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[Abstract] Melanoma is a kind of malignant skin cancer with a high mortality rate. Currently, the treatment of advanced melanoma
remains a challenging issue as conventional treatments such as surgery, chemotherapy and radiotherapy offer limited benefits.
Sonodynamic therapy (SDT) offers advantages such as high efficiency, simplicity, and less invasiveness. However, a major limitation is
the difficulty in identifying suitable sonosensitizers that can ensure effective treatment outcome. With the gradual development of
nanomedicine technology, the synthesized nano-sonosensitizers can resolve the limitations of SDT and enhance the therapeutic efficacy ,
making SDT a promising novel approach for the treatment of advanced melanoma. This article aims to review recent advances in
sonosensitizers for sonodynamic therapy of melanoma and evaluate their therapeutic effects.
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Table 1 Classification of sonosensitizers applied in the treatment of melanoma

Type Specific type Name Advantage Disadvantage Result Years  Reference
The Organic small ALA Biocompatibility, Instability, rapid blood Significantly reduce the tumor 2015 [17]
first-generation molecule biodegradability clearance volume in tumor-bearing mice
sonosensitizers sonosensitizers
The Organic Biomimetic ~ Biocompatibility, tumor ~ The antitumor mecha- Anti-tumor therapeutic effect thr- 2023 [21]
second-generation  nanosonosensitizers ~ curcumin  targeting ability nism needs further explo- ough the induction of cell apoptosis
sonosensitizers ration
Inorganic TiO,NPs  Stability, Semiconductor Poor  biodegradability, Significant reduction of cell viability 2011 [25]
nanosonosensitizers property, High ROS gen-  Potential biosafety risks ~ was obtained after US irradiation
eration yield
The MOF 7P-F3 Biocompatibility, Tumor ~ The mechanism has not  Display a remarkable percentage of 2024 [36]
third-generation targeting ability been fully elucidated apoptosis/necrosis, reaching 83.7%
sonosensitizers Other hybrid TGNPs Improves the limitations Cannot completely inhib- Reduces the growth rate of cells, 2024 [41]
sonosensitizers of single sonosensitizers it melanoma cells and effectively led to melanoma cell
ablation
The sensitizers Sonosensitizers of RBD Reduces the sensitizer Cutaneous phototoxicity,  Enhances cellular uptake and im- 2018 [47]
combined with SPDT dosage and total radia- limited light penetration  proves intracellular ROS generation,
other treatment tion energy deposition
methods in SDT  Sonosensitizers of Fe-C:N,  Alleviates tumor hypox- Lack of long-term stabili- - Achieves high vyields of ROS 2023 [51]
CSDT ia, boost ROS generation  ty sonosensitizers production and augments antitumor
efficacy
Sonosensitizers of PL@PPy NC Elevates temperature to Potential cutaneous pho-  Kills cells with efficacy attainable, 2026 [56]
SDT-PTT boost ROS generation totoxicity provides conditions for ROS genera-
tion
Sonosensitizers of si-Ce6@iLy Tumor cell targeting abil- ~ Challenges in translating Induces efficient ICD and inhibits 2025 [60]
SDT-immunotherapy ~ p.{ Nps  ily» strong tumor tissue basic experiments into tumor metastasis
penetration clinical trials
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