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ABSTRACT 

The escalating global burden of melanoma and non-melanoma skin malignancies necessitates advanced 

treatment strategies beyond conventional modalities. Current interventions, including wide local excision 

and systemic chemotherapy, frequently demonstrate suboptimal therapeutic indices characterized by non-

specific cytotoxicity and frequent disease recurrence. Recent advances in nanoscale engineering have 

yielded multifunctional platforms employing metallic (Au, Ag) and ceramic (ZnO, SiO₂) nanoparticles that 

address these limitations through: (i) enhanced epidermal permeability and retention, (ii) spatiotemporal 

control of drug release. 

Particularly noteworthy are tumor-targeted formulations such as RGD-conjugated TiO₂ nanoparticles and 

cetuximab-functionalized liposomes, which demonstrate >50% improvement in tumor regression compared 

to conventional therapies in preclinical models. However, translational implementation confronts substantial 

barriers, including batch-to-batch variability in nanomanufacturing and undefined long-term biodistribution 

profiles. Emerging paradigms integrating CRISPR-based gene editing with stimuli-responsive nanocarriers 

present novel opportunities for personalized oncodermatology. This comprehensive analysis aims to 

delineate critical pathways for clinical adoption of nanotherapeutic interventions in cutaneous oncology. 
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----------------------------------------------------------------------------------------------------------------------------------- 

INTRODUCTION 

Skin cancer, a leading global malignancy, 

originates from uncontrolled cell division due to 

disrupted regulatory mechanisms. It is classified 

into melanoma (from melanocytes) and non-

melanoma types (basal and squamous cell 

carcinomas). According to WHO (2020), it ranks as 

the fifth most common cancer worldwide, with 

~9,500 daily diagnoses in the U.S. (AAD, 2022). 

Risk factors include UV exposure, chemical 

carcinogens, genetic predisposition, and 

immunosuppression (1-3).   

The skin's epidermis and dermis layers house 

different cancer origins: Melanomas arise from 

mutated melanocytes, while non-melanoma cancers 

(NMSC) develop in epithelial cells. Although 

NMSC is typically treatable when detected early, 

advanced cases can metastasize, causing severe 

physical and psychological impacts. Traditional 

treatments (surgery, chemotherapy, radiation) often 

harm healthy tissues and lack precision. In contrast, 

photodynamic (PDT) and photothermal (PTT) 

therapies use light-activated agents for targeted 

destruction of cancer cells with fewer side effects 

(4-5). 
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Nanotechnology has revolutionized oncology by 

enabling precise, nanoscale (1-100 nm) drug 

delivery systems. Nanoparticles enhance tumor 

targeting, controlled drug release, and biological 

barrier penetration, offering promising solutions for 

both melanoma and NMSC with minimal off-target 

effects (6). 

The Physiology of the Skin 

The skin, the body's largest organ, serves critical 

protective and regulatory functions. It forms a 

physical barrier against pathogens, UV radiation, 

and environmental damage while maintaining 

thermoregulation and waste excretion through 

sweat production [7] 

Layers of the Skin  

The skin has three main layers: 

 Epidermis – Outer protective layer. 

 Dermis – Middle layer supporting structure and 

function. 

 Hypodermis – Deepest fat and connective tissue 

layer. 

Each has unique features [8]. 

 

 

Each layer has distinct structural and physiological features (Figure 1) [8]. 

Fig. 1. The skin’s three-layer organization includes the multi-layered epidermis (with five sub-layers), the 

vascularized dermis, and the equally vascularized hypodermis [9]. 

 

 

Skin Cancer and Its Classification  

Skin cancer encompasses a wide range of 

malignant conditions that have become a significant 

global health concern. Medically, it is categorized 

into two main types: Melanoma Skin Cancer 

(MSC)– A less common but more aggressive form. 

Non-Melanoma Skin Cancers (NMSCs) – 

Including basal cell carcinoma (BCC) and 

squamous cell carcinoma (SCC), which are far 

more prevalent.  As shown in Figure 2, these two 

subtypes collectively make up more than 90% of all 

skin cancer cases. Epidemiological studies indicate 

that cutaneous malignancies represent nearly one-

third of all cancer diagnoses globally, with NMSCs 

being the most frequently diagnosed form [10]. 
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Figure 2. Classification of primary skin cancer types, comprising melanoma and non-melanoma variants 

(basal cell carcinoma and squamous cell carcinoma). The illustration demonstrates their distinct cellular 

origins within various epidermal layers and depicts the characteristic vascular invasion process that 

contributes to disease progression and metastatic potential [9]. 

 

 

Melanoma Skin Cancer (MSC) 

Despite accounting for only about 5% of skin 

cancer cases, melanoma is the most aggressive 

form, responsible for nearly 80% of skin cancer-

related deaths. This highly malignant tumor 

develops from melanocytes—the pigment-

producing cells that synthesize melanin. When 

these cells undergo uncontrolled growth, they can 

rapidly metastasize (Figure 2) [11].   

Staging Classification of Melanoma Skin 

Cancer:  

Melanoma progresses through five stages (Fig. 3) 

[12]: Stage 0 (in situ) is confined to the epidermis. 

Stages I-II show localized vertical growth 

(classified by Breslow thickness/ulceration). Stage 

III involves lymph nodes, while Stage IV indicates 

distant organ metastasis 

 

 

 

 Fig. 3. Melanoma has five stages. These are stage 0, stage 1, stage 2, stage 3, and stage 4 [9]. 
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Non-Melanoma Skin Cancers 

NMSCs arise from non-melanocyte skin cells, 

mainly basal cell carcinoma (BCC) and squamous 

cell carcinoma (SCC). These cancers form in 

epidermal keratinocytes and are the most common 

human cancers, with increasing rates globally. 

