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Abstract: Cutaneous squamous cell carcinoma (cSCC) is one of the most prevalent neoplasms world-
wide. Important risk factors for cSCC include sun exposure, immunosuppression, pale skin, and
aging. White people are more likely to develop cSCC, and men are more affected than women. In
advanced cases, surgery and/or radiotherapy are no longer effective. Due to a historical lack of treat-
ment options, some medications have been used in these patients without sufficient recommendation.
There is an urgent need to identify patients at an increased risk of recurrence and spread early for
timely diagnosis and treatment. Despite extensive data on the high-risk features and prognostication,
considerable variation remains globally regarding high-risk cSCC and the delivery of oncology
services. The current comprehensive review evaluated and summarized contemporary knowledge of
various management options for cSCC to simplify the integrated treatment plans.
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1. Introduction

Despite the increasing prevalence of cutaneous squamous cell carcinoma (cSCC),
global numbers remain underestimated [1,2]. In the last three decades, the incidence of
cSCCs has increased from 50% to 300%, and their prevalence in European countries is
projected to double by 2030 [3]. In the Caucasian population, the probability of having
cSCC at any point in life is believed to be between 7% and 11% [4]. Five-year cure rates
of typical indolent cSCC are >90%. Advanced cSCC is defined as locally advanced or
distant cSCC. Metastatic cSCC is a very small part (3–5%) of cSCC [5]. cSCC still carries a
considerable burden on overall mortality due to its high frequency [6]. After melanoma, it
is the most prevalent cause of skin cancer death, accounting for most skin cancer deaths in
individuals aged >85 years [7]. The mechanisms of spread include “shelving” or “skating”
along fascial planes (e.g., perichondrium, periosteum, muscle fascia), arteries, or nerves and
spreading via lymphatic or hematogenous systems. Most cSCCs occur in the head and neck.
Following the typical spread pattern, it commonly involves the ipsilateral submandibular
and submental nodes, the parotid gland, and the intraparotid nodes [8].

The majority of cSCCs develop in the sun-damaged skin of older adults with white
European ancestry, often in the context of preexisting actinic keratosis lesions. Apart from
ultraviolet (UV) radiation exposure, other predisposing factors include chronic immuno-
suppressed states, chronic skin conditions, exposure to ionizing radiation, inherited genetic
conditions, human papillomavirus infection, chronic arsenic exposure, and treatment with
BRAF inhibitors (vemurafenib and dabrafenib), among others [9].

Treatment choices depend on the diagnosis and staging. cSCC is most commonly
treated with surgery. Radiotherapy is often indicated. Systemic agents are beneficial in
locally progressed and metastatic cSCC [10]. In recent decades, the increasing knowledge
of the signaling pathways implicated in cSCC has propelled the evolution of novel targeted
therapies. Modern immunotherapy has dramatically transformed treatment paradigms [11].
The current comprehensive literature review explores various management and clinical
diagnostic options for cSCC to simplify the integrated treatment plans.
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2. Histopathologic Subtypes

Keratoacanthoma and verrucous carcinoma are well-differentiated histologic subtypes
that have a low propensity for spread. Keratoacanthomas are well-differentiated and
usually appear dome-shaped with a radial keratin plug on light microscopy. The verrucous
carcinoma subtypes include the Buschkee Lowenstein tumor in the perineum as well
as epithelioma cuniculatum on the plantar surface of the foot. Verrucous carcinomas
have an internal component with well-differentiated squamous epithelium and pushing
boundaries [12]. The prognosis for a few histological cSCC subtypes is poor. Desmoplastic
cSCC often invades, recurs, and spreads more frequently than other cSCC types [13].
Desmoplasia has been reported to be a predictor of local recurrence [14]. Another subtype
with a high risk of regional recurrence, spread, and mortality is the adenosquamous variant,
characterized by secretory tubular structures [15].

