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Abstract: Cutaneous melanoma is a highly aggressive and lethal malignant tumor, with an increasing incidence
in recent years. Despite the advancements in various treatment approaches for cutaneous melanoma, achieving ideal
treatment with conventional treatment strategies remains a big challenge due to factors such as the physicochemical
properties of drugs, the complex tumor microenvironment, and surgical site infections. In the last decades, drug
delivery systems have shown remarkable potential in the treatment of cancers, the nanoparticles (NPs) exhibit
highly tunable capabilities, while hydrogels and microneedles excel in drug reservoirs, wound dressings, and
transdermal delivery. This article introduces the latest research progress of these three drug delivery systems in the
treatment of cutaneous melanoma, then functionally positions these delivery systems according to the requirements
of different treatment stages, and further analyzes their clinical translation prospects, aiming to provide references
for innovative drug development in this field.
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Table 1

Clinical therapeutic drugs for cutaneous melanoma. MEK: Mitogen-activated extracellular signal-regulated kinase; PD-1/PD-L1:

Programmed death-1/programmed cell death ligand 1; CTLA-4: Cytotoxic T lymphocyte-associated antigen-4; VEGF-A: Vascular endothe-

lial growth factor-A; IFN: Interferon

Class Drug Indication
BRAF inhibitors Vemurafenib IIC, ITIA, TIIB and advanced/metastatic with BRAF V600 mutation
Dabrafenib Combination therapy, for III with BRAF V600 mutation
MEK inhibitors Trametinib
Cobimetinib Advanced/metastatic with BRAF V600 mutation
PD-1/PD-L1 inhibitors Pembrolizumab IIB, 1IC, advanced/metastatic
Nivolumab Advanced/metastatic
Toripalimab
Atezolizumab
Pucotenlimab
CTLA-4 inhibitors Ipilimumab Advanced/metastatic
VEGEF-A inhibitors Bevacizumab Advanced/metastatic
Protein kinase inhibitor Imatinib Advanced/metastatic with Kit mutation

Chemotherapeutic drugs Fotemustine

Paclitaxel
Albumin-bound paclitaxel
Platinum-based drugs
Temozolomide

Dacarbazine

Advanced/metastatic

Interferon IFN-02b IIB, IIC and IIT
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Common nanoparticle carriers for cutaneous melanoma treatment. NPs: Nanoparticles; MSNs: Mesoporous silica nanoparticles;

SLNs: Solid lipid nanoparticles; PDCs: Polymer-drug conjugates; ADCs: Antibody drug conjugates
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Table 2 Clinical studies on nanoparticle treatments for cutaneous melanoma (ClinicalTrials.gov). IL: Interleukin
Type of NP Drug Phase Condition NCT Ref.
Liposomes Vincristine I Completed NCT00145041
Autologous total tumor mRNA I Recruiting NCT05264974 [43]
Lipovaxin-MM I Completed NCT01052142 [44]
Cytarabine | Terminated NCT01563614
MicroRNA-34 LI Withdrawn NCT02862145
1L-2 I Completed NCT00004104
Lipid NPs mRNA-2752 I Active, not recruiting NCT03739931 [45]
Albumin ABI-007 I Not yet recruiting NCT02020707
ABI-007 I Completed NCT00081042 [46]
ABI-007 11 Completed NCT00626405 [47]
ABI-007 11 Completed NCT00404235 [48]
ABI-007 11 Completed NCT02158520 [49]
Antibody-drug conjugates MGCO018 I Recruiting NCT05293496
CDX-011 IB, II Withdrawn NCT03326258
BA3021 I, 11 Recruiting NCT03504488
MGCO018 L1I Terminated NCT03729596 [50]
CDX-011 11 Terminated NCT02302339
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Figure 2 Preparation method and mechanism of MLI-AuNCs®”. AuNCs: Gold nanocages; ICG: Indocyanine green; MPLA: Monophos-
phoryl lipid A; MLI-AuNCs: MPLA lipid bilayer-enveloped and ICG-loaded AuNCs; CTLs: Cytotoxic T lymphocytes; IFN-y: Interferon-y.
Adapted from Ref. 60 with permission. Copyright © 2022 Elsevier
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Figure 3 Preparation method and mechanism of RMSN-aSIRPa!"”. RMSN: R848-loading MSN; aSIRPa: Anti-SIRPa antibody; RMSN-
aSIRPa: RMSN absorbed with aSIRPa. Adapted from Ref. 72 with permission. Copyright © 2022 Elsevier
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4 FH T B16F 10 3 {5 3598 1) LB AR 7 IR o 445 JsE 1)
FFAERG N T 25 W) 5 Ji 8 8 A2 1 RO &, T gp100 ik
PE N RO IR PRk — B § & DC T ik i &y, X Fh
A VR IT AR 2 SR MR R IT BUR . PEG B &
AL P 5 R o A A 5 < 184 S s A AR K L AR A7 P B
] (¥ 7R, Fu i il DSPE-PEG,,,-PEP JIf 5T &
e 8 e P2 J I A R A T 5 R B VD R 4 B CD39
it 77 2 A RN . %I 2 R G T A O R 2 A
BN R FEE, JER R AL AR G E R B AR
JAP=E T S RIS G T FR T R

H ol E PN B R iR T A a8 H 1048
i, & — MR A AT S R AL R B . MicroRNA-34
(miR-34) 2 — b6 #] R 5, 8 K 2 $0)i e 248 it o
SR A, E T PR T EUE A A, Cuciniello
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