Studies show BCC makes up about 70% of NMSC 

cases, while SCC represents nearly 25% [13]. 

Basal cell carcinoma 

Basal cell carcinoma (BCC), a less aggressive non-

melanoma skin cancer, arises from the basal layer’s 

non-keratinizing cells. It typically appears as small, 

pale/pink lesions and is driven by 

patched/hedgehog pathway activation. Fair-skinned 

individuals (Fitzpatrick types I-II) have a 30% 

lifetime risk, while immunocompromised patients 

face 5–10× higher odds. Multiple lesions may 

signal basal cell nevus syndrome (Fig. 4) [14]. 

Squamous cell carcinoma 

Squamous cell carcinoma (SCC), the second most 

common NMSC, originates from epidermal 

keratinocytes or skin appendages [Fig. 5]. While 

predominant in fair-skinned individuals, it shows 

lower UV-associated incidence in darker skin. 

Unlike BCC’s link to intermittent sun exposure, 

SCC relates to chronic UV damage, accounting for 

~16% of skin cancers. Patients often develop 

subsequent SCCs post-initial diagnosis [15]. 

 

Figure 4. Basal cell carcinoma (BCC) originates in the epidermis’ basal layer, typically presenting as a 

small, raised skin lesion. (NMSCs: Non-melanoma skin cancers) [9]. 

 

 

Figure 5. Squamous cell carcinoma (SCC) develops from keratinocytes or squamous cells in the skin’s 

outermost layer, typically presenting as a firm, hyperkeratotic plaque or nodule, often with ulceration. 

(NMSCs: Non-melanoma skin cancers; UV: Ultraviolet) [9].  
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Mechanism of Skin Cancer Development  

Skin cancer develops through complex genetic, 

molecular, and environmental interactions that 

drive malignant transformation [Fig. 6]. Primary 

risk factors include: chronic UV exposure 

(particularly in sun-exposed areas), 

immunosuppression, cumulative DNA damage, 

reduced skin pigmentation (higher risk in lighter 

skin), and artificial tanning device use. The 

pathogenesis involves multiple synergistic factors, 

as detailed below.  

UV rays 

Ultraviolet (UV) radiation represents the primary 

environmental carcinogen in skin cancer 

development, responsible for >80% of cases [17]. 

Solar UV comprises predominantly UV-A (90%) 

and UV-B (10%), both capable of inducing DNA 

damage through mutagenesis, impaired repair 

mechanisms, and apoptotic pathways [18]. These 

cumulative genomic alterations significantly 

elevate malignant transformation risk, particularly 

for basal cell carcinoma [19-21]. 

Skin color 

Skin cancer demonstrates significant ethnic 

disparities in incidence and outcomes. In the U.S., 

Caucasians experience 35-45% of cases, compared 

to 4-5% in Hispanics and 1-4% in Asian/Black 

populations [22]. Reduced melanin in fair skin 

increases UV susceptibility and doubles 

melanoma/NMSC risk [20]. While less frequent in 

darker-skinned groups, diagnoses often occur at 

advanced stages with worse outcomes, despite 

standardized treatment approaches [22]. 

Indoor tanning 

Artificial tanning devices elevate melanoma and 

NMSC risk through the emission of carcinogenic 

UV radiation [23]. Recognized as a definitive 

carcinogen by the IARC, this association prompted 

Australia’s commercial tanning bed ban [24]. 

Epidemiologic models estimate that such bans may 

prevent 17% of melanoma cases in young adults 

(18-29 years) [25] 

Age  

Age significantly elevates skin cancer risk due to 

accumulated DNA damage over time. Studies 

confirm this risk becomes particularly pronounced 

after age 40, with women showing higher 

susceptibility to basal cell carcinoma [26] 

Viral agent 

Research confirms that certain viruses contribute to 

skin cancer development. Β-Human 

papillomaviruses (β-HPVs) are particularly 

associated with squamous cell carcinoma, 

especially in immunocompromised patients [27]. 

Animal studies demonstrate these viruses can 

directly cause skin tumors [17], though their role in 

healthy individuals remains uncertain [28] 
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Fig. 6. Different factors are involved in the progression of skin cancer [16]. 

 

Fig. 7: Diagnostic approaches of skin cancer [29]. 

 

 

Diagnostic approaches: 

Skin Biopsy for Melanoma Detection   

Diagnosing basal cell carcinoma (BCC) requires a 

skin biopsy to confirm the histological subtype. For 

suspicious pigmented lesions, excisional or punch 

biopsies are preferred as they enable evaluation of 

lesion depth, crucial for differentiating melanoma 

from pigmented BCC [30]. Notably, ulcerated BCC 

may show surface healing while tumor progression 

continues underneath. Large or heterogeneous 

tumors often need multiple biopsies for accurate 

diagnosis [31] 

Cytology 

Although histopathology of excisional biopsies 

(punch/shave) remains the diagnostic gold standard 

for BCC, cytology serves as a rapid preliminary 

assessment tool [32]. Barton et al. reported 92% 

sensitivity and 75% predictive accuracy in 

cytological analysis, with improved performance in 

validation cohorts (100% detection rate, 96% 

accuracy) for BCC identification. 
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Ultrasonography 

Despite its common application, there is 

considerable doubt regarding the effectiveness of 

high-frequency (20 MHz) and ultra-high-frequency 

(40–100 MHz) ultrasound devices. Studies indicate 

that these tools accurately distinguish malignant 

tumors from benign ones in only 20% of cases. 

Additionally, claims about precise tumor 

measurements and invasion depth remain 

controversial among researchers [33]. 

Infrared spectroscopy using a laser Doppler 

Laser Doppler technology could serve as a useful 

supplementary tool for ophthalmologists in 

differentiating benign and malignant adnexal skin 

lesions, as well as defining tumor margins. 

