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Preface

Skin cancer (SC) represents one of the greatest medical challenges, both in terms of its
diffusion and its ability to lead to death in a certain number of cases. Traditionally, SC
has been divided into Melanoma and Non Melanoma Skin Cancer (NMSC), the latter
group consisting of basal cell carcinoma (BCC), squamous cell carcinoma (SCC) and
Merkel cell carcinoma (MCC). Moreover, with the refinement of molecular diagnos-
tic methodologies, more and more findings are shedding light on the oncogenesis
pathways responsible for the biology and behaviour of these neoplasms. Despite

this, to date, still on the threshold of 2025, the histopathological diagnosis represents
the Gold Standard of the correct diagnostic approach on which the beginning of the
therapeutic and care pathway of the patient with SC is based. It is also important to
emphasize that alongside surgical therapies, which continue to play a role of primary
importance, research today is making it possible to discover new oncological therapies
that can assist or, in some cases, replace the traditional surgical approach.

This first part of the publishing project ‘Skin Cancer: Past, Present and Future’ has
gathered some significant contributions from authors from different regions of the
globe, all of whom share the study of SC from different perspectives.

In particular, the first section, entitled ‘Generalities and Epidemiology’, focuses on

a general discussion of SC with special attention to the epidemiological data of the
different types updated to 2024. Section 2, titled ‘Basal Cell Carcinoma (BCC)’, pro-
vides an up-to-date review of basal cell carcinoma and multiple basal cell carcinoma
syndromes, considering the most up-to-date molecular findings. Section 3, titled
‘Alternative Therapy for BCC),, is related to the possibility of using radiation therapy
and topical Fluorouracil therapy for BCC, adding other possibilities to the therapeutic
arsenal we have at our disposal. Finally, in section 4, titled ‘Future Perspectives’,

the authors present a useful diagnostic imaging technique for biological activity to
diagnose melanoma in its early phases.

As editors, we would like to publicly thank the authors, reviewers and all those who
played an important role in making it possible to publish this book.

A special dedication goes to our teachers, now ascended into Heaven, to whom we
owe so much, perhaps everything, of what we are and do.

Dr. Gerardo Cazzato and Dr. Giuseppe Ingravallo

Section of Molecular Pathology,

Department of Precision and Regenerative Medicine and Ionian Area (DiMePRe-]),
University of Bari “Aldo Moro”,

Bari, Italy
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Chapter1

Advances in Skin Cancer

Jenan Al-Matougq

Abstract

Skin cancer has been associated with excessive sun exposure ever since the nineteenth
century. The most common affected skin cells upon recurrent exposure to the sun
include the squamous cells, basal cells, and Merkel cells. Basal cell carcinoma has the
highest prevalence among the other types of skin cancer, but rarely metastasizes and is
highly treatable. Squamous cell carcinoma, if left untreated, is inclined to penetrate the
epidermis, invade into the dermis, and metastasize to other organs. Melanoma, however,
is highly aggressive and has the least survival rates. Cumulative exposure to ultraviolet
radiation mainly from the sun results in DNA damage, oxidative stress, inflamma-
tory response, and gene mutations, all leading to the development of skin cancer.

Many molecular pathways are affected by the mutations and can activate oncogenes,
inactivate tumor suppressor genes, or impair DNA repair genes. This consequently

can lead to increased proliferation, blood vessel growth, tumor invasion, evasion of
immune response, and ultimately, metastasis. Early detection is vital to prevent cancer
promotion and is mainly via histopathological techniques. Treatment options include
surgical removal as the first-line treatment for early stages of skin cancer and immune
therapy. An alternative emerging approach in the treatment of metastasized skin cancer
is through nanotechnology that operates at a nanoscale increasing drug delivery and
distribution in the body.

Keywords: epidermis, UV radiation, squamous cell carcinoma, basal cell carcinoma,
melanoma

1. Introduction
1.1 Anatomy and histology of normal human skin

The layers of the skin include the superficial epidermis layer underlaid by a
basement membrane separating it from the dermis layer, which in turn rests on the
deepest layer called the hypodermis. The subcutaneous loose tissue and fat within the
hypodermis support the skin and insulate body temperature [1].

The dermis layer is the thickest layer of the skin, which comprises hair follicles,
sweat glands, blood vessels, and nerves that are held in place by collagen [1]. It also
comprises fibroblasts, which are responsible for the synthesis of the extracellular
matrix protein, collagen, elastin, and proteoglycan. Together, these patterns provide
the skin with elasticity and strength. Immune cells such as lymphocytes and macro-
phages are also located in the dermis and help protect the body from foreign material
(Figure1) [3].
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Figure 1.
The structural features of the skin (Copyright @ 2007 Pearson Education, INC., publishing as Benjamin
Cummings). Reprinted with permission from Ref. [2].

The superficial epidermis layer of the skin is composed of several types of
cells such as keratinocytes, melanocytes, Langerhan’s cells, and Merkel’s cells. The
most plentiful of these are the keratinocytes, which protect the skin and underly-
ing tissue from external assaults. Melanocytes produce the pigment melanin that
protects skin from ultraviolet radiation. Langerhans cells are antigen-presenting
cells, derived from the bone marrow and lastly, Merkels cells function as sensory
mechanoreceptors (Figure 2) [4]. Within the epidermis, the keratinocytes are
organized into five strata that undergo morphological and biochemical differentia-
tion until they are shed from the surface of the skin. The deepest of these strata is
the stratum basale, which is a single layer of mitotically active cuboidal cells. They
undergo either symmetric cell division to promote lateral expansion that provides
the regenerative capability of the epidermis, or asymmetric cell division to enable
vertical expansion through the production of differentiated keratinocytes [5, 6]. The
stratum basale is attached to the basement membrane that separates the epidermis
from the other layers of the skin by junctional complexes called hemidesmosomes.
Basal keratinocytes move up into the stratum spinosum as they differentiate into the
3-5 layers of the stratum granulosum, where the nuclei flatten. The stratum granu-
losum keratinocytes contain granules that release lipids contained within lamellar
bodies to repel water. Superficial to the stratum granulosum, the stratum lucidum
is composed of 3-5 layers of terminally differentiating and flattened keratinocytes.
Finally, the outer most layers of the stratum corneum are made up of flat anucleate
squames filled with highly cross-linked proteins that help to reduce water loss from
skin. These squames slough from the surface and are continuously regenerated
(Figure 2) [7].

Cells originating at the stratum basale differentiate as they move to more superfi-
cial layers and eventually slough off. Thus, the normal function of the skin for protec-
tion from chemical, biological, or physiological insults requires a closely coordinated
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Figure 2.
The structural features of the epidermis (Copyright @ 2007 Pearson Education, INC., publishing as Benjamin
Cummings). Reprinted with permission from Ref. [2].

regulation of proliferation and differentiation. Disruption of this process, through the
deregulation of cell cycle pathways, can lead to cancer and other pathologies [8].

1.2 Skin cancer

Skin cancer is common among those with outdoor jobs and has been associated
with excessive sun exposure ever since the nineteenth century. The incidence of
skin cancer is high in populations with light skin and its occurrence has increased
over the years, where more than 1.2 million skin cancers occur worldwide each year
[9]. Skin cancer is classified into two main types: melanoma and non-melanoma
skin cancer. Each year, the incidence of non-melanomas surpasses the combined
incidence of cancers of the breast, prostate, lung, and colon together [10]. Non-
melanoma skin cancers are not reported to cancer registries due to their early detec-
tion and low mortality rates. They rarely metastasize beyond the original tumor site
and are seldom fatal but can be extremely detrimental if untreated [10]. The most
common type among these is basal cell carcinoma (BCC) followed by squamous
cell carcinoma (SCC) [11]. The latter type results from the abnormal growth of the
epithelial cells of the epidermis and is more aggressive than BCCs because of their
potential to invade and metastasize if kept untreated. Squamous cell carcinoma
of the skin metastasizes about 5% of the time in primary tumors of sun-exposed
skin with a higher rate for primary SCCs in non-exposed areas of skin [12, 13]. SCC
accounts for less than 0.1% of all cancer deaths [14, 15] and is 65 to 250 times more
common in immunosuppressed transplant patients, in which it presents with much
more aggressive characteristics, more frequent recurrence, and higher likelihood of
metastasis [16].
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Merkel cell carcinoma is a rare type of non-melanoma skin cancer with a
steady incidence rate, yet highly aggressive and fast growing [17]. It is also known
as neuroendocrine carcinoma of the skin due to the fact that Merkel cells are
connected to the nerve endings and responsible for sensory. Other rare types of
non-melanomas include T-cell lymphoma and Kaposi’s sarcoma found in older
individuals [18].

Melanoma skin cancer, on the other hand, is less common but more deadly since it
can grow more deeply below within the skin layers and travel through the lymphatic
system and metastasize. In the past decade, the number of melanoma skin cancer
cases increased by 27%. Once melanoma spreads deeper into the skin and invades to
other parts of the body, it becomes difficult to treat and has less survival rates [19].
Early experiments indicated the effect of UV radiation on DNA damage leading to
mutations [20] and that skin pigmentation had a protective effect against skin cancer.
The main etiological trigger of skin cancers is contributed to cumulative exposure to
UV radiation [21].

Other risk factors include older age, Human papillomavirus infection, exposure
to chemicals like arsenic, which is found naturally in water in some areas, genetic
predisposition, immunosuppression, and having a fair complexion. Melanin is the
protective pigment in the outer epidermis layer, which helps protect the skin from
ultraviolet (UV) radiation. Therefore, fair-skinned people, who produce less melanin,
are particularly susceptible to developing skin cancer [15]. Similarly, to other cancers,
skin cancer is caused by a genetic alteration that leads to uncontrolled division and
growth of cells.

2. Ultraviolet radiation is a main carcinogen for skin cancer

Ultraviolet radiation (UVR) spectrum of the sunlight is the major cause in the
development of skin cancers. UVR is subdivided into: Ultraviolet A (UVA) with a
wavelength range of (315-400 nm), Ultraviolet B (280-315 nm), and ultraviolet C
(100-280 nm). Among these types, 95% UVA and 5% UVB radiation reach the earth
and can penetrate the skin due to their infiltration by the ozone layer of the atmo-
sphere [22]. UVB radiation tempts to burn the skin at a much lower dose than UVA
and creates a higher risk for skin cancer. Due to the exhaustion of the ozone levels by
environmental pollutions, the atmosphere continues to lose more of its protective
filter function; hence, more UVB radiation reaches the earth’s surface, increasing the
risk of UVR penetrating the skin [23].

The depth of UV radiation penetrating the skin is correlated with its wavelength.
UVA, with the longest wavelength, penetrates furthest into the skin, causing damage
to both the epidermis and dermis. UVB has a shorter wavelength and typically does
not reach past the epidermis layer; however, it is more effective in causing sunburns
and skin cancer. UVC rays are normally filtered by the atmospheric ozone layer and
therefore do not usually contribute to skin cancer.

Additionally, indoor tanning devices can emit UV radiation 10-15 times higher
than direct sun exposure and exert their effect through the emission of both UVA and
UVB radiation. Several studies have associated indoor tanning with an increased risk
of melanoma and non-melanoma skin cancers [24, 25]. People with less protective
melanin pigmentation have a high tendency to accumulate skin burns, which can
stimulate skin cancer development.
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3. Pathogenesis of skin cancer

UV radiation was known to induce skin cancer since the nineteenth century, but
it was not until the 1940s when it became evident that UV induced DNA damage.
Later in the 1970s, oncogenes and tumor suppressor genes were further discovered
to be related to skin cancer development [26]. The carcinogenicity of UVA and UVB
radiation includes the process of direct photochemical damage of DNA in the form of
cyclobutene pyrimidine dimers (CPDs) and 6-4 photoproducts (6-4 PPs). UVB and
UVA also cause oxidative stress associated with increased production of oxidizing
species such as 8-oxo-7,8-dihydroguanine (8-0xoG), which can also lead to mutations
[27]. It also includes activation of the inflammatory processes and suppression of
cutaneous antitumor immunity [28].

UV-induced DNA damage leads to a cell cycle arrest at the G1/S and G2/M check-
points. This allows the cell to repair any damage or trigger apoptosis before replication
[29]. A major mechanism for the repair of DNA damage is the Nucleotide Excision
Repair (NER) and Base Excision Repair (BES) for oxidative damage. These enzymatic
pathways recognize and correct UV-induced DNA lesions by cutting out the oligo-
containing damage and filling its place with a complementary strand to maintain
integrity of the genome. A defect in this mechanism increases the risk of skin cancer.
Xeroderma pigmentosum (XP) is a rare autosomal recessive disease in which the NER
mechanism is defected and therefore has a 1000-fold increased risk of developing
skin cancer (Figure 3) [30].

As the UV-induced DNA damage accumulates, mutations occur. Mutations in
certain genes contribute to genetic instability and the development and progression of

- Nl

‘ DNA repair DNA damage

T
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Lk,

Skin cancer

Figure 3.
Pathogenesis of skin cancer (figure created by the author).
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both melanoma and non-melanoma skin cancers in response to the DNA insult [31].
The mutations can activate oncogenes, inactivate tumor suppressor genes, or impair
DNA repair genes, all leading to increased proliferation, blood vessel growth, tumor
invasion, evasion of immune response, and ultimately, metastasis [31].

3.1 Non-melanoma skin cancer pathogenesis

Non-melanoma skin cancers arise via a multistep process, gradually acquiring
mutations and progressing to precancerous lesions such as actinic keratosis (AK),
keratosis, dermatitis, scars, chronic ulcers, or Bowen’s disease (BD) [32]. In AK,
atypical keratinocytes are present primarily in the basal and less differentiated
layers of the epidermis [33]. Bowen’s disease and squamous cell carcinoma in situ
are characterized by atypical keratinocytes throughout the epidermis. These lesions
have a 3-5% chance to invade beyond the basement membrane and thus develop
into SCC (Figure 4) [18, 35].

Recent studies have shown that UVR-induced signal transduction plays a huge role
in the initiation and progression of non-melanoma cancer and is remarkably complex.
Many signaling pathways are activated and can provoke a suppressive apoptotic
response, or an oncogenic pro-survival response according to the duration of exposure
to UV and the level of DNA damage. Among the foremost of these signaling pathways
are the Ataxia Telangiectasia Mutated (ATM) and RAD3-related (ATR) pathways,
where ATM and ATR proteins are recruited by DNA damage sensing proteins [36].
Once recruited at the site of a double-strand break, ATM activates downstream signal-
ing pathways by phosphorylating the effector checkpoint kinases (Chk1 and Chk2)
as well as p53. P53, in turn, activates p21 and blocks cyclin-dependent kinase (CDK)/
cyclin E complex activation, leading to cell cycle arrest [37]. Chk1/2 phosphorylate cell
division cycle 25 (CDC25) phosphatases, resulting in their degradation.

Progression of non-melanoma skin cancer has been associated with increased
activity of Dual specificity cell division cycle 25 (CDC25) phosphatases, which
are regulators of cell cycle and apoptosis [38, 39]. It has been shown that ErbB2 is
upstream of a DNA damage cell cycle checkpoint and is activated following UV
irradiation [40, 41]. This activation signals the PI3K/Akt pathway, which results in
the inhibitory phosphorylation of Chk1 on Ser”®. This blocks the activation of Chk2,
thereby inhibiting the phosphorylation of CDC25A and leading to its sustained
function, which can increase tumor progression [42]. Increased expression of CDC25

Normal skin Actinic keratosis Bowen’s disease SCC

% ;
SR LR Etaeises;
Premalignant Carcinoma in situ

Progression

Figure 4.
SCC development is a multistep process that can involve premalignant actinic keratosis or Bowen’s disease.
Authors own photos from Ref. [34].
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phosphatases in skin cancer has an anti-apoptotic and pro-survival effect, allowing
tumor progression [38]. ATR is recruited at the site of a single-strand break and can
also phosphorylate ATM. UVR-induced activation of ATR leads to the phosphoryla-
tion of Chk1 on Ser’™, which subsequently phosphorylates and inhibits the activity of
CDC25, resulting in cell cycle arrest in a similar manner to Chk2 [36]. In the presence
of reactive oxygen species (ROS), apoptosis signal-regulating kinasel (ASK1) is
activated and promotes apoptosis by activating p53 [36]. A cell proliferative response
occurs through the activation of PI3K/mTOR and Raf-MEK-ERK pathways down-
stream of UVR-induced receptor tyrosine kinases.

Common mutations found in cSCC include those in RAS oncogene, which encodes
RAS protein. This gene plays a crucial role in the evolution of non-melanoma carci-
nomas through regulation of proliferation, apoptosis, and angiogenesis. Additionally,
inactivation of E-cadherin membrane protein, which is involved in epithelial cell
adhesion, is associated with the invasion and metastasis of SCC [18]. The SCC is
capable of locally infiltrative growth, spreading to regional lymph nodes and leading
to distant metastasis, most often to the lungs. Invasive SCC occurs in the epidermis
and invades the dermis [43].

BCC, the most common form of non-melanoma cancers, is not aggressive and
rarely metastasizes. BCC originates from pluripotent interfollicular stem cells and
involves mainly a mutation in the sonic Hedgehog signaling pathway as a result of
high exposure to UV radiation in 90% of the cases [44]. PTCH1 gene, which codes
for the sonic hedgehog (SSH) receptor, is mutated and tumorigenesis is induced by
opposing cell cycle arrest and differentiation, resulting in uncontrolled cell growth
and formation of hyperplasia. Another common affected pathway in BCC is found
on the Canonical (B-catenin dependent) Wingless (WNT) signaling pathway [44].
Other common mutations induced by UVR exposure found in BCC are seen in the P53
tumor suppressive gene [45, 46].

T-cell lymphoma is related to immunosuppression, where there is a marked
decrease in T cell lymphocytes, which in turn is caused by the loss of an important
receptor, CD28 protein preventing clonal expansion of T cells [47]. Both Merkel’s
carcinoma and Kaposi’s sarcoma are also associated with immune suppression [18].

3.2 Melanoma skin cancer pathogenesis

Melanoma originates from pigment-producing melanocytes located in the basal
layer of the epidermis. The etiology of melanoma is related to both genetic and
environmental factors. The main environmental influence is intermittent intense
exposure to UV radiation. Although melanin produced by melanocytes has a protec-
tive antioxidant feature against UV-induced damage, this feature can be converted
to a pro-oxidant when oxidized by the reactive oxygen species generated from the
UV radiation [48]. This in turn leads to the increase of oxidative stress and eventu-
ally leads to the acquisition of mutations that can alter the control of the cells and
progress to melanoma cancer [49]. The progression of malignant melanoma involves
a complex series of pathways and oncogenic targets that interact together. The most
frequent of these oncogenic targets is the v-Raf murine sarcoma viral oncogene
(BRAF), which acts in the mitogen-activated protein kinase and extracellular
signal-regulated kinase (MAP/ERK) pathway involved in the regulation of cell pro-
liferation, cell growth, and migration. Mutations on BRAF are found in dysplastic
nevi (a clonal population of melanocytes) and lead to nevus development reaching a
senescent stage [50].

9
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Further mutations in tumor suppressor genes such as PTEN and NRAS will con-
tribute to melanocytes evading senescence, leading to the transformation of the nevus
to melanoma confined to the epidermis where radial growth phase occurs (RGP) at
early stages. Additionally, inactivation of the tumor suppressors CDKN2A and P53
aids in the progression and invasion of melanoma, causing the vertical growth phase
(VGP) and ultimately metastasis [51, 52].

The PI3K-AKT pathway is another separate signaling pathway that plays a role in
melanoma cell proliferation and survival. Phosphatidylinositol-3-kinase (PI3K) is
involved in various functions within the cell, such as cell growth and proliferation. It
leads to the phosphorylation and activation of the serine-threonine-specific kinase,
AKT and elicits progression and a strong anti-apoptotic effect [50].

Melanocytes are normally connected to basal keratinocytes through the trans-
membrane glycoprotein E-cadherin. When melanoma transitions to the metastatic
stage, it undergoes epithelial to mesenchymal transition (EMT), which involves
switching the E-cadherin to N-cadherin to be up regulated through the WNT signal-
ing pathway. Subsequently, the newly increased N-cadherin facilitates melanoma
migration into the dermis and its interaction with dermal fibroblasts and vascular
endothelial cells allowing the spread of melanoma cancer [19].

4. Diagnosis of non-melanoma and melanoma skin cancers

Cutaneous SCC can be presented in its early stages as its precursor, actinic keratosis,
and can develop to become hyperkeratotic as it progresses. cSCC can also appear as an
asymptomatic small plaque or nodule that enlarges over time. It can show in different
forms such as crateriform, ulcerated, necrotic, or botryomycotic [53]. BCC is presented
as a shiny pink nodule that may enlarge to have an ulcer appearance, most commonly
on the nose, cheeks, eyelids, or forehead [54]. Dermoscopy is used to differentiate
diagnosis through a biopsy of the lesion. Histologic staining and immunohistochemical
markers, such as cytokeratins, are used to confirm diagnosis. The histopathological
picture of cSCC shows strands of atypical keratinocytes originating in the epidermis
and infiltrating into the dermis [53]. The histopathological picture also displays islands
or nests of basaloid cells with basophilic nuclei and scanty cytoplasm [55].

Early detection of melanoma according to clinical features is based on the ABCDE
rule, which stands for Asymmetry of the cancerous lesion, Border-irregularity, Color
variation of the lesion, Diameter of more than 6 mm, and Evolution of the lesion
where it becomes larger or changes in color [56]. Additional confirmation of melanoma
diagnosis is through the histological features where melanoma will be classified based
on Clark’s level (how deep the tumor invades in the skin) and Breslow depth (depth
in millimeters of invasion). Accordingly, the four types of melanomas are superficial
spreading melanoma (SSM), lentigo maligna melanoma (LMM), nodular melanoma
(NM), and acral lentiginous melanoma (ALM) [57]. Furthermore, the tumor is staged
to provide information that can guide treatment and prognosis. Imaging tests such as
a positron emission tomography (PET) scan and Computed tomography (CT) scan
aid in staging the tumor. Stage 0 is given if the tumor is confined to the epidermis and
can be treated with surgical excision. Stage 1 is considered early melanoma where the
tumor is less than 1 mm in depth. Stage 2 is given if the tumor is between 1 and 4 mm
in depth. Stage 3 is when the tumor has spread to nearby lymph nodes. Finally, stage 4
is the most advanced stage, owing to the spread of the tumor to other parts of the body.
High blood level of lactate dehydrogenase (LDH) is also found at this stage [58].
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Furthermore, recent studies have utilized artificial intelligence using deep learning-
driven models to identify and classify skin cancers using dermoscopic images, aiming
to improve the accuracy and efficiency of the diagnosis of skin cancers [59, 60].

5. Treatment of skin cancer

Treatment options depend on various factors such as size, location of the tumor,
possible side effects, and patients’ preference.

Surgical excision is the first-line treatment for tumors at the early stages. Non-
melanoma and early stages of melanoma mainly rely on surgical removal asa
standard of care. Affected regional lymph nodes are dissected to decrease the risk of
recurrence. A technique called MOHs micrographic surgery is used when the cancer is
arecurrent type. This procedure requires the removal of the tumorous tissue followed
by a microscopic analysis during the surgery to histologically assess the area via a thin
frozen section for any further tumor cells, if so, an additional layer is excised. This is
repeated until there are no signs of tumor cells [31].

Cryosurgery and Radiation therapy may be used for areas that are difficult to per-
form surgery on, such as the non-melanoma cancer on the eyelid. It can also be given
as an additional preventive treatment after surgery [61]. Another treatment used
for lesions located on the surface of the skin is Photodynamic therapy (PDT), which
transforms light energy into heat energy. The area is exposed to a special wavelength
of light after applying a topical medication containing aminolevulinic acid, producing
cytotoxic effects that leads to the damage of the function of targeted tumor cells and
subsequently their death. Studies have shown that PDT is effective for BCC and can
help prevent the development of SCC [31].

Immune therapy is a novel approach widely used to treat skin cancers, mainly mel-
anoma since it is an immunogenic tumor. Interferons, a group of signaling cytokines
that induce protection against disorders, play an important role in immunotherapy
against cancer. They induce an antitumor response by producing anti-proliferative
effects [62]. Types of immune therapy include Cytokine therapy and cancer vaccines,
which enhance the immune response against cancer cells. Checkpoint inhibitors such
as Programmed cell death protein 1 (PD-1) and cytotoxic T-Lymphocyte-associated
protein 4(CTLA-4) are other types of immune therapy. These inhibitors block the
inhibition of immune response allowing immune cells to detect and attack cancer cells
[31]. An alternative more personalized immune therapy approach is the Chimeric
Antigen Receptor T-cell therapy (CAR-T), which involves genetically modifying
the patients’ T-Cells to express receptors to target skin cancer [63]. Topical immune
therapy can be used, such as ingenol mebutate (IM), which promotes anti-tumor
antibodies [64].

Chemotherapy can be topically applied on tumors where several lesions are spread
across various sites on the body or when they are poor candidates of surgical removal.
Topical 5-fluorouracil (5-FU) chemotherapy is commonly used for BCC. Other topical
treatments include retinoid, which was also shown to have a chemo-preventive effect
on BCC. A more recent treatment, being explored for patients with advanced BCC, is
the Hedgehog pathway inhibitors [65].

An emerging approach in the treatment of metastasized skin cancer is through
nanotechnology that operates at a nanoscale and can help in tumor imaging and can
increase drug delivery and distribution in the body. Quantum dots are nanocrystals
with optical and electric properties and may be functionalized with antibodies that
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target skin cancer cells. With the emission of light from these dots, it would help the
clinicians in precisely identifying the areas of cancer cells. Nanoparticles can also be
applied to deliver drug to specific cancer cells. The first-line treatment for advanced
melanoma is dacarbazine (DTIC), which can be delivered via nanoparticles [66]. Due
to its heterogeneity and variation in mutations and affected pathways, skin cancer
has potential to develop and worsen. Therefore, single choice of treatments may be
challenging, and the need of combination therapy is required. This involves pairing
therapies such as immunotherapy with radiation therapy, to hence decrease recur-
rence and increase survival [67].

