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Abstract

:

Basal cell carcinoma (BCC) is the most common human cancer worldwide, and is a subtype of nonmelanoma skin cancer, characterized by a constantly increasing incidence due to an aging population and widespread sun exposure. Although the mortality from BCC is negligible, this tumor can be associated with significant morbidity and cost. This review presents a literature overview of BCC from pathophysiology to novel therapeutic approaches. Several histopathological BCC subtypes with different prognostic values have been described. Dermoscopy and, more recently, reflectance confocal microscopy have largely improved BCC diagnosis. Although surgery is the first-line treatment for localized BCC, other nonsurgical local treatment options are available. BCC pathogenesis depends on the interaction between environmental and genetic characteristics of the patient. Specifically, an aberrant activation of Hedgehog signaling pathway is implicated in its pathogenesis. Notably, Hedgehog signaling inhibitors, such as vismodegib and sonidegib, are successfully used as targeted treatment for advanced or metastatic BCC. Furthermore, the implementation of prevention measures has demonstrated to be useful in the patient management.
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1. Introduction


The incidence of nonmelanoma skin cancers (NMSC), which include basal cell carcinoma (BCC), cutaneous squamous cell carcinoma (cSCC), and actinic keratosis (AK), is increasing worldwide. BCC is the most frequent skin cancer, with constantly increasing incidence due to an aging population and widespread sun exposure. BCC accounts for 50% of all cancers in the United States [1]. Although the mortality from this cancer is negligible, BCC can be associated with significant morbidity, especially if the tumor is untreated for a long period of time [2]. Clinically, it presents with several morphologies and the clinical differential diagnosis should take into consideration a broad variety of diseases ranging from benign lesions to melanoma. Dermoscopy, and, more recently, reflectance confocal microscopy (RCM) have largely improved BCC diagnosis. Several effective therapeutic approaches are available to treat BCC, and an appropriate selection requires knowledge of complications, cosmetic outcomes, and recurrence rates. Additionally, patient’s preferences, of course, must be explored and included in the therapeutic decision. Surgery remains the first-line treatment for this disease. The pathogenesis of BCC depends on the interplay between environmental factors and genetic features of the patient. Aberrant activation of Hedgehog signaling is a driver of BCC development, and its blockade represents a potential therapeutic target. Therefore, Hedgehog pathway inhibitor therapy is emerging as a useful targeted treatment for patients with local advanced or metastatic BCC. Moreover, the implementation of prevention measures may play a crucial role in the improvement of BCC management.



This review provides an overview of BCC from pathophysiology to novel therapeutic approaches.




2. BCC Risk Factors


Risk factors for BCC include age, exposure to UV light (including professional and leisure-time exposures), skin phototype, gender, pharmacological therapy, radiation therapy, family history of skin tumors, long-term exposure to arsenic, immunosuppression, and some genetic syndromes.



BCCs are prevalent in the elderly population, given their association with cumulative sun exposure and other exogenous damage. White individuals of old (65–79 years) to very old age (>80 years) display the highest increase in BCC incidence rates [3].



Age-related deterioration of biological functions results in decline of DNA repair capacity, genomic instability, decline of immune system function, and chronic inflammation. Thus, aged skin is characterized by the accumulation of both DNA damage and senescent cells, as well as by the presence of chronic inflammatory status that leads to modifications of dermal matrix integrity. Therefore, some mutant genotypes selectively favor the growth of epidermal subclones in a microenvironment suitable for tumor development created by chronic inflammation [4,5].



Exposure to UV radiation (UVA and UVB wavebands) promotes skin cancer development by direct cell damage, including DNA mutations (e.g., pyrimidine substitutions), induction of oxidative stress, and generation of an “energy crisis” that impairs effective DNA repair, activation of local inflammatory processes, and suppression of cutaneous antitumor immunity [6]. Some studies indicate that intermittent and intense sun exposure (e.g., number of sunburns) increases the risk of BCC development, whereas cumulative and long-term UV exposure does not. In contrast, cSCC risk is mainly associated with cumulative sun exposure during lifetime [7,8]. A population-based, case–control study carried out in Canada reported that childhood and adolescence are the most critical life periods for BCC risk in adulthood [9]. This relation is emphasized among sun-sensitive subjects with tendency to burn. The study also shows a positive association between BCC and Northern European ethnic origin, light skin color, severe sunburns, and freckling in childhood [9]. Moreover, a link between BCC incidence and distance from the equator has been reported. In fact, UV radiation exposure at lower latitudes (e.g., Hawaii) is stronger compared to higher latitudes (e.g., Midwest of the USA) [10,11]. Furthermore, the use of tanning beds, especially early in life, resulted in a 40% increase in risk, compared to a control population. The risk increases in a dose-dependent manner with years of use of indoor tanning devices [12,13].



BCC incidence was generally higher in men than in women probably due to increased recreational and occupational exposure to the sun. However, these differences are becoming less significant with changes in lifestyle, such as tanning bed use or smoking. Gender substantially modifies the age-specific BCC risk. BCC affects preferentially elderly males (>60 years old) and younger female (<40 years old). Notably, women can present BCCs earlier (mainly on the face and neck), because they are more concerned about their health and aesthetics, and go to the dermatologist earlier when they have lesions in these areas [14,15,16].



The BCC risk associated with high doses of psoralen and ultraviolet A (PUVA) therapy, an effective treatment modality for psoriasis, is modest in contrast with the markedly increased risk of SCC at the same high doses of PUVA treatment [17].



Many drugs, such as tetracyclines, thiazide diuretics, nonsteroidal anti-inflammatory drugs (NSAIDs) NSAIDs, and retinoids are potentially photosensitizing, therefore they may induce phototoxic and/or photoallergic cutaneous reactions acting as co-carcinogens with UV radiation, and thus increasing the risk of skin cancer [18]. Experimental and epidemiological findings suggest a link between drug-induced photosensitivity and skin cancer, probably through the induction of DNA damage in predisposed individuals. BCC risk, in particular for the early-onset cancers, is mainly increased by antimicrobials. In fact, tetracyclines are often used for the treatment of acne in adolescence, a life period in which UV exposure has been associated with increased risk for adult BCC [9].



Antihypertensive medications might influence skin homeostasis through different mechanisms. Indeed, some drugs affect epidermal differentiation by interacting with calcium or sodium channels of the skin. Mediators in the renin-angiotensin system (RAS) are also involved in the modulation of cellular proliferation and angiogenesis. Of note, the existence of RAS has been recognized in many organs and tissues, including the skin [19]. Angiotensin receptor blockers (ARBs) users have an increased BCC risk in comparison to ACE inhibitors users because ARBs selectively stimulate type 2 receptors instead of type 1 ones, enhancing angiogenesis and cancer progression. A Dutch study found an increased risk of BCC among long-term users of loop diuretics, without any association with thiazides and potassium-sparing agents [20]. Nevertheless, the poor available data regarding the relationship between use of different types of antihypertensives and skin cancer risk do not allow to draw definite conclusions yet. Additionally, the consumption of arsenic-contaminated water and arsenic-containing medications, are associated with the development of BCCs [21,22].



Ionizing radiation exposure in environmental, occupational, and therapeutic settings increases risk of BCCs but not of other skin cancers. Overall, this risk is higher in Caucasians than other races. Several studies reported higher incidence of radiation-induced scalp BCCs in children irradiated for tinea capitis [23,24,25]. An inverse relationship between BCC risk and age at radiation therapy exposure was observed [23,26]. Notably, the infiltrative subtype of BCC, that is considered to be more aggressive, was significantly more frequent in irradiated patients [27].



Furthermore, previous history of BCC represents a risk factor for additional skin cancers, including NMSC and melanoma. Many of these patients (from 30% to 50%) will develop another BCC within 5 years [28,29,30,31]. These patients display a 10-fold risk increase compared to the general population [29]. A prospective cohort study on 1426 patients indicates that 40.7% (95% CI, 36.5–45.2%) of them develop a new NMSC within 5 years after the first lesion and 82% (95% CI, 80.2–83.7%) of them develop a new NMSC within 5 years after more than one lesion [32].



Another prospective population-based cohort study confirmed that development of a second BCC is most likely during the short-term follow-up period after diagnosis of the first lesion [33]. A recent Italian study found that NMSC patients had a relative risk (RR) for melanoma of 6.2 compared to controls. Melanoma risk was particularly high in patients who had NMSC before the age of 40 (RR of melanoma = 25.1 compared to controls) [34].



Immunosuppression in organ transplant recipients increases the risk of NMSC and the increase depends on the duration of the immunosuppressive therapy. Notably, BCCs incidence increases 10-fold in transplant recipients. HIV seropositivity doubles the risk of BCCs [21].



Several genetic syndromes are associated with BCCs development. The most common is the basal cell nevus syndrome (BCNS) or nevoid basal cell carcinoma syndrome or Gorlin syndrome, characterized by multiple BCCs development in childhood, most commonly in the face, followed by chest, back, and scalp. Other typical manifestations include palmar pits, jaw cysts, ectopic calcifications in falx cerebri, skeletal abnormalities, characteristic facial appearance, ovarian fibromas, medulloblastomas, and meningiomas. Other syndromes include multiple hereditary infundibolocystic BCC, Rombo syndrome, Bazex–Dupré–Christol syndrome, epidermolysis bullosa simplex, Dowling-Meara, and albinism [35].




3. Clinical Features and Different Subtypes of BCCs


Several clinical subtypes of BCC have been described in the literature, but the main clinical subtypes are nodular, superficial, and morpheaform BCC [21,36]. A variable amount of melanin can be present in case of pigmented BCC (Figure 1) [21,36]. Usually, BCC occurs on the face and hairy skin, including the upper and lower extremities [21,36]. More rarely, BCC involves the genital mucosa [21,36].



Nodular BCC (NBCC) is the most common clinical subtype, accounting for 50–79% of all BCCs [37,38]. NBCC appears as a papule or nodule with a characteristic pearly, shiny edge, and small arborizing telangiectasias (Figure 2). The lesion may ulcerate, but a sharp border usually is maintained, which can be a clue to the diagnosis [37]. NBCC involves most frequently the face, especially the cheeks, nasolabial folds, forehead, and eyelids. Several differential diagnoses should be considered, including molluscum contagiosum, sebaceous hyperplasia, amelanotic melanoma, trichoepithelioma, and Merkel cell carcinoma. Ulcerated lesions can be misdiagnosed for cSCC or keratoacanthoma.



Superficial BCC is the second most common clinical subtype of BCC, accounting for up to 15% of BCC [37,38]. It is characterized by a sharply circumscribed, scaly, pinkish macule, papule, or thin plaque (Figure 3). When a spontaneous regression occurs, it typically leaves atrophic and hypopigmented areas. Superficial BCC usually involves the trunk and extremities, and among younger patients may be more frequent than the other subtypes [39]. The differential diagnosis includes AK, Bowen’s disease, lichenoid keratosis, guttate psoriasis, and nummular eczema. Superficial BCCs are frequently multifocal, what can lead to an incomplete excision [39]. Therefore, an accurate follow-up should be performed [39].



Morpheaform BCC (MBCC) accounts for up to 10% of BCC [38]. Its name is due to its clinical resemblance to an indurated plaque of localized scleroderma. It is usually characterized by ivory-white, shiny, smooth, indurated plaques or depressions with poorly defined edges (Figure 4). MBCC is usually more aggressive than other forms of BCC and it usually spreads subclinically, leading to extensive local destruction. MBCC may be misdiagnosed for a scar, localized scleroderma, dermatofibrosarcoma protuberans, Merkel cell carcinoma, or amelanotic melanoma.



Only 1% of BCC evolves in a giant BCC or in ulcus rodens, an extremely destructive form of BCC that shows deep tissue invasion and a high rate of postsurgical recurrence (Figure 5) [40]. Furthermore, combinations of these subtypes may be found in a single lesion, which is then referred to as a mixed tumor, that account for approximately 40% BCCs [41].



According to prognostic factors, BCC can also be classified into low risk and high risk [42]. These prognostic factors are tumor size (larger size leads to a higher risk of recurrence), definition of clinical margins (poorly defined lesions are at higher risk), histological subtype (morpheaform, and metatypical BCC represent high risk lesions), histological features (perineural and/or perivascular invasion are markers of higher risk), recurrence, and tumor location [42]. Regarding the location, high-risk zones are represented by the nose, periorificial areas of the head and neck; intermediate-risk zones are the forehead, cheek, chin, scalp, and neck; low-risk zones are the trunk and limbs. High-risk BCCs are characterized by one poor prognostic factor at least; while, low-risk BCCs are superficial BCC, Pinkus tumor (a variant of BCC characterized by focal cystic changes), and small nodular BCC on intermediate or low-risk areas [42]. French guidelines defined also an intermediate prognosis group, to separate recurrent superficial BCC from other recurrent BCC, and some NBCC according to size and location (Table 1) [43]. Furthermore, all BCCs managed by ablative procedures (i.e., laser therapy) without histopathological control instead of surgical excision are at high risk of recurrence [44].




4. Histopathological Features of BCC


BCC derives from the basal cell layer and outer root sheath of the hair follicles, which contain pluripotent epithelial cells [1,45]. It was postulated that the lack of cytokeratin 15 in BCC suggests a derivation from the bulge region of the hair follicle [46]. Furthermore, the expression of CD10 emphasizes the follicular derivation of these epithelial cells [47,48]. Several histopathological subtypes of BCC, with different prognostic values, have been described in the literature [45,49].



NBCC is the most common subtype of BCC [49]. NBCC is characterized by nests of basaloid cells with sharp borders, showing a characteristic peripheral palisading of cells and a typical cleft (Figure 6) [49,50]. The presence of bulky aggregates of mucin can produce a cystic structure [1]. Calcification can also be detected, especially in long-standing lesions [45]. Mitotic activity is usually not visible, but a high mitotic rate is reported as a feature of more aggressive NBCC (Figure 7) [45,49]. Adenoidal BCC is considered a variant of NBCC, characterized by nests of basaloid cells extending into the dermis (Figure 8) [51]. Another variant of NBCC is the basal cell epithelioma, characterized by enlarged, mononuclear, and/or multinucleated cells, also known as monster cells [52]. Furthermore, several other subtypes of NBCC have been reported, including granular cell BCC, and BCC with outer hair follicle sheath differentiation [45,49].



Micro-nodular BCC is clinically represented by a plaque and is characterized by an increased recurrence rate [53]. Pathologically, it shares several features with NBCC, but micro-nodular BCC is smaller, and it is characterized by micro-nodules of basaloid cells, minimal palisading, and myxoid surrounding stroma [53].



Superficial BCC is another common variant of BCC, characterized by nests of basaloid cells that extend from the epidermis and a prominent palisading [49].



The infiltrative variant of BCC is a continuum between NBCC and MBCC, characterized by nodules of atypical basaloid cells with different sizes and surrounding mucinous stroma (Figure 9) [45,49,54]. This subtype may also involve the subcutaneous tissue and the adnexa [45,49,54]. Therefore, this subtype of BCC is more aggressive, and its surgical eradication is not simple [45,49].



The NBCC infiltrative type consists mainly of nests of basaloid cells that usually infiltrate the collagen fibers. In contrast to the MBCC, the stroma is not compact and shows plenty of mucine [55]. Furthermore, NBCC nests of basaloid cells are accompanied by a poorly demarcated peripheral palisading and show widespread invasion of the reticular dermis and even penetration into the subcutaneous fat.



MBCC shows thin and elongated islands of neoplastic cells not arranged in nodules [56]. In MBCC, the peripheral palisading is, in contrast in to NBCC, usually completely absent, and the stroma retraction, characterized by retraction spaces that mimic vascular invasion, is also infrequent MBCC may also involve the subcutaneous tissue and the adnexa [56].



Metatypical BCC is characterized by features of nodular BCC and cSCC of the skin [57]. In this variant, basaloid cells show variable eosinophilic features, prominent mitotic activity, and numerous apoptotic cells [57]. Furthermore, peripheral palisading is not always present [44,57]. Metatypical BCC may show perineural and lymphatic involvement [57].



The term ‘‘basosquamous carcinoma’’ is referred to a BCC with areas of lineage differentiation into squamous cell carcinoma [58,59]. It shows areas of BCC, cSCC, and a transition zone between these entities [58,59]. In contrast to the metatypical BCC, the term basosquamous carcinoma should be used in the case of tumors with contiguous areas of BCC and SCC [59].



On the one hand, the areas of BCC are characterized by small, uniform, hyperchromatic cells, with peripheral palisading, mitoses, and stromal collagen deposition with proliferative fibroblasts [60]. On the other hand, the areas of squamous-like cell carcinoma are characterized by large polygonal squamous cells with eosinophilic cytoplasm, large nuclei with prominent nucleoli, and frequent mitosis [60].




5. Dermoscopy


Dermoscopy is a noninvasive in vivo technique that significantly improves the early diagnosis of melanoma and NMSC. It allows an examination of pigmented and nonpigmented skin lesions. The accuracy of dermoscopy for the diagnosis of BCC has been widely reported in the literature [61,62]. The clinical recognition of both types of BCC, pigmented and nonpigmented, is significantly increased by many dermoscopic criteria [63,64,65]. The diagnostic accuracy of dermoscopy for BCC could range between 95% and 99% and this could depend on BCC type compared to other lesions in the control group, such as melanocytic and nonmelanocytic lesions [61,62,66].



Dermoscopy structures of BCC consist of three categories that include vascular, pigment-related, and nonvascular/nonpigment-related (Table 2). Vascular structures are arborizing vessels and short fine telangiectasias while pigmented-related structures include maple leaf-like areas, spoke-wheel areas, multiple blue–grey nests and globules, in-focus dots, and concentric structures (Table 2). Nonvascular/nonpigmented structures include ulcerations, multiple small erosions, shiny white–red structureless areas, and white streaks (Table 2).