Research has shown that patients with eyelid basal 

cell carcinoma (BCC) exhibit significantly higher 

cutaneous perfusion compared to healthy 

individuals [34]. 

Artificial intelligence-based system for diagnosis 

Emerging evidence supports AI’s role in early skin  

cancer detection, with convolutional neural 

networks (CNNs) demonstrating effective lesion 

classification [35,36]. While mobile health 

applications have increased public access to these 

tools, optimal clinical implementation—including 

patient selection criteria—requires further 

investigation [37]. Current guidelines recommend 

AI as an adjunct to, rather than a replacement for, 

clinical judgment in skin cancer screening.  

Current treatment approaches and their 

limitations 

Treatment selection is guided by tumor 

characteristics (type, size, location, stage). Early-

stage lesions typically undergo surgical excision, 

Mohs surgery, or radiotherapy, often combined 

with immunotherapy/targeted agents. Smaller 

tumors may be treated with minimally invasive 

options (curettage, cryoablation, PDT) plus 

adjuvant therapy. For metastatic disease (e.g., lung, 

liver, bone), systemic chemotherapy 

(oral/parenteral/topical) is primary [38]. (See Fig. 8 

for therapeutic overview). 

 

 

Fig. 8 | Schematic overview of contemporary skin cancer treatment modalities and their respective 

clinical limitations [39].  
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Excisional surgery:  

Excisional surgery is a fundamental cutaneous 

oncology procedure, providing three key benefits: 

(1) favorable cosmetic outcomes, (2) 

histopathologic margin verification, and (3) swift 

recovery. However, risks include wound infections, 

fluid collections (seroma/hematoma), and complex 

defects requiring reconstruction [40]. 

Mohs micrographic surgery  

Mohs micrographic surgery enables precise tumor 

excision with optimal tissue sparing, demonstrating 

greater cost-effectiveness and significantly reduced 

recurrence rates for both BCC and SCC compared 

to standard excision [41] 

Curettage and electrodessication  

Curettage and electrodesiccation combine 

mechanical tumor removal with thermal ablation, 

suitable only for small, low-risk lesions due to 

limited margin assessment. Its restricted 

applicability for larger or high-risk tumors relegates 

it to a secondary treatment option [42]. 

Cryotherapy  

Cryotherapy uses liquid nitrogen to destroy small 

BCCs and SCCs through freezing. While offering 

benefits like minimal scarring and hemorrhage-free 

treatment, its use is restricted by a lack of margin 

evaluation and operator variability, making it a 

specialized rather than primary option [43]. 

Radiation therapy/radiotherapy  

Radiotherapy serves as a viable alternative for 

elderly patients with extensive or recurrent 

cutaneous malignancies who are poor surgical 

candidates or present with inoperable lesions. 

While offering non-invasive tumor control, this 

modality presents significant drawbacks, including 

substantial treatment costs, requirement for 

multiple treatment sessions, and potential 

development of aggressive tumor phenotypes in 

recurrent cases [44]. 

Photodynamic therapy (PDT)  

Photodynamic therapy (PDT) combines 

photosensitizers with targeted light exposure to 

selectively eradicate cancer cells [45]. While 

synergistic effects occur with topical 

chemotherapy, PDT shows limited efficacy for 

deep or nodular tumors and carries high treatment 

costs [46]. 

Immunotherapy, targeted therapy, and 

chemotherapy  

Immunotherapy, targeted therapy, and 

chemotherapy are vital adjuvant treatments for 

advanced skin cancers (BCC, SCC, melanoma), 

showing improved survival outcomes. However, 

challenges like high costs, patient adherence issues 

[47], chemotherapy toxicity, and drug resistance in 

aggressive cases limit their effectiveness [48]. 

Nanotechnology in skin cancer therapy 

Recent advances in nanoscale material engineering 

are transforming skin cancer therapy. These 

innovative approaches utilize particles at the 

molecular scale to simultaneously transport 

medications and exert direct anticancer effects [49]. 

Unlike conventional chemotherapy that often 

affects healthy tissues, nanoparticle systems 

demonstrate enhanced precision in reaching 

malignant cells while minimizing damage to 

normal tissues [50,51] [Fig. 9]. Current 

nanoparticle platforms fall into three categories: 

metallic particles with inherent therapeutic 

properties, biodegradable polymer carriers, and 

lipid-based delivery vehicles – each offering 

distinct advantages for tumor targeting and drug 

release control [53]. These technological 

developments represent a significant improvement 

over traditional treatment modalities by potentially 

increasing effectiveness while reducing undesirable 

complications. 
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Fig. 9. Schematic diagram showing nanoparticle applications for skin cancer treatment [52]. 

 

 

Inorganic nanoparticles 

1. Mesoporous Silica Nanoparticles (MSNs)  

MSNs are nanoparticles with uniform mesopores 

(2–7 nm) and a particle diameter of 50–300 nm. 

They possess a large surface area, tunable size, and 

high biocompatibility, making them ideal for drug 

delivery [54]. Cisplatin-loaded MSNs showed 

enhanced anticancer effects and reduced toxicity 

[54].  Dacarbazine-loaded MSNs improved uptake 

when coated with cancer cell membranes [55]. 

Resveratrol-loaded MSNs improved solubility and 

cytotoxicity in melanoma cells [55]. MSNs have 

also been used for siRNA delivery, chemo-

photothermal therapy, and with agents like 

curcumin, indomethacin, and ruthenium [56].  

2. Carbon Nanotubes (CNTs): CNTs are 

cylindrical nanostructures with high surface area 

and photothermal efficiency. They can induce 

intrinsic anticancer effects through mitochondrial 

disruption and ROS generation [57]. SWCNTs 

showed more cytotoxicity than MWCNTs. CNTs 

loaded with paclitaxel, curcumin, or doxorubicin 

have been used for melanoma therapy [58]. CNTs 

also act as agents for combinatorial chemo-

photothermal-immunotherapy [59-64]. 

