
Citation: Cozma, E.-C.; Banciu, L.M.;

Soare, C.; Cretoiu, S.-M. Update on

the Molecular Pathology of

Cutaneous Squamous Cell

Carcinoma. Int. J. Mol. Sci. 2023, 24,

6646. https://doi.org/10.3390/

ijms24076646

Academic Editor: Terrence Piva

Received: 29 January 2023

Revised: 24 March 2023

Accepted: 30 March 2023

Published: 2 April 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

 International Journal of 

Molecular Sciences

Review

Update on the Molecular Pathology of Cutaneous Squamous
Cell Carcinoma
Elena-Codruta Cozma 1,2, Laura Madalina Banciu 1, Cristina Soare 1,3 and Sanda-Maria Cretoiu 4,*

1 Dermatology Department, Elias University Emergency Hospital, 011461 Bucharest, Romania;
codrutadobrica@gmail.com (E.-C.C.)

2 Pathophysiology Department, University of Medicine and Pharmacy of Craiova, 200349 Craiova, Romania
3 Surgery Department, Carol Davila University of Medicine and Pharmacy, 050474 Bucharest, Romania
4 Department of Cell and Molecular Biology and Histology, Carol Davila University of Medicine and Pharmacy,

050474 Bucharest, Romania
* Correspondence: sanda.cretoiu@umfcd.ro

Abstract: Cutaneous squamous cell carcinoma (cSCC) is the second most common skin cancer,
originating from keratinocytes of the spinous layer. Numerous risk factors have been discovered
for the initiation and growth of this type of cancer, such as exposure to UV and ionizing radiation,
chemical carcinogens, the presence of immunosuppression states, chronic inflammation, infections
with high-risk viral strains, and, last but not least, the presence of diseases associated with genetic
alterations. The important socio-economic impact, as well as the difficulty associated with therapy
for advanced forms, has made the molecular mechanisms underlying this neoplasia more and
more intensively studied, with the intention of achieving a better understanding and advancing the
treatment of this pathology. This review aims to provide a brief foray into the molecular, genetic, and
epigenetic aspects of this cancer, as well as the treatment methods, ranging from the first used to the
latest targeted therapies.
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1. Introduction

Squamous cell carcinoma (SCC) is one of the most common neoplasms (second place
among all neoplasia), originating from keratinocytes in the spinous layer of keratinized
stratified squamous epithelium [1]. This origin makes possible the occurrence of SCC types
at the level of all organs and tissues that contain stratified squamous epithelia, such as
the skin or mucous membranes lining the hollow organs (digestive tract, oral cavity, and
respiratory tract epithelium). Regarding cutaneous SCC (cSCC), it ranks second among
non-melanocytic skin cancers, after basal cell carcinoma, with an increasing incidence in
recent years in Europe, although the incidence rate is stable in the USA and Australia [2,3].
Regarding risk factors, exposure to ultraviolet radiation (UVA and UVB) is the main
cause of carcinogenesis in cSCC; by inducing DNA alterations in tumor suppressor genes
or in pro-oncogenes, the risk increases through cumulative exposure throughout life.
Other incriminated risk factors are represented by immunosuppression, chronic infections
(especially with Human Papilloma Virus—HPV), genetic changes in genes involved in
DNA repair, chronic ulceration, and chronic inflammation (Figure 1) [4,5].

The complex molecular mechanisms involved in the occurrence of cSCC, as well as the
important mutational burden, translate into the presence of a large number of precursor
forms of cSCC (actinic keratosis, Bowen’s disease, Queyrat’s erythroplasia, and Bownoid
papulosis), as well as in situ or invasive cSCC (more than 15 different types reported in
the literature from an anatomical–clinical point of view, including metatypical, verrucous,
acantholytic, fusiform, pigmented, desmoplastic, mucoepidermoid, clear cell, signet ring
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cells, trichilemmal, inflammatory, lymphoepithelioma-like, basaloid, carcinosarcoma, papil-
lary, and invasive Bowen’s disease) [4]. The World Health Organization has summarized
these types into six forms: verrucous SCC, acantholytic SCC, lymphoepithelial SCC, clear
cell SCC, spindle cell SCC, and SCC with sarcomatoid differentiation [6]. This review aims
to highlight the main molecular mechanisms involved in carcinogenesis, as well as the
epigenetic aspects that can influence treatment and treatment resistance.
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2. Mechanisms of SCC Carcinogenesis: Molecular Pathogenesis of SCC

Most SCCs do not arise as de novo tumors, but in an incremental manner from
premalignant or noninvasive precursor lesions [7].

Actinic keratosis (AK) represents in a clinical fashion the first detectable precursor
lesion of cSCC. Most AKs can either remain in the premalignant status or even regress
spontaneously [8]. A small subset of AKs acquire additional genetic and epigenetic changes
and progress to cutaneous squamous cell carcinoma in situ (SCCIS) and furthermore to cSCC.
The risk of evolution from AK to SCC is very difficult to predict, with the numbers varying
vastly between different studies (0.025–20%) [9]. Out of the cSCCs, only a small percentage
can acquire additional genetic and epigenetic features that lead to metastatic disease [10].