Starting from the dermoscopic vascular features, arborizing vessels are the main structures in BCC, with a high diagnostic accuracy and a positive predictive value of 94.1% [62,67,68,69]. Arborizing vessels consist of stem vessels of large diameter, characterized by a bright red color, branching irregularly into finest terminal capillaries (Figure 10a) [64,70,71]. Short fine telangiectasias are vessels with a small diameter and length of <1 mm, with few or no branches (Figure 10b) [70]. With regards to the pigmented-related structures, blue–grey ovoid nests are confluent or nearly confluent, well-circumscribed, pigmented ovoid, or elongated areas (Figure 11a) [61]. Maple leaf-like areas are bulbous extensions connected at a base area, usually brown or grey–blue in color, forming a leaf-like pattern (Figure 11b) [64,65]. Ulceration is a shallow erosion of the epidermis that reaches the dermis and may be covered with coagulated blood or serous crust (Figure 12a). Multiple small erosions are smaller compared to ulcerations, generally seen as small brown–red to brown–yellow crusts (Figure 12b) [65,70]. White–red structureless areas represent diffuse dermal fibrosis or fibrotic tumor stroma and appear as areas of white to red color (Figure 13a) [65,67,70]. White shiny streaks or chrysalis or crystalline structures can be seen only with polarized dermoscopy as orthogonal short and thick crossing lines and represent dermal fibrosis (Figure 13b) [72,73]. Multiple blue–grey dots and globules are numerous, loosely arranged round to oval well-circumscribed structures, smaller than blue–grey ovoid nests (Figure 14a). In-focus dots correspond to loosely arranged well-defined small grey dots, which appear sharply in focus (Figure 14b) [64]. Spoke-wheel areas are radial projections surrounding a central darker point, blue or grey color, rare in dermoscopy but highly specific for BCC (Figure 15a) [61,64]. Concentric structures are irregularly shaped globular-like structures with different colors, including blue, grey, brown, and black, with a darker central area, that could be variations or ‘precursors’ of the spoke wheel areas (Figure 15b) [64].



The overall dermoscopic pattern of BCC depends on several combinations of the above-mentioned criteria. Several factors may determine the dermoscopic aspects of BCC that could depend on the patient (i.e., gender, age, race, pigmentary traits) or on the tumor (i.e., histopathologic subtype, anatomic site, presence of pigmentation) [64].




6. Reflectance Confocal Microscopy and Optical Coherence Tomography


Novel noninvasive approaches for the diagnosis of BCC include RCM and optical coherence tomography (OCT). RCM, using near infrared laser, is able to provide high magnification images of a given skin lesion at a cellular resolution that is similar to those of histopathology but in real time without skin biopsy [74,75]. Several articles extensively described the RCM features of BCC [76,77,78,79,80,81,82,83,84,85]. The most important RCM criteria for the diagnosis of BCC come into view at the level of the superficial dermis or dermal-epidermal junction (DEJ). These are the dark silhouettes (hypo-reflective areas at the level of DEJ or superficial dermis outlined by bright collagen bundles), the bright tumor islands (round to oval, cord-like or lobulated bright structures, often demarcated by surrounding dark cleft), cleft-like dark spaces (black areas, shaped like clefts/slits separating the bright tumor islands to the dermis), dendritic cells (bright delicate, dendritic structures within bright tumor islands or in epidermis), plump-bright cells (oval to stellate cells without nucleus in the dermis), and canalicular vessels (dilated vessels) (Figure 16). RCM in association with dermoscopy can help to diagnose BCC subtypes without skin biopsy [86]. Limitations of RCM include the imaging depth (250 µm), the limited ability to evaluate tumor invasion and deep margins, the initially steep learning curves and the cost of the instrument that represent a barrier to commercial implementation.



OCT is a noninvasive real-time diagnostic assessment of skin that utilizes infrared light projected onto the skin to produce an image based on the sum of light refractions of various skin structures with different optical properties [87]. It has been demonstrated in a cohort study that OCT had a sensitivity and specificity for superficial BCC diagnosis of 87% and 80%, respectively [88]. Furthermore, OCT in association with dermoscopy showed the highest accuracy (87.4%) [87,89]. Limitations of OCT are the lack of Current Procedural Terminology codes and the minimal use for pigmented lesions because, in pigmented tumors, imaging techniques based on the penetration of light is more difficult. Other noninvasive techniques for the diagnosis of BCC, not generally used in daily practice, include Raman spectroscopy (a spectroscopic technique typically used to determine vibrational modes of molecules), high-resolution ultrasonography, and terahertz pulse imaging (situated in the frequency regime between optical and electronic techniques) [90,91,92,93].




7. Pathogenesis of BCC


The development of a BCC results from the interaction between several genes and environmental factors. Notably, most of genes involved in BCC pathogenesis display a mutational signature consistent with UV-induced DNA damage [94,95]. Since BCCs display a great variability in morphology, aggressiveness, and response to treatment, unraveling the molecular genetics of BCC pathogenesis may improve the development of novel targeted therapies to enhance treatment efficacy and overcome tumor resistance.



7.1. Canonical Hedgehog (HH) Pathway Genes


Aberrant activation of Hedgehog (HH) signaling is the hallmark of BCC pathogenesis [96]. The HH pathway is a highly conserved signaling pathway that plays a critical role in embryogenesis, cell differentiation, and cell proliferation [97,98]. During embryogenesis, HH signaling orchestrates the morphogenesis of the epidermis and its appendages by signal cross-talk between epithelial and dermal cells. HH is also responsible for maintaining bulge stem cells and controlling the growth of postnatal hair follicles and epidermal renewal [97,98].



“Canonical” activation of HH pathway occurs through binding of the family of extracellular HH ligands (i.e., sonic hedgehog (SHH), Indian hedgehog (IHH) and desert hedgehog (DHH) in mammals) to the 12-pass transmembrane receptor Patched 1 (PTCH1). HH-PTCH1 binding represses the functions of tumor suppressor of PTCH1 allowing the release of the seven-pass transmembrane G-protein coupled receptor Smoothened (SMO). Active SMO migrates to the primary cilium, a highly specialized microtubule-based organelle that acts as a sensor for extracellular signals. Thus, SMO drives a signaling cascade that leads to release and activation of the GLI family of transcription factors (GLI1, GLI2, and GLI3) sequestered in the cytoplasm by several proteins, including the Suppressor of Fused (SUFU). In fact, in the absence of HH ligand, PTCH1 blocks the migration of SMO in the primary cilium and GLI proteins are in their partially cleaved inactive form induced by phosphorylation and ubiquitylation. The translocation of SMO in primary cilium prevents the proteolytic process and the full-length GLI active form moves into nucleus and promotes the transcription of target genes [96,99,100,101]. GLI1 acts as an activator of transcription, whereas GLI2 and GLI3 display both positive and negative transcriptional functions. The HH target genes include GLI1, which further amplifies the initial HH signaling at transcriptional level [102], and PTCH1 and HH interacting protein (HHIP1), which both provide a negative feedback dampening the pathway (Figure 17A) [96,97,98,99,100,101]. The outcome of the HH signaling depends on several of cell-specific targets mediating different cellular responses: proliferation and differentiation (Cyclin D1 and D2, E2F1, N-Myc, FOXM1, PDGFRα, IGFBP3 and IGFBP6, Hes1, Neogenin), cell survival (BCL-2), self-renewal (Bmi1, Nanog, Sox2), angiogenesis (Vegf, Cyr61), cardiomyogenesis (MEF2C), epithelial–mesenchymal transition (Snail1, Sip1, Elk1, and Msx2), and invasiveness (Osteopontin) [96,97,98,99,100,101].



Most components of the HH pathway can function as tumor suppressor or proto-oncogenes, as mutations in their genes promote an oncogenic signaling and are associated with a wide variety of tumors, such as those of the brain, breast, gastrointestinal tract, lung, pancreas, prostate, ovary, and skin, including BCC [96,100] (Figure 17B).



Loss of one functional copy of tumor suppressor PTCH1 in patients with BCNS (or Gorlin syndrome) predisposes them to BCC development. Most sporadic BCC (85%–90%) have loss-of-function mutations in PTCH1, which prevent the repression of HH signaling. About half of PTCH1 mutations contains the “UV-signature” with C > T and tandem CC > TT transitions; however, other factors, such as oxidative stress, have been implicated in the mutagenesis of this gene [100]. The gain-of-function mutations in the proto-oncogene SMO, which become resistant to inhibition by PTCH1, can contribute to 10–20% of sporadic BCC development [103,104,105,106]. Simultaneous PTCH1 and SMO mutations have also been observed [107]. Mutations in GLI1 [108] and GLI2 [109,110], and those in SUFU [111], which disrupt its binding to GLI, have been found in sporadic BCC and can lead to constitutive pathway activation. PTCH2 gene, which shows a 57% of similarity with its homolog PTCH1, has been found to carry mutations in a small number of sporadic BCC [112]. SHH mutations are very rare in sporadic BCCs [107]. However, significant levels of SHH mutations have been found in patients suffering from Xeroderma Pigmentosum, a rare genetic disease caused by mutations in genes of DNA damage repair systems and characterized by an extreme sensitivity to UV rays and high incidence of BCC [113].



Several studies have demonstrated a tumor-driving role of activated HH signaling in BCC development. Mice overexpressing SHH in the context of normal PTCH develop multiple BCCs and typical features of patients suffering from BCNS [114]. Moreover, the tumor suppressor role of PTCH1 has been demonstrated in PTCH1+/− mice that develop tumors and several features observed in patients with BCNS [115,116]. The oncogenic role of SMO has been demonstrated using transgenic mice overexpressing mutant SMO that developed skin abnormalities similar to BCCs [103,117]. Overexpression of GLI proteins in mouse models induces BCC development [108,110]. Notably, continued SHH signaling is required for BCC carcinogenesis because mice conditionally expressing GLI-2 show BCC regression when GLI-2 expression is inactivated [118]. Based on these preclinical studies, novel BCC therapies aimed at inhibiting HH-GLI signaling have been focused on the development of SMO antagonists, such as vismodegib and sonidegib, and GLI antagonists [119].



Although HH pathway dysregulation alone drives BCC formation, a complex genetic network of cancer-related genes and different regulatory pathways contribute to BCC development, supporting a heterogeneous genetic origin, and can underlie the pathogenesis of both slow-growing as well as locally invasive BCCs into a rare metastatic disease.




7.2. Noncanonical HH Pathway Genes


The HH pathway interacts with various other oncogenic signaling networks, such as EGFR, IGF, TGFβ, aPKC, PI3K, and NF-κB, which synergistically may contribute to BCC development. Indeed, the transcription or post-translational modification of GLI can occur via alternative pathways that are generically defined “Noncanonical” HH signaling, given that the canonical HH-PTCH1 binding and activation of SMO are bypassed [96,99,119]. GLI activity has been shown to be regulated positively by RAS, TGFβ, PI3K/AKT, NF-kB, and aPKCι/λ, and negatively by p53 and PKA (Figure 17C). Specifically, EGFR signaling through the RAS/RAF/MEK/ERK cascade modulates expression of GLI downstream targets by activating JUN/AP-1 complex that acts in cooperation with GLI itself. Moreover, ERK pathway prevents GLI2 proteasome-mediated degradation [120]. TGFβ signaling upregulates GLI2 transcription whereas activation of aPKC phosphorylates and activates GLI1 [121,122]. Stimulation of PI3K/AKT by IGF-1 induces GLI nuclear localization and transcriptional activity [123]. Notably, HH signaling regulates metastasis through the activation of PI3K/AKT, which promotes epithelial–mesenchymal transition and matrix metalloproteinase 9 secretion. NF-κB is a transcription factor triggered by chemicals or UVB, and associated with cutaneous inflammation and carcinogenesis [124]. NF-κB promotes GLI activation by binding to its promoter [125]. p53 represses GLI1 activity, nuclear localization, and transcription levels following DNA damage [126,127]. PKA regulates GLI localization and inactivation through direct phosphorylation. Moreover, activated PI3K/AKT stabilizes GLI2 through inhibition of PKA-mediated phosphorylation [123].



Noncanonical GLI regulation by oncogenic signaling may explain in part the failure of some clinical trials with SMO antagonists. For instance, vismodegib-resistant BCCs show high level of aPKCι/λ, and its pharmacological inhibition by PSI treatment suppresses HH signaling and growth of resistant BCC cell lines [128]. Thus, therapeutic strategies able to inhibit noncanonical HH signaling in combination with SMO or GLI antagonists might reduce resistance mechanisms. Interestingly, the topical treatment imiquimod enhances PKA activity with consequent GLI phosphorylation and cleavage into its repressor form [129].



In sporadic BCCs, inactivating mutations in the TP53 gene have been found in BCCs (50%) [21]. Most TP53 mutations display an “UV-signature” [100]. Notably, a lower level of TP53 mutations has been found in BCCs from sunscreen users compared to that of non-sunscreen users [130]. A smaller number of sporadic BCCs displayed mutations in the CDKN2A locus, in RAS gene family (H-RAS, K-RAS, and N-RAS) and in genes encoding proteins of the PI3K/AKT pathway [21].




7.3. Other Genetic Changes


Extensive genomic studies identified novel mutations both downstream of GLI and independently of the HH pathways, which may play a key role in the development and/or progression of BCC [96,101,119,131].



7.3.1. Hippo-YAP and WNT Signaling Genes


Inactivating mutations in LATS1/2 and PTPN14 genes, two key components of the Hippo pathway, have been found (Figure 17D) [131]. The Hippo pathway plays a key role in organ size control, and its deregulation contributes to tumorigenesis [132]. The major downstream effector of this pathway is the Yes-associated protein (YAP), a co-transcriptional activator that maintains basal epidermal progenitors, regulates hair follicle growth, and promotes skin proliferation. Upon Hippo signaling activation, YAP becomes phosphorylated, translocates into the cytoplasm, and is sequestered by 14-3-3σ. Thus, it can no longer transcribe its target genes. LATS1/2 kinases prevent the translocation of YAP1 [133]. Thus, mutations in Hippo pathway components induce nuclear localization of YAP and aberrant transcriptional activation promoting BCC development. In addition, interactions between the p53 family of transcription factors and Hippo pathways in subset of physiological contexts, including transformed cells, is responsible for maintaining homeostasis between stemness and differentiation [134,135,136]. Therefore, alterations in this balance may be used by cancer cells to maintain high proliferation features and to increase their competitive advantage also in BCC [137].



Conditional deletion of YAP and its paralog TAZ, in mouse models of BCC and SCC, prevents tumor formation [138]. LATS1 gene has been investigated in a study which reported inactivating mutations in 47 of 293 (16%) BCCs, with 24% of truncating mutations, consistent with a tumor suppressor role [131]. Moreover, missense mutations in the LATS2 gene (12%) and in the PTPN14 gene (23%) have been found in BCCs. Most of genetic changes (61%) are truncating mutations [131]. In keeping with these findings, the Hippo–YAP pathway is significantly upregulated in BCC [131].



WNT signaling pathway plays a critical role in embryonic development and hair follicle growth and can cross-talk with HH pathway. Notably, WNT signaling initiates hair bud formation, whereas HH signaling promotes the proliferation of follicle epithelium to form a mature follicle. Canonical WNT signaling is activated through binding of WNT proteins (e.g., Wnt-3a) to dimeric receptors composed of the seven transmembrane frizzled (FZD) proteins and the LRP5/6. Upon ligation to receptors, the cytoplasmic protein disheveled (Dvl) is recruited, phosphorylated, and activated. Activation of Dvl induces the dissociation of GSK-3β from Axin leading to GSK-3β inhibition and, in turn, inhibition of phosphorylation and degradation of β-catenin. Thus, β-catenin translocates into the nucleus leading to changes in different target gene expressions. Noncanonical WNTs, including Wnt5a, bind FZD receptors in conjunction with alternate co-receptors, including ROR1/2 or Ryk, inducing β-catenin-independent changes such as PKC activation and cytoskeletal rearrangements [139].



WNT pathway activation has been identified in BCCs. Indeed, BCCs exhibit overexpression of canonical and noncanonical WNTs [140,141] and β-catenin harboring stabilizing mutations [142]. Nearly 30% of BCC display nuclear localization of β-catenin (Figure 17D) [143,144,145]. The canonical WNT signaling pathway is required for HH pathway-driven development of BCCs in a BCC mouse model. Aberrant HH signaling activation induces the Gli-mediated transcriptional activation of WNT genes [146]. LGR4 and LGR5, which are target genes of the Wnt signaling pathway and are considered epithelial stem cell markers, are upreguated in BCCs. Moreover, GLI1 and GLI2 expression has strong correlation with LGR4 and LGR5 in BCC from patients and GLI1-expressing stem cells co-express LGR5. Interestingly, a quiescent tumor cell population expressing LGR5 persists following vismodegib treatment in different mouse models and human patients, promoting BCC relapse following treatment discontinuation. These persistent tumor cells present residual WNT signaling activity and could be eliminated by dual WNT and HH inhibition leading to BCC eradication [147].




7.3.2. N-MYCN/FBXW7 Genes


N-MYC missense mutations have been identified in 30% of BCCs [131]. MYC family members of transcription activators are involved in regulating embryonic development and cellular mechanisms, such as cell growth, proliferation, differentiation, and apoptosis. Moreover, MYC is a potential downstream effector of the HH pathway [148]. Most of the identified mutations compromise the interaction of N-MYC with the tumor suppressor FBXW7, a component of the SCFFbw7 ubiquitin ligase that promotes proteasome-dependent MYC degradation. Indeed, these mutations enhance N-MYC stability [131]. Moreover, deleterious mutations and LOH events in the FBXW7 gene have been found in 5% and 8% of BCCs samples, respectively [131].




7.3.3. NOTCH Signaling Genes


NOTCH is a p53 target and a key regulator of epidermal differentiation which becomes activated when normal keratinocytes lose contact with the basal membrane [149]. Human mutations are mostly related to loss of function, indicating a tumor-suppressor role of NOTCH in BCC pathogenesis (Figure 17D) [149]. Deep sequencing studies have recently found that mutations in NOTCH1/2 are among the most common genetic alterations in BCC, although they cannot be considered oncogenic drivers [131,150,151]. Indeed, NOTCH1-deficient mice can develop SCCs, and occasionally BCCs [152]. NOTCH inhibition promotes tumor persistence in PTCH1 conditional mice, whereas NOTCH activation is sufficient to induce regression of established lesions.




7.3.4. TERT-Promoter


A high frequency of mutations has been identified in TERT promoter in BCCs [153,154]. The TERT gene encodes the catalytic reverse transcriptase subunit of telomerase which maintains telomere length. BCCs with TERT promoter mutations display high transcription levels of catalytic subunit [155]. Increased telomerase activity is a hallmark of cancer. Enhancement of TERT transcription is the principal cause of its cancer-specific activation and studies on several tumors support the concept that noncoding mutations within promoter regions of TERT may act as a driver [154]. Various carcinogenic factors (UV or X-ray radiation) can induce distinct “mutation signatures” in TERT promoter in BCC [156]. TERT promoter mutations are not associated with clinicopathological features of BCC [156]. Interestingly, the alterations in PTCH1, TP53, and DPH3 promoter occur more frequently in BCCs with TERT promoter mutations [157,158]. Cancers harboring TERT promoter mutations are often more lethal. Some BCCs metastasize resulting in patient mortality. Although these patients can be treated SMO inhibitors, some of them respond with a low rate. Probably, the TP53 and TERT promoter mutations could impact the treatment outcome [158]. Notably, TERT promoter mutations associate with epithelial-to-mesenchymal transition (EMT) gene expression signature and MAPK signaling in several cancers [155].