3.  Titanium Dioxide Nanoparticles (TiO₂ NPs): 

TiO₂ nanoparticles are widely used in sunscreens 

for their ability to block UVB radiation, 

complementing ZnO’s UVA protection, thereby 

reducing skin cancer risk. Beyond UV shielding, 

TiO₂ can generate reactive oxygen species (ROS) 

through photocatalytic reactions under light 

exposure, offering potential anticancer effects. 

However, their nonspecific action may damage 

healthy cells. To enhance precision, researchers 

developed TiO₂ nanoparticles conjugated with RGD 

peptides, which selectively target melanoma cells 

expressing αvβ3 integrin. When activated by UVA 

light, this targeted system produces ROS locally, 

effectively killing cancer cells while minimizing 

harm to normal tissue [65 -68]. 

Polymeric Nano-micelles 

Polymeric nano-micelles are promising drug 

carriers for skin applications due to their ability to 

accumulate in hair follicles, reducing some delivery 

limitations. However, their penetration into deeper 

skin layers remains restricted [69].  Kahraman et 

al. investigated terpene-loaded nano-micelles for 

skin delivery and observed that terpinolene-based 

formulations enhanced drug retention in stripped 
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skin compared to both commercial products and 

terpene-free micelles [70].  Wang et al. engineered 

cationic polymeric nano-carriers for transdermal 

siRNA delivery to treat melanoma, demonstrating 

their potential as effective gene therapy vehicles 

[71].  Xu et al. developed paclitaxel-loaded 

micelles embedded in a hydrogel system, which 

exhibited superior cellular uptake and anticancer 

effects against B16 melanoma cells compared to 

conventional Taxol [72].  Lamch et al. designed 

folate-targeted micelles loaded with zinc (II) 

phthalocyanine (ZnPc) for photodynamic therapy 

(PDT). These micelles showed enhanced uptake in 

cancer cells overexpressing folate receptors, 

improving ZnPc delivery and making them a viable 

PDT strategy for skin cancer [73]. 

Lipid Nanoparticles 

Lipid-based nanocarriers, particularly liposomes, 

SLNs, NLCs, and nanoemulsions, have emerged as 

superior delivery systems for topical applications 

due to their biocompatibility and enhanced skin 

penetration capabilities. These platforms enable 

controlled drug release while minimizing adverse 

effects through targeted delivery [74-76]. 

Nanoemulsions: 

Nanoemulsions are optically transparent, 

thermodynamically stable colloidal systems with 

unique rheological properties. They are widely 

utilized as carriers for sustained drug delivery into 

deeper skin layers. A key advantage of 

nanoemulsions is their ability to enhance skin 

hydration by minimizing transepidermal water loss 

(TEWL), while also improving the permeation of 

active pharmaceutical ingredients (APIs) [77].   

These nanocarriers provide enhanced chemical 

stability and enable controlled drug release, leading 

to higher intracellular drug accumulation with 

minimal cytotoxic effects. For example, a chitosan-

coated nanoemulsion designed for melanoma 

treatment demonstrated approximately 2.8 times 

greater cytotoxicity compared to standard drug 

formulations, highlighting its potential for targeted 

therapy [78].  

Liposomes 

Liposomes are nanoscale vesicles (50–100 nm) 

composed of phospholipids and cholesterol, widely 

used as drug carriers to enhance therapeutic 

efficacy while reducing systemic side effects, 

particularly in anticancer treatments. Their ability to 

selectively deliver drugs to target sites makes them 

a promising alternative to conventional drug 

delivery systems. Jose et al. developed cationic 

liposomes co-encapsulating curcumin and anti-

STAT3 siRNA for treating cutaneous melanoma. In 

vitro studies on B16F10 mouse melanoma cells 

revealed that this dual-loaded formulation 

significantly inhibited cancer cell proliferation 

compared to single-drug formulations. Raquel et 

al. formulated 5-fluorouracil (5-FU)-loaded 

immunoliposomes using iontophoresis. Their 

findings demonstrated that cetuximab-conjugated 

liposomes improved cellular uptake in EGFR-

positive squamous cell carcinoma (SCC) cells by 

3.5-fold compared to non-targeted liposomes. 

Furthermore, iontophoresis enhanced 5-FU 

penetration into the viable epidermis, suggesting a 

more effective delivery approach than passive 

diffusion [79,80]. 

Conclusion 

Skin cancer, including melanoma and non-

melanoma types, presents significant treatment 

challenges, with conventional therapies often 

limited by recurrence, toxicity, and lack of 

specificity. Nanotechnology has emerged as a 

promising approach, offering targeted drug delivery 

and improved therapeutic outcomes. 

To overcome these challenges, future research 

should focus on optimizing nanoparticle 

formulations for better tumor specificity, 

developing biodegradable and biocompatible 

carriers, integrating nanotechnology with 

immunotherapy and gene therapy, improving 

regulatory processes, and leveraging AI for 

personalized treatment development. 

Nanotechnology holds great promise for 

revolutionizing skin cancer treatment, and with 
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continued advancements, it could play a key role in 

precision oncology, providing more effective and 

targeted therapies. 

Conflict of interest: NIL 

Funding: NIL 

References 

1. Hausman, D. M. (2019). What is cancer? 

Perspectives in Biology and Medicine, 62(4), 

778–784. 

2. American Academy of Dermatology. (2022, 

September 3). Skin cancer. Available from: 

https://www.aad.org/media/stats-skin-cancer 

3. Ahmad, A., Buzby, S., Ni, C., & Ismat, S. S. 

(2008). Effect of Nb and Sc doping on the 

phase transformation of sol–gel processed TiO₂ 

nanoparticles. Journal of Nanoscience and 

Nanotechnology, 8(5), 2410–2418. 

