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Abstract

Inflammation is deeply involved in the devel-
opment of most types of cancer. Many studies
focus on the interaction between immune-
inflammatory mechanisms and tumorigenesis
in the head and neck squamous cell carcinoma
(HNSCC). In this chapter, we emphasize the
complexity of processes underlying this inter-
action and discuss the mechanisms of carcino-

genesis in HNSCC with a special focus on
metabolic changes, inflammation, and the
immune landscape. Unveiling complex
connections between immuno-inflammatory
processes and tumor initiation, promotion,
and progression will open new directions in
the reliable identification of predictive factors
and therapeutic targets in HNSCC.
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1 Introduction

Inflammation is deeply involved in the development
and progression of most cancers, even if, at first
glance, the mechanisms of inflammation are not
prominent actors (Taniguchi and Karin 2018).
Inflammation has been recognized as a promoter
at all stages of tumorigenesis (Greten and
Grivennikov 2019). Hence, it is not surprising that
researchers have focused on studying the relations
between immune-inflammatory mechanisms and
tumorigenesis in different types of cancer, including
head and neck squamous altering the cell carcinoma
(HNSCC) (Georgescu et al. 2020; Scheau et al.
2020; Neagu et al. 2019; Tampa et al. 2018a;
Tampa et al. 2018b; Georgescu et al. 2017; Neagu
et al. 2016).

HNSCC is the world’s sixth most frequent
cancer, with an increasing incidence during the
last decades, as life expectancy and global popu-
lation increase (Economopoulou and Psyrri
2017). Despite great progress in diagnosing and
treating cancers, death rates associated with
HNSCC did not decrease significantly, due most
likely to a high rate of the first diagnosis in
advanced stages of the disease (Jou and Hess
2017). When early diagnosed and treated, sur-
vival rates in patients with HNSCC exceed
80–90% (NIH 2017). When distant metastases
occur, although rare compared to other cancers,
a high death toll of 74% at 24 months is present
(Wiegand et al. 2015). This condition is com-
monly diagnosed in adult and elderly population,
but recent data show a decreasing trend of the
onset age. Men are three times more likely to
develop HNSCC, but lately, an increasing inci-
dence has also been reported in women (Chi et al.
2015).

2 Etiopathogenic Features
of HNSCC in Different
Locations

HNSCC includes a series of malignancies with
different anatomical locations, for example, lip,
oral, sinus cavities, pharynx and larynx, which are
grouped according to etiopathogenic similarities,
as well as clinical, therapeutic, and evolution
criteria (Faraji et al. 2017).

Various endogenous and environmental
factors participate in the development and pro-
gression of regional HNSCC (Solomon et al.
2018; Wu et al. 2018; Lupu et al. 2017;
Voiculescu et al. 2016). For example, ultraviolet
(UV) radiation is the main risk factor for lip and
skin SCC as damaged. Keratinocytes accumulate
mutations (Lupu et al. 2020; Chan et al. 2019;
Lupu et al. 2018a, b). The UV exposure is also
associated with the release of pro-inflammatory
cytokines, such as TNF-α, stimulating the differ-
entiation of monocytes into macrophages and
maintaining local inflammation, which may
induce angiogenesis and tumor progression
(Bottomley et al. 2019). Moreover, inhibition of
antitumor response in CD4+ and CD8+
lymphocytes against keratinocytes with
alterations induced by UV radiation has been
reported (Suwanpradid et al. 2017). Exposure to
UV radiation has also been investigated in the
context of decreasing density of the antigen-
presenting. Langerhans and dendritic epidermis-
resident cells. The apoptosis of these cells may
exert Th2 and Treg-related immunosuppressive
effects altering the antitumor immune response
(Otsuka et al. 2018; Pettersen et al. 2011).

In HNSCC, smoking and chronic alcohol con-
sumption are involved in more than 75% of cases
(Hashibe et al. 2007). When these factors are
combined, their damaging effects are enhanced
and the risk of developing HNSCC can increase
by 35-fold (Economopoulou and Psyrri 2017).
Tobacco use induces epigenetic alterations in
oral mucosa, with modified expression of various
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genes such as p53, GLUT-1, p16, and P13K in
oral epithelial cells. It can impair various immune
mechanisms involved in antitumor response and
can activate oxidative stress reactions, leading to
increased expression of pro-inflammatory genes
and status of chronic inflammation (Jiang et al.
2019; Khowal and Wajid 2019; Seifi et al. 2014).
Alcohol increases the permeability of oral mucosa
for carcinogens. It also generates toxic
compounds that can induce DNA damage and
stimulate cell proliferation. Chronic alcohol
intake is also associated with free radicals pro-
duction that may induce immunosuppression
(Feller et al. 2013).

Human papillomavirus (HPV) infection is
mainly associated with oropharyngeal cancers,
exhibiting a different behavior compared to
tobacco- and alcohol-induced cancers (Tampa
et al. 2020; Boda et al. 2018; Georgescu et al.
2018; Kobayashi et al. 2018; Boda et al. 2016).
Almost half of these carcinomas are correlated
with an active HPV status (Quabius et al. 2015).
The most prevalent viral types are HPV16,
HPV18, and HPV33 (Faraji et al. 2017; Ndiaye
et al. 2014). Studies on a large number of patients
have suggested that HPV+ tumors should be con-
sidered as distinct pathological entities within the
wide group of HNSCC due to specific molecular
features that correlate with improved response to
therapy and prognosis (Dayyani et al. 2010). The
2017 classification of the tumor (T), nodes (N),
and metastases (M) (TNM) has been updated
according to these findings (Amin et al. 2017).
Moreover, individualized therapies are proposed
based on the HPV status (Cao et al. 2017; Husain
and Neyaz 2017; Keck et al. 2015). There is a
complex connection between HPV infection and
chronic inflammation as the inflammatory
cytokines can facilitate viral penetration and sur-
vival in the oral mucosa. They can also influence
the proliferation of keratinocytes and viral activa-
tion (Tezal 2012; Tezal et al. 2012). Other studies
have shown that HPV infection is associated with
an increased T-cell infiltration and immune cell
activation, considering the HPV status as a pre-
dictive factor for programmed cell death protein
1 (PD-1) inhibitors’ therapeutic efficacy in
HNSCC (Wang et al. 2019; Gameiro et al. 2018).

Occupational exposure to carcinogens like
wood, textiles, or leather compounds is
incriminated in the development of sino-nasal
SCC. These tumors have a poor prognosis, espe-
cially when correlated with smoking, considering
that most patients show advanced disease staging
at the time of diagnosis (Elgart and Faden 2020).

A glance at the main risk factors of HNSCC
and their mechanisms of action brings to attention
the interconnections between inflammation,
immune factors, and carcinogenic processes (see
Fig. 1). To unravel the complexity of these pro-
cesses, in the following sections we delineate the
mechanisms of carcinogenesis in HNSCC with a
special focus on metabolic changes, inflamma-
tion, and the immune landscape. We also high-
light the importance of this topic for the discovery
of new biomarkers and emerging therapies for
HNSCC.