3. Clinical Diagnosis

cSCC is most commonly found in chronically sun-exposed body areas. The lesions
are described by tumor size, site, cutaneous classification, and pigmentation. In the early
stages, the lesions are often small, light pink plaques with or without overlying scaly areas
and induration. Gradually, these neoplasms tend to grow and ulcerate. The lesions then
become pigmented, ranging from light brown to dark brown. Dermoscopic features, such
as white rings, keratin, and blood spots, can help distinguish cSCC from other elevated
cutaneous neoplasms (Figure 1) [16–18].
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Figure 1. (a) Clinical picture in an 81-year-old male with histopathological diagnosis of squamous cell
carcinoma on the right pre-auricular region, 15 mm nodular reddish-pink lesion that shows surface
lobulations with chief complaints of bleeding on-and-off from the lesion and (b) dermoscopic features
consists of irregular surface, variable areas of angiogenesis with the cork-screw pattern of vessels,
microthrombi, keratinization, and an erythematous surface with adherent clots.

4. Risk Stratification and Staging of cSCC

Risk stratification of cSCC is a crucial step in the management based on clinical
features and pathology features in biopsy [19] (Table 1). Tumors greater than 6 mm with the
invasion of subcutaneous fat in microscopy are linked with a high risk of metastasis and
local recurrence, which adversely affect the prognosis [14]. Formal staging and molecular
pathology with biomarkers are also equally important [19].
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Table 1. Risk stratification of cutaneous squamous cell carcinoma [19].

Low-Risk cSCC High-Risk cSCC

Clinical Parameters

Location and size

Lesion on trunk and extremities
(excluding hands, nail units, pretibial,
ankles, and feet) <20 mm; Lesion on

cheeks, forehead, scalp, neck, and
pretibial area <10 mm

Lesion on trunk and extremities
(excluding hands, nail units, pretibial,
ankles, and feet) ≥20 mm; Lesion on

cheeks, forehead, scalp, neck, and
pretibial area ≥10 mm; Lesion on mask
areas” of the face (central face, eyelids,

eyebrows, periorbital, nose, lips
(cutaneous and vermilion), chin,

mandible, preauricular and postauricular
skin/sulci, temple, and ear), genitalia,

hands, and feet

Borders Well-defined Poorly defined

Primary vs. Recurrent Primary Recurrent

Immunosuppression − +

Prior RT or chronic inflammatory process − +

Rapidly growing tumor − +

Neurologic symptoms − +

Pathology

Differentiation Well or moderately defined Poorly defined

Acantholytic (adenoid), adenosquamous,
desmoplastic, or metaplastic

(carcinosarcomatous) subtypes
− +

Depth (thickness or level of invasion) ≤6 mm, no invasion beyond
subcutaneous fat >6 mm or invasion of subcutaneous fat

Perineural, lymphatic, or
vascular involvement − +

cSCC: Cutaneous squamous cell carcinoma; RT: Radiotherapy.

Formal tumor staging of cSCC can be done by the American Joint Committee on
Cancer (AJCC) classification 8 edition used for cSCC arising from the head and neck
region. Another method for formal staging is Brigham and Women’s Hospital (BWH)
classification [19]. Both stagings depend on the TNM classification of tumors [19]. A recent
survey has demonstrated that dermatologists are more inclined to use BWH staging as
advantages of BWH over AJCC staging were published in dermatology journals [20]. A
system for cSCC staging and management using NCCN version 2021 has also allowed for
a very high-risk category of risk stratification [20]. This category includes all features of the
high-risk category and additionally includes >4 cm size of the tumor in any location [20].

Contemporary prognostic elements for recurrence, which will aid in identifying the
role of standard or adjuvant treatments, are about clinicopathological aspects portrayed in
clinical studies or consensus meetings. The high-risk characteristics are generally observed
in approximately 5% of all non-melanoma skin cancers [21,22]. Radiological studies such
as CT scan, MRI, ultrasound, and PET–CT can be employed when an extensive disease
is suspected [19]. CT scan is advised when bone or lymph node disease is suspected or
proven. Perineural spread, central nervous system spread, deep soft tissue spread, and
bone marrow disease should be investigated with MRI. Ultrasonography has a role in
cSCC to identify superficial lymph node disease and USG- guided FNA or biopsy. PET-
CT can also investigate distant metastases, which has additional advantages of function
information and differentiation between postoperative scar and recurrence [19]. Aggressive
characteristics of metastatic cSCC lead to significant morbidity, escalated mortality, and
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individuals who require systemic treatments [5]. Metastatic cSCC and locally advanced
cSCC occur more frequently (up to 35%) in high cSCCs [5].