Ultraviolet (UV) exposure is considered a risk factor that initiates the mutagenic
process in the skin, leading to modified keratinocytes that have a survival advantage over
unmutated keratinocytes; this then leads to the risk of selection of mutated keratinocytes
over time. These mutated clones can acquire further genetic or epigenetic changes, leading
to AKs, and further to SCCISs and cSCCs.

The development of cSCC is a multistep process requiring the accumulation of multiple
genetic and epigenetic alterations in keratinocytes. These alterations lead to an augmented
mutation rate by increasing cellular proliferation and reducing cell death in mutated
keratinocyte population. DNA mutations are caused by either exogenous factors, such as
UV radiation, chemicals, and ionizing radiation, or endogenous factors, such as reactive
oxygen species (ROS), genome editing, mitotic errors, or errors in DNA repair [11,12].
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Cumulative lifetime exposure to UV radiation is considered to be the most important
carcinogen responsible for cSCC [13]. UV exposure over-activates the DNA repair systems
of keratinocytes, leading to ATP consumption [14]. UVB radiation can produce DNA
damage through structural rearrangements due to its high photonic energy. In case of a
lack of repair of the damaged DNA strand before replication, the complementary strand
will integrate the change in its base, leading to a constituted mutation [15]. This process
leads to high rates of C > T transitions and CC > TT double base changes, thus generating
a “UVB signature” [16,17]. Multiple genes have been postulated to be involved in the
development of AKs and SCCs, with several molecular pathways and mechanisms being
involved (Table 1).

Table 1. Mutated genes involved in the development of AKs and SCCs.

Gene Role

TP53

• The most involved mutated gene in all types of cancers, but also in SCCs [18].
• TP53 gene encodes p53 protein which plays a vital role in cell cycle.
• Even though mutations in TP53 gene appears early in the evolution of SCCs, they cannot represent the sole mutation needed for

cancerous progression [19].

NOTCH

• Loss of function of NOTCH gene represents a premature sign of the conversion of healthy keratinocytes to their precancerous
version [12,20].

• Mutation of NOTCH genes has been found in both SCCs and dermoscopy-free dysplastic lesions that has been chronically
exposed to sun, thus suggesting that NOTCH mutation can be considered a trademark for UV-damaged keratinocytes [21,22].

RAS
• RAS mutation is characteristic for cSCCs developed in patients treated with Vemurafenib, a B-Raf inhibitor [23].
• It is a rare spontaneous mutation in cSCCs [20,24].

CDKN2A

• It encodes p16INK4a and p14ARF, which have the role of tumor-suppressor proteins [25].
• p16INK4a inhibits cyclin D-dependent kinases in a direct manner, leading to the activation of retinoblastoma protein (RB) [26].
• p14ARF isolates Mdm2 inside the nucleolus, preventing its interaction with p53 [27,28].
• Mutation of CDKN2A plays an important role in both the appearance of AKs and the evolution of AKs to SCC [29]

PIK3CA

• PIK3CA mutations were found in almost half of the cohort in a study, including AKs and SCCs, while in another cohort involving
head and neck SCCs, 1/3 was found [24].

• Tirbanibulin 1% ointment is used in the topical treatment of AKs with good efficacy, being based on a Src kinase inhibitor that
acts on inhibiting PI3K (phosphatidylinositol 3-kinase) [30].

KNSTRN
• It is considered to be part of the “UVB signature” [17].
• It encodes a kinetochore protein that leads to the disruption of chromatin cohesion and, thus, aneuploidy and tumorigenesis [24].

FAT1 • It encodes a protocadherin that can lead either to aberrant Wnt/β-catenin signaling or to increased CDK6 expression [31].

CARD11
• CARD11 gene encodes a protein that scaffolds the role of nuclear factor kappa B (NF-kB) [32].
• CARD11 mutations are found in UV-exposed skin and in the skin surrounding cSCC, and they have a role in the progression

from normal to cancerous keratinocytes [33].

SRCASM

• It encodes a tumor suppressor molecule with a VHS site, a GAT site, and multiple tyrosine phosphorylation domains [34].
• Src-family tyrosine kinase (SFK) phosphorylation of the above molecule leads to limitation of keratinocyte proliferation and

engagement in keratinocyte differentiation [34].
• Both SCCISs and SCCs are associated with reduced SRCASM levels and a raised activity of SFKs [35,36].

TP63 • TP63 gene encodes p63 protein, which is commonly found to be overexpressed in cSCCs [37].

EGFR
• EGFR is found to be dysregulated in the development of cSCCs [38].
• EGFR is involved in keratinocyte proliferation and differentiation and also influences the rate of survival of these cells [39].