3 Mechanisms of Carcinogenesis
in HNSCC

3.1 Genetic Traits in HNSCC

The mechanism of cancer initiation has been
intensely studied over the years. The first step in
the understanding of carcinogenesis was Rudolf
Virchow’s description of cancer cells (see
McManus 1958). Shortly afterward, Theodor
Boveri described the uncontrolled division of
cells with a modified nuclear content in cancers,
and these changes were linked to external factors
(see Opitz 2016). Decades later, the first onco-
gene v-Src and the first tumor suppressor gene
(TSG) were discovered, confirming the genetic
basis of carcinogenesis (Alfred and Knudson
1971; Duesberg and Vogt 1970). Experimental
murine models have been created through genetic
engineering over the last years, with the intent of
studying various types of cancer (Kersten et al.
2017). DNA sequencing techniques have
revolutionized medical research allowing the
characterization of the entire genome, including
the mutations that trigger tumors (International
Human Genome Sequencing Consortium 2004).
Focal mutations, deletions, duplications, or
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insertions of nucleotides contribute to the tumor
mutational burden (TMB). A genetic database
analysis has identified patterns of mutated genes,
attributing genetic signatures to each type of neo-
plasia (Fancello et al. 2019; Chalmers et al.
2017).

HNSCC arises frequently from premalignant
lesions, with a gradual accumulation of mutations
associated with long-time exposure to external
carcinogens in addition to increased age-related
DNA instability (Monisha et al. 2017). Mutations
of the tumor suppressor TP53 gene have been
identified in most cancers (Perri et al. 2016) and
in more than 70% of HNSCC (Pérez Sayáns et al.
2019). Labeled “guardian of the genome”, the
TP53 acts through multiple intracellular signaling
pathways controlling processes like DNA repair,
cell cycle arrest, and apoptosis. A transition to
altered phenotype induces resistance to apoptosis,
genome instability, and decreased immunogenicity
(Perdrix et al. 2017). In nicotine-induced HNSCC,
TP53 mutations with loss of function are almost
constantly present (Cancer GenomeAtlas Network

2015), even from very early stages, affecting gua-
nosine nucleotides (Denaro et al. 2011). Deletions
in the tumor-suppressing CDKN2A gene are in the
top five most frequent mutations in the smoking-
induced HNSCC. When associated, mutations in
CDKN2A and TP53 genes negatively impact sur-
vival (Pérez Sayáns et al. 2019).

In contrast, HPV-positive tumors exhibit a low
mutational burden involving these two suppressor
genes. The overexpression of specific viral HPV
E6/7genes, amplification of PIK3CA and E2F1
genes, and a loss of TRAF3 are the most repre-
sentative genetic changes (Cancer Genome Atlas
Network 2015). HPV infection, acting through
viral oncoproteins E6 and E7, inactivates tumor
supressor genes pRb and p53 in the host cell,
leading to a loss of cell-cycle control, chromo-
somal instability, impaired DNA repair, and
alterations in cell senescence and apoptosis
(Castellanos and Pan 2016; Kim 2016; Doorbar
et al. 2015). The recent research has broadened
the spectrum of effects induced by HPV infection,
showing that the E6 oncoprotein increases the

Fig. 1 Interconnections between inflammation, immune factors, and carcinogenic processes associated with the main
risk factors of head and neck squamous cell carcinoma (HNSCC)
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levels of reactive oxygen species and oxidative
stress. This effect increases DNA instability and
may be associated with chronic inflammation
(Cruz-Gregorio et al. 2019).

Other studies have reported alterations in sev-
eral representatives of the “rat sarcoma” (RAS)
oncogene family in HNSCC. The HRAS isoform
is mutated in 6% of HNSCC and associated with
enhanced immune activity, with a high density of
immune effectors in tumor samples (Lyu et al.
2019). The KRAS isoform is isolated in 17% of
patients with HNSCC and associated with altered
immune mechanisms, promoting immune toler-
ance via transforming growth factor-beta
1 (TGF-β1) (Weidhaas et al. 2017; Calenic et al.
2015).

Other genetic changes are independent of the
HPV status. The activation of nuclear factor
kappa-light-chain-enhancer of activated B cells
(NF-κB), consequent to a loss of TP53, exerts
pro-carcinogenetic effects by stimulating cell pro-
liferation, angiogenesis, and epithelial to mesen-
chymal transition (EMT) (Aggarwal et al. 2006;
Bharti and Aggarwal 2002). Experimental studies
on HNSCC have revealed that a high intracellular
concentration of active NF-κB is associated with
increased metastatic capacity. NF-κB inhibitors
are successful in decreasing cell invasive features
by decreasing enzymes related to metastasis, such
as vascular endothelial growth factor (VEGF) and
matrix metallopeptidase 9 (MMP-9) (Yan et al.
2010). The activation of NF-κB has been detected
in precancerous lesions frequently associated with
HNSCC and in radio- and chemoresistant diseases.
Deactivation of NF-κB in tumor cells leads to
tumor regression in experimental models, trigger-
ing great interest in cancer therapy development.

While mandatory, genetic mutations are insuf-
ficient to develop cancer. The malignant cell
requires appropriate conditions to multiply in an
environment that provides protection from sys-
temic tumor clearance mechanisms (Wellenstein
and de Visser 2018).

3.2 Metabolic Changes in HNSCC

Frequent mitoses, characteristic of malignant
cells, require high energy resources, implying an
increased intracellular metabolism to cover the
energy demand. Intense metabolic activity
increases oxygen requirements, and tumor cells
shift towards glycolysis to supplement energy
production, leading to a decreased intracellular
pH and accumulation of acidic byproducts. Intra-
cellular acidosis seems an important element in
local tumor progression and metastasis (Hosseini
et al. 2017). Acidic pH of 6.5–6.9 is detected in
the peritumoral environment. The theory of “acid-
mediated tumor invasion” claims that a
peritumoral acidic environment triggers necrosis
in normal cells through pH-induced metabolic
changes and activates MMPs that degrade the
extracellular matrix, facilitating metastasis.
Local acidosis exerts inhibitory effects on
antitumoral immunity, promoting tumor progres-
sion. Various cancer experimental models show
significant expression of markers for acidosis
LAMP (lysosomal-associated membrane protein)
and hypoxia (glucose transporter 1 and carbonic
anhydrase IX (CA-IX)) (Ibrahim-Hashim and
Estrella 2019). The CO2 produced in tumoral
metabolic conditions is eliminated from the cell
via CA-IX activity, a membrane transporter that
hydrates CO2 and exports it as HCO3

� and H+

(Tafreshi et al. 2014). CA-IX activity is
accelerated at pKa values under 6.5, modulating
the acidity of a peritumoral environment. The
inhibition of antitumoral immune surveillance is
another consequence of acidosis, with alterations
in cytolytic functions, a reduction of cytokine
secretion, and the inhibition of signal transducers
and activators of transcription 5/extracellular
signal-regulated kinases (STAT5/ERK) signaling
pathway (Calcinotto et al. 2012). In vivo
experiments demonstrate that the use of oral
buffer products correlates with increased effi-
ciency of monoclonal antibody-based therapies
(Pilon-Thomas et al. 2016).

