated tumors and in advanced
clinical stages. Moreover, LSCC patients with decreaserad miR-149 expression exhibited a
lower survival rate compared to the high-expressing ones. In vitro analysis showed that
miR-149 suppresses cell growth and stimulates apoptosis as well [79].

The well-known tumor suppressor miR-34a [80] has been analyzed in laryngeal cancer
tissues by Shen and colleagues and a significantly decreased expression was found in N+
patients. Moreover, miR-34a reduced expression was associated with shorter DFS time, and
in vitro studies indicated that miR-34a inhibits cell growth by inducing cell cycle arrest and
by decreasing the expression of the anti-apoptotic factor survivin [81].

Similarly, miR-195 inhibits cell proliferation, colony formation, migration, and inva-
sion, promoting cell cycle arrest and apoptosis by directly targeting DCUN1D1, known as
a squamous cell carcinoma-related oncogene. Clinically, miR-195 downregulation was ob-
served in N+ LSCC tissues and Kaplan–Meier curves revealed that low miR-195 expression
is statistically associated with reduced survival rate [82].

Li et al. showed that increased miR-744-3p levels in LSCC tissues are significantly
correlated with LNM. Moreover, the authors suggested that miR-744-3p enhances the
pro-metastatic ability of laryngeal cancer cells through programmed cell death 4 (PDCD4)
and PTEN targeting, leading to the activation of matrix metallopeptidase 9 (MMP-9), which
enables cancer cell migration [83].

A previous study demonstrated miR-21 upregulation in N+ LSCC tissues compared
to N-. The same paper reported that miR-21 inhibitor suppressed in vitro proliferation and
invasion, and induced cell cycle arrest and apoptosis of laryngeal cancer cells by decreasing
Ras expression [84].

Another significantly overexpressed miRNA in N+ LSCC tissues is miR-129-5p, which
is positively correlated with T classification. miR-129-5p is engaged in promoting cell
proliferation and migration, and in suppressing apoptosis through modulating the key
regulator of Wnt signaling pathway, adenomatous polyposis coli, APC [85].

Our research group performed a high-throughput microarray analysis for miRNA
expression profiling in laryngeal cancer tissues. As a result, we defined a predictive
miRNA signature for nodal metastases occurrence, including seven upregulations (miR-618,
miR-542-5p, let7b, miR-135a, miR-20b, miR-324-3p, and miR-886-5p) and four downreg-
ulations (miR486-3p, miR-328, miR-376a, and miR-493) in the N+ group compared with
N- ones [86]. A further characterization, by ROC curve analysis, displayed the strong
potential of miR-449a as a predictive marker of nodal involvement. Through both gain and
loss of function studies, we also proposed a possible mechanism of action via NOTCH1
and 2 direct targeting and functional in vitro assays demonstrated miR-449a-mediated
inhibition of LSCC cell proliferation, migration, and invasion [87].

3.2.2. miRNAs as Circulating Biomarkers

Even more interesting than tissue miRNAs, extracellular circulating miRNAs in biolog-
ical fluids, including blood, serum, and saliva, are extremely stable and represent the new
frontier of non-invasive biomarkers for many diseases including cancer, due to their high
stability in virtue of the incorporation into exosomes, the binding to Argonaute proteins
or to high-density lipoprotein [88]. In this frame, a number of studies revealed tumor-
associated altered miRNA expression profiles, suggesting the identification of specific
signatures endowed with a powerful diagnostic and prognostic potential [89]. However,
despite of many reports about metastasis-related miRNA aberrations in laryngeal cancer
tissues, the characterization of circulating miRNAs has not been fully elucidated due to
several issues concerning the selection of a proper sampling method and the existence of
different normalization strategies leading to different outputs, that strongly hinder their
reliability for the practical clinical application. Among the most relevant papers, the study
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performed by Wang et al. demonstrated high expression of serum exosomal miR-21 in N+
LSCC patients, suggesting the availability as a potential prediction marker [90].

In another report, miR-155 expression in LSCC tissues and plasma was found signif-
icantly upregulated compared to non-cancerous specimens, and a close association was
identified for both with higher tumor size, advanced stage, and LNM occurrence. Further-
more, ROC curve analysis showed a reasonable sensitivity and specificity as a potential
early diagnostic LSCC biomarkers [91].

More recently, Cao et al. found that up-modulated serum miR-632 levels in LSCC
patients are significantly associated with LNM stage, histological grade, and TNM stage.
Moreover, Kaplan–Meier survival curves exhibited that the upregulation of serum miR-632
is correlated with short OS and DFS [92].

Furthermore, in the last few years, the interest of the scientific community in
malnutritional- and cachexia-related potential cancer biomarkers has increased [93].
Powrózek et al. showed the prospective role of low of miR-130a expression levels in
differentiating cachectic patients from moderately or mildly malnourished ones. Moreover,
low miR130a levels were correlated with shorter OS compared to patients expressing higher
level of this miRNA. The study included 70 head and neck cancer patients and 38 of them
were affected by laryngeal cancer [94].

3.2.3. lncRNAs as Tissue Biomarkers

Long noncoding RNAs (lncRNAs), a class of noncoding RNAs longer than 200 nucleotides
in length, play crucial roles in a variety of cell signaling. In recent years, the aberrant expres-
sion of many lncRNAs in various tumors has been unveiled and a close association with
tumorigenesis, metastasis, and tumor stage was identified for several neoplasms including
LSCC. Hence, lncRNAs analysis stimulated great interest both as biomarkers and therapeu-
tic targets for cancer [95]. To date, many lncRNA aberrations in LSCC patients suffering
from LNM have been reported. For example, Qu et al. found upregulation of HOXA11
antisense RNA (HOXA11-AS) in N+ LSCC tissues, and the deregulation has been associ-
ated with poor prognosis. In addition, HOXA11-AS knockdown significantly suppressed
cell growth, migration, and invasion of LSCC cells [96]. Another correlation with nodal
metastases was identified for RGMB antisense RNA 1 (RGMB-AS1), whose high expression
in LSCC tissues has been associated with advanced tumor stage and poor prognosis, as well.
Further investigation revealed that RGMB-AS1 silencing inhibits laryngeal cancer cell pro-
liferation and invasion, and suppressed in vivo tumor growth, thorough miR-22 sponging
and increasing NLRP3 expression [97]. Furthermore, Yang et al. showed that low expressed
NF-κB interacting lncRNA (NKILA) in LSCC tissues significantly correlated with LNM,
clinical stage, and poor prognosis. More in detail, NKILA functioned as a tumor suppressor
by inhibiting laryngeal cancer cell viability and migration and promoting apoptosis through
NF-κB modulation [98]. Wu et al. recorded high H19 expression in LSCC N+ tissues and
correlated it with patients’ survival rate. Further studies revealed that H19 promotes LSCC
cell proliferation, migration, and invasion through the regulation of both miR-148a-3p and
DNMT1, known as a DNA methyltransferase enzyme [99]. Taurine-upregulated gene 1,
TUG1, overexpression in N+ LSCC tissues was detected by Zhang et al., who demon-
strated its oncogenic function by functional assays that showed increased cell proliferation,
migration, and invasion, and apoptosis suppression in LSCC cells [100]. A significant
association with nodal metastases, TNM stage, and pathological differentiation was also
identified in the case of miR-155 host gene, MIR155HG, whose upregulation was detected
in LSCC tissues. Additionally, it was confirmed that MIR155HG, induced by TGF-β, con-
tributes to LSCC progression and EMT via regulating miR-155/SRY-related-HMG-box 10
(SOX10) axis [91]. Additionally, Wang et al. demonstrated that up-modulated nuclear
paraspeckle assembly transcript 1, NEAT1, in LSCC tissues is correlated with LNM occur-
rence, advanced T grade (T3–4), and clinical stage. The oncogenic role of NEAT1 occurs
by promoting LSCC cell progression through miR-107/CDK6 pathway regulation [101].
Similarly, high expression of suppressor of tumorigenicity 7 antisense RNA 1, ST7-AS1,
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was correlated with metastatic LSCC, advanced TNM stage, and poor prognosis. It plays
an oncogenic role enhancing laryngeal cancer cell migration, tumor sphere formation, and
tumor growth by regulating CARM1/Sox-2 axis [102]. Xiao et al. identified upregulated
X inactive-specific transcript, XIST, expression in advanced stages T3–4 of LSCC tissues
compared to T1–T2. In addition, the authors revealed that XIST knockdown arrest LSCC
cell proliferation, migration, and invasion, and in vivo tumorigenesis, via regulation of
miR-124/EZH2 axis [103].