3. Epigenetic Aspects of SCC: The Role of Epigenetics in Diagnosis, Metastatic Profile,
and Prognosis

In recent years, special attention has been given to epigenetics and its involvement
in the occurrence of chronic diseases in general, and cancers in particular [40]. Epigenetic
changes include all the mechanisms through which changes occur in the expression of
some genes, without interfering with the sequence of the nitrogenous bases that makes
up the respective genes [41]. These are a result of the interactions between an organism
and its environment, being represented by DNA methylation; histone modifications that
influence the reading of certain DNA sequences; and miRNA-induced modifications,
which can be transmitted from one cell to another within the same organism and even
trans-generationally [42,43].
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In general, the DNA of tumor cells is epigenetically characterized by global hy-
pomethylation, with areas of hypermethylation at the level of 5’ cytosine-phosphate-
guanine-3’ (CpG) islands, which are generally located in the promoter regions of some key
genes. The above changes lead to genomic instability, activation of oncogenes, alteration of
promoters of tumor suppressor genes, as well as damage to numerous essential cellular
pathways involved in DNA repair, apoptosis, cell growth, angiogenesis, etc. [44–46].

In skin cancers, the involvement of epigenetics in the pathophysiology and characteri-
zation of melanoma is already recognized. These epigenetic mechanisms are considered as
representing some of the earliest events in the initiation of oncogenesis [47]. However, the
role of the interactions between the genome and the environment in the appearance and
development of SCC, the second most common skin cancer, is less studied. The epigenetic
profile seems to represent an important tool for characterizing the aggressiveness and
metastatic potential of this type of skin cancer [48]. Moreover, multiple changes, such as
CpG hypermethylation, seem to be involved in its occurrence [49]. The hypermethylation
of certain CpG areas (induced especially by the effect of ultraviolet radiation, -thereby
increasing the expression of dimethyltransferase 1) leads to changes in some proteins with
an important role in keratinocyte homeostasis, which is associated with aggressive behavior
and metastasis [50] (Table 2). Regarding post-translational modifications at the level of
histones (through the processes of phosphorylation, acetylation, sumoylation, ubiquityla-
tion, ribosylation of DNA, and glycosylation), these changes influence the way in which
DNA sequences are exposed to reading, so that the transcription of some genes involved in
keratinocyte differentiation is altered [51].

Besides DNA methylation, microRNA (miRNA) gene regulation is also present in the
evolution of cSCC. Two types of miRNA are identified: those involved in the oncogenic
process (which are involved in increasing cells’ proliferation and invasion capacity, the
migration of keratinocytes, the formation of new cell colonies, and the loss of apoptotic
capacity), and those with tumor suppressor capacity (which act by opposite mechanisms).
MiR-203 is one of the most important tumor suppressor microRNAs involved in the
pathogenesis of cSCC (being expressed in high levels in the skin), acting by modulating the
expression of the oncogene c-MYC (suppressing its activity) and inhibiting the angiogenesis
and cell cycle of tumoral cells. Additionally, a decrease in MiR-203 is associated with
a low degree of cSCC differentiation and a worse prognosis [52]. Lohcharoenkal et al.
have highlighted that MiR-130a also has tumor suppressor activity in cSCC by altering
the bone morphogenetic protein (BMP)/SMAD pathway involved in tumor growth and
invasion capacity. Thus, lower levels of MiR-130a have been found in cSCC samples
compared to precancerous lesions or healthy skin [53]. Another miRNA that plays an
important role in suppressing the proliferation and invasion of tumoral cells is miR-27; the
downregulation of this MiRNA is associated not only with UVB radiation of the skin, but
also with cSCC development [54]. MiRNAs 34a, 125b, 181a, 148a, 20a, 204, 199a, 124, and
214 are some of the investigated tumor suppressor MiRNAs involved in tumor progression,
cell proliferation and differentiation, angiogenesis, and cell migration by targeting the
expression of essential genes involved in these pathways [55]. Thus, lower expressions of
these MiRNAs are observed in cSCC compared with normal skin.

