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Research progress on the application of microneedle-based drug
delivery systems in breast cancer treatment
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Abstract: Breast cancer is one of the prevalent malignant tumors among women worldwide. Conventional
treatment strategies often suffer from systemic toxicity, strong drug resistance, and limited targeting capability. In
recent years, with advances in biomaterials and drug delivery technologies, microneedles have emerged as a novel
transdermal delivery platform offering advantages such as minimal invasiveness, precise targeting, and efficient
delivery. These features render microneedles particularly promising for breast cancer therapy. This review
summarizes recent progress in the application of microneedle drug delivery systems in breast cancer, including
their use in delivering antitumor agents, immunotherapy, photothermal/photodynamic therapy, among others. The
mechanisms of action and therapeutic advantages are discussed, along with current challenges and future prospects,
aiming to provide a theoretical basis for the translational application of microneedles in breast cancer treatment.
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Table 1 Microneedle materials and fabrication methods. PLA: Polylactide; CNC: Computer numerical control; PVP: Polyvinylpyrrolidone;
HA: Hyaluronic acid; CMC: Carboxymethyl cellulose; ATV: Atorvastatin; PVA: Polyvinyl alcohol; MN: Microneedle; GeIMA: Gelatin

methacrylate; STING: Stimulator of interferon genes

Type of
. P al Common material Typical fabrication method Drug release mechanism Representative applications in cancer therapy
microneedle
Solid Silicon, metals Photolithography and Piercing the skin to Delivery of breast cancer lysate vaccine particles

microneedles (stainless steel, etching, electroforming,

titanium), ceramics, laser processing,
polymers (e.g., PLA)  micromolding, 3D printing
Hollow
microneedles steel, titanium, molding, CNC machining,
aluminum, etc. electrical discharge

machining, laser drilling
Coated

microneedles titanium), silicon,

Metals (stainless steel, Dip coating, spray coating,
electrophoretic deposition,
polymers (e.g., PLA,
PVP)

Gelatin, HA, PVP,
microneedles CMC, PVA, PLA, efc. casting, centrifugal casting,

inkjet printing
Dissolving Mold injection, solution

3D printing

encapsulated drugs

Hydrogel GelMA, PVA,

microneedles hyaluronic acid

Micromolding,
photocrosslinking, 3D

derivatives printing

enhance permeability,
followed by topical

through the needle
lumen into the skin

release

Microneedles dissolve
rapidly or slowly after
insertion, releasing

Microneedles swell
upon absorbing
interstitial fluid,

induced robust CD4" and CD8" T cell responses
and significantly prolonged survival®”!

application or patching
Silicon, glass, stainless Laser pulling, microinjection Drug solution is injected Local injection of resveratrol-loaded

nanostructured liposomes enhanced tumor

retention and inhibited metastasis'>”!

Rapid dissolution of the Coating of CDK4/6 inhibitor ribociclib
surface coating for drug transfersomes enabled CD44-targeted delivery and

prolonged local drug action via an adhesive
coating strategy™*!

HA-based dissolving microneedles (AT V-
PUMP@MN) locally delivered atorvastatin
liposomes, effectively inhibiting angiogenesis and
tumor proliferation®™; dissolving microneedles can
also be loaded with photosensitizers (IR820) and
immunotherapeutics (aPD-1, R848) to achieve
multimodal synergistic therapy™”***"; the PD-1/
PTX@MN system successfully induced
immunogenic cell death, remodeled the immune
microenvironment, and prolonged survival®®!
DNA hydrogel MN array achieved sensitive
microRNA detection in dermal interstitial fluid for

breast cancer screening”™’; GelMA-MeHA

enabling controlled drug hydrogel MN sensor array enabled efficient

release or biosensing

extraction of interstitial fluid and in-situ
monitoring of biomarkers (miRNA & Cu*")1*;
porous GelMA microneedles enabled localized
controllable delivery of STING agonist
nanoexosomes to synergize with FLASH
radiotherapy, effectively inhibiting breast cancer

growth and recurrence'"!
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Figure 1 Schematic illustration of the therapeutic mechanism of dissolving microneedles for breast cancer treatment. Adapted from Ref.
38 with permission. Copyright © 2024 The Authors. Published by Elsevier B.V
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Figure 2 Schematic illustration of the therapeutic mechanism