3.2.4. lncRNAs as Circulating Biomarkers

As well as miRNAs, metastasis-related circulating lncRNAs in LSCC patients still
require deep investigation. Based on our knowledge, highly expressed serum HOTAIR in
LSCC patients was significantly associated with LNM occurrence, advanced T classification,
and clinical stage. The authors compared the exosomal content of both miR-21 and HOTAIR
from 52 LSCC patients with 49 patients suffering from polyps of vocal cords. As a result,
they found a powerful correlation between high ncRNAs levels and tumor occurrence,
mainly when the two RNAs were analyzed in combination, as demonstrated by the huge
increase of the area under the ROC curve when miR-21 and HOTAIR underwent combined
examination. A 94.2% of sensitivity was also recorded in differentiating the tumor from
benign lesion. Aside from a significant correlation for both RNAs with advanced stages,
the authors also identified a strong connection with the occurrence of nodal metastases
(p21, p = 0.0115; HOTAIR, p = 0.0003) [90].

Sun and colleagues also investigated the role of circulating lncRNAs in LSCC devel-
opment and progression, in particular highlighting a significant increase of UCA1 serum
levels in 90 LSCC patients compared to 90 healthy subjects. ROC curve analysis suggested
that serum UCA1 may potentially serve as a diagnostic marker for laryngeal neoplasm (area
under the curve was 0.8905, with a 95% confidence interval of 0.8408 to 0.9402, p < 0.0001).
Apart from the diagnostic role, this work also analyzed the correlation between serum
UCA1 expression and some clinical-pathological characteristics: the high serum levels of
UCA1 were indicated to be slightly associated with distant metastasis and more strongly
with OS rate (p = 0.032), underling the prognostic value of serum UCA1 for LSCC. Moreover,
the effects of UCA1 were also studied on AMC-HN-8 human LSCC cell line. In detail,
UCA1 overexpression promoted the proliferation, migration, and invasion of cancer cells,
by activating the Wnt/β-catenin signaling pathway [104].

Small NF90-associated RNA (snaR) is another lncRNA upregulated in LSCC plasma
samples compared to healthy controls. It acts as an oncogenic lncRNA whose plasma levels
positively correlate with AJCC stages and with transforming growth factor beta (TGF-β1)
in LSCC patients but not in healthy controls. In addition, follow-up study revealed a
correlation between high snaR plasma levels and poor OS. In vitro experiments showed
the influence of snaR overexpression on cancer cell proliferation, migration, and invasion
through the upregulation of TGF-β1 in human LSCC cell lines. Therefore, high plasma
snaR levels may serve as a potential biomarker, correlating with progression and predicting
worse prognosis for LSCC patients [105].

All the miRNAs and lnRNAs herein mentioned are summarized in Table 2.
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Table 2. Aberrantly expressed miRNAs and lncRNAs in metastatic LSCC patients.

Non-Coding RNA Regulation Sample Type Biological Role Target Clinic-Pathologic
and Prognostic Implications Refs.

miRNA

miR-141 Down Tissue Tumor supressor HOXC6

TNM stage
Differentiation degree

Lymph node metastasis
(p < 0.001)

[72]

miR-138 Down Tissue Tumor supressor ZEB2 Distal metastases of primary LC
Poor prognosis (p < 0.05) [73]

miR-145 Down Tissue Tumor supressor MYO5A

T stage
Cell differentiation

Cervical metastatic state
(p < 0.05)

[74]

miR-203 Down Tissue Tumor supressor ASAP1

Advanced T stage (p < 0.002)
Differentiation (p < 0.001)

Lymph node metastasis (p = 0.044)
Decreased 5-year overall survival (p = 0.002)

[75]

miR-204-5p Down Tissue Tumor supressor FOXC1 Cervical lymph node (p = 0.019)
Clinical stage (p = 0.005) [76]

miR-143-3p Down Tissue Tumor supressor KRAS

T classification
Differentiation

Lymph node metastasis
Clinical stage (p < 0.05)

[77]

miR-101 Down Tissue Tumor supressor CDK8

T classification (p = 0.015)
Lymph node metastasis

(p = 0.044)
Clinical stage (p = 0.004)

[78]

miR-744-3p Up Tissue Oncogene PDCD4 Lymph node metastasis
(p = 0.007) [83]
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Table 2. Cont.

Non-Coding RNA Regulation Sample Type Biological Role Target Clinic-Pathologic
and Prognostic Implications Refs.

miR-21 Up Tissue Oncogene Ras

T classification (p = 0.0001)
Differentiation (p = 0.004)
Lymph node metastasis

(p = 0.0008)
Clinical stage (p < 0.001)

[84]

miR-149 Down Tissue Tumor supressor -

T Stage (p = 0.022)
Lymph node metastasis (p = 0.018)

Differentiation (p = 0.036)
Shorter overall survival

(median survival of 48 months, 95% CI of ratio 0.2536 to 1.385;
p = 0.0405)

[79]

miR-618, miR-542-5p,
let7b, miR-135a, miR-20b,
miR-324-3p, miR-886-5p

Up Tissue - - Lymph node metastasis [86]

miR486-3p, miR-328,
miR-376a, miR-493 Down Tissue - - Lymph node metastasis [86]

miR-129-5p Up Tissue Oncogene APC
T classification (p = 0.04)

Lymph node metastasis (p = 0.02)
Clinical stage (p = 0.01)

[85]

miR-34a Down Tissue Tumor supressor Survivin

Histological Differentiation
(p < 0.0001)

Lymphatic metastasis (p = 0.0022)
TNM stage (p = 0.0111)

[81]

miR-195 Down Tissue Tumor supressor DCUN1D1

Shorter overall survival
(p = 0.029)

T stage (p < 0.001)
Lymph node metastases

(p = 0.035)
Clinical stage (p < 0.001)

[82]

miR-21 Up Serum - - - [89]
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Table 2. Cont.

Non-Coding RNA Regulation Sample Type Biological Role Target Clinic-Pathologic
and Prognostic Implications Refs.

miR-155 Up Plasma Oncogene -
T stage (p = 0.001)

Lymph node metastases (p = 0.007)
Tumor size (p = 0.033)

[91]

miR-632 Up Serum - -

T stage (p = 0.014)
Lymph node metastases

(p = 0.020)
Histological grade (p = 0.001)

[92]

miR-449a Down Tissue Oncogene -
Lymph node metastases

(p < 0.01)
(ROC sensitivity = 0.55, specificity = 0.76, AUC = 0.67)

[87]

miR-130a Down Plasma -

Grade I of cachexia (p = 0.044) Cachexia grade I vs. grade II
Sensitivity of 63.6% and specificity of 64.7%

(AUC = 0.663; p < 0.05)
Shorter overall survival
(p = 0.087 HR = 2.582)

[94]

lncRNA

HOXA11-AS Up Tissue Oncogene -

T stage (p = 0.011)
Differentiation (p = 0.014)
Lymph node metastasis

(p = 0.026)
Clinical stage (p = 0.001)

[96]

RGMB-AS1 Up Tissue Oncogene miR-22/NLRP3 axis
T stage (p < 0.05)

Lymph node metastasis (p < 0.05)
Shorter Overall Survival and Disease Free Survival (p < 0.05)

[97]

NKILA Down Tissue Tumor-supressor NF-kB pathway

T stage (p = 0.002)
Lymph node metastasis
Clinical stage (p < 0.001)
Shorter overall survival

[98]
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Table 2. Cont.