6. Conclusion

Rapid globalization has led to continuous depletion of the ozone layer allowing
more entry of UVA and UVB to the earth, which in turn leads to more genetic altera-
tions in the skin cells, leading to increased incidents of skin cancer. Although skin
cancer mortality rates are low, the high incidence in countries of Caucasians results
in a high-cost burden. DNA repair response to UV-induced damage in the skin is
very important. The molecular signaling mechanisms during skin carcinogenesis
are extremely complex and depend on the intensity and duration of UV-induced
damage. This mechanism can induce either oncogenic or tumor suppression effects
with extensive crosstalk between pathways. Furthermore, genetic variation between
individuals can further introduce the complexity of signaling pathways and hence
treatment response. Prevention and early diagnosis are must through increasing
awareness of the harmful effects of sun exposure and indoor tanning beds, and the
importance of utilization of sun protection. This concludes the significance of early
screening protocols for high-risk populations through a complete skin examination.

Abbreviations

UVR ultraviolet radiation

BCC basal cell carcinoma

SCC squamous cell carcinoma

CPDs cyclobutene pyrimidine dimers

6-4 PPs 6-4 photoproducts

8-0x0G 8-oxo- 7,8-dihydroguanine

AK actinic keratosis

BD Bowen’s disease

ATM Ataxia telangiectasia

ATR RAD3-related

Chk1 and Chk2 checkpoint kinases

CDK cyclin-dependent kinase

CDC25 cell division cycle 25

BRAF v-Raf murine sarcoma viral oncogene

MAP/ERK mitogen-activated protein kinase and extracellular signal-
regulated kinase

ROS reactive oxygen species

ASK1 apoptosis signal-regulating kinasel

PI3K/mTOR phosphoinositide 3-kinase/mechanistic target of rapamycin
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SSH Sonic Hedgehog

PTCH1 protein patched homolog 1

WNT canonical (B-catenin dependent) wingless
PTEN phosphatase and tensin homolog

VGP vertical growth phase

RGP radial growth phase

EMT epithelial to mesenchymal transition

SSM superficial spreading melanoma

LMM lentigo maligna melanoma

NM nodular melanoma

ALM acral lentiginous

PD-1 programmed cell death protein

CTLA-4 cytotoxic T-lymphocyte-associated protein 4
CAR-T chimeric antigen receptor T-cell therapy
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Abstract

The incidence of skin cancer has risen globally in recent years, with 2024 marking
a critical point in understanding its epidemiology and burden on public health. As
one of the most common malignancies worldwide, skin cancer results from a com-
bination of genetic predisposition, lifestyle behaviors, environmental exposures,
and socioeconomic factors. This chapter provides a comprehensive overview of the
current epidemiology of skin cancer, focusing on both melanoma and non-melanoma
skin cancers (NMSC). It examines variations in incidence and prevalence across
different regions and demographic groups, shedding light on key risk factors such as
UV exposure, skin type, geographic location, and evolving trends in sun exposure.
The chapter highlights the public health importance of early detection and preventa-
tive measures, which are essential to reducing morbidity and mortality associated
with skin cancer. The chapter also addresses significant trends, including a marked
increase in melanoma among younger populations, particularly in high-UV regions,
as well as disparities in access to healthcare that impact skin cancer outcomes. In addi-
tion to exploring global NMSC epidemiology—with emphasis on basal cell carcinoma
(BCC) and squamous cell carcinoma (SCC) patterns across continents—this chapter
reviews the high incidence rates of NMSC in countries like Australia and New Zealand
and contrasts them with regions where incidence is lower but mortality rates may be
disproportionately high due to limited healthcare access. In discussing melanoma,
the chapter analyzes the “divergent pathway” model of tumorigenesis, anatomical
site-specific trends, and improvements in diagnostic accuracy due to advances in
dermoscopy. Emerging therapeutic options, such as immunotherapies for advanced
melanoma, are also explored within the context of reducing melanoma mortality.
This chapter thus provides healthcare professionals, researchers, and policymakers
with an updated framework for understanding the complexities and pressing needs in
skin cancer prevention and management in 2024.

Keywords: epidemiology, NMSC, melanoma, skin, neoplasms, overview

1. Introduction

In 2024, the growing worldwide incidence of skin cancer is a significant public
health problem. Skin cancer is one of the most common types of cancer in the
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world and is caused by intricate relationships between genetics, personal behavior,
environmental factors, and socioeconomic status. Our understanding of skin cancer
epidemiology is changing as a result of advancements in public health research, as
well as a greater awareness of the roles played by UV radiation, climate change, and
demographic trends. An updated summary of the incidence, prevalence, and trends
of skin malignancies, including melanoma and non-melanoma skin cancers, in differ-
ent groups is provided in this chapter. It looks at the effects of risk factors such as skin
type, geography, and changing sun-exposure habits, emphasizing the value of early
detection and prevention measures in reducing the disease’s effects.

This chapter will also cover current epidemiological trends, such as the rising
prevalence of melanoma in younger people, especially in areas with high UV expo-
sure, and inequalities in healthcare access that impact diagnostic and treatment
results. In order to give healthcare professionals, researchers, and public health
policymakers a thorough grasp of the current situation and the obstacles facing the
reduction of skin cancer morbidity and mortality, this chapter examines the most
recent findings and projections in skin cancer epidemiology.

2. Epidemiology of non-melanoma skin cancer worldwide: An updated
overview

Non-melanoma skin cancer (NMSC) refers to a group of cancers that originate
from the skin’s epidermal cells, with the two most common types being basal cell
carcinoma (BCC) and squamous cell carcinoma (SCC). NMSC is the most frequently
diagnosed cancer globally, with an increasing incidence in both developed and devel-
oping nations. This rise is largely attributed to aging populations, increased exposure
to ultraviolet (UV) radiation, and improved detection practices. Understanding the
global epidemiology of NMSC is crucial for public health efforts aimed at prevention
and management. Here, we explore the prevalence, risk factors, and trends in various
regions of the world, based on the latest scientific evidence [1, 2].

2.1 Global incidence and prevalence
2.1.1 North America

In North America, particularly the United States and Canada, NMSC incidence
is notably high. The United States alone accounts for approximately 5.4 million cases
of NMSC annually [3]. BCC is the more common subtype, representing around 80%
of cases, while SCC accounts for the remaining 20% [4]. NMSC rates have increased
significantly over the last several decades, with studies showing that the incidence
of BCC has risen by 145% and SCC by 263% between the 1970s and the 2010s [5].
This trend is largely due to increased sun exposure, the aging population, and greater
awareness and early detection. Canada has seen similar trends, though the incidence
is lower in its northern provinces due to less UV exposure [6].

2.1.2 Europe

In Europe, NMSC is also one of the most commonly diagnosed cancers, though
incidence varies by region. Northern European countries such as Norway, Sweden,
and Denmark report lower rates of NMSC compared to southern countries like Italy,
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Spain, and Greece, where higher UV radiation exposure is a significant risk factor [7].
The European Academy of Dermatology and Venereology (EADV) has reported an
annual increase of 3-8% in NMSC cases over recent decades [8]. Recent data suggest
that the overall incidence of NMSC in Europe may exceed 300 cases per 100,000
people annually [9].

2.1.3 Australia and New Zealand

Australia and New Zealand have the highest reported rates of NMSC in the world,
with Australia recording an incidence of over 1000 cases per 100,000 people per year
[10]. This region’s population is predominantly of European descent, with lighter
skin types more susceptible to UV-induced skin damage. The high incidence is largely
attributed to the country’s proximity to the equator, resulting in higher UV exposure,
as well as the widespread outdoor lifestyle and historical underuse of sun protection.
In New Zealand, similar factors contribute to high NMSC rates, though public health
campaigns have somewhat mitigated the rise [11]. Both countries have been at the
forefront of skin cancer prevention campaigns, which have had some success in rais-
ing awareness and promoting sun protection.

2.1.4 Asia

In Asia, the incidence of NMSC is generally lower than in Western countries,
though it is on the rise in some regions. Countries such as Japan, China, and South
Korea have reported increasing rates of NMSC, particularly in urban areas with
higher exposure to UV radiation due to lifestyle changes [12]. However, darker skin
phototypes common in Asian populations tend to offer some protection against
UV-induced skin damage, resulting in lower incidence rates compared to regions
with predominantly fair-skinned populations. In South Asia, countries like India and
Pakistan report a relatively low incidence of NMSC, though SCC is more prevalent
due to the combination of UV exposure and other risk factors like chronic arsenic
exposure from contaminated water sources [13].

2.1.5 Africa

NMSC incidence in Africa is lower than in regions with predominantly lighter-
skinned populations, although the data are limited. In Sub-Saharan Africa, the
incidence of NMSC remains low, largely due to the higher levels of melanin in the
skin, which provides natural protection against UV damage. However, in Northern
Africa, where fair-skinned individuals are more common, the incidence is higher, and
sun exposure is a significant risk factor [14]. Additionally, individuals with albinism
in Africa have a substantially higher risk of developing SCC, often at a young age, due
to their lack of melanin. Public health efforts to protect this vulnerable population
from excessive sun exposure remain critical.

3. Epidemiology of melanoma

Skin malignancies are the most frequently diagnosed type of cancer worldwide,
with an expected 1.5 million new cases since 2020 [15]. Approximately 1 in 5 of these
cancers are represented by melanomas, with a predicted 325,000 cases globally in
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2020 alone [15]. Over the past 50 years, melanoma incidence rates have been increas-
ing in people of European descent with fair phenotypes. More than three-quarters

of all newly diagnosed melanoma cases can be linked to UV radiation, making
populations susceptible to this strong and widespread risk factor for the disease
largely responsible for this increase [16]. According to this epidemiological study
[17], melanoma represented a substantial portion of the cancer burden in 2020 and
was primarily found in highly developed nations that were more vulnerable to the
harmful effects of sunlight radiation. Incidence and mortality rates varied signifi-
cantly by country and region, with the highest incidence found in light-skinned
populations in North America, western and northern Europe (including Denmark,
Norway, and the Netherlands), and Australia/New Zealand. Melanoma, on the

other hand, is still uncommon in many regions of Asia, South and Central America,
and Africa. Mortality is out of proportion to incidence in Asia and Africa. Even if
there aren’t many melanoma cases in developing countries, the disease’s death rate is
frequently disproportionate, as seen in most of Asia and Africa, most likely as a result
of increased mortality rates. Due to the absence of sufficient screening programs in
developing nations, where low incidence is linked to disproportionately higher mor-
tality than in nations where incidence is significantly higher due to a higher number
of diagnoses in a population that has become more sensitive as a result of ongoing
screening campaigns, the various estimates of incidence are severely biased. Due to
improvements in therapy, the total mortality rate from melanoma in the United States
has decreased significantly over the last ten years (2011-2020), by about 5% annually
for those under 50 and 3% annually for those 50 and older. It was anticipated that

the disease would be the cause of 7990 deaths in 2023 (5420 men and 2570 women).
Between 2007 and 2016, the melanoma death rate decreased by about 2 percent annu-
ally for people aged 50 and over and by about 4% annually for those under 50. Public
education may have an impact on early discovery and treatment, as evidenced by the
decrease in mortality observed in younger patients [17].

Regarding the different anatomical sites, the melanomas of the trunk had the largest
increase in incidence, while those of the head and neck had the least; the increases were
more pronounced in the female sex for those of the legs. Young females are frequently
diagnosed with melanoma in the lower limbs. Although it is still better than other
localizations, the prognosis is dependent on age, histological subtype, and concurrent
genetic and environmental variables. The “divergent pathway” model, which explains
the idea that people who are more likely to develop fewer melanocytic nevi need more
sun exposure to encourage the development of melanoma, and that they are more likely
to develop melanoma on areas of their bodies that are exposed to the sun on a regular
basis, like their head or neck, is taken into account today [18]. On the other hand, those
who have a lot of nevi may need less sun exposure to promote the growth of melanoma,
and they are more likely to have melanoma in areas like the back where there are a lot
of nevi. According to this “divergent pathway” paradigm, melanomas may develop on
various body parts through distinct pathways [16].

Thanks to the numerous studies that correlate dermoscopic patterns with specific
histological characteristics of melanoma, the diagnostic accuracy of clinical diagnosis
has greatly increased [19]. The aim of clinical diagnosis is early detection in the i situ
stage of melanoma and the increase in the global incidence of melanoma in recent
years is due to a growing and increasing diagnostic sensitivity [18, 19]. The increase
in the prevalence of melanoma as a systemic disease is due to new therapeutic oppor-
tunities implemented within the framework of multidisciplinary management of a
pathology that today, for genetic and environmental reasons, becomes more frequent.
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Taking into account that already in stage IIb-IIc, immunotherapy can be considered,
of course, in consultation with the oncologist, we emphasize the unavoidability of
the melanoma unit in the management of melanoma, since even before we are in
stage III, the patient can be offered the possibility of immunotherapy that guarantees
a statistically significant improvement of relapse-free survival (RFS), reducing the
risk of disease recurrence or death [20]. Today we know that the choice of sending a
patient to perform a biopsy of the sentinel lymph node is no longer solely guided by
the thickness greater than or equal to 0.8 mm or the presence or absence of ulceration,
and so it is essential to take into account all the aspects with which pathologists enrich
our reports, aspects such as mitosis, index of replicative activity Ki67, lymphocytic
infiltrates peritumoral (TILs), regression, vascular invasion, and perineural infiltra-
tion, which are a valuable guide in our therapeutic conduct [21].

4, Conclusions

With increasing incidence rates in all age categories and geographical areas, skin
cancer is still a major worldwide health issue in 2024. The epidemiological trends for
melanoma and non-melanoma skin cancers have been described in this chapter, with
special emphasis on the intricate interactions between socioeconomic, environmen-
tal, and genetic factors that affect risk. Results are nevertheless influenced by regional
differences, especially in access to healthcare; although some nations with high inci-
dence rates benefit from early detection initiatives and cutting-edge therapies, others
have disproportionately high fatality rates. Reducing the worldwide incidence of skin
cancer and enhancing patient outcomes require sustained investment in preventive
measures, enhanced diagnostic technologies, and fair access to therapy.
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Abstract

Globally, Basal cell carcinoma is the most prevalent form of skin cancer, which
originates from basal cells of the epidermis. Sun-exposed parts of the body (head,
face, and neck) are mostly affected by BCC. Characteristics of BCC include local
invasiveness, low potential of metastasis, and slow growth. Despite its relatively low
rate of mortality, it presents a significant public health concern, as its incidence rate
is continuously rising. Different factors like aging population, sun-exposure, and
behavior changes in lifestyle plays an important role in increasing BCC incident rate.
UV exposure remains the dominant factor, immunosuppression, environmental
influences, and genetic susceptibility also play important roles in amplifying the
impact of UV on the skin. Different signaling pathways are involved in BCC patho-
genesis which leads to tumor formation and cell proliferation. Targeting these path-
ways could lead to new diagnostic tools and treatment therapies. Clinically, there are
different subtypes of BCC with unique features, morphologies, and characteristics.
After early detection through visual inspection, Dermascopy, biopsy, and confocal
microscopy techniques are used to diagnose BCC. Available treatment options include
surgical excision. Cryosurgery, Mohs micrographic surgery, photodynamic therapy
(PDT), radiotherapy, curettage and electrodessication therapy, and targeted molecu-
lar therapies.

Keywords: basal cell carcinoma, pathophysiology, cancer genetics, hedgehog pathway,
prognosis

1. Introduction

Basal cell carcinoma (previously called basal cell epithelioma), is regarded as the
most common and frequently occurring type of skin cancer worldwide, comprising
about 80% of all cases of skin cancer. This specific type of cancer arises in the basal
cells of the skin, which are the deepest layer of the cells in the epidermis [1]. The clini-
cal presentation can be highly variable, from isolated erythematous/pigmented patch
to papule, nodule, or ulcer of red-colored spots on different areas of the skin, includ-
ing the scalp, face, and sometimes extremities. Although the rate at which it spreads is
lower than the two other types, it can very rarely metastasize to other organs. Most of
the time, it is associated with damage to DNA caused by ultraviolet radiation from the
sun, and without any proper care, it can metastasize to other organs (in some of rare
cases), but if left untreated it can cause serious implications [2].
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Figure 1.

Generalized overview of the formation and progression of BCC in the basal cells of the skin. The formation
of these sorts of tumors is promoted by exposure to UV radiation, the most common etiological factor in the
development of BCC, ultimately leading toward the uncontrolled growth of the cells [6].

According to reported literature, there are almost 26 different subtypes of skin
cancer, from which the most reoccurring are micronodular, superficial, nodular,
infiltrative, morpheaform, and fibroepithelioma of Pinkus (fibroepithelial skin
cancer). Sometimes these subtypes can appear in a groups of 2-3 [3]. Clinical exami-
nation of BCC shows pink-colored cells with telangiectatic vessels (malformation of
blood vessels). Treatment strategy for BCC includes surgical excision, Cryosurgery,
Electrodesiccation, and Mohs surgery, and these treatments are good for localized
BCC (shows more than 95% cure rate).

Exposure to Ultra-Violet (UV) rays is by far the most reported factor throughout
the literature. Mostly UV-B radiations are associated with the development of BCC,
but UV-A can also cause the predisposition to mutations in normal basal cells. The
rate of incidence is typically higher in males than females due to more sun-exposure,
but with the passage of time, this gender-related difference is becoming less signifi-
cant as lifestyles of females changed considerably (use of tanning bed or smoking)
[4]. Workers are at greater risk of BCC due to frequent accumulation of UV-rays, and
the Fritzpatrick scale is quite often used for the prediction of skin cancer, usually
white individuals are at a greater risk [5]. Types of skin and the exposure to ultraviolet
rays are not the only predictors; the intensity of rays combined with the duration
of exposure (mainly in childhood) plays a crucial role in the development of BCC
(Figure1).

2. Epidemiology
The incidence rate of BCC is rising at an alarming rate worldwide, and males
are mostly affected by this type of cancer than females. The rate of incidence is also

based on geographical regions and those regions which have lower or higher attitudes.
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Figure 2.

Generalized overview of the Hedgehog pathway in the activation of transcription factors. In the absence of the
ligand (Hh), Smo is inhibited by the PTCHz1 and Gli 3 is degraded by the proteasome system and targeted genes
were not activated (Left). However, in the presence of the ligand, Smo is activated and PKA does not phosphorylate
the Gli 2, which then translocates into the nucleus and causes the activation of transcription factors (Right) [13].

A previous history of BCC is one of the best predictors of the development of this skin
cancer, and according to recently published data, people with previous exposure to
this disease are at a greater risk of developing BCC again compared to those patients
who do not have such history [7]. According to data published over the last 25 years,
the rate of incidence has increased to approximately 45%, and it is intricately linked
with age (age more than 50 years). The mortality rate is preferably lower than the
other two main types of skin tumors, and mostly patients with a weakened immune
system are at risk. Tumors that show aggressive patterns in histopathological analysis
are the common cause of metastasis, and if a tumor does metastasize, it usually
invades lymph nodes, lungs, bones along with the skin [7].

The rate of incidence of Basal cell carcinoma in different races is given below, and
most of the people affected by this cancer are Hispanics, Caucasians, Japanese and
Chinese Asians [8-10]. Among different ethnicities, the incidence rate in Blacks is
comparatively lower than the other (1-2 per million), and Africans residents have
the lowest rate (0.065 per million). On the contrary, Chinese men and women are
at a greater risk of developing this cancer, with 6.4 and 5.8 cases per million in men
and women respectively. Furthermore, the prevalence of BCC is much higher in
residents of Okinawa and Kawaii, with the rate of incidence reaching almost 30%
[11]. Contrary to this, it is highly prevalent in Asian Indians and Blacks, and there
are rare chances of this type to occur in Blacks, while most of the time, Whites are
more affected [12]. According to data collected from different medical centers, the
prevalence of Basal cell carcinoma accounts for 2-3% of the total annual cases [8].
The Figure 2 shows cancer on different skin types [14]. The incidence of this cancer is
highly dependent on the age factor and advances with the increase in age and approxi-
mately 40% of the patients that are diagnosed with this disease develop more lesions
within the next 4-6 years [2, 15].
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3. Etiology

Several factors (Genetic, Environmental) participate in the progression and
development of BCC and all of those are summarized below:

3.1 Environmental factors

Environmental factors are among the fundamental and mostly analyzed risk
factors in the study of basal cell carcinoma. Among these, exposure to UV light is the
leading cause of the development of this disease (both UV-A and UV-B radiations
are responsible). Too much exposure to these radiations causes the disruptions in
the Deoxyribonucleic acid (DNA) that lead to mutations in the pro-oncogenes (that
are close to developing cancer) and tumor suppressor genes (that controls the rate
of mutations and protects the genome), and this in turn leads to the development of
Basal cell carcinoma [7]. Other dominant factors are ionizing rays, includes gamma
and X-rays, and exposure to arsenic further increases the risk of this disease.

3.2 Genetic factors

Genetic factors also play a key role in basal cell carcinoma progression and inva-
sion. Mostly, mutations are seen in the sonic hedgehog pathway (SHH). This pathway
performs a crucial role in developmental biology, responsible for cells differentiation
in complex multicellular organisms (the pathway itself contains a series of complex
interconnected molecules). The main proteins involved in this pathway are the
transmembrane protein known as patched (Ptch) and another protein called smooth-
ened (Smo). Smoothened is restricted by the patched protein, and the degradation of
Ptch lead to the activation of Smo, which in turns favors the activation of Gli (Glioma
associated oncogene transcription factor) that are involved in the activation of genes
that controls cell growth and development [16].

Other dominant mutation is seen in Gorlins syndrome (another name used for basal
cell nevus syndrome [BCNS]), caused by mutations in the PTCHI gene. This syndrome
is closely linked with the progression and development of a lot of BCCs at early age, and
the key characteristic abnormalities of this syndrome are ectopic calcifications, jaw cysts,
and plantar. The PTCH1 gene participates in the suppression of tumors in the genome,
and aloss of function is associated with the progression of Gorlin’s syndrome [17].

3.3 Individual susceptibility factors

Several individuals also contributes toward the pathogenesis of basal cell carci-
noma, including immunosuppression (those people who have weak immune system
or those with disease like AIDS (acquired immune deficiency syndrome) are ata
greater risk of developing BCC), type of skin (dark colored individuals are protected
from BCC than light colored and fair colored skin due to large concentrations of
melanin produced by the melanocytes), age (people with increasing age, greater than
50 years, are at a risk of developing bcc).

4. Pathophysiology of BCC

Excessive sunlight exposure appears as the primary risk factor contributing to
BCC. Direct DNA damage is responsible for the development of basal cell carcinoma,
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accompanied by indirect damage to the DNA through the suppression of the immune
system and ROS [4, 18]. Melanin also plays a role in indirect damage by absorbing
UV-A radiation, and causes damage to DNA, while UV-B is responsible for direct
damage to RNA (ribonucleic acid) and DNA with a transition of the CC/TT [4].
Exposure to ultraviolet radiation also causes immune suppression of cutaneous cells,
leading to the dysregulation of the immune system. According to studies published
in the near past, BCC arises in those cells that are immature or are transiting from
the immature to mature stage, cells related to hair follicles. One of the key genes
dysregulated in BCC is PTCH1, and mutation in this gene is associated with 70% of
the cases of BCC, while 20% of the patients of this type depicts the mutation the SMO
gene. The inactivation of the PTCH1 or the high expressions of the Gli, by the trans
activation of the smoothened is good enough to drive the progression of basal cell
carcinoma. Second most vital dysregulation in basal cell carcinoma is the mutation in
the gatekeeper gene P53 [19, 20].

4.1 Canonical hedgehog pathway

The HH pathways participate in mitogenesis and division of cells, and this pathway
is activated when hedgehog protein binds to its receptors, and activates interlinked
pathways. Vertebrates consists of three main kinds of Hh proteins: Desert hedgehog
(DHH), Sonic hedgehog (SHH), and Indian hedgehog (IHH), and all these three are
involved in the activation of the same pathway but do so by activating several different
genes [4]. The receptor for Shh is Ptch (a transmembrane protein), and after binding
of Shh, the receptor is degraded by the proteosome system inside the cell. This deg-
radation leads to the migration of Smo into membrane, and Gli family of proteins are
activated, that translocates from the cell into the nucleus and there acts a transcription
factor by modulating several key genes that are engaged in control of cell develop-
ment. If the pathways are not functional, Gli proteins are phosphorylated (a phosphate
group is added), and they become repressor Gli proteins. This Gli-R also translocates
to nucleus but here causes the suppression of all those genes that takes part in the HH
pathway and hence the amount of Gli to Gli-R inside the cell plays the most crucial role
in governing that which genes are to be expressed and which are to be repressed [21].

Hyper-activation of the Hedgehog (HH) signaling pathway, corresponding to the
canonical hedgehog, is the most common hallmark in studying the progression of basal
cell carcinoma, as reported by various studies conducted in the past [22]. This path-
way plays a vital role in cell differentiation, proliferation, and embryogenesis in the
preliminary stages of cell development, this facilitates the development of epidermis
by the crosstalk between dermal cells of the skin and those cells that are of epithelial
origin. Canonical activation of the pathway is driven by ligands names as sonic hedge-
hog (SHH), Indian Hedgehog (IHH), and sometimes by Desert Hedgehog (DHH)
in response of the PTCH1 receptor [23]. Activation of this pathway do facilitate the
activation of this gene and this Smo migrates to one of the highly specialized primary
cilia and as a result, SMO drives the hyper-activation of the Gli transcription factors
followed by the suppression of the fused (SUFU- suppressor of fused homolog).
However, if HH does not attach to PTCH]I, the Gli family of transcription factors are in
their inactive form as Smo does not translocate to the primary cilia and the Gli proteins
are ubiquitinated [24, 25]. The eventual results from the activation of this signaling
cascade is dependent on differentiation and proliferation, self-renewal, cell survival
(by the activation of the BCL-2 (B-cell lymphoma —2) protein family), transition from
epithelium to mesenchymal cells, angiogenesis, and invasiveness of BCC.
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4.2 Non-canonical hedgehog

However, in the case of non-canonical signaling, HH interacts with a lot of other
signaling networks that are oncogenic in nature, such as IGF, TGFp, aPKC, NF-kB,
and epidermal growth factor receptor (EGFR). These pathways synergistically
contribute to the progression of basal cell carcinoma. It means that, the activation of
the Gli family of receptors may be done by many alternative pathways that are non-
canonical, but all this happens in the absence of bypassing Smo [26, 27]. The activity
of Gli is positively influenced by the RAS, PI3K, and AKT, while it is negatively
regulated by the P53 family of proteins and significantly the expression of the RAS/
RAF cascade, which further hyper-activates the JUN complex, causing the progres-
sion of developmental processes. TGF-beta signaling do activates the upregulation
of GLI2 transcription, while GLI1 is activated by the complex protein, aPKC [28].
Furthermore, IGF-1 causes the induction of the nuclear localization of GLI1 and 2,
and it has also been observed that the activation of PI3K and AKT regulates epithelial-
mesenchymal transformation and the secretion of matrix metalloproteinases (MMP’)
[29]. The Figure 3 shows the dysregulation in the non-canonical pathway.