4. Madheswaran, T., Baskaran, R., Yoo, B. K., & 

Kesharwani, P. (2017). In vitro and in vivo skin 

distribution of 5α-reductase inhibitors loaded 

into liquid crystalline nanoparticles. Journal of 

Pharmaceutical Sciences, 106(10), 3385–3394.  

5. Khan, Z., Abourehab, M. A. S., Parveen, N., 

Kohli, K., & Kesharwani, P. (2022). Recent 

advances in microbeads-based drug delivery 

system for achieving controlled drug release. 

Taylor & Francis, 1–28. 

6. Fatima, M., Sheikh, A., Abourehab, M. A. S., 

Kesharwani, P., Fatima, M., Sheikh, A., et al. 

(2022). Advancements in polymeric 

nanocarriers to mediate targeted therapy against 

triple-negative breast cancer. Pharmaceuticals, 

14(14), 2432. Multidisciplinary Digital 

Publishing Institute 

7. Kolarsick, P. A., Kolarsick, M. A., & Goodwin, 

C. (2011). Anatomy and physiology of the skin. 

Journal of the Dermatology Nurses’ 

Association, 3(4), 203–213. 

https://doi.org/10.1097/JDN.0b013e3182274a9

8 

8. Roky, A. H., Islam, M. M., Ahasan, A. M. F., 

Mostaq, M. S., Mahmud, M. Z., Amin, M. N., 

& Mahmud, M. A. (2025). Overview of skin 

cancer types and prevalence rates across 

continents. Cancer pathogenesis and therapy, 

3(02), 89-100. 

9. Perez-Sanchez, A., Barrajón-Catalán, E., 

Herranz-López, M., & Micol, V. (2018). 

Nutraceuticals for skin care: A comprehensive 

review of human clinical studies. Nutrients, 

10(4), Article 403. 

https://doi.org/10.3390/nu10040403 

10. Pešić, M., Podolski-Renić, A., Stojković, S., 

Matović, B., Zmejkoski, D., Kojić, V., & 

Harhaji-Trajković, L. (2015). Anti-cancer 

effects of cerium oxide nanoparticles and its 

intracellular redox activity. Chemico-Biological 

Interactions, 232, 85–93.  

11. Scolyer RA, Rawson RV, Gershenwald JE, 

Ferguson PM, Prieto VG. Melanoma pathology 

reporting and staging. Mod Pathol. 2020;33:15–

24. 

12. Mohr, P., Eggermont, A. M. M., Hauschild, A., 

& Buzaid, A. C. (2009). Staging of cutaneous 

melanoma. Annals of Oncology, 20(suppl 6), 

vi14–vi21. 

https://doi.org/10.1093/annonc/mdp256 

13. Leiter, U., Eigentler, T., & Garbe, C. (2014). 

Epidemiology of skin cancer. In Advances in 

Experimental Medicine and Biology (Vol. 810, 

pp. 120–140). Springer. 

https://doi.org/10.1007/978-1-4939-0437-2_7 

14. Silverberg, M. J., Leyden, W., Warton, E. M., 

Quesenberry, C. P., Jr., Engels, E. A., & Asgari, 

M. M. (2013). HIV infection status, 

immunodeficiency, and the incidence of non-

melanoma skin cancer. Journal of the National 

Cancer Institute, 105(5), 350–360.  

15. Lohil, S. C., van der Leest, R. J., Arends, L. R., 

de Vries, E., & Nijsten, T. (2013). Risk of 

subsequent cutaneous malignancy in patients 

with prior keratinocyte carcinoma: A systematic 

review and meta-analysis. European Journal of 

Cancer, 49(10), 2365–2375. 

16. Adnan, M., Akhter, M. H., Afzal, O., Altamimi, 

https://www.aad.org/media/stats-skin-cancer
https://doi.org/10.1097/JDN.0b013e3182274a98
https://doi.org/10.1097/JDN.0b013e3182274a98
https://doi.org/10.3390/nu10040403
https://doi.org/10.1093/annonc/mdp256
https://doi.org/10.1007/978-1-4939-0437-2_7


47 

 
A. S., Ahmad, I., Alossaimi, M. A., & Haider, 

M. F. (2023). Exploring nanocarriers as 

treatment modalities for skin cancer. Molecules, 

28(15), 5905. 

17. Jones, O. T., Ranmuthu, C. K. I., Hall, P. N., 

Funston, G., & Walter, F. M. (2020). 

Recognising skin cancer in primary care. 

Advances in Therapy, 37(2), 603–616. 

18. Gruber, P., Shah, M., & Zito, P. M. (2022). 

Skin cancer. In StatPearls. StatPearls Publishing 

19. Narayanan, D. L., Saladi, R. N., & Fox, J. L. 

(2010). Ultraviolet radiation and skin cancer. 

International Journal of Dermatology, 49(9), 

978–986. https://doi.org/10.1111/j.1365-

4632.2010.04474.x 

20. De Gruijl, F. R. (1999). Skin cancer and solar 

UV radiation. European Journal of Cancer, 

35(14), 2003–2009. 

https://doi.org/10.1016/S0959-8049(99)00285-9 

21. Gloster, H. M., & Neal, K. (2006). Skin cancer 

in skin of color. Journal of the American 

Academy of Dermatology, 55(5), 741–760. 

22. Bradford, P. T. (2009). Skin cancer in skin of 

color. Dermatology Nursing, 21(4), 170–177, 

206. 

23. Schulman, J. M., & Fisher, D. E. (2009). Indoor 

ultraviolet tanning and skin cancer: Health risks 

and opportunities. Current Opinion in 

Oncology, 21(2), 144–149. 