The treatment of cSCC has long been a significant part of dermatologists’ clinical
practice, and they are well-versed in the various therapeutic options available. Treatment
choice depends primarily on risk stratification and formal staging. The diagnosis and
treatment of cSCC among elderly adults with a short life expectancy has recently become
a highly debated issue. This issue requires a clear differentiation between advanced age
and reduced life expectancy, as they are not identical. Every dermatologist has seen robust,
active nonagenarians who want and deserve to have their cSCC treated with a technique
that offers the best cure rate and quality of life [23].

5. Management
5.1. Surgical Options
5.1.1. Excisional Surgery

Surgical excision is the most effective option for removing the tumor entirely. It is
an outpatient procedure in low-risk cases with a faster recovery time. It allows for tissue
histologic assessment and cure rates of up to 95% for some primary cSCCs [24]. The
recommended free margin of normal skin is 6–10 mm for high-risk cSCC and 4–6 mm for
low-risk cSCC [25,26]. To ensure complete tumor removal, extirpated specimens must be
forwarded to an experienced surgical dermatopathologist for meticulous margin evaluation.
For lesions with high-risk characteristics or those regarded as very high-risk, doctors
recommend broader margins of at least 15 mm [27] to ensure complete tumor elimination.
Such enormous margins are only possible in a few body regions with sufficient cutaneous
laxity to tolerate such enormous defects. In addition, instead of routine surgical excision,
high-risk tumors should be referred to Mohs surgeons for Mohs micrographic surgery
(MMS), which allows for proven tumor removal without the requirement of extensive wide
margins of normal cutaneous areas.

5.1.2. Mohs Micrographic Surgery

Mohs micrographic surgery (MMS) is a surgical procedure that enables a complete
microscopic view of the tissue, the accurate determination of positive tumor margins,
and total tumor clearance. Because surgical excision with negative margins is linked to
considerably reduced recurrence rates, MMS is the benchmark for the surgical eradication
of high-risk cSCC as it offers high cure rates and low recurrence rates [19,28,29]. MMS
cure rates for primary cSCCs are 97%, and 94% for recurrent cSCCs [28,30]. Recent studies
have demonstrated that MMS is highly effective in treating high-risk cSCCs and avoiding
local recurrence [31,32]. A multidisciplinary team may be required to ensure total clearance
in complex advanced cases with bony infiltration, parotid gland involvement, perineural
spread, or metastases. MMS is a more precise and efficient method as compared with
conventional surgical excision [33]. The fixed formalin paraffin embedded (FFPE) technique
involves the storage of tissue samples to preserve tissue morphology and cellular integrity.
Despite the usage of formalin, a toxic and time-consuming protocol that precludes the
widespread application of the technique, the combination of MMS with FFPE provides
more reliable results [34]. Restaging with data acquired by Mohs surgery is far superior
to staging with biopsy data alone, as the surgeon performing the surgery can recognize
high-risk features not identified on focal biopsy specimens [35]. Low-risk cases of cSCC can
also be offered the option of MMS, where it is available after considering the cost. Patients
of cSCC who undergo conventional surgical excision and in turn have positive margins
can be referred to a Mohs surgeon for further surgical planning. If margins are positive
on Mohs surgery, then this should be discussed in a multidisciplinary board meeting. If
the perineural invasion is observed during MMS, then additional radiotherapy should be
added to the post-operative care plan [19].
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5.1.3. Sentinel Lymph Node Biopsy

Sentinel lymph node biopsy (SNLB) can potentially improve screening for metastasis,
prognostication, and patient selection for early therapy and adjuvant clinical trials. How-
ever, most international standards do not endorse SNLB. In a meta-analysis of 19 studies, a
positive sentinel lymph node was found in 12.3% of the 130 patients with cSCC who under-
went SLNB, and the false-negative incidence was 2.6%. In those with a positive node, the
primary cSCC diameter was >2 cm. Sentinel lymph nodes were negative in all nine patients
with T1 lesions in whom the tumor had been confined to the mucosa (0%) as per American
Joint Committee on Cancer (AJCC) criteria. Positive nodes were present in 3 of 5 patients
with T4 lesions in whom the tumor had spanned through all layers of the tissue (60.0%),
and in 13 of 116 patients with T2 lesions in whom the tumor had spread into the submucosa
(11.2%). No patients with T3 lesions were enrolled in the study [36]. A recent systematic
evaluation reported an SLNB positivity of 13.9% with a false-negative rate of 4.6% [17]. In
another review of 23 studies with 566 patients examined, the proportion of patients with
cSCC and positive SLNB was 8% [24], which was lower than that observed in previous
analyses [36,37]. There were insufficient numbers of participants in the investigations to
confidently establish the determinants of SLN positivity [38]. The actual clinical value of
applying SLNB in patients with cSCC has not been clearly defined. In addition, information
on the prognostic value of SNLB remains insufficient for recommending its routine use in
patients with cSCC. Surgery could still be offered after a multidisciplinary consultation
with a restricted group of patients. More effort should be made to identify the predictors of
sentinel lymph node involvement for effective patient selection.