Non-Coding RNA Regulation Sample Type Biological Role Target Clinic-Pathologic
and Prognostic Implications Refs.

H19 Up Tissue Oncogene miR-148a-3p/DNMT1
axis

T stage (p < 0.01)
Lymph node metastasis (p < 0.01)

Differentiation (p < 0.017)
Clinical stage (p < 0.01)
Shorter overall survival

(p = 0.003)

[99]

TUG1 Up Tissue Oncogene -

T stage (p = 0.025)
Lymph node metastasis

(p = 0.014)
Clinical stage (p = 0.003)

[100]

MIR155HG Up Tissue Oncogene miR-155/
SOX10 axis

T stage (p < 0.001)
Lymph node metastases (p < 0.01)

Differentiation (p < 0.05)
[91]

NEAT1 Up Tissue Oncogene miR-107/CDK6 axis

T stage (p < 0.001)
Lymph node metastases

(p < 0.05)
Histological grade (p < 0.001)

[101]

ST7-AS1 Up Tissue Oncogene CARM1/
SOX2 axis

T stage (p < 0.001)
Lymph node metastases (p < 0.001)

Shorter overall survival
(p = 0.0023)

[102]

XIST Up Tissue Oncogene miR-124/EZH2 axis T stage (p < 0.05) [103]

HOTAIR Up Serum - -
T stage (p < 0.0038)

Lymph node metastases (p = 0.0003)
Clinical stage (p = 0.0061)

[90]

UCA1 Up Serum - Wnt/β-catenin
pathway

Distant metastasis
Shorter overall survival (p = 0.032) [104]

snaR Up Plasma Oncogene TGF-β1 AJCC stages (p < 0.05)
Shorter overall survival (p < 0.05) [105]
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3.3. Circulating Tumor DNA and Circulating Tumor Cells: Prospective Search to Improve the
Clinical Management of LSCC Patients

Cell-free DNA fragments originated from tumor cells—circulating tumor DNA
(ctDNA)—can be detected in body fluids such as blood, saliva, urine, and cerebrospinal
fluid. Together with circulating tumor cells (CTCs), they have been considered eligible
non-invasive biomarkers for cancer [106,107]. In particular, ctDNA analysis through liquid
biopsy can be useful for different clinical applications, including tumor diagnosis and
prognosis, tumor progression, treatment response, and multidrug-resistance (MDR) moni-
toring, and minimal residual disease detection after surgery, overcoming the tissue biopsy
limitations [108]. Most likely, ctDNA carries the same molecular alterations of the primary
tumor, such as point-mutations [109], methylations [110–112], and either integrated or
episomal viral sequences [113,114]. The mechanisms proposed for ctDNA release into
the bloodstream are essentially three: leakage from (i) apoptotic or (ii) necrotic tumor
cells, (iii) secretion by living tumor cells or circulating tumor cells through extracellular
vesicles [115–117]. Compared with other well-known liquid biomarkers, ctDNA detection
is more sensitive, specific, and accurate in defining tumor progression, prognosis, and
response to targeted therapy. It can also be helpfully correlated to clinical features and, due
to its half-life of less than 2 h, ctDNA can reflect the real time tumor status and/or treatment
response. Moreover, ctDNA detection can also represent a valid tool for monitoring relapse
more efficiently than through conventional follow-up [118].

Based on the multiple evidence outlined for HNSCC, clinical application of liquid
biopsy in LSCC is currently under investigation with a good chance of success. For this
reason, we believe it is vital to give an overview on the current knowledge about the use of
liquid biopsy in HNSCCs, since it could provide useful insights for future research focusing
on the specific case of LSCC. Many of these studies highlight the correlation between either
ctDNA or CTCs and neoplastic disease progression, demonstrating that ctDNA amount
in circulating compartment increases in patients with advanced and metastatic cancer,
compared to the early-stage ones [119]. The detectable concentrations of ctDNA in healthy
control people are usually around 1–5 ng/mL, while higher levels (5–1500 ng/mL) can
be found in cancer patients. ctDNA can be isolated from ctDNA on the basis of somatic
mutations; therefore, the normal fraction remains constant, while the increased amount
of DNA levels in body fluids can be considered as a derivative of tumor burden [117,120].
Mazurek et al. demonstrated the potential prognostic role of ctDNA in oropharyngeal squa-
mous cell carcinoma (OPSCC). They quantified the ctDNA plasma level from 200 HNSCC
patients, comparing the results with a control group of 15 healthy individuals and verified
high, though not significantly increased, ctDNA levels in HNSCC group. Interestingly, a
significant difference between the OPSCC sub-group and the other HNSCC patients was
observed. Moreover, they explored a possible correlation between ctDNA and a series of
clinical-pathological parameters, showing higher ctDNA levels in N2–N3 patients than in
N0–N1, and in stage IV patients compared to stage I–III ones. Otherwise, decreased levels
of ctDNA were observed during cancer treatment, until a complete disappearance on the
last day of therapy for all patients [121]. The relevance of ctDNA as non-invasive marker
for OPSCC persistence/recurrence and prognosis was also supported by another study
performed on a cohort of 22 OPSCC patients where, among 11 non-responders, 5 patients
showed the simultaneous detection of somatic non-synonymous variants in both tumor
tissue and plasma. The analysis of DFS carried out on ctDNA-positive and ctDNA-negative
patients showed an average of 12.3 months for ctDNA-positive patients and 37.0 months
for ctDNA-negative ones [122]. Likewise, Wang et al. examined the plasma and saliva
of 47 HNSCC patients, detecting ctDNA in 96% of them. In detail, all the patients with
early-stage disease and 95% of patients with late-stage disease presented measurable levels
of ctDNA. When the analysis was performed based on tumor site, ctDNA was detected in
100% of patients with tumors of the oral cavity, larynx, and hypo-pharynx and in 91% of
OPSCC patients. The excellent potential of ctDNA as HNSCC biomarker was confirmed
by follow-up analysis of nine patients, three of which still showed considerable levels of
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ctDNA in saliva or plasma after surgery, before clinical or imaging evidence of disease
relapse. In detail, for two patients with oral cavity cancer, ctDNA was detected in saliva
and plasma 4 and 8 months after surgery, while the tumor recurrence was clinically relevant
only 19 and 9 months after, respectively. As regards the LSCC patient, ctDNA was found in
saliva 7 months after surgery, before the appearance of tumor recurrence. The remaining
6 patients with undetectable ctDNA during follow-up displayed better DFS [123]. A similar
study carried out on 12 paired laryngeal cancer tissue and plasma samples supports the
identification of ctDNA mutational footprint as predictive biomarker for recurrent disease.
ctDNA derived from both non-recurrent and recurrent LSCC patients exhibited a different
detection rate of somatic mutations. Moreover, a number of somatic variants detected
only in ctDNA were assumed to derive from a small population of tumor cells endowed
with a high apoptotic rate in heterogeneous cancer tissues of recurrent patients [124]. The
study performed by Bettegowda and colleagues strengthens the emerging role of ctDNA
for more efficient detection of advanced disease, rather than early-stage neoplasia. They
tested the biomarker property of ctDNA on a cohort of 640 patients with various tumor
types, including 10 HNSCC individuals. All patients were divided into two groups based
on localized or metastatic disease. The latter group showed an increase by 27% of ctDNA
levels compared with the localized disease one (82% vs. 55%). Unfortunately, the small
number of HNSCC patients compromised the statistical significance of the analysis for
the potential prognostic function of ctDNA in this group of patients, where ctDNA was
detectable in 70% of patients [118].