of atorvastatin-loaded pumpkisome-integrated microneedles for
localized breast cancer therapy. Adapted from Ref. 35 with permis-
sion. Copyright © 2024 Elsevier B. V. ATV-PIMP: Atorvastatin-
loaded pumpkisomes; PTEN: Phosphatase and tensin homolog;
Ki67: MKI67; VEGF: Vascular endothelial growth factor; Bel2:
B-cell lymphoma 2; Bax: Bcl-2-associated X protein; Caspase-3:
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Figure 3 Schematic of therapeutic action of dual-drug (Flav7/
DOX) -loaded separable microneedles for light-activated chemo-
thermal ablation of superficial breast tumors. Adapted from Ref.
78 with permission. Copyright © 2021 Elsevier B.V. DOX: Doxo-

rubicin; NIR: Near-infrared; NIR-II: Second near-infrared window
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Figure 4 Schematic illustration of the therapeutic mechanism of
implantable microneedles loaded with nanoparticle-engineered
Escherichia coli for eradication of triple-negative breast cancer stem
cells. Adapted from Ref. 79 with permission. Copyright © 2025,
American Chemical Society. ROS: Reactive oxygen species; AZCE:
AZC-engineered Escherichia coli; Au@Zn/CeO: Gold@zinc-doped
cerium oxide; PTT: Photothermal therapy; GSH: Glutathione;
GSSH: Oxidized glutathione; TNBC: Triple-negative breast cancer

T 7L I AR AR BRI, R 4k AR 5 T A
M — RN RI ST B . IR, 2R &
7 FU R B0 5 2 A5 Wa D b Ak g, A
Bl 8 Y | P2 H A 5 R0 R TR A AR K s B Tl 45

Chen Z:PHF % ) Ag,PO,/Ag-MBL i £ & 4t 4%
G UL AR A 5 9K R b B 1 &, S R
(carcinoembryonic antigen, CEA) 7L 28 233 H 11 Ji A7 A6
W, AR S AT I AR T 7 R R AL S T, BA T
R B S S, S A NFERAE L. A
12 6 R S SRS A R, ol T v KU AT
IR T ARG R 12 . % TAE & UK B T 2L s
MR S0 R AR IS AL S ek, Feam 1 i
TEIZ Wi =107 — A0 UK Re BT 7). BEE AR
YA R RGN I A AR E BRI A W, Tl
RREE S PGIVEZ TN /) ey SRl RN ARl 0
HESN FLIE Bt A IE IR 12 W ) “ SR BE LA T A7 AR

Dervisevic S5 TH 1Y 1w % B 445 1 fik T et B 471
(Si-MNA) Jik B b 22 A% [ AT R ORI ErbB2, A6HilI FRAIS
4.8 ngmL”, LT HMELISA, HAGIN A% (< 1 min).
TOAEAGEH, 5& & T RIS E & W A A4S B A .

o} EE A% 43 it 6 G 2 v ELIS A 45 75 v2%, oA il i 14X 75
291 min, FE TG, BICTREASEECS Figb e, 2
M2, %6 RIH RIFRiESEE S THee /i, £ 2
PRI TE T (W & 08 B 5 R T4 BE R K) fFE T
AT e K0 ErbB2, HAT m R . WA, %
K AIETLET T & 0] g 5 7L s A L B AR
A TG B JE SR AT B, JUHE A T R IR X .
Huang 25542 H 3T GelMA-AA (1 7K B4 7K
R ARER (G-A MN), AT ZE 1 min P A B2 T s B2 B 41 21
VI 5 AT A I CEA AT CA15-3, o H B 4 ) 7L 0 i 2
Be 1 59T s R (B 5). S Bon, PG
WA LA TP 55 PR AR B 7 A 1 S K A A 0, R
PR BRI et S Z mREE VA fER R

-------------------

GelMA A A ! =%
YN A\ EE
b °P | i ! L Lep
a \ N, ! SR s
e :// CEA
G-AMN Patch [ CA18-3

Fabrication Application Detection

Figure 5 Schematic illustration of the diagnostic principle of

microneedle patch-based minimally invasive interstitial fluid
sampling for breast cancer screening. Adapted from Ref. 81 with
permission. Copyright © 2023 Elsevier B. V. AA: Acrylic acid;
CEA: Carcinoembryonic antigen; CA15-3: Ancer antigen 15-3
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