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ABSTRACT : 

Basal Cell Carcinoma (BCC) is the most common type of skin cancer and represents nearly 80% of all 

non-melanoma skin cancers worldwide. It develops from the basal cells located in the deepest layer of the 

epidermis, which are responsible for producing new skin cells as old ones are shed. The primary cause of 

BCC is prolonged exposure to ultraviolet (UV) radiation from sunlight or tanning beds, although fair skin, 

advancing age, genetic predisposition, and weakened immunity also increase the risk. BCC usually appears 

on sun-exposed areas such as the face, neck, scalp, ears, and arms. Clinically, it may present as a pearly or 

shiny bump, a non-healing ulcer, a reddish patch, or a scar-like lesion. Although the tumor grows slowly 

and rarely spreads to distant organs, it can progressively invade nearby tissues if left untreated. Advanced 

lesions may destroy skin, cartilage, nerves, and even underlying bone, causing significant deformity and 

functional impairment. Early diagnosis is important because treatment at an initial stage provides excellent 

outcomes and minimal scarring. Diagnosis is confirmed through clinical examination and biopsy. Common 

treatment options include surgical excision, Mohs micrographic surgery, cryotherapy, curettage, 

electrodessication, radiation therapy, and topical medications in selected cases. Preventive measures such 

as regular sunscreen use, protective clothing, avoiding excessive sun exposure, and periodic skin 

examinations can greatly reduce the risk of developing BCC and help detect lesions early. 
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INTRODUCTION : 

Basal Cell Carcinoma (BCC) is the most common malignant tumor of the skin, contributing to 

approximately 80–90% of all skin cancer cases worldwide[1,2]. It originates from the basal cells present in 

the deepest layer of the epidermis and from skin appendages such as hair follicles. Chronic exposure to 

ultraviolet (UV) radiation, especially from sunlight, is considered the major causative factor, while fair skin, 

increasing age, genetic predisposition, and immunosuppression further increase susceptibility. BCC 

commonly affects sun-exposed regions including the face, scalp, neck, and ears. Clinically, it may appear 

as a pearly papule, nodular lesion, ulcer, or non-healing sore with rolled borders. Although the tumor rarely 

metastasizes to distant organs, it is locally invasive and can progressively infiltrate surrounding tissues if 

untreated. Advanced lesions may destroy adjacent skin, cartilage, muscle, and bone, leading to cosmetic 

deformity and functional impairment. Recurrence is relatively common, particularly when lesions are 

inadequately treated or located in high-risk facial areas. Early diagnosis through clinical examination and 

biopsy is therefore essential to prevent complications and improve treatment outcomes. Management 
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options include surgical excision, Mohs micrographic surgery, cryotherapy, radiation therapy, and topical 

chemotherapeutic agents depending on the size, location, and subtype of the lesion.[3,4] 

 EPIDEMIOLOGY: 

  Most common cancer globally, especially in fair-skinned populations Common in elderly (6th–8th 

decade) with slight male predominance  [5,6] Increasing incidence due to UV exposure and aging 

population  [7,8] About 70% occur on face, especially nose and eyelids   

ETIOLOGY AND RISK FACTORS :  

BCC develops due to a combination of genetic, environmental, and immunological factors: 

  Major risk factors ; Ultraviolet (UV) radiation (most important)  ,Fair skin (Fitzpatrick type I & 

II),Childhood sun exposure,Ionizing radiation,Immunosuppression (HIV, transplant 

patients),Exposure to carcinogens (e.g., arsenic),Genetic syndromes: 

o Xeroderma pigmentosum 

o Gorlin syndrome 

    Additional risk factors ; Chronic scars, burns, trauma, and inflammation  ,Post-vaccination scars 

(rare but reported)  [9,10 ] 

PATHOGENESIS :   

The key molecular mechanism involves abnormal activation of the Hedgehog (HH) signaling pathway: 

 Normally, this pathway regulates embryonic development, cell differentiation, and tissue repair. In healthy 

cells, the PTCH1 receptor suppresses the activity of another protein called Smoothened (SMO). When the 

Hedgehog ligand binds to PTCH1, this inhibition is removed, allowing controlled cell growth. In BCC, 

mutations in the PTCH1 gene are the most common abnormality, leading to continuous activation of SMO 

even in the absence of signaling molecules. Mutations in the SMO gene itself can also independently activate 

the pathway. In addition, mutations in the TP53 tumor suppressor gene impair DNA repair and apoptosis, 

allowing damaged cells to survive and proliferate. Persistent activation of the HH pathway ultimately causes 

uncontrolled cellular proliferation, tumor formation, and prolonged survival of malignant basal cells. This 

pathway forms the basis for targeted therapies such as Hedgehog pathway inhibitors used in advanced BCC 

treatment. 