7.3.5. DPH3-OXNAD1 Bidirectional Promoter


Noncoding mutations in the bidirectional promoter of both DPH3 and oxidoreductase NAD-binding domain containing 1 (OXNAD1) genes have been reported in BCCs [131]. Typical “UV signature” mutations have been found [159]. DPH3 gene is required for the synthesis of diphthamide, a modified histidine residue in translation elongation factor 2 that is involved in the maintenance of translation fidelity. Its silencing impairs melanoma metastasis in a mouse model, suggesting a role as tumor suppressor [160].




7.3.6. Other BCC-Associated Genes


A high frequency of mutations significantly associated with BCC tumorigenesis was observed in two cancer-related genes, PPP6C and STK19 [131]. PPP6C encodes a phosphatase which regulates cell cycle progression controlling cyclin D1 and pRb inactivation and participating to LATS1 activation [161]. Mutations in PPP6C have been detected in 15% of BCC and most of them impair its phosphatase activity [100]. The STK19 gene encodes a kinase, probably involved in transcriptional regulation. Mutations have been found in 10% of BCCs [100].




7.3.7. Noncoding (nc) RNAs


MicroRNAs (miRNAs), small regulatory RNAs that are involved at multiple transcriptional, post-transcriptional, and epigenetic levels, modulate several processes, and are commonly misregulated in cancer. Altered miRNAs expression levels are associated with BCC progression, suggesting the role of ncRNA regulation in tumor promotion. The expression levels of miRNA machinery (Drosha, DGCR8, AGO1, AGO2, PACT, and TARBP1) have been shown to be significantly higher in BCC when compared to healthy controls [162]. Distinctive miRNA profiles correlate with nodular and infiltrative tumor BCC subtypes. For instance, miR-183, a miRNA that inhibits metastasis in other cancers, displays a significantly lower expression in infiltrative than in nodular BCCs [163]. Moreover, dysregulated miRNA profiles can be associated with some of the key players in BCC pathogenesis. In nodular BCC, upregulated miR-141, 200a, and 200c are linked to C-MYC and the WNT-β-catenin pathway [163,164]. MiR-203 and miR-451a can function as tumor suppressors. HH and EGFR signaling suppresses miR-203 which acts on c-JUN and, in turn, cell proliferation. Notably, in vivo delivery of miR-203 in a BCC mouse model results in the reduction of tumor growth [165]. Additionally, miRNA-451a is significantly reduced in human and mouse BCC. Inhibiting miRNA-451a in primary cells promotes cell growth through its target, TBX1. Conversely, overexpression of miRNA-451a in tumor cells induces cell-cycle arrest, suppressing cell growth [166]. OncomiR-1 cluster (miR-17-92) displays a regulatory role in SHH pathway in a PTCH1 mouse model and corresponding miRNAs are overexpressed in human BCCs [167]. Some long ncRNA (lncRNAs), such as ANRIL, are differentially expressed in BCCs [168].





7.4. Cellular Origin of BCC


BCC is so named because it is composed of cells histologically resembling basal keratinocytes of the hair follicle and interfollicular epidermis. However, its cellular origin has been debated for a long time. The advances in understanding molecular genetics of BCC allowed to address this issue. In a mouse model, constitutively active SMO mutant induced BCCs when conditionally expressed in basal keratinocytes of the interfollicular epidermis, but not when expressed in hair follicle stem cells [169]. Cell fate mapping, using cell fate tracking X-ray-induced BCCs in PTCH (+/−) mice, demonstrates the origin of BCC from keratin 15-expressing stem cells of the follicular bulge. However, conditional p53 loss produces BCCs from the interfollicular epidermis and it enhances BCC carcinogenesis from the bulge, at least in part by enhancing SMO expression [170,171]. These findings indicate that BCCs may arise from basal keratinocytes of the interfollicular epidermis or of the hair follicle, depending on the context. Induction of GLI2 activator (GLI2ΔN) in mice promotes the development of BCC-like tumors whose clinico-pathologic type depends on the cell of origin, tissue context (quiescent versus growing hair follicles), and level of oncogenic signals. Nodular BCC-like tumors arise from hair follicle stem cells, whereas superficial BCC-like tumors arise from interfollicular epidermis, following high level signaling [172]. Only interfollicular epidermal stem cells, and not their committed progeny, are able to transform into BCC upon HH signaling due to their enhanced self-renewing ability. Oncogene-targeted stem cells are characterized by enhanced self-renewing ability and resistance to p53-mediated apoptosis which result in rapid clonal expansion and progression into invasive tumors [173]. Finally, tumor microenvironment may exhibit cancer cell-specific regulatory mechanisms acting on keratinocyte HH pathway and BCC development [174].





8. Treatment of Localized BCC


The primary goal for the treatment of localized BCC is the complete excision of the skin tumor and the preservation of the cosmetic and functional aspects. Therefore, surgery is the most common treatment for localized BCC. Traditional approaches like curettage or electrodessication are supported by older studies including prospective trials with limited follow-up time. Other techniques are discussed below. According to one evidence-based review, the best results have been obtained with surgery [175].



8.1. Surgery


The National Comprehensive Cancer Network (NCCN) recommends clinical margins of at least 4-mm for low-risk BCC treated with standard excision with postoperative margin assessment (SEPMA) [176]. The results of Wolf et al. showed that, for well-circumscribed BCC < 2-mm in diameter, excision with 4-mm clinical margins guarantees a complete removal in more than 95% of cases [177]. In a retrospective study on 3957 consecutive excisions of BCC, primary tumors of any size on the neck, trunk, and extremities had a 5-year cure rate > 95% [178]. If SEPMA is utilized for high-risk BCC, wider surgical margins (more than 6 mm) than those reported for low-risk BCC are necessary, and greater recurrence rates of this tumor should be expected [176].




8.2. Mohs Micrographic Surgery (MMS)


MMS, or Mohs surgery, is a surgical procedure in which the complete excision of the NMSC is examined by microscopic margin control. MMS is the treatment of choice for high-risk and recurrent BCCs showing superior long-term cure rates than other surgical treatments. MMS allows intraoperative analysis of 100% of excision margin. Rowe et al. reported that the 5-year recurrence rates for primary and recurrent BCCs treated with MMS are 1% and 5.6%, respectively, compared with 10.1% and 17.4%, respectively, for SEPMA [179]. Likewise, the 10-year recurrence rates for primary facial BCCs were 4.4% for MMS and 12.2% for SEPMA [180]. The excision with complete circumferential peripheral and deep margin assessment (CCPDMA), using intraoperative frozen section assessment, is a valid alternative to MMS because it includes an entire assessment of all deep and peripheral margins [176].




8.3. Curettage and Electrodessication


Curettage and electrodessication is a fast and cost-effective technique for superficial lesions and recommended by the NCCN for properly selected and low-risk BCCs. However, these techniques do not allow for histologic margin assessment [176]. It has to be considered that these techniques should be avoided in areas with terminal hair growth such as the scalp, pubis, axillae, or the beard area in males, due to the risk of follicular tumor extension. Silverman et al. reported in a study of more than 2300 BCCs a 5-year recurrence rate of 3.3% (standard error [SE]: 1.5%) for lesions of any diameter localized in the L area (trunk and extremities, excluding hands, nail units, pretibia, ankles, and feet). Lesions in the M area (cheeks, forehead, scalp, neck, and pretibia), had a 5-year recurrence rate of 5.3% (SE: 2.7%) and 22.7% (SE: 7.2%), for BCCs with diameters < 10 mm or >10 mm, respectively. For BCCs in the H area (“mask areas” of the face, genitalia, hands, and feet), the 5-year recurrence rates were 4.5% (SE: 2.6%) and 17.6% (SE: 5.4%) for BCC < 6 mm or >6 mm, respectively [181].




8.4. Cryosurgery


Cryosurgery destroys tumor cells by freeze–thaw cycles. It is a fast and cost-effective technique but lacks histological assessment of tumor margins. Even if several large case series report cure rates of 94%–99%, this technique should be limited to superficial and low-risk BCCs [182]. As demonstrated by prospective randomized trials, a drawback of cryotherapy is the poorer cosmetic result compared to other treatment approaches [183].




8.5. Photodynamic Therapy (PDT)


PDT consists in the application of a photosensitizing agent, generally aminolevulinic acid (ALA), or methyl aminolevulinate (MAL), followed by irradiation with a light source. Cure rates range from 70% to 90% but it has to be considered that the reported studies have short follow-up periods [184]. Roozeboom et al. reported a 5-year recurrence rate of 30.7% (95% CI, 21.5–42.6%) for ALA-PDT and 2.3% (95% CI, 0.6–8.8%) for surgical excision (p < 0.0001) [185]. When stratifying for tumor thickness, the ALA-PDT cure rate was 95% for primary thin NBCCs (i.e., thickness ≤ 0.7-mm) [185]. Most articles on PDT for BCC showed high cure rates for the superficial and nodular subtype of this tumor [186,187]. Considering the nodular subtypes, cure rates are better for thinner forms [185]. Therefore, this technique should be considered mainly for superficial BCCs and for thinner nodular subtype, generally in patients affected by extensive or multifocal disease, or with multiple AKs.




8.6. Radiation (RT)


RT is a primary therapy indicated in patients where surgery is contraindicated or for unresectable tumors. The goal of RT is a complete eradication of the BCC with preservation of the healthy tissue. Two types of RT have been utilized for the treatment of BCC, i.e., teletherapy (external beam RT) and brachytherapy [188]. RT is mainly used in patients over 60 years of age but it is contraindicated in patients affected by genetic syndromes, like BCNS or Gorlin–Goltz syndrome, due to the higher risk to induce other malignancies caused by ionizing radiation [189].



RT has been compared with many other treatments for BCC in prospective RCTs. Hall et al. compared cryotherapy with superficial RT in 93 patients evaluated 2 years after treatment, reporting a 4% recurrence of the disease after RT, compared to 39% after cryotherapy [190].



Avril et al. compared RT to surgery in newly diagnosed facial BCCs. Most RT patients (55%) were treated with low dose rate interstitial brachytherapy (n: 173) while others (12%) received conventional outpatient teletherapy. Recurrence ≤ 4 years after treatment occurred in 0.7% of the surgery group and 7.5% of the RT group (8.8% after brachytherapy, 5% after teletherapy) [191].




8.7. Topical Therapies


Topical 5-fluorouracil (5-FU) 5% cream, and imiquimod 5% cream are approved for the treatment of superficial BCC [192,193,194,195,196]. In an RCT that used twice daily imiquimod 5% for 12 weeks, Geisse et al. reported a 100% histologic clearance after 6 weeks of treatment [193]. Other studies reported clearance rates of 77.9% and 80.4% for superficial BCC at a 5-year follow-up [197,198]. NBCCs showed similar results, with a 76% clinical clearance using once daily imiquimod application for 12 weeks [199]. Imiquimod 5% is also utilized for patients affected by BCNS [200,201].



An RCT showed a statistically equivalent efficacy between 5-FU and imiquimod 5% in treating superficial BCC at a 12-month follow-up [202]. Other studies with longer follow-up showed a superiority of imiquimod, with a 79.7% clearance rate at 3 years compared with 68.2% for 5-FU [203]. 5-FU is not recommended for NBCC, and evidence of its efficacy in this subtype is limited to case reports [204,205].



Topical treatments may be responsible for adverse side effects, such as erythema, swelling, and erosions, thus limiting compliance and hampering effectiveness. The use of these treatments should be limited to superficial BCCs or small BCCs localized in low-risk areas that could not be treated with other regimens [206].




8.8. Intralesional Therapy


Several intralesional chemotherapies have been tested for BCC treatment, such as 5-FU, interferons, interleukin-2, and bleomycin, with uneven results. Adverse events are unusual, generally dose dependent, and include local effects at the treatment site and flu-like symptoms [188,207].




8.9. Laser Therapy


Laser therapy has been studied for BCC treatment as both monotherapy and adjunct therapy [208]. Campolmi et al. reported a 100% histologic clearance and no recurrences over a 3-year follow-up period for superficial and NBCC treated with superpulsed carbon dioxide laser therapy [209,210]. In a retrospective study of 2719 facial BCCs treated with pulsed neodymium-based laser therapy, Moskalik et al. reported a recurrence rate of 1.8% for follow-up times ranging from 3 months to 5 years [211]. Adverse effects reported with laser therapy were reactive hyperemia, edema, scarring, and soreness [208].





9. Targeted Therapy: Hedgehog Pathway Inhibitors (HPI)


Vismodegib and Sonidegib are targeted oral treatments approved by the Food and Drug Administration (FDA) and by the European Medicines Agency (EMA) for the treatment of BCC, when surgery or radiotherapy are not appropriate. Specifically, Vismodegib is indicated both in locally advanced and metastatic disease, while sonidegib only in the first setting [212,213,214,215]. The mechanism of action of vismodegib and sonidegib consists in the inhibition of the HH pathway. Both HH pathway inhibitors (HPI) act as SMO inhibitors, preventing the cascade of the signal and maintaining the suppression of the transcription factors GLI. Thus, the two molecules have both a cytostatic and cytotoxic action on tumoral cells [216]. However, mechanisms of resistance to HPI have been identified, including mutations of SMO and activation of noncanonical HH pathways [217].



9.1. Efficacy and Safety of Vismodegib in Advanced (a) BCC


The pivotal ERIVANCE trial, a phase II multicenter, nonrandomized, two-cohort trial, has enrolled 104 patients with aBCC to receive vismodegib 150 mg once daily (Table 3). The primary endpoint of the study was ORR (Objective Response Rate): the ORR, assessed through RECIST Criteria (Central Review), was 47.6% for local advanced (la)BCC and 33.3% for metastatic (m)BCC. When assessed through RECIST criteria and Investigator Review, the ORR was 60.3% for laBCC and 48.5% mBCC. Secondary endpoints, such as the median duration of the response (mDOR) and the Progression Free Survival (PFS), assessed through Central Review, reached 9.5 months [218]. The long-term update of the study demonstrated the durability of the response, the efficacy in both patient subgroups and long-term safety. Adverse events remained consistent and discontinuation rate due to adverse effects was 21.2%. Thirty-three deaths (31.7%) were reported. However, none were related to vismodegib [219].




9.2. Efficacy and Safety of Sonidegib in aBCC


In 2015 the multicenter, randomized, double-blind, phase II trial BOLT evaluated efficacy and safety of sonidegib and led to the approval of the drug as a first-line treatment for laBCC [218,219] (Table 3). A total of 230 patients with aBCC were randomized 1:2 into two treatment arms. In the first arm, sonidegib was administered at the dose of 200 mg once daily, while in the second arm patients received 800 mg of the drug once daily [222]. At 30 months, sonidegib 200 mg demonstrated a better safety-risk profile. Patients receiving 200 mg of therapy had an ORR assessed through the stringent mRECIST criteria (Central Review) of 56,1% for laBCC and of 71.2% assessed through mRECIST (Investigator Review), with a mDOR and a PFS of 26.1 and 22.1 months, respectively. Seventy patients (30.4%) discontinued the therapy during the trial for AEs, such as muscle spasms, alopecia, dysgeusia, weight loss, and asthenia [220,222]. AEs were effectively managed with dose adjustments or interruptions, since sonidegib offers in label the option for dose reduction of the drug.




9.3. Comparison between Sonidegib and Vismodegib in aBCC


A comparison between vismodegib and sonidegib in a randomized controlled clinical trial is not available. In Europe, vismodegib is approved for the treatment of laBCC and mBCC, while sonidegib is approved for the treatment of laBCC only.



Recently the ERIVANCE and BOLT trials were considered appropriate for indirect comparison between sonidegib and vismodegib [223]. Both trials had similar baseline patient characteristics, and both used ORR by central review as the primary endpoint (Table 3).



Different criteria were adopted to assess BCC severity in the two studies. In the ERIVANCE trial, the Response Evaluation Criteria in Solid Tumors (RECIST), Version 1.0 were applied [224] while in the BOLT trial, a modified version of the RECIST, mRECIST, was adopted because it is considered to have more stringent evaluation criteria and it is more likely to detect minimal signs of disease progression.



A preplanned analysis assessed the outcomes from BOLT trial with RECIST-like criteria. The most correct match is between ORR of sonidegib by RECIST-like criteria and ORR of vismodegib by RECIST criteria at the closest follow-up time points across the studies with central review [223]. At 21-month follow-up, vismodegib RECIST ORR was 47.6%, with 22.2% complete response (CR) and 25.4% partial response (PR). At 18-month follow-up, RECIST-like ORR of sonidegib was 60.6% with 21.2% CR and 39.4% PR. Assessing efficacy data using RECIST-like criteria slightly increased sonidegib ORR (from 56.1% to 60.6%) while the number of CR increased significantly at the expense of PR. The rate of progressive disease (PD) is higher for vismodegib than for sonidegib (12.7% and 1.5%, respectively) (Table 3) [223].



In both studies, vismodegib and sonidegib showed high patient discontinuation rates: around 50% vismodegib (21.2% due to AEs, 26.0% due to patient decision, 9.8% due to physician decision); similar rates were seen for sonidegib (30.0% due to AEs, 10.0% due to patient decision, and 13.0% for physician decision) [219,220]. The most common AEs registered during treatment were dysgeusia with vismodegib and fatigue with sonidegib [218,219,220,222]. Data from both studies showed that sonidegib had an approximately 10% lower incidence of most AEs compared with vismodegib; the time to onset of AEs also indicated that patients treated with sonidegib may experience AEs slightly later than with vismodegib [223]. For the management of AEs, sonidegib is the only HPI that offers in label the option for dose modification (alternative dosing): 200 mg every other day.





10. BCC Prevention


Although early diagnosis and prompt treatment are indispensable means to improve BCC outcomes, the implementation of prevention measures may play a crucial role, especially if these are applied in childhood and adolescence.



Prevention consists of lifestyle changes such as avoiding sunburns, tanning beds, and prolonged direct sun exposure between 10 a.m. and 4 p.m., as well as shade seeking, sunscreens application on the skin, physical barrier methods such as protective clothing, hats, and sunglasses. Preventive action should also be recommended for widespread professional UV exposure among outdoor workers [225]. Regular sunscreen use in childhood and adolescence seems more beneficial than in adulthood [9]. All these are practical indications that are not yet supported by high quality studies [226].



Continued long-term surveillance of these patients is also essential. The NCCN Guidelines recommend a whole-body skin examination every 6–12 months for the first 2 years after BCC diagnosis, and then at least annually for life [227]. However, patients are encouraged to practice active self-monitoring.