On the contrary, numerous MiRNAs has been identified to promote tumoral cell
initiation and progression, acting as protooncogenes. MiR-221 is a microRNA involved in
numerous cancers (gastric cancer, ovarian cancer, breast cancer, etc.), with recent studies
showing an upregulation of this small RNA fragment in cSCC by suppressing phosphatase
and tenesin homolog (PTEN) gene, a tumor suppressor gene [56]. Yin et al. identified
another microRNA involved in cSCC, highlighting that MiR-21 is upregulated in cSCC
tissues by being involved in the invasion and metastasis of cSCC and by decreasing
the activity of (tissue inhibitor of matrix metalloproteinase 3) TIMP3 gene. This gene is
essential in modulating the activity of matrix metalloproteinases and molecules involved
in angiogenesis, cell growth, and metastasis [56,57]. MiR-186 influences the aggressive
character of cSCC, with its upregulation determining the inhibition of apoptotic protease-
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activating factor 1 (APAF 1) [58]. Additionally, some MiRNAs can be identified as prognosis
factors. For example, a study conducted by Canueto et al. associated the presence of MiR-
205 with a poor prognosis, being expressed in tumors characterized by histological risk
factors, such as desmoplasia, nerve invasion, or an infiltrative character [59]. MiR 365,
31, 142, and 135b were also found to be involved in the regulation of genes responsible
for cell invasion, migration, resistance to apoptosis, and proliferation [55]. Upregulation
of MiR-664, 504, and 217 found in primary tumors seems to be associated also with the
presence of an invasive behavior and a higher risk for metastatic disease. Gilespie et al.
identified a group of miRNAs that are upregulated in tumors that metastasize compared
to the primary one (miR-4286, miR-200a-3p, and miR-148-3p) and another group with
aberrant expression in tumors with a high potential to metastasize (MiR-4286, MiR-421,
MiR-4516, MiR-574-5p, MiR-135b, MiR-21, MiR-145, MiR-100, and MiR-214). Thus, these
groups may be used in the future as markers of poor prognosis [60,61].

Regarding the role of histone changes in cSCC initiation and progression, the literature
data are poor in identifying specific histone methylation and acetylation changes in sCC,
even though their role in other cancers is well known. In cSCC, Enhancer Of Zeste 2
Polycomb Repressive Complex 2 Subunit (EZH2) (involved in histone methylation) seems
to play a role in inhibiting the antitumoral immune response of the host, and it can be used
in the future as an important target of specific antitumoral therapy [62].
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Table 2. DNA methylation changes associated with cSCC.

Epigenetic Changes Involved Gene Involved Protein Role of the Protein Results

DNA methylation of CpG,
leading to loss of function

CDH1 gene promoter
(E-cadherin gene promoter) E-cadherin Intercellular adhesion molecule

Hypermethylation of this gene is more frequent in
invasive forms of SCC compared to AK and normal
population.
Hypermethylation of CDH1 gene promoter is present
in 95% of cutaneous squamous cell carcinoma
samples [63,64].

DNA methylation of CpG,
leading to loss of function

CDH13 gene promoter
(T-cadherin gene promoter) T-cadherin

Cell migration;
Phenotypic changes;
Calcium ion transport

Hypermethylation of T-cadherin gene promoter is
associated with phenotypic cellular changes, both in
SCC and in actinic keratoses that will evolve into
invasive SCC [65,66].

DNA methylation of CpG,
leading to loss of function CDKN2A gene p16 (ARF)

Tumor suppressor genes—
cell cycle regulator proteins

Hypermethylation is associated with a statistically
significant decrease in the synthesis of
aforementioned proteins (identified by
immunohistochemical studies) (p < 0.001), with the
inactivation of p16 and p14 [64].

DNA methylation of CpG,
leading to loss of function CDKN2A gene p14 (INK4A)

DNA methylation of CpG,
leading to loss of function Retinoblastoma protein 1 (RB1) gene RB1

DNA methylation of CpG,
leading to loss of function SFRP1-5 promoter gene SFRP1-5 glycoproteins Modulatory effects on Wnt pathway

Hypermethylation of the promoter region of these
genes leads to a decrease in the expression of
SFRP1-5 proteins in cSCC. It can be used as a marker
of cSCC [67].

DNA methylation of CpG,
leading to loss of function

FRZB (frizzled-related protein)
promoter gene FRZB protein

Modulatory effects on Wnt
pathway—involved in cell growth and
differentiation

Hypermethylation of the promoter of this gene is
significantly higher in metastatic cSCC compared to
non-metastatic forms (p = 0.00004). It can be used as a
marker of subtypes with aggressive evolution [68].

DNA methylation of CpG,
leading to loss of function

Death-associated protein kinase 1
(DAPK1) gene DAPK1 Tumor suppressor activity—protein

involved in apoptosis and autophagy
DAPK1 hypermethylation is much more frequent in
invasive forms of cSCC [66].
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4. Tumor Heterogeneity: Cancer Stem Cells and Therapy Resistance

The understanding of cancer biology was revolutionized by the discovery of cancer
stem cells (CSCs) by Bonnet and Dick, who described these cells in human acute myeloid
leukemia [69]. Nowadays, the molecular events happening in the microenvironment,
involving also stromal cells of non-tumoral nature, and the tumoral–epithelial cell inter-
actions are just beginning to be deciphered, but they seem to play a significant role in
understanding tumor progression and resistance to therapy. In a tumor, it seems that not
all cells are equal, but only a small proportion possesses the capacity of self-renewal and
hierarchical differentiation, and these are the CSCs [70]. There are several cell types that
are considered as contributing to the heterogeneity: tumor cells, non-stem cancer cells,
CSCs, cancer-associated fibroblasts (CAFs), endothelial cells, pericytes, tumor-associated
macrophages (TAMs), mesenchymal stem cells (MSCs), and MSC-derived cells [71]. Addi-
tionally, one must keep in mind that tissue stem cells, cells of origin (tumor-initiating cells),
and CSCs are distinct concepts [72]. Tumor-initiating cells are those subjected to the initial
mutation and will develop to form the tumor detected by clinical means, while CSCs are
cells responsible for the response to clinical treatments, drug resistance, tumor relapse, and
propagation at distance (metastasis) [73].

