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Abstract: As an emerging transdermal drug delivery technology , microneedles offer the advantage of bypassing the hepatic
first-pass metabolism and reducing the discomfort associated with subcutaneous injections, thus enabling minimally invasive
and painless local drug delivery. However, drug delivery using microneedles is mostly passive and the drug release rate is
limited. Phototherapy has demonstrated significant potential in the treatment of cancer and skin diseases. Nevertheless, a-
chieving optimal therapeutic outcomes generally requires high doses of photosensitizers and laser irradiation, which can lead
to toxicity and skin damage. Recently, microneedles have been combined with various strategies ( pH response, electro-re-
sponse, phototherapy, etc. ) for the treatment of various diseases. The synergistic application of microneedles and photother-
apy ( photodynamic therapy, photothermal therapy) can complement each other, reducing the dose of photosensitizers and
photothermal agents or the intensity of laser irradiation. Consequently, this approach decreases the toxicity and damage to the
skin caused by the treatment process. Moreover, the combination of microneedles and phototherapy enables precise and ef-
fective drug delivery, thereby enhancing the overall therapeutic efficacy. This article overviewed the recent research ad-
vances in the field of microneedles assisted with photodynamic and photothermal therapies for the treatment of various disea-
ses, including cancer therapy, wound management, aesthetic medicine and other diseases, so as to serve as a valuable refer-
ence for future research.
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Fig. 1  Microneedles combined with phototherapy for treatment of vari-

ous diseases
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Fig. 2 Microneedles combined with photothermal therapy for superficial tumorst®®) ; (a) preparation of MSN@ ICG, (b) fabrication of PVP@

DOX/MSN@ ICG microneedles patches, (c) the synergetic system of microneedles and photothermal therapy to treat superficial tumors
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Fig. 4 Microneedles and photodynamic therapy for acne!® ; (A)

schematic illustration of the construction of multifunctional ZIF-8-ICG@
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strategy: (a) oxidative damage of cell membrane by reactive oxygen species (ROS) to cytoplasmic leakage, (b) disorder of the

membrane potential and bacterial ion homeostasis, (c) generation of reactive oxygen species, (d) oxidative damage to the intracel-

lular components, (e) disturbance of adenosine triphosphate synthesis and metabolic activities
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Fