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 Skin cancer is one of the most frequently diagnosed neoplasms globally, with a 

significant increase in incidence in recent decades. This condition, primarily classified as 

melanoma and non-melanoma, represents a major public health challenge. Melanoma is 

known for its aggressiveness and high metastatic potential, while non-melanoma skin 

cancers, though less lethal, are much more common and can significantly affect patients' 

quality of life. The main risk factors include excessive exposure to ultraviolet radiation, 

genetic predisposition, and environmental factors. In this context, prevention is essential, but 

developing effective treatments remains a priority in medical research. 

 Taxanes, such as docetaxel and paclitaxel, have revolutionized oncology treatments 

due to their unique mechanism of action, which involves stabilizing cellular microtubules, 

inhibiting cell division, and inducing apoptosis in tumor cells. These substances have been 

successfully implemented in the treatment of various cancers, including breast, prostate, and 

lung cancer. However, their use is limited by low water solubility and high systemic toxicity, 

underscoring the need for innovation in pharmaceutical formulation. Thus, minimizing 

systemic side effects and improving bioavailability are major objectives of current 

pharmaceutical research. 

 Advances in nanotechnology have opened new perspectives in optimizing the release 

of complex active pharmaceutical ingredients such as taxanes. Nanoscale lipid structures, 

such as nanostructured lipid carriers (NLCs) and transfersomes, have demonstrated the ability 

to increase the permeability and bioavailability of active substances, especially in topical 

applications. These systems allow efficient penetration of the stratum corneum barrier, 

ensuring controlled and prolonged drug release directly at the tumor site. In the case of skin 

cancer, the use of these technologies could revolutionize therapeutic approaches, offering 

more targeted treatments with reduced side effects. 

 This doctoral thesis is structured into two main sections: a general-theoretical part and 

a section dedicated to personal contributions. 

 The general-theoretical part is organized into three chapters, covering essential topics 

related to skin cancer treatment through the use of nanotechnologies for administering poorly 

water-soluble pharmaceutical ingredients, improving therapeutic efficacy by using lower 

doses, and reducing systemic side effects by precisely targeting the drugs. These aspects are 
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crucial for improving the quality of life of cancer patients and increasing treatment 

compliance. 

 Chapter 1 provides a comprehensive review of skin cancer, one of the most common 

and dangerous dermatological conditions, highlighting the alarming increase in its global 

incidence. The major types of skin cancer, such as melanoma and non-melanoma (basal cell 

carcinoma and squamous cell carcinoma), are discussed alongside the main risk factors, 

including genetic predisposition and ultraviolet radiation exposure. Additionally, available 

therapeutic options are analyzed, from surgical interventions and radiation therapy to 

innovative therapies such as photodynamic therapy and topical applications, highlighting 

both the benefits and limitations. 

 Chapter 2 explores the use of taxanes, particularly paclitaxel and docetaxel, which 

have become standard treatments for various types of cancer due to their ability to stabilize 

cellular microtubules and inhibit cell division. Despite their efficacy, low water solubility and 

systemic side effects limit the use of these agents, necessitating the development of new 

pharmaceutical formulation strategies. This chapter also examines the clinical challenges 

associated with taxane use, such as hematological and neurological toxicities, and how 

pharmaceutical innovations can help reduce these risks by improving solubility and safety 

profiles. 

 Chapter 3 focuses on the use of nanotechnologies, particularly lipid nanostructures, 

for developing innovative pharmaceutical formulations aimed at treating skin cancer. The 

integration of taxanes, such as docetaxel, into nanostructured lipid carriers (NLCs) and 

transfersomes offers a promising solution for improving the stability and bioavailability of 

these therapeutic agents. These formulations allow for controlled and prolonged drug release 

at the tumor site, while protecting healthy tissues and reducing systemic side effects. The 

chapter also discusses the technical challenges encountered in developing these formulations 

and the potential benefits of their transdermal application in oncology, opening new 

perspectives for safer and more efficient cancer therapies. 

 This structure enables a comprehensive approach to the subject, providing a detailed 

theoretical analysis and proposing innovative solutions to current challenges in skin cancer 

treatment. 
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 The personal contributions section is structured into chapters 4-6, representing the 

core of the experimental research conducted for this thesis. 

 Chapter 4 presents the working hypotheses and general objectives of the thesis, 

which establish the essential directions for the investigations carried out. 