CSCs are considered to be the basis of any tumor development and responsible for
intratumoral genetic and phenotypic heterogeneity [74,75]. Like normal stem cells, CSCs
reside in a specific microenvironment similar to stem cell niche, called a CSC niche [76].
Moreover, CSCs are also responsible for repeating the phenotypic features of primary
tumors in secondary tumors and for drug resistance [77]. For example, in SCC, there are
multiple population of CSCs with different phenotypes, including those responsible for
tumorigenesis, proliferation, and tumor growth, and others responsible for the epithelial-
mesenchymal transition and metastatic processes [78]. Moreover, there are subpopulations
of CSCs that remain in a dormant state, which makes them difficult to be targeted by
drugs that affect the cell cycle, and are at the origin of drug resistance and relapse after
chemotherapy [78]. It is well known that cancer cells can suffer to show plasticity under
the influence of microenvironmental factors (stromal cells, extracellular matrix molecules,
and systemic and local growth factors), becoming CSCs that are able to transdifferentiate
and dedifferentiate [79]. In the view of recent discoveries, plasticity can be subdivided into
extrinsic plasticity determined by changes in the microenvironment and intrinsic plasticity
induced by specific transcription factors [80]. In fact, based on current data, there are three
general models describing tumor heterogeneity: (1) the clonal evolution (CE) model; (2) the
cancer stem cell (CSC) model; and (3) the plasticity model (for details, see review [81]). The
CE model is based on the theory of Darwinian evolution in which a single cell undergoes
mutations that are then transmitted through division to the daughter cells. The most
adaptable daughter cells will survive and the others will disappear as a result of natural
selection [82]. The CSC model is based on the existence of a small group of cells inside
tumors that have stem cell traits and the potential to proliferate hierarchically, thus being
responsible for the induction, propagation, and metastasis of tumors [83]. The plasticity
model is based on the ability of CSCs and non-CSCs to shift states among each other [80].
Although the role of the CE model and the plasticity model are not yet highlighted in the
case of cSCC, the role of CSCs in the initiation and perpetuation of non-melanocytic skin
cancers (especially SCC) is well known; the number of CSCs in a tumor varies between
1–20%, with the percentage increasing with the aggressiveness of SCCs. Moreover, the types
of CSCs involved in the appearance of SCCs can be accurately identified by highlighting
specific cellular markers on the surface of these cells, such as CD34, CD200, and CD 44 [78].
Regarding cancer cell plasticity, epigenetic changes seem to be involved in the regulation of
tumor microenvironment, which influences the continuous transition of tumor cells from
stem to non-stem cancer cells, from an active to a quiescent state, and from an epithelial to
a mesenchymal status. This behavior is well known in the case of epithelial tumors, but it
is insufficiently investigated in the specific case of cSCC [84,85].
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A lot of intrinsic and extrinsic factors are responsible for regulating the stemness in
CSCs, as described in the following subsections.

5. Novel Therapeutic Approaches in Cutaneous SCC (Targeted Therapies and
Immunotherapies)
5.1. Surgery

Regarding treatment, the main objective is a complete removal of the tumor, along
with the maximum preservation of healthy surrounding tissues and good cosmetic results.
Classic early surgical excision is the treatment of choice for localized stages, with a cure
rate of >90% at five years [86].

According to the EDF-EADO-EORTC group, the limits of surgical resection are 5 mm
margins for low-risk tumors and extended up to 10 mm for high-risk tumors [87].

Mohs microsurgery with margin control may be an option in patients with high risk
and/or with special anatomical locations, given the increased curability associated with
minimal recurrence rates, maximum tissue preservation, and good esthetic results [88].

A percentage of 4–5% of patients with SCC progress to more advanced stages: ad-
vanced locally, respectively metastatic diseases (<5%) with locoregional or distant metas-
tases; those stages require other therapeutic approaches, such as chemotherapy, radiother-
apy, or more recently immunotherapy. The low incidence of metastatic forms makes these
forms a therapeutic challenge; the management of these patients must be based on the
medical decisions of a multidisciplinary team of dermatologists, surgeons, radiotherapists,
and oncologists [89].