Aside from the measurements of ctDNA amount, a great interest has also been aroused
by the analysis of CTCs and ctDNA genetic and epigenetic alterations, some of which have
been extensively examined for their biomarker properties. Aberrant DNA methylation was as-
sessed for four genes—p16 (CDKN2A), O6-methylgua-nine-DNA-methyltransferase (MGMT),
glutathione S-transferase P1 (GSTP1), and death-associated protein kinase (DAP-kinase)—in
both primary tumor and serum of 50 HNSCC patients. A significant correlation was identi-
fied between DAP-kinase promoter hypermethylation and both lymph-node involvement
and advanced disease stage. The methylation pattern was the same in ctDNA and paired
cancer tissue for 42% of HNSCC patients and, among these, 5 developed distant metastasis,
while spreading occurred only in 1 patient negative for serum promoter hypermethyla-
tion. Moreover, 7 patients showing promoter hypermethylation in cancer tissue DNA
and/or at ctDNA, were monitored for methylation analysis using another serum sample
collected within the subsequent 6–72 months. Four patients negative for DAP-kinase pro-
moter hypermethylation at both serum samples were clinically disease-free. One patient
positive for gene methylation pattern in both tumor and serum DNA but negative in the
second specimen collection did not present any disease recurrence after surgery. For the
other two patients, the short follow-up did not allow any clear deduction [111]. Similarly,
Schrock et al. demonstrated that methylation levels of short stature homeobox 2 (SHOX2)
and septin 9 (SEPT9) quantified in plasmatic ctDNA of patients before treatment were
significantly higher with respect to control group (AUC SEPT9 = 0.79, 95% CI, 0.74–0.85;
AUC SHOX2 = 0.80, 95% CI, 0.75–0.85), while their evaluation during follow-up showed a
significant correlation with vascular and lymphatic invasion, tumor staging, and LNM. In
particular, the advantage of combining both biomarkers is the increase of specificity from
95% to 96%. A univariate Cox proportional hazards analysis confirmed the prognostic
role of SEPT9 methylation levels for an adverse OS, a higher risk of locoregional tumor
recurrence, and the development of distant metastases. Moreover, patients exhibiting high
methylation levels at an early phase, showed a higher death risk, thus suggesting for them
a more intensive therapeutic plan and post-therapeutic surveillance. Hence, ctDNA methy-
lation pattern might be used as a biomarker not only for molecular staging and prognosis
but also for risk stratification and post-therapeutic monitoring of HNSCC patients [112].

The occurrence of ctDNA does not always appear together with CTCs, suggesting
their potential distinct role. Nevertheless, the frequency of CTCs in HNSCC patients seems
to increase along with the TNM stage, so that their detection in peripheral blood correlates



Cancers 2022, 14, 1716 22 of 40

with a less favorable prognosis. To date, several studies enrolled cancer patients with the
aim to detect and quantify CTCs. Kawada et al. collected peripheral blood samples from
32 HNSCC patients and verified CTC occurrence in 29 of them. Although they found a
significantly higher number of CTCs in patients with advanced stage, they did not show any
correlation between CTC amount and clinical N classification. Furthermore, they observed a
significant decrease of CTC count after treatment [125]. Another clinical application offered
by early CTC detection is the possibility to improve HNSCC outcome, as demonstrated by
Nichols et al. In detail, 15 patients with advanced HNSCC stage (III–IV) were investigated
for CTC detection. In 6 of them, CTCs were successfully isolated (1–2 cells/7.5 mL of
blood) and significantly associated with the occurrence of suspicious lung nodules. In
the sample, 87% of patients with detectable CTCs were monitored during treatment and
80% of them showed disease relapse or progression, which, otherwise, was diagnosed
only for 12.5% of patients with no detectable CTCs. In addition, the log-rank test used
for progression-free survival (PFS) analysis suggested an improvement, even though not
significant, of survival for CTC-negative patients, with respect to CTC-positive ones [126].
Within HNSCCs, only a few studies analyzed CTCs in LSCC patients. In their pilot study,
Rizzo et al. examined pre- and post-operative CTCs in the peripheral blood of LSCC
patients and evaluated their correlation with prognosis. They enrolled 8 LSCC patients at
stage III and collected patients’ blood samples both before total/subtotal laryngectomy or
bilateral neck lymph-node dissection and after surgery at 3, 6, and 12 months. The results
revealed a worse prognosis in LSCC patients with high pre-operatively CTC count with
respect to CTC negative patients who were disease-free during monitoring time. Patients
with a decreased CTC number in the post-operative follow-up exhibited an improved
treatment response [127].

Despite the advances in detection procedures and the evidence supporting the promis-
ing role of CTCs and ctDNA as LSCC biomarkers, the inherent studies are rather lagging
behind the other solid tumors. Therefore, a future challenge would be to carry out further
research about the application of minimally invasive liquid biopsy for LSCC management.
This may provide a substantial improvement in clinical evaluation, allowing for easier
tumor progression tracking, early detection of occult metastasis, and identification of
therapeutic targets for the design of personalized treatments.

3.4. Major Epigenetic Changes as a Molecular Signature of LSCC

Epigenetic events occurring through cancer onset and progression can modify gene
expression profile without inducing any change to the primary DNA sequence. DNA
methylation, histone modifications, and non-coding RNA-mediated silencing are the main
epigenetic processes whose impairment can destroy gene function, triggering malignant
transformation. The identification of specific epigenetic profiles associated with certain
cancer types or subtypes, represents a powerful resource to recognize the mechanisms
underlying carcinogenesis and to identify new candidate biomarkers for diagnosis, disease
monitoring, prognosis, and treatment response [128].

HNSCC carcinogenesis involves the accumulation of both genetic and epigenetic
changes, whose crucial role in tumor transformation has been recently deepened, especially
in DNA methylation process, due to their tumor/tissue specificity, potential reversibility,
and the tight dependence on environmental factors [129]. DNA methylation refers to the
covalent addition of a methyl group (CH3) at the 5-carbon of the cytosine ring, resulting in
5-methylcytosine (5 mC). This chemical modification is catalyzed by a family of enzymes
known as DNA methyl transferases (DNMTs). Three DNMTs are required for maintenance
(DNMT1) and establishment of new or de novo (DNMT3A, DNMT3B) DNA methylation
patterns. The DNA methylation process occurs almost exclusively in the context of paired
symmetrical methylation of CpG sites, where a cytosine is placed next to a guanidine. In
human genomic DNA, CpG dinucleotides are focused in large clusters called CpG islands,
usually associated with gene promoters [130]. In normal cells, CpG sites are heavily
methylated, while CpG islands remain unmethylated, allowing the access to transcriptional
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factors and chromatin-associated proteins, thus promoting gene expression. Otherwise,
CpG island hypermethylation negatively impacts on gene expression, resulting in gene
silencing in a tissue-specific manner during early development or in differentiated tissues,
and in human cancers too [131]. Hence, detection of aberrant methylation profile could
represent a tumor-specific marker in different biological materials such as body fluids,
exfoliated cells, and tumor tissues [132].

LSCC exhibits altered patterns of DNA methylation compared to normal tissues,
displaying global hypermethylation of tumor suppressor genes, accompanied by tran-
scriptional loss and hypomethylation of proto-oncogenes, with subsequent transcriptional
reactivation. Tumor-related genes subjected to these phenomena show compromised
genome stability, resulting in the alteration of cancer-related processes, such as cell cycle,
DNA damage repair, apoptosis, angiogenesis, and cell–cell adhesion, thus supporting
malignant transformation and spreading [133].

p16 methylation is a frequent inactivation event in LSCC, detected in more than 80% of
LSCC cases, mostly with high grading (G3) [134]. p16 gene, or CDKN2A (cyclin-dependent
kinase inhibitor 2A), is a tumor suppressor gene involved in cell cycle regulation, whose
expression is significantly reduced in LSCC [135–137]. Temam et al. examined both
exfoliated cells and tissue biopsy of 33 patients with untreated early-stage SCC of either
supraglottic larynx or pharynx, for the assessment of CDKN2 promoter hypermethylation.
They demonstrated that methylation is an early event in this neoplasm, suggesting a
possible diagnostic function in patients screened for early laryngeal carcinoma [138].