4.3 Other genetic alterations
Apart from alterations in hedgehog pathway, several other genetic changes have

also been reported in the literature that contribute toward the pathogenesis of basal
cell carcinoma, and these alterations do not depend on the activation of the HH

Non-Canonical Hedgehog

| Nucleus
Activation of
transcription factors
i Created in BioRender.com bio
Figure 3.

Non-canonical Hedgehog pathway mediated by the phosphorylation of AKT, TSC22, and S6K1 instead of the
attachement of Hh ligand. The phosphorylation of AKT by PI3K mediates the activation of the Gli family of
transcription factors. Phosphorylation of S6k1 enzyme is facilitated by the inhibition of mTOR which then
activates the Gli family of protein in by the help of SuFu gene. Phosphorylation of this Gli allows it to translocates
from cytoplasm to the nucleus and causes the activation of potential genes [30].

34



Basal Cell Carcinoma
DOI: http://dx.doi.org/10.5772/intechopen.1004884

pathway. These includes dysregulation in the Hippo-Yap and WNT signaling (Hippo
pathway is associated with the controlled growth of organs and WNT signaling path-
way is associated with development of embryo) pathways. The main effector protein
that is altered is the Yes-associated protein (YAP), which participates in maintaining
progenitors and proliferation of the skin and upon its phosphorylation it translocates
in cytoplasm, thus being unable to transcribe the associated genes [31]. While in case
of WNT signaling, several changes have been observed in the activation of down-
stream effectors as well as the destruction of p-catenin (after the phosphorylation of
disheveled and inhibition of GSK-3p). Dysregulation in this pathway is typically due
to the activation of WNT by the Gli proteins, which lead to the upregulation of several
stem cells markers [32].

Missense mutation in the N-Myc gene also contributes to the basal cell carcinoma
progression (Myc transcription factors are responsible for cell growth, proliferation,
and development of embryo) because it is one of the downstream effectors of HH
signaling. Most of the time alteration arises when this gene interacts with the tumor
suppressor FBXW?7 that is involved in the degradation of Myc (proteosome dependent
destruction of MYC) [33, 34]. Mutations in NOTCH signaling have also been reported
to play a part in the progression of BCC. It is one of the targets of the guardian gene,
P53, and is responsible for epidermal differentiation. Although mutation in this gene
is not regarded as the driver mutations but still these are the most common mutations
in BCC [35].

5. Histopathology and subtyping

The clusters of basaloid cells form the islands which exhibit the distinct appear-
ance characteristic of BCCs. In BCCs formation, irregular arrangement of basaloid
cells can be seen in the center with a palisade arrangement at periphery. Each
basaloid cell contains staining nucleus that lacks a visible nucleolus and contains
marginal or limited cytoplasm. Upon examining the paraffin-embedded sections
between the tumor and its stromal neighbors, a retraction artifact also known as
clefting.

When examined on paraffin-embedded sections, a retraction artifact, identified
as clefting. Additionally, mucin deposition is also present within the tumor and its
neighboring tissue. The aggressive form of disease can be indicated by the existence
of perineural growth [7, 36].

Trichoblastoma and trichoepithelioma are the conditions involved in the histologi-
cal differential diagnosis. Many different structural subtypes have been identified i.e.,
superficial, infiltrating, nodular, micronodular, pigmented, sclerosing, fibroepithelio-
matous etc. In mixed patterns, combinations of above listed types were observed.

* Superficial subtypes comprise of multiple basaloid cells which are small, that
extend from epidermis but do not penetrate in the dermis.

* Most cases are associated with modular type. Nodular basal cell carcinomas
consist of clusters of cells which display outer lining and irregular arrangement
in their central region. Ulceration can be seen in larger lesions.

* The micronodular subtype’ histological characteristics resemble nodular sub-
types characteristics. Micronodular subtypes contain many nodular, which make
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it different from nodular subtype. For local recurrence, micronodular subtype
has greater risk than solid type.

* Sclerosing subtype morphology contains thin strands of basaloid and spiky cells
which are surrounded by thick fibrous stroma that invade the dermis. It is chal-
lenging to histological differentiate this from conditions like, metastatic cancer,
microcystic adnexal carcinoma, or desmoplastic trichoepithelioma. The term
infiltrative BCCs is used when tumor nests have spiky projections which invade

deeply [37].

* Combination of melanocytes and melanin results in the pigmented BCCs. This
phenomenon is mostly seen in variations of micronodular, superficial, and
follicular.

* Infundibulocystic variation forms compact, and well-defined tumor consists of
clusters of cells with interconnecting pattern arrangement with minimal stroma.
This variation is not common and mostly found on the face. Melanin and kerati-
nous matter are present in structure of many small infundibular cysts.

* Soft, nodular lesions are present fibroepithelioma of Pinkus, which resembles
papilloma and fibroma. This subtype is often found on the lower back.
Structurally it is composed of a grouping of basaloid cells and interconnected
strands which are surrounded by fibrous stroma [36, 37].

6. Diagnosis

The diverse pathological presentation of basal cell carcinoma consists of many
subtypes, such as nodular, fibroepithelial, superficial, and infiltrative BCC, each
exhibiting distinct clinicopathological characteristics. Additionally, micronodular
subtypes hold significant histopathological relevance with the basosquamous subtype
which impacts both prognosis of patient and approaches of treatment. Furthermore,
multiple tumor subtypes display histopathological of features within the same lesion.
Dermascopy is most useful in the diagnosis of basal cell carcinoma and differentiation
of non-pigmented BCC from pigmented ones. This is characterized by the develop-
ment of arborizing vessels and globules of blue-gray colors with a leaf like structure.
The differential diagnosis is sometimes confused with the diffusion of trichoepithe-
lioma, while superficial basal cell carcinoma could mimic some inflammatory condi-
tions like eczema and psoriasis [38].

Apart from dermascopy, some novel diagnostic approaches are also practiced
worldwide, and these techniques provide a clearer picture about the diagnosis of BCC
based on its different subtypes. These techniques include optical coherence tomogra-
phy (OCT), Raman spectroscopy (RS), multiphoton tomography (MPS), and confo-
cal laser scanning microscopy (CLSM).

6.1 Optical coherence tomography

it is a noninvasive imaging technique that provides the cross-sectional interpreta-
tion of tissues that helps in visualizing the structure of epidermis and papillary dermis
up to depth of approximately 2 mm. It uses low length of coherence light as a source to

36



Basal Cell Carcinoma
DOI: http://dx.doi.org/10.5772/intechopen.1004884

visualize the skin structures properties. OCT also provides the visual characteristics
of superficial and dermal tumor nests. Therefore, it is also used in differentiation of
different subtypes of BCC.

6.2 Raman spectroscopy

Raman spectroscopy imaging provides quantitative view of structure. Light of
infrared wavelength is used to differentiate different cutaneous structures. Different
energy vibrations are generated by each structure when light is scattered on them. These
vibrations of energy resemble their spectral peak, which is detected by meter, providing
a quantitative view. Raman spectroscopy can be used to detect cellular alteration caused
due to cancerous tumors. Generally, Raman spectroscopy is time consuming technique,
therefore, to overcome this issue other modalities have been used by researchers.

6.3 Multiphoton spectroscopy

Multiphoton spectroscopy is used iz vivo for dermatologic purposes. In this
technique, fluorescence is excited from the target through simulating the two or
more infrared light photons absorption. Then raster-scanning is used to generate the
images. MPS has a spatial lateral resolution of 1 mm and a spatial axial resolution
of 2 mm. Fluorescence lifetime imaging microscopy (FLIM) is used to differentiate
between the corresponding tissue and fluorescence. It measures the decaying rate of
the fluorescence signal and short excited pulse follows. For detection of BCC from
normal skin cells multispectral FLIM multiphoton tomography is used [39].

6.4 Confocal laser scanning microscopy

Confocal laser scanning uses fluorescence or reflectance modes. Reflectance
confocal microscopy (RCM) is used in vivo to produce real-time 2D horizontal image.
Cellular resolution from the epidermis to papillary dermal layers can be produced
from it. CLSM has a lateral resolution of 250 nm and a depth of 1 pm. The CLSM
mechanism involves the laser source with a specific wavelength. This light visual-
izes the tissue within the skin after its transmission. After transmission, the light is
reflected and passes through the pinhole in the optical conjugate plane. In the detec-
tor, a 2D image is formed. On the other hand, RCM images depend on reflectivity
differences within normal and cancer tissues. High refractive index structures appear
bright in images [40].

7. Treatment

As there is not much risk of metastasis in BCC, treatment for primary lesions is
easy and that is why chances of fighting against it are very high. Although there are
many established and well-designed therapies against it, the health of patients is the
primary concern before choosing an appropriate method (condition of patient as well
as recurrence of disease should be kept in mind) [34, 41]. Certain etiological factors
associated with it are prior exposure to radiotherapy, poor border clarity, weakened
immune system, and a recurrent tumor. Before choosing an appropriate method of
treatment, a biopsy should be done to gain information about the prevalent subtype
of BCC, and the following things are kept in mind while treating this condition [42].
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* Complete removal of lesions to prevent the reappearance.
* Correction of any impairment that results from the lesions.

* Providing patients with the best cosmetics because most of the time BCC is
diagnosed on the face.

BCC is mostly treated by surgical excision, but in some cases, it can be treated with
chemotherapy as well as radiotherapy. Some of the most common treatment options
are described below:

7.1 Surgical excision

Surgical excision is regarded as the standard treatment for BCC as it is highly
effective and can remove all the lesions (having cure rate of more than 96%). In this
technique, clinicians remove the lesions with a sharp object (some healthy cells are
also removed that are near the cancerous lesions). After that, margins are analyzed
with the help of microscope to confirm that there are no other cancerous cells remain-
ing. Although considered the most effective and easiest way mode of treatment, the
results of this treatment are scars that are white in color.

7.2 Mohs micrographic surgery

This technique is regarded as the gold standard for the treatment of high-risk basal
cell carcinoma and is the only current option that provides a long-term cure with the
potential advantage of tissue sparing. This treatment option allows accurate evalua-
tion of the margins of the lesions, the lesions (tumors) are cut out layer by layer and
microscopic evaluation of each layer is done on the spot. High rate of cure is associ-
ated with 100% accurate examination as compared to other techniques that only
examine less than 1% of margins. This helps in only taking those areas where there is
positive tumor by minimizing the size of wound [43].

7.3 Radiotherapy

Radiotherapy is another considerable option for the treatment of BCC if surgery
is not recommended. This technique is also applicable for the treatment of cancer-
ous lesions when further surgical excision could result in the loss of major nerves or
crucial structures. The cure rate of radiotherapy is almost 93%, but the appearance of
BCC after this treatment can be aggressive than the previous one and this technique
also has some side effects that appear after sometimes, including fibrosis of dermal
tissues, alopecia, inflammation of the skin, and necrosis. Based on these outcomes,
radiotherapy is generally used for those patients only who are not ready for surgical
treatment (that have lesions in those areas associated with high-risk) [44].

7.4 Photodynamic therapy

Another treatment option is photodynamic therapy (PDT), which uses a focused
beam of light on the lesions for many hours after treating the skin with photosensitiz-
ing porphyrins like methyl aminolevulinate (MAL). Tumors are destroyed when reac-
tive oxygen species, induced when photosensitizer absorbs light, cause cytotoxicity
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that helps in producing a local inflammatory response that aids in the destruction.
Although the technique is less invasive, but still the cure rates vary (almost 87%)
depending on the absorption capacity of the photosensitizer. BCC that are superficial
in nature are more effectively treated among all the subtypes and is under practice in
most of the European countries for effectively treating superficial BCC [45].

7.5 Imiquimod therapy

The drug imiquimod is an immune system modulator that is currently adminis-
tered as a topical treatment in the US and Europe. It is used for the treatment of basal
cell carcinoma in such patients that are immunocompetent. Its mechanism includes
the production of proinflammatory cytokines after its binding to the specific toll-like
receptors present on the cells, allowing it to induce cytotoxic T-cell mediated death of
the cancerous cells [46]. The duration of this treatment is approximately 6 weeks, and
the rate of cure is comparatively greater (83.4%) than that of photodynamic therapy
(72.8%) and 5-flourouracil (80.1%). Furthermore, the probability of tumor free sur-
vival after a duration of 5 years was 80.5%, greater than the PDT and 5-flourouracil.
Apart from its high cure rate, the main disadvantage of this medication is the inability
to penetrate deeply in the skin (does not have any therapeutic effects on nodular
tumors). This therapy is not recommended for such diseases that have the chances
to re-appear, but is only suitable for such patients that prefer non-surgical mode of
treatment [47].

7.6 Targeted therapy

Smo inhibitors are regarded as the prime method of treatment for metastatic and
advanced BCC and these inhibitors include sonidegib and vismodegib (are orally
administered and currently approved by the US Food and Drug administration (FDA)
and European Medicines Agency (EMA)). Although they are good for controlling
metastatic BCC, but these also have some side effects as loss of taste, hair loss, weight
loss, and diarrhea [36].

7.7 Cryosurgery

It is considered as an effective technique for basal cell carcinoma treatment due to
its cost benefit ratio and ease of use. In this procedure, lesions of BCC are destroyed
by freeze-thaw cycles and the cure rate of this technique is approximately 96%. This
technique has some drawbacks as it cannot do fine assessment of tumor margins and
is only limited to those BCC that are superficial in origin (low-risk of metastasis) [4].

7.8 Electrodessication and curettage

This mode of treatment is primarily done for the management of low-risk BCC’s
and is also a cost- effective technique recommended by the National Comprehensive
Cancer Network (NCCN). The procedure applied for the treatment is cutting off
lesions with the help of curette and then burning those cancerous cells with an elec-
tric needle. The main consideration when using this is to avoid such areas that have
hair growth on terminals, as there is a high chance of extension of tumors in those
areas (pubis, scalp, and chin). Inadequate assessment of tumor margins is the main
drawback of this technique [4].
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8. Discussions

Emerging trends in the incidence of basal cell carcinoma (BCC) have been
reported by recent epidemiological research. These patterns indicate a changing
demographic landscape, with a growing frequency among younger individuals. This
demographic shift highlights the need for increased awareness and focused preventa-
tive measures to combat the growing burden of BCC.

Understanding of the etiological elements, responsible for BCC development has
improved because of advances in genetic and molecular studies. Mutations in hedgehog
signaling pathway genes, such as SMO and PTCH1, have been found to be important
cancer drivers. BCC pathogenesis is also influenced by interactions between genetic pre-
disposition and environmental exposures, including UV radiation and immunological
dysregulation. Targeted treatment strategies are made possible by the complex interac-
tions among immune responses, tumor microenvironment, and genetic abnormalities in
the pathophysiology of BCC. In advanced or metastatic BCC, new immunotherapeutic
strategies, such as immune checkpoint inhibitors and targeted biologic agents, show
promise for enhancing treatment results and lowering disease recurrence.

Technological developments in diagnostic modalities including a molecular profiling,
reflectance confocal microscopy, and dermascopy have improved our ability to identify
and categorize BCC subtypes. By making early detection, accurate tumor margin delin-
eation, and knowledgeable treatment decision, these techniques improve outcomes and
patient care. Regarding therapy, current clinical studies have investigated cutting-edge
therapeutic approaches meant to get beyond resistance mechanisms and boost response
rates in BCC cases that are refractory. For individuals with few therapeutic choices, tar-
geted treatments such as hedgehog pathway inhibitors (like vismodegib and sonidegib)
have shown a hope in treating advanced or metastatic BCC.

Additionally, attempts to maximize surgical methods, such as minimally invasive
treatments and Mohs micrographic surgery, try to accomplish total tumor removal
while maintaining esthetic results and reducing functional impact. In high-risk
or recurring BCC instances, adjuvant treatments such photodynamic therapy and
radiation are helpful supplements to surgery. To sum up, the discussion about basal
cell carcinoma highlights how complex the illness is, covering a wide range of top-
ics including pathophysiology, diagnostics, etiology, epidemiology, and therapies.
Continual research projects and teamwork are crucial to expanding our knowledge
of BCC and converting scientific findings into novel treatments that enhance patient
outcomes and quality of life.

9. Conclusions

Regarded as the most prevalent type of skin cancer, mutations and alterations
have been studied extensively. Although many genetic alterations are associated with
the progression of this type of skin cancer, the main one is the dysregulation in the
Hedgehog signaling pathway that enables it to originate in the basal cells of the skin,
but rarely metastasize. Early diagnosis leads to controlled treatment options that are
favorable for the patients as well as the health practitioners, and it also enables for
the better clinical presentation of different subtypes of basal cell carcinoma based on
their morphology and characteristics. Although available treatment options enable
the clinicians to effectively neutralize it from the skin, but still, it can reoccur and
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most of the time, Moh’s micrographic surgery and simple surgical excision provides
the best cure rate. But recent advancements have enabled the researchers to identify
potential molecules that drives BCC and based on these molecules a new approach
has been in practice for the treatment of BCC; targeted therapy, that has increased the
percentage of cure rate of the disease.
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Appendices and nomenclature

BCC basal cell carcinoma

UV-rays ultra-violet rays

DNA deoxyribonucleic acid

Smo smoothened

SHH sonic hedgehog

Ptch patched

BCNS basal cell nevus syndrome

Gli glioma associated oncogene transcription factor
AIDS acquired immune deficiency syndrome
RNA ribonucleic acid

DHH desert hedgehog

IHH Indian hedgehog

SUFU suppressor of fused homolog

BCL-2 B-cell lymphoma-2

EGFR epidermal growth factor receptor
MMP’s matrix metalloproteinases

YAP yes-associated proteins

OCT optical coherence tomography

RS Raman spectroscopy

CLSM confocal laser scanning microscopy
MPS multiphoton spectroscopy

PDT photodynamic therapy

FLIM fluorescence lifetime imaging microscopy
RCM reflectance confocal microscopy

MAL methyl aminolevulinate

FDA food and drug administration

EMA European medicine agency

NCCN national comprehensive cancer network
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Abstract

Basal cell carcinoma is a common nonmelanoma form of skin cancer. Treating
multiple basal cell carcinomas is challenging, and choosing the best treatment
for multiple basal cell carcinomas is a real problem for clinicians. The treatment
of multiple basal cell carcinomas has seen a progressive evolution in recent years.
Several tumor suppressor genes and proto-oncogenes have been implicated in BCC
pathogenesis, including the key components of the Hedgehog pathway, PTCH1 and
SMO, the TP53 tumor suppressor, and members of the RAS proto-oncogene family.
A variety of treatment modalities exist and are selected. We reviewed the studies
providing treatment options for multiple basal cell carcinomas. This review may be
helpful to meet the challenges of management.

Keywords: basal cell carcinoma, multiple basal cell carcinomas, treatment option,
Gorlin syndrome, Hedgehog pathway inhibitor, photodynamic therapy

1. Introduction

Basal cell carcinoma (BCC) is the most commonly diagnosed cancer and the most
frequent skin cancer in the fair-skinned adult population of over 50 years of age.
Globally, their incidence is on the rise [1]. The prognosis for basal cell carcinoma
varies, from superficial or nodular lesions of good prognosis to very extensive,
difficult-to-treat lesions that must be discussed in a multidisciplinary committee.
The treatment and follow-up are depending on the type of BCC observed. There is
a high risk in patients with multiple basal cell carcinomas. Treating multiple basal
cell carcinomas is challenging, and choosing the best treatment for multiple basal
cell carcinomas is a real problem for clinicians. The pathogenesis of BCC has been
linked to a number of tumor suppressor genes and proto-oncogenes, including the
key components of the Hedgehog pathway, PTCH1 and SMO, the TP53 tumor sup-
pressor, and members of the RAS proto-oncogene family [2]. Recent years have
witnessed a progressive evolution in treating multiple basal cell carcinoma following
the introduction of inhibitors of the Hedgehog pathway.

2. Epidemiology

Basal cell carcinoma is the most common skin malignant tumor worldwide,
especially in light-skinned people, and is more frequently seen in males.
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The incidence of BCC ranges from 77 to 158 per 100,1000 patients in Europe and the
lifetime risk of developing BCC is approximately 30% [3]. This number continues to
increase annually over the last decades. Ultraviolet exposure is the major risk factor.
As was reported, multiple BCCs were more frequently seen in old people and larger
sizes in males [4]. B. Souto et al. indicated that 23.3% of patients had two or more
BCCs, with an average age of 65 + 15 years [5].

3. Risk factors and pathogenesis for multiple BCC

The risk for developing BCC can be due to constitutional predisposition (genotypic
and phenotypic characteristics) and exposure to environmental factors (UV radiation,
ionizing radiation) [6]. It seems that an individual genetic susceptibility has a greater
impact on the development of multiple BCCs of the skin than the effect of extrinsic
factors.

3.1 Genotypic characteristics

The principal genetic alterations mediating a predisposition to BCC development,
especially multiple tumor manifestations, are not fully understood. DNA repair
mechanisms play a critical role in protecting skin keratinocytes from UV mutagenesis
and skin cancer development. Reduced DNA repair capacity was established as an
independent risk factor for the development of BCC [7]. Except for UV, this defect
can also be induced by genodermatoses (xeroderma pigmentosum), or germline
defects in DNA repair genes [8] (i.e., XRCC3, APC, BARD1, BRCA1), especially
among individuals who develop frequent, multiple BCCs [9]. Multiple BCC formation
is also influenced by polymorphism of genes in a variety of molecular markers (e.g.,
cell-signaling proteins, carcinogen-metabolizing enzymes). In one study of BCC in
the French population, BCC risk was associated with the PTCH ¢.3944C/C genotype,
especially among patients with multiple BCCs [10]. MCI1R is a key gene involved in
pigmentation. Its variants constitute independent risk factors for the development
of BCC with genetic dosage effect, through mechanisms of both pigmentation and
non-pigmentation [10, 11]. Besides, MC1R variants have an influence on the number
of BCC [12]. The same conclusion was drawn in another study among early-onset
BCC [11]. A relationship has been demonstrated between glutathione S-transferase,
cytochrome P450, reduced nicotinamide adenine dinucleotide NAD (+): quinone
oxidoreductase, vitamin D receptor, tumor necrosis factor microsatellites, and the
rate of a number of BCC lesions [13-16]. Polymorphisms in the genes encoding
human leukocyte antigen (HLA) (e.g., HLA-DR4, HLA-DR1) are also implicated in
the development of multiple BCC [17, 18].

Genetic syndromes, such as the Nevoid basal cell carcinoma, Bazex-Dupre-Christol
syndrome, Rombo syndrome, xeroderma pigmentosum, and Bazex syndrome, are
common inherited conditions with multiple, early onset BCC manifestations [19, 20].
Nevoid basal cell carcinoma (NBCCS), also known as Gorlin syndrome, is an autoso-
mal dominant multisystem disorder with complete penetrance, and variable expres-
sion [21]. It is caused by mutations in the tumor suppressor genes patched (PTCH)1
gene, PTCH2 gene, and suppressor of the fused (SUFU) gene, and results in BCC in
about 90% of those with the syndrome. Mutations in these genes, which are negative
regulators of the Hedgehog (Hh) pathway, can lead to continuous activation of this
pathway [22]. Additional mutated genes were found to be enriched in the major cilia

48



Multiple Basal Cell Carcinomas
DOI: http://dx.doi.org/10.5772/intechopen.111407

components in NBCCS, such as IFT'172 and KIFAP3, which encode ciliary proteins
[23]. Since ciliary functions are fundamentally involved in the Hh signaling pathway,
these gene alterations may be involved in the tumorigenesis of BCC. The UBE2A
gene on the long arm of the X chromosome encodes a protein involved in repairing
UV-damaged DNA and has been implicated in Bazex-Dupre-Christol syndrome

[24]. The specific gene mutation associated with Rombo syndrome is still unknown.
The phenotypes of Rombo syndrome and BDCS show a high degree of overlap [25].
Xeroderma pigmentosum is a group of conditions in which the nucleotide excision
repair system is defective, so the body cannot adequately repair DNA damage from
UV exposure. As aresult, UV lesions are highly mutagenic and lead to skin cancers.
Compared with the general population, patients with XP develop both BCC at higher
frequencies [26]. Oculocutaneous albinism predisposes to malignant skin lesions,
including BCC, due to pigmentary changes that render the individual highly suscep-
tible to sun damage [27]. Brooke-Spiegler syndrome is an autosomal dominant disorder
caused by CYLD gene mutations and characterized by multiple benign adnexal
cutaneous neoplasms. Multiple nodular ulcerating BCCs in a patient with BSS were
reported, inferring BCCs develop directly from trichoepitheliomas [28].

3.2 Phenotypic characteristics

In a cohort of 1239 BCCs from 728 single BCC and 171 multiple BCCs, male gen-
der, tumor location in the trunk and upper extremities, and superficial histological
subtype can be risk factors for a subsequent BCC [29]. And the male-to-female ratio
continuously increased with the number of BCCs, consistent with previous research
results [30, 31]. Other risk factors for developing multiple lesions in BCC include eye
color, hair color, skin color, skin reaction with first summer sun exposure, and skin
reaction with prolonged sun exposure [11]. Ethical differences also have been shown
between single and multiple BCC. Tan ES et al. reported that Caucasians developed
multiple BCC threefold more frequently than the Chinese in a prospective study [32].
An increased risk of new BCCs is seen in patients who already had a history of BCC
[33]. Verkouteren JAC et al. developed a model to predict the absolute risk of a second
BCC, based on the Fine and Gray regression model to account for the competing risk
of death from other causes, indicating that having more than one initial BCC was the
strongest predictor [34].