Oxidative stress is closely correlated with car-
cinogenesis. Malignant cells show increased pro-
duction of reactive oxygen species (ROS)
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induced by exogenous or endogenous stimuli.
ROS promote carcinogenesis through DNA insta-
bility. The subsequent mechanisms are tyrosine
phosphatase inactivation and activation of the
hypoxia-inducible factor 1 alpha (HIF-1α) path-
way, which sustains malignant cell proliferation
and immune cell anergy by further shifting cell
metabolism to glycolysis (Vomund et al. 2017).
In head and neck cancers, exposures to
antioxidative agents, glutathione, and thioredoxin
exert a strong inhibitory effect on cell prolifera-
tion and tumor growth (Roh et al. 2017). Multiple
genetic alterations and metabolic changes are
associated with tumor growth and metastasis in
HNSCC. The effervescence of intracellular and
local carcinogenic events generates a systemic
response to counterbalance the progression to
malignancy.

3.3 Inflammation in HNSCC

Chronic inflammation is an important element in
carcinogenesis. Numerous studies show that
indices of inflammation, assessed in the tumor
tissue or peripheral blood, correlate with patient
survival and response to therapy, leading to the
evaluation of different inflammatory factors as
biomarkers in HNSCC (Tampa et al. 2018b).
Cytokines are small proteins released mainly by
T helper cells and macrophages that play an
essential role in regulating the immune response.
Even though the immune cells are the primary
source of cytokines, any nucleated cell carries the
enzymes required for the synthesis and release of
cytokines (Zhang and An 2007; Dinarello 2000).
Pro-inflammatory interleukins have been inten-
sively studied in the pathogenesis of HNSCC.
The tumor milieu is characterized by chronic
inflammation induced by various cellular and
humoral mediated processes involving tumor,
stromal, and immune cells. Increased
concentrations of pro-inflammatory chemokines
are reported in association with an inflammatory
infiltration rich in macrophages, fibroblasts, and
monocytes. Wang et al. (2002) have analyzed
86 tissue samples of HNSCC and demonstrated
the overexpression of interleukin 6 (IL-6) and

IL-6 messenger RNA compared to normal
mucosa. This study also reveals a correlation
between receptor expression for IL-6 and the
tumor size and grading. IL-6 mRNA
overexpression is associated with advanced dis-
ease and lymph and distant metastases. A study
that assessed the immune gene expression in
advanced HNSCC defined two out of the four
tumor types with distinct immune profiles, pre-
sumably correlating with the HPV status.
Pro-inflammatory cytokines and immune cell
effectors were at high concentrations in the
tumor microenvironment, defined as an enriched
immune microenvironment (EIME), and
correlated with prognosis (Cao et al. 2017). Sato
et al. (2013) have suggested that determining
salivary levels of IL-6 after treatment could act
as a biomarker for early local and regional recur-
rence in HNSCC, while Jinno et al. (2015) have
argued that IL-6 overexpression is associated
with chemoresistant disease.

Significant correlations are also reported
between cytokine levels and the progression of
premalignant lesions to invasive malignant dis-
ease. Schiegnitz et al. (2018) have identified
increased serum concentrations of IL-6, IL-8,
and soluble IL-2 receptors in patients with
HNSCC compared to patients who are either
healthy or suffer from premalignant conditions,
with IL-6 demonstrating a high statistical signifi-
cance with large tumors and lymph node metasta-
sis. The same study reports that patients with
premalignant lesions have higher levels of IL-8
than controls. Salivary levels of IL-8 have been
analyzed in patients suffering from premalignant
lesions and oral squamous cell carcinoma com-
pared to healthy subjects. The results demonstrate
that only subjects with invasive lesions show
significantly higher concentrations of IL-8, thus
recommending salivary IL-8 as a potential bio-
marker for the diagnosis and follow-up of oral
squamous cell carcinoma, but not of premalignant
lesions (Punyani and Sathawane 2013). The
NF-κB pathway discussed above might be the
underlying mechanism for IL-8-mediated
HNSCC tumorigenesis, confirming the role of
chronic inflammation in malignant transformation
(Rao et al. 2010).
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Interactions between inflammation and carci-
nogenesis described in oral squamous cell carci-
noma have also been identified in cutaneous
squamous cell carcinoma (Scheau et al. 2020).
In UV-induced skin and lip cancers, activation
of intracellular NF-κB signaling pathways
triggers a cascade of inflammatory events, includ-
ing the secretion of IL-8 by macrophages and
monocytes, which eventually leads to tumor pro-
gression (Neagu et al. 2019; Balkwill and
Coussens 2004). The involvement of chronic
inflammation, fueled by the release of cytokines,
underlies malignant transformation, local inva-
sion, and metastases. Conversely, inhibition of
the immune response by anti-inflammatory agents
correlates with a decrease in UV-induced cancer
incidence (Wright et al. 2006).

The anti-inflammatory cytokines IL-10 and
IL-13 have been found significantly increased in
saliva of HNSCC patients and tumor tissue of oral
squamous cell carcinoma (Aziz et al. 2015; Chen
et al. 2013). The increase correlates with poor
prognosis, especially in early disease, suggesting
that a strong immunosuppressive environment at
the initial stages is conducive to aggressive tumor
cell behavior, promoting tumor growth and
progression.

3.4 Assessment of Inflammation
in HNSCC in Clinical Setting

The detection of sophisticated elements for cancer
diagnosis in early stages and disease follow-up
requires expensive laboratory equipment, trained
staff, expensive kits, which may be available in a
research unit, but are difficult to access in the
clinical setting for general use. The current clini-
cal practice evaluates inflammation through cel-
lular and biochemical markers of the systemic
immune response, and several studies have
reported results that support the prognostic value
of markers in various cancers.

Circulating proteins involved in systemic
inflammation have been studied as potential prog-
nostic biomarkers in different malignancies. C
reactive protein (CRP) increases in inflammation,
infection, and trauma. Recent data show a strong

correlation between the CRP level and cancer. A
study that followed a large group of subjects from
the general population for 16 years has reported
an increased rate of malignancies in patients with
a high serum CRP content. Additionally,
increased baseline CRP in cancer patients was
associated with poor prognosis (Allin et al.
2009). The onset of cancer correlates with
sustained inflammatory status induced by the
intense metabolic reactions in tumor tissue. This
systemic inflammatory process, translated in
increased serum content of CRP, among other
changes, is described in cancer patients
(Asegaonkar et al. 2015). In OSCC, higher values
of CRP are detected in patients exposed to risk
factors (smoking and alcohol) and correlate with
an increased rate of regional progression through
lymph node involvement and poor prognosis (Tai
et al. 2017). Similar results in HNSCC are
reported in several studies, correlating an aggres-
sive tumor behavior with unfavorable prognosis
and elevated levels of CRP (Peter et al. 2013;
Khandavilli et al. 2009). Some authors studied
CRP in relation to other parameters. Glasgow
prognostic score and its refined variants include
serum albumin, alongside CRP, and are used in
stratifying the clinical risk of patients with vari-
ous cancers (Pan et al. 2017; Saijo et al. 2017).
These scores have been analyzed in patients with
operable HNSCC and reported data to support
their prognostic potential (Hanai et al. 2018;
Selzer et al. 2016; Farhan-Alanie et al. 2015).