Apart from the potential diagnostic role, accumulating evidence underlines an emerg-
ing prognostic function for promoter hypermethylation of several gene patterns frequently
down-modulated in LSCC. PCDH17 (protocadherin 17) is a cell–cell adhesion tumor
suppressor protein, whose loss can co-occur with tumor progression by enhancing pro-
liferation and EMT [139]. PCDH17 promoter methylation was evaluated in 16 cell lines
and 81 primary LSCC tumors, suggesting that epigenetic dysregulation was one of the
inactivation mechanisms leading to PCDH17 transcriptional loss. In detail, the authors
found a highly recurrent DNA hypermethylation pattern in 100% of cell lines and 40%
of primary tumors, while epithelial cells from both buccal swabs of healthy donors and
control tissues showed low DNA methylation levels. The observation was validated by
DNA demethylation experiments, where decitabine treatment of two LSCC cell lines re-
stored low levels of genes’ transcription. The authors suggest the possibility to consider
recurrent PCDH17 hypermethylation as a diagnostic and prognostic biomarker in LSCC,
even if further studies enrolling more patients with different tumor grades and stages
are needed [140]. Recent studies revealed the crucial role of LZTS2 [141], E-cadherin [142],
DAPK, MGMT, and RASSF1 [143,144] as either independent or aggregate biomarkers, thus
defining a possible epigenetic signature of LSCC [145–147]. LZTS2 (leucine zipper tumor
suppressor 2) mediates both carcinogenesis and cancer development, and its predictive
value of poor prognosis and treatment response has been demonstrated also for nasopha-
ryngeal carcinoma patients [148]. It is a cell cycle regulator frequently down-modulated in
several tumors as a result of promoter hypermethylation. This event has also been analyzed
in LSCC, where the LZTS2 methylation profile has been correlated with cancer risk, pro-
gression, and prognosis. Shen et al. examined a cohort of 96 LSCC patients, showing that
LZTS2 promoter methylation was significantly higher compared to adjacent normal tissues.
In particular, patients’ stratification based on smoking and clinical-pathological status,
revealed that individuals with advanced clinical stage, as well as smokers and patients with
LNM, displayed significantly greater promoter methylation levels. The potential diagnostic
value of LZTS2 promoter hypermethylation was estimated to have 94.7% sensitivity and
80.4% specificity (AUC = 0.920). A survival analysis was performed to evaluate a possible
association between OS and LZTS2 methylation status. The Kaplan–Meier analysis con-
firmed a significantly higher OS for LSCC patients with hypomethylated LZTS2 promoter
compared to hypermethylated patients. Univariate Cox proportional hazards analysis also
showed a greater risk of death for the latter group of patients [141].
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E-cadherin promoter is also hypermethylated in LSCC, mostly in association with
aggressive tumor behavior [142,149]. E-cadherin (CDH1, ECAD) is involved in cell differ-
entiation, migration, and extracellular signal transduction. Its downregulation in LSCC has
been correlated with infiltrative growth, histological differentiation, LNM [150,151], and
tumor localization [152,153]. Moreover, decreased E-cadherin expression was identified as
a predictive marker of response to radiotherapy [154]. Likewise, DAPK (death-associated
protein kinase), MGMT (O-(6)-methyl guanine-DNA methyl transfer-ase), RASSF1 (Ras
association domain-containing protein 1), and ADAM23 (ADAM dis-integrin and metallo-
proteinase domain 23) are among the most frequently methylated tumor suppressor genes
in LSCC tissues, showing high diagnostic and prognostic potential [143,144]. In particular,
ADAM23 promoter hypermethylation was significantly associated with T3 and T4 LSCC
stages [142]. These genes can regulate many cancer-related processes, such as apopto-
sis, autophagy, metastasis, and DNA repair [155,156], thus contributing to tumor growth
and progression. E-cadherin, p16, MGMT, and DAPK hypermethylation was analyzed in
253 laryngeal and hypopharyngeal cancer patients, highlighting the high frequency of
this event, although no correlation was detected with mortality or second primary cancer
occurrence [147]. Similarly, Pierini et al. analyzed promoter methylation status of CDKN2A,
MGMT, MLH1 (MutL homolog 1), and DAPK in 100 LSCC patients, correlating it with
clinical features. They detected a significantly increased methylation of p16 promoter in
heavy smokers, while both p16 and MLH1 promoters were hypermethylated in patients
with lymph node involvement, where these genes were also linked to cell migration, inva-
siveness, and aggressive phenotype. Conversely, an inverse correlation was found between
MLH1 hypermethylation and alcohol consumption [146].

The relevance of a specific epigenetic signature related to LSCC carcinogenesis was
also found in two papers by Paluszczak and colleagues. They assessed the methylation
frequency of 7 genes, including DAPK, MGMT, and RASSF1, in a cohort of patients with
primary LSCC, recording a simultaneous hypermethylation of three or four genes in about
50% of the analyzed samples, also establishing a correlation with LNM [145]. Likewise, they
analyzed the methylation status of several WNT cascade inhibitors (DKK1, LKB1, PPP2R2B,
RUNX3, SFRP1, SFRP2, and WIF-1) in 26 LSCC cell lines and 28 primary LSCC samples,
showing that 50% of cell lines and 70% of primary LSCC samples displayed promoter
hypermethylation in at least four genes. Furthermore, they observed a significant difference
in the frequency of PPP2R2B and SFRP1 promoter methylation between cell lines derived
from either primary or recurrent LSCC [157].

Similar to protein-encoding genes, miRNA expression can also be regulated by epi-
genetic modifications at the promoter region. In particular, tumor suppressor miRNAs
are commonly silenced in cancer cells by DNA hypermethylation (Figure 1). Among the
miRNAs epigenetically silenced in LSCC, miR-137 and miR-34a promoters’ hypermethyla-
tion are both associated with poor OS, disease progression, and metastasis, acting as poor
prognostic factor for LSCC [157–159]. In addition to undergoing itself epigenetic regulation,
miRNAs can also be able to control the epigenetic mechanisms (Figure 2). An example of
mutual regulation in LSCC is represented by miR-184a-3p. Its silencing by the lncRNA H19
is positively correlated with LSCC progression through DNMT1 activation and subsequent
hypermethylation of downstream suppressor genes, and significantly associated with tu-
mor grade, differentiation, LNM, and clinical stage. Moreover, a Kaplan–Meier analysis
confirmed a poorer OS rate for patients with high H19 expression [99].

On the other hand, the occurrence of oncogene activation through demethylation
events is a less frequent process compared to the hypermethylation of tumor suppressor
genes and generally occurs as a consequence of global hypomethylation, usually due to
DNA methyl transferase dysregulation [160]. An example is represented by the regulation
of acidic calcium-binding protein S100A4 overexpression, which has been correlated with
DNA hypomethylation in several cancers, including LSCC [161]. Global S100A4 promoter
demethylation induces an increase of tumor invasiveness, as demonstrated in both LSCC
tissue samples and HEp-2 cell line treated with DNA methyltransferase inhibitor. The
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aberrant DNA methylation was then reverted by transfecting HEp-2 cells with S100A4
siRNA, thus confirming the hypothesis that transcriptional regulation of S100A4 gene
involves a DNA demethylation process [162].
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Figure 1. DNA methyltransferases (DNMT)-dependent regulation of miRNA expression. Promoter
hypermethylation inhibits the expression of tumor suppressor genes, thus hindering their transla-
tional inhibitory function which results in neoplastic transformation.
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downregulation of tumor suppressor miRNAs activates DNMT-dependent silencing of target genes.