To date, BCC prevention includes the oral intake of a water-soluble vitamin B3 derivative, Nicotinamide (NAM), which is a component of foods like meat, fish, legumes, mushrooms, nuts, and grains [228]. It derives from tryptophan metabolism too, which accounts for 50% of its synthesis [229]. It is metabolized by the liver and secreted by the kidneys [230]. Nicotinamide plays a key role in the glycolysis pathway, producing NAD+ for ATP production to maintain cellular energy and sustain metabolic steps [231]. NAM deficiency, or pellagra, which targets organs with high cellular energy requirements, is characterized by photosensitive dermatitis, diarrhea, and dementia [229,231]. NAM-mediated photoprotection and skin cancer chemoprevention were studied at first in mice by Gensler et al. in 1997 and 1999 [232,233]. They found that topical and oral NAM prevented UV-induced immune suppression and tumor formation [232,233]. Subsequently, Damian et al. demonstrated similar effects in reducing UV immune suppression [234] and the development of NMSCs in Australian patients [235]. NAM is involved in preventing keratinocyte damage, and consequently skin cancer, by influencing several processes such as reduction of DNA damage and optimization of DNA damage response. NAM enhances the ATP-mediated repair of UV-induced DNA damage, and thus reduces both mutation rate and UV-induced immune suppression [4]. Moreover, NAM reduces UV-induced inflammation downregulating IL-6, IL-10, MCP-1, and TNF-α. NAM is considered a cutaneous immunity normalizer as counteracts UV-induced immune suppression [6]. All these beneficial actions may reduce aging-related skin changes [4] and NMSC incidence [235,236,237,238]. However, continuous NAM administration is needed to maintain its photoprotective effects [6].



In two double-blind, randomized, placebo-controlled phase two trials in Australians with sun-damaged skin and an average of more than 30 AKs at baseline, oral NAM was administered at doses of 500 mg twice daily and 500 mg once daily. Relative reductions in AK of 35% and 29% with twice daily and once daily NAM dosing have been reported, respectively, within 4 months [236]. A phase III randomized controlled trial (ONTRAC) was led on 386 Australians with a history of at least two NMSCs during the previous five years. The study showed that oral NAM (500 mg twice daily for 12 months) is safe and effective in reducing the rates of new NMSCs and AKs. The rate of new NMSCs was lower in the NAM group than in the placebo group (relative rate reduction, 23%; p = 0.02). Similar ranges of reduction were found for both BCC (relative rate reduction 20%, p = 0.120) and SCC (relative rate reduction 30%, p = 0.050) [235]. In addition, two small phase II randomized controlled trials showed that NAM may also obtain a chemopreventive and curative action in immune-suppressed transplant recipients. Thirty renal transplant recipients received placebo or nicotinamide 250 mg thrice daily for six months and reported reductions in AKs size and count without detectable effects on the blood levels of the immunosuppressive drugs regularly received by the patients [237]. Finally, 22 renal transplant recipients were treated with placebo or NAM 500 mg twice daily for 6 months and nonsignificant trends to reduction in new skin cancers and AKs were found, without significant increase in AEs nor significant change in blood parameters or blood pressure [238]. Therefore NAM (500 mg twice daily) should be considered a valid option for the BCC prevention, especially the secondary prevention in high risk patients with pre-existing BCC.



Systemic retinoids slow down the cell cycle and promote antitumor effects through a more efficient cellular repair of UV-induced damage [239]. They have been used as chemopreventive agents in the genetic syndromes and immunosuppressed patients. However, they displayed chemopreventive action for SCC and not for BCC [188].



Other studies suggest that pharmacological inhibition of COX-2 may hamper epithelial neoplasms, and that daily use of celecoxib might reduce the risk of developing BCC [240,241]. High-risk patients with a positive history of past BCC seem to take advantage from celecoxib treatment. However, there is poor evidence in the literature and the results are too conflicting to recommend it for chemoprevention [239].



PDT reduces the number of new cases of AK whereas it has not a clear chemopreventive effect on NMSC [242]. Only a case report on a patient with BCNS indicates that MAL-PDT to be an effective chemopreventive agent against new BCC development. However, these results need to be validated in larger studies [243].



The dietary supplements of β-carotene and selenium have also been studied, but they did not display a chemopreventive action against BCC or SCC in patients with a history of BCC [244].







Author Contributions


Conceptualization: L.F., D.D., E.D.; writing—original draft preparation, L.F., D.D., R.M., I.C., V.C., F.R.D.P., E.D.; writing—review and editing, L.F., D.D., R.M., I.C., V.C., F.R.D.P., F.R., S.P., E.C., D.A., E.D.; funding acquisition, E.C., E.D. All authors have read and agreed to the published version of the manuscript.




Funding


This review was partially founded by AIRC grant IG22206 to E.C. and by Ministry of Health, IDI-IRCCS (RC2020) and CRI-NMSC (IDI-IRCCS), and “RF-2016-02362541” to E.D.




Acknowledgments


The authors wish to thank the colleagues Anna Rita Giampetruzzi, Roberto Manca, Alessia Provini, Francesco Ricci, for their support in clinical and dermoscopic images.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Apalla, Z.; Nashan, D.; Weller, R.B.; Castellsagué, X. Skin Cancer: Epidemiology, Disease Burden, Pathophysiology, Diagnosis, and Therapeutic Approaches. Dermatol. Ther. (Heidelb) 2017, 7, 5–19. [Google Scholar] [CrossRef]

	



Miller, D.L.; Weinstock, M.A. Nonmelanoma skin cancer in the United States: Incidence. J. Am. Acad. Dermatol. 1994, 30, 774–778. [Google Scholar] [CrossRef]

	



Sreekantaswamy, S.; Endo, J.; Chen, A.; Butler, D.; Morrison, L.; Linos, E. Aging and the treatment of basal cell carcinoma. Clin. Dermatol. 2019, 37, 373–378. [Google Scholar] [CrossRef]

	



Fania, L.; Mazzanti, C.; Campione, E.; Candi, E.; Abeni, D.; Dellambra, E. Role of Nicotinamide in Genomic Stability and Skin Cancer Chemoprevention. Int. J. Mol. Sci. 2019, 20, 5946. [Google Scholar] [CrossRef]

	



López-Otín, C.; Blasco, M.A.; Partridge, L.; Serrano, M.; Kroemer, G. The hallmarks of aging. Cell 2013, 153, 1194–1217. [Google Scholar] [CrossRef]

	



Snaidr, V.A.; Damian, D.L.; Halliday, G.M. Nicotinamide for photoprotection and skin cancer chemoprevention: A review of efficacy and safety. Exp. Dermatol. 2019, 28 (Suppl. 1), 15–22. [Google Scholar] [CrossRef]

	



Zanetti, R.; Rosso, S.; Martinez, C.; Nieto, A.; Miranda, A.; Mercier, M.; Loria, D.I.; Østerlind, A.; Greinert, R.; Navarro, C.; et al. Comparison of risk patterns in carcinoma and melanoma of the skin in men: A multi-centre case-case-control study. Br. J. Cancer 2006, 94, 743–751. [Google Scholar] [CrossRef]

	



Kricker, A.; Armstrong, B.K.; English, D.R.; Heenan, P.J. Does intermittent sun exposure cause basal cell carcinoma? a case-control study in Western Australia. Int. J. Cancer 1995, 60, 489–494. [Google Scholar] [CrossRef]

	



Gallagher, R.P.; Hill, G.B.; Bajdik, C.D.; Fincham, S.; Coldman, A.J.; McLean, D.I.; Threlfall, W.J. Sunlight exposure, pigmentary factors, and risk of nonmelanocytic skin cancer. I. Basal cell carcinoma. Arch. Dermatol. 1995, 131, 157–163. [Google Scholar] [CrossRef]

	



Reizner, G.T.; Chuang, T.-Y.; Elpern, D.J.; Stone, J.L.; Farmer, E.R. Basal cell carcinoma in Kauai, Hawaii: The highest documented incidence in the United States. J. Am. Acad. Dermatol. 1993, 29, 184–189. [Google Scholar] [CrossRef]

	



Chuang, T.-Y.; Popescu, A.; Su, W.D.; Chute, C.G. Basal cell carcinoma. J. Am. Acad. Dermatol. 1990, 22, 413–417. [Google Scholar] [CrossRef]

	



Wehner, M.R.; Shive, M.L.; Chren, M.-M.; Han, J.; Qureshi, A.A.; Linos, E. Indoor tanning and non-melanoma skin cancer: Systematic review and meta-analysis. BMJ 2012, 345, e5909. [Google Scholar] [CrossRef] [PubMed]

	



Ferrucci, L.M.; Cartmel, B.; Molinaro, A.M.; Leffell, D.J.; Bale, A.E.; Mayne, S.T. Indoor tanning and risk of early-onset basal cell carcinoma. J. Am. Acad. Dermatol. 2012, 67, 552–562. [Google Scholar] [CrossRef] [PubMed]

	



Boyd, A.S.; Shyr, Y.; King, L.E. Basal cell carcinoma in young women: An evaluation of the association of tanning bed use and smoking. J. Am. Acad. Dermatol. 2002, 46, 706–709. [Google Scholar] [CrossRef]

	



Bassukas, I.D.; Tatsioni, A. Male Sex is an Inherent Risk Factor for Basal Cell Carcinoma. J. Skin Cancer 2019, 2019, 8304271. [Google Scholar] [CrossRef]

	



Huncharek, M. Lung function in coalworkers’ pneumoconiosis. Br. J. Ind. Med. 1987, 44, 215–216. [Google Scholar] [CrossRef]

	



Stern, R.S. The risk of squamous cell and basal cell cancer associated with psoralen and ultraviolet A therapy: A 30-year prospective study. J. Am. Acad. Dermatol. 2012, 66, 553–562. [Google Scholar] [CrossRef]

	



Schmidt, S.A.J.; Schmidt, M.; Mehnert, F.; Lemeshow, S.; Sørensen, H.T. Use of antihypertensive drugs and risk of skin cancer. J. Eur. Acad. Dermatol. Venereol. 2015, 29, 1545–1554. [Google Scholar] [CrossRef]

	



Cassano, N.; Di Stefani, A.; Vena, G.A.; Peris, K. Antihypertensive drugs and risk of skin cancer. G. Ital. Dermatol. Venereol. 2018, 153, 672–684. [Google Scholar] [CrossRef]

	



Ruiter, R.; Visser, L.E.; Eijgelsheim, M.; Rodenburg, E.M.; Hofman, A.; Coebergh, J.-W.W.; Nijsten, T.; Stricker, B.H.C. High-ceiling diuretics are associated with an increased risk of basal cell carcinoma in a population-based follow-up study. Eur. J. Cancer (Oxf. Engl.: 1990) 2010, 46, 2467–2472. [Google Scholar] [CrossRef]

	



Marzuka, A.G.; Book, S.E. Basal cell carcinoma: Pathogenesis, epidemiology, clinical features, diagnosis, histopathology, and management. Yale J. Biol. Med. 2015, 88, 167–179. [Google Scholar] [PubMed]

	



Karagas, M.R.; Tosteson, T.D.; Blum, J.; Morris, J.S.; Baron, J.A.; Klaue, B. Design of an epidemiologic study of drinking water arsenic exposure and skin and bladder cancer risk in a U.S. population. Environ. Health Perspect. 1998, 106 (Suppl. 4), 1047–1050. [Google Scholar] [CrossRef] [PubMed]

	



Boaventura, P.; Oliveira, R.; Pereira, D.; Soares, P.; Teixeira-Gomes, J. Head and neck basal cell carcinoma prevalence in individuals submitted to childhood X-ray epilation for tinea capitis treatment. Eur. J. Dermatol. 2012, 22, 225–230. [Google Scholar] [CrossRef] [PubMed]

	



Lichter, M.D.; Karagas, M.R.; Mott, L.A.; Spencer, S.K.; Stukel, T.A.; Greenberg, E.R. Therapeutic ionizing radiation and the incidence of basal cell carcinoma and squamous cell carcinoma. The New Hampshire Skin Cancer Study Group. Arch. Dermatol. 2000, 136, 1007–1011. [Google Scholar] [CrossRef] [PubMed]

	



Shore, R.E.; Moseson, M.; Xue, X.; Tse, Y.; Harley, N.; Pasternack, B.S. Skin Cancer after X-Ray Treatment for Scalp Ringworm. Radiat. Res. 2002, 157, 410–418. [Google Scholar] [CrossRef]

	



Karagas, M.R.; McDonald, J.A.; Greenberg, E.R.; Stukel, T.A.; Weiss, J.E.; Baron, J.A.; Stevens, M.M. Risk of basal cell and squamous cell skin cancers after ionizing radiation therapy. J. Natl. Cancer Inst. 1996, 88, 1848–1853. [Google Scholar] [CrossRef]

	



Boaventura, P.; Pereira, D.; Mendes, A.; Batista, R.; da Silva, A.F.; Guimarães, I.; Honavar, M.; Teixeira-Gomes, J.; Lopes, J.M.; Máximo, V.; et al. Mitochondrial D310 D-Loop instability and histological subtypes in radiation-induced cutaneous basal cell carcinomas. J. Dermatol. Sci. 2014, 73, 31–39. [Google Scholar] [CrossRef] [PubMed]

	



Karagas, M.R.; Stukel, T.A.; Greenberg, E.R.; Baron, J.A.; Mott, L.A.; Stern, R.S. Risk of subsequent basal cell carcinoma and squamous cell carcinoma of the skin among patients with prior skin cancer. JAMA 1992, 267, 3305–3310. [Google Scholar] [CrossRef]

	



Marcil, I.; Stern, R.S. Risk of developing a subsequent nonmelanoma skin cancer in patients with a history of nonmelanoma skin cancer: A critical review of the literature and meta-analysis. Arch. Dermatol. 2000, 136, 1524–1530. [Google Scholar] [CrossRef]

	



Ramachandran, S.; Rajaratnam, R.; Smith, A.G.; Lear, J.T.; Strange, R.C. Patients with both basal and squamous cell carcinomas are at a lower risk of further basal cell carcinomas than patients with only a basal cell carcinoma. J. Am. Acad. Dermatol. 2009, 61, 247–251. [Google Scholar] [CrossRef]

	



Flohil, S.C.; van der Leest, R.J.T.; Arends, L.R.; de Vries, E.; Nijsten, T. Risk of subsequent cutaneous malignancy in patients with prior keratinocyte carcinoma: A systematic review and meta-analysis. Eur. J. Cancer (Oxf. Engl.: 1990) 2013, 49, 2365–2375. [Google Scholar] [CrossRef] [PubMed]

	



Wehner, M.R.; Linos, E.; Parvataneni, R.; Stuart, S.E.; Boscardin, W.J.; Chren, M.-M. Timing of subsequent new tumors in patients who present with basal cell carcinoma or cutaneous squamous cell carcinoma. JAMA Dermatol. 2015, 151, 382–388. [Google Scholar] [CrossRef] [PubMed]

	



Kiiski, V.; de Vries, E.; Flohil, S.C.; Bijl, M.J.; Hofman, A.; Stricker, B.H.C.; Nijsten, T. Risk factors for single and multiple basal cell carcinomas. Arch. Dermatol. 2010, 146, 848–855. [Google Scholar] [CrossRef] [PubMed]

	



Ricci, F.; Paradisi, A.; Fania, L.; Pallotta, S.; Di Lella, G.; Sobrino, L.; Panebianco, A.; Abeni, D. High melanoma risk in non-melanoma skin cancer patients under age 40: A large retrospective cohort study. G. Ital. Dermatol. Venereol. 2019. [Google Scholar] [CrossRef]

	



Correia de Sá, T.R.; Silva, R.; Lopes, J.M. Basal cell carcinoma of the skin (part 1): Epidemiology, pathology and genetic syndromes. Future Oncol. 2015, 11, 3011–3021. [Google Scholar] [CrossRef]

	



Kim, D.P.; Kus, K.J.B.; Ruiz, E. Basal Cell Carcinoma Review. Hematol./Oncol. Clin. N. Am. 2019, 33, 13–24. [Google Scholar] [CrossRef]

	



Gandhi, S.A.; Kampp, J. Skin Cancer Epidemiology, Detection, and Management. Med. Clin. N. Am. 2015, 99, 1323–1335. [Google Scholar] [CrossRef]

	



Scrivener, Y.; Grosshans, E.; Cribier, B. Variations of basal cell carcinomas according to gender, age, location and histopathological subtype. Br. J. Dermatol. 2002, 147, 41–47. [Google Scholar] [CrossRef]

	



McCormack, C.J.; Kelly, J.W.; Dorevitch, A.P. Differences in age and body site distribution of the histological subtypes of basal cell carcinoma. A possible indicator of differing causes. Arch. Dermatol. 1997, 133, 593–596. [Google Scholar] [CrossRef]

	



Zoccali, G.; Pajand, R.; Papa, P.; Orsini, G.; Lomartire, N.; Giuliani, M. Giant basal cell carcinoma of the skin: Literature review and personal experience. J. Eur. Acad. Dermatol. Venereol. 2012, 26, 942–952. [Google Scholar] [CrossRef]

	



Crowson, A.N. Basal cell carcinoma: Biology, morphology and clinical implications. Mod. Pathol. 2006, 19 (Suppl. 2), S127–S147. [Google Scholar] [CrossRef] [PubMed]

	



Trakatelli, M.; Morton, C.; Nagore, E.; Ulrich, C.; Del Marmol, V.; Peris, K.; Basset-Seguin, N. Update of the European guidelines for basal cell carcinoma management. Eur. J. Dermatol. 2014, 24, 312–329. [Google Scholar] [CrossRef] [PubMed]

	



Dandurand, M.; Petit, T.; Martel, P.; Guillot, B. Management of basal cell carcinoma in adults Clinical practice guidelines. Eur. J. Dermatol. 2006, 16, 394–401. [Google Scholar] [PubMed]

	



Peris, K.; Fargnoli, M.C.; Garbe, C.; Kaufmann, R.; Bastholt, L.; Seguin, N.B.; Bataille, V.; Marmol, V.D.; Dummer, R.; Harwood, C.A.; et al. Diagnosis and treatment of basal cell carcinoma: European consensus-based interdisciplinary guidelines. Eur. J. Cancer (Oxf. Engl.: 1990) 2019, 118, 10–34. [Google Scholar] [CrossRef]

	



Paolino, G.; Donati, M.; Didona, D.; Mercuri, S.R.; Cantisani, C. Histology of Non-Melanoma Skin Cancers: An Update. Biomedicines 2017, 5, 71. [Google Scholar] [CrossRef]

	



Mavrikakis, I.; Malhotra, R.; Selva, D.; Huilgol, S.C.; Barlow, R. Linear basal cell carcinoma: A distinct clinical entity. J. Plast. Reconstr. Aesthet. Surg. 2006, 59, 419–423. [Google Scholar] [CrossRef]

	