Serum fibrinogen correlates with disease pro-
gression in different cancers (Zhang et al. 2020;
Xu et al. 2018). This glycoprotein, known for its
role in coagulation, is also involved in the cancer-
associated systemic inflammatory response, and
elevated levels of fibrinogen correlate with poor
prognosis in many malignancies (Grafetstätter
et al. 2019). In solid tumors, progression to malig-
nancy and local invasiveness correlate with
changes in structural components present in the
extracellular environment. Deposits of fibrinogen
and fibrin have been identified in tumor stroma
promoting fibroblast proliferation and angiogene-
sis mediated by overexpression of IL-1, VEGF
(vascular endothelial growth factor), and FGF-2
(fibroblast growth factor 2) (Mosesson 2005;
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Simpson-Haidaris and Rybarczyk 2001). The link
between fibrinogen and cancer progression is still
unclear. However, various studies reveal strong
correlations with prognosis in patients with
HNSCC. In locally advanced OSCC, high
pretreatment fibrinogen values have been
detected in patients with resistance to radio- and
chemotherapy and correlated with disease recur-
rence and poor survival (Holzinger et al. 2016).
Other studies have shown similar results in
HNSCC, where a high serum fibrinogen content
correlates with advanced disease, presence of
metastases, and unfavorable prognosis (Yang
et al. 2019; Lan et al. 2016).

4 Immune Landscape
in Carcinogenesis

4.1 Defensive Mechanisms Against
Cancer

The role of the immune system in carcinogenesis
was suspected more than a century ago by
W.B. Coley, a surgeon who reported a series of
cases treated by bacterial inoculation in tumor
mass. The therapy relied on triggering a local
immune response that would destroy tumor cells
(Coley 1910). The important role of the immune
system in the protection against cancer was con-
firmed by the substantial increase in the incidence
of cancers, especially viral related, in subjects
with immunodeficiency syndromes of various
causes (Vajdic and Van Leeuwen 2009).

In the complex antitumor defense machinery,
intrinsic cellular mechanisms are doubled by
extrinsic protection systems in which immune
cells are key players. While intrinsic tumor sup-
pression mechanisms are active and efficient, the
immune response is not initiated. The accumula-
tion of genetic alterations, such as mutations of
the p53 suppressor gene, leads to an increased
intracellular concentration of p53 peptide,
shifting the metabolic pattern of the affected
cell. Subsequently, opposing intracellular
mechanisms are overcome and the mutant cell is
beyond repair, entering a stabilization phase
called cellular senescence, which implies changes

in its secretory phenotype (Kuilman et al. 2010).
It initiates the release of pro-inflammatory
cytokines generating an immune reaction guided
to destroy the senescent cell, thus preventing the
progression to malignancy (Kuilman et al. 2008).
An increased density of cells with the senescence-
associated secretory phenotype (SASP) is
reported in precancerous lesions of OSCC,
which may act as the first step in cancer preven-
tion by inducing a lymphocyte T CD4+ mediated
immune response (Johnson et al. 2016; Campo-
Trapero et al. 2008). Progressive mutations with
p53 loss of function together with other gene
alterations push mutant cells out of SASP status
leading to the development of invasive features
(Wellenstein and de Visser 2018). In this stage of
carcinogenesis, if the balance favors the accumu-
lation of mutations and overruns the clearance
capacity of the immune system, malignant cells
survive, setting the debut of cancer. In established
malignancies, lymphocytes T CD8+ are the main
antitumor effectors. Little mobilization of these
cells in premalignant lesions could be a preven-
tion mechanism of autoimmunity mediated by
cytotoxic T lymphocytes (Ostroumov et al.
2018). Studies conducted on murine models
show that CD4+ T lymphocytes that release
interferon-gamma (IFN-γ) and TNF-α can reacti-
vate the SASP mechanisms and induce growth
arrest in tumor cells, promoting immune clear-
ance of malignant cells, independently from intra-
cellular protection mechanisms (Braumüller et al.
2013).

Three steps have been defined in the immune
antitumor defense process: elimination, equilib-
rium, and escape (see Fig. 2). Throughout these
steps, immune cells undergo tumor immuno-
editing, a process in which highly immunogenic
cells with an intense expression of tumor-specific
antigens (TSA) are removed. In the experimental
setting, tumor cells generated in immunodeficient
animal models do not progress to malignancy
after transplantation into immunocompetent
hosts, because the immunoediting and prolifera-
tion of poorly immunogenic cell lines do not take
place (Smyth et al. 2006). In the initial elimina-
tion phase, newly created tumor cells are effi-
ciently removed by the immune system (Mittal
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et al. 2014). This may explain the spontaneous
tumor remission described in clinically manifest
malignancies (Markowska and Markowska
1998). Overcoming the capacity of immune clear-
ance of malignant cells pushes forward carcino-
genesis into the equilibrium phase, where tumor
progression is controlled by immune surveillance
mechanisms. Malignant cells will not be fully
eliminated, and by adding new mutations, they
will generate cellular clones with decreased
immunogenicity. The tumor microenvironment
is initiated in this stage of carcinogenesis, which
will promote survival of malignant cells and

finally advancement to the escape phase of the
immune response, favoring cancer progression
(Bottomley et al. 2019). Equilibrium phase
mechanisms might explain the pathogenesis of
occult malignancies, frequently encountered in
HNSCC, where the immune system counteracts
local tumor development (Koebel et al. 2007).
The clinical manifestation of cancer occurs
when tumor cells have survived the intrinsic
antitumor control mechanisms, the senescent
cell elimination phase, and have passed
immunoediting processes. However, tumor cells
never achieve a complete immunotolerance state.

Fig. 2 Graphic representation of genetic and immune
dysfunctions leading to carcinogenesis. Progressive accu-
mulation of intracellular genetic alterations leads to a
switch to senescence-associated secretory phenotype
(SASP) with specific cytokine release that initiates activa-
tion of the immune response, mainly mediated by CD4+
lymphocytes. Intensely immunogenic cells, expressing
tumor-specific antigens (TSA) are eliminated, leading to
the selection of mutant clones with decreased

immunogenicity in the equilibrium phase. Tumor micro-
environment (TME) formation is initiated with modula-
tory effects on immune effectors promoting progression to
cancer with invasive features. In the escape phase, pro-
gressive accumulation of immune cells: CD8+
lymphocytes, natural killer cells (NK), antigen-presenting
cells (APC) together with CD4+ lymphocytes can be
detected, with different, often antagonistic, effects on
tumor growth
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When the immune cells, collected from the tumor
microenvironment and processed in vitro, are
transferred to lymphopenic mouse models with
malignant melanoma, they induce tumor regres-
sion (Quezada et al. 2010; Dudley et al. 2008).
The same results are reported after the autologous
transfer of genetically engineered lymphocytes
(Morgan et al. 2006). Ribatti (2017) labels this
phenomenon with the term “tumor immunosur-
veillance”. Tumor cell immunoediting and
immune escaping are defined as fundamental
elements of carcinogenesis (Hanahan and
Weinberg 2011).