4. Molecular Markers of Drug Resistance in LSCC

Drug resistance in anticancer treatment is a crucial issue and one of the leading reasons
for poor response rates to chemotherapy. Despite the remarkable efforts to develop new
effective molecules able to target oncogenic factors, there are still no successful chemother-
apy agents for progressed cancers with metastases. So far, many studies have revealed that
the acquisition of a resistant phenotype by cancer cells is mainly due to a number of factors,
such as drug efflux, drug inactivation, drug target alterations, epigenetics, pharmacoki-
netic issues, EMT, DNA damage repair, and inhibition of cell death [163,164]. Therefore,
understanding the molecular mechanisms underlying the circumvention of anticancer
drugs’ cytotoxicity is essential to identify the best strategy to develop new pharmacological
approaches for advanced stages of the diseases.
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Recently, the molecular mechanisms of drug resistance in LSCC have been extensively
investigated, focusing on the role played by non-coding RNA in both the acquisition and the
maintenance of a resistant phenotype. Regarding the lncRNAs, Zhou et al. demonstrated
that HOX transcript antisense RNA, HOTAIR, enhances chemo-resistance to cisplatin in
LSCC cells through regulating miR-613 and SNAI2, a well-known EMT modulator. They
also found that HOTAIR is significantly upregulated in LSCC tissues compared to normal
healthy ones and that HOTAIR short hairpin RNA (shRNA) transfection suppresses tu-
mor growth and in vivo EMT-related cisplatin resistance [165]. Conversely, p53-induced
noncoding transcript, LINC-PINT, is lowly expressed in LSCC tissues with respect to
the adjacent normal counterpart. Moreover, in vitro assays showed that LINC-PINT sup-
presses LSCC cell stemness and cisplatin resistance by directly targeting miR-425-5p, which
regulates PTCH1, a Hedgehog pathway-related protein [166]. Another report showed
FOXD2-AS1 overexpression in LSCC tissues, and this deregulation was significantly as-
sociated with poor prognosis. Additional studies exhibited that FOXD2-AS1 maintains
laryngeal cancer cell stemness and reduces response to cisplatin. In addition, FOXD2-
AS1 acts as a scaffold for signal transducer and activator of transcription 3 (STAT3) and
protein arginine methyltransferase 5 (PRMT5), enhancing STAT3 transcriptional activ-
ity [167]. Yuan et al. demonstrated that actin filament-associated protein 1 antisense RNA1
(AFAP1-AS1), which is highly expressed in LSCC tissues compared to adjacent normal
counterpart, promotes LSCC cell stemness and enhances cisplatin resistance through the
direct targeting of miR-320a which, in turn, negatively regulates RBPJ, a crucial factor in
Notch signaling pathway [168]. The highly conserved metastasis-associated lung adenocar-
cinoma transcript 1, MALAT1, is significantly upregulated in LSCC tissues, as well, and its
deregulation was associated with poor 5-year survival rate and enhanced chemo-resistance
of LSCC cells to cisplatin, 5-fluorouracil, paclitaxel, and vincristine by promoting cell
proliferation, migration, invasion, and EMT, and apoptosis suppression [169].

In terms of chemo-resistance-associated miRNAs, Liu et al. showed that miR-125a is
downregulated in LSCC tissues and HEp-2 laryngeal cancer stem cells (HEp-2-CSCs) as
compared to peritumor non-cancerous tissues. Gain of function analyses demonstrated
that miR-125a significantly enhances the sensitivity of HEp-2-CSCs to cisplatin through
the direct targeting of hematopoietic cell-specific protein 1-associated protein X-1 (HAX-1),
which plays an anti-apoptotic role by suppressing mitochondrial apoptosis pathways. Fur-
thermore, transfection of miR-125a mimic attenuates multidrug resistance of HEp-2-CSCs
to vincristine, etoposide, and doxorubicin [170]. Tain et al. found low miR-26b expression in
cisplatin resistant HEp-2 (HEp-2/R) cells compared to HEp-2 wild-type model. Additional
investigation indicated that ectopic expression of miR-26b suppresses cisplatin resistance
in HEp-2/R by directly targeting activating transcription factor 2 (ATF2). The last is a key
regulator of DNA repair, so its inhibition promotes the activation of Bcl-xL-mediated mito-
chondrial apoptotic pathway [171]. Other in vitro experiments performed on vincristine-
resistant HEp-2v cells suggest increased cisplatin resistance and miR-133a downregulation
relative to HEp-2 wild type model. Moreover, ectopic miR-133a restoration significantly
enhanced the drug sensitivity of HEp-2v to cisplatin by targeting copper transporter P-type
adenosine triphosphatase (ATP7B), known to be correlated with tumor cell sensitivity to
cisplatin [172]. More recently, Lin et al. showed that miR-936 is reduced in LSCC tissues
and associated with advanced T grade, poor differentiation, and LNM occurrence. In
addition, miR-936 inhibits LSCC cell proliferation, migration, and invasion and improves
drug sensitivity to doxorubicin and cisplatin through the direct targeting of GPR78, an
orphan G-protein coupled receptor [173].

Fu et al. revealed the up-modulation of interleukin-6 (IL-6), STAT3 and hypoxia-
inducible factor 1 (HIF1) at both mRNA and protein levels in HEp-2-CSCs compared to
HEp-2 wild type and LSCC tissues. Moreover, IL-6 knockdown by siRNA technology in
HEp-2-CSCs decreased not only IL-6 expression levels, but STAT3 and HIF1 as well, leading
to the suppression of LSCC proliferation, colony formation, invasion, and tumor growth,
and inducing apoptotic cell death. Importantly, the combination of IL-6 siRNA and cisplatin
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significantly enhanced the suppression of all these parameters in HEp-2-CSCs, indicating
that IL-6 knockdown can increase drug efficacy in LSCC by modulating IL-6/STAT3/HIF1
pathway (Figure 3) [174].
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It was also found that procollagen-lysine 2-oxoglutarate 5-dioxygenase 2 (PLOD2)
improves cisplatin resistance in LSCC cells through the activation of Wnt signaling path-
way. In addition, it enhances stem cell characteristics and its overexpression in LSCC
tissues correlates to advanced cTNM and poor patients’ prognosis [175]. Of note, the tumor
suppressor TIP30 was downregulated in drug-selected laryngeal cancer cells (DSCs) in
comparison with wild type HEp-2, and its decreased levels were significantly associated
with advanced T stage and poor prognosis in LSCC patients. Functionally, the loss of
TIP30 contributes to self-renewal, proliferation, and drug resistance of laryngeal cancer
cells through regulating AKT/glycogen synthase kinase-3 β (GSK-3 β)/β-catenin signaling.
Hence, TIP30 suppresses self-renewal and cisplatin resistance in vitro. Moreover, in vivo
studies revealed that it inhibits both tumorigenesis and cisplatin chemo-resistance in LSCC
cells subcutaneously transplanted in nude mice [176]. Li et al. found that vincristine (VCR)-
resistant HEp-2 (HEp-2/VCR) cells are chemo-refractory to VCR, methotrexate, cisplatin,
and 5-fluorouracil, in comparison with HEp-2 wild type cells. Functional analyses revealed
that the expression levels of proto-oncogene c-fos and multiple drug resistance 1 (MDR1)
are increased in HEp-2/VCR. Moreover, it was demonstrated that c-fos enhances efflux
capability of cytotoxic drugs in LSCC cells by promoting MDR1 expression, leading to the
development of drug resistance [177]. A significant overexpression of both Wnt1-inducible
signaling protein 1 (WISP1)—downstream target of Wnt/β-catenin signaling—and glu-
cose transporter 1 (GLUT1) was observed in LSCC tissues. Additional in vitro studies
showed that WISP1 enhances drug resistance and inhibits ataxia-telangiectasia-mutated
(ATM)-mediated DNA damage response in laryngeal cancer cells treated with cisplatin,
by activating Yes-associated protein 1 (YAP1)/TEA domain transcription factor 1 (TEAD1)
signaling, that contributes to GLUT1 upregulation [178]. Interestingly, Xu et al. explored for
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the first time the precise role played by the apoptosis inhibitor survivin on hypoxia-induced
MDR of LSCC, showing that its knockdown could partly reverse this phenomenon due to
survivin’s ability to prevent chemotherapeutic drug-induced apoptosis. Therefore, target-
ing the survivin signal pathway has been suggested as a possible approach for reversing
multidrug resistance in LSCC [179].