Leblebici, C.; Bambul Sığırcı, B.; Kelten Talu, C.; Koca, S.B.; Huq, G.E. CD10, TDAG51, CK20, AR, INSM1, and Nestin Expression in the Differential Diagnosis of Trichoblastoma and Basal Cell Carcinoma. Int. J. Surg. Pathol. 2019, 27, 19–27. [Google Scholar] [CrossRef]

	



Yada, K.; Kashima, K.; Daa, T.; Kitano, S.; Fujiwara, S.; Yokoyama, S. Expression of CD10 in basal cell carcinoma. Am. J. Dermatopathol. 2004, 26, 463–471. [Google Scholar] [CrossRef]

	



Di Stefani, A.; Chimenti, S. Basal cell carcinoma: Clinical and pathological features. G. Ital. Dermatol. Venereol. 2015, 150, 385–391. [Google Scholar]

	



Lubeek, S.F.K.; van Vugt, L.J.; Aben, K.K.H.; van de Kerkhof, P.C.M.; Gerritsen, M.-J.P. The Epidemiology and Clinicopathological Features of Basal Cell Carcinoma in Patients 80 Years and Older: A Systematic Review. JAMA Dermatol. 2017, 153, 71–78. [Google Scholar] [CrossRef]

	



Jetley, S.; Jairajpuri, Z.S.; Rana, S.; Talikoti, M.A. Adenoid basal cell carcinoma and its mimics. Indian J. Dermatol. 2013, 58, 244. [Google Scholar] [CrossRef] [PubMed]

	



Elston, D.M.; Bergfeld, W.F.; Petroff, N. Basal cell carcinoma with monster cells. J. Cutan. Pathol. 1993, 20, 70–73. [Google Scholar] [CrossRef] [PubMed]

	



Sexton, M.; Jones, D.B.; Maloney, M.E. Histologic pattern analysis of basal cell carcinoma. J. Am. Acad. Dermatol. 1990, 23, 1118–1126. [Google Scholar] [CrossRef]

	



Dreier, J.; Cheng, P.F.; Bogdan Alleman, I.; Gugger, A.; Hafner, J.; Tschopp, A.; Goldinger, S.M.; Levesque, M.P.; Dummer, R. Basal cell carcinomas in a tertiary referral centre: A systematic analysis. Br. J. Dermatol. 2014, 171, 1066–1072. [Google Scholar] [CrossRef]

	



Liersch, J.; Schaller, J. Das Basalzellkarzinom und seine seltenen Formvarianten. Pathologe 2014, 35, 433–442. [Google Scholar] [CrossRef]

	



Abesamis-Cubillan, E.; El-Shabrawi-Caelen, L.; LeBoit, P.E. Merked cells and sclerosing epithelial neoplasms. Am. J. Dermatopathol. 2000, 22, 311–315. [Google Scholar] [CrossRef]

	



Goldberg, L.H. Basal cell carcinoma. Lancet 1996, 347, 663–667. [Google Scholar] [CrossRef]

	



Faria, J. de. Basal cell carcinoma of the skin with areas of squamous cell carcinoma: A basosquamous cell carcinoma? J. Clin. Pathol. 1985, 38, 1273–1277. [Google Scholar] [CrossRef]

	



Annessi, G.; Baliva, G. Basal cell and squamous cell carcinomas. Clinico-histological features. Ann. Ist. Super. Sanita 1996, 32, 29–36. [Google Scholar]

	



Garcia, C.; Poletti, E.; Crowson, A.N. Basosquamous carcinoma. J. Am. Acad. Dermatol. 2009, 60, 137–143. [Google Scholar] [CrossRef]

	



Menzies, S.W.; Westerhoff, K.; Rabinovitz, H.; Kopf, A.W.; McCarthy, W.H.; Katz, B. Surface microscopy of pigmented basal cell carcinoma. Arch. Dermatol. 2000, 136, 1012–1016. [Google Scholar] [CrossRef]

	



Altamura, D.; Menzies, S.W.; Argenziano, G.; Zalaudek, I.; Soyer, H.P.; Sera, F.; Avramidis, M.; DeAmbrosis, K.; Fargnoli, M.C.; Peris, K. Dermatoscopy of basal cell carcinoma: Morphologic variability of global and local features and accuracy of diagnosis. J. Am. Acad. Dermatol. 2010, 62, 67–75. [Google Scholar] [CrossRef] [PubMed]

	



Lallas, A.; Argenziano, G.; Zendri, E.; Moscarella, E.; Longo, C.; Grenzi, L.; Pellacani, G.; Zalaudek, I. Update on non-melanoma skin cancer and the value of dermoscopy in its diagnosis and treatment monitoring. Expert Rev. Anticancer Ther. 2013, 13, 541–558. [Google Scholar] [CrossRef]

	



Lallas, A.; Apalla, Z.; Ioannides, D.; Argenziano, G.; Castagnetti, F.; Moscarella, E.; Longo, C.; Palmieri, T.; Ramundo, D.; Zalaudek, I. Dermoscopy in the diagnosis and management of basal cell carcinoma. Future Oncol. 2015, 11, 2975–2984. [Google Scholar] [CrossRef]

	



Lallas, A.; Apalla, Z.; Argenziano, G.; Longo, C.; Moscarella, E.; Specchio, F.; Raucci, M.; Zalaudek, I. The dermatoscopic universe of basal cell carcinoma. Dermatol. Pract. Concept. 2014, 4, 11–24. [Google Scholar] [CrossRef] [PubMed]

	



Pan, Y.; Chamberlain, A.J.; Bailey, M.; Chong, A.H.; Haskett, M.; Kelly, J.W. Dermatoscopy aids in the diagnosis of the solitary red scaly patch or plaque-features distinguishing superficial basal cell carcinoma, intraepidermal carcinoma, and psoriasis. J. Am. Acad. Dermatol. 2008, 59, 268–274. [Google Scholar] [CrossRef] [PubMed]

	



Micantonio, T.; Gulia, A.; Altobelli, E.; Di Cesare, A.; Fidanza, R.; Riitano, A.; Fargnoli, M.C.; Peris, K. Vascular patterns in basal cell carcinoma. J. Eur. Acad. Dermatol. Venereol. 2011, 25, 358–361. [Google Scholar] [CrossRef] [PubMed]

	



Zalaudek, I.; Kreusch, J.; Giacomel, J.; Ferrara, G.; Catricalà, C.; Argenziano, G. How to diagnose nonpigmented skin tumors: A review of vascular structures seen with dermoscopy: Part II. Nonmelanocytic skin tumors. J. Am. Acad. Dermatol. 2010, 63, 377–386. [Google Scholar] [CrossRef]

	



Argenziano, G.; Zalaudek, I.; Corona, R.; Sera, F.; Cicale, L.; Petrillo, G.; Ruocco, E.; Hofmann-Wellenhof, R.; Soyer, H.P. Vascular structures in skin tumors: A dermoscopy study. Arch. Dermatol. 2004, 140, 1485–1489. [Google Scholar] [CrossRef]

	



Giacomel, J.; Zalaudek, I. Dermoscopy of superficial basal cell carcinoma. Dermatol. Surg. Off. Publ. Am. Soc. Dermatol. Surg. 2005, 31, 1710–1713. [Google Scholar] [CrossRef]

	



Suppa, M.; Micantonio, T.; Di Stefani, A.; Soyer, H.P.; Chimenti, S.; Fargnoli, M.C.; Peris, K. Dermoscopic variability of basal cell carcinoma according to clinical type and anatomic location. J. Eur. Acad. Dermatol. Venereol. 2015, 29, 1732–1741. [Google Scholar] [CrossRef] [PubMed]

	



Marghoob, A.A.; Cowell, L.; Kopf, A.W.; Scope, A. Observation of chrysalis structures with polarized dermoscopy. Arch. Dermatol. 2009, 145, 618. [Google Scholar] [CrossRef]

	



Shitara, D.; Ishioka, P.; Alonso-Pinedo, Y.; Palacios-Bejarano, L.; Carrera, C.; Malvehy, J.; Puig, S. Shiny white streaks: A sign of malignancy at dermoscopy of pigmented skin lesions. Acta Derm. Venereol. 2014, 94, 132–137. [Google Scholar] [CrossRef] [PubMed]

	



Rajadhyaksha, M.; Grossman, M.; Esterowitz, D.; Webb, R.H.; Anderson, R.R. In vivo confocal scanning laser microscopy of human skin: Melanin provides strong contrast. J. Investig. Dermatol. 1995, 104, 946–952. [Google Scholar] [CrossRef] [PubMed]

	



Nwaneshiudu, A.; Kuschal, C.; Sakamoto, F.H.; Anderson, R.R.; Schwarzenberger, K.; Young, R.C. Introduction to confocal microscopy. J. Investig. Dermatol. 2012, 132, e3. [Google Scholar] [CrossRef] [PubMed]

	



Nori, S.; Rius-Díaz, F.; Cuevas, J.; Goldgeier, M.; Jaen, P.; Torres, A.; González, S. Sensitivity and specificity of reflectance-mode confocal microscopy for in vivo diagnosis of basal cell carcinoma: A multicenter study. J. Am. Acad. Dermatol. 2004, 51, 923–930. [Google Scholar] [CrossRef]

	



Segura, S.; Puig, S.; Carrera, C.; Palou, J.; Malvehy, J. Dendritic cells in pigmented basal cell carcinoma: A relevant finding by reflectance-mode confocal microscopy. Arch. Dermatol. 2007, 143, 883–886. [Google Scholar] [CrossRef]

	



Ulrich, M.; Roewert-Huber, J.; González, S.; Rius-Diaz, F.; Stockfleth, E.; Kanitakis, J. Peritumoral clefting in basal cell carcinoma: Correlation of in vivo reflectance confocal microscopy and routine histology. J. Cutan. Pathol. 2011, 38, 190–195. [Google Scholar] [CrossRef]

	



Wurm, E.M.T.; Curchin, C.E.S.; Lambie, D.; Longo, C.; Pellacani, G.; Soyer, H.P. Confocal features of equivocal facial lesions on severely sun-damaged skin: Four case studies with dermatoscopic, confocal, and histopathologic correlation. J. Am. Acad. Dermatol. 2012, 66, 463–473. [Google Scholar] [CrossRef]

	



Casari, A.; Pellacani, G.; Seidenari, S.; Cesinaro, A.M.; Beretti, F.; Pepe, P.; Longo, C. Pigmented nodular Basal cell carcinomas in differential diagnosis with nodular melanomas: Confocal microscopy as a reliable tool for in vivo histologic diagnosis. J. Skin Cancer 2011, 2011, 406859. [Google Scholar] [CrossRef]

	



Guitera, P.; Menzies, S.W.; Longo, C.; Cesinaro, A.M.; Scolyer, R.A.; Pellacani, G. In vivo confocal microscopy for diagnosis of melanoma and basal cell carcinoma using a two-step method: Analysis of 710 consecutive clinically equivocal cases. J. Investig. Dermatol. 2012, 132, 2386–2394. [Google Scholar] [CrossRef] [PubMed]

	



Longo, C.; Casari, A.; Pepe, P.; Moscarella, E.; Zalaudek, I.; Argenziano, G.; Pellacani, G. Confocal microscopy insights into the treatment and cellular immune response of Basal cell carcinoma to photodynamic therapy. Dermatology (Basel) 2012, 225, 264–270. [Google Scholar] [CrossRef] [PubMed]

	



Longo, C.; Borsari, S.; Pampena, R.; Benati, E.; Bombonato, C.; Raucci, M.; Mirra, M.; Di Stefani, A.; Peris, K.; Pellacani, G. Basal cell carcinoma: The utility of in vivo and ex vivo confocal microscopy. J. Eur. Acad. Dermatol. Venereol. 2018, 32, 2090–2096. [Google Scholar] [CrossRef] [PubMed]

	



Moscarella, E.; Rabinovitz, H.; Oliviero, M.C.; Brown, L.; Longo, C.; Zalaudek, I.; Piana, S.; Farnetani, F.; Lallas, A.; Argenziano, G.; et al. The role of reflectance confocal microscopy as an aid in the diagnosis of collision tumors. Dermatology (Basel) 2013, 227, 109–117. [Google Scholar] [CrossRef] [PubMed]

	



Peppelman, M.; Wolberink, E.A.W.; Blokx, W.A.M.; van de Kerkhof, P.C.M.; van Erp, P.E.J.; Gerritsen, M.-J.P. In vivo diagnosis of basal cell carcinoma subtype by reflectance confocal microscopy. Dermatology (Basel) 2013, 227, 255–262. [Google Scholar] [CrossRef] [PubMed]

	



Longo, C.; Lallas, A.; Kyrgidis, A.; Rabinovitz, H.; Moscarella, E.; Ciardo, S.; Zalaudek, I.; Oliviero, M.; Losi, A.; Gonzalez, S.; et al. Classifying distinct basal cell carcinoma subtype by means of dermatoscopy and reflectance confocal microscopy. J. Am. Acad. Dermatol. 2014, 71, 716–724. [Google Scholar] [CrossRef]

	



Cheng, H.M.; Guitera, P. Systematic review of optical coherence tomography usage in the diagnosis and management of basal cell carcinoma. Br. J. Dermatol. 2015, 173, 1371–1380. [Google Scholar] [CrossRef]

	



Cheng, H.M.; Lo, S.; Scolyer, R.; Meekings, A.; Carlos, G.; Guitera, P. Accuracy of optical coherence tomography for the diagnosis of superficial basal cell carcinoma: A prospective, consecutive, cohort study of 168 cases. Br. J. Dermatol. 2016, 175, 1290–1300. [Google Scholar] [CrossRef]

	



Ulrich, M.; von Braunmuehl, T.; Kurzen, H.; Dirschka, T.; Kellner, C.; Sattler, E.; Berking, C.; Welzel, J.; Reinhold, U. The sensitivity and specificity of optical coherence tomography for the assisted diagnosis of nonpigmented basal cell carcinoma: An observational study. Br. J. Dermatol. 2015, 173, 428–435. [Google Scholar] [CrossRef]

	



Lui, H.; Zhao, J.; McLean, D.; Zeng, H. Real-time Raman spectroscopy for in vivo skin cancer diagnosis. Cancer Res. 2012, 72, 2491–2500. [Google Scholar] [CrossRef]

	



Woodward, R.M.; Wallace, V.P.; Pye, R.J.; Cole, B.E.; Arnone, D.D.; Linfield, E.H.; Pepper, M. Terahertz pulse imaging of ex vivo basal cell carcinoma. J. Investig. Dermatol. 2003, 120, 72–78. [Google Scholar] [CrossRef] [PubMed]

	



Zhao, J.; Lui, H.; Kalia, S.; Zeng, H. Real-time Raman spectroscopy for automatic in vivo skin cancer detection: An independent validation. Anal. Bioanal. Chem. 2015, 407, 8373–8379. [Google Scholar] [CrossRef] [PubMed]

	



Bens, G.; Binois, R.; Roussel, A.; Kerdraon, R.; Estève, É. Échographie cutanée haute résolution dans le diagnostic différentiel entre carcinome basocellulaire nodulaire et hyperplasie sébacée du visage: Une étude pilote. Ann. Dermatol. Venereol. 2015, 142, 646–652. [Google Scholar] [CrossRef]

	



Ikehata, H.; Ono, T. The mechanisms of UV mutagenesis. J. Radiat. Res. 2011, 52, 115–125. [Google Scholar] [CrossRef]

	



Didona, D.; Paolino, G.; Bottoni, U.; Cantisani, C. Non Melanoma Skin Cancer Pathogenesis Overview. Biomedicines 2018, 6, 6. [Google Scholar] [CrossRef] [PubMed]

	



Epstein, E.H. Basal cell carcinomas: Attack of the hedgehog. Nat. Rev. Cancer 2008, 8, 743–754. [Google Scholar] [CrossRef] [PubMed]

	



Ingham, P.W.; McMahon, A.P. Hedgehog signaling in animal development: Paradigms and principles. Genes Dev. 2001, 15, 3059–3087. [Google Scholar] [CrossRef] [PubMed]

	



Varjosalo, M.; Taipale, J. Hedgehog: Functions and mechanisms. Genes Dev. 2008, 22, 2454–2472. [Google Scholar] [CrossRef]

	



Niyaz, M.; Khan, M.S.; Mudassar, S. Hedgehog Signaling: An Achilles’ Heel in Cancer. Transl. Oncol. 2019, 12, 1334–1344. [Google Scholar] [CrossRef]

	



Pellegrini, C.; Maturo, M.G.; Di Nardo, L.; Ciciarelli, V.; Gutiérrez García-Rodrigo, C.; Fargnoli, M.C. Understanding the Molecular Genetics of Basal Cell Carcinoma. Int. J. Mol. Sci. 2017, 18, 2485. [Google Scholar] [CrossRef]

	



Bakshi, A.; Chaudhary, S.C.; Rana, M.; Elmets, C.A.; Athar, M. Basal cell carcinoma pathogenesis and therapy involving hedgehog signaling and beyond. Mol. Carcinog. 2017, 56, 2543–2557. [Google Scholar] [CrossRef] [PubMed]

	



Lee, J.; Platt, K.A.; Censullo, P.; Ruiz i Altaba, A. Gli1 is a target of Sonic hedgehog that induces ventral neural tube development. Development 1997, 124, 2537–2552. [Google Scholar] [PubMed]

	



Xie, J.; Murone, M.; Luoh, S.M.; Ryan, A.; Gu, Q.; Zhang, C.; Bonifas, J.M.; Lam, C.W.; Hynes, M.; Goddard, A.; et al. Activating Smoothened mutations in sporadic basal-cell carcinoma. Nature 1998, 391, 90–92. [Google Scholar] [CrossRef] [PubMed]

	



Reifenberger, J.; Wolter, M.; Weber, R.G.; Megahed, M.; Ruzicka, T.; Lichter, P.; Reifenberger, G. Missense mutations in SMOH in sporadic basal cell carcinomas of the skin and primitive neuroectodermal tumors of the central nervous system. Cancer Res. 1998, 58, 1798–1803. [Google Scholar] [PubMed]

	



Gailani, M.R.; Ståhle-Bäckdahl, M.; Leffell, D.J.; Glynn, M.; Zaphiropoulos, P.G.; Pressman, C.; Undén, A.B.; Dean, M.; Brash, D.E.; Bale, A.E.; et al. The role of the human homologue of Drosophila patched in sporadic basal cell carcinomas. Nat. Genet. 1996, 14, 78–81. [Google Scholar] [CrossRef]

	



Aszterbaum, M.; Rothman, A.; Johnson, R.L.; Fisher, M.; Xie, J.; Bonifas, J.M.; Zhang, X.; Scott, M.P.; Epstein, E.H. Identification of mutations in the human PATCHED gene in sporadic basal cell carcinomas and in patients with the basal cell nevus syndrome. J. Investig. Dermatol. 1998, 110, 885–888. [Google Scholar] [CrossRef]