4.2 Tumor Microenvironment

The tumor microenvironment (TME) is an inde-
pendently studied entity in cancer pathogenesis.
The cellular component in TME is represented by
tumor cells and non-tumor elements: stromal cells
and immune cells, playing a major role in carci-
nogenesis through their complex interactions.
Cancer pathogenesis should not be simplistically
regarded as a sum of tumor cell features but rather
as a distinct structure with independent patho-
physiological characteristics. Inflammatory
tumor infiltrations are present in all cancers,
with variable intensity, ranging from patterns
undetectable through standard evaluation
techniques to intense inflammatory types of can-
cer. The complex interactions between stromal
components of TME, inflammatory, and tumor
cells are not yet completely unveiled (Thorsson
et al. 2018; Cai and Jin 2017).

Tumor stromal acellular composition can vary
from a high content of loose connective tissue to
an increased number of collagen structures that
grant a fibrotic aspect to the lesion. These stromal
elements can organize tumor cell nests (TCN) of
variable size, with presumed prognostic
characteristics in several malignancies (Alsibai
and Meseure 2018; van Pelt et al. 2018). A recent
study has analyzed several specific tumor stroma
parameters, such as stroma-tumor ratio (TSR),
stroma type, and TCN size in patients with
HNSCC, showing that the increased TSR, defined
by a fibrotic stroma with frequent small-sized

TCNs, is indicative for poor prognosis contrarily
to the large TCN and low TSR, which correlate
with a better response to chemotherapy
(Karpathiou et al. 2019).

4.3 Immune Cells in HNSCC

The TME hosts various subtypes of differentiated
immune cells, with contrasting effects on
tumorigenesis and myeloid progenitors that
exhibit carcinogenic activity (Hanahan and
Weinberg 2011). T-cell tumor infiltrations and
their interactions within TME have been rigor-
ously studied, yet the complex mechanisms
related to tumor progression, prognosis, and resis-
tance to immune therapy are far from being
uncovered (Anderson et al. 2017).

Studies have correlated local immune reaction
with TMB of malignant cells. Malignancies
exhibit diversity in cell mutational burden, the
highest rate of mutations being identified in
chronic exposure to risk factors that induce
DNA alterations, such as UV exposure or smok-
ing. In consequence, UV and nicotine-induced
squamous cell carcinomas have been reported to
possess one of the highest mutational burdens
(Fancello et al. 2019). Tumors with a high TMB
are characterized by an increased expression of
tumor-specific antigens (Rooney et al. 2015).
These antigens result from degrading self-
proteins into 8–10 amino acid-long peptides that
activate T-cells, triggering an antitumor immune
reaction (Antunes et al. 2018). Both innate and
adaptive immune systems are directed towards
eliminating malignant cells, through mechanisms
mediated by major histocompatibility complex
(MHC), implying TSA-mediated activation of
immune effectors. Except for viral-induced
malignancies (HPV or EBV), tumor cells derived
from self-structures expressing MHC Class I
should not trigger an immune response. However,
TSAs are presented mainly through MHC class I
and can be recognized by the immune effectors
(Schumacher et al. 2019). Decreased expression
of MHC Class I molecules on tumor cells is
another mechanism of immune escape. However,
malignant cells with negative MHC Class I status
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are eliminated by NK cells (Garrido 2019). NK
cells show an increased affinity for cancers with
low or lacking MHC Class I expression, called
“missing self” cells, by recognizing the absence
of normal elements on the cell surface known as
“absence of the expected” (Kärre 2008). This phe-
nomenon is used on developing molecules that
promote NK-mediated tumor cell clearance, either
independently or in association with T
lymphocytes, especially in MHC Class I-negative
cancers (Minetto et al. 2019). In HPV-positive
HNSCC, MHC Class II plays an important role.
Viral antigens bind toMHCClass II molecules that
are overexpressed on tumor cells, acting as antigen-
presenting cells. An intense immune response is
generated that is associated with a significantly
improved prognosis (Gameiro et al. 2019). How-
ever, overexpression of TSAs is present only on a
subpopulation of tumor cells, triggering an ineffec-
tive immune response that may explain resistance
to targeted therapies (McGranahan et al. 2016).
Based on these findings, some cancers, including
HNSCC, are divided into subtypes according to
immune and genetic features that correlate with
prognosis and response to therapy (Cao et al.
2017; Keck et al. 2015).

Tumor-infiltrating lymphocytes (TILs) show
high variability in cancers. Cytotoxic T-cells
(CD8+), helper T-cells (CD4+), regulatory
T-cells (Treg), and B lymphocytes coexist in
TME with the leucocytes of the innate immune
family, such as NK cells, innate lymphoid cells
(ILC), macrophages, neutrophils, monocytes,
antigen-presenting cells (APC), and dendritic
cells, exerting synergic or antagonistic effects.

Cytotoxic T-Cells (CD8+) The main effectors of
adaptive immune responses, when present in
large numbers in TME, predict a better prognosis
in most cancers (Mazzaschi et al. 2018; Li et al.
2017). Similar results have been reported for
patients with HNSCC, where the density and
distribution of CD8+ lymphocytes in TME seem
to have independent prognostic capabilities (see
Table 1). A study conducted on 139 patients with
oral squamous cell carcinoma has reported that
high numbers of CD8+ T-cells in parenchyma
around the invasion front and stromal CD8+

cells at the tumor periphery independently
correlated with improved survival and low recur-
rence rates (Shimizu et al. 2019). HPV status in
HNSCC plays an important role in the immune
infiltration of TME. Thus, HPV-positive tumors
show a higher CD8+ T-cell infiltration compared
to HPV-negative ones in oropharyngeal squa-
mous cell carcinoma, which also correlates with
better prognosis when CD8+ T-cells concentrate
in stromal areas (Oguejiofor et al. 2015). This
finding most likely relies on the synergic immune
recruitment mechanisms mediated by two distinct
triggers, TSA and viral antigens, which intensify
the local immune reactivity. Näsman et al. (2012)
have reported similar results in tonsillar SCC in
that patients with HPV-positive tumors display a
higher number of CD8+ T-cells compared to
HPV-negative ones, and an enriched CD8+
T-cell environment correlates with better sur-
vival. Another study conducted on 270 subjects
with oropharyngeal squamous cell carcinoma has
identified a small subgroup of patients with
HPV-positive tumors that exhibited low
concentrations of tumor-infiltrating lymphocytes
(TILs), with a prognosis similar to HPV-negative
tumors (Ward et al. 2014). CD8+ T-cells rely on
interaction with CD4+ T lymphocytes to exert
their cytotoxic functions.