The staging of cSCC is performed according to the criteria established by the AJCC
8th edition Staging Manual (American Joint Committee on Cancer, 2017) and the UICC 8th
edition (Union for International Cancer Control, 2017). Stratification according to risk is
carried out according to the characteristics related to tumor or patient. According to the
EADO guide for the diagnosis and treatment of cSCC, low-risk tumors are pT1 tumors
(tumor <2 cm in its greatest dimension according to (AJCC8)) or tumors that do not present
the risk factors established by the EADO. High-risk tumors are those with at least a pT2
stage (tumor larger than 2 cm) (AJCC8) or those that are associated with the EADO risk
factors. However, the exact impact of each risk factor on recurrence is not known [90]. Cur-
rent treatment guidelines (AJCC 8th ed. classification, BWH classification of the Brigham
Women’s Hospital, NCCN Guidelines, and EADO guidelines) attempt to systematize these
risk factors in order to be able to classify patients’ stage of disease, with subsequent impact
on the choice of treatment. The risk factors related to patients are immunosuppression,
appearance of carcinoma in a radio-treated area or with chronic inflammation, and symp-
toms indicating perineural invasion. The risk factors related to tumor are diameter greater
than 2 cm, location of the tumor in a high-risk area, imprecise delimited edges, rapid tumor
growth, and recurrence. Radiological risk factors include bone invasion and perineural
invasion. Histological risk factors include tumor thickness >6 mm, poor differentiation,
high-risk histological subtypes, perineural invasion, lymphatic/vascular invasion, and
subcutaneous tissue invasion [91].

The main role of these classification systems is to choose an appropriate management
for each patient with cSCC. Thus, cSCC is divided into primary cSCC and metastatic cSCC.
Primary cSCC can be primary low-risk in which the treatment of choice is excision with
5 mm margins or primary high-risk in which the curative solution is excision with 6–10 mm
oncological margins or Mohs micrographic surgery. Locally advanced primary cSCC and
metastatic cSCC (metastases in transit, nodal metastases, or distant metastases) require a
multidisciplinary and individualized approach for each patient because negative margins
cannot be obtained through the surgical approach. In addition to classical therapies, such
as radiotherapy, electrochemotherapy, adjuvant radiotherapy, and chemotherapy, with the
understanding of tumor molecular mechanisms, new classes of drugs have been introduced,
such as immunotherapy with growth factor inhibitors or combined treatments [87].
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5.2. Radiation Therapy

Radiation therapy can be used as a therapeutic option for in situ SCC in patients over
60 years of age, with multiple lesions located on the lips, or those refusing therapy, but it
has a higher risk of recurrence than classic excision. It can also be an adjuvant therapy in
patients with more advanced stages. For locally advanced SCC, radiotherapy can be used
in case of perineural invasion or as an adjuvant method in case of positive post-excision
margins. Side effects include mucositis/dermatitis; telangiectasia; hypodermic sclerosis;
necrosis of the soft tissue, cartilage, and bone; decreased sensitivity; and skin carcinomas.
However, the high risk of recurrence compared to complete surgical excision should be
considered [92].

5.3. Systemic Therapy

Systemic therapy is a therapeutic option in patients with locally advanced SCC and/or
metastases despite previous therapies.

In 2020, European interdisciplinary guidelines (EADO, EDF, and EORTC) have created
a number of high-risk prognostic factors for cSCC recurrence, such as clinical features
(location, symptomatic perineural invasion, and tumor size), histological features (poor
differentiation, desmoplasia, thickness, and perineural invasion), immunosuppression,
and radiological features (bone erosion and radiological PNI), leading to the need for
therapeutic protocols in these patients [90].

5.3.1. Chemotherapy

In advanced cSCC, systemic therapies with cytotoxic agents have been used off-label:
cisplatin/carboplatin, 5-fluorouracil, bleomycin, methotrexate, taxanes, gemcitabine, and
polychemotherapy are proven more effective than monotherapy, but they are associated
with more severe adverse reactions. More than three decades ago, the therapies used were
isotretinoin, interferon, and cytotoxic agents, which showed efficacy on cSCC but were
limited in effect on metastases [93].

Prior to the era of targeted therapy, platinum-based chemotherapies were the first line
of treatment, but they were burdened by high toxicity and an increased risk of recurrence
of the disease under treatment [94].

5.3.2. Targeted Therapy

Due to recent progress made in the molecular biology of tumors, new targeted systemic
therapies have been discovered to increase survival in advanced stages. Thus, cSCC is
characterized by a high mutational tumor load with antigen formation, which can be
targeted by the immune system. The role of the immune system in the pathogenesis of
cSCC has been studied by observing the increased rate of cSCC in transplant patients or by
the rapid involution of keratoacanthomas as a result of an active immune response [94].

Immunomodulators can be used in the treatment of cSCC due to the ability of the
immune system to control the carcinogenesis process. The pathogenesis of cSCC is based
on keratinocyte mutation with subsequent tumor clonal expansion under the action of
exogenous and endogenous factors, such as immune suppression. In this context, the
important cellular feature is self-tolerance mediated by surface expression of receptors and
molecules known as immune checkpoints [89].