3.3 Ultraviolet radiation

UVR has been accepted as the key causal factor for cutaneous BCC, and a history
of sunburn, especially grade II-IIl sunburns before adulthood was thought to be the
major predisposing factor for multiple BCC, compared with single BCC [33]. Even
indoor tanning was also associated with BCC, especially for multiple BCCs [35].
Depending on timing (childhood, adolescence), pattern (intermittent, continuous),
source (natural, artificial), and amount (cumulative sun exposure), the impact of
UVR on BCC development seems to be far more complex [36]. UV exposure is readily
absorbed by DNA and induces the production of reactive oxygen species to dam-
age DNA and trigger mutations in tumor suppressor genes, such as tp53 [37], TERT
gene [38], and DPH3 gene [39]. UV exposure promotes inflammatory processes that
encourage cancer growth, such as activation of NF-kB, toll-like receptors, Erbb2, and
NLRP3 inflammasome; release of high-mobility group box-1; and enhancement of
cyclooxygenase-2 expressions [40]. UVR can create a sustained immunosuppressive
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environment, one of the crucial parameters in the promotion and progression of
photo-induced skin cancers, through antigen-presenting cell defect and altered cyto-
kine environment in the draining lymph nodes [41]. Consistent evidence indicates
that patients with a history of BCCs also have an elevated risk of developing other
primary cutaneous malignancies [42].

3.4 Other environmental factors

Arsenic is a common cancer-causing chemical. The study conducted by Kibriya
MG et al. suggested high arsenic exposure was associated with BCC through impaired
DNA replication pathway, cellular response to DNA damage repair mechanism, and
immune response at the genome-wide level [43].

3.5 Origin and clonality of multiple BCC

It is currently thought that the precursor cells for BCC originate from pluri-
potential stem cells in the basal layer of the interfollicular epidermis or the hair
follicle [44]. But the question of the origin and clonality of multiple BCCs has not
been clarified until now. Some studies suggested that the origin may be polyclonal
and each BCC arises independently from a distinct progenitor cell. Heitzer et al.
sequenced the PTCH gene and analyzed the LOH pattern of BCCs from a total of
six patients with multiple lesions at different anatomical locations. They detected
a total of 18 differential PTCH mutations in 14 of 18 BCCs [45]. While another
molecular study of 41 BCC lesions from 15 female patients, assessing 9 LOH and
X-chromosome inactivation patterns, contradicts such hypothesis and suggests that
the majority of BCCs in an individual might originate from one single tumor cell
clone [46].

3.6 Development of multiple BCC

In 2017, 46,226 patients were diagnosed with a first-ever primary BCC, and nearly
one-quarter (n = 10,956) of these patients developed subsequent BCCs within the
next 3 years (years 2017-2019) [47]. In a previous study, it was calculated that among
individuals with at least 1 previous BCC, the 1-, 3-, and 5-year risk of a new BCC was
17%, 33%, and 41%, respectively [48].

The Hedgehog (Hh) pathway has an important role in the pathogenesis of BCC
[49]. Most BCCs have been found to have mutations in different genes involved in the
Hedgehog pathway, such as PTCH1, in Gorlin syndrome. This signaling pathway is
crucial for the development of the embryo and fetus, involved in cell differentiation,
cell growth, and morphogenesis. Hh signaling is also active in stem cells and tissues
undergoing regeneration. It can be categorized as a canonical and noncanonical
Hh pathway, considering whether a GLI-mediated transcription is involved. Sonic
hedgehog is a ligand that binds to and inactivates the transmembrane PTCH, which
normally inhibits Smoothened (SMO). When PTCH is inactivated by the binding of
a sonic hedgehog, SMO is released and activates GLI proteins that serve as transcrip-
tion factors in the nucleus for cell proliferation [50]. Recent research reveals that Hh
signaling is also one of the crucial causes of the immunosuppressive tumor micro-
environment, presenting as a lack of antitumor response pathways, downregulation
of immune effectors, enrichment of immunosuppressive cells and chemokines, and
activation of immunosuppressive signaling [51].
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4. Clinical feature

Early basal cell carcinoma often appears as a single round or oval patch, indicating
smoothness, and may be accompanied by scaling, telangiectasia, and pigmentation.
A pearly papule with translucent margins typically characterizes it. Most BCCs grow
slowly and are asymptomatic, often presenting as erosion or minor post-traumatic
bleeding at first. Clinical features are diverse and include nodular, superficial, infil-
trative, morpheaform (sclerosing), pigmented, and fibroepithelial types. The most
common histological subtypes include nodular (nBCC), and superficial (sBCC) [52].
Nodular BCC accounts for about BCCs and 60-80% is most common in the head and
neck. Nodular BCC appears as papules or nodules with telangiectasia. Superficial BCC
accounts for about 20% of BCCs and is most common in the trunk and extremities.

It is characterized by flat patches, often accompanied by scales, and partial atrophy.
BCCs of the infiltrative type usually present clinically as a white-red patch with an
unclear border and a hard texture, indicating an ulcerative scab. Morpheaform type
BCC accounts for about 5-10% of BCCs. It occurs in the face and neck and often
presents as an infiltrating plaque with unclear skin boundaries. BCC characterized
by pigmentation is called pigmented Bcc, and all types can occur. Fibroepithelial
type Bec usually occurs in the back and is clinically manifested as skin-red papular
nodules [53]. In addition, two syndromes are characterized by multiple BCC: nevoid
basal cell carcinoma (NBCCS) and Bazex (Dupre-Christol) syndrome. NBCCS,

also known as basal cell nevus syndrome (Gorlin syndrome), is a dominant genetic
disease with frequent staining. Its clinical features include multiple BCC, keratocystic
odontogenic tumors, hand-foot spot-like depression, and various skeletal and soft
tissue abnormalities [54]. Qiu reported a case of a female patient who presented with
multiple facial BCC-dominated NBCCS, which recovered well after surgical excision
[55]. Bazex syndrome is characterized by numerous BCCs, follicular atrophoderma,
congenital oligotrichosis, and local hypohidrosis [56]. Atilla [57] reported the case
of a 70-year-old man suffering from Bazex (Dupre-Christol) syndrome. The patient
presented with multiple BCC, accompanied by lung, pancreatic, and bladder cancer
and hypohidrosis.

5. Diagnosis
5.1 Dermoscopic findings

Dermoscopy is a common noninvasive technique for the early diagnosis of BCC.
It also allows for distinction between BCC subtypes and tumor management. The
dermoscopic diagnosis of BCC is based on the presence of typical vascular struc-
tures, pigmented structures, and ulceration and the absence of specific melanocytic
structures, including (a) branching and linear vessels (arborizing vessels/short
fine telangiectasias), (b) blue-gray ovoid nests, (c) blue-gray globules and dots,
(d) in-focus dots, (e) maple leaf-like areas, (f) spoke-wheel structures/areas, (g)
concentric structures, (h) ulceration/ multiple small erosions, (i) absence of brown
reticular lines (pigment network), (j) others: shiny white-red structureless areas and
shiny white lines, circumferential stellate pattern, negative maple leaf-like structures,
multiple aggregated yellow-white globules [58, 59]. The dermoscopic findings of mul-
tiple BCC, both syndromic and non-syndromic, on the same patient and in the same
anatomical region were similar to those previously described in a single BCC [60-62].
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Compared with single BCC, “white features” (i.e., white shiny lines, multiple yellow-
white globules, and white circles and yellow clods) were less commonly observed in
multiple BCC [33].

5.2 Histopathologic findings

Biopsy remains the gold standard for the diagnosis of BCCs. It only analyses
high-risk BCCs or suspected lesions and requires invasive procedures. In general,
BCC presents with blue islands, peripheral palisading, high nuclear/cytoplasmic
ratio, retraction artifact, and fibro myxoid stroma. It can be subdivided into nonag-
gressive (superficial and nodular) and aggressive types (micronodular, infiltrative,
morpheaform, and metatypical) in view of its histologic growth pattern. The ratio of
nodular BCC was the largest in multiple BCC [29, 63, 64]. Compared with single BCC,
the ratio of superficial BCC in multiple BCC was significantly higher. And there was
a positive correlation between the nonaggressive histologic phenotype of BCC and
multiple tumor presentation [8]. About 30% of GS cases have two or more types of
BCC histopathological patterns (morphoea-like, solid, superficial, cystic, adenoid,
fibroepithelial, pigmented) [65].

5.3 Reflectance confocal microscopy (RCM)

RCM is a noninvasive diagnostic technique that allows for iz vivo visualization
of the skin with a quasi-histological resolution of 0.5-1 pm, to a depth of about
150-200 pm. RCM has shown good sensitivity and specificity for the diagnosis of BCC,
aiding in early diagnosis instead of biopsy [Diagnostic accuracy of confocal micros-
copy imaging vs. punch biopsy for diagnosing and subtyping basal cell carcinoma].
RCM has revealed that the BCC tumor islands have areas of low refractility, presenting
as multiple, small islands of basaloid cells with multilobular architecture. Peripheral
palisading of nuclei, highly refractile fibrous tissue (superficial dermis, bright inflam-
matory cells, telangiectasia), and peritumoral dark spaces can also be found [66].

Manubens E et al. performed a complete and sensitive diagnosis of a multiple BCC
patient with 26 lesions using RCM that were equivocal with dermoscopy in only 29
and 33 min at pre- and posttreatment, respectively [67]. RCM’s main limitation is the
inability to image at deeper layers of the dermis.

5.4 Optical coherence tomography (OCT)

OCT evolves as an effective noninvasive imaging modality used to diagnose and
evaluate BCCs, which generates cross-sectional images. While it lacks cellular resolu-
tion, it can image at depths of 1000-2000 pm, comparable to biopsy. Under OCT,
BCCs were visualized as hypoechoic structures but showed a mixed echogenicity,
some with peripheral rimming and disruption of the epidermis [68]. The total time
taken to scan all 24 lesions of a Gorlin syndrome patient was under 30 min through
OCT [69]. Compared with traditional OCT images, line-field confocal optical coher-
ence tomography produced a higher agreement (90.4%) of the BCC subtype and
conventional histology, which allows for a cellular resolution (axial 1.1"m, lateral
1.2"m) and a depth up to the mid-dermis (approximately 500"m) in its images [70]. A
handheld single-fiber OCT instrument can precisely correlate OCT findings and ana-
tomic locations, allowing the surgeon to achieve a negative margin more confidently
after 1 excision stage in Mohs micrographic surgery [71].

52



Multiple Basal Cell Carcinomas
DOI: http://dx.doi.org/10.5772/intechopen.111407

5.5 Ultrasonography

Ultrasound’s accessibility, noninvasive nature, safety, and ability to provide informa-
tion in real-time make it an invaluable tool in the assessment of BCCs. The operator
can manage the detection depth through variable frequency probes of the technique.
Performance of high-frequency ultrasound (HFUS, e.g., >15 MHz) or ultra-high
frequency ultrasound (UHFUS, e.g., 30 MHz up to 100 MHz) with high definition and
penetration that generates well-demarcated images [72]. Ultrasound’s Morphological
Characteristics of BCCs include Surface Measurements, Depth, Margins, and Invasion
[73]. BCCs appear on ultrasound as a hypoechoic dermal or subdermal structure of vari-
able shape that often contains tumoral hyperechoic spots. Hyperechoic spots were very
informative to stratify BCCs by severity and to identify certain specific subtypes [74].

5.6 Others

Recently, RCM and OCT have been combined to test for the diagnosis of BCC
in a prospective study. In this study with 32 single BCC and 3 multiple BCCs, RCM-
OCT showed an overall agreement of 91.1% with Mohs micrographic surgery-frozen
sections, a sensitivity of 82.6%, specificity of 93.8% for the diagnosis of residual BCC
and margin evaluation [75]. RCM-OCT takes advantage of the higher cellular resolu-
tion of RCM and the ability to measure up to 1000 pm with OCT, which helps in the
evaluation of BCCs [76].

6. Pretreatment assessment

Assessing the risk level of the lesion is the most important step in the choice of
treatment modality for basal cell carcinoma and should avoid the serious consequences
of overtreatment or inadequate treatment. Because basal cell carcinoma is often con-
fined to the local area, TNM staging is not often used. Basal cell carcinoma is classified
as high-risk or low-risk based on lesion site and lesion size, border, primary or recur-
rent, presence or absence of immunosuppression, whether it is a site of prior radiation
therapy, type of pathology, and presence or absence of perineural infiltration. The
more high-risk factors a patient contains, the higher the risk level and the worse the
prognosis. Multiple basal cell carcinomas are mainly caused by excessive exposure of
the skin to UV radiation. Physical examination should carefully examine the head,
face, neck, arms, and back of the hands. We reported a 54-year-old male patient
with multiple BCCs of the perioral region who had a history of pulmonary nodule
surgery (Figure 1). Images were captured by VISIA facial imaging booth (VISIA-CR,
Canfield). In physical examination, nodules with pearly-like surfaces and arborizing
vessels were observed above the left lip, below the left lip, below the right lip, and in
the middle of the lower lip; there presented ivory-white, smooth, and scar-like depres-
sions above the right lip; the nodules in the middle of the lower lip and the depressions
above the right lip extended past the vermilion border into the lip; other skin regions
were not involved. This patient was exempted from nevoid basal cell carcinoma syn-
drome (NBCCS) and did not have a history of radiotherapy. The diagnosis of multiple
BCCs was finally confirmed through skin biopsy at multiple sites. This patient did not
have NBCCS or receive radiotherapy before. Multiple BCCs distributed around the
perioral region seem to be related to shaving. Multiple BCCs may be associated with
male gender, age, nodular BCCs, or facial involvement at the time of the first diagnosis,
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Figure 1.
A case of 54-year-old male patient with multiple BCCs of the perioval region.

according to the multivariate analysis [64]. A positive family history of skin cancer is
an important factor in the development of basal cell carcinoma. Appropriate evalua-
tion for genetic disorders should also be performed. Germline mutations in the PTCH1
gene are present in patients with Gorlin syndrome or basal cell carcinoma naevus
syndrome. The Gorlin syndrome is an autosomal dominant disorder characterized

by skeletal abnormalities, jaw cysts, and multiple basal cell carcinoma of the skin. An
inherited mutation in the tumor suppressor gene causes multiple basal cell carcinomas
in conjunction with Gorlin syndrome [77]. In order to prevent life-long complica-
tions of this syndrome, early diagnosis is crucial to counseling patients, including
malignancy, oro-maxillofacial deformation, and destruction. This can be reduced by
diagnosing and treating at the earliest possible time [78]. There is a higher prevalence
in kidney transplant patients than in the general population. More than half of solid
organ transplant recipients will develop nonmelanoma skin cancer, such as basal cell
carcinoma or squamous cell carcinoma, at some point in their lives [79]. Based on
nonlinear image analysis techniques, the study observed differences that underscore
the relevance of T-cell suppression in cancer behavior [80]. Immunosuppression is

a significant risk factor [81]. Basal cell carcinoma is the second most common skin
cancer in posttransplant patients [82]. A review of the history of medically-derived
immunosuppressive drug use is equally important. Because basal cell carcinoma
includes a large number of subtypes, it is also important to differentiate between the
manifestations of the various subtypes. The study examined the relationship between
multiple basal cell carcinomas and internal malignant neoplasms among 199 patients
with multiple basal cell carcinoma presented with no substantial deviations [83]. The
factors are complex and still not completely understood. Multiple basal cell carcinomas
arising from epidermal nevus also need to evaluate [84].
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7. Therapy
7.1 Surgical treatment

Surgical treatment is the standard of care for most BCCs. Standard surgical exci-
sion is suitable for low-risk BCC, and for lesions <20 mm in diameter, a 4 mm surgical
margin is recommended, with a low risk of recurrence after standard excision. Mohs
micrographic surgery allows for maximum preservation of normal tissue to meet
functional and esthetic needs but is more costly and not suitable for low-risk BCC.
Complete circumferential peripheral and deep margin assessment is also suitable for
high-risk BCC. However, the surgical treatment of multiple basal cell carcinomas is
still not sufficiently studied, especially for Gorlin syndrome or basal cell carcinoma
naevus syndrome. The cases of multiple sporadic, nonsyndromic BCCs were reported
completely removed by surgery [85]. A re-excision with wider margins is recom-
mended if incompletely excised lesions recur, as the risk of multiple recurrences is
as high as 50%. Following surgical excision, reconstruction should be the primary
consideration in cases of multiple defects. In general, full-thickness skin grafts and
flaps can be used for repair. We reported a design using an equal area splicing for the
reconstruction of multiple defects after the excision of multiple basal cell carcinomas
[86]. The donor site was designed according to the size and shape of the skin defect.
In the donor site, the double semicircle dislocation splicing method was used as the
first level design, and then the second level design within the double semicircular skin
graft was carried out according to the area measurement and morphological evalua-
tion of the skin graft defect. In exceptional cases, if one-stage repair is not possible,
treatment can be performed by second-stage healing. The healing pattern of multiple
basal cell carcinoma should depend on the size, depth, and location of the defects.

7.2 Curettage and electrodesiccation

Curettage and electrodesiccation (C&ED) is the process of removing tumor tissue
with a curettage device and denaturing the tissue by electrodesiccation C&ED. This
method is simple in clinical operation, has a low economic burden for patients, and is
suitable for low-risk BCCs [87]. The cure rate of C&ED can reach 91-97% if suitable
lesions are selected after 5 years of follow-up. However, many studies have shown that
C&ED may have a high recurrence rate (19-27%). It may be attributed to the selection of
high-risk areas and tissue subtype correlation [53]. Since this procedure does not assess
histopathological margins, it is not recommended in areas with terminal hair growth,
such as the scalp, beard, and pubic bone [3]. Tumors deep below the hair follicle struc-
ture may fail to be removed using C&ED. If the cancer is found to have developed into
the subcutaneous layer, C&ED should not be used and surgery is most appropriate. And
in low-risk tumor areas, it is advisable to send the curettage to biopsy to guide subse-
quent treatment [88]. This procedure tests the doctor’ skill level and is prone to scarring.
It should be avoided on the face. Fournier et al. [89] showed that the curettage-electro-
desiccation group was better than the curettage cryosurgery group in the treatment of
basal cell carcinoma or squamous cell carcinoma, and the recurrence rate was lower.

7.3 5-fluorouracil

By inhibiting enzymes, 5-fluorouracil can affect DNA synthesis and achieve the
purpose of antitumor. Topical 5-fluorouracil is easy to operate, inexpensive, and
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effective. It is the first topical drug approved for the treatment of superficial BCCs
[90]. 5-fluorouracil creams are available in 5, 10, and 20% concentrations, with 5%
recommended for superficial BCCs. Topical 5-fluorouracil cream is recommended
twice a day for 3-6 weeks [91]. Gross et al. [90] used 5% 5-fluorouracil cream to treat
31 patients with superficial BCC and achieved a 90% cure rate with few adverse reac-
tions and high patient satisfaction. Studies in Diluviol [92] have shown that 5% 5-fluo-
rouracil cream combined with 10% salicylic acid can effectively treat pigmentary BCC,
but no large sample studies are required. Naik et al. [93] used topical 5-fluorouracil
cream to treat facial multiple basal cell carcinoma and achieved a good effect, with no
recurrence after 6 months of follow-up. Studies have shown that topical 5-fluorouracil
is suitable for recurrent BCCs with lesions more significant than 10 mm in diameter
and borderless clearness. However, it should be noted that 5-fluorouracil should not be
used around the eyelids due to its corneal toxicity. In addition, Avant et al. [94] showed
that intradermal injection of 5-fluorouracil was effective in treating invasive BCC. The
usual dose is 1-3 ml for injection, and the endpoint reaction is the whiteness of the
lesion. Before injection, 0.5 ml of 1% lidocaine is injected locally.

7.4 Imiquimod

Imiquimod is a synthetic agent that stimulates the production of cytokines, includ-
ing interferon, by activating toll-like receptors (TLR)-7 on antigen-presenting cells for
antiproliferative and antitumor effects. Topical imiquimod 5% cream is suitable for the
treatment of sBCC, and the recommended course of treatment is once a day, 5 days a
week for 6 weeks [95]. Ruiz et al. [96] applied 5% imiquimod cream three times a week
for 4 weeks in 82 patients with sBCC and achieved an 85% clearance rate after 2 years
of follow-up. A randomized, controlled, multicenter study of 99 cases of sBCCs treated
with topical 5% imiquimod cream achieved good results after 6 weeks. The results
showed a twice-daily clearance rate of 100%, and only one patient dropped out of the
study due to adverse skin reactions [97]. Jansen [98] randomly divided sBcc patients
into topical imiquimod cream, fluorouracil, and photodynamic therapy (MAL-PDT)
groups. In this study, 601 patients with sBCC were followed up for 5 years. The results
showed that topical imiquimod cream was superior to fluorouracil and MAL-PDT.

A study of 17 BCC patients with manifestations of Gorlins syndrome treated with

5% imiquimod cream achieved a 77% cure rate with no recurrence [99]. One patient
with multiple superficial BCC did not respond to 5% fluorouracil cream, while topical
imiquimod cream locally subsided [100]. A study of 67 patients with multiple super-
ficial BCCs showed a 77% cure rate with topical imiquimod 5% cream. The study also
found that the clearance rate of lower limbs was the worst compared with other sites,
suggesting there may be a heterogeneity of treatment sites [101].

7.5 Intralesional injection

Intralesional injection enables drugs to act on the lesion directly, penetrate deeper,
and avoid systemic toxicity and surgical complications. The intralesional injection
is usually used for patients who are not candidates for surgery, especially with high
recurrence risk. Several agents for BCC intralesional injection therapy have been
studied with a high degree of efficacy, including 5-fluorouracil, interferon, interleu-
kin-2, and bleomycin, but the evidence of long-term efficacy is limited. For example,
5-fluorouracil is a pyrimidine analog whose cytotoxic metabolites are incorporated
into DNA and RNA, inducing cell cycle arrest and apoptosis. It has been widely used
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in malignant tumors, but there is no clinical trial data on the treatment of multiple
basal cell carcinoma. Only a case reported a 62-year-old male patient from China
who was diagnosed with multiple basal cell carcinoma by skin biopsy and genetic
testing. He finally chose 5-FU (0.25 g/10 ml) intralesional injection combined with
30% salicylic acid and 5% 5-FU ointment for external use after local lesion curettage
because of the high incidence of head and face and economic burden. No recurrence
was observed under follow-up until half a year later [102]. Bleomycin, an antibiotic
produced by Streptomyces verticillate, causes the scission of DNA and inhibition of
DNA ligase. A clinical study of electrochemical therapy using bleomycin combined
with an electric pulse in the treatment of multiple basal cell carcinoma, including a
total of 54 lesions with an average diameter of 0.91 cm (range 0.37 ~ 2.1 cm) from

20 patients. Intralesional injection with bleomycin (tumor volume below 100 mm®
injected 0.5-unit bleomycin; 0.75 unit between 100 and 150 mm?, and 1.0 unit above
150 mm®), followed by electrical pulse therapy. The final complete remission rate was
as high as 98, 94% of lesions achieved complete remission after a single treatment,
and no recurrence was observed after an 18-month follow-up [103]. An 82-year-old
woman presented with multiple lesions in the right temporal region that were not
responsive to radiotherapy. Bleomycin was injected into eight new histopathological
confirmed basal cell carcinoma lesions, and 7 intralesional injections of 3 IU bleomy-
cin were administered every 48 hours. No recurrence or new lesions were observed
in the follow-up within 2 years [104]. However, the evidence for the treatment of
multiple cell carcinoma by intralesional injection is still limited, and its effectiveness
still needs more randomized controlled clinical studies to verify.

7.6 Cryotherapy

Cryotherapy uses the physical properties of the refrigerant substance, the low
temperature acts on the lesions to achieve the removal of malignant tissue. It was first
used as the treatment of basal cell carcinoma as early as the nineteenth century [105].
It’s the first choice for patients who want to avoid invasive surgery and is suitable
for the treatment of low-risk multiple basal cell carcinoma. However, it’s not recom-
mended for patients with lesions below the knee. Some clinicians recommend using
curettage, and electrodesiccation to reduce the tumor volume before cryotherapy,
or combined with other methods when the efficacy is under expectations. In a
case report, a 58-year-old man with superficial multiple basal cell carcinoma with
different sizes in the chest, back, and waist, cryotherapy alone or combined with
5-fluorouracil was tried, and no recurrence was found after 6 months of follow-up
[106]. The curative effectiveness of cryotherapy has a great discrepancy in differ-
ent published studies [107-110]. A prospective clinical randomized controlled trial
studied the effectiveness of cryotherapy in superficial multiple basal cell carcinoma,
and the results showed that the clinical clearance rate of cryotherapy was as high as
100% after 1 year (P = 0.060) [111]. There are also systematic reviews reported that
the efficacy and safety of cryotherapy alone or cryotherapy combined with curettage
in the treatment of primary superficial basal cell carcinoma and nodular basal cell
carcinoma are comparable to photodynamic therapy, but the postoperative esthetics
of patients is not as good as photodynamic therapy [112]. Of course, cryotherapy has
some limitations, besides common side effects, such as erythema, blisters, and pain,
there are also many other complications such as hypertrophic scars and postinflam-
matory pigment changes. Notably, recurrent cancer lesions may be covered by fibrous
scar tissue, resulting in extensive tumor infiltration.
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7.7 Photodynamic therapy

Photodynamic therapy (PDT) and oral vismodegib provide noninvasive treat-
ments for basal cell carcinomas (BCCs) in widespread BCCs and patients who are
poor surgical candidates. Different types of BCC respond differently to PDT, with
superficial BCC being the most sensitive to treatment. Combining PDT with vismo-
degib may be a safe and effective therapy for the treatment of multiple BCCs [113]. A
genetic mutation in PTCH1 ¢.1804C > T (p.Arg602*) results in Chinese nevoid basal
cell carcinoma syndrome associated with multiple basal cell carcinoma phenotypes.
Multiple modalities, including microwave ablation, photodynamic therapy, and
excision surgery, have a good response to the nevoid basal cell carcinoma syndrome
[114]. A case of numerous nodular BCCs scattered on the face and head was treated
with topical curettage and modified ALA-PDT. Curettage was to rapidly scalp away
nodular tumors and contributed to ALA transdermal depth to the tumor base [115].
We also reported a case of multiple basal cell carcinomas scattered on the leg, with
successful treatment with surgical excision, topical curettage, and modified ALA-
PDT (Figure 2A-D). The combination of surgery and photodynamic therapy is a
safe and effective treatment for multiple basal cell carcinomas [116]. Patients with
multiple superficial lesions may benefit from PDT.