Helper T Lymphocytes (CD4+) They initiate
and maintain antitumor immune reaction by
mobilizing CD8+ T-cells that recognize specific
tumor antigens presented by MHC molecules and
trigger tumor cell death (Ostroumov et al. 2018).
T helper cells are involved in all aspects of
antitumor immunity, including interaction and
mobilization of innate immune system
representatives. Different antigen-presenting
cells migrate to draining lymph nodes and induce
T-cell activation mediated by TSAs, generating
T-lymphocyte clones with antitumor specificity
that will perform their antitumor effects mainly
at the tumor site. This process is called the tumor
immune cycle (Chen and Mellman 2013). The
role of CD4+ is controversial as these cells are
defined as “double-edged swords” due to their
opposing effects in cancer (Das et al. 2018).
Naïve CD4+ T-cells undergo differentiation to
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activated T helper 1 populations (Th1) in an envi-
ronment rich in IL-12 or T helper 2 cells (Th2) in
the case of a high IL-4 concentration and the
absence of IL-12 (Knutson and Disis 2005). Th1
are major antitumor effectors due to cytokine
secretion and activation of tumor cell receptors
that initiate cell death. Th1 cells act via IFN-γ and
TNF-α to induce cancer cells into senescence and
initiate their apoptosis (Braumüller et al. 2013).
They regulate cytotoxic immune responses and
contribute to tumor suppression. Increased
expression of specific Th1 cell genetic markers
in TME correlates with a good prognosis (Bindea
et al. 2013). Some studies suggest that CD4+
T-cells can eliminate tumor cells, in the absence
of CD8+ T-cell-mediated immunity, but the
cooperation of both cell lines increases the effi-
ciency of antitumor immunity (Fukunaga et al.
2004). In the case of HNSCC, data are not con-
clusive and often inconsistent regarding CD4+
T-cells. A study assessing the infiltration of CD8
+ and CD4+ T-cells in HNSCC has failed to find
any relationship of CD4+ T-cells with survival or
the HPV status (Nordfors et al. 2013). Different
results have been reported in another study where
patients exhibiting a high density of activated
CD4+ T-cells had better survival and improved
local control (Badoual et al. 2006). A meta-
analysis assessing prognostic correlations of dif-
ferent types of TILs in HNSCC has reported

favorable outcomes in tumors with high TILs
for both CD3+ and CD8+ T-cells but failed to
find significant correlations for CD4+ T-cells
(de Ruiter et al. 2017). The difficulty in assessing
prognostic properties of CD4+ T-cells probably
has to do with the subgroups of cells that have
antagonistic effects in cancer. Regulatory T-cells
(Treg Foxp3+) have been intensively studied and
are suspected to promote tumorigenesis through
immunosuppressive effects. In normal
conditions, Tregs, marked with CD25+ and tran-
scription factor Foxp3+, are responsible for
maintaining immune tolerance and autoimmunity
prevention (Sakaguchi 2005). Increased expres-
sion of Treg markers in TME and peripheral
circulation is often associated with tumor progres-
sion. Tregs show inhibitory effects on CD4+,
CD8+, and dendritic cells, inducing immune cell
exhaustion through cytokine release, like TGF-β
or IL-10 (Bauer et al. 2014; Jarnicki et al. 2006).

In some cancers, TME displays an immuno-
suppressive effect on CD4+ T-cells by
stimulating their differentiation into the Treg sub-
type (Zheng et al. 2009). In cutaneous SCC, dis-
ease aggressiveness correlates with a high density
of Treg cells and increased concentrations of
IL-10 and TGF-β (Azzimonti et al. 2015). How-
ever, contrasting results have been reported for
HNSCC where tumor infiltration with FoxP3+

Table 1 Cytotoxic T cells in the pathogenesis of HNSCC

Density
(TIL
score)

Distribution
compartment

Survival
improvement

Decrease in
recurrence rate

HPV
infection
status Study type References

High Peripheral Yes Yes N/A 139 cases
OSCC

Shimizu et al.
(2019)

High N/A Yes N/A Positive 83 cases
TSCC

Näsman et al.
(2012)

High Tumor/stroma Yes Yes Positive 270 cases
OPSCC

Ward et al.
(2014)

High Stromal Yes Yes Positive 218 patients
OPSCC

Oguejiofor et al.
(2017)

High All Yesa N/A Positive 203 cases
HNSCC

Ngamphaiboon
et al. (2019)

TIL Tumor-infiltrating lymphocyte score, HPV Human papillomavirus, TSCC Tonsillar squamous cell carcinoma, OSCC
Oral squamous cell carcinoma, OPSCC Oropharyngeal squamous cell carcinoma, HNSCC Head and neck squamous cell
carcinoma
aConcerns non-OPSCC only
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T-cells is identified in patients with improved
prognosis (de Ruiter et al. 2017). A similar favor-
able prognostic correlation for intense Treg infil-
tration has been reported in colorectal cancers
(Salama et al. 2009). The innate immune system
has been widely studied in cancers, along with
adaptive immunity.

Natural Killer (NK) Cells These cells are the
main representatives of innate immunity and are
considered equivalents of cytotoxic T-cells in the
adaptive immune system. NK cells trigger death in
infected or cancer cells via the release of enzymes,
perforins, and cytokines, like TNF familymembers
(Spits et al. 2016). Tumor cells have protection
mechanisms against innate immunity that rely on
TGF-β release with alterations in cytotoxic abilities
of NK cells (Cortez et al. 2017). ImmatureNK cells
(CD3-CD56brightCD16-) are activated by
cytokines and IFN-γ. Mature NK cells
(CD3-CD56dimCD16+) release cytoplasmic
inclusions with enzymes and perforins that act
directly on malignant cells inducing their lysis.
CD16+ receptor expressed on NK cells binds
with tumor cells through IgG molecules initiating
their activation. Co-activatory stimuli, such as
IL-2, IL-12, IL-15, IL-18, and IFN-γ are necessary
to induce NK cell cytotoxic function leading to
malignant cell clearance (Hu et al. 2019; Minetto
et al. 2019). These molecules can be detected in
TME. High concentrations of activated NK cells as
a complementary defense system, alongside immu-
nity mediated by T and B lymphocytes, has been
associated with better outcomes (Nair and
Dhodapkar 2017). Tumor cells use protective
mechanisms against being recognized by NK
cells. Denaturation of peptide constituents from
specific ligands affects NK receptor interaction,
altering the NK-mediated immune defense
(de Andrade et al. 2018).

Lymphocytes B There is a debate regarding the
role of lymphocyte B infiltrates in cancers. Stud-
ies in experimental models have shown that in
genetically modified mice with depletion of
lymphocytes B, there is no progression to epithe-
lial malignancies (de Visser et al. 2005). In
HNSCC, a correlation has been reported between

the HPV status and B cell population, with prog-
nostic potential. Patients with an intense lympho-
cyte B infiltrate alongside CD8+ cells have a
significantly improved prognosis. It is suggested
that activated B cells release the chemokine (C-X-
C motif) ligand 9 (CXCL9) cytokine that supports
the recruitment of CD8+ lymphocytes, promoting
tumor cell clearance (Hladíková et al. 2019). The
role of B cells in HNSCC pathogenesis has been
emphasized in another study that reports high
intra-tumoral percentages of antigen-presenting,
activated, and memory B cells (Lechner et al.
2019). These findings encourage further research
and support the potential role of B cells as new
therapeutic targets in HNSCC.