 Chapter 5 is dedicated to the development and evaluation of nanostructured lipid 

particles loaded with docetaxel for skin cancer treatment. By applying Quality by Design 

principles, critical parameters influencing desired outcomes, such as the stability and 

physicochemical properties of the formulated nanostructures, were identified. Rigorous 

experiments evaluated the performance of these nanostructured systems, with a focus on 

encapsulation efficiency and controlled release of active substances. In this context, advanced 

formulations designed to optimize the bioavailability of poorly soluble drugs were tested, and 

the molecular interactions between the nanostructure components and encapsulated active 

substances were studied. Controlled release studies were complemented by precise analytical 

methods, such as high-performance liquid chromatography, to quantify the effectiveness of 

the proposed systems. The detailed characterization of these systems included complex 

physicochemical analyses, such as electron microscopy and other advanced structural 

analysis techniques of nanomaterials. This chapter highlights the potential of these innovative 

technologies to improve drug delivery and therapeutic efficacy, contributing to the 

development of safer and more effective treatments. 

 Chapter 6 focuses on the optimization of transfersomes loaded with docetaxel to 

improve the transdermal delivery of this antineoplastic agent. Experimental design was used 

to identify and optimize key parameters, such as particle size, zeta potential, and 

encapsulation efficiency, which are essential for developing a delivery system capable of 

maximizing dermal retention and minimizing systemic side effects. The obtained structures 

were analyzed for their structural properties and evaluated for selective cytotoxicity on 

melanoma cells compared to normal umbilical cells, demonstrating the formulations' 

potential to effectively target cancer cells. 

 The studies included in this section also investigated rheological behavior and in vitro 

permeation to determine the release mechanism of docetaxel from transfersomes incorporated 

into a hydrogel. This research focused on the development, optimization, and detailed 

characterization of two types of pharmaceutical formulations for the treatment of skin cancer: 

nanostructured lipid carriers (NLCs) and transfersomes, both loaded with docetaxel. By 
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applying rigorous experimental design methodologies and the One-Factor-At-a-Time method, 

critical parameters influencing characteristics such as particle size, zeta potential, 

encapsulation efficiency, and recovery after filtration were identified—factors critical for 

developing safe and effective delivery systems for clinical use. This systematic approach 

allowed the selection of formulations with optimal performance, validated by the obtained 

physicochemical characteristics. 

 The experimental studies confirmed the consistency of particle sizes and the well-

defined morphology of the optimized formulations, highlighting their potential for advancing 

to clinical trials. X-ray diffraction analyses and advanced imaging techniques, such as 

scanning electron microscopy (SEM) and cryo-transmission electron microscopy (cryo-

TEM), confirmed the integrity and optimal structure of the formulations, demonstrating the 

robustness of the manufacturing process. The in vitro release kinetics studies showed that 

both types of formulations, transfersomes and NLCs, can ensure sustained release of 

docetaxel, maintaining therapeutic concentrations in the skin layers, thus amplifying the 

therapeutic effect on cancer cells without affecting healthy cells. 

 A central aspect of the research was the detailed evaluation of the efficacy of these 

formulations on cancer cells, with particular attention to minimizing the impact on normal 

cells. Experimental results showed that both delivery systems exert a strong and selective 

cytotoxic effect on SK-MEL-24 melanoma cells, underscoring their significant therapeutic 

potential in targeted skin cancer treatment. Transfersomes and NLCs demonstrated the ability 

to maintain effective local concentrations of docetaxel, enhancing the antitumor effect by 

inhibiting cancer cell proliferation and promoting apoptosis, contributing to the reduction of 

tumor mass. 

 A notable result of the research was the minimal impact on normal HUVEC cells, 

demonstrating the high selectivity of the formulations. While systemic administration of 

docetaxel is often associated with severe toxicity, the use of these targeted delivery systems 

significantly reduced adverse effects on healthy cells. This remarkable selectivity supports 

the potential of these formulations to offer an extended therapeutic range and improved safety 

profile, essential for their adoption in clinical practice. 

 The specific structure of transfersomes and NLCs not only enhances therapeutic 

efficacy but also improves treatment tolerability, reducing the risk of adverse effects 
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associated with conventional cancer therapies. This essential characteristic increases patient 

comfort and treatment adherence, critical factors for the long-term success of therapy. 

 In conclusion, the studies conducted demonstrate that transfersome and NLC 

formulations loaded with docetaxel hold significant potential in advancing treatments for skin 

cancer. Comparatively, NLCs exhibited high encapsulation efficiency (over 90%) and 

sustained docetaxel release for approximately 48 hours, aspects that confer a significant 

therapeutic advantage. These formulations not only inhibit cancer cell proliferation but also 

protect healthy tissues, opening new opportunities for safer and more efficient therapies in 

dermatologic oncology. 

 The methods used for preparing these formulations are easily scalable, suggesting 

promising industrial applicability and an efficient path for large-scale production. 

Transdermal application, with minimized systemic exposure, can facilitate accelerated 

regulatory approval and may be easily accepted by patients due to its non-invasive nature and 

reduced side effect profile. 

 The results of this research highlight the potential of transfersomal gel and NLC 

formulations loaded with docetaxel for optimizing skin cancer treatments, justifying further 

preclinical and clinical investigations. 
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