24. Sinclair, C., Cleaves, N., Dunstone, K., Makin, 

J., & Zouzounis, S. (2016). Impact of an 

outright ban on the availability of commercial 

tanning services in Victoria, Australia. British 

Journal of Dermatology, 175(2), 387–390. 

25. Cust, A. E., Armstrong, B. K., Goumas, C., 

Jenkins, M. A., Schmid, H., Hopper, J. L., et al. 

(2011). Sunbed use during adolescence and 

early adulthood is associated with increased risk 

of early-onset melanoma. International Journal 

of Cancer, 128(10), 2425–2435. 

26. Ribero, S., Stucci, L. S., Marra, E., Marconcini, 

R., Spagnolo, F., Orgiano, L., et al. (2018). 

Effect of age on melanoma risk, prognosis and 

treatment response. Acta Dermato-

Venereologica, 98(5), 624–629.  

27. Bravo, I. G., & Felez-Sanchez, M. (2015). 

Papillomaviruses: Viral evolution, cancer, and 

evolutionary medicine. Evolutionary Medicine 

and Public Health, 2015, 32–41. Oxford 

University Press. 

28. Becerril, S., Corchado-Cobos, R., García-

Sancha, N., Revelles, L., Revilla, D., Ugalde, 

T., et al. (2021). Viruses and skin cancer. 

International Journal of Molecular Sciences, 

22(10), 5399. 

29. Created by the author using AI-based design 

tools (OpenAI DALL·E, 2025). 

30. Beard, C. J., Ponnarasu, S., & Schmieder, G. J. 

(2022). Excisional biopsy. StatPearls 

Publishing. 

31. Chakrabarty, B., Sharma, M. C., Gulati, S., 

Kabra, M., Pandey, R. M., & Sarkar, C. (2014). 

Skin biopsy: A new tool to diagnose 

sarcoglycanopathy. Journal of Child Neurology, 

29(1), NP5–NP8. 

32. Al-Abbadi, M. A. (2011). Basics of cytology. 

Avicenna Journal of Medicine, 1(1), 18–28. 

33. Basal cell carcinoma workup. (1994–2023). 

WebMD. Retrieved April 7, 2023, from 

https://emedicine.medscape.com/article/276624

-workup#c9 

34. Mannor, G. E., Wardell, K., Wolfley, D. E., & 

Nilsson, G. E. (1996). Laser Doppler perfusion 

imaging of eyelid skin. Ophthalmic Plastic and 

Reconstructive Surgery, 12(3), 178–185. 

35. Smak Gregoor, A. M., Sangers, T. E., Bakker, 

L. J., Hollestein, L., Uyl-de Groot, C. A., 

Nijsten, T., et al. (2023). An artificial 

intelligence-based app for skin cancer detection 

evaluated in a population-based setting. NPJ 

Digital Medicine, 6, 90 

36. Kränke, T., Tripolt-Droschl, K., Röd, L., 

Hofmann-Wellenhof, R., Koppitz, M., & 

Tripolt, M. (2023). New AI algorithms on 

smartphones to detect skin cancer in a clinical 

setting—a validation study. PLOS ONE, 18(6), 

https://doi.org/10.1111/j.1365-4632.2010.04474.x
https://doi.org/10.1111/j.1365-4632.2010.04474.x
https://doi.org/10.1016/S0959-8049(99)00285-9
https://emedicine.medscape.com/article/276624-workup#c9
https://emedicine.medscape.com/article/276624-workup#c9


48 

 
e0280670. 

37. Artificial intelligence & melanoma detection: 

Closing the gaps. (n.d.). Melanoma Research 

Alliance. Retrieved June 30, 2023, from 

https://www.curemelanoma.org/blog/article/arti

ficial-intelligence-and-melanoma-detection-

closing-the-gaps 

38. Jain, A. K., Jain, S., Abourehab, M. A. S., 

Mehta, P., & Kesharwani, P. (2022). An insight 

on topically applied formulations for 

management of various skin disorders. Journal 

of Biomaterials Science, Polymer Edition, 

33(13), 1745–1771. 

39. Zeng, L., Gowda, B. J., Ahmed, M. G., 

Abourehab, M. A., Chen, Z. S., Zhang, C., … & 

Kesharwani, P. (2023). Advancements in 

nanoparticle-based treatment approaches for 

skin cancer therapy. Molecular Cancer, 22(1), 

10. 

40. Dekker, P. K., Mishu, M. D., Youn, R., & 

Baker, S. B. (2021). Serial excision for 

treatment of non-melanoma skin cancer. Plastic 

and Reconstructive Surgery – Global Open, 

9(8), e3644. Lippincott Williams and Wilkins. 

41. Prickett, K. A., & Ramsey, M. L. (2022). Mohs 

micrographic surgery. StatPearls. StatPearls 

Publishing. 

42. Galles, E., Parvataneni, R., Stuart, S. E., Linos, 

E., Grewal, S., & Chren, M. M. (2014). Patient-

reported outcomes of electrodessication and 

curettage for treatment of non-melanoma skin 

cancer. Journal of the American Academy of 

Dermatology, 71(6), 1026–1032. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PM

C4251522/ 

43. Pasquali, P., & Trakatelli, M. G. (2022). 

Cryotherapy. In StatPearls. StatPearls 

Publishing. 

https://www.ncbi.nlm.nih.gov/books/NBK4823

19/ 

44. Rogers, S. J., Puric, E., Eberle, B., Datta, N. R., 

& Bodis, S. B. (2019). Radiotherapy for 

melanoma: More than DNA damage. 

Dermatology Research and Practice, 2019, 

9435389. Hindawi Limited. 

45. Champeau, M., Vignoud, S., Mortier, L., & 

Mordon, S. (2019). Photodynamic therapy for 

skin cancer: How to enhance drug penetration? 