7.8 Laser therapy

Ablative lasers are effective in treating superficial, low-risk BCC, with the
advantages of less pain, faster recovery, convenient operation, and better cosmetic
effect. For example, the CO2 laser can be used to treat multiple basal cell carcinomas
of 2-4 mm in children [117], with endpoints of dermal tightening and slight crust
formation, without bleeding or tissue reaction outside the treated area. Related
studies have shown that abnormal expression of chemokines correlates significantly
with angiogenesis in the tumor mesenchyme [118]. And the theory of selective
photothermal action supports the possibility of using vascular-selective laser destruc-
tion of blood vessels to treat multiple basal cell carcinomas [119]. For example, it

Figure 2.

A case of successful treatment with multiple basal cell carcinomas. A. multiple basal cell carcinomas scattered
on the leg, B-C. Modified ALA-PDT with topical curettage, D. the aveas of resistant to modified ALA-PDT are
treated surgically for eradication.
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has been reported that a single treatment with the long-pulsed 755 nm alexandrite
laser can achieve both clinical and histopathological clearance of multiple basal cell
carcinoma lesions. The wavelength 595 nm PDL selectively destroys dermal blood
vessels of 0.75 ~ 1.25 mm thickness by photothermal action, and the clinical efficiency
can range from 62 to 95% [120-122]. On account of only a few cases of various types
of lasers have been reported for the treatment of multiple basal cell carcinoma, and
there are no randomized controlled trials to prove the effectiveness of these methods,
we are unable to accurately assess Laser therapy efficiency in the treatment of mul-
tiple basal cell carcinoma.

7.9 Radiotherapy

Radiotherapy can be used as a complementary therapy for aggressive or high-risk
BCC that is not amenable to surgery, especially in those with perineural involvement.
Radiotherapy has the advantage of avoiding invasive procedures and is indicated for
patients for whom surgery is contraindicated or who are without a strong desire for
surgery. However, radiotherapy is mostly not recommended in multiple basal cell car-
cinoma and is even contraindicated in conventional treatment. Because of its inability
to control the edge, poor cosmetic outcomes, and long treatment period. Also, many
studies suggest that long-term radiotherapy increases the high risk of developing
skin cancer [123-125]. However, several studies have reported that patients with
Gorlin syndrome had no signs of recurrence at an average follow-up of 6 months after
radiation therapy, and no cases of secondary skin malignancies after radiation therapy
were observed [126, 127]. Related studies have shown that the relative risk of develop-
ing BCC after radiation therapy in children is higher, and the susceptibility to second-
ary malignancies is similarly higher in children with Gorlin syndrome than in adults
[128, 129], so radiotherapy is generally chosen for patients over 60 years of age.

7.10 Itraconazole

Itraconazole is an agent that binds SMO protein to inhibit the Hh pathway. In addi-
tion, itraconazole stops the cell cycle, inhibits angiogenesis, and leads to apoptosis
and autophagy [130]. The side effects are commonly related to the gastrointestinal
tract [131]. Kim DJ et al. observed 57 primary BCCs in eight patients were down 24%
[132]. As is reported, Itraconazole and arsenic trioxide, alone or combined, inhibit the
growth of medulloblastoma and basal cell carcinoma iz vivo and prolong the survival
of mice suffering from intracranial drug-resistant SMO D477G medulloblastoma
[133]. In an exploratory phase II trial of oral itraconazole for the treatment of multiple
BCCs, itraconazole reduced cell proliferation by 45%, HH pathway activity by 65%,
and tumor zone by 24% [134].

7.11 Targeted therapy

The Hedgehog pathway plays a vital role in multiple BCCs. This pathway is
largely maintained with the exception of hair follicles, skin, and stem cells, which is
essential for proliferation, differentiation, and maintenance [135]. On the one hand,
this pathway goes through a paracrine mechanism to support tumor growth. On the
other hand, the activation of Hh signaling in surrounding fibroblasts promotes the
mobilization of neoplastic stroma by tumor cells [136]. Recently, FDA has approved
vismodegib, sonidegib, and patidegib, three Hedgehog pathway inhibitors, to treat
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patients with advanced BCCs. These drugs inhibit smoothened, a hyperactive trans-
membrane protein by a homologous protein, which plays a key role in Hh signal
transduction [136]. PTCHI1 secrets PTCH protein and inhibits SMO signaling [137].
Therefore, no signals reach the nucleus to inhibit the Hh pathway. As was reported,
vismodegib and sonidegib displayed a total response rate of up to approximately 70%
and still >50% in the locally advanced context, and adverse events have been reported
for muscular spasms, alopecia, and dysgeusia [138]. Dennis Niebel et al. reported a
case of a 67-year-old female with multiple BCCs of the scalp who had a fascinating
partial remission after 3 months with vismodegib and sonidegib [139]. Abnormal
activation of the Hedgehog pathway is a molecular driver of basal cell carcinoma,
with most becs carrying somatic point mutations, mainly UV-induced heterozygosity
and/or copy loss of the PTCH1 gene. Recently, mutation and function analysis showed
that PTPN14 and LATS1 and MYCN were new BCC-associated genes. In addition,
emerging reports have found frequent noncoding mutations in the regulatory pro-
moter sequences of the TERT and DPH3-OXNAD1 genes. Therefore, new molecular-
targeted therapies are still being studied [2].

8. Conclusion

Despite progress in recent years, treating multiple basal cell carcinomas still
remains challenging and there is plenty of room for a systemic approach. Further
studies will improve our knowledge about this disease and the therapeutic options
available to treat it. The understanding of molecular events implicated in their devel-
opment has allowed the development of new strategies.
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Chapter 5

Radiation Therapy for Basal Cell
Skin Cancer

Eter Natelauri and Anna Jghamadze

Abstract

Radiation therapy significantly treats basal cell carcinoma (BCC), offering effec-
tive tumor control and favorable cosmetic outcomes. Basal cell carcinoma is the most
common form of skin cancer, and radiation therapy is indicated in cases where sur-
gery is not feasible or for high-risk features. External beam radiation therapy, brachy-
therapy, proton therapy, and electronic brachytherapy are the treatment modalities
employed in BCC management. Tumor control rates with radiation therapy for BCC
are generally high, with excellent local control achieved. Toxicities associated with
radiation therapy for BCC include acute effects on the skin and adjacent structures,
such as radiation dermatitis and hair loss. Minimizing toxicities and optimizing
patient comfort involve advanced treatment planning techniques, appropriate skin
care, and supportive care measures. Ongoing clinical trials and future perspectives in
radiation therapy for BCC focus on targeted therapies, immunotherapies, hypofrac-
tionation, and advanced radiation techniques. These research efforts aim to improve
treatment outcomes, personalize therapy, and enhance patient satisfaction. This
chapter provides a concise overview of radiation therapy for BCC, highlighting its
indications, techniques, outcomes, toxicities, and future perspectives.

Keywords: radiation therapy, basal cell skin cancer, tumor control, cosmetic
outcomes, indications, techniques, outcomes, toxicities, future perspectives, clinical
trials, targeted therapies, immunotherapies, hypofractionation, advanced radiation
techniques

1. Introduction

Skin cancer is one of the most prevalent forms worldwide, with its incidence
steadily increasing over the years [1]. Basal cell carcinoma (BCC) is the most com-
monly diagnosed among the various types of skin cancer, accounting for approxi-
mately 80% of all cases [2]. While BCC is generally characterized by slow growth and
low metastatic potential, it can lead to a significant local invasion, causing substantial
morbidity and cosmetic concerns for affected individuals. Therefore, effective treat-
ment modalities are crucial to achieving optimal outcomes in patients with BCC.

Radiation therapy (RT) has emerged as a valuable and versatile treatment option
for managing BCC, particularly when surgical intervention may be challenging or
undesirable. Radiation therapy utilizes high-energy ionizing radiation to target and
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destroy cancer cells while minimizing damage to surrounding healthy tissues. In the
early 1900s, radiation was first used to treat a patient suffering from skin cancer.

As advances were made in dermatology and surgical procedures, the importance

of radiation therapy in treating skin cancer decreased significantly over time [3].
However, there are still some circumstances in which radiation therapy has advan-
tages over alternative treatment techniques that are now available. Over the years,
radiation therapy techniques and protocols for BCC have also evolved, allowing for
more precise and effective treatment delivery [4].

To establish a foundation for understanding radiation therapy for BCC, it is essen-
tial to delve into the pathogenesis and clinical characteristics of basal cell carcinoma.
BCC arises from the abnormal growth of basal cells located in the epidermis’s lower
layer. Various subtypes of BCC, such as nodular, infiltrative, and morpheaform
variants, present distinct clinical features and implications for treatment selection.
Understanding these subtypes is critical for tailoring radiation therapy approaches to
individual patients. The decision to employ radiation therapy for BCC is often driven
by specific clinical scenarios where radiation therapy may be preferred over surgical
excision. These scenarios include primary BCCs located in anatomically challenging
areas, cases of recurrent BCC, large or high-risk BCCs, and situations where patients
have contraindications to surgery. By exploring these indications, healthcare profes-
sionals can understand when radiation therapy may offer optimal results and improved
patient outcomes. Clinical outcomes play a significant role in evaluating the efficacy
of radiation therapy for BCC. Healthcare professionals can refine treatment strategies
and optimize patient care by identifying factors influencing treatment outcomes. The
use of adjuvant radiation therapy following surgical excision or in combination with
other treatment modalities, such as topical therapies or immunomodulatory agents,
will also be explored. By understanding the acute and late effects on the skin, adjacent
structures, and surrounding tissues, healthcare professionals can implement strategies
to minimize these toxicities and enhance patient comfort during and after treatment.

2. Basal cell carcinoma: pathogenesis and clinical characteristics

Basal cell carcinoma (BCC) is the most common type of skin cancer, originating
from the basal cells that line the deepest layer of the epidermis. It predominantly
affects body areas exposed to ultraviolet (UV) radiation, such as the face, neck, and
arms. BCC typically grows slowly and rarely spreads to other body parts, making it
highly curable if detected and treated early. There are several subtypes of Basal Cell
Carcinoma [5]:

* The superficial subtype of basal cell carcinoma (BCC) is characterized by mul-
tiple tiny buds of basaloid cells extending from the epidermis without invading
the dermis.

* The nodular variant is the most common type of BCC. It consists of cell clusters
arranged in islands with peripheral palisading, while the central cells show a
haphazard arrangement. Larger nodular BCCs may exhibit ulceration.

* The micronodular subtype shares histologic similarities with the nodular subtype
but comprises multiple small nodules. The micronodular type has a higher risk of
local recurrence than other subtypes.
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The sclerosing (morphea-like) subtype is characterized by spiky, basaloid
strands of cells invading the dermis, surrounded by dense fibrous tissue. The
differential diagnosis may consider microcystic adnexal carcinoma, desmoplastic
trichoepithelioma, or metastatic cancer due to similar histologic features. In
cases where the tumor nests exhibit spiky projections and invade deeply, it is
called an infiltrative BCC.

Pigmented BCC occurs when melanocytes and melanin are present alongside
the tumor cells. This subtype is more frequently observed in the superficial,
micronodular, or follicular variants.

The infundibulocystic variant is a rare subtype often found on the face. It mani-
fests as a well-defined tumor composed of cell nests arranged in an anastomos-
ing manner with minimal stromal involvement. Numerous small infundibular
cyst-like structures containing keratinous material and occasionally melanin can
be observed.

Basosquamous or metatypical BCC exhibits BCC and squamous cell carcinoma
(SCC) features. The exact nature of this lesion is debated, but it typically refers
to arare form of BCC characterized by nests and strands of cells that mature into
more extensive and paler cells without peripheral palisading.

Fibroepithelioma of Pinkus appears as a soft nodular lesion resembling a fibroma
or papilloma commonly found on the lower back. It consists of interconnected
strands and aggregates of basaloid cells surrounded by fibrous stroma.

The clinical presentation of BCC can vary depending on the subtype. Common

signs include pearly or translucent appearance; raised, firm, or shiny nodules; ulcer-
ation, crusting, or bleeding; slow growth and lack of pain or itchiness; telangiectasia
(visible blood vessels); and distorted or rolled borders.

Diagnostic approaches for basal cell skin cancer (BCC) typically involve a com-

bination of clinical examination, dermatoscopic evaluation, and biopsy procedures.
These approaches aim to identify and characterize the BCC lesion accurately, guiding
appropriate treatment decisions. Here are the critical diagnostic approaches:

77

* Clinical Examination: A dermatologist conducts a thorough visual examination

of the skin, looking for characteristic signs of BCC. These signs may include
araised, pearly bump with a rolled border, small blood vessels on the surface
(telangiectasia), central ulceration or crusting, and slow growth over time. The
examination may involve assessing the lesion’s size, shape, color, and associated
symptoms.

Dermatoscopy: Dermatoscopy, also known as dermoscopy or epiluminescence
microscopy, is a noninvasive technique that uses a dermatoscope—a handheld
magnifying device with a light source—to examine the skin lesion in detail [6].
Dermatoscopy allows the dermatologist to visualize specific patterns and struc-
tures within the lesion, helping to differentiate BCC from other skin conditions.

Biopsy: Biopsy is the gold standard diagnostic procedure for BCC. It involves the
removal of a small sample of tissue from the suspicious lesion for microscopic
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examination by a pathologist. Different biopsy techniques can be used depend-
ing on the size, location, and clinical features of the lesion:

* Shave Biopsy: A superficial lesion sample is shaved off using a scalpel or a razor
blade.

* Punch Biopsy: A circular tool removes a small, full-thickness sample of the
lesion, including the epidermis and part of the dermis.

* Excisional Biopsy: The entire lesion and a margin of surrounding healthy tissue
are surgically excised and sent for examination.

* Incisional Biopsy: Only a representative portion of the lesion is surgically
excised and examined.

The biopsy sample is sent to a pathology laboratory, where it is processed, stained,
and examined under a microscope by a pathologist. The microscopic analysis helps con-
firm BCC’s presence, determine the subtype (e.g., nodular, superficial, or infiltrative),
and assess essential features such as depth of invasion and aggressive characteristics.

In some cases, additional diagnostic techniques may be used for specific scenarios:

* Imaging Techniques: In rare cases where the BCC may have invaded deeper struc-
tures, imaging techniques such as ultrasound, computed tomography (CT), or
magnetic resonance imaging (MRI) can provide valuable information about tumor
depth and involvement of underlying structures and aid in treatment planning.

* Molecular Testing: Molecular testing, such as genetic analysis or immunohisto-
chemistry, may be employed when the diagnosis is challenging or when deter-
mining treatment options, particularly for rare or aggressive subtypes of BCC.

It is important to note that diagnosis and treatment decisions are best made by a
qualified healthcare professional, such as a dermatologist, based on clinical evalua-
tion, dermatoscopy, biopsy results, and individual patient factors [7].

The clinical characteristics and subtypes of BCC have implications for treatment
selection. Factors such as tumor size, location, depth of invasion, and histological
subtype influence the choice of treatment modality. While surgical excision is the
standard approach for most BCCs, radiation therapy is crucial in cases where surgery
may be challenging or associated with significant morbidity. Understanding the
specific characteristics of BCC subtypes aids in tailoring treatment plans and achiev-
ing optimal patient outcomes.

By comprehending BCC’s pathogenesis and clinical characteristics, healthcare
professionals can accurately recognize and diagnose the disease. This knowledge is
the foundation for selecting appropriate treatment strategies, including radiation
therapy, that effectively address basal cell carcinoma’s unique features and challenges.

3. Indications for radiation therapy in basal cell skin cancer

Radiation therapy (RT) is a valuable treatment modality for basal cell carcinoma
(BCC), offering an effective alternative or complementary approach to surgical
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excision. While surgery remains the primary treatment for most BCC cases, there are
specific clinical scenarios where radiation therapy becomes a preferred or necessary
option [8]. Understanding these indications is crucial for healthcare professionals in
determining the optimal treatment approach for patients with BCC.
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A. Primary BCCs in Challenging Anatomical Areas

* Periocular and Periorbital BCCs: BCCs located near the eyes or in delicate

anatomical regions pose challenges for surgical excision due to the potential for
functional and cosmetic complications. Radiation therapy can be an effective
treatment option for preserving visual function and achieving satisfactory
cosmetic outcomes.

Nasal and Facial BCCs: BCCs involving the nose and other facial regions often
require complex reconstruction after surgical removal, which can be techni-
cally demanding. Radiation therapy can be considered an alternative or adjunc-
tive treatment, particularly in cases where surgical excision compromises the
functional and esthetic integrity of the nose or surrounding structures.

Ear BCCs: The ears are susceptible to BCC development, and surgical excision
in this area can lead to deformities and functional impairment. Radiation
therapy can be employed as a primary treatment or as an adjuvant therapy to
surgical excision to preserve the structural and functional integrity of the ears.

B. Recurrent BCCs

* BCC’s recurrence after initial treatment can present challenges in managing

the disease effectively. Radiation therapy offers a valuable option for recurrent
BCCs, especially if previous surgical excisions have been unsuccessful or if the
tumor recurs in anatomically challenging areas where further surgeries may
not be feasible or desirable.

C. Large or High-Risk BCCs

* Large BCCs: Large BCCs, typically those exceeding 2 cm in diameter, present

challenges in complete surgical removal while preserving optimal cosmetic
outcomes. Radiation therapy can be employed as the primary treatment or
in combination with surgical excision to achieve tumor control and maintain
cosmesis.

High-Risk BCCs: Certain BCCs have a higher risk of recurrences or aggres-
sive behavior, such as infiltrative or morpheaform subtypes, tumors with
aggressive histological features, or those located in functionally or cosmeti-
cally critical areas. Radiation therapy may be utilized as a definitive or
adjuvant therapy to reduce the risk of recurrence and improve local control
in high-risk BCCs.

Contraindications to Surgery: In some cases, patients may have contraindica-
tions to surgical excisions, such as underlying medical conditions or anatomi-
cal factors that make surgery risky or impractical. Radiation therapy can be an
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effective alternative, providing a noninvasive treatment option for BCCs while
minimizing surgical risks and complications.

By understanding the indications for radiation therapy in BCC, healthcare profes-
sionals can make informed treatment decisions based on individual patient factors,
tumor characteristics, and radiation therapy’s potential benefits and limitations.
Collaborative decision-making between healthcare providers and patients is essential
to determine the most suitable treatment approach that maximizes outcomes while
considering patient preferences and overall health.

4. Technical aspects of radiation therapy for basal cell skin cancer

Effective treatment planning is crucial for achieving optimal outcomes in radia-
tion therapy (RT) for basal cell carcinoma (BCC). Careful consideration of various
factors helps develop individualized treatment plans targeting the tumor while
minimizing radiation exposure to surrounding healthy tissues [9]. The following
treatment planning considerations are essential in the context of RT for BCC:

Pretreatment Evaluation:

* Clinical Assessment: A thorough clinical evaluation is essential to determine the
tumor size, location, and characteristics accurately. Precise tumor delineation is
critical for treatment planning.

* Imaging Studies: Imaging modalities such as computed tomography (CT) or mag-
netic resonance imaging (MRI) may be employed to assess tumor depth and the
invasion of adjacent structures and identify potential lymph node involvement.

Radiation Technique Selection:

* External Beam Radiation Therapy (EBRT): EBRT involves delivering radiation
from a machine outside the body, focusing radiation beams to the tumor site.
Techniques such as 3D conformal radiation therapy (3D-CRT), intensity-modu-
lated radiation therapy (IMRT), or volumetric modulated arc therapy (VMAT)
may be used to optimize dose distribution and spare healthy tissues.

* Brachytherapy: Brachytherapy involves the placement of radioactive sources
directly into or near the tumor site. This technique can be utilized in cases
where the tumor is superficial or in difficult-to-treat areas, allowing for a highly
targeted and localized radiation dose.

* Proton Therapy: Proton therapy utilizes protons instead of conventional X-ray
photons, providing superior dose conformity and sparing surrounding healthy
tissues. It may be considered for some instances of BCC, particularly in pediatric
patients or those with complex tumor geometries.

* Electronic Brachytherapy: Electronic brachytherapy employs low-energy X-rays
from a portable device, allowing for targeted treatment of superficial BCCs. It
offers a noninvasive and convenient option for patients, especially in cases where
traditional brachytherapy is not feasible.
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Treatment Field Design:

* Tumor Volume Definition: Precise delineation of the target volume is crucial
to ensure accurate radiation delivery. The gross tumor volume (GTV), clinical
target volume (CTV), and planning target volume (PTV) should be carefully
defined based on clinical assessment and imaging studies.

* Margin Considerations: Adequate margins are added around the GTV to account
for treatment delivery, patient setup, and organ motion uncertainties. Advanced
imaging techniques, such as 4D CT, can aid in accounting for respiratory motion
and further refining the treatment margins.

* Organ-at-Risk (OAR) Constraints: Critical structures near the tumor, such as
the eyes, optic nerves, lens, brainstem, spinal cord, and skin, must be carefully
considered to minimize radiation-related toxicity. Dose constraints and dose-
volume histogram (DVH) analysis helps ensure that the dose limits to OARs are
not exceeded.

Dose Fractionation:

* Standard Fractionation: The most commonly used dose fractionation schedule
for BCC is delivering a total dose of 60-70 Gray (Gy) in daily fractions of 2 Gy
over several weeks (e.g., 67 weeks) [8].

* Hypofractionation: Hypofractionated schedules may be considered in excep-
tional cases, delivering higher doses per fraction with fewer treatment sessions.
These schedules can be completed in a shorter overall treatment time, enhancing
patient convenience.

5. External beam radiation therapy

External beam radiation therapy (EBRT) is widely used in treating basal cell
carcinoma (BCC). It involves delivering radiation to the tumor site using a machine
outside the body. EBRT offers precise and targeted radiation delivery, allowing for
effective tumor control while minimizing radiation exposure to surrounding healthy
tissues.

Prior to treatment, a simulation session is conducted to obtain images of the
patient’s treatment area. Imaging modalities such as CT or MRI scans provide detailed
information about the tumor and surrounding structures, aiding in treatment
planning. Appropriate immobilization devices, such as thermoplastic masks or body
molds, ensure consistent positioning during treatment sessions. Immobilization
devices help minimize patient movement, allowing for accurate radiation delivery.

Target Volume Delineation: The gross tumor volume (GTV) and clinical target
volume (CTV) are defined based on clinical assessment, imaging data, and surgi-
cal scars if present. The planning target volume (PTV) is then generated by adding
appropriate margins around the CTV to account for treatment setup and patient
motion uncertainties. The radiation therapy (RT) target volume or field is determined
by factors such as lesion size, location, and growth type. Infiltrative lesions, which
require more extensive coverage, have larger field margins. Typically, the treatment
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field encompasses the visible or palpable tumor and approximately 1 cm to 2 cm of
surrounding normal-appearing skin [8]. In cases where the lesion is well-demarcated
and measures 1 cm or smaller, tighter margins of 1 cm may be used, especially when
treating areas near the eye. However, lesions with ill-defined borders necessitate more
generous margins to include subclinical microscopic extensions adequately.

In patients receiving postoperative RT for lymph node metastasis or perineural
invasion (PNI), the initial portal may need to include the primary tumor bed if tech-
nically feasible. However, this inclusion may be omitted if more than 12 months have
passed since treatment at the primary site, with no evidence of local recurrence. Some
clinicians may extend this period, such as waiting for 24 months, before omitting
treatment at the primary site.

Determining the clinical target volume in PNI depends on the specific primary
site and the cranial nerves involved. In many cases, this includes areas such as the
skull base, cavernous sinus, and intracranial routes back to the brainstem. Advanced
techniques such as highly conformal intensity-modulated radiation therapy (IMRT)
or intensity-modulated proton therapy (IMPT) enable precise treatment of neural
pathways while minimizing radiation exposure to critical structures. Therefore, clini-
cians must possess sufficient knowledge and expertise when delineating the relevant
structures. This ensures the accurate delivery of radiation therapy while preserving
normal tissue function [10]. Elective treatment of regional lymph nodes in patients
with PNT is an option, but its benefit has yet to be established or proven. The decision
to include regional lymph nodes in the treatment plan should be carefully evaluated
and individualized based on the specific clinical scenario and available evidence.

Advanced treatment planning systems are utilized to optimize dose distribution
and ensure adequate coverage of the target while sparing nearby critical structures.
Techniques such as 3D conformal radiation therapy (3D-CRT), intensity-modulated
radiation therapy (IMRT), or volumetric modulated arc therapy (VMAT) may be
employed to achieve desired dose distributions. For treatment with X-rays, the dose is
specified at Dmax (maximum dose). In contrast, when irradiating with electrons, the
dose is typically prescribed at 90% of the specified dose. This distinction accounts for
the differences in the relative biologic effectiveness between these two types of radia-
tion beams. Structures, including the eyes, optic nerves, lens, brainstem, spinal cord,
and skin, are carefully delineated and considered during treatment planning. Dose
constraints are established to minimize radiation-related toxicity to these structures.

The total prescribed dose for BCC is typically delivered in daily fractions over
several weeks. The standard fractionation scheme is 2 Gy per fraction, delivered 5
days per week, resulting in a total 60-70 Gy dose. In exceptional cases, hypofraction-
ated schedules may be considered, delivering higher doses per fraction with fewer
treatment sessions. The recommended radiation regimen for individual patients
depends on several factors, including patient age, performance status, lesion size, and
site. For older patients aged 60 to 80 years, a dose of 40 Gy in 10 fractions, 45 Gy in 15
fractions, or 50-55 Gy in 20-25 fractions is considered appropriate and effective.

In cases where patients are elderly (over 80 years of age) and/or in poor general
condition, hypofractionation may be utilized. Hypofractionation involves delivering
a lower total dose of radiation in more significant fractions, such as 32 Gy in 4 frac-
tions, 21 Gy in 3 fractions, 35 Gy in 5 fractions, or a single dose of 15 to 20 Gy. Despite
the use of hypofractionation, excellent control rates are still expected. However, it
should be noted that delivering more significant fractions using superficial energy
photons or orthovoltage energy photons may take longer (20 to 30 minutes), and
uncooperative patients may require light sedation. Numerous studies have shown that
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hypofractionated radiation therapy achieves over 90% local control rates with limited
side effects [11].

In cases where a nodal basin (such as the parotid or neck) has been surgically
resected and multiple positive nodes or a single node with extranodal spread are pres-
ent, patients usually receive radiation in 2 Gy fractions to a total dose of 60 Gy due to
the more extensive treatment volume involved. Similarly, for patients with inoperable
nodal disease who are treated with radiation therapy alone, fractions of 2 to 2.5 Gy are
administered, with a total dose ranging from 60 to 70 Gy, unless the intent of treat-
ment is solely palliative.