5.2. Targeted Therapies
5.2.1. PD-1 Inhibitors

Neoplastic cells can interact with some immune cells and alter their activity. Co-
receptors operate as both activators and inhibitors of the host response when a host body
identifies the antigen produced by the human leukocyte antigen (HLA) complex in the
tumor cell [39]. cSCC has one of the most significant mutational defects of any cancer,
making it a favorable candidate for immunotherapy [40]. Immune checkpoint inhibitors
are effective against tumors with a high mutational burden [39,40]. The higher risk of cSCC
in immunocompromised patients emphasizes the important role of the immune system in
the growth of cSCC [41,42]. Therefore, clinical trials of these remedies for the treatment of
cSCC have been conducted.

Immune checkpoint receptors include inhibitory receptors like programmed cell death
1 protein (PD-1) and cytotoxic T-lymphocyte antigen 4 (CTLA4). T-cells, B-cells, natural
killer cells, monocytes, and dendritic cells express the inhibitor co-receptor PD-1 [43].
This transmembrane protein interacts with receptors on the surface of tumor cells, PD-
L1 and PD-L2. Binding triggers a signal that suppresses active T-cells and results in
immunological enervation via anergy and T-cell apoptosis [44,45]. Using monoclonal
antibodies to target immunological checkpoint proteins has resulted in therapeutic benefits
for cancer patients [46–48]. Proliferating cells and the tumor microenvironment make up
an established tumor. Both the tumor stroma and the inflammatory infiltrate constitute
the latter. To improve the immune response, most immune checkpoint inhibitors target
lymphocytes in the TME [43–49].

The PD-L1/PD-1 axis is a fundamental modus operandi of malignant immune cir-
cumvention and has been the main concept behind developing novel treatments in recent
years. PD-1 inhibitors have been developed for a variety of cancers. However, because of
the limited response of cSCC to other systemic treatments, medications targeting this axis
are effective in some patients [50,51]. These preliminary findings require a more thorough
investigation of this approach and its possible therapeutic significance in cSCC. Surface
PD-1/PD-L1 has been found in several malignancies. Its expression has been associated
with poor clinical outcomes [52,53], including cSCC [54–57].
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Cemiplimab was the first drug approved by the FDA and EMA to treat advanced
cSCC. The FDA approved cemiplimab on 28 September 2018 for patients with metastatic
cutaneous squamous cell carcinoma or locally advanced cutaneous squamous cell carci-
noma [58]. Cemiplimab also received conditional marketing authorization for the same
indications valid throughout the European Union on 28 June 2019 [59]. It is a PD-1-targeting
human monoclonal antibody. It has been proven successful in immunocompetent patients
with metastatic disease (RR 47%) and advanced cSCC (RR 50%) [58]. Cemiplimab is now
being investigated as neoadjuvant therapy in patients with recurrent stage III-IV head and
neck cSCC before surgery (NCT03565783) and as a preoperative intralesional injection in
patients with recurrent cSCC (NCT03889912).

Pembrolizumab was also authorized by the FDA on 24 June 2020 for advanced cSCC
as it showed encouraging clinical benefit and durable responses. Pembrolizumab efficacy
was investigated in the KEYNOTE-629 trial, and it was approved for metastatic or recurrent
cases of squamous cell carcinoma that are not curable by surgery or radiation [60]. Presently,
immune checkpoint inhibitors are the standard of care in metastatic and locally advanced
cSCC. Several clinical trials are also ongoing to manage advanced cases of cSCC with intra-
lesional instillation of cemiplimab or in neoadjuvant or adjuvant scenarios after surgery
and radiotherapy, as well as research on pembrolizumab. In culmination, the anti-PD1
agents cemiplimab and pembrolizumab are approved by the FDA for the treatment of
advanced cSCC. Presently, immune checkpoint inhibitors are the standard of care in locally
advanced and metastatic cSCC [58–61].