	



Danhof, R.; Lewis, K.; Brown, M. Small Molecule Inhibitors of the Hedgehog Pathway in the Treatment of Basal Cell Carcinoma of the Skin. Am. J. Clin. Dermatol. 2018, 19, 195–207. [Google Scholar] [CrossRef]

	



Nilsson, M.; Undèn, A.B.; Krause, D.; Malmqwist, U.; Raza, K.; Zaphiropoulos, P.G.; Toftgård, R. Induction of basal cell carcinomas and trichoepitheliomas in mice overexpressing GLI-1. Proc. Natl. Acad. Sci. USA 2000, 97, 3438–3443. [Google Scholar] [CrossRef]

	



Sheng, H.; Goich, S.; Wang, A.; Grachtchouk, M.; Lowe, L.; Mo, R.; Lin, K.; de Sauvage, F.J.; Sasaki, H.; Hui, C.; et al. Dissecting the oncogenic potential of Gli2: Deletion of an NH(2)-terminal fragment alters skin tumor phenotype. Cancer Res. 2002, 62, 5308–5316. [Google Scholar]

	



Grachtchouk, M.; Mo, R.; Yu, S.; Zhang, X.; Sasaki, H.; Hui, C.C.; Dlugosz, A.A. Basal cell carcinomas in mice overexpressing Gli2 in skin. Nat. Genet. 2000, 24, 216–217. [Google Scholar] [CrossRef] [PubMed]

	



Di Magno, L.; Coni, S.; Di Marcotullio, L.; Canettieri, G. Digging a hole under Hedgehog: Downstream inhibition as an emerging anticancer strategy. Biochim. Biophys. Acta 2015, 1856, 62–72. [Google Scholar] [CrossRef] [PubMed]

	



Smyth, I.; Narang, M.A.; Evans, T.; Heimann, C.; Nakamura, Y.; Chenevix-Trench, G.; Pietsch, T.; Wicking, C.; Wainwright, B.J. Isolation and characterization of human patched 2 (PTCH2), a putative tumour suppressor gene inbasal cell carcinoma and medulloblastoma on chromosome 1p32. Hum. Mol. Genet. 1999, 8, 291–297. [Google Scholar] [CrossRef] [PubMed]

	



Couvé-Privat, S.; Le Bret, M.; Traiffort, E.; Queille, S.; Coulombe, J.; Bouadjar, B.; Avril, M.F.; Ruat, M.; Sarasin, A.; Daya-Grosjean, L. Functional analysis of novel sonic hedgehog gene mutations identified in basal cell carcinomas from xeroderma pigmentosum patients. Cancer Res. 2004, 64, 3559–3565. [Google Scholar] [CrossRef] [PubMed]

	



Oro, A.E.; Higgins, K.M.; Hu, Z.; Bonifas, J.M.; Epstein, E.H.; Scott, M.P. Basal cell carcinomas in mice overexpressing sonic hedgehog. Science 1997, 276, 817–821. [Google Scholar] [CrossRef] [PubMed]

	



Johnson, R.L.; Rothman, A.L.; Xie, J.; Goodrich, L.V.; Bare, J.W.; Bonifas, J.M.; Quinn, A.G.; Myers, R.M.; Cox, D.R.; Epstein, E.H.; et al. Human homolog of patched, a candidate gene for the basal cell nevus syndrome. Science 1996, 272, 1668–1671. [Google Scholar] [CrossRef]

	



Hahn, H.; Wicking, C.; Zaphiropoulos, P.G.; Gailani, M.R.; Shanley, S.; Chidambaram, A.; Vorechovsky, I.; Holmberg, E.; Unden, A.B.; Gillies, S.; et al. Mutations of the Human Homolog of Drosophila patched in the Nevoid Basal Cell Carcinoma Syndrome. Cell 1996, 85, 841–851. [Google Scholar] [CrossRef]

	



Fan, H.; Oro, A.E.; Scott, M.P.; Khavari, P.A. Induction of basal cell carcinoma features in transgenic human skin expressing Sonic Hedgehog. Nat. Med. 1997, 3, 788–792. [Google Scholar] [CrossRef]

	



Hutchin, M.E.; Kariapper, M.S.T.; Grachtchouk, M.; Wang, A.; Wei, L.; Cummings, D.; Liu, J.; Michael, L.E.; Glick, A.; Dlugosz, A.A. Sustained Hedgehog signaling is required for basal cell carcinoma proliferation and survival: Conditional skin tumorigenesis recapitulates the hair growth cycle. Genes Dev. 2005, 19, 214–223. [Google Scholar] [CrossRef]

	



Pietrobono, S.; Gagliardi, S.; Stecca, B. Non-canonical Hedgehog Signaling Pathway in Cancer: Activation of GLI Transcription Factors Beyond Smoothened. Front. Genet. 2019, 10, 556. [Google Scholar] [CrossRef]

	



Kasper, M.; Schnidar, H.; Neill, G.W.; Hanneder, M.; Klingler, S.; Blaas, L.; Schmid, C.; Hauser-Kronberger, C.; Regl, G.; Philpott, M.P.; et al. Selective modulation of Hedgehog/GLI target gene expression by epidermal growth factor signaling in human keratinocytes. Mol. Cell. Biol. 2006, 26, 6283–6298. [Google Scholar] [CrossRef]

	



Dennler, S.; André, J.; Verrecchia, F.; Mauviel, A. Cloning of the human GLI2 Promoter: Transcriptional activation by transforming growth factor-beta via SMAD3/beta-catenin cooperation. J. Biol. Chem. 2009, 284, 31523–31531. [Google Scholar] [CrossRef] [PubMed]

	



Atwood, S.X.; Chang, A.L.S.; Oro, A.E. Hedgehog pathway inhibition and the race against tumor evolution. J. Cell Biol. 2012, 199, 193–197. [Google Scholar] [CrossRef] [PubMed]

	



Riobó, N.A.; Lu, K.; Ai, X.; Haines, G.M.; Emerson, C.P. Phosphoinositide 3-kinase and Akt are essential for Sonic Hedgehog signaling. Proc. Natl. Acad. Sci. USA 2006, 103, 4505–4510. [Google Scholar] [CrossRef]

	



DiDonato, J.A.; Mercurio, F.; Karin, M. NF-κB and the link between inflammation and cancer. Immunol. Rev. 2012, 246, 379–400. [Google Scholar] [CrossRef]

	



Colavito, S.A.; Zou, M.R.; Yan, Q.; Nguyen, D.X.; Stern, D.F. Significance of glioma-associated oncogene homolog 1 (GLI1) expression in claudin-low breast cancer and crosstalk with the nuclear factor kappa-light-chain-enhancer of activated B cells (NFκB) pathway. Breast Cancer Res. 2014, 16, 444. [Google Scholar] [CrossRef]

	



Mazzà, D.; Infante, P.; Colicchia, V.; Greco, A.; Alfonsi, R.; Siler, M.; Antonucci, L.; Po, A.; de Smaele, E.; Ferretti, E.; et al. PCAF ubiquitin ligase activity inhibits Hedgehog/Gli1 signaling in p53-dependent response to genotoxic stress. Cell Death Differ. 2013, 20, 1688–1697. [Google Scholar] [CrossRef]

	



Stecca, B.; Ruiz i Altaba, A. A GLI1-p53 inhibitory loop controls neural stem cell and tumour cell numbers. EMBO J. 2009, 28, 663–676. [Google Scholar] [CrossRef]

	



Atwood, S.X.; Sarin, K.Y.; Whitson, R.J.; Li, J.R.; Kim, G.; Rezaee, M.; Ally, M.S.; Kim, J.; Yao, C.; Chang, A.L.S.; et al. Smoothened variants explain the majority of drug resistance in basal cell carcinoma. Cancer Cell 2015, 27, 342–353. [Google Scholar] [CrossRef]

	



Wolff, F.; Loipetzberger, A.; Gruber, W.; Esterbauer, H.; Aberger, F.; Frischauf, A.M. Imiquimod directly inhibits Hedgehog signalling by stimulating adenosine receptor/protein kinase A-mediated GLI phosphorylation. Oncogene 2013, 32, 5574–5581. [Google Scholar] [CrossRef] [PubMed]

	



Rosenstein, B.S.; Phelps, R.G.; Weinstock, M.A.; Bernstein, J.L.; Gordon, M.L.; Rudikoff, D.; Kantor, I.; Shelton, R.; Lebwohl, M.G. p53 mutations in basal cell carcinomas arising in routine users of sunscreens. Photochem. Photobiol. 1999, 70, 798–806. [Google Scholar] [CrossRef]

	



Bonilla, X.; Parmentier, L.; King, B.; Bezrukov, F.; Kaya, G.; Zoete, V.; Seplyarskiy, V.B.; Sharpe, H.J.; McKee, T.; Letourneau, A.; et al. Genomic analysis identifies new drivers and progression pathways in skin basal cell carcinoma. Nat. Genet. 2016, 48, 398–406. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, H.; Pasolli, H.A.; Fuchs, E. Yes-associated protein (YAP) transcriptional coactivator functions in balancing growth and differentiation in skin. Proc. Natl. Acad. Sci. USA 2011, 108, 2270–2275. [Google Scholar] [CrossRef]

	



Zhao, B.; Li, L.; Lei, Q.; Guan, K.-L. The Hippo-YAP pathway in organ size control and tumorigenesis: An updated version. Genes Dev. 2010, 24, 862–874. [Google Scholar] [CrossRef] [PubMed]

	



Smirnov, A.; Anemona, L.; Novelli, F.; Piro, C.M.; Annicchiarico-Petruzzelli, M.; Melino, G.; Candi, E. p63 Is a Promising Marker in the Diagnosis of Unusual Skin Cancer. Int. J. Mol. Sci. 2019, 20, 5781. [Google Scholar] [CrossRef]

	



Saladi, S.V.; Ross, K.; Karaayvaz, M.; Tata, P.R.; Mou, H.; Rajagopal, J.; Ramaswamy, S.; Ellisen, L.W. ACTL6A Is Co-Amplified with p63 in Squamous Cell Carcinoma to Drive YAP Activation, Regenerative Proliferation, and Poor Prognosis. Cancer Cell 2017, 31, 35–49. [Google Scholar] [CrossRef] [PubMed]

	



Markov, B.A.; Zol’nikov, Z.I.; Atakulov, D.O.; Zhakova, I.I. Rentenologicheskaia kharakteristika obodochnoĭ kishki do i posle obshirnykh rezektsiĭ po povodu bolezni Girshprunga u deteĭ. Vestn. Rentgenol. Radiol. 1988, 5, 81–83. [Google Scholar]

	



Furth, N.; Aylon, Y.; Oren, M. p53 shades of Hippo. Cell Death Differ. 2018, 25, 81–92. [Google Scholar] [CrossRef]

	



Debaugnies, M.; Sánchez-Danés, A.; Rorive, S.; Raphaël, M.; Liagre, M.; Parent, M.-A.; Brisebarre, A.; Salmon, I.; Blanpain, C. YAP and TAZ are essential for basal and squamous cell carcinoma initiation. EMBO Rep. 2018, 19. [Google Scholar] [CrossRef]

	



van Amerongen, R.; Nusse, R. Towards an integrated view of Wnt signaling in development. Development 2009, 136, 3205–3214. [Google Scholar] [CrossRef] [PubMed]

	



Lo Muzio, L.; Pannone, G.; Staibano, S.; Mignogna, M.D.; Grieco, M.; Ramires, P.; Romito, A.M.; de Rosa, G.; Piattelli, A. WNT-1 expression in basal cell carcinoma of head and neck. An immunohistochemical and confocal study with regard to the intracellular distribution of beta-catenin. Anticancer Res. 2002, 22, 565–576. [Google Scholar]

	



Mullor, J.L.; Dahmane, N.; Sun, T.; i Altaba, A.R. Wnt signals are targets and mediators of Gli function. Curr. Biol. 2001, 11, 769–773. [Google Scholar] [CrossRef]

	



Doglioni, C.; Piccinin, S.; Demontis, S.; Cangi, M.G.; Pecciarini, L.; Chiarelli, C.; Armellin, M.; Vukosavljevic, T.; Boiocchi, M.; Maestro, R. Alterations of β-Catenin Pathway in Non-Melanoma Skin Tumors. Am. J. Pathol. 2003, 163, 2277–2287. [Google Scholar] [CrossRef]

	



Yamazaki, F.; Aragane, Y.; Kawada, A.; Tezuka, T. Immunohistochemical detection for nuclear beta-catenin in sporadic basal cell carcinoma. Br. J. Dermatol. 2001, 145, 771–777. [Google Scholar] [CrossRef]

	



Saldanha, G.; Ghura, V.; Potter, L.; Fletcher, A. Nuclear beta-catenin in basal cell carcinoma correlates with increased proliferation. Br. J. Dermatol. 2004, 151, 157–164. [Google Scholar] [CrossRef] [PubMed]

	



El-Bahrawy, M.; El-Masry, N.; Alison, M.; Poulsom, R.; Fallowfield, M. Expression of beta-catenin in basal cell carcinoma. Br. J. Dermatol. 2003, 148, 964–970. [Google Scholar] [CrossRef]

	



Yang, S.H.; Andl, T.; Grachtchouk, V.; Wang, A.; Liu, J.; Syu, L.-J.; Ferris, J.; Wang, T.S.; Glick, A.B.; Millar, S.E.; et al. Pathological responses to oncogenic Hedgehog signaling in skin are dependent on canonical Wnt/beta3-catenin signaling. Nat. Genet. 2008, 40, 1130–1135. [Google Scholar] [CrossRef]

	



Carmon, K.S.; Lin, Q.; Gong, X.; Thomas, A.; Liu, Q. LGR5 interacts and cointernalizes with Wnt receptors to modulate Wnt/β-catenin signaling. Mol. Cell. Biol. 2012, 32, 2054–2064. [Google Scholar] [CrossRef]

	



Hatton, B.A.; Knoepfler, P.S.; Kenney, A.M.; Rowitch, D.H.; de Alborán, I.M.; Olson, J.M.; Eisenman, R.N. N-myc is an essential downstream effector of Shh signaling during both normal and neoplastic cerebellar growth. Cancer Res. 2006, 66, 8655–8661. [Google Scholar] [CrossRef]

	



Watt, F.M.; Estrach, S.; Ambler, C.A. Epidermal Notch signalling: Differentiation, cancer and adhesion. Curr. Opin. Cell Biol. 2008, 20, 171–179. [Google Scholar] [CrossRef]

	



Jayaraman, S.S.; Rayhan, D.J.; Hazany, S.; Kolodney, M.S. Mutational landscape of basal cell carcinomas by whole-exome sequencing. J. Investig. Dermatol. 2014, 134, 213–220. [Google Scholar] [CrossRef]

	



Martincorena, I.; Roshan, A.; Gerstung, M.; Ellis, P.; van Loo, P.; McLaren, S.; Wedge, D.C.; Fullam, A.; Alexandrov, L.B.; Tubio, J.M.; et al. Tumor evolution. High burden and pervasive positive selection of somatic mutations in normal human skin. Science 2015, 348, 880–886. [Google Scholar] [CrossRef] [PubMed]

	



Nicolas, M.; Wolfer, A.; Raj, K.; Kummer, J.A.; Mill, P.; van Noort, M.; Hui, C.; Clevers, H.; Dotto, G.P.; Radtke, F. Notch1 functions as a tumor suppressor in mouse skin. Nat. Genet. 2003, 33, 416–421. [Google Scholar] [CrossRef]

	



Scott, G.A.; Laughlin, T.S.; Rothberg, P.G. Mutations of the TERT promoter are common in basal cell carcinoma and squamous cell carcinoma. Mod. Pathol. 2014, 27, 516–523. [Google Scholar] [CrossRef] [PubMed]

	



Griewank, K.G.; Murali, R.; Schilling, B.; Schimming, T.; Möller, I.; Moll, I.; Schwamborn, M.; Sucker, A.; Zimmer, L.; Schadendorf, D.; et al. TERT promoter mutations are frequent in cutaneous basal cell carcinoma and squamous cell carcinoma. PLoS ONE 2013, 8, e80354. [Google Scholar] [CrossRef] [PubMed]

	



Stern, J.L.; Hibshman, G.; Hu, K.; Ferrara, S.E.; Costello, J.C.; Kim, W.; Tamayo, P.; Cech, T.R.; Huang, F.W. Mesenchymal and MAPK Expression Signatures Associate with Telomerase Promoter Mutations in Multiple Cancers. Mol. Cancer Res. 2020, 18, 1050–1062. [Google Scholar] [CrossRef] [PubMed]

	



Pópulo, H.; Boaventura, P.; Vinagre, J.; Batista, R.; Mendes, A.; Caldas, R.; Pardal, J.; Azevedo, F.; Honavar, M.; Guimarães, I.; et al. TERT promoter mutations in skin cancer: The effects of sun exposure and X-irradiation. J. Investig. Dermatol. 2014, 134, 2251–2257. [Google Scholar] [CrossRef] [PubMed]

	



Verkouteren, B.J.A.; Wakkee, M.; van Geel, M.; van Doorn, R.; Winnepenninckx, V.J.; Korpershoek, E.; Mooyaart, A.L.; Reyners, A.K.L.; Terra, J.B.; Aarts, M.J.B.; et al. Molecular testing in metastatic basal cell carcinoma. J. Am. Acad. Dermatol. 2019. [Google Scholar] [CrossRef] [PubMed]

	



Maturo, M.G.; Rachakonda, S.; Heidenreich, B.; Pellegrini, C.; Srinivas, N.; Requena, C.; Serra-Guillen, C.; Llombart, B.; Sanmartin, O.; Guillen, C.; et al. Coding and noncoding somatic mutations in candidate genes in basal cell carcinoma. Sci. Rep. 2020, 10, 8005. [Google Scholar] [CrossRef]

	



Denisova, E.; Heidenreich, B.; Nagore, E.; Rachakonda, P.S.; Hosen, I.; Akrap, I.; Traves, V.; García-Casado, Z.; López-Guerrero, J.A.; Requena, C.; et al. Frequent DPH3 promoter mutations in skin cancers. Oncotarget 2015, 6, 35922–35930. [Google Scholar] [CrossRef]

	



Wang, L.; Shi, Y.; Ju, P.; Liu, R.; Yeo, S.P.; Xia, Y.; Owlanj, H.; Feng, Z. Silencing of diphthamide synthesis 3 (Dph3) reduces metastasis of murine melanoma. PLoS ONE 2012, 7, e49988. [Google Scholar] [CrossRef]

	



Stefansson, B.; Brautigan, D.L. Protein phosphatase PP6 N terminal domain restricts G1 to S phase progression in human cancer cells. Cell Cycle 2007, 6, 1386–1392. [Google Scholar] [CrossRef] [PubMed]