 

 Increased Cell Proliferation, Tumor Growth, and Survival 

Abnormal molecular signaling in BCC results in excessive proliferation of basal cells and resistance to 

normal growth regulation. Continuous activation of oncogenic pathways stimulates the production of 

proteins that promote cell cycle progression and inhibit programmed cell death (apoptosis). As a result, 

mutated basal cells multiply rapidly and accumulate within the epidermis and surrounding tissues. These 

tumor cells also develop survival advantages that allow them to persist despite cellular stress or immune 

responses. The increased proliferative activity contributes to the slow but locally invasive growth pattern 

characteristic of BCC. Over time, the tumor can invade adjacent skin, connective tissue, cartilage, and even 

bone if left untreated. Enhanced tumor survival mechanisms also explain the tendency of some lesions to 

recur after incomplete treatment. 
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 PI3K/AKT Pathway 

The PI3K/AKT signaling pathway plays an important supportive role in the pathogenesis of Basal Cell 

Carcinoma by promoting cell survival, proliferation, and metabolic activity. Activation of phosphoinositide 

3-kinase (PI3K) leads to stimulation of AKT, a protein kinase involved in regulating cell growth and 

preventing apoptosis. In BCC, this pathway may become overactive due to molecular cross-talk with the 

Hedgehog pathway or other oncogenic signals. Increased AKT activity enhances tumor cell survival and 

allows malignant cells to resist normal regulatory mechanisms. The pathway also contributes to 

angiogenesis and nutrient utilization, helping tumor cells sustain their growth. Because of its role in 

promoting malignancy, the PI3K/AKT pathway is considered a potential therapeutic target in aggressive or 

treatment-resistant BCC cases. 

EGFR Pathway 

The Epidermal Growth Factor Receptor (EGFR) pathway is another molecular mechanism involved in the 

progression of Basal Cell Carcinoma. EGFR is a transmembrane receptor that regulates cellular growth, 

differentiation, and repair processes. When activated excessively, EGFR stimulates downstream signaling 

cascades such as RAS/MAPK and PI3K/AKT, leading to uncontrolled proliferation of keratinocytes and 

tumor cells. In BCC, overexpression or abnormal activation of EGFR may enhance tumor aggressiveness 

and invasive behavior. EGFR signaling also promotes cellular migration and tissue invasion, contributing 

to local destruction caused by advanced lesions. Research suggests that interaction between EGFR and 

Hedgehog signaling pathways may further accelerate carcinogenesis. Therefore, EGFR-targeted therapies 

are being investigated as potential adjunctive treatments in certain skin cancers. 

 Hippo-YAP Pathway 

The Hippo-YAP signaling pathway is an important regulator of organ size, tissue regeneration, and cell 

proliferation. Under normal conditions, the Hippo pathway suppresses excessive cell growth by inhibiting 

the activity of YAP (Yes-associated protein), a transcriptional co-activator. In Basal Cell Carcinoma, 

dysregulation of this pathway results in increased YAP activation, which stimulates genes involved in 

proliferation, survival, and stem cell maintenance. Enhanced YAP activity promotes uncontrolled growth 

of basal cells and contributes to tumor progression. The Hippo-YAP pathway may also interact with 

Hedgehog signaling, further intensifying oncogenic activity within the tumor microenvironment. Studies 

indicate that abnormal YAP signaling is associated with increased invasiveness and recurrence of BCC, 

making it a promising target for future molecular therapies. 

 

Immune Evasion in Basal Cell Carcinoma: 

Immune evasion is a crucial factor that allows Basal Cell Carcinoma cells to survive and progress despite 

the body’s defense mechanisms. Tumor cells modify the local immune environment by producing 

immunosuppressive cytokines and altering immune cell activity. This creates a microenvironment that 

reduces effective anti-tumor immune responses and enables continued tumor growth. BCC cells can 

suppress T-cell activation, reduce antigen presentation, and inhibit inflammatory responses that would 

normally destroy abnormal cells. Chronic ultraviolet (UV) radiation exposure further weakens local immune 

surveillance and contributes to carcinogenesis. The ability of BCC to evade immune destruction explains 

its persistence and recurrence in some patients and has led to interest in immunotherapy as a treatment 

approach. 
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 IL-6 and IL-10 Cytokines 

Interleukin-6 (IL-6) and Interleukin-10 (IL-10) are important cytokines involved in the immune evasion 

mechanisms of Basal Cell Carcinoma. IL-6 is a pro-inflammatory cytokine that promotes tumor growth, 

angiogenesis, and survival of malignant cells. Elevated IL-6 levels stimulate signaling pathways that 

enhance proliferation and resistance to apoptosis. IL-10, on the other hand, is an immunosuppressive 

cytokine that inhibits T-cell activation and reduces the effectiveness of anti-tumor immune responses. 

Increased production of IL-10 within the tumor microenvironment helps BCC cells escape immune 

surveillance and persist for prolonged periods. Together, these cytokines create a balance that favors tumor 

progression while suppressing protective immune activity. 

 

 TGF-β (Transforming Growth Factor-Beta) 

Transforming Growth Factor-Beta (TGF-β) is a multifunctional cytokine that plays a dual role in cancer 

development. In the early stages of tumor formation, TGF-β may suppress cell proliferation and act as a 

tumor inhibitor. However, in established Basal Cell Carcinoma, it often promotes tumor progression by 

enhancing immune suppression, tissue invasion, and fibrosis. TGF-β inhibits the activity of cytotoxic T 

lymphocytes and natural killer cells, allowing tumor cells to evade immune destruction. It also stimulates 

extracellular matrix remodeling and epithelial-mesenchymal transition, which contribute to local 

invasiveness. Increased TGF-β signaling within the tumor microenvironment supports tumor survival and 

chronic progression. Due to its significant role in carcinogenesis and immune modulation, TGF-β is 

considered an important target for future cancer therapies. 