The most common adverse effects of immune checkpoint inhibitor (ICI) are diarrhea
and fatigue, both of which are relatively minor adverse reactions. Immune checkpoint
inhibitors are known to cause minor inflammation; therefore, in patients with pneumonitis,
colitis, hepatitis, thyroiditis, or hypophysitis, it is necessary to take them carefully. These
unwanted reactions can be severe in some instances, requiring termination. Dermatitis and
pruritus are other possible side effects [62].

In addition to clinical trial evidence, multiple case reports of immunotherapy effective-
ness in immunocompetent cSCC patients have been published [63–66]. The utilization of
checkpoint inhibitors is an obstacle for transplant patients because increased T-cell activa-
tion can galvanize allograft rejection [67]. As transplant cases are frequently omitted from
clinical studies, data are scarce, and only data from isolated cases are accessible [65,67,68].

On 21 January 2021, cemiplimab was removed from France’s list of reimbursable
medicine specialties in view of the absence of phase III randomized trials demonstrat-
ing comparative or higher efficacy of cemiplimab versus other systemic treatments [69].
However, patient support programs are available in the United States of America. These
programs assist eligible patients with medicine-related out-of-pocket expenses and re-
imbursements. They also provide cemiplimab free of cost to eligible patients who are
uninsured [70]. Nonetheless, a research study has even observed that cemiplimab is a
cost-effective use of payer resources for treating advanced cSCC and provides value for
money from a healthcare payer’s outlook [71].

5.2.2. EGFR Inhibitors

EGFR inhibitors have been documented for advanced cSCC, with most trials focusing
on cetuximab, which has a lot of heterogeneity and a small number of patients. Cetux-
imab can be used in combination with radiotherapy or chemotherapy [72]. Contemporary
international clinical guidelines recommend cetuximab in cases that fail to respond to or
have contraindications for immune checkpoint inhibitors [61]. EGFR has been identified
as a key therapeutic target in various tumor types. Blocking EGFR signaling using mono-
clonal antibodies or small compounds is effective. In cSCC, EGFR expression is frequently
dysregulated [73]. In contrast, gefitinib and other EGFR tyrosine kinase inhibitors have
demonstrated only a limited therapeutic effect in patients with cSCC [74].
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5.2.3. Cytotoxic Agents—Chemotherapy

Polychemotherapy with cytotoxic agents such as carboplatin, 5-fluorouracil, methotrex-
ate, bleomycin, and gemcitabine have been employed as off-label chemotherapy in ad-
vanced cSCC. Recent guidelines state that these systemic chemotherapies can be used only
in cases that fail to respond or are intolerant to anti-PD-1 immunotherapy [61].

5.2.4. Novel and Upcoming Treatment Agents and Targets in Development

Antibody-drug conjugates are a new type of anticancer treatment that combines the
selectivity of targeted therapy with the deadly efficacy of chemotherapy medicines [75].
Another interesting way to target antigens is to go after cancer stem cells or tumor-initiating
cells [76].

MicroRNAs (miRNAs) are a group of RNAs that have a crucial gene-regulatory
role. Many studies have proved that dysregulation of these microRNAs is linked with
developing many neoplasms. Flotillin-2 is an essential lipid raft component that is usually
positively associated with oncogenesis. Nevertheless, a recent study has demonstrated
that Flotillin-2 expression cSCC was low. In addition, Flotillin-2 is a direct target gene of
microRNA. Flotillin-2 plays an anti-oncogenesis role in cSCC. MicroRNA miR-486-3P acts
as an oncogene in cSCC through the mitigation of Flotillin-2. This is an exciting novel target
for the treatment of cSCC [77].