	



Sand, M.; Sand, D.; Altmeyer, P.; Bechara, F.G. MicroRNA in non-melanoma skin cancer. Cancer Biomark. 2012, 11, 253–257. [Google Scholar] [CrossRef] [PubMed]

	



Heffelfinger, C.; Ouyang, Z.; Engberg, A.; Leffell, D.J.; Hanlon, A.M.; Gordon, P.B.; Zheng, W.; Zhao, H.; Snyder, M.P.; Bale, A.E. Correlation of Global MicroRNA Expression with Basal Cell Carcinoma Subtype. G3 (Bethesda) 2012, 2, 279–286. [Google Scholar] [CrossRef]

	



Saydam, O.; Shen, Y.; Würdinger, T.; Senol, O.; Boke, E.; James, M.F.; Tannous, B.A.; Stemmer-Rachamimov, A.O.; Yi, M.; Stephens, R.M.; et al. Downregulated microRNA-200a in meningiomas promotes tumor growth by reducing E-cadherin and activating the Wnt/beta-catenin signaling pathway. Mol. Cell. Biol. 2009, 29, 5923–5940. [Google Scholar] [CrossRef] [PubMed]

	



Sonkoly, E.; Lovén, J.; Xu, N.; Meisgen, F.; Wei, T.; Brodin, P.; Jaks, V.; Kasper, M.; Shimokawa, T.; Harada, M.; et al. MicroRNA-203 functions as a tumor suppressor in basal cell carcinoma. Oncogenesis 2012, 1, e3. [Google Scholar] [CrossRef]

	



Sun, H.; Jiang, P. MicroRNA-451a acts as tumor suppressor in cutaneous basal cell carcinoma. Mol. Genet. Genom. Med. 2018, 6, 1001–1009. [Google Scholar] [CrossRef]

	



Sand, M.; Skrygan, M.; Sand, D.; Georgas, D.; Hahn, S.A.; Gambichler, T.; Altmeyer, P.; Bechara, F.G. Expression of microRNAs in basal cell carcinoma. Br. J. Dermatol. 2012, 167, 847–855. [Google Scholar] [CrossRef]

	



Sand, M.; Bechara, F.G.; Sand, D.; Gambichler, T.; Hahn, S.A.; Bromba, M.; Stockfleth, E.; Hessam, S. Long-noncoding RNAs in basal cell carcinoma. Tumour Biol. 2016, 37, 10595–10608. [Google Scholar] [CrossRef]

	



Youssef, K.K.; van Keymeulen, A.; Lapouge, G.; Beck, B.; Michaux, C.; Achouri, Y.; Sotiropoulou, P.A.; Blanpain, C. Identification of the cell lineage at the origin of basal cell carcinoma. Nat. Cell Biol. 2010, 12, 299–305. [Google Scholar] [CrossRef]

	



Seykora, J.T.; Cotsarelis, G. Keratin 15-positive stem cells give rise to basal cell carcinomas in irradiated Ptch1(+/-) mice. Cancer Cell 2011, 19, 5–6. [Google Scholar] [CrossRef]

	



Wang, G.Y.; Wang, J.; Mancianti, M.-L.; Epstein, E.H. Basal cell carcinomas arise from hair follicle stem cells in Ptch1(+/-) mice. Cancer Cell 2011, 19, 114–124. [Google Scholar] [CrossRef] [PubMed]

	



Grachtchouk, M.; Pero, J.; Yang, S.H.; Ermilov, A.N.; Michael, L.E.; Wang, A.; Wilbert, D.; Patel, R.M.; Ferris, J.; Diener, J.; et al. Basal cell carcinomas in mice arise from hair follicle stem cells and multiple epithelial progenitor populations. J. Clin. Investig. 2011, 121, 1768–1781. [Google Scholar] [CrossRef] [PubMed]

	



Sánchez-Danés, A.; Hannezo, E.; Larsimont, J.-C.; Liagre, M.; Youssef, K.K.; Simons, B.D.; Blanpain, C. Defining the clonal dynamics leading to mouse skin tumour initiation. Nature 2016, 536, 298–303. [Google Scholar] [CrossRef] [PubMed]

	



Hsu, Y.-C.; Li, L.; Fuchs, E. Emerging interactions between skin stem cells and their niches. Nat. Med. 2014, 20, 847–856. [Google Scholar] [CrossRef] [PubMed]

	



Bath-Hextall, F.; Bong, J.; Perkins, W.; Williams, H. Interventions for basal cell carcinoma of the skin: Systematic review. BMJ 2004, 329, 705. [Google Scholar] [CrossRef] [PubMed]

	



National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology. In Guidelines, Basal Cell Skin Cancer; Version 1; 2020; Available online: https://jnccn.org/view/journals/jnccn/14/5/article-p574.xml (accessed on 6 May 2016).

	



Wolf, D.J.; Zitelli, J.A. Surgical margins for basal cell carcinoma. Arch. Dermatol. 1987, 123, 340–344. [Google Scholar] [CrossRef]

	



Codazzi, D.; van der Velden, J.; Carminati, M.; Bruschi, S.; Bocchiotti, M.A.; Di Serio, C.; Barberis, M.; Robotti, E. Positive compared with negative margins in a single-centre retrospective study on 3957 consecutive excisions of basal cell carcinomas. Associated risk factors and preferred surgical management. J. Plast. Surg. Hand Surg. 2014, 48, 38–43. [Google Scholar] [CrossRef]

	



Rowe, D.E.; Carroll, R.J.; Day, C.L. Mohs surgery is the treatment of choice for recurrent (previously treated) basal cell carcinoma. J. Dermatol. Surg. Oncol. 1989, 15, 424–431. [Google Scholar] [CrossRef]

	



van Loo, E.; Mosterd, K.; Krekels, G.A.M.; Roozeboom, M.H.; Ostertag, J.U.; Dirksen, C.D.; Steijlen, P.M.; Neumann, H.A.M.; Nelemans, P.J.; Kelleners-Smeets, N.W.J. Surgical excision versus Mohs’ micrographic surgery for basal cell carcinoma of the face: A randomised clinical trial with 10 year follow-up. Eur. J. Cancer (Oxf. Engl.: 1990) 2014, 50, 3011–3020. [Google Scholar] [CrossRef]

	



Walker, P.; Hill, D. Surgical treatment of basal cell carcinomas using standard postoperative histological assessment. Australas. J. Dermatol. 2006, 47, 1–12. [Google Scholar] [CrossRef]

	



Kuflik, E.G. Cryosurgery for skin cancer: 30-year experience and cure rates. Dermatol. Surg. Off. Publ. Am. Soc. Dermatol. Surg. 2004, 30, 297–300. [Google Scholar] [CrossRef]

	



Wang, I.; Bendsoe, N.; Klinteberg, C.A.; Enejder, A.M.; Andersson-Engels, S.; Svanberg, S.; Svanberg, K. Photodynamic therapy vs. cryosurgery of basal cell carcinomas: Results of a phase III clinical trial. Br. J. Dermatol. 2001, 144, 832–840. [Google Scholar] [CrossRef]

	



Savoia, P.; Deboli, T.; Previgliano, A.; Broganelli, P. Usefulness of Photodynamic Therapy as a Possible Therapeutic Alternative in the Treatment of Basal Cell Carcinoma. Int. J. Mol. Sci. 2015, 16, 23300–23317. [Google Scholar] [CrossRef]

	



Roozeboom, M.H.; Aardoom, M.A.; Nelemans, P.J.; Thissen, M.R.T.M.; Kelleners-Smeets, N.W.J.; Kuijpers, D.I.M.; Mosterd, K. Fractionated 5-aminolevulinic acid photodynamic therapy after partial debulking versus surgical excision for nodular basal cell carcinoma: A randomized controlled trial with at least 5-year follow-up. J. Am. Acad. Dermatol. 2013, 69, 280–287. [Google Scholar] [CrossRef] [PubMed]

	



Fantini, F.; Greco, A.; Del Giovane, C.; Cesinaro, A.M.; Venturini, M.; Zane, C.; Surrenti, T.; Peris, K.; Calzavara-Pinton, P.G. Photodynamic therapy for basal cell carcinoma: Clinical and pathological determinants of response. J. Eur. Acad. Dermatol. Venereol. 2011, 25, 896–901. [Google Scholar] [CrossRef] [PubMed]

	



Horn, M.; Wolf, P.; Wulf, H.C.; Warloe, T.; Fritsch, C.; Rhodes, L.E.; Kaufmann, R.; de Rie, M.; Legat, F.J.; Stender, I.M.; et al. Topical methyl aminolaevulinate photodynamic therapy in patients with basal cell carcinoma prone to complications and poor cosmetic outcome with conventional treatment. Br. J. Dermatol. 2003, 149, 1242–1249. [Google Scholar] [CrossRef]

	



Cameron, M.C.; Lee, E.; Hibler, B.P.; Giordano, C.N.; Barker, C.A.; Mori, S.; Cordova, M.; Nehal, K.S.; Rossi, A.M. Basal cell carcinoma: Contemporary approaches to diagnosis, treatment, and prevention. J. Am. Acad. Dermatol. 2019, 80, 321–339. [Google Scholar] [CrossRef]

	



Neville, J.A.; Welch, E.; Leffell, D.J. Management of nonmelanoma skin cancer in 2007. Nat. Clin. Pract. Oncol. 2007, 4, 462–469. [Google Scholar] [CrossRef]

	



Hall, V.L.; Leppard, B.J.; McGill, J.; Kesseler, M.E.; White, J.E.; Goodwin, P. Treatment of basal-cell carcinoma: Comparison of radiotherapy and cryotherapy. Clin. Radiol. 1986, 37, 33–34. [Google Scholar] [CrossRef]

	



Avril, M.F.; Auperin, A.; Margulis, A.; Gerbaulet, A.; Duvillard, P.; Benhamou, E.; Guillaume, J.C.; Chalon, R.; Petit, J.Y.; Sancho-Garnier, H.; et al. Basal cell carcinoma of the face: Surgery or radiotherapy? Results of a randomized study. Br. J. Cancer 1997, 76, 100–106. [Google Scholar] [CrossRef]

	



Schulze, H.J.; Cribier, B.; Requena, L.; Reifenberger, J.; Ferrándiz, C.; Garcia Diez, A.; Tebbs, V.; McRae, S. Imiquimod 5% cream for the treatment of superficial basal cell carcinoma: Results from a randomized vehicle-controlled phase III study in Europe. Br. J. Dermatol. 2005, 152, 939–947. [Google Scholar] [CrossRef] [PubMed]

	



Geisse, J.; Caro, I.; Lindholm, J.; Golitz, L.; Stampone, P.; Owens, M. Imiquimod 5% cream for the treatment of superficial basal cell carcinoma: Results from two phase III, randomized, vehicle-controlled studies. J. Am. Acad. Dermatol. 2004, 50, 722–733. [Google Scholar] [CrossRef] [PubMed]

	



Geisse, J.K.; Rich, P.; Pandya, A.; Gross, K.; Andres, K.; Ginkel, A.; Owens, M. Imiquimod 5% cream for the treatment of superficial basal cell carcinoma: A double-blind, randomized, vehicle-controlled study. J. Am. Acad. Dermatol. 2002, 47, 390–398. [Google Scholar] [CrossRef] [PubMed]

	



Micali, G.; Lacarrubba, F.; Nasca, M.R.; Ferraro, S.; Schwartz, R.A. Topical pharmacotherapy for skin cancer: Part II. Clinical applications. J. Am. Acad. Dermatol. 2014, 70, 979.e1–979.e12. [Google Scholar] [CrossRef] [PubMed]

	



Paolino, G.; Didona, D.; Scarnò, M.; Tallarico, M.; Cantoresi, F.; Calvieri, S.; Mercuri, S.R.; Piccolo, D.; Bottoni, U.; Kyriakou, A.; et al. Sequential treatment of daylight photodynamic therapy and imiquimod 5% cream for the treatment of superficial basal cell carcinoma on sun exposed areas. Dermatol. Ther. 2019, 32, e12788. [Google Scholar] [CrossRef]

	



Quirk, C.; Gebauer, K.; De’Ambrosis, B.; Slade, H.B.; Meng, T.-C. Sustained clearance of superficial basal cell carcinomas treated with imiquimod cream 5%: Results of a prospective 5-year study. Cutis 2010, 85, 318–324. [Google Scholar]

	



Gollnick, H.; Barona, C.G.; Frank, R.G.; Ruzicka, T.; Megahed, M.; Maus, J.; Munzel, U. Recurrence rate of superficial basal cell carcinoma following treatment with imiquimod 5% cream: Conclusion of a 5-year long-term follow-up study in Europe. Eur. J. Dermatol. 2008, 18, 677–682. [Google Scholar] [CrossRef]

	



Shumack, S.; Robinson, J.; Kossard, S.; Golitz, L.; Greenway, H.; Schroeter, A.; Andres, K.; Amies, M.; Owens, M. Efficacy of topical 5% imiquimod cream for the treatment of nodular basal cell carcinoma: Comparison of dosing regimens. Arch. Dermatol. 2002, 138, 1165–1171. [Google Scholar] [CrossRef]

	



Micali, G.; de Pasquale, R.; Caltabiano, R.; Impallomeni, R.; Lacarrubba, F. Topical imiquimod treatment of superficial and nodular basal cell carcinomas in patients affected by basal cell nevus syndrome: A preliminary report. J. Dermatolog. Treat. 2002, 13, 123–127. [Google Scholar] [CrossRef]

	



Micali, G.; Lacarrubba, F.; Nasca, M.R.; Pasquale, R. de. The use of imiquimod 5% cream for the treatment of basal cell carcinoma as observed in Gorlin’s syndrome. Clin. Exp. Dermatol. 2003, 28 (Suppl. 1), 19–23. [Google Scholar] [CrossRef]

	



Arits, A.H.; Mosterd, K.; Essers, B.A.B.; Spoorenberg, E.; Sommer, A.; de Rooij, M.J.M.; van Pelt, H.P.A.; Quaedvlieg, P.J.F.; Krekels, G.A.M.; van Neer, P.A.; et al. Photodynamic therapy versus topical imiquimod versus topical fluorouracil for treatment of superficial basal-cell carcinoma: A single blind, non-inferiority, randomised controlled trial. Lancet Oncol. 2013, 14, 647–654. [Google Scholar] [CrossRef]

	



Roozeboom, M.H.; Arits, A.H.M.M.; Mosterd, K.; Sommer, A.; Essers, B.A.B.; de Rooij, M.J.M.; Quaedvlieg, P.J.F.; Steijlen, P.M.; Nelemans, P.J.; Kelleners-Smeets, N.W.J. Three-Year Follow-Up Results of Photodynamic Therapy vs. Imiquimod vs. Fluorouracil for Treatment of Superficial Basal Cell Carcinoma: A Single-Blind, Noninferiority, Randomized Controlled Trial. J. Investig. Dermatol. 2016, 136, 1568–1574. [Google Scholar] [CrossRef] [PubMed]

	



Čeović, R.; Smolković, N.; Pašić, A.; Kostović, K.; Hrsan, D. Multiple basal cell carcinomas of lower legs with stasis dermatitis: A therapeutic challenge. Acta Dermatovenerol. Croat. 2012, 20, 191–196. [Google Scholar] [PubMed]

	



Shelley, W.B.; Wood, M.G. Nodular superficial pigmented basal cell epitheliomas. Arch. Dermatol. 1982, 118, 928–930. [Google Scholar] [CrossRef] [PubMed]

	



Love, W.E.; Bernhard, J.D.; Bordeaux, J.S. Topical imiquimod or fluorouracil therapy for basal and squamous cell carcinoma: A systematic review. Arch. Dermatol. 2009, 145, 1431–1438. [Google Scholar] [CrossRef]

	



Good, L.M.; Miller, M.D.; High, W.A. Intralesional agents in the management of cutaneous malignancy: A review. J. Am. Acad. Dermatol. 2011, 64, 413–422. [Google Scholar] [CrossRef] [PubMed]

	



Lanoue, J.; Goldenberg, G. Basal Cell Carcinoma: A Comprehensive Review of Existing and Emerging Nonsurgical Therapies. J. Clin. Aesthet. Dermatol. 2016, 9, 26–36. [Google Scholar] [PubMed]

	



Mercuri, S.R.; Brianti, P.; Paolino, G.; Rizzo, N.; Bartolucci, M.; Dattola, A.; Didona, D.; Nisticò, S.P. Basal cell carcinoma in post-traumatic scar successfully treated with thulium laser and photodynamic therapy. G. Ital. Dermatol. Venereol. 2020, 155, 107–108. [Google Scholar] [CrossRef]

	



Campolmi, P.; Brazzini, B.; Urso, C.; Ghersetich, I.; Mavilia, L.; Hercogova, J.; Lotti, T. Superpulsed CO2 laser treatment of basal cell carcinoma with intraoperatory histopathologic and cytologic examination. Dermatol. Surg. Off. Publ. Am. Soc. Dermatol. Surg. 2002, 28, 909–911, discussion 912. [Google Scholar] [CrossRef]

	



Moskalik, K.; Kozlov, A.; Demin, E.; Boiko, E. The efficacy of facial skin cancer treatment with high-energy pulsed neodymium and Nd:YAG lasers. Photomed. Laser Surg. 2009, 27, 345–349. [Google Scholar] [CrossRef]

	



Meiss, F.; Andrlová, H.; Zeiser, R. Vismodegib. Recent Results Cancer Res. 2018, 211, 125–139. [Google Scholar] [CrossRef] [PubMed]

	



Zito, P.M.; Nassereddin, A.; Scharf, R. StatPearls. Vismodegib; Treasure Island: Petersburg, FL, USA, 2020. [Google Scholar]

	



Gupta, A.K.; Mays, R.R.; Abramovits, W.; Vincent, K.D. Odomzo® (Sonidegib). Skinmed 2018, 16, 35–38. [Google Scholar] [PubMed]

	



Casey, D.; Demko, S.; Shord, S.; Zhao, H.; Chen, H.; He, K.; Putman, A.; Helms, W.; Keegan, P.; Pazdur, R. FDA Approval Summary: Sonidegib for Locally Advanced Basal Cell Carcinoma. Clin. Cancer Res. 2017, 23, 2377–2381. [Google Scholar] [CrossRef] [PubMed]

	



Wahid, M.; Jawed, A.; Mandal, R.K.; Dar, S.A.; Khan, S.; Akhter, N.; Haque, S. Vismodegib, itraconazole and sonidegib as hedgehog pathway inhibitors and their relative competencies in the treatment of basal cell carcinomas. Crit. Rev. Oncol. Hematol. 2016, 98, 235–241. [Google Scholar] [CrossRef]