Tumor-Associated Macrophages (TAM) High
densities of tumor-associated macrophages
(TAMs) were identified in many cancers, includ-
ing epithelial malignancies, acting as tumor-
promoting agents (Li et al. 2020). TAMs release
VEGF and MMP, facilitating angiogenesis, local
invasion, and metastasis (Evrard et al. 2019). In
advanced HNSCC, in patients with enhanced
immune profile with associating high densities of
TAM, signaling for immune checkpoint ligands is
upregulated, which also correlates with poor prog-
nosis (Cao et al. 2017). A recent meta-analysis has
reported that a high density of TAMs in HNSCC is
associated with advanced tumors, nodal staging,
and vascular and lymphatic invasion (Kumar et al.
2019). Refinement of TAM detection, which
seems of prognostic significance, is suggested in
another meta-analysis. Immunosuppressive sub-
type M2 of TAMs (CD163+) strongly correlates
with a worse prognosis in patients with HNSCC
(Troiano et al. 2019).

Antigen-Presenting Cells (APC) These cells
play an important role in carcinogenesis. TSAs
are presented through the MHC, initiating an
adaptive immune response with the generation
of antigen-specific T-cell clones (Bottomley
et al. 2019). In HNSCC, dendritic cells (DCs)
act as APCs together with lymphocytes B,
TAMs, and other immune cells (Wondergem
et al. 2020). There are contradictory data
concerning DCs and their influence on the

Complex Interaction Among Immune, Inflammatory, and Carcinogenic Mechanisms. . . 23



prognosis in HNSCC, with some studies
reporting a favorable outcome in association
with a high density of DCs (Jardim et al. 2018)
while others report opposing results (Hilly et al.
2016).

4.4 Immune Checkpoints in HNSCC

The complexity and diversity of TME and the
multitude of interactions between all its elements
make it hard for the scientific community to
unveil many of its mysteries. A recent discovery
of immune checkpoint molecules has
revolutionized the world of immunology and
pathophysiology in cancer and enriched the pallet
of cancer therapies with an innovative approach
through immune checkpoint inhibitors.

In advanced HNSCC, an enhanced immune
cell infiltrate often exhibited overexpression of
checkpoint molecules. These molecules, which
normally act as a protection mechanism against
excessive immune reactions and autoimmunity,
have a negative influence on cancers. Signaling
pathways initiated through the checkpoint
molecules weaken the reactivity of T-cells and
induce an anergic status known as “immune
exhaustion”. It can affect both CD4+ and CD8+
T-cells and is reversible under the action of
checkpoint blockade therapies, rendering back
function to exhausted immune cells (Ostroumov
et al. 2018).

Cytotoxic T lymphocyte antigen 4 (CTLA-4),
expressed mainly by T-cells, is a transmembrane
protein with affinity for B7 molecules, expressed
on APCs. B7 molecules, represented by two
subtypes CD80 and CD86, bind with CD28
expressed on T-cells, with costimulatory action
in addition to TCR activation (Carreno and Col-
lins 2002). The binding of CD80/CD86 to the
costimulatory receptor CD28 activates T
lymphocytes with simultaneous overexpression
of CTLA4 (Mei et al. 2020). Competitive binding
of CTLA4 to B7 molecules, due to a higher
affinity of CTLA4 for CD80/CD86 rather than
for CD28, induces T-cell exhaustion and an

overall effect of immunosuppression (Postow
et al. 2015).

Programmed cell death protein-1 (PD-1),
expressed on activated immune cells, has a nega-
tive regulatory effect on T-cells, after binding to
its specific ligands, PD-L1 and PD-L2, present on
tumor and immune cells (Mei et al. 2020). This
leads to an intracellular signaling blockade that
interferes with normal activation and proliferation
of T-cells (Alsaab et al. 2017). However, studies
have shown that in different malignancies,
through repeated mutations, clones of immune
cells resistant to PD-1 blockade are selected
(Hugo et al. 2016; Koyama et al. 2016). Expres-
sion of PD-1 and PD-L1 in HNSCC is influenced
by the inflammatory cytokines IFN-γ and TNF-α
and shows high dynamics, which can explain
resistance to immunotherapy (Oguejiofor et al.
2017). PD-1 and PD-L1 are also considered the
key players in the initiation and progression of
HPV-induced HNSCC (Lyford-Pike et al. 2013).
The prognostic value of PD-L1 has been
suggested in a study on 203 patients with
HNSCC showing a high infiltration with CD8+
in correlation with improved overall survival.
However, patients with moderate and high
expression of PD-L1 have a worse prognosis
compared to those with low PD-L1 expression,
defined as less than 1% (Ngamphaiboon et al.
2019).

Immune exhaustion affecting CD4+ T-cells
features an overexpression of inhibiting
coreceptors, like T-cell immunoglobulin mucin-
3 (TIM-3). The binding of TIM-3 with the spe-
cific ligand galactin-9 induces CD4+ T-cell apo-
ptosis and a functional deficit in CD8+ T-cells
(Mei et al. 2020). Studies in experimental models
have reported an increased tumor recurrence rate
associated with immune exhaustion of CD4+
T-cells, suggesting that combined immune
therapies would be more effective in controlling
recurrent malignancies (Koyama et al. 2016).
Exhausted immune cells are characterized by
alteration of proliferation, cytokine secretion,
and deficient recognition of specific antigens.
The clinical expression of immune exhaustion is
tumor progression and recurrence (Xia et al.
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2019). The heterogenic character of HNSCC
raises challenges in immunotherapy research due
mainly to etiological and immunological
differences that require an individualized
approach for each patient (Perri et al. 2020).

5 Biomarkers
in the Management of HNSCC

The determination of immune biomarkers may
significantly influence the management of cancer
patients. The prognostic feature of biomarkers in
cancers could allow the stratification of patients
into risk groups, facilitating early identification of
patients with resistance to therapy or aggressive
disease. Also, the potential of repeated
measurements when analyzing circulating
biomarkers assists the patient monitoring and
provides early notification of tumor progression.
Unraveling the mechanisms of antitumor immu-
nity is one of the steps in the identification of new
therapeutic targets that may guide and modulate
the antitumor immune response.