5.3. Adjuvant Treatment for High-Risk Patients

Adjuvant treatment is recommended for high-risk cSCC because of recurrence, metas-
tasis, and disease-specific mortality. While there are several alternatives for therapy before
surgery, there is little agreement on the appropriate perioperative management [78]. For
local or high-risk cSCC with negative margins, substantial perineural, more extensive, or
identified nerve involvement or other high-risk characteristics, the National Comprehen-
sive Cancer Network guidelines advocate for multidisciplinary consultation and adjuvant
radiotherapy (RT). Its use is justified by the prospect of lowering the risk of local recurrences.
In patients who have repeated excisions that are not feasible after surgical excision for cSCC
with positive margins, European guidelines propose postoperative RT [79]. According to a
previous study, the benefits of adjuvant RT following cSCC resection with negative surgical
margins are questionable [80].

According to the British Association of Dermatologists (BAD) guidelines, adjuvant RT
should be offered to patients with incompletely excised cSCC who cannot undergo further
surgery and have an increased risk of local recurrence. Adjuvant RT is recommended for T3
tumors that have been completely excised and meet the high-risk criteria. Post-operative
RT should be avoided in patients with completely resected T1 or T2 cSCC [81].

5.4. Radiation Therapy

For high-risk cSCC, radiation therapy is employed as a primary therapeutic option
because of its noninvasive nature [82]. It cures a broad spectrum of cSCC types, includ-
ing aggressive ones with lower cure rates. Radiation therapy is as effective as surgery
for malignancies in the lips and eyelids [83,84]. A rigorous treatment regimen requires
dedication. At the same time, it allows for the histological confirmation of tumor mar-
gins [85]. Furthermore, radiation therapy is recommended in individuals who are poor
surgical candidates, who have tumors in inoperable locations, or whose reconstruction may
have cosmetic or functional ramifications. In tumors that have failed to respond to other
treatments, radiation therapy alone is most commonly employed as salvage or palliative
therapy [86].

6. Drug Molecules, Special Scenarios, and cSCC
6.1. BRAF Inhibitors and cSCC

The BRAF inhibitors can suppress tumor growth by interfering with the MAPK path-
way [87–89]. Similarly, MEK inhibition was also found to be effective in reducing cSCC;
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therefore, to reduce these side effects, BRAF inhibitors were combined with MEK inhibitors.
In particular, vemurafenib is combined with cobimetinib [90] and dabrafenib with trame-
tinib [91]. Recent trials [92] showed that trametinib, which inhibits both BRAF and MEK,
decreases the risk of cSCC compared with BRAF monotherapy [92]. However, BRAF
inhibitors have been shown to generate RAS mutations that upregulate the RAS/MAPK
pathway. After BRAF inhibitor treatment, RAS mutations were found in 21–60% of lesions,
compared with 3–30% in normal cSCCs [93]. In squamous carcinomas, BRAF inhibitor-
induced mutations differ from the mutations in spontaneous cases [94]. Human papil-
lomaviruses (HPVs) have also been discovered periodically in BRAF inhibitor-induced
cSCCs, suggesting that HPV may expedite tumor growth in the exposed population [95].

In addition to MEK inhibitors, cyclooxygenase (COX)-2 inhibition has been tested as
a technique to prevent the BRAF inhibitor-induced cSCC. Anti-COX-2 drugs (celecoxib
and diclofenac) have been demonstrated to reduce prostaglandin synthesis, thereby pre-
venting cSCC formation in experiments that induced cSCC carcinogenesis via ultraviolet
radiation [96,97].

6.2. Sonic Hedgehog Inhibitors and cSCC

Sonic hedgehog (SHH) signaling pathway activation, the Ptch1 gene, and the GLI1
transcription factors (the primary target of the hedgehog pathway) have all been reported
to be expressed in cSCC [98]. Typical effects include loss-of-function changes in pathway
suppressors like Ptch1 and gain-of-function changes in promoters. These are also common
in BCC, in which 73% have a gene-inactivating mutation, and 20% have a genetic activation
of smoothened protein [99].