Journal of Photochemistry and Photobiology B: 

Biology, 197, 111544. Elsevier 

46. Park, J., Lee, Y. K., Park, I. K., & Hwang, S. R. 

(2021). Current limitations and recent progress 

in nanomedicine for clinically available 

photodynamic therapy. Biomedicines, 9(3), 

273. Multidisciplinary Digital Publishing 

Institute (MDPI). 

https://doi.org/10.3390/biomedicines9030273 

47. Verma, V., Sprave, T., Haque, W., Simone, C. 

B., Chang, J. Y., Welsh, J. W., et al. (2018). A 

systematic review of the cost and cost-

effectiveness studies of immune checkpoint 

inhibitors. Journal for ImmunoTherapy of 

Cancer, 6(1), 128. BMJ Publishing Group. 

48. Musyuni, P., Bai, J., Sheikh, A., Vasanthan, K. 

S., Jain, G. K., Abourehab, M. A. S., et al. 

(2022). Precision medicine: Ray of hope in 

overcoming cancer multidrug resistance. Drug 

Resistance Updates, 65, 100889. 

49. Fouad, O. A., Khder, A. E. R. S., Dai, Q., & El-

Shall, M. S. (2011). Structural and catalytic 

properties of ZnO and Al₂O₃ nanostructures 

loaded with metal nanoparticles. Journal of 

Nanoparticle Research, 13(12), 7075–7083. 

50. Mitchell, M. J., Billingsley, M. M., Haley, R. 

M., Wechsler, M. E., Peppas, N. A., & Langer, 

R. (2020). Engineering precision nanoparticles 

for drug delivery. Nature Reviews Drug 

Discovery, 20(2), 101–124. 

51. Yameny, A. A Comprehensive Review on 

Nanoparticles: Definition, Preparation, 

Characterization, Types, and Medical 

Applications. Journal of Medical and Life 

Science, 2024; 6(4): 663-672. doi: 

10.21608/jmals.2024.419629 

52. Adamus-Grabicka, A. A., Hikisz, P., & Sikora, 

J. (2024). Nanotechnology as a Promising 

https://www.curemelanoma.org/blog/article/artificial-intelligence-and-melanoma-detection-closing-the-gaps
https://www.curemelanoma.org/blog/article/artificial-intelligence-and-melanoma-detection-closing-the-gaps
https://www.curemelanoma.org/blog/article/artificial-intelligence-and-melanoma-detection-closing-the-gaps
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4251522/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4251522/
https://www.ncbi.nlm.nih.gov/books/NBK482319/
https://www.ncbi.nlm.nih.gov/books/NBK482319/
https://doi.org/10.3390/biomedicines9030273


49 

 
Method in the Treatment of Skin Cancer. 

International Journal of Molecular Sciences, 

25(4), 2165. 

53. Indoria, S., Singh, V., & Hsieh, M. F. (2020). 

Recent advances in theranostic polymeric 

nanoparticles for cancer treatment: A review. 

International Journal of Pharmaceutics, 582, 

119303. 

54. Malik, S. M., Seddigi, Z. S., Bajee, S., Azeeza, 

S., Riyaz, S., Ahmed, S. A., & others. (2019). 

Multicomponent access to novel 

proline/cyclized cysteine tethered monastrol 

conjugates as potential anticancer agents. 

Journal of Saudi Chemical Society, 23(5), 503–

513.  

55. Nurgali, K., Jagoe, R. T., & Abalo, R. (2018). 

Editorial: Adverse effects of cancer 

chemotherapy: Anything new to improve 

tolerance and reduce sequelae? Frontiers in 

Pharmacology, 9, 245.  

56. American Cancer Society. (2022). Cancer facts 

& figures 2022. 

https://www.cancer.org/research/cancer-facts-

statistics/all-cancer-facts-figures/cancer-facts-

figures-2022.html 

57. Gowda, B. H. J., Ahmed, M. G., Chinnam, S., 

Paul, K., Ashrafuzzaman, M., Chavali, M., et al. 

(2022). Current trends in bio-waste mediated 

metal/metal oxide nanoparticles for drug 

delivery. Journal of Drug Delivery Science and 

Technology, 71, 103305.  

58. Dubey, S. K., Parab, S., Achalla, V. P. K., 

Narwaria, A., Sharma, S., Jaswanth Gowda, B. 

H., et al. (2022). Microparticulate and 

nanotechnology mediated drug delivery system 

for the delivery of herbal extracts. Journal of 

Biomaterials Science, Polymer Edition, 33(1). 

59. Rao, Y. F., Chen, W., Liang, X. G., Huang, Y. 

Z., Miao, J., Liu, L., et al. (2015). Epirubicin-

loaded superparamagnetic iron-oxide 

nanoparticles for transdermal delivery: Cancer 

therapy by circumventing the skin barrier. 

Small, 11(2), 239–247. https 

60. Cengelli, F., Voinesco, F., & Juillerat-

Jeanneret, L. (2010). Interaction of cationic 

ultrasmall superparamagnetic iron oxide 

nanoparticles with human melanoma cells. 

Nanomedicine, 5(7),  

61. Raviraj, V., Pham, B. T. T., Kim, B. J., Pham, 

N. T. H., Kok, L. F., Painter, N., et al. (2021). 

Non-invasive transdermal delivery of 

chemotherapeutic molecules in vivo using 

superparamagnetic iron oxide nanoparticles. 

Cancer Nanotechnology, 12, Article 1–15  

62. Nguyen, K., & Khachemoune, A. (2019). An 

update on topical photodynamic therapy for 

clinical dermatologists. Journal of 

Dermatological Treatment, 30(8), 732–744 

63. Limón, D., Vilà, S., Herrera-Olivas, A., Vera, 

R., Badia, J., Baldomà, L., et al. (2021). 