5. Microenvironment-Derived Inflammatory Markers and Immune-Related Factors
in LSCC

As in many other solid malignancies, laryngeal cancer progression and invasion is
strongly influenced by a pro-inflammatory tumor microenvironment (TME) [180]. Indeed,
there is a functional interaction between inflammation, innate immunity, and cancer, re-
siding on the physiologic and pathologic processes triggered by response to injury that
involve multiple chemical factors able to activate tissue mast cells, directing migration of
leukocytes (neutrophils, monocytes and eosinophils) from the circulatory bloodstream to
the damaged tissue. In 1986, Dvorak HF started from the concept, already known since
the 1970s, that there is a close interconnection between solid tumor stroma generation,
wound healing, and chronic inflammation to demonstrate that these phenomena shared
key molecular factors [181]. In detail, for all of them, what stands out is the boosted
vascular permeability to plasma and plasma proteins because of increased levels of vascu-
lar endothelial growth factor (VEGF-A). Moreover, plasma extravasation can trigger the
extravascular deposition of fibrin, which, in turn, provides a favorable substrate for the
attachment and migration of tumor cells, also playing a key role in the generation of new
blood vessels and connective tissue stroma. Therefore, VEGF-A levels being constantly
high, tumors may continually initiate new healing activity, thus growing and invading
surrounding normal tissues. In 2016, Xu and colleagues demonstrated VEGF-A suppression
by miR-203 in LSCC, following the discovery of significant miR-203 down-regulation in
LSCC tissues [182]. A negative relationship between miR-203 and VEGF-A was also identi-
fied in clinical tissue samples, as well as between miR-203 and cyclooxygenase-2 (COX-2),
which was identified and validated in the same study as another miR-203 target. Moreover,
through functional studies, it was demonstrated that a tumor suppressor function is played
by miR-203 by inhibiting proliferation, migration, and invasion of HEp-2 cells. COX-2, com-
monly upregulated at the inflammatory sites and specifically overexpressed in HNSCC, has
a consolidated use as an inflammatory marker in both stroma and tumor [183,184]. Starting
from a bioinformatics analysis, a recent study revealed and subsequently validated, by
luciferase reporter assay, the direct VEGF-A targeting by miR-140-5p, also proving its effect
in counteracting cell proliferation, migration, invasion, and angiogenesis in LSCC, using a
transfection approach based on miR-140-5p knocking-down or over-expression [185]. An-
other validated VEGF-A modulator is miR-206, whose transfection in laryngeal cancer cells
was used to investigate proliferation, apoptosis, migration, and invasion, demonstrating
its tumor suppressor function [186]. Moreover, an inverse correlation was found between
miR-206 levels and T grade, LNM, and clinical stage of LSCC (Figure 3).

In the last twenty years, EMT has gradually emerged as a new concern relating to
cancer cell invasiveness and has been increasingly studied, highlighting the main difference
between migration of normal keratinocytes and transformed epithelial cells. EMT occurs ex-
clusively in cancer cells and is characterized by adherents’ junctions breaking and epithelial
markers’ (i.e., cytokeratins and E-cadherin) reduced levels, accompanied by mesenchymal
markers’ (i.e., fibronectin, N-cadherin, and Vimentin) upregulation [187]. In addition to the
leading role played by all these changes in gaining an invasive fibroblastoid phenotype,
EMT can also lead to the modulation of other features of cancer progression, such as the
decreased susceptibility of mesenchymal cells to immune clearance due to reduced physical
connection between immune and target cells, which acquire a characteristic phenotype
known as mesenchymal immune evasion (MIE) [120]. A major player of this condition is
the transforming growth factor-beta (TGF-β), which can change the TME in the direction
of a tumor-supportive environment through the enhancement of immuno-suppression by
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regulatory T cells (T-regs) activation [120]. Today, it is evident that cell proliferation can
cause cancer onset when sustained by a microenvironment rich of pro-inflammatory cells
and mediators, growth factors, activated stroma, and DNA-damage-promoting agents,
including cytokines, chemokines, cyclooxygenase-2, prostaglandins, fibroblast growth
factor (FGF), MMPs, and the already mentioned VEGF [180]. Among the pro-inflammatory
cytokines, IL-6, together with IL-1 and TNF-α, is one of the most relevant promoters of
acute inflammatory response, also capable of reinforcing chronic phase inflammation,
providing the favorable environment for tumor growth. IL-6 is secreted by B and T lympho-
cytes, macrophages, fibroblasts, keratinocytes, as well as by cancer cells, controlling both
proliferation and apoptosis processes [188]. IL-6 levels have been significantly correlated
with tumor invasion, severity, spreading, and chemo-resistance depending on the cellular
downstream pathways after binding to its specific receptor [189]. The latter activates the
JAK/STAT axis, which in turn enhances metastasis via EMT induction, increases motility
via focal adhesion kinase (FAK), and improves tumor invasion through the activation
of VEGF and rho [190]. The analysis of pre-operative serum levels of IL-6 and IL-8 as
prognostic variables in a cohort of 92 LSCC patients revealed significantly higher levels
in patients compared to healthy controls (p < 0.0001) [191]. Moreover, IL-6 was associ-
ated to the occurrence of LNM (p < 0.001), T classification (p < 0.001), and clinical stage
(p = 0.001), also showing excellent characteristics as independent predictor of LSCC-specific
progression-free (p = 0.049) and OS (p = 0.040). The same study associated increased serum
IL-6 levels to shorter OS and PFS (p < 0.05). The relationship between IL-6 serum levels
and both severity and LSCC extent was also analyzed by other researchers, confirming the
higher levels in tumor patients (p = 0.0001) and the significant correlation with advanced
stage (p < 0.0001), as well as with the occurrence of metastasis (p = 0.024) and local tumor
spread (T) p < 0.0001) [192]. miRNA-mediated modulation of the IL-6-signaling pathway
has been extensively investigated in several neoplasms, such as breast [193], colorectal [194],
lung [195], and prostate cancer [196] and multiple myeloma [197], but it is still not explored
in LSCC. However, a recent investigation on LSCC tissues from 63 patients revealed a
significant inverse correlation between miR-155, which was overexpressed in tumor tis-
sues compared to control mucosa and SOCS1 protein, which, in turn, inversely correlated
with STAT3 protein expression in the same samples [198]. Interestingly, miR-155 levels
significantly correlated with stage and degree of cell differentiation (p = 0.014 and 0.021,
respectively). Similar results were also found by the same authors for SOCS2 regulation
by miR-196. In this case, the analysis of the possible connection with clinical-pathological
parameters revealed that high miR-196b levels correlated also with cervical nodal metas-
tases [199]. Further evidence of miRNA intervention in EMT process is the targeting of
HOXC6 by miR-141, whose downregulation in LSCC was associated with the counteraction
of TGF-β signaling pathway (Figure 3) [72]. Moreover, the ectopic expression of miR-141,
as well as HOXC6 silencing in AMC-HN-8 laryngeal cancer cells, hindered the expression
of TGF-β1, Smad3, Vimentin, and Snail and enhanced E-cadherin protein levels. More-
over, miR-205 and miR-375 are among miRNAs involved in LSCC progression via EMT
regulation [200]. As regards lncRNAs participation in LSCC-related EMT, at the moment,
we still have little experimental evidence. In particular, the miR-155 host gene MIR155HG
is upregulated, together with miR-155, by TGF-β and can target SOX10, thus controlling
miR-155/SOX10 axis and endorsing the expression of mesenchymal markers in LSCC [91].

