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ABSTRACT :

Skin cancer remains one of the most common malignancies worldwide, with increasing incidence due to ultraviolet exposure and environmental factors.
Conventional therapies such as surgery, chemotherapy, and radiotherapy often have limitations including systemic toxicity, drug resistance, and cosmetic concerns.
In recent years, microsponges—porous, polymeric delivery systems—have emerged as promising carriers for targeted and controlled drug delivery. Their ability
to encapsulate drugs, provide sustained release, enhance stability, and reduce irritation makes them highly suitable for dermatological applications. This review
explores the role of microsponges in targeted drug delivery for skin cancer, focusing on formulation approaches, mechanisms of action, recent research advances,
and future perspectives.
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1. Introduction

Skin cancer, including melanoma and non-melanoma types, represents a major public health challenge. Despite the availability of therapeutic strategies,
issues such as recurrence, localized toxicity, and drug degradation hinder effective management. Advances in drug delivery systems are critical to
overcome these barriers. Microsponges, a class of polymeric microparticles with interconnected pores, have attracted attention for their ability to deliver
active agents directly to the affected site while minimizing systemic exposure. Their unique structure allows entrapment of a wide range of drugs and
provides controlled release, making them particularly valuable in skin cancer therapy.

2. Microsponge Technology: An Overview

®  Definition: Microsponges are highly porous, sponge-like microspheres made from synthetic or natural polymers.
®  Structure: Composed of a cross-linked polymeric matrix with interconnected channels.

®  Characteristics:

High surface area for drug entrapment.

Ability to control release rate.

Enhanced stability of sensitive molecules.

Reduced irritation due to gradual drug diffusion.
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3. Advantages of Microsponges in Skin Cancer Treatment

Localized Delivery: Concentrates drug action at tumor site while sparing healthy tissue.
Sustained Release: Maintains therapeutic levels over extended periods.

Reduced Side Effects: Minimizes systemic absorption and toxicity.

Improved Stability: Protects photosensitive or thermosensitive anticancer drugs.
Patient Compliance: Non-invasive topical formulations increase acceptability.

4. Formulation Strategies for Anticancer Microsponges

Polymer Selection: Commonly used polymers include Eudragit, ethyl cellulose, and biodegradable copolymers.
Preparation Methods:

O  Quasi-emulsion solvent diffusion.

O  Liquid-liquid suspension polymerization.

O Ultrasound-assisted fabrication.

Drug Candidates:
O  5-Fluorouracil (5-FU).
Paclitaxel.

@)
O  Imiquimod.
@)

Natural anticancer agents (curcumin, resveratrol).

5. Mechanisms of Action in Skin Cancer Therapy

Controlled Drug Release: Ensures a steady therapeutic concentration.

Enhanced Penetration: Porous structure improves diffusion through the stratum corneum.

Tumor Targeting: Can be designed for pH- or enzyme-sensitive release in tumor microenvironments.
Synergistic Therapy: Potential for co-delivery of chemotherapeutics and immunomodulators.

6. Current Research and Applications

Topical 5-FU Microsponges: Demonstrated enhanced drug retention in epidermal layers with reduced systemic toxicity.
Curcumin-Loaded Microsponges: Shown to inhibit melanoma cell growth with improved stability over free curcumin.
Hybrid Microsponges: Combination with nanoparticles to achieve dual release kinetics.

Commercial Outlook: Although still under investigation, microsponge-based products have potential for translation into marketed

formulations for oncology.

7. Challenges and Limitations

Scale-up and reproducibility issues in manufacturing.

Limited clinical data compared to conventional topical formulations.
Regulatory hurdles for approval of novel drug delivery systems.
Need for long-term safety and efficacy studies in patients.

8. Future Perspectives

The integration of microsponge technology with nanomedicine, personalized therapy, and smart stimuli-responsive systems could revolutionize skin

cancer treatment. Emerging trends include:

Nanoparticle-in-microsponge systems for dual drug delivery.

Stimuli-responsive microsponges triggered by pH, enzymes, or temperature.

Combination therapies incorporating anticancer drugs with antioxidants or immune boosters.
Commercial development of microsponge-based topical creams and gels for melanoma management.

9. Conclusion

Microsponges offer a promising platform for targeted skin cancer therapy by combining controlled drug delivery, enhanced stability, and reduced systemic

effects. Although challenges remain in terms of clinical validation and large-scale production, continued research may establish microsponges as a

mainstream approach in dermatological oncology.
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