In cSCC, there is an excessive expression of these molecules, especially programmed
cell death protein 1 (PD-1), programmed cell death ligand 1 (PD-L1), cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4), and epidermal growth factor receptor (EGFR), which are
molecules that can be therapeutically targeted [95]. In addition, there are numerous mecha-
nisms of escape from immune surveillance through various cytokines, including increased
secretion of IL-6, IL-10, and TGF-beta; decreased secretion of IL-2; and inhibiting the prolifera-
tion of CD4 + and CD8 + T lymphocytes with a role in the recognition of tumor antigens. At
present, anti-programmed cell death-1 (anti-PD-1) antibodies are the first line of treatment for
advanced metastatic/local cSCC that cannot be cured by local surgery or radiation [92].
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After their activation, T lymphocytes express on the surface PD-1 molecules, with a
role in the apoptosis of effector T cells and inhibition of T reg cell apoptosis by binding to
PD-1 and PD-L2 in tumor cells. Tumor cells may overexpress PD-L1 by escaping under
immune surveillance, which is associated with metastatic and recurrent cSCC and T cell
exhaustion following chronic exposure to tumor antigens [89].

Co-inhibitory molecules play an important role in preventing hyperstimulation and
autoimmunity. Programmed cell death-1 acts as a co-inhibitory receptor because it binds to
T cells by binding to the PD-L1 ligand expressed in tumor cells, thereby preventing T cell
activation and immunological exhaustion. This process is called immunosurveillance [96].

PD-L1 is expressed in 3–50% of cSCC, correlating with an increased risk of metastases [94].
The data from the literature show that PD-L1 expression is associated with high-risk

SCC: infiltrative patterns, immunosuppression, and perineural invasion [97].
Currently, given that 50% of tumors do not respond to immunotherapy, attention

is focused on identifying predictive factors for response, including tumoral genes and
biomarkers in the peripheral blood. Thus, the tumor markers used may be PD-L1 status,
IFN gamma expression, and tumor-infiltrating lymphocytes (TILs). Liquid biopsy markers
can be immunophenotypic profile, cytokines and chemokines (IL-6), and soluble markers
(sCTLA4 and sPD-L1) [96].

Anti-PD-1 Agents

• Cemiplimab

Cemiplimab is the first systemic therapy evaluated in prospective studies in patients
with advanced cSCC. Approved for use in advanced cSCC therapy among patients who
are not candidates for surgery or radiation therapy in September 2018 by the Food and
Drug Administration (FDA) and in July 2019 by the European Medicines Agency (EMA),
Cemiplimab is a humanized monoclonal antibody IgG4 with an affinity for PD-1. At doses
of 350 mg iv every three weeks, it blocks the interaction of PD-1 with PD-L1 at the tumor
level, thus restoring T-cell activity and antitumor response [98].

The data from the literature demonstrate efficacy (response rates of up to 46.1%) and
sustained response while maintaining disease control in approximately 72% of patients
with advanced SCC treated with Cemiplimab [88].

The efficacy of Cemiplimab has been tested in several phase I and phase II stud-
ies. In a phase I study with patients with locally advanced or metastatic disease led by
M.R. Migden et al. (2018), a response rate of 50% was obtained, while in the cohort with
metastatic disease (phase 2 study), a response rate of 47% was obtained. Of these patients,
7% had a response lasting more than six months, and side effects were reported in 15% of
them [99].

Cemiplimab has a good safety profile. The most common side effects reported are
diarrhea, fatigue, constipation, and rash, which can be resolved by adjusting treatment
doses or sometimes stopping treatment, but the therapeutic benefits and long-term response
outweigh the risks of side effects [98]. Cemiplimab has recently been included in clinical
trials as adjuvant, neoadjuvant, or combined adjuvant/neoadjuvant therapy in patients
with resectable or partially resectable SCC [86].

• Nivolumab

Nivolumab is a PD-1 inhibitor approved by the FDA in November 2016 for the
treatment of head and neck SCC, following a study that enrolled 361 patients receiving
Nivolumab at a dosage of 3 mg/kg every two weeks, with improved overall survival [100].

• Pembrolizumab

There are ongoing studies on the effectiveness of Pembrolizumab on cSCC. The in-
terim results of the Keynote 629 study with a mean follow-up of 9.5 months, in which
200 mg/3 weeks of Pembrolizumab was used, showed a 32% response rate in 91 patients
using it as the second line of treatment and a 50% response rate in 14 naive patients, but
the average duration of response was unknown [101].
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Anti-CTLA-4 Antibody

Regarding Ipilimumab, Day et al. reported a case of metastatic cSCC in a melanoma
patient who received Ipilimumab every three weeks and completed three cycles. The
patient responded to the therapy with decreasing cSCC metastases after three cycles of
treatment, obtaining a partial response without significant adverse drug reactions [102].