As regards the role played by tumor infiltrating immune cells, the clinical significance
of inflammatory response in peritumoral connective tissue and in neoplastic stroma was
evaluated in 181 LSCC patients, using a multiple regression model based on an indepen-
dent variable represented by infiltrating or expansive types of tumor growth to evaluate
the probability of LNM occurrence [201]. In this study, the authors analyzed both plasma
cells and eosinophil infiltration. They found an inverse correlation with inflammation and
nodal involvement, while no correlation was observed in the case of eosinophil infiltration.
However, eosinophil involvement in inflammation and tumor neovascularization in LSCC
cannot be excluded, given the release of growth factors (i.e., VEGF) and other proangiogenic
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mediators [202]. Eosinophils may also act as important players for the immune system
in the regulation of tumor growth and cancer survival, since cytokines, chemokines, and
growth factors derived from their degranulation in TME may be involved in improving
T cell-mediated tumor killing [203]. The immune system can counteract cancer initiation
and metastasis progression working at the early stages of tumor development by the recog-
nition and elimination of immunogenic cancer cells carried out by cytotoxic cells such
as natural killer (NK) and CD8+ T cells [204]. The involvement of immune surveillance
in tumor metastasis has been analyzed in recent years through the investigation of the
specific role of different leukocyte populations; as a result, systemic hematological markers
and peripheral T cell subsets have become promising prognosticators. A Chinese study
analyzed, in a small cohort of LSCC patients, the relevance of dendritic cell infiltration in
tumor stroma, positively correlating the infiltration with a reduced probability of cervical
metastasis and a longer survival time [205]. On these bases, dendritic cell infiltration was
proposed as a feasible prognostic index. On the other hand, the presence of neutrophils
in tumor microenvironment has not been systematically investigated, despite some slight
evidence indicative of disease progression depending on the tumor site and on TGF-β
levels [206,207]. Indeed, there has been extensive research regarding the role of tumor
associated macrophages (TAMs), whilst little attention has been paid to tumor associated
neutrophils (TANs), which can show either tumor-suppressive (N1) or tumor-promoting
(N2) phenotype [208]. N2 are known to undergo the chemo-attraction promoted by angio-
genic chemokines in the TME, releasing in turn the content of cytoplasmic granules, i.e.,
MMPs, ROS, proangiogenic cytokines, and cytokines, suppressing immune response. TAN
can also promote B cell maturation and proliferation through the expression of a “prolif-
eration inducing ligand” known as APRIL or tumor necrosis factor superfamily member
13 (TNFSF13, also identified as a proliferation-inducing ligand, APRIL) [208]. The role
of APRIL as a diagnostic and prognostic LSCC serum biomarker has been demonstrated
by Wang et al. [209], who also showed a positive correlation of APRIL expression with
ki-67 and NF-κB p65. Moreover, functional in vitro studies revealed that APRIL-silencing
inhibited cell proliferation by blocking G1 phase in HEp-2 cells. Simultaneously with this
study, another research group demonstrated the direct targeting of APRIL by miR-383 in
hepatocellular carcinoma, providing the first evidence of miR-383 decrease in this neoplasm,
and proving its correlation with cancer progression and prognosis [210]. A recent study
identified tumor infiltrating immune cells and preoperative neutrophil-to-lymphocyte ratio
as potential prognostic factors for the recognition of both increased risk of local recurrence
and low rate of PFS in LSCC. However, ROC analysis did not show any correlation with
mortality rate [211]. More recently, a retrospective study performed on 229 patients with
benign, premalignant, and malignant laryngeal lesions demonstrated the predictive role
of neutrophil-lymphocyte ratio for the identification of stage, lymph-node, and distant
metastasis, as well as its prognostic role for the determination of OS, DFS, and locoregional
recurrence free survival [212]. The controversial role of the immune system in LSCC was
also investigated by an in-depth analysis of full blood counts and T cell subset distribu-
tion with the aim to establish a correlation with patients’ clinical parameters and survival.
Neutrophil–lymphocyte and platelet–lymphocyte ratios were both analyzed by Marchi et al.
in LSCC patients, where these parameters were significantly increased. Moreover, the same
authors correlated the reduced CD4+/CD8+ and CD3+/CD8+ ratios with recurrent disease
and the improved amount of CD3+ and CD4+ with LNM [213]. The last finding was fully
in agreement with a previous observation by Drennan et al. and was ascribed to the onset
of inflammatory reaction in the presence of LNM and advanced stages of disease [214].
The systemic immunological changes observed during tumor progression also include an
increased number of T-regs, a depletion of PD-1 expressing T cells, and an overall reduced
T cell function. The observed inverse correlation between T-reg and T cell levels is not sur-
prising since it was demonstrated that T-regs characterized by CD127 low/− phenotype
suppress effector T cell proliferation at a higher extent in metastasized LSCC patients,
compared with healthy individuals or with patients without nodal involvement. More-
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over, peripheral T-regs were influenced by the patient’s tumor stage, indicating a role
in tumor progression and the possibility to successfully use immunotherapy for LSCC
treatment [214]. The possible role of chemokine receptors CCR6 and CCR7, known to
orchestrate T cell migration and metastasis, as well as their ligands CCL20, CCL19, and
CCL21, were explored to investigate their possible correlation with clinical-pathological
characteristics of LSCC [215]. In detail, it was demonstrated that both chemokine receptors
were highly expressed in laryngeal cancer tissues, in LNM and in CD4 + CD25 + Foxp3+
T-regs, also showing a direct involvement in driving cancer cell migration and immune
tolerance by recruiting CD4 + CD25 + Foxp3+ T-regs to cancer sites and stimulating LSCC
onset, invasion, and metastasis. These results suggested a possible function as molecular
biomarkers for assessment and prognosis of LSCC. Notably, CCR6 is positively correlated
with miR-20a-5p and miR-489, and negatively associated with miR-29-3p, miR-632, and
miR-1276 in LSCC [216], while no evidence of miRNA regulation was reported for CCR7 in
laryngeal cancer (Figure 3).

6. Concluding Remarks and Future Perspectives

Laryngeal cancer is one of the most common malignant forms belonging to head and
neck district neoplasms. The diagnostic process and the proper therapeutic planning are a
result of the thorough knowledge of natural history, as well as of clinical and molecular
factors underlying this disease. LSCC is characterized by local growth and diffusion in
neighboring lymph nodes, although it frequently develops distant metastases. Due to the
nonspecific symptoms, LSCC diagnosis often occurs in a late phase, resulting in delayed
treatment and worse prognosis. A further crucial concern is the attempt to improve
patients’ quality of life trying to preserve laryngeal function. This goal could be more
easily achieved through early diagnosis and prompt treatment initiation. Today, the
advent of emerging molecular and genetic “omics” technologies has given a powerful
shove-ahead in LSCC characterization and monitoring, allowing the identification of
novel biomolecules as diagnostic and prognostic markers for clinical management of the
neo-plasm. Aberrant gene expression and transforming epigenetic events represent a
powerful resource to recognize the mechanisms underlying carcinogenesis and to identify
new candidate biomarkers. Within the broad variety of molecular factors endowed with
therapeutic and/or diagnostic potential, a central role seems to be played by non-coding
RNAs, which have aroused growing interest for their multiple biomedical applications
in the new era of personalized medicine. They can orchestrate the regulation of multiple
cancer-related pathways, actively participating in tumor spreading and MDR phenotype,
as well. A favorable chance to improve LSCC monitoring also derives from the clinical
application of liquid biopsy, which is so far under investigation and looks promising
based on the multiple pieces of evidence outlined for HNSCC. However, despite the
remarkable efforts to develop new effective molecules able to target oncogenic factors, a
major challenge is still represented by the development of effective chemotherapy agents
for progressed metastatic LSCC. Therefore, new pharmacological approaches targeting
the molecular mechanisms underlying the circumvention of anticancer drugs’ cytotoxicity
are absolutely required. Moving in this direction, a great chance can come from the use
of non-coding RNAs, which are engaged in both the acquisition and the maintenance of
resistant phenotypes. Finally, in-depth characterization of LSCC cancer cannot be unaware
of a pro-inflammatory microenvironment and tumor-infiltrating immune cells, which have
been recently examined for their role in EMT process regulation and for their promising
prognostic function.

The high number of potential biomarkers currently available still exhibit a series
of limitations, mostly due to the integration process of the massive datasets resulting
from omic methodologies, availing of computing platforms and standardized analytic
systems. Of note, there is also a compelling need to optimize biomarkers’ validation against
accepted clinical and pathological parameters. All these factors clearly indicate that the
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future direction of LSCC treatment must necessarily be centered on tailored interventions
resulting from multidisciplinary and standardized approaches.
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