Before each treatment session, patient positioning is verified using image guidance
techniques, such as cone-beam CT or portal imaging. This ensures accurate alignment
with the planned treatment position, minimizing setup errors. High-energy X-ray
beams generated by linear accelerators (linacs) are commonly used in EBRT for BCC.
The choice of beam energy and beam angles depends on the tumor location, depth,
and nearby critical structures. Beam modulation techniques, such as dynamic multi-
leaf collimation in IMRT or VMAT, allow for precise shaping of the radiation dose to
conform to the tumor shape while sparing healthy tissues.

Regular treatment reviews and quality assurance procedures are performed
throughout the course to ensure accurate and consistent radiation delivery. Patients
undergoing EBRT for BCC require regular follow-up visits to monitor treatment
response, assess acute side effects, and manage potential late effects. Collaboration
between radiation oncologists, dermatologists, and other healthcare professionals is
essential in providing comprehensive patient care.

External beam radiation therapy plays a significant role in treating BCC, especially
in cases where surgical excision may be challenging or associated with significant
morbidity. By carefully considering treatment simulation, planning, delivery tech-
niques, and monitoring treatment, healthcare professionals can effectively utilize
EBRT to achieve optimal tumor control while minimizing radiation-related toxicity
for patients with BCC.

6. Brachytherapy techniques

Brachytherapy is a radiation therapy technique that involves the placement of
radioactive sources directly into or near the tumor site. It provides a highly targeted
and localized radiation dose, making it an effective treatment option for basal cell
carcinoma (BCC), particularly in cases where the tumor is superficial or in difficult-
to-treat areas. Brachytherapy offers several advantages, including precise dose
delivery, reduced treatment duration, and sparing of surrounding healthy tissues.
Various brachytherapy techniques can be employed for the treatment of BCC:

* Surface Brachytherapy/Electronic Brachytherapy: Electronic brachytherapy, also
known as low-energy or superficial brachytherapy, utilizes low-energy X-rays
emitted from a portable device. It is commonly used for superficial BCCs, deliv-
ering radiation directly to the skin surface. This technique offers a noninvasive
and convenient option for patients, especially in cases where traditional brachy-
therapy is not feasible. Applicators specifically designed for flat surfaces elimi-
nate the need for anesthesia during application. These applicators, including
French pulmonary applicators, can treat skin surface lesions. Once the applicator
is prepared, markers are inserted into the catheters to simulate the presence of
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the radioactive source. X-rays (front-rear and lateral) or computed tomography
(CT) scans are performed to gather imaging data, which are then transferred to
the planning system. During the planning stage, the area to be irradiated, known
as the planning target volume (PTV), consists of the tumor along with a margin
of either 0.5 or 1 cm (known as the gross tumor volume - GTV), depending on
the diameter of the lesion [12, 13]. As per the recommendations of the American
Brachytherapy Society, tumors with an infiltration depth of less than 0.5 cm

can be treated solely with superficial brachytherapy (BT). The suggested dose
for this approach is 48-51 Gy delivered in 16-17 fractions, with the treatment
extending 0.5 cm from the surface of the applicator. This treatment is adminis-
tered once daily [14].

Contact Brachytherapy: Contact brachytherapy involves placing a radioactive
source, such as a surface mold or applicator, directly on the skin surface. The
source remains in contact with the tumor site for a specified duration, delivering
radiation to the target area while minimizing exposure to surrounding healthy
tissues.

Interstitial Brachytherapy/Needle- or Catheter-Based Brachytherapy: Interstitial
brachytherapy involves the insertion of radioactive sources directly into the
tumor or surrounding tissues using needles or catheters. This technique allows
for the precise placement of radiation sources at specific depths and positions
within the tumor, tailoring the dose distribution to the tumor volume. Tumors
situated on curved surfaces such as naso-buccal folds, fingers, and ear pinna,
with a diameter ranging from 5 to 6 cm and a thickness of 0.5 to 2.0 cm, are

best treated using interstitial brachytherapy (BT). Cases involving coexisting
fistula, nodal metastasis, and bone infiltration are not considered in this context.
Typically, 1 to 3 plastic applicators are implanted into the tumor, and a pre-
scribed dose of 65 Gy (ranging from 45 to 70 Gy) is calculated for the reference
isodoses of 85% according to the Paris system. These procedures have shown
significant benefits in achieving local control rates ranging from 95-98% while
preserving excellent cosmetic and functional outcomes [15]. In the interstitial
method, some centers still employ hypodermic needles with bevels of 2 to

10 cm in length, along with silk and nylon wire tubes adapted for afterloading
applications. Local or general anesthesia is administered as needed during these
procedures.

Similarly, metal applicators are used for the interstitial implantation of radioactive
iridium wires with a thickness of 0.5 cm. The number of applicators or needles
required depends on the diameter of the tumor; for most skin cancers infiltrating
healthy tissues by less than 1 cm, single-plane high-dose-rate (HDR) applications
are performed. Standard dose regimens for T1-2 tumors typically involve 48 Gy
delivered in 16 fractions administered twice daily. For T3-4 tumors, the standard
dose is 51 Gy, delivered in 17 fractions, also given twice daily [16].

High-Dose Rate (HDR) Brachytherapy: HDR brachytherapy delivers a high dose
of radiation over a short period, typically in fractions delivered a few times a day.
It involves temporarily placing radioactive sources in the tumor site using after-
loading techniques. The sources are remotely controlled, allowing for precise
dose delivery and flexibility in treatment planning.
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* Seed Implantation/Permanent Seed Implantation: Permanent seed implantation
involves the placement of tiny, radioactive seeds directly into the tumor. These
seeds emit radiation over an extended period, gradually delivering the prescribed
dose. This technique is typically used for low-risk or small BCCs and allows
continuous dose delivery while minimizing treatment sessions.

Multimodal Approaches:

Brachytherapy with EBRT: Brachytherapy can be combined with EBRT to achieve
optimal treatment outcomes. EBRT delivers radiation to the tumor site from outside
the body, while brachytherapy provides a boost dose to the tumor area [17]. This
combination approach allows for better coverage of the target volume while sparing
surrounding healthy tissues.

During brachytherapy treatment planning for BCC, imaging studies, such as CT
or MRI scans, precisely delineate the tumor volume and surrounding structures.
Treatment optimization is performed to ensure adequate target dose coverage while
minimizing radiation exposure to critical structures. Close collaboration between
radiation oncologists, medical physicists, and dosimetrists is essential in determining
each patient’s optimal brachytherapy technique and dose distribution [18].

Brachytherapy techniques provide an effective and localized treatment option
for BCC, particularly in cases where surgical excision may be challenging or result in
functional or cosmetic complications. The selection of the appropriate brachytherapy
technique depends on factors such as tumor characteristics, size, location, and patient-
specific considerations. By employing these techniques, healthcare professionals can
achieve precise tumor control while preserving the quality of life for patients with BCC.

7. Proton therapy

PT is a specialized form of EBRT that utilizes protons, rather than conventional
X-ray photons, to deliver radiation to the tumor site [19]. Protons have unique
physical properties that allow for precise dose deposition, resulting in superior
dose conformity and sparing of healthy tissues compared to photon-based treat-
ments. PT offers the advantage of utilizing the finite range of protons, which
allows for the sparing of healthy tissue from receiving beam exit doses that would
otherwise be exposed in photon-based treatments. However, the current evidence
on PT for skin cancer is limited to comparative dosimetric analyses and retrospec-
tive single-institution series. However, proton therapy may be considered for some
basal cell carcinoma (BCC) instances, particularly in pediatric patients or those
with complex tumor geometries.

Advantages of Proton Therapy for BCC:

* Superior Dose Conformity: Proton beams have a characteristic Bragg peak,
where the most radiation dose is deposited at a specific depth within the tumor.
This allows for highly conformal dose distributions, minimizing radiation
exposure to surrounding healthy tissues.

* Reduced Radiation to Critical Structures: Proton therapy can spare critical
structures near the tumor, such as the eyes, optic nerves, and brainstem. This is
particularly advantageous in BCC cases where the tumor is in close proximity to
these critical structures.
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* Reduced Risk of Late Effects: The precise dose deposition of proton therapy can
reduce the risk of long-term radiation-related side effects, enhancing the quality
of life for BCC patients after treatment.

Considerations for Proton Therapy in BCC:

* Tumor Characteristics: Proton therapy may be considered for BCC cases with
challenging tumor locations, complex geometries, or tumors in close proximity
to critical structures where conventional radiation techniques may pose a higher
risk of complications.

* Availability and Access: Proton therapy facilities are currently limited in number
and may not be readily accessible to all patients. Referral to specialized centers
and multidisciplinary collaboration is essential in determining the suitability of
proton therapy for individual cases.

Proton therapy offers unique advantages in treating BCC, providing tailored radia-
tion delivery and minimizing radiation exposure to critical structures. The selection
of these techniques depends on individual patient factors, tumor characteristics, and
the availability of specialized treatment facilities. Collaborative decision-making
between radiation oncologists, dermatologists, and other healthcare providers is
crucial in determining the most suitable treatment approach for BCC patients.

8. Efficacy of radiation therapy for basal cell skin cancer

One of the primary goals of radiation therapy for basal cell carcinoma (BCC) is
to achieve effective tumor control. Tumor control rates refer to the percentage of
patients who experience local tumor control following radiation therapy. Several
factors can influence tumor control rates, including tumor characteristics, treatment
techniques, dose fractionation, and patient-specific factors. It is important to note
that tumor control rates may vary depending on the specific studies and patient popu-
lations. Radiation therapy has demonstrated high rates of local control for primary
BCCs. Studies have reported tumor control rates ranging from 90% to over 95% for
primary tumors treated with radiation therapy alone. Tumor size, location, histologi-
cal subtype, and depth of invasion can impact tumor control rates. Smaller, superfi-
cial tumors generally have higher control rates than more extensive, invasive tumors.
The control rates for recurrent BCCs treated with radiation therapy can be more
variable compared to primary tumors. They may range from 60-90%, depending on
various factors, including the extent of recurrence, previous treatment history, and
tumor biology. Radiation therapy can be an effective salvage treatment for recurrent
BCCs, especially when surgical resection is challenging or not feasible due to anatomi-
cal constraints or patient comorbidities. Adjuvant radiation therapy may be recom-
mended after surgical excision of high-risk BCCs to improve local control rates. The
addition of radiation therapy to surgery has shown improved tumor control compared
to surgery alone. Neoadjuvant radiation therapy refers to the administration of radia-
tion therapy before surgery. It may be considered for large, locally advanced BCCs to
downsize the tumor and facilitate surgical resection [20, 21].

Patient characteristics, including age, overall health status, and individual tumor
factors, can influence tumor control rates. Patients with better overall health and
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favorable tumor characteristics tend to have higher tumor control rates. Patient
compliance with the recommended treatment schedule and regular follow-up visits is
essential for monitoring treatment response and detecting potential recurrence or late
effects.

It is important to note that individual patient outcomes may vary, and treatment
decisions should be made on a case-by-case basis, considering the patient’s specific
circumstances and the expertise of the multidisciplinary treatment team. Long-term
follow-up and continued surveillance are essential to monitor tumor control and
evaluate treatment success in BCC patients undergoing radiation therapy.

Cosmesis refers to the cosmetic appearance of the treated area following radiation
therapy for basal cell carcinoma (BCC). Achieving favorable cosmesis outcomes is
essential in managing BCC, as it contributes to the patient’s overall quality of life and
satisfaction with treatment. Several factors can influence cosmesis outcomes, includ-
ing treatment techniques, dose fractionation, tumor characteristics, and individual
patient factors. The use of advanced treatment techniques, such as 3D conformal radia-
tion therapy (3D-CRT), intensity-modulated radiation therapy (IMRT), or volumetric
modulated arc therapy (VMAT), can help in achieving better cosmesis outcomes.
These techniques allow for more precise and conformal dose delivery, sparing healthy
tissues and minimizing the impact on cosmetic appearance. Brachytherapy techniques,
including surface brachytherapy and interstitial brachytherapy, can be advantageous
in preserving cosmesis for superficial BCCs. These techniques provide targeted radia-
tion delivery, minimizing damage to surrounding healthy tissues. The choice of dose
fractionation schedule can impact cosmesis outcomes. Using standard fractionation
schedules, such as delivering a total dose of 60-70 Gray (Gy) in daily fractions of 2 Gy
over several weeks, has shown favorable cosmesis results. Hypofractionated regimens
may also be considered, but long-term cosmesis outcomes are still being studied.

The location of the BCC can influence cosmesis outcomes. Tumors in cosmetically
sensitive areas, such as the face, may require special attention to minimize cosmetic
changes and ensure favorable outcomes. More extensive and deeper tumors may have
a higher risk of affecting cosmesis due to the potential involvement of surrounding
structures and the need for a more extensive treatment field. Tumor characteris-
tics should be considered in treatment planning to optimize cosmesis outcomes.
Discussing and understanding the patient’s expectations regarding cosmesis outcomes
is crucial. Managing realistic expectations and providing appropriate information
about potential cosmetic changes can help ensure patient satisfaction. Individual
patient factors, such as skin type and healing capacity, can affect cosmesis outcomes.
Patients with sensitive or fragile skin may require special care and attention during
treatment planning and delivery. Cosmesis outcomes should be evaluated immediately
after treatment and during long-term follow-up visits. Regular assessment of cosmesis
helps monitor the changes over time and address any concerns that may arise.

It is important to note that achieving optimal cosmesis outcomes in radiation
therapy for BCC requires a multidisciplinary approach involving radiation oncolo-
gists, dermatologists, and other healthcare professionals. Collaboration and com-
munication among the treatment team are essential to customize the treatment plan
according to the patient’s needs and optimize cosmesis results.

Long-term follow-up data plays a crucial role in evaluating the outcomes and
assessing the efficacy of radiation therapy for basal cell carcinoma (BCC). It provides
valuable information on tumor control rates, cosmesis outcomes, late effects, and
overall treatment success. Long-term follow-up data allows for assessing local tumor
control rates following radiation therapy. It provides information on the percentage of
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patients who remain free from local recurrence or progression of the treated BCC over
an extended period. Long-term data helps determine the durability of tumor control
achieved through radiation therapy. It allows for evaluating treatment effectiveness in
preventing local recurrence over several years or even decades.

Long-term follow-up data includes cosmetic assessments of the treated area,
providing information on the cosmetic appearance of the site after radiation therapy.
It allows for evaluating cosmetic changes, such as skin pigmentation, texture, fibrosis,
or other long-term effects on cosmesis. Long-term follow-up data may also include
patient-reported outcomes regarding cosmesis and overall satisfaction with the
cosmetic results. Patient feedback on their perceived cosmesis can provide valuable
insights into the impact of radiation therapy on their quality of life.

Long-term follow-up data allows for assessing the late effects and potential
treatment-related toxicities associated with radiation therapy for BCC. This includes
evaluating the occurrence and severity of long-term skin changes, fibrosis, radia-
tion dermatitis, or other late effects in the treated area. Long-term data also provide
insights into the impact of radiation therapy on the patient’s overall quality of life.
This includes assessing functional outcomes, psychosocial well-being, and the impact
of any late effects on daily activities or body image.

Long-term follow-up data enables the evaluation of disease-specific survival
rates for BCC patients treated with radiation therapy. It provides information on
the percentage of patients who survive without disease progression or metastasis.
Long-term survival outcomes, including overall survival rates, can be assessed to
determine the effectiveness of radiation therapy in improving long-term survival
in BCC patients. Long-term follow-up data allows for comparative effectiveness
studies, comparing radiation therapy outcomes with other treatment modali-
ties, such as surgery or topical therapies. These studies help assess the long-term
efficacy and advantages of radiation therapy in managing BCC. Pooling long-term
follow-up data from multiple studies through meta-analyses provides a compre-
hensive evaluation of treatment outcomes and can strengthen the evidence base for
radiation therapy in BCC.

Long-term follow-up data is crucial in monitoring treatment outcomes, under-
standing the long-term effects of radiation therapy, and informing clinical decision-
making. It provides valuable insights into the efficacy, cosmesis outcomes, late effects,
and overall survival rates associated with radiation therapy for BCC. Continual
assessment and reporting of long-term follow-up data improve treatment strategies
and patient care in the long run.

9. Adjuvant radiation therapy and combination approaches

Adjuvant radiation therapy refers to administering radiation treatment following
primary surgical excision of basal cell carcinoma (BCC). It reduces the risk of local
recurrence and improves treatment outcomes. Adjuvant radiation therapy is typically
considered in cases with high-risk features, such as extensive tumor involvement, close
or positive surgical margins, perineural invasion, or aggressive histological subtypes.

Adjuvant radiation therapy significantly reduces the risk of local recurrence
in high-risk BCC cases. It targets residual microscopic disease in the surgical bed,
enhancing local control rates. Adjuvant radiation therapy can spare patients from
undergoing more extensive surgical procedures, especially in cases where surgical
re-excision or reconstructive surgery poses significant morbidity. Adjuvant radiation
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therapy can help preserve organ function and achieve favorable cosmesis outcomes by
avoiding extensive tissue removal during surgery [22, 23].

The presence of high-risk features, as determined by pathological evaluation of
the excised tumor, is critical in determining the need for adjuvant radiation therapy.
Radiation therapy planning for adjuvant treatment involves precise delineation of
the surgical bed and surrounding areas at risk of microscopic disease. The treatment
volume and dose are tailored to the individual patient’s characteristics.

Combination approaches involve using multiple treatment modalities, such as
surgery, radiation therapy, and systemic therapies, to optimize treatment outcomes in
basal cell carcinoma. These approaches may be considered in cases with aggressive or
advanced disease, where a multimodal approach is necessary to achieve local control
and manage systemic spread.

In some instances, surgical excision followed by adjuvant radiation therapy may
be employed to maximize local control rates and minimize the risk of recurrence. The
combination of radiation therapy and systemic therapies, such as targeted therapies or
immunotherapies, is an area of ongoing research. These combinations enhance treat-
ment efficacy and improve outcomes, particularly in advanced or metastatic BCC cases.

Combination approaches require close collaboration between specialties, includ-
ing surgical oncology, radiation oncology, medical oncology, and dermatology. A
coordinated treatment plan ensures optimal sequencing and integration of therapies.
The selection of patients for combination approaches depends on various factors,
including disease stage, tumor characteristics, patient comorbidities, and treatment
goals. Individualized treatment decisions are made based on a comprehensive patient
condition evaluation.

Combination approaches, including adjuvant radiation therapy and multimodal
therapies, offer potential benefits in managing basal cell carcinoma, particularly in
cases with high-risk features or advanced disease. These approaches aim to improve
local control rates, preserve function and cosmesis, and manage systemic disease.
Adjuvant therapy and combination approaches should be tailored to each patient’s
needs, guided by multidisciplinary discussions and individualized treatment planning.

10. Side effects and toxicities of radiation therapy for basal cell skin cancer

Radiation therapy for basal cell carcinoma (BCC) can have acute and late effects
on the skin and adjacent structures. These effects are important considerations in
treatment planning and patient management [24]. Here, we discuss the potential
acute and late effects associated with radiation therapy for BCC.

Acute Effects:

* Radiation Dermatitis: Acute radiation dermatitis is a common acute effect on
the skin. It typically manifests as erythema (redness), dryness, and sometimes
pruritus (itching). The severity of radiation dermatitis can vary depending on
the dose, treatment technique, and individual patient factors. Proper skincare,
topical agents, and patient education can help manage and minimize the impact
of acute radiation dermatitis.

* Hair Loss: Depending on the treatment area, radiation therapy for BCC can result
in temporary hair loss within the treatment field. This effect is typically revers-
ible, and hair regrowth occurs several months after treatment completion.
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* Fatigue: Radiation therapy can lead to fatigue, a common acute systemic effect.
Patients may experience tiredness, lack of energy, and decreased ability to
perform daily activities. Adequate rest, balanced nutrition, and regular physical
activity can help manage treatment-related fatigue.

Late Effects:

* Radiation Fibrosis: Long-term radiation therapy can cause fibrosis in the treated
area, leading to thickening and tightening of the skin. Fibrosis may cause func-
tional limitations, particularly in areas with joint involvement. Physical therapy,
regular movement, and skin moisturization can help mitigate the impact of
radiation fibrosis.

* Telangiectasia: Telangiectasia is dilating small blood vessels near the skin’s
surface. It can result in red, spider-like veins on the skin. Telangiectasia is
a potential late effect of radiation therapy and can persist long after treat-
ment completion. Laser therapy or other interventions may be considered for
management.

* Pigmentary Changes: Radiation therapy may cause pigmentary changes in the
skin, including hypo- or hyperpigmentation. These changes can be permanent
and affect the cosmetic appearance of the treated area. Sun protection measures,
including sunscreen and protective clothing, are essential to minimize further
pigmentation changes.

* Radiation-Induced Second Malignancies: Although rare, radiation therapy car-
ries a small risk of inducing second malignancies, including skin cancers, in the
treatment field. Regular surveillance and follow-up visits are crucial for detect-
ing and managing potential secondary malignancies.

Effects on Adjacent Structures:

* Damage to Subcutaneous Tissues and Organs: Radiation therapy for BCC may
affect subcutaneous tissues and nearby organs. The extent of damage depends on
the treatment site and radiation dose. Potential effects include fibrosis, impaired
wound healing, and functional impairment of adjacent structures.

* Bone and Cartilage Effects: In areas where bone or cartilage is exposed to radia-
tion, long-term effects may include osteoradionecrosis (bone tissue death) or
cartilage damage. These effects can lead to complications and require ongoing
management and monitoring.

It is important to note that the severity and likelihood of acute and late effects can
vary depending on various factors, including treatment technique, radiation dose,
treatment volume, and individual patient characteristics. The multidisciplinary
treatment team, including radiation oncologists, dermatologists, and supportive care
professionals, plays a crucial role in assessing and managing these effects throughout
the treatment process. Regular follow-up visits and long-term surveillance are essen-
tial to monitor and address any acute or late effects that may arise in patients under-
going radiation therapy for BCC.
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Minimizing toxicities and optimizing patient comfort are essential goals in radia-
tion therapy for basal cell carcinoma (BCC). Various strategies and interventions can
be employed to reduce treatment-related toxicities and enhance the overall comfort of
patients undergoing radiation therapy. Advanced treatment techniques, such as IMRT
or VMAT, can help optimize dose distribution, sparing healthy tissues and reducing the
risk of toxicities. IGRT techniques, such as daily imaging or real-time tracking, allow for
accurate tumor targeting and minimize radiation exposure to surrounding healthy tis-
sues, thus reducing potential toxicities. Careful treatment planning, including appropri-
ate selection of beam angles, field arrangements, and dose constraints, helps minimize
radiation exposure to critical structures, such as the eyes, salivary glands, or other
organs at risk. Providing patients with comprehensive skincare education minimizes
acute skin toxicities [25]. Patients should be instructed on proper skincare practices,
such as gentle cleansing, moisturizing, and avoiding irritants or excessive sun exposure.

The use of approved topical agents, such as mild corticosteroids or emollients, may
help alleviate acute radiation dermatitis and improve patient comfort. Emphasizing
the importance of sun protection is essential to prevent further damage to the irradi-
ated skin. Patients should be advised to use sunscreen, wear protective clothing, and
limit sun exposure during and after treatment.

Adequate pain management is crucial to optimize patient comfort during and after
radiation therapy. This may involve using analgesics, topical anesthetics, or other
appropriate interventions tailored to the patient’s needs. Maintaining proper nutrition
is essential for patient comfort and recovery. Nutritional counseling or dietary inter-
ventions may be necessary to address treatment-related side effects, such as mucositis
or dysphagia. Emotional support and counseling services can help alleviate anxiety
or distress related to the diagnosis and treatment process. Support groups, individual
therapy, or relaxation techniques may be beneficial in optimizing patient comfort.

Providing patients with detailed information about the treatment process, poten-
tial side effects, and self-care strategies empowers them to participate in their care
and manage treatment-related toxicities actively. Involving patients in shared deci-
sion-making allows them to express their preferences and concerns [26]. This collab-
orative approach can help tailor treatment plans to individual needs, ensuring patient
comfort and satisfaction. Regular follow-up visits and assessments allow for the
early detection and management of treatment-related toxicities. Monitoring patients
for acute and late effects ensures timely intervention and support. Implementing
survivorship care plans that address the long-term needs of BCC survivors, including
monitoring for potential late effects, supports optimal patient comfort and well-being
in the posttreatment phase [27].

Minimizing toxicities and optimizing patient comfort requires a multidisciplinary
approach involving radiation oncologists, dermatologists, nursing staff, and support-
ive care professionals. By employing comprehensive treatment planning strategies,
providing appropriate supportive care measures, and fostering open communication
with patients, radiation therapy for BCC can be delivered with a focus on minimizing
toxicities and enhancing patient comfort.

11. Ongoing clinical trials and future perspectives

Ongoing clinical trials and future perspectives play a crucial role in advancing the
field of radiation therapy for basal cell carcinoma (BCC) [28-33]. These endeavors
aim to explore innovative treatment approaches, optimize treatment outcomes, and
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improve patient care. Clinical trials investigate combining radiation therapy with tar-
geted therapies or immunotherapies in BCC treatment. These trials aim to determine
the potential synergistic effects of combining radiation therapy with novel systemic
agents, such as hedgehog pathways or immune checkpoint inhibitors.

Ongoing studies explore the use of radiosensitizing agents to enhance the effective-
ness of radiation therapy in BCC. These agents may improve tumor response and reduce
the required radiation dose, potentially minimizing toxicities while maximizing treat-
ment outcomes. Clinical trials are evaluating shorter treatment schedules and hypofrac-
tionated radiation therapy regimens in BCC. These studies aim to assess the feasibility,
efficacy, and potential benefits of delivering radiation therapy over a shorter period,
reducing patient treatment burden. Ongoing studies investigate proton therapy, a form
of external beam radiation therapy that delivers precise radiation doses to the tumor
while minimizing radiation exposure to surrounding healthy tissues. Proton therapy
may offer advantages in dose distribution and reduced toxicity in BCC treatment. Trials
are exploring stereotactic radiation therapy, which delivers highly focused and precise
radiation doses to the tumor while sparing nearby healthy tissues. These trials aim to
assess the efficacy and safety of this technique in BCC treatment, particularly in cases
where surgical intervention is challenging. Research efforts focus on developing predic-
tive models and biomarkers to identify patients most likely to benefit from radiation
therapy. These models may help guide treatment decision-making, optimize patient
selection, and tailor treatment approaches based on individual patient characteristics.