	



Peer, E.; Tesanovic, S.; Aberger, F. Next-Generation Hedgehog/GLI Pathway Inhibitors for Cancer Therapy. Cancers (Basel) 2019, 11, 538. [Google Scholar] [CrossRef]

	



Sekulic, A.; Migden, M.R.; Oro, A.E.; Dirix, L.; Lewis, K.D.; Hainsworth, J.D.; Solomon, J.A.; Yoo, S.; Arron, S.T.; Friedlander, P.A.; et al. Efficacy and safety of vismodegib in advanced basal-cell carcinoma. N. Engl. J. Med. 2012, 366, 2171–2179. [Google Scholar] [CrossRef]

	



Sekulic, A.; Migden, M.R.; Basset-Seguin, N.; Garbe, C.; Gesierich, A.; Lao, C.D.; Miller, C.; Mortier, L.; Murrell, D.F.; Hamid, O.; et al. Long-term safety and efficacy of vismodegib in patients with advanced basal cell carcinoma: Final update of the pivotal ERIVANCE BCC study. BMC Cancer 2017, 17, 332. [Google Scholar] [CrossRef]

	



Lear, J.T.; Migden, M.R.; Lewis, K.D.; Chang, A.L.S.; Guminski, A.; Gutzmer, R.; Dirix, L.; Combemale, P.; Stratigos, A.; Plummer, R.; et al. Long-term efficacy and safety of sonidegib in patients with locally advanced and metastatic basal cell carcinoma: 30-month analysis of the randomized phase 2 BOLT study. J. Eur. Acad. Dermatol. Venereol. 2018, 32, 372–381. [Google Scholar] [CrossRef]

	



Basset-Séguin, N.; Hauschild, A.; Kunstfeld, R.; Grob, J.; Dréno, B.; Mortier, L.; Ascierto, P.A.; Licitra, L.; Dutriaux, C.; Thomas, L.; et al. Vismodegib in patients with advanced basal cell carcinoma: Primary analysis of STEVIE, an international, open-label trial. Eur. J. Cancer (Oxf. Engl.: 1990) 2017, 86, 334–348. [Google Scholar] [CrossRef]

	



Migden, M.R.; Guminski, A.; Gutzmer, R.; Dirix, L.; Lewis, K.D.; Combemale, P.; Herd, R.M.; Kudchadkar, R.; Trefzer, U.; Gogov, S.; et al. Treatment with two different doses of sonidegib in patients with locally advanced or metastatic basal cell carcinoma (BOLT): A multicentre, randomised, double-blind phase 2 trial. Lancet Oncol. 2015, 16, 716–728. [Google Scholar] [CrossRef]

	



Dummer, R.; Ascierto, P.A.; Basset-Seguin, N.; Dréno, B.; Garbe, C.; Gutzmer, R.; Hauschild, A.; Krattinger, R.; Lear, J.T.; Malvehy, J.; et al. Sonidegib and vismodegib in the treatment of patients with locally advanced basal cell carcinoma: A joint expert opinion. J. Eur. Acad. Dermatol. Venereol. 2020. [Google Scholar] [CrossRef] [PubMed]

	



Therasse, P.; Arbuck, S.G.; Eisenhauer, E.A.; Wanders, J.; Kaplan, R.S.; Rubinstein, L.; Verweij, J.; van Glabbeke, M.; van Oosterom, A.T.; Christian, M.C.; et al. New guidelines to evaluate the response to treatment in solid tumors. European Organization for Research and Treatment of Cancer, National Cancer Institute of the United States, National Cancer Institute of Canada. J. Natl. Cancer Inst. 2000, 92, 205–216. [Google Scholar] [CrossRef] [PubMed]

	



Office of the Surgeon General (US). The Surgeon General’s Call to Action to Prevent Skin Cancer; Office of the Surgeon General: Washington, DC, USA, 2014.

	



Rowan-Robinson, K. Sun Protection for Preventing Basal Cell and Squamous Cell Skin Cancers. Public Health Nurs. 2017, 34, 312–313. [Google Scholar] [CrossRef] [PubMed]

	



Bichakjian, C.K.; Olencki, T.; Aasi, S.Z.; Alam, M.; Andersen, J.S.; Berg, D.; Bowen, G.M.; Cheney, R.T.; Daniels, G.A.; Glass, L.F.; et al. Basal Cell Skin Cancer, Version 1.2016, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Canc. Netw. 2016, 14, 574–597. [Google Scholar] [CrossRef] [PubMed]

	



Damian, D.L. Photoprotective effects of nicotinamide. Photochem. Photobiol. Sci. 2010, 9, 578–585. [Google Scholar] [CrossRef]

	



Karthikeyan, K.; Thappa, D.M. Pellagra and skin. Int. J. Dermatol. 2002, 41, 476–481. [Google Scholar] [CrossRef] [PubMed]

	



Petley, A.; Macklin, B.; Renwick, A.G.; Wilkin, T.J. The pharmacokinetics of nicotinamide in humans and rodents. Diabetes 1995, 44, 152–155. [Google Scholar] [CrossRef]

	



Forbat, E.; Al-Niaimi, F.; Ali, F.R. Use of nicotinamide in dermatology. Clin. Exp. Dermatol. 2017, 42, 137–144. [Google Scholar] [CrossRef] [PubMed]

	



Gensler, H.L.; Williams, T.; Huang, A.C.; Jacobson, E.L. Oral niacin prevents photocarcinogenesis and photoimmunosuppression in mice. Nutr. Cancer 1999, 34, 36–41. [Google Scholar] [CrossRef]

	



Gensler, H.L. Prevention of photoimmunosuppression and photocarcinogenesis by topical nicotinamide. Nutr. Cancer 1997, 29, 157–162. [Google Scholar] [CrossRef]

	



Damian, D.L.; Patterson, C.R.S.; Stapelberg, M.; Park, J.; Barnetson, R.S.C.; Halliday, G.M. UV radiation-induced immunosuppression is greater in men and prevented by topical nicotinamide. J. Investig. Dermatol. 2008, 128, 447–454. [Google Scholar] [CrossRef] [PubMed]

	



Chen, A.C.; Martin, A.J.; Choy, B.; Fernández-Peñas, P.; Dalziell, R.A.; McKenzie, C.A.; Scolyer, R.A.; Dhillon, H.M.; Vardy, J.L.; Kricker, A.; et al. A Phase 3 Randomized Trial of Nicotinamide for Skin-Cancer Chemoprevention. N. Engl. J. Med. 2015, 373, 1618–1626. [Google Scholar] [CrossRef] [PubMed]

	



Surjana, D.; Halliday, G.M.; Martin, A.J.; Moloney, F.J.; Damian, D.L. Oral nicotinamide reduces actinic keratoses in phase II double-blinded randomized controlled trials. J. Investig. Dermatol. 2012, 132, 1497–1500. [Google Scholar] [CrossRef]

	



Drago, F.; Ciccarese, G.; Cogorno, L.; Calvi, C.; Marsano, L.A.; Parodi, A. Prevention of non-melanoma skin cancers with nicotinamide in transplant recipients: A case-control study. Eur. J. Dermatol. 2017, 27, 382–385. [Google Scholar] [CrossRef]

	



Chen, A.C.; Martin, A.J.; Dalziell, R.A.; McKenzie, C.A.; Lowe, P.M.; Eris, J.M.; Scolyer, R.A.; Dhillon, H.M.; Vardy, J.L.; Bielski, V.A.; et al. A phase II randomized controlled trial of nicotinamide for skin cancer chemoprevention in renal transplant recipients. Br. J. Dermatol. 2016, 175, 1073–1075. [Google Scholar] [CrossRef] [PubMed]

	



Lang, B.M.; Balermpas, P.; Bauer, A.; Blum, A.; Brölsch, G.F.; Dirschka, T.; Follmann, M.; Frank, J.; Frerich, B.; Fritz, K.; et al. S2k Guidelines for Cutaneous Basal Cell Carcinoma—Part 2: Treatment, Prevention and Follow-up. J. Dtsch. Dermatol. Ges. 2019, 17, 214–230. [Google Scholar] [CrossRef]

	



Elmets, C.A.; Viner, J.L.; Pentland, A.P.; Cantrell, W.; Lin, H.-Y.; Bailey, H.; Kang, S.; Linden, K.G.; Heffernan, M.; Duvic, M.; et al. Chemoprevention of nonmelanoma skin cancer with celecoxib: A randomized, double-blind, placebo-controlled trial. J. Natl. Cancer Inst. 2010, 102, 1835–1844. [Google Scholar] [CrossRef]

	



Muranushi, C.; Olsen, C.M.; Green, A.C.; Pandeya, N. Can oral nonsteroidal antiinflammatory drugs play a role in the prevention of basal cell carcinoma? A systematic review and metaanalysis. J. Am. Acad. Dermatol. 2016, 74, 108–119.e1. [Google Scholar] [CrossRef]

	



Soltani-Arabshahi, R.; Tristani-Firouzi, P. Chemoprevention of nonmelanoma skin cancer. Facial Plast. Surg. 2013, 29, 373–383. [Google Scholar] [CrossRef]

	



Wolfe, C.M.; Green, W.H.; Cognetta, A.B.; Hatfield, H.K. A possible chemopreventive role for photodynamic therapy in Gorlin syndrome: A report of basal cell carcinoma reduction and review of literature. Australas. J. Dermatol. 2013, 54, 64–68. [Google Scholar] [CrossRef]

	



Kim, J.Y.S.; Kozlow, J.H.; Mittal, B.; Moyer, J.; Olencki, T.; Rodgers, P. Guidelines of care for the management of basal cell carcinoma. J. Am. Acad. Dermatol. 2018, 78, 540–559. [Google Scholar] [CrossRef] [PubMed]








[image: Biomedicines 08 00449 g001 550] 





Figure 1. Pigmented basal cell carcinoma (BCC). Pigmented, scaly plaque with sharp, irregular edges. 






Figure 1. Pigmented basal cell carcinoma (BCC). Pigmented, scaly plaque with sharp, irregular edges.



[image: Biomedicines 08 00449 g001]







[image: Biomedicines 08 00449 g002 550] 





Figure 2. Nodular BCC. Pink, sharply delimited nodule with a characteristic shiny edge and small arborizing telangiectasias. 






Figure 2. Nodular BCC. Pink, sharply delimited nodule with a characteristic shiny edge and small arborizing telangiectasias.



[image: Biomedicines 08 00449 g002]







[image: Biomedicines 08 00449 g003 550] 





Figure 3. Superficial BCC. Erythematous, scaly plaque with sharp, pearly edges. 
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Figure 4. Morpheaform BCC. Poorly delimited, ivory plaque. 
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Figure 5. Ulcus rodens of the nasal pyramid. Extremely destructive form of BCC that shows deep tissue invasion and a high rate of postsurgical recurrence. In this case, almost the whole nasal pyramid was involved. 






Figure 5. Ulcus rodens of the nasal pyramid. Extremely destructive form of BCC that shows deep tissue invasion and a high rate of postsurgical recurrence. In this case, almost the whole nasal pyramid was involved.



[image: Biomedicines 08 00449 g005]







[image: Biomedicines 08 00449 g006 550] 





Figure 6. Pathological features of nodular BCC (H&E; 10×). Large basaloid lobules of different shape and size, forming a sharply delimited tumor. Typically, a peripheral palisade is shown. 
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Figure 7. Pathological features of nodular BCC (H&E; 20×). Sharply delimited lobules with numerous mitoses (red arrows) and apoptotic figures (black arrows). 
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Figure 8. Adenoidal BCC (H&E; 2.5×). Net of basaloid cells in a mucinous stroma, mimicking a glandular formation. 
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Figure 9. Infiltrative BCC (H&E; 5×). Small irregular clumps of basaloid cells with irregular border and limited peripheral palisading. The tumor shows extensive spread and fibrotic stroma. 
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Figure 10. Dermoscopic features of (a) arborizing vessels in a 13 × 6 mm BCC, (b) short fine telangiectasias in a 8 × 4 mm BCC. 
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Figure 11. Dermoscopic features of (a) blue–grey ovoid nests in a 7 × 4 mm BCC, (b) maple leaf-like areas in a 16 × 8 mm BCC. 
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Figure 12. Dermoscopic features of (a) ulceration in a 11 × 7 mm BCC, (b) multiple small erosions in a 8 × 5 mm BCC. 






Figure 12. Dermoscopic features of (a) ulceration in a 11 × 7 mm BCC, (b) multiple small erosions in a 8 × 5 mm BCC.



[image: Biomedicines 08 00449 g012]







[image: Biomedicines 08 00449 g013 550] 





Figure 13. Dermoscopic features of (a) shiny white–red structureless areas in a 14 × 13 mm BCC, (b) short white streaks (chrysalis or crystalline structures) in a 14 × 7 mm BCC. 
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Figure 14. Dermoscopic features of (a) multiple blue–grey dots/globules in a 15 × 6 mm BCC, (b) in-focus dots in a 10 × 4 mm BCC. 
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Figure 15. Dermoscopic features of (a) spoke-wheel areas in a 8 × 3 mm BCC, (b) concentric structures in a 10 × 10 mm BCC. 
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Figure 16. (a) Reflectance confocal microscopy (RCM) image of a pigmented BCC (approximately 1.5 × 1.5 mm). At the level of superficial dermis we can see a bright tumor island (yellow rectangles), which resembles an elongated cord-like structures and that is well demarcated from surrounding dermis by cleft-like dark space (green star). Fine dendritic processes are visible within the tumor island with the typical peripheral palisading of nuclei (red arrow). (b) RCM image of a BCC (approximately 1.5 × 1 mm) at the superficial dermis level. Canalicular vessels are curved or linear structures very frequent in BCCs with small bright cells inside which correspond to leukocytes (red arrow). Tumor islands (in the yellow rectangles) with many dendritic and plump-bright cells. Dendritic cells are melanocytes while plump-bright cells that are oval to stellate bright cells without apparent nucleus, correlate with melanophages (green star). (c) RCM image of BCC (approximately 1.5 × 1 mm) at the superficial dermis level. It is possible to observe many dark silhouettes (yellow rectangles), which are tumor islands in nonpigmented BCCs, surrounded by thickened collagen. On the right hand side there is a dark oval area which corresponds to an ulceration (red arrow). 
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Figure 17. Pathways involved in BCC pathogenesis. (A) Canonical Hedgehog (HH) pathway is involved in epidermal physiology. Extracellular HH ligands bind to PTCH1 receptor relieving the inhibition of smoothened (SMO) by PTCH1 itself. SMO activates a signaling cascade of interacting proteins, including suppressor of fused (SUFU), resulting in activation of GLI family of transcription factors. The HH target genes include GLI1, PTCH1, and HH interacting protein (HHIP1) that regulate the pathway itself (B,C) Aberrant activation of HH pathway is a tumor-driver in BCC pathogenesis. Human BCCs may display loss or inactivating mutation in PTCH1 or SUFU, as well as activating mutations in SMO or GLI. However, activation of noncanonical HH pathways (e.g., EGFR, IGF, TGFβ pathways) may contribute to BCC development by transcription or post-translational modification of GLI bypassing the HH-mediated SMO activation. GLI activity is regulated positively by RAS, TGFβ, PI3K/AKT, NF-kB, and aPKCι/λ, and negatively by p53 and PKA. (D) Mutations in other genes have been implicated in BCC development, including components of WNT, Notch1, and Hippo pathways. Canonical WNT pathway is required for HH pathway-driven development of BCCs in a mouse model. WNT pathway activation has been identified in human BCCs that exhibit overexpression of WNT proteins and nuclear localization of β-catenin. Although Notch1 cannot be considered a tumor driver, its inhibition promotes tumor persistence in PTCH1 conditional mice whereas its activation induces tumor regression. In fact, human BCCs display inactivating mutation of Notch1 that is a regulator of epidermal differentiation. Inactivating mutations in LATS1/2 and PTPN14 genes of Hippo pathway have been found in human BCCs. Those mutations induce nuclear translocation of YAP and, in turn, cell proliferation. Activated or inactivated pathways are reported in orange or green, respectively [100]. 
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Table 1. Prognostic groups of BCC according to Dandurand et al. [43].
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Low Risk BCC

	
Intermediate Risk BCC

	
High Risk BCC






	
Superficial primary BCC

	
Superficial recurrent BCC

	
Morpheaform or poor-defined




	
Nodular primary BCC when:

<1 cm in intermediate risk area

<2 cm in low risk area

	
Nodular primary BCC when:

<1 cm in high risk area

>1 cm in intermediate risk area

>2 cm in low risk area

	
Nodular primary BCC when:

>1 cm in high risk area




	
Pinkus tumor

	

	
Histological forms:

aggressive

	
Recurrent forms (apart from superficial BCC)








High-risk zones are the nose, periorificial areas of the head and neck; intermediate-risk zones are the forehead, cheek, chin, scalp, and neck; low-risk zones are the trunk and limbs. Aggressive histological forms include micronodular, morpheaform, and metatypical basosquamous forms. Perineural invasion also seems to be a histological sign of aggressiveness.
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Table 2. Dermoscopic structures of BCC.
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	Vascular Structures
	Structures Related to Pigment
	Nonvascular/Nonpigmented Structures





	Arborizing vessels
	Maple leaf-like areas
	Ulcerations



	Short fine telangiectasias
	Spoke-wheel areas
	Multiple small erosions



	
	Blue–grey nests and globules
	Shiny white–red structureless areas



	
	In-focus dots
	White streaks



	
	Concentric structures
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Table 3. Comparative efficacy of sonidegib (BOLT trial) [220] and vismodegib (Erivance trial) [218].
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	Sonidegib 200 mg Daily

Central Review RECIST-Like

18-Month Follow-up
	Vismodegib 150 mg Daily

Central Review RECIST

21-Month Follow-up





	Overall response rate n (%); 95% CI
	40 (60.6); 47.8–72.4
	30 (47.6); 35.5–60.6



	Complete response n (%)
	14 (21.2%)
	14 (22.2%)



	Partial response n (%)
	26 (39.4%)
	16 (25.4%)



	Stable disease n (%)
	20 (30.3%)
	22 (34.9%)



	Progressive disease n (%)
	1 (1.5%)
	8 (12.7%)



	Unknown n (%)
	5 (7.6%)
	3 (4.8%)







Another multicenter, single-arm, open-label safety trial, the STEVIE study, has enrolled 1215 patients to receive vismodegib 150 mg once daily. The primary endpoint was safety: most patients showed treatment-related side effects, including muscle spasms, alopecia, dysgeusia, weight loss, and asthenia. Secondary endpoint was efficacy: ORR assessed through RECIST 1.1 Criteria (Investigator Review) was 68.5% for laBCC and 36.9% for mBCC [221].
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