In HNSCC, as in many cancers, biomarkers
are an emerging subject of interest. Studies have
revealed a large number of molecules that prom-
ise to predict prognosis, resistance to therapy, or
recurrence (Tampa et al. 2018b). Our research
group has extensively studied neuroendocrine
factors as potential HNSCC biomarkers that can
further clarify the pathogenesis and disease pro-
gression (Solomon et al. 2018; Lupu et al. 2017).
Currently, prognosis in HNSCC is mainly dic-
tated by clinical staging and primary location.
Therefore, 5-year survival rates can be higher
than 90% in the early stages of lower lip tumors
and drop below 40% in advanced oral tumors
with distant metastasis (Hladíková et al. 2019).
The tumor HPV status is another marker with
confirmed prognostic potential in many studies
(Kobayashi et al. 2018, Chakravarthy et al.
2016), although one study identified a subset of
HPV-positive tumors that did not differ in terms
of prognosis from HPV-negative disease (Ward
et al. 2014). Local and systemic antitumor immu-
nity has been intensively assessed as biomarkers
in HNSCC. Tumor-infiltrating lymphocytes

(TILs) have been identified as prognostic markers
independent of HPV status, and an increased
density of TILs and CD8+ T-cells correlates
with higher survival rates (Heikkinen et al.
2019; de Ruiter et al. 2017; Distel et al. 2009).
A quick semiquantitative method for evaluating
TILs, called TILws (weight sum score), facilitates
their use as prognostic biomarkers in the clinical
setting (Spector et al. 2019).

6 Emerging Therapies for HNSCC
Patients

The increased interest for antitumor immunity has
sparked, following the observation that the stim-
ulation of immune elements caused tumor regres-
sion even in advanced disease stages. Therefore,
immune system modulation has been intensively
investigated and became a part of the anticancer
arsenal, with outstanding results in some types of
neoplasia (Dobosz and Dzieciątkowski 2019;
Trapani and Darcy 2017).

Standard treatment in HNSCC consists of sur-
gery, radiotherapy, or a combination of the two
and is guided by disease staging and anatomical
location, disregarding biological characteristics of
the tumor. Early stages (I and II) may be treated
by surgical resection or radiotherapy, with similar
results in disease control. Combined therapy is
recommended in advanced stage II and stage III
cases. Standard therapy includes resection of cer-
vical lymph nodes or extended neck radiotherapy
(National Cancer Institute 2015). Neoadjuvant
chemotherapy is investigated in locally advanced
diseases and the TPF regimen (docetaxel, cis-
platin, and fluorouracil) improves local disease
control and prognosis after surgery (Haddad
et al. 2018). A 4% increase in the survival rate
has been reported when chemo- and radiotherapy
are combined in unresectable advanced disease
(Pignon et al. 2001).

Immunotherapy and target therapy for
advanced and metastatic HNSCC have been
recently approved. These therapies mediate the
activation or reactivation of the immune system
by modulating its antitumor effects. The first
targeted therapy approved by the Food and Drug
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Administration (FDA) and the European
Medicines Agency for the treatment of recurrent
and metastatic disease was cetuximab, an inhibi-
tor of epidermal growth factor receptors (EGFR).
Cetuximab added to chemotherapy increases the
response rate to treatment by 13% in HNSCC
(Vermorken et al. 2008). In 2019, the same regu-
latory institutions approved the use of anti-PD1
monoclonal antibodies, nivolumab and
pembrolizumab, for treatment of recurrent and
metastatic disease in chemoresistant patients.
These agents block PD-1 receptors overexpressed
on T-cells and prevent specific ligand binding,
such as PD-L1 and PD-L2 expressed by tumor
cells, which exert inhibitory effects on immune
cells (Xia et al. 2019). Pembrolizumab is
approved as the first-line therapy in association
with chemotherapy in patients with metastatic or
unresectable disease but can also be administered
alone in tumors with PD-L1 overexpression, with
a combined positive score of � 1 (Cohen et al.
2019a). Other therapeutic regimens of monoclo-
nal antibodies are under review for advanced
HNSCC. For instance, a human monoclonal anti-
body against CTLA-4, tremelimumab, prevents
binding of the inhibiting receptor CTLA4
expressed on immune cells with the specific
ligands CD86 and CD80. CTLA4 blockers act
on Treg cells inducing their depletion and increas-
ing the ratio of effector-to-Treg cells (Selby et al.
2013). Phase III study EAGLE has evaluated the
association between a new anti-PD1 agent,
durvalumab, and tremelimumab in patients with
metastatic and recurrent disease, reporting no sig-
nificant differences in survival rates compared to
the group receiving cetuximab and chemotherapy
(Ferris et al. 2020). Molecules that stimulate
NK-mediated immunity are also studied in
patients with HNSCC as they are the main
effectors in antitumor defense, alongside CD8+
T-cells. Monalizumab is the first member of this
class that acts on the natural killer cell receptor
(NKG2A) expressed by CD8+ and NK cells pres-
ent in TME. Preliminary results from an ongoing
study investigating the association of
monalizumab and cetuximab in 40 patients with

recurrent or metastatic disease are encouraging
(Cohen et al. 2019b). NK-activating interleukins
are also studied as potential therapeutic agents in
HNSCC. Infusion of IL-2 in experimental models
led to severe adverse reactions and an exponential
increase of Tregs inducing antitumor tolerance,
invalidating any potential benefits in repelling
cancer (Nelson 2004). Infusion of NK cells has
been experimentally attempted, and when
associated with IL-15 it determined complete
tumor regression (Miller et al. 2005). Treg expan-
sion induced by IL-2 might be overcome through
the administration of IL-15. Preclinical studies
have shown that IL-15 can activate NK and
CD8+ T-cells without inducing Treg expansion
(Waldmann 2015). Studies evaluating the effects
of IL-15 administration have reported a signifi-
cant increase in NK cells and, secondary, in CD8
+ T-cells that additionally contribute to increasing
NK cell density through a CD16-mediated path-
way (Miller and Lanier 2019; Nair and
Dhodapkar 2017).

HNSCC prevention is also of major interest,
especially considering the increased incidence of
HPV-related disease. As global anti-smoking
campaigns induced a decrease in smoking-related
HNSCC (Rettig and D’Souza 2015), anti-HPV
vaccination is anticipated to yield similar results.
A series of vaccines targeting HPV-positive
HNSCCs is under testing, and preliminary results
support their role in preventing the progression of
dysplasia to cancer (Wang et al. 2018). Intratumor
injection of viral agents is also investigated in
advanced HNSCC (Old et al. 2016), after good
results in the treatment of malignant melanoma
have been reported, which led to FDA approval of
oncolytic virus, talimogene, in this malignancy
(Bommareddy et al. 2017). HNSCC is accessible
for this type of therapy, and the reported effects
on circulating T-cells in patients with solid
tumors that do not respond to treatment support
the role of viral therapy in fighting cancer by
stimulating the antitumor immune response
(Taipale et al. 2015). Thus, there are outstanding
prospects for preventing and curing oncological
ailments. HNSCC is regarded with a great interest
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for emerging therapies that will advance the man-
agement of this disease.

7 Conclusions

Major improvements in disease control and sur-
vival in HNSCC have been correlated with
staging. Thus, early diagnosis is of paramount
importance to detect patients at high risk of an
unfavorable outcome, allowing the appropriate
therapeutic approach. Numerous studies have
shown that inflammation is a key player in
HNSCC progression, regardless of cancer loca-
tion and the main risk factors involved. More-
over, immunity has been highlighted as a major
factor in disease control. Further studies in this
area of research will allow unveiling new
mechanisms in the complex connections between
immuno-inflammatory processes and carcinogen-
esis and will open new possibilities to identify
more reliable and widely applicable predictive
factors and therapeutic targets in HNSCC.
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