Enhanced cytotoxicity of highly water-soluble 

gold nanoparticle–cyclopeptide conjugates in 

cancer cells. Colloids and Surfaces B: 

Biointerfaces, 197, 111384.  

64. Anisuzzman, M., Komalla, V., Tarkistani, M. 

A. M., & Kayser, V. (2023). Anti-tumor activity 

of novel nimotuzumab-functionalized gold 

nanoparticles as a potential immunotherapeutic 

agent against skin and lung cancers. Journal of 

Functional Biomaterials, 14(9), 407.   

65. Dayan, A., Fleminger, G., & Ashur-Fabian, O. 

(2018). RGD-modified dihydrolipoamide 

dehydrogenase conjugated to titanium dioxide 

nanoparticles – switchable integrin-targeted 

photodynamic treatment of melanoma cells. 

RSC Advances, 8(16), 9112–9119. 

66. Kim, D., Amatya, R., Hwang, S., Lee, S., Min, 

K. A., & Shin, M. C. (2021). BSA-silver 

nanoparticles: A potential multimodal 

therapeutic for conventional and photothermal 

treatment of skin cancer. Pharmaceutics, 13(4), 

575. 

67. Gomes, H. I. O., Martins, C. S. M., & Prior, J. 

A. V. (2021). Silver nanoparticles as carriers of 

anticancer drugs for efficient target treatment of 

cancer cells. Nanomaterials, 11(4), 964. 

https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2022.html
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2022.html
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2022.html


50 

 
68. Capanema, N. S. V., Carvalho, I. C., Mansur, 

A. A. P., Carvalho, S. M., Lage, A. P., & 

Mansur, H. S. (2019). Hybrid hydrogel 

composed of carboxymethylcellulose-silver 

nanoparticles-doxorubicin for anticancer and 

antibacterial therapies against melanoma skin 

cancer cells. ACS Applied Nano Materials, 

2(12), 7393–7408. 

69. Das, S. S., Kar, S., Singh, S. K., Hussain, A., 

Verma, P. R. P., & Beg, S. (2022). 

Carboxymethyl chitosan in advanced drug-

delivery applications. In M. S. Hasnain, S. Beg, 

& A. K. Nayak (Eds.), Chitosan drug delivery 

(pp. 323–360). Academic Press. 

70. Kahraman, E., Neşetoğlu, N., Güngör, S., Ünal, 

D. Ş., & Özsoy, Y. (2018). The combination of 

nanomicelles with terpenes for enhancement of 

skin drug delivery. International Journal of 

Pharmaceutics, 551, 133–140. 

71. Wang, M. Z., Niu, J., Ma, H. J., Dad, H. A., 

Shao, H. T., Yuan, T. J., et al. (2020). 

Transdermal siRNA delivery by pH-switchable 

micelles with targeting effect suppress skin 

melanoma progression. Journal of Controlled 

Release, 322, 95–107. 

72. Xu, H., Wen, Y., Chen, S., Zhu, L., Feng, R., & 

Song, Z. (2020). Paclitaxel skin delivery by 

micelles-embedded Carbopol 940 hydrogel for 

local therapy of melanoma. International 

Journal of Pharmaceutics, 587, 119626 

73. Lamch, Ł., Kulbacka, J., Dubińska-Magiera, 

M., Saczko, J., & Wilk, K. A. (2019). Folate-

directed zinc (II) phthalocyanine loaded 

polymeric micelles engineered to generate 

reactive oxygen species for efficacious 

photodynamic therapy of cancer. 

Photodiagnosis and Photodynamic Therapy, 25, 

480–491. 

74. Hasanovic, A., Zehl, M., Reznicek, G., & 

Valenta, C. (2009). Chitosan-tripolyphosphate 

nanoparticles as a possible skin drug delivery 

system for aciclovir with enhanced stability. 

Journal of Pharmacy and Pharmacology, 

61(12), 1609–1616. 

75. Krishnan, V., & Mitragotri, S. (2020). 

Nanoparticles for topical drug delivery: 

Potential for skin cancer treatment. Advanced 

Drug Delivery Reviews, 153, 87–108. 

https://doi.org/10.1016/j.addr.2020.04.008 

76. Jain, B., Singh, B., Katare, O. P., & Vyas, S. P. 

(2010). Development and characterization of 

minoxidil-loaded liposomal system for delivery 

to pilosebaceous units. Journal of Liposome 

Research, 20(2), 105–114. 

77. Amasya, G., Aksu, B., Badilli, U., Onay-

Besikci, A., & Tarimci, N. (2020). QbD guided 

early pharmaceutical development study: 

Production of lipid nanoparticles by 

microfluidization technique. Journal of Drug 

Delivery Science and Technology, 55, 101398. 

78. Severino, P., Fangueiro, J. F., Ferreira, S. V., 

Basso, R., Chaud, M. V., Santana, M. H. A., et 

al. (2013). Nanoemulsions and nanoparticles for 

non-melanoma skin cancer: Effects of lipid 

materials. Clinical and Translational Oncology, 

15(5), 417–424. 

79. Petrilli, R., Eloy, J. O., Saggioro, F. P., Chesca, 

D. L., de Souza, M. C., Dias, M. V. S., et al. 

(2018). Skin cancer treatment effectiveness is 

improved by iontophoresis of EGFR-targeted 

liposomes containing 5-FU compared with 

subcutaneous injection. Journal of Controlled 

Release, 283, 151–162 

80. Alven, S., & Aderibigbe, B. A. (2020). The 

therapeutic efficacy of dendrimer and micelle 

formulations for breast cancer treatment. 

Pharmaceutics, 12(11), 1046. 

 

https://doi.org/10.1016/j.addr.2020.04.008