 

CLINICAL FEATURES : 

BCC may present with a lesion which has enlarged with time, is non-healing and which may bleed or 

ulcerate; these aspects may also be accompanied by pruritus. The classical clinical description of such a 

tumor is that of a shiny, pearly, smooth papule/nodule with conspicuous, dilated and arborizing blood 

vessels, often with erosions or ulcerations and rolled margins. The clinical aspects vary with the histological 

type of the tumor (discussed below);thus, the classical clinical description may correspond to the nodular 

type of BCC, while the discovery of a circumscribed,annular, thin patch or plaque with/without scales, 

central clearing and rolled borders can be observed in superficial BCC; scar-like lesions or poorly defined, 

infiltrative, shiny plaques (which can be flat or depressed) can indicate the presence of an infiltrative 

or morphoeic/sclerosing BCC, and the pigmented variant of BCC can be clinically confused with melanoma 

or Spitz-Reed nevus.The fibroepithelial variant of BCC is frequently mistaken for an acrochordon or a 

seborrheic keratosis, presenting as sessile plaque or pedunculated papule or nodule, which can be 

flesh-colored or erythematous. Infundibulocystic BCCs present as pearly papules that are well 

circumscribed, being frequently mistaken for benign 

follicular processes [11,12] 

 

HISTOPATHOLOGY : 

The histopathology of BCC is largely characterized by aggregates of basal cells with a small cytoplasm and 

large, hyperchromatic nuclei, apoptotic cells, all included in a fibro- myxoid stroma, with tumor retraction 

spaces. Angiogenesis is an indicator of tumor development and its progression [13,14] 
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Nodular BCC  

Nodular BCC presents microscopically as large nests or islands of malignant basaloid cells with central, 

haphazard cell arrangement and peripheral palisading, tumor-stroma clefting, 

mucoid/myxoid stroma with spindle cells, with/without amyloid deposits; sometimes the tumor stroma has 

a collagenous, keloidal-type aspect.  

 

Superficial BCC 

Superficial BCC develops as small islands or lobules of malignant basaloid cells with peripheral palisading, 

localized in the superficial dermis, with a connection to the epidermis and within a myxoid stroma, 

associated with a lichenoid, band-like, inflammatory infiltrate. 

 

Morpheaform BCC  

Sclerosing Bcc strands/chords of tumor cells (with a thickness of 1-5 cells, and also with angulated ends) 

found in a collagenous type of stroma, with seldom tumor-stroma clefting. It infiltrates deeply and differs 

from the infiltrating subtype of BCC by the stromal characteristics, the latter lacking the highly collagenous 

stroma. 

 

Infiltrating BCC  

Infiltrating BCC is a subtype composed mainly of chords or thin nests of tumor cells (with a thickness of 

>5-8 cells) which infiltrate deeply, with angulated edges and have an 

irregular, permeating invasion pattern at the tumor edge. It frequently overlaps with morphoeic/sclerosing 

BCC and can be found with a nodular component. 

 

Pigmented BCC 

Pigmented BCC is a variant of nodular or superficial BCC, which contains melanin pigment derived from 

an increased number of dendritic melanocytes within the malignant tumor 

nests, being found within the malignant basaloid cells or the macrophages which surround the malignant 

proliferation. 

 

TREATMENT: 

The surgical treatment of BCC is the main approach through which the entire tumor mass can be excised, 

and the cosmetic and functional aspects can be preserved, providing optimal 

results for the patient. The surgical excision needs to be made with at least 4-mm margins in low-risk BCC, 

whereas for high-risk ones, margins of at least 6 mm should be ensured.[15,16] 

 

Curettage or electrodessication are older techniques, recommended in superficial BCC or low-risk tumors, 

having the downside of not allowing a histopathological examination of surgical margins. [17] Cryosurgery 

uses freeze-thaw cycles in order to destroy the malignant tumor cells, and, as with curettage and 

electrodessication, does not allow the microscopic examination of tumor margins and is mostly 

recommended in low-risk cases, such as superficial BCC[18,19] Laser therapy, such as super pulsed carbon 

dioxide laser therapy or pulsed neodymium-based laser therapy, can be used alone or in combination with 

other therapeutic approaches. It has proven to have small recurrence rates of up to 1.8% in 

5 years, although it presents with local adverse effects, such as soreness, edema, hyperemia and 

scarring.[20,21] 
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CONCLUSION: 

Basal Cell Carcinoma is a common yet largely preventable and treatable skin cancer. While it rarely 

metastasizes, its local invasiveness and recurrence potential require prompt diagnosis and appropriate 

management. Emerging insights into genetic pathways and immune mechanisms have improved targeted 

therapies, enhancing patient outcomes. 
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