The field of radiogenomics aims to identify genetic variations and radiographic
features associated with treatment response and toxicities. Ongoing studies explore the
potential of radiogenomics in predicting treatment outcomes and personalizing radia-
tion therapy for BCC. Ongoing research emphasizes the importance of patient-reported
outcomes, including quality-of-life assessments, symptom burden, and treatment-
related toxicities. These studies aim to understand the impact of radiation therapy on
patients’ well-being and identify strategies to optimize patient comfort and satisfaction.

Future perspectives in radiation therapy for BCC also include advancements in
treatment planning techniques, such as artificial intelligence-based algorithms for
automated treatment planning and adaptive radiation therapy. These innovations may
enhance treatment accuracy and efficiency and individualize treatment approaches
further. It is important to note that clinical trials and ongoing research endeavors pro-
vide valuable insights and contribute to evidence-based practice. Patients and health-
care providers should stay informed about ongoing clinical trials and collaborate to
ensure the incorporation of the latest scientific findings into clinical decision-making.

In conclusion, ongoing clinical trials and future perspectives in radiation therapy
for BCC hold great promise in advancing treatment strategies, optimizing outcomes,
and improving patient care. The exploration of targeted therapies, hypofractionation,
advanced radiation techniques, predictive models, and patient-reported outcomes
paves the way for personalized and patient-centered treatment approaches in the
management of basal cell carcinoma. Continued research efforts and multidisci-
plinary collaborations are vital in shaping the future of radiation therapy for BCC and
further improving patient outcomes and quality of life.

Acknowledgements

We want to thank the people working at EVEX hospitals — Krystyna Kiel Oncology
Center for their encouragement and advice that led to the completion of this paper.

92



Radiation Therapy for Basal Cell Skin Cancer
DOI: http://dx.doi.org/10.5772/intechopen.1004362

We also thank our friends for their encouragement and words of advice. Special
thanks to Krystyna Kiel. Finally, if not for our families, who support us always, we
would never be able to work on this extraordinary project.

The author acknowledges the use of Grammarly for the language polishing of the
manuscript.

Conflict of interest
The author declared no potential conflicts of interest with respect to the research,

authorship, and publication of this article. This research did not receive a specific
grant from funding agencies in the public, commercial, or not-for-profit sectors.

Acronyms and abbreviations

BCC basal cell carcinoma

RT radiation therapy

EBRT external beam radiation therapy

HDR high-dose rate

NMSC nonmelanoma skin cancer

CT clinical trials

IMRT intensity-modulated radiation therapy

OARs organs at risk

PTV planning target volume

AD acute dermatitis

LENT/SOMA late effects normal tissue/symptom occurrence and management
analysis

EBD electronic brachytherapy device

APBI accelerated partial breast irradiation

PNI perineural invasion

HNC head and neck cancer

CTV clinical target volume

SBRT stereotactic body radiation therapy

VMAT volumetric modulated arc therapy

PRD proton radiation dermatitis

SIB simultaneous integrated boost

NCCN national comprehensive cancer network

SCC squamous cell carcinoma

RTOG radiation therapy oncology group

CTCAE common terminology criteria for adverse events

RBE relative biological effectiveness

EORTC European organization for research and treatment of cancer

MOSF margins of safety for critical structures

IMPT intensity-modulated proton therapy

RPA radiation planning assistant

ONS oncology nursing society

AJCC American joint committee on cancer

PS-SDRT pulse-dose superficial radiation therapy

DFS disease-free survival
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(O]

LC
RILD
V20
V50
SRS
HU
IORT
CI
QoL
OAR
Dmax
D95
NTCP
BED
CR
PR
NR
TNM
LRC
DRR
HDR-BT
CT-Sim
GTV
OSLD
R&V

Author details

overall survival

local control

radiation-induced liver disease

percentage of lung volume receiving 20 gy or more
percentage of lung volume receiving 50 gy or more
stereotactic radiosurgery

hounsfield units

intraoperative radiation therapy
confidence interval

quality of life

organ at risk

maximum dose

dose received by 95% of the target volume
normal tissue complication probability
biologically effective dose

complete response

partial response

no response

tumor, node, metastasis

locoregional control

digitally reconstructed radiograph
high-dose-rate brachytherapy

computed tomography simulation

gross tumor volume

optically stimulated luminescent dosimeter
record and verify
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Chapter 6

Topical Fluorouracil Therapy for
Basal Cell Carcinoma

Csongor Németh, Rolland Gyulai and Zsuzsanna Lengyel

Abstract

Basal cell carcinoma is a nonmelanoma skin cancer and is the commonest
malignancy of the skin. It accounts for approximately 80% of all skin cancers and
is encountered frequently in daily clinical practice. The nonsurgical methods in the
treatment of basal cell carcinoma gain more and more attention due to the increasing
incidence of the tumor and the aging population. The authors hereby summarize the
therapeutic place of topical 5-fluorouracil in the treatment of basal cell carcinoma.
They review the mechanism, effectiveness of the therapeutic agent, how it should
be applied by the patient, and the possible side effects. The chapter is also illustrated
with cases.

Keywords: topical therapy, fluorouracil, basal cell carcinoma

1. Introduction

Basal cell carcinoma (BCC) accounts for 80% of all nonmelanoma skin cancers
and is the most common malignant tumor in the Caucasian population [1]. The
treatment of basal cell carcinoma depends on the tumor, the individual risk factors
(like age, comorbidities, performance status, and preference), the available treatment
options, and the preference or expertise of the treating clinician/physician.

The goal of treatment is the complete removal of the tumor with the least cosmetic
and functional impact [2]. Treatment modalities can be divided into surgical and
nonsurgical methods. Surgical treatments are standard excision, microscopically
controlled surgery or Mohs micrographic surgery, curettage, electrodessication, cryo-
surgery, and laser therapy. Nonsurgical therapies include topical treatments (5-fluo-
rouracil, imiquimod), radiotherapy, photodynamic therapy, electrochemotherapy,
and systemic therapy (vismodegib, sonidegib, cemiplimab, pembrolizumab). Several
factors influence the choice of which treatment will be sufficient. A new classification
proposed by European consensus-based interdisciplinary guidance divides the tumors
into two groups based on their difficulty to treat (“easy-to-treat” (common) BCC vs.
“difficult-to-treat” BCC). The first line treatment of BCCs, according to the interna-
tional guidelines, is the complete surgical excision with histological confirmation of
the subtype and margins of the tumor.

Microscopically controlled surgery should be chosen for high-risk BCC, recurrent
BCC, and BCC in critical anatomical sites [3]. If the clinical-dermoscopic examina-
tion shows features of superficial BCC (sBCC) without any high-risk BCC features,
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then topical therapies and other destructive therapies can be considered, though the
cure rate is lower than with surgical treatment.

Another important consideration of treatment choice is the risk of recurrence.
sBCCs treated with nonsurgical methods show a higher risk of recurrence compared
to surgical treatment with available histopathology.

Also, when choosing a nonsurgical method, the localization of sBCC should be
taken into consideration as the recurrence of the tumor on the back has a better prog-
nosis and is easier to manage than a recurrence of a high-risk BCC on the face [2, 3].

When deciding whether to treat a superficial basal cell carcinoma surgically or
nonsurgically, our therapeutic decision is influenced by several factors of the patient
such as age, comorbidities, medications, and social circumstances. Older people often
refuse surgical interventions due to the inconvenience.

2. Superficial basal cell carcinoma clinical and dermoscopic features

Superficial BCC is the second most common clinical subtype, accounting for up to
15% of cases [4]. Superficial BCCs appear most commonly on the trunk and extremi-
ties, in contrast to the other subtypes, which favor head and neck localization. The
mean age at diagnosis is 57 years, suggesting that this subtype occurs at a younger
age compared to other subtypes [5]. sBCC typically appears as a well-circumscribed,
scaly, pink-to-red macule, patch, thin papule, or thin plaque. It may show as a crust or
a thin rolled border consisting of fine translucent small papules. Areas of spontane-
ous regression can occur, leaving behind atrophic, hypopigmented areas. Variable
amounts of melanin pigment may be present [6].

Dermoscopic features of superficial basalioma are short-fine vessels, multiple
small erosions, and shiny white structures. In addition, 79% of lesions present with
the shiny white-red structureless background. When pigmentation is present, it most
commonly appears as multiple brown dots and globules, spoke wheel, and leaf-like
areas [7].

3. Topical therapies in the management of superficial basal cell
carcinomas

The two most common topical treatments in the management of basal cell carci-
noma are imiquimod and 5-fluorouracil-containing cream, and the combination of
these therapies with other modalities.

Nowadays, other novel topical therapies are under investigation, for example,
topical hedgehog pathway inhibitors (HPI) (sonidegib, patidegib) and histone
deacetylase (HDAC) inhibitors (vorinostat, remetinostat). They are targeting the
molecular inhibition of aberrantly overactivated hedgehog signaling. A phase II study
of sporadic nodular BCC and superficial BCC treated with topical sonidegib was
terminated early due to a lack of efficacy [8]. A phase I study for a novel topical HPI,
CUR61414, also did not show efficacy [9]. Patidegib 2% or 4% gel was being evalu-
ated in several clinical trials for patients with basal cell nevoid syndrome (BCNS,
Gorlin-Goltz Syndrome) and in non-syndromic patients with high-frequency BCCs
(NCT02762084, NCT02828111). The results of both trials demonstrated that pati-
degib 2% gel has a higher clinical (reduction of 51.29% in the number of tumors) and
molecular (reduction of —56.3% in the GLIImRNA levels) efficacy on BCC, with less
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AEs, than the 4% gel [10]. Remetinostat 1% gel applied three times daily for 6 weeks,
was evaluated in phase II open trial of 25 patients with 33 BCCs. The pathological
resolution was seen in 54.8% of tumors, but response varied by histological subtype
with 100% of sBCCs, 68.2% of nBCCs, and 66.7% of iBCCs responding. No seri-

ous adverse events were reported. The most common side effect was treatment site
dermatitis [11]. Topical HPIs and HDAC inhibitors are still being investigated even
though they are not yet clinically available [12].

Imiquimod is an immunomodulator drug used topically against cutaneous viral
infections and tumors. The United States Food and Drug Administration approved
imiquimod under the brand name Aldara in 1997 for the treatment of genital and
perianal warts, and the treatment of typical, nonhyperkeratotic, and nonhypertro-
phic actinic keratoses on the face or scalp in immunocompetent adults. The FDA
approved imiquimod for the topical treatment of sBCC in 2004, specifically biopsy-
proven primary sBCC in immunocompetent adults with largest diameter of 2.0 cm,
located on the trunk (barring anogenital region), neck, or extremities (excluding
hands and feet) in immunocompetent adults when surgical methods are not available
or inappropriate [13, 14]. Imiquimod acts through the toll-like receptor (TLR) 7 and
8. It activates both the innate and the adaptive immune systems and enhances the
production of cytokines and natural killer cells, the proliferation of B lymphocytes,
and the activation of Langerhans cells. This treatment causes inflammation at the
tumor site, due to stimulation of the immune response, resulting in erythema, edema,
scaling, and erosions. In a prospective trial, superficial BCCs treated with imiqui-
mod cream 5% once daily seven times per week for 6 weeks showed a 5-year cure
rate of 85% [15]. In a phase III randomized controlled trial treating superficial BCC
and nodular BCC with 5% imiquimod applied once daily 5 days a week for 6 weeks
showed an 84% cure rate at 3 years [16].

3.1 Fluorouracil

5-fluorouracil (5-FU) is an antimetabolite that impairs DNA replication by block-
ing the synthesis of thymidylate. Systemic use of 5-FU is FDA/EMA-indicated for
treating gastric adenocarcinoma, pancreatic adenocarcinoma, breast carcinoma, and
colorectal adenocarcinoma. Topical 5-FU is commonly used as a first-line treatment
for malignant and premalignant skin conditions [17]. 5-FU first appeared in 1957 as a
new chemotherapeutic drug. In the early 1960s, topical use of 5-FU showed cytotoxic
effects in some skin cancers and precursor lesions. In 1970, FDA approved 5-FU (in
1% and 5% formulations) for topical use [18]. The indication for therapy by 5-FU is
the nonmelanoma skin cancers and their precursor lesions. We have good evidence-
based data in the treatment of actinic keratosis, especially in the field treatment [19],
but the evidence in the treatment of keratoacanthomas and squamous cell carcinoma
in situ is limited [20]. Later in this chapter, the studies with 5-FU in the treatment of
sBCCs will be mentioned.

3.1.1 5-Fluorouracil mechanism of action

As mentioned earlier, 5-fluorouracil belongs to the antimetabolite chemotherapeu-
tic drugs. 5-FU is a heterocyclic aromatic organic compound with a structure similar
to that of the pyrimidine molecules of DNA and RNA; it is an analog of uracil with a
fluorine atom at the C-5 position in place of hydrogen [18]. It has three main methods
of action:
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1.5-FU is a thymidylate synthase inhibitor. Thymidylate synthase (TS) catalyzes
the methylation of deoxyuridine monophosphate (dlUMP) to deoxythimidine
monophosphate (dTMP). 5-FU is transported into the cell, where 5-FU is con-
verted to fluorodeoxyuridine monophosphate (FAUMP), fluorodeoxyuridine
triphosphate (FAUTP), and fluorouridine triphosphate (FUTP). The normal
synthesis and functioning of DNA and RNA are affected by these abnormal
metabolites by forming a stable complex with thymidylate synthase, leading
to the inhibition of deoxythymidine monophosphate (dTMP) production. The
cytotoxicity is due to the impairment of DNA replication and repair because of
the depletion of dTMP, so the rapidly dividing tumor cells undergo death owing
to the lack of dTMP [21].

2.5-FU is a pyrimidine analog that can be misincorporated into RNA and DNA in
place of uracil or thymine. The abnormal 5-FU antimetabolites are misincor-
porated into DNA, which demands excision and repair of DNA. The increased
requirement of DNA repair leads to DNA strand breaks and ultimately cell death
in mammalian cells [22]. 5-FU can also be misincorporated into RNA and inter-
fere with many aspects of RNA function, inhibiting the processing of pre-rRNA
into mature rRNA, modification of tRNAs, and the inhibition of the splicing of
pre-mRNA [23].

3. Another hypothesized mechanism of action is the interference with p53. p53
induce cell-cycle arrest and apoptosis in cells with DNA damage. Topical admin-
istration of 5-FU may result in stimulation of p53-mediated apoptosis of the rap-
idly proliferating cells found in dermatological lesions with altered p53 expres-
sion like sBCC, actinic keratosis, and squamous cell carcinoma [24]. In a study
gene and protein expression of various molecules were measured after topical
fluorouracil treatment. They observed an increase in keratin 16, interleukin-1b,
matrix metalloproteinase-1 and -3 mRNA levels. These latter molecules are also
increased in the wound healing process, suggesting that after damage fluoroura-
cil may be inducing a healing response as well [18, 25].

3.1.2 Topical formulations

In the case of topical application cytotoxicity with 5-FU occurs only in the rapidly
proliferating cells of abnormal skin, leaving normal skin cell types relatively unaf-
fected. A hypothetical method of action of topical 5-FU is the inhibition of TS activity
completely in actinic/injured skin [20].

5-FU is available in the following forms: 0.5%, 1%, 2%, 4%, and 5% cream and
there is a combination of 0.5% 5-FU + 10% salicylic acid.

In Europe, topical 5-fluorouracil is currently marketed in two different concentra-
tions 0.5% and 5%. The 0.5% solution contains 10% salicylic acid and is indicated
for the topical treatment of slightly palpable and/or moderately thick hyperkeratotic
actinic keratosis in immunocompetent adult patients, as well as to treat warts. The 5%
cream formula (Efudix®) is indicated for the topical treatment of superficial prema-
lignant and malignant skin lesions; keratoses, including senile, actinic and arsenical
forms, keratoacanthoma, Bowen’s disease, and superficial BCC [26].

In the USA, Efudex® Solution contains 2% or 5% fluorouracil. Efudex® cream
contains 5% fluorouracil. They are approved for the treatment of actinic keratosis
(AK) using the 5% fluorouracil cream in the treatment of sBCCs. The other available
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5-FU-containing creams are administered in AK treatment, for example, Fluoroplex®
1% topical cream twice daily, for a treatment period of 2-6 weeks, Tolak® 4% cream
once each day for 4 weeks, and Carac ® cream once daily for 4 weeks.

Among these preparations, only 5% 5-FU cream is registered to treat sBCCs [19].

3.1.3 Studies on efficacy of 5-FU in the treatment of superficial BCC

Topical 5-FU has been used in the treatment of basal cell carcinoma since the
1960s. In the early studies, the concentration of 5-FU varied between 1 and 30%, the
application length was approximately 6 weeks or more. The reported clearance rate
was 56-80% and only one study claimed 90% in which the concentration of 5-FU was
30% [27-30]. The higher concentration was linked to more frequent and severe side
effects. In 1970, 5% 5-FU was the first topical therapy approved by the U.S. Food and
Drug Administration for the treatment of superficial BCCs. This approval was based
on a study of 113 superficial BCC lesions in 54 patients, which demonstrated a 93%
complete clearance rate [31]. The recommended mode of application is twice daily,
at least for 3-6 weeks. Since then, few clinical trials have been conducted with 5-FU
cream for sBCCs.

In 2007, a clinical study was performed where the authors evaluated, with a histo-
logic endpoint, the efficacy, tolerability, cosmetic outcome, and patient satisfaction
of 5% 5-FU therapy in superficial BCC. The 5-FU cream was applied twice daily for
up to 12 weeks. The treated lesion was excised and histologically examined 3 weeks
after the end of treatment. The histologic cure rate was 90% and the therapy was well
tolerated with good cosmetic outcomes [32].

In a single-blinded, randomized controlled multicenter trial, conducted in
Netherlands, patients were assigned for treatment with methyl aminolevulinate-pho-
todynamic therapy (MAL-PDT, two sessions with an interval of 1 week), imiquimod
cream (once daily, five times a week for 6 weeks), or fluorouracil cream (twice daily
for 4 weeks). 601 patients were enrolled in the study. The proportion of patients,
tumor-free at both 3- and 12-month follow-up was 72.8% (95% CI 66.8-79.4) for
MAL-PDT, 83.4% (78.2-88.9) for imiquimod cream, and 80.1% (74.7-85.9) for
fluorouracil cream. The authors concluded that topical fluorouracil was non-inferior
and imiquimod was superior to MAL-PDT for the treatment of superficial basal-cell
carcinoma [33].

The 5-year follow-up results of this study were presented in 2018. The authors
found that the probability of tumor-free survival was 62.7% for MAL-PDT therapy
(95% confidence interval [CI] = 55.3-69.2), 80.5% for imiquimod (95% CI = 74.0—
85.6), and 70.0% for 5-fluorouracil (95% CI = 62.9-76.0) after 5 years of treatment.
The hazard ratio for treatment failure of imiquimod and 5-fluorouracil were 0.48
(95% CI = 0.32-0.71, P < 0.001) and 0.74 (95% CI = 0.53-1.05, P = 0.09), respectively,
when compared with MAL-PDT therapy. Compared with 5-fluorouracil, imiquimod
showed a hazard ratio of 0.65 (95% CI 0.43-0.98, P = 0.04). In summary, 5 years
after treatment, 5% imiquimod cream was proven to be superior to both MAL-PDT
and topical 5-FU cream. Based on these findings, the authors recommend the use of
5% imiquimod cream as the first choice for noninvasive treatment in most primary
superficial basal cell carcinomas [34].

In a recent retrospective study, 350 patients with sBCC and 411 iz situ squamous
cell carcinoma were enrolled. In the treatment of epidermal carcinomas surgical,
destructive therapy or topical 5% FU was used. In a comparison of all methods, treat-
ment with 5-FU had the most failures (12.5%) for sBCC, although compared with the
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failure rates of surgical (3.7%) and destructive (5.2%) modalities, differences did not
reach statistical significance. Regarding this real-world data, the outcomes of topical
5-FU for both SCCIS and sBCC showed an overall success rate of greater than 90%
(92.9% for SCCIS and 87.5% for sBCC) in a cohort with a mean clearance follow-up
of 41 months. The authors concluded that 5-FU is an appropriate nonsurgical method
for sBCC, although lesion and patient factors must be considered [35].

3.1.4 Combination therapies with 5-fluorouracil

By altering the skin barrier, there is a possibility to enhance the penetration of
the chemotherapeutic drug. Different chemicals and physical tools can increase
the efficacy of 5-FU like occlusion [36], microemulsions and liposomes [37, 38],
microneedles [39], iontophoresis, electroporation [40], laser-assisted drug delivery
[41, 42], salicylic acid, and cryotherapy [43].

In a case study series with two patients, 0.5% 5-fluorouracil and 10% salicylic acid
(5-FU-SA) were used once a day at night for 6 weeks for multiple pigmented sBCCs.
After 6 weeks of application, clinical and dermoscopical examination confirmed
complete regression of the lesions, which was also confirmed by the histopathological
findings. No recurrences were seen at 6 months of follow-up. The authors attributed
the good result to the better penetration of 5-FU induced by the keratolytic effect of
salicylic acid [44].

In a study, ablative fractional laser (AFL) was used followed by a single application
of topical 5% 5-FU under occlusion for 7 days for 30 primary sBCC and SCCis lesions,
measured less than 2 cm on the trunk and extremities. Histologic clearance was 87%
overall, 100% (16/16) for SCCis vs. 71% for sBCC [41].

In another follow-up study, ablative fractional laser (AFL) assisted delivery of cis-
platin and 5-FU in low-risk BCCs showed complete tumor clearance of 89% and 79%
at 6 and 12 months, respectively. The clearance rate for sBCCs 1 year after treatment
was 100% and lower for nodular BCC at 69% [42].

In a study by Soong et al., sBCCs and SCCis were treated with cryotherapy (liquid
nitrogen, 10 s, 2 mm margins, distance of 1-2 cm). After a 1-month healing period
patients completed a 3-week course of 5% 5-FU applied twice daily. Among the
sBCCs, 30 lesions of the 34 that were assessed, demonstrated no evidence of recur-
rence at a mean follow-up time of 6.6 months [43].

3.1.5 Systemic absorption of topical 5-FU

The commercially available formulations show poor skin permeation and retention
of 5-FU and cytotoxicity occurs only in the rapidly proliferating cells of abnormal skin.

Dillaha et al. found that the cutaneous absorption rate after topical application of
5-FU was approximately 6% in their study, a too small amount to cause systemic side
effects [45]. According to the Efudix package insert, application on skin areas over
529 cm? (23 x 23 cm) is not recommended [46]. In affected skin, the rate of absorption
was raised to about 15-75 times that of healthy skin but this quantity of 5-FU in a large
area like 200 cm?, could still be considered as unable to induce systemic toxicity [47].
In a comparison of the pharmacokinetics of 0.5% fluorouracil and 5% fluorouracil in
actinic keratosis, it was found that the drug plasma concentration was detectable 60%
more often in the 5% FU group and the cumulative amount excreted in the urine of the
0.5% fluorouracil group was approximately one-fortieth that of the 5% fluorouracil
group. The side effects were less in the 0.5% group [48]. New drug formulations like
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nanostructured lipid carrier-based hydrogels can enhance the 5-FU penetration poten-
tial into the epidermis and dermis layers in iz vivo studies and can possibly reduce
systemic access and side effects compared to 5-FU conventional formulations such

as cream, gel, and ointment [49]. Dihydropyrimidine dehydrogenase (DPD) is a key
enzyme involved in metabolizing and eliminating fluorouracil. Systemic drug toxicity

Figure 1.

45-year-old female patient with multiple sBCCs treated with 5% 5FU cream. Lesion located on the chest clinical
and dermoscopy picture (A). At 2 weeks of treatment, moderate inflammation and ulceration are depicted in the
photos (B). Two weeks after cessation of therapy, complete healing of the lesion and no sign of malignancy on the
dermoscopic image (C).
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is increased in patients who have reduced activity of DPD, because they are unable to
convert 5-FU to a biologically inactive metabolite. In these cases, DPD activity deter-
mination has to be considered, but the incidence of this is very low [50].

3.1.6 Side effects of topical 5-FU

Normal skin reactions to the treatment are redness, dryness, tenderness, and later
crusts appear with erosions and minimal bleeding (Figures 1 and 2). The clinical
manifestation of response usually occurs in the second week of 5-FU treatment.

The most common side effects from topical 5-FU include irritant dermatitis with
associated erythema, dryness, pain, burning, and itching (Figures 3 and 4). Other

Figure 2.

89-year-old female patient with basal cell carcinoma on the left cheek. The lower part of the lesion was more
infiltrative (A). Linear vessels and multiple erosions weve seen with dermoscopy (B). Two weeks after the
initiation of 5% 5-FU cream inflammation was already seen (C). Later, oozing and crusting occurved (D). Three
weeks after cessation of 5-FU treatment, complete regression of BCC (E).
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Figure 3.
Irritative contact dermatitis is caused by 5% 5-FU cream, when applied to move areas than recommended.

Figure 4.
Irritative contact dermatitis by 5% 5-FU cream (A), and 2 weeks after application of topical steroid (B).

side effects are hyperpigmentation, hypopigmentation, onycholysis, photosensitiv-
ity, and telangiectasia. If the erosions become superinfected, secondary bacterial
infections can occur. Applying it on the face can trigger the reactivation of previous
diseases, such as herpes simplex virus, rosacea, or seborrheic dermatitis [51].
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More severe topical adverse events can be allergic contact dermatitis, with redness,
swelling, papulation, vesiculation, oozing and weeping, and even blistering [52].

Extreme inflammatory skin reaction has been reported when it is applied under
wraps, which increases the contact time and penetration of 5-FU into the skin [53].

A life-threatening case of toxicity has been reported after topical 5% 5-FU by
Johnson in 1999 [54], and one with the lower-strength 0.5% 5-FU [55]. Both of these
patients suffered from dihydropyrimidine dehydrogenase deficiency.

In the management of the side effects, the first step is the withdrawal of the
5-FU. Analgesics, moisturizers, and if there are severe erosions appropriate dress-
ing can be given to the patients, in the case of superinfection antibiotics should be
introduced. In severe irritant or allergic contact dermatitis topical steroids may be
administered.