Anti CTLA-4 Antibodies Combined with PD-1 Antibodies

Therapies can be successfully combined but at the cost of increasing side effects.
Miller et al. reported the case of a 68-year-old patient who developed metastatic cSCC
three years after kidney transplantation for which he received combination therapy with
Ipilimumab and nivolumab with therapeutic response. The patient soon developed kidney
failure, the transplant was removed, and he died a few months later due to cardiopulmonary
arrest, which could not be attributed to the therapy [103].

Epidermal Growth Factor Receptor Inhibitors (iEGFR)

EGFR is a family of proteins that the human epidermal growth factor (HER) belongs,
which activation determines the activation of multiple signaling pathways, including
mitogen-activated protein kinase/Extracellular signal-regulated kinase 1/2 (MAPK/ERK)
and phosphatidylinositol-3-kinase/protein kinase B/mammalian target ofrapamycin
(PI3K/AKT/mTOR), and plays a role in maturation, proliferation, inhibition of apop-
tosis even at the tumor level, leading to tumor growth. Regarding skin cancers, EGFR
mutations have a low incidence of 2.5–5%, but are associated with the risk of metastases
and, therefore, with a worse prognosis, thus becoming a therapeutic target. This has led to
the discovery of anti-EGFR agents, cetuximab or panitumumab monoclonal antibodies, that
competitively inhibit EGF receptors, or small molecules that target intracellular domains,
including gefitinib or erlotinib [89].

• Cetuximab

Cetuximab is a chimeric immunoglobulin that binds to the extracellular domain 3 of
EGFR. Thus, it determines an adaptive and innate immune response by downregulating
the immunosuppressive mechanisms and decreasing PD-L1 (programmed death ligand 1)
induced by IFN-gamma. By modulating the PD-1 axis, treatment with Cetuximab may
lead to a decrease in the therapeutic effect of immunotherapies (PD-1 inhibitors) in patients
with recurrent cSCC [104].

Cetuximab has been included in various studies to show its effectiveness. In a phase 3
study in France that included 36 patients with metastatic or advanced cSCC, locoregional
response to the treatment was 28%, with a mean duration of response of seven months.
Another phase 2 study in which cetuximab was used as a monotherapy in the treatment
of unresectable cSCC found stabilization of the disease in 58% of cases. [105]. Commonly
reported side effects were infections, tumor bleeding, infusion-related reactions, interstitial
pneumonia. However, more studies are needed to examine the effectiveness of anti-EGFR
and the possibility of combining them with other therapies [94].

5.4. Novel Approaches
5.4.1. Radiotherapy Associated with Immunotherapy

A new approach in cSCC management is the combination of radiation therapy and
immunotherapy. Radiation causes damage to both the tumor and the surrounding normal
tissues by stimulating the immune system. Thus, irradiation causes MHC-1 expression
in tumor cells, triggering the recruitment of effector immune cells, with some, even with
specific antitumor responses, acting synergistically with checkpoint inhibitors [95].

5.4.2. Oncolytic Viruses

Oncolytic viruses targeting tumor cells cause less immune-tolerant tumor microen-
vironment, thereby causing subsequent cytokine expression, which acts synergistically
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with checkpoint inhibitors by increasing tumor CD8+ and interferon gamma (IFN-gamma)
signaling and up-regulating PD-L1 in the tumor microenvironment. Such compounds
include RP1 (Replimune -1), a modified herpes simplex 1, which can induce tumor re-
gression by stimulating GALV-GP R-protein (glycoprotein of gibbon ape leukemia virus)
and GM-CSF (granulocyte/macrophage colony-stimulating factor) when used alone or
in combination with nivolumab. Another oncolytic virus is Talimogene laherparepvec
(TVEC), a non-neurovirulating herpesvirus simplex capable of inducing GM-CSF [106,107].

5.5. Transplant Recipients

Transplant patients, due to prolonged immunosuppression, have a higher risk of
cSCC with a much more aggressive character and a much higher risk of metastases. In
these patients, a benefit of the switch from immunosuppressive therapy to sirolimus was
observed, with minimal effects on the graft and no negative effects on patient survival.
This is due to the observation that immunotherapies should be used with caution because
anti-PD1 agents can cause irreversible allograft rejection, and anti-CTLA-4s have been
shown to be better tolerated [94].

6. Conclusions

Advanced squamous cell carcinomas are a challenge for clinicians, and even with a
multidisciplinary approach, they remain difficult to treat. Often, advanced tumors do not
respond to classic treatment options, so new approaches are needed, but equally important
are the prevention and detection of early stage tumors that can lead to an excellent prognosis.
Most new therapies are still in clinical trials or need to be approved, but their therapeutic
benefit is certain. Thus, for a better understanding of the pathophysiology of cSCC, the
molecular, genetic, and epigenetic mechanisms behind the behaviors of tumor cells is the
key to new targeted therapies, with minimal side effects for patients.
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