Previous research has shown that cSCCs can develop from a BCC lesion because the
two stem from the same cells. In two studies, Ptch1 was discovered to play a new role in the
connection between BCC and cSCC development in two studies [100]. Ptch1 determines
whether a cell is basal or squamous, and its polymorphisms influence cell-fate determina-
tion. Although Ptch1 absence activates the SHH pathway in BCC, Ptch1 overexpression
augments recourse, thereby increasing the risk of cSCC [101]. Arsenic trioxide was the
first drug approved for targeting SHH by the Food and Drug Administration (FDA) [102].
Vismodegib and Sonidegib were the other two drugs approved in 2013 by the FDA for
the SHH pathway. Drugs like 5E1, robotnikinin, RU-SKI3, and cyclopamine are under
preclinical studies in cancer treatment. Other drugs like saridegib, glasdegib, taladegib,
itraconazole, and genistein are under phase II trials against various cancers [103].

6.3. Immunosuppression and cSCC

Solid organ transplant recipients are at peril of developing cSCC due to immuno-
suppressive medications. Earlier immunosuppressive medications like azathioprine and
cyclosporine have a very high risk of developing cSCC in these transplant cases. How-
ever, newer immunosuppressants such as mycophenolate mofetil, tacrolimus, sirolimus,
and everolimus have reduced the risk of cSCC compared with previous immunosuppres-
sants [104].

6.4. Genodermatoses and cSCC

cSCC in genodermatoses also requires individual case-specific risk stratification and
management. Multiple squamous cell carcinoma or hereditary squamous cell carcinoma is
associated with genodermatoses such as xeroderma pigmentosum, Muir-Torre syndrome,
Ferguson-Smith syndrome, Mibelli-type hereditary porokeratosis, keratitis-ichthyosis-
deafness syndrome, Rothmund-Thomson syndrome, Bloom syndrome, recessive dys-
trophic epidermolysis bullosa, and epidermodysplasia verruciformis [105]. The cSCCs
arising from recessive dystrophic epidermolysis bullosa are far more aggressive and lead
to poor outcomes. Primary cSCC and genodermatoses-induced cSCC have significantly
different tumor microenvironments, and peritumoral cell infiltrates [106]. Further disease-



Dermato 2022, 2 67

specific research in immune dysregulation would create a disease-specific risk stratification
strategy in the future.

7. Novel Genetic Research in Management of cSCC

Although clinicopathological factor-based risk assessment and formal staging systems
are helpful, they have their limitations, such as a lack of a standardized reporting system,
the subjective nature of histopathological reporting, and oversight to record risk at the
molecular level. Combining molecular profiling, the 40-gene expression profile (40-GEP)
test, and clinicopathological risk assessment has demonstrated significant prognostic value
for stratifying metastatic risk. This approach will promote individualized risk identification
and improve outcomes [107].

8. Unmet Medical Needs in the Management of cSCC

Most cSCC patients have localized neoplasm, and treatment is straightforward. How-
ever, many cases are metastatic and inoperable, which is an unmet need despite all the
advances. Contemporary research has widened the comprehension of the mutational
landscape and paved the way to identifying biomarkers for characterization, prognosti-
cation, and disease monitoring. Nonetheless, it is still challenging to recognize crucial
driver mutations of advanced cSCC. Precision medicine using liquid biomarker analysis of
circulating tumor cells, circulating tumor DNA, proteomic plasma profiling, or miRNA can
potentially improve the risk-stratification strategies in these problematic cases. The future
focus should be on this novel biomarker’s analysis to supplement the current tissue-based
diagnostic standards [108].

9. Conclusions

The effective management of cSCC starts from clinical examination and dermoscopy,
followed by an individual risk stratification strategy. Clinicians can then manage the patient
according to formal staging. Surgical management in conventional excision or MMS is the
first-line treatment regardless of the patient’s age and location. The selection of the surgical
option, i.e., conventional vs. MMS and surgical excision margins, depends on risk stratifica-
tion. Positive margins on conventional excision can be addressed with MMS and RT. RT can
be used as first-line treatment in cases unable to undergo surgical resection. Understanding
the molecular foundations of cSCC has aided the development of novel treatments in recent
years. The anti-PD1 agents cemiplimab and pembrolizumab are approved by the FDA for
the treatment of advanced cSCC. Presently, immune checkpoint inhibitors are the standard
of care in locally advanced and metastatic cSCC. Contemporary international guidelines
recommend cetuximab or cytotoxic chemotherapy in cases that fail to respond to or have
contraindications for immune checkpoint inhibitors. A multidisciplinary board’s role is
crucial in managing high-risk cases and positive margins. Other novel targets are being
investigated and are still under development.
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