3.1.7 Administration of 5-fluorouracil

The adequate application of 5% 5-FU results in maximum efficacy and minimal
side effects. Before applying the cream, the area to be treated should be washed with
water and dried. Afterward the cream is applied thinly with a cotton ball or with the
tip of the finger. If no gloves are worn, the hands should be washed immediately.

The cream should cover the area to be treated and can go max 2-3 mm beyond the
visible border of the lesion. The area to be treated at a time cannot exceed 23 cm x
23 cm. Larger areas should be treated one section at a time. The cream should be used
twice daily for 3-4 weeks, but this may be extended until there is a marked inflamma-
tory response, preferably with some erosions. Exposure to UV radiation (e.g., natural
sunlight, tanning salon) should be avoided.

4, Conclusions

Even though surgical treatment is the first choice of care for BCCs, 5-fluoro-
uracil cream in 5% concentration is a good treatment option for sBCCs in certain
circumstances. These include patients who wish to avoid procedures or are not good
surgical candidates or have many sBCCs. Disadvantages of topical therapy are the
lack of histological control and the relatively limited depth of action, therefore 5-FU
generally is not recommended in other types of BCCs. Although there are some case
study series of combination therapies to enhance the penetration of 5-FU, but further
studies are needed.

Today, we have only one available study on long-term follow-up, where the tumor-
free survival rate was 70% at 5 years. Comparing the efficacy of 5% 5-FU to imiqui-
mod with the same indication, the latter was shown superior. The advantage of 5-FU
over imiquimod is that it is less expensive. To choose the appropriate topical agent for
the treatment of sBCC, these factors and patients’ preferences should be taken into
account.
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of Biological Activity as a Novel
Diagnostic Test for Early Melanoma
Detection
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Abstract

Clinical melanoma identification relies on subjective visual criteria like color, shape,
and size. Current imaging technologies rely on similar parameters without insight
into underlying biological changes, necessitating invasive diagnostic approaches.
Diagnosing lesions that fall into the “grey area,” neither clearly melanoma nor benign/
common nevi, presents a particular challenge. Stromal tissue remodeling, pivotal in the
early stages of malignancy, is intricately linked to integrins, with avf3 integrin playing
a prominent role and facilitating neoangiogenesis. For this reason, in vivo molecular
skin fluorescent imaging (mSFI) is a promising solution, providing molecular insights
at the point of care for improved patient management. This chapter delves into mela-
noma development and detection, focusing on the molecular processes in melanocytic
lesion transition to malignancy. In vivo fluorescence imaging, such as mSFI, can help
dermatologists make strategic biopsy decisions by revealing integrin expression in
remodeled stroma, shedding light on oncogenic processes.

Keywords: melanoma, imaging, integrin, diagnosis, nevi, dysplastic, mSFI

1. Introduction

During embryogenesis, melanocytes, which are derived from neural crest cells,
migrate throughout the embryo and colonize eyes, skin, and other tissues [1, 2]. In
mature skin, melanocytes populate the basal layer of the epidermis, where they pro-
duce melanin. The melanin travels to the outer surface of the skin, protecting genetic
material in keratinocytes from mutagenic ultraviolet (UV) rays. When the process is
perturbed, melanocytes can aggregate and form benign/common nevi (CN), dys-
plastic nevi (DN), or melanoma, a malignant melanocyte neoplasm. In melanoma,
melanocytes undergo transformation into malignant cells, proliferating within the
dermis and potentially disseminating via the lymphatic system or bloodstream.

Current scientific consensus suggests a trajectory for the evolution of nevi into
melanoma which entails sequential stages, including DN progressing to melanoma
in-situ (MIS), advancing through the radial growth phase (RGP) to the vertical
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growth phase (VGP) and culminating in metastatic melanoma. However, not all DN
transition to melanoma, as their transformation depends on molecular pathways
and genetic signatures which also promote surrounding tissue remodeling. It is still
uncertain whether melanoma arises independently or evolves from existing nevi.
Technological limitations hinder the ability to track the transition of nevi to MIS/
melanoma, further complicating our understanding of melanoma development.
Additionally, once developed, melanomas can outgrow adjacent CN or DN due to
their aggressive expansion and tissue remodeling capabilities.

2. Genetics and development of nevi and melanoma

Melanoma development entails genetic changes [3] which drive histological altera-
tions within nevi and/or the surrounding microenvironment. The formation of CN has
been linked to mutations in the mitogen-activated protein kinase (MAPK) pathway
[4], specifically BRAF V*°% [5, 6]. CN can subsequently undergo limited proliferation
and enter a “senescence-like” state [7]. Consequently, most CN do not change in size,
likely due to cell cycle arrest, involvement of the immune system and programmed
cell death (apoptosis) [8-10]. DN are known as intermediate neoplasms because their
atypical histopathology features are not sufficient to be characterized as overt mela-
noma [11]. They contain a high prevalence of mutations in NRAS, BRAF""V*° TERT
promoter, and hemizygous alterations of CDKN2A (Figure1) [5].

Mutations
BRAFV& in other
Normal Precursor Descendant
mutation pathways
Mutations i
in other & BRAF™r B
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5 — ?
MAPK-pathway Mutations
| mutation other e in other ISR
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Figure 1.
Possible genetic mutations leading to disparate melanoma trajectories (adapted with permission from [5, 12]).

Gene expression meta-analyses demonstrate significant overlap of 53 genes in
DN and melanoma, supporting the idea that DN can serve as an intermediate phase
to MIS. In a recent study [13], up-regulated genes were examined in three RNAseq
[12, 14, 15] and four microarray [16-19] studies. Pathways linked to melanoma
development were assessed in tissue originating from CN, DN, as well as early stages
of melanoma, with the aim of elucidating the trajectories of melanoma development.
These analyses revealed the following: (i) several genetic pathways are associated with
ongoing structural tissue remodeling and immune response. A gene expression pat-
tern seen with the transition from CN to early-stage melanoma involved alterations
in various factors, including matrix metalloproteinases (MMP), cancer-associated
fibroblasts (CAFs), chemokines, collagen, ECM genes, laminin, and integrins.
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Integrins are recognized for their critical function as adhesion receptors that facilitate
tumor proliferation, neoangiogenesis and metastasis [20-24]; (ii) DN may constitute
an intermediary stage between CN and early melanoma. Fifty-three genes overlap in
DN and melanoma, further substantiating the notion DN can serve as a transitional
phase to MIS [5]; (iii) CN in normal skin and CN adjacent to melanoma (AN) are
distinct tissue groups with different gene expression profiles. Multiple gene clusters
associated with tissue remodeling were identified in AN samples [12, 15] rather than
CN [14], including MMP, CAFs, chemokines, collagen, extra-cellular matrix (ECM)
genes, laminin, and integrins (see Figure 2).

M

"

Datasets with CN and early melanoma Gene and pathways involved in
early transformation to melanoma

Public datasets:
bulk RNAseq  Datasets with CN, DN and primary melanoma DN is a state between

& expression CN and primary melanoma
microarray

v

Datasets with CN, AN and primary melanoma AN is not
an untransformed tissue

M: Primary melanoma

CN: Benign common nevi mole

DN: Dysplastic nevi tissue

AN: Nevi tissue obtained from microdissection of tissue adjacent to melanoma

Figure 2.

Summary of molecular signatures [13] that differentiate between CN and early-stage melanomas, implicating
up-regulated gene sets and pathways at the earliest stage of melanoma development. A gene profiling comparison
of CN and nevi tissue adjunct to melanoma (adjacent nevi (AN)) with melanoma tissue was also performed.

Studies show only ~30% of melanomas are identified in association with benign
nevi tissue, suggesting the majority arise de novo [25, 26]. An alternative explanation
posits melanoma, due to its aggressive nature, invades by destructively surrounding
nevi, eliminating evidence of the originating source tissue at the time of diagnosis.
Once developed, all melanomas invade surrounding tissue, including adjacent CN
or DN, often obscuring their origins. Because of this, the trajectory of melanoma
(whether it originates in existing nevi or develops de novo) remains contentious due to
lack of technologies able to identify the stage of development and track the low rate of
transition of nevi (CN or DN) to MIS. Thus, proper visualization of structural remod-
eling surrounding nevi may serve to accurately assess nevi with cancerous potential.

3. Current diagnostic practices and technologies

Melanoma diagnosis predominantly relies clinically on subjective visual examina-
tion of moles on the skin using the ABCDE (Asymmetry, Border, Color, Diameter and
Evolving) criteria [27, 28], with dermoscopy improving sensitivity and specificity of
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clinical assessment [29]. However, visual assessment and dermoscopy are not always
sufficient to distinguish between CN and DN, or to adequately assess DN with the
potential of developing into melanoma, leading to inconsistent diagnosis and treat-
ment [30]. Moreover, given the potentially fatal nature of melanoma and the preva-
lence of malpractice lawsuits, physicians often adopt a cautious approach (“when

in doubt, cut it out”), opting to excise nevi with a low suspicion of malignancy to
mitigate the risk of overlooking cancer. Consequently, numerous benign lesions are
needlessly removed. These procedures can be painful and cause infection and scar-
ring. In one study, 940 nevi were clinically evaluated by five dermatologists and then
examined by a dermatopathologist who was blinded to prior assessments [31]. Results
indicated it was difficult to visually diagnose DN or to gauge the presence or level of
dysplasia in nevi during a typical clinical examination.

Several imaging technologies evaluating structural and physical features of nevi
have emerged to assist in melanoma diagnosis [32, 33]. These include comparative
imaging systems such as reflectance confocal microscopy, total-body photography,
and optical coherence tomography (see Table1).

Reflectance confocal microscopy (RCM) is a noninvasive imaging technique used
for in-vivo examination, offering cellular resolution akin to histological analysis [34].
Since its inception, it has been extensively applied in skin cancer detection, pre-
surgical delineation of tumor boundaries, monitoring treatment efficacy, and tracking
tumor recurrence. RCM utilizes a laser as a source of monochromatic and coherent
light. Transmittance in Caucasian skin increases progressively with longer wavelengths
in the near-infrared region (700-1400 nm), although longer wavelengths offer limited
lateral resolution. The power of the laser light source is constrained by the risk of
tissue damage and skin sensitivity. The light from these microscopes passes through
a beam splitter, a scanning and focusing optical lens, and a skin contact device. This
device maintains lateral stability of the skin, reducing motion blurring. It comprises
a metal ring and template placed in contact with the patient’s skin using double-sided
adhesive tape, and it can be magnetically coupled to the microscope housing. It holds
the immersion medium, typically water or water-based gels, as their refractive index
(1.33) closely matches that of the epidermis (1.34), thus minimizing unnecessary
reflection. Within the skin, light is focused on a small tissue spot a few microns in
diameter. Reflection occurs at the boundary between cellular structures with differ-
ent refractive indices, such as membranes, keratohyalin granules, and melanosomes.
Reflectance can also arise when the viewed object is similar in size to the illuminating
wavelength. By adjusting the depth at which the objective lens focuses in the verti-
cal (z) plane relative to the skin, images of any specific layer within the skin can be
captured. This is achieved by scanning horizontally along two orthogonal directions
(y and x-axis) parallel to the focal plane and then transmitting these optical signals
through the interface software to reconstruct a thin horizontal microscopic image.

Total-body photography (TBP) is presently employed for the surveillance of individu-
als at high risk for melanoma, used for the potential of earlier melanoma detection [40]. It
enables the objective documentation of all existing lesions and the monitoring of changes
in these lesions over time. This photography can be accomplished through either 2-dimen-
sional (2D) or 3-dimensional (3D) TBP. In 2D TBP, standard 2D skin images are captured
and assembled into a body map, while in 3D TBP, a three-dimensional representation of
the patient’s surface is generated, sometimes integrated with dermoscopy images. 3D TBP
involves capturing numerous overlapping images of the body surface from various per-
spectives to generate a 3D representation. Unlike traditional 2D TBP, which uses a single
camera, 3D TBP utilizes calculated vectors to assign each skin area spatial coordinates in
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Methodologies Clinical Pros Cons
effectiveness
Dermoscopy Sensitivity: 79-93%,  Established technology Low resolution; shallow
specificity: 69-89% penetration depth;
additional training required.
Total-body N/A Established technology, improved Large, expensive, complex
photography management by clinicians, reduction ~ management and storage,
(TBP) in patient and physician anxiety. labor-intensive systems.
Does not permit monitoring
of lesions on genital, acral,
and scalp areas, or within
body folds. Requires
interpretation by trained
and experienced personnel.
Reflectance Sensitivity: 92%, Superior diagnostic accuracy; Restricted detection range
confocal specificity: 70%; cellular-level resolution; high- and depth a relatively
microscopy reduced benign to contrast imaging; strong correlation weak penetration of only
(RCM) malignant biopsy with histopathology. Absence of ~200 pm in skin, preventing
ratio in conjunction artifacts induced by conventional imaging of structures
with dermoscopy. microscopy. In vivo microscopy located in the reticular
dermis; interpretation of
RCM sections difficult
due to their orientation,
i.e., perpendicular to the
conventional vertically
oriented histological
sections; prolonged
acquisition duration;
dependence on favorable
skin condition; high
cost; additional training
necessary.
Optical N/A Cross-sectional images of skin with Limited resolution
coherence aresolution of a few micrometers, (excluding HD-OCT);
tomography significantly lower than RCM. accuracy in diagnosing
(0OCT) Assessing OCT images in a vertical malignant melanoma lags
orientation facilitates comparison behind RCM due to its
with traditional histological sections. lower imaging resolution;
Quick image capture; enhanced dependent on favorable skin
depth penetration; vertical imaging condition; costly; additional
capability; vascularization assessment.  training required.
Molecular skin 100% sensitivity, Easy to use by any trained medical Novel technology, cannot
fluorescence and 95.7% personnel. On site, in-vivo, quick use on acral lesions, tattoos,
imaging (mSFT) specificity results, objective compared to other and breached skin.

methodologies. Affordable. Monitors
biological activity.

Source: Adapted from [33-39].

Table1.
Non-invasive imaging techniques.

three dimensions. 3D TBP can greatly assist in lesion localization during follow-up, and
both methods can enhance the early detection of melanoma by improving diagnostic
accuracy in high-risk patients [41]. Total-body photography offers the benefit of monitor-
ing the patient’s entire skin surface rather than just specific individual lesions.
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Optical coherence tomography (OCT) is a relatively recent non-invasive optical
imaging technique that offers real-time visualization of tissues in vivo [42]. It operates
on the principle of Michelson interferometry, utilizing infrared radiation to generate
high-resolution, 2- or 3-dimensional cross-sectional images of tissue microstructural
morphology. OCT delivers depth-resolved images with resolutions down to a few
micrometers, and penetration depths of several millimeters. The depths vary according
to tissue characteristics. This technique utilizes infrared light to assess the scattering
properties of tissues, including echo time delay and the intensity of backscattered or
backreflected light. It offers real-time cross-sectional as well as enface sectional images
of the subsurface microstructure of tissues with micrometer resolution, allowing visu-
alization of skin morphology such as the epidermis, dermis, dermoepidermal junction,
nodular and fibrous structures, cellular elements, hair follicle units, blood vessels and
sweat glands, and examination of altered skin architecture in superficial skin lesions.
High-definition OCT (HD-OCT) is a technique that builds upon conventional OCT
principles by employing parallel time-domain interferometry and adaptive optics.

The technologies detailed above focus on the physical properties of the lesions
themselves. The early progression from benign to malignant growth relies on vital
support from the ECM and neoangiogenesis, facilitating tumor expansion and
connection to the circulatory system [23, 24, 43-45]. Recent findings demonstrate
structural remodeling associated with melanoma has an impact on its neighboring
environment. When compared with CN surrounded by healthy tissue, AN exhibit
indications of structural remodeling, suggesting the potential for malignancy [13].
Consequently, incorporating patients’ medical history and current skin condition into
nevi diagnostics, regardless of their current melanoma risk based on ABCDE criteria,
is crucial. Additionally, early detection of molecular processes indicative of melanoma
or nevi with malignant potential can significantly improve patient outcomes [46].

To overcome subjective interpretation, usability challenges, device costs, and
lengthy diagnostic processes, a precise, non-invasive, real-time test is urgently
needed. Such an approach could revolutionize melanoma diagnosis, facilitating timely
interventions and reducing unnecessary biopsies.

4. Structural tissue remodeling

Identifying early melanoma evolution and common biomarkers across melanoma
types could enhance diagnosis, enabling better recovery, innovative treatments, and
minimizing biopsy-related complications like pain, scarring, and infection.

Structural remodeling in the tumor microenvironment has become an emerging
target for evaluation and subsequent diagnosis. In the early 1970s, Folkman demon-
strated that growth of initiating tumor microfoci was limited by the distance oxygen
could diffuse from the nearest capillary blood vessel (<250 micrometers) [47, 48].
Indeed, most melanocytic neoplasms and tumor microfoci arrest at a dormant stage
and are harmless unless they recruit new capillaries carrying oxygen and nutrients
required for growth [49]. Transition from benign to cancerous growth depends on
crucial support from the ECM and neoangiogenesis, which provides the early growth
with space and nutrients while connecting the tumor to the circulatory system
[43-45]. As progression occurs, melanoma develops an intricate vascular network
with tumor cells expressing the laminin receptor, facilitating their attachment to
vascular walls. Neoangiogenesis signals a shift from the avascular to the vascular
phase of tumor growth, including increased aggressiveness, metastasis, and poorer
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prognosis [50-52]. The level of angiogenesis observed in human melanoma results
from the interplay of multiple angiogenic and antiangiogenic factors synthesized by
diverse cell types within the microenvironment of the melanoma.

In addition to nutrients and oxygen, tumors require space and the ability to
override the embryonic tissue program determining organ shape and size. Moreover,
tumor cells must overcome the body’s immune surveillance function which keeps
microfoci from growing. RAS mutations and UV radiation photodamage may initiate
the first stages of melanoma formation. Genetically altered melanocytes secrete cyto-
kines and growth factors, flooding their surrounding macroenvironment. Eventually,
the host tissue responds by degrading the surrounding ECM to create space, which
allows the emerging melanoma to expand. This process is mediated by CAFs residing
within or around the tumor [53]. CAFs upregulate MMPs that degrade ECM proteins
such as collagen, fibronectin, elastin, and proteoglycans. MMPs 8, 12, 14, 15, and 16
promote the less aggressive RGP, and MMP 13 promotes the VGP characteristic of
more aggressive melanomas [54]. MMPs digest collagen and fibronectins in the ECM,
releasing arginine-glycine-aspartic acid (RGD) fragments that bind and activate
integrin cell surface receptors [55-57], particularly integrins avp3, avf5 and a5p1
[22], promoting tumor growth, metastasis [21], and neoangiogenesis.

5. Integrins

Integrins mediate bidirectional signaling between cells and their environment and
play a pivotal role in melanoma progression. Their activation triggers intracellular
signal transduction, cell migration, and survival, directly influencing angiogenesis,
lymphangiogenesis, and melanoma proliferation [21, 22, 58]. These receptors facili-
tate the transition of melanoma from RGP to VGP.

Due to its pivotal role in melanoma growth and proliferation, radiolabeled RGD
has been used as an imaging tool [59] in melanoma [60] and breast cancer [61] as
well as other late-stage solid cancers [62]. In addition, presence of 3 integrin has
been shown to be associated with sentinel lymph node metastasis of melanoma [63].
Further, Cilengitide (EMD 121974, Merck KGaA, Darmstadt, Germany), a cyclized
pentapeptide Arg-Gly-Asp-DPhe-(NMeVal) RGD fragment designed to block
integrin-mediated activity found in solid tumors, has been tested as a therapeutic
with varying levels of success in: (i) pharmacokinetic studies [64]; (ii) patients with
solid tumors [65]; (iii) patients with advanced solid tumors [66]; (iv) children with
refractory brain tumors [67]; (v) patients with recurrent malignant glioma [68]; (vi)
treatment of head and neck tumors [69]; (vii) second-line treatment for patients with
advanced non-small-cell lung cancer [70]; (viii) patients with metastatic melanoma
[60]; (ix) advanced unresectable pancreatic cancer [71]; (x) prostate cancer [72]; and
(xi) asymptomatic patients with androgen-independent prostate cancer [73], sug-
gesting a crucial role of integrin activity in cancer development.

6. Molecular imaging

In vivo molecular imaging entails observing, describing, and quantifying biologi-
cal activities at the molecular and cellular levels within humans and other living
organisms [74]. In the realm of molecular imaging, various techniques have been
explored, including nuclear magnetic resonance, ultrasound, radiation and optical
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methods. Among these, two approaches are notable for their sensitivity. Nuclear
medical imaging involves administering a radioactive molecular probe into the body,
and then tracking its distribution and kinetics through positron emission tomography
(PET) and single-photon emission computed tomography (SPECT). This method
allows for whole-body imaging due to the unlimited depth penetration of radiation. It
also offers quantitative molecular imaging capabilities. In contrast, optical molecular
imaging utilizes a fluorescent probe, avoiding exposure to ionizing radiation and
offering real-time imaging with high spatial resolution at a lower cost. However, its
imaging capabilities are limited to the body surface, precluding whole-body imaging.

In in vivo optical imaging, light absorption, scattering, and autofluorescence in
biological tissue can compromise quantitative precision and sensitivity. To mitigate these
effects, fluorescence probes with emission and excitation wavelengths in the near infra-
red region (700-900 nm) are essential, as they experience minimal interference from
endogenous molecules. Effective fluorescent molecular probes for in vivo imaging must
meet several criteria: (i) near-infrared excitation and emission wavelengths with optimal
tissue penetration; (ii) efficient delivery to target tissues; (iii) high signal-to-noise ratio
for target versus non-target fluorescence intensity; and (iv) excellent safety profile.

7. In vivo molecular imaging of avf3 integrin

Harnessing the potential of imaging could offer a non-invasive method to detect
tissue remodeling associated with melanocytic transition, aiding in accurate and early
diagnosis paired with personalized treatment strategies.

Radioactive imaging tags are used to image angiogenic tumors, yet optical imag-
ing alternatives are safer (no ionization), have superior sensitivity and are more cost
effective and convenient to use [75]. Optical fluorescence imaging may be especially
practical for detecting tissue remodeling associated with melanocytic transition,
promising a less invasive way to detect pre-cancerous or cancerous tissues [76].

Neto etal. [77] reviewed the importance of avp3 integrin expression and signal-
ing in various stages of melanocytic transition. They showed that the highest avp3
integrin expression is in MIS and lymph node metastases. Thus, the presence and high
expression of avp3 integrin in MIS shows promise as a good marker for the earliest
stages of melanocytic transition reflective of oncogenic tissue remodeling. A proof-
of-concept clinical study [35] geared towards the identification of tissue remodeling
associated with avp3 integrin expression in nevi demonstrates the utility of this
approach. Results can be used to help physicians assess the tissue remodeling activity
and neoangiogenesis and decide whether there is emerging melanoma or high poten-
tial of the nevus developing into melanoma.

avp3 integrin can be imaged using RGD-ligand targeting moieties since it is
expressed on tumor blood vessels, yet not on normal tissue vessels [78]. Mono-,

di-, and tetrameric RGD peptides conjugated with near infrared fluorescent (NIR)
Cy-dyes are commonly utilized for iz vivo imaging in research [79, 80]. Cyanines,
alternatively known as tetramethylindo(di)-carbocyanines, are a synthetic dye family
classified within the polymethine group. These studies demonstrate the feasibility

of non-invasively detecting and semi-quantifying tumor integrin expression using
NIR-fluorescent RGD-conjugated probes administered and analyzed via fluorescent
molecular imaging technology. The technology may provide improved specificity and
sensitivity for correct diagnosis of skin cancer.
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8. Molecular skin fluorescence imaging (mSFI)

In a recently published proof-of-concept study [35], Shachaf et al. demonstrated
the noninvasive application of in-vivo molecular skin fluorescence imaging (mSFI;
Figure 3), utilizing a fluorescent molecular dye (ORL-1) containing the RGD frag-
ment to image biological tissue remodeling activity in pigmented skin nevi and
melanoma. ORL-15s binding in areas surrounding nevi provides valuable information,
indicating the presence of premalignant tissue remodeling activity and neoangiogen-
esis characteristic of melanoma development (Figure 4).

Figure 3.
Molecular skin fluorescence imaging (mSFI) procedure: (i) ORL-1 is topically applied (ii) imager captures white
light and fluorescent images; (iii) images are displayed and analyzed using dedicated software.

Normal cell
Abnormal cell

ORL1 dye

=S Neoangiogenic
vessel

Figure 4.

mSFI imaging captures structural tissue vemodeling features associated with melanoma by specifically binding to
avfi3 integrin receptors (original in Ref. [35]; used with permission,).
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Current technologies struggle with early lesion detection due to size or limited
cancer cells. mSFI images cellular interactions with the environment, enabling earlier
lesion identification than existing methods. Imaging tissue remodeling activity at
early stages reduces reliance on subjective or invasive tools like biopsy and reveals
biological activity invisible to the naked eye.

Existing technologies struggle to pinpoint lesions in early stages, often due to their
small size or limited cancer cell presence. Through cellular imaging and environmen-
tal crosstalk analysis, mSFI offers early lesion detection surpassing current methods.
This molecular imaging capability addresses a significant clinical need by enabling
early detection of structural tissue remodeling activity, reducing reliance on subjec-
tive or invasive tools like biopsy while revealing biological activity beyond visible
inspection. Utilizing in vivo molecular imaging, both melanoma and DN exhibiting
similar activity to melanoma can be identified. Identifying integrin and tissue remod-
eling activity may uncover nevi with potential for melanoma progression.

9. Conclusion

This chapter delves into the complexities of melanoma development, the roles of the
tumor microenvironment and diagnostic challenges. By acknowledging the subjectivity
of current clinical practices, avp3 integrin in vivo molecular imaging using the innovative
technology of mSF1I serves as a promising avenue for accurate and early melanoma detec-
tion. The integration of avf3 integrin analysis into diagnostic protocols could provide
clinicians with a more precise and real-time method, overcoming many limitations of
current imaging strategies by reducing the need for unnecessary biopsies and offering a
valuable tool for personalized treatment strategies. By exploring the intricacies of tissue
remodeling associated with melanocytic transition, mSFI offers a non-invasive approach
with the potential to revolutionize early detection and improve patient care. Overall, this
chapter advocates for a paradigm shift towards objective and advanced diagnostic tech-
niques, with mSFI emerging as a promising methodology for early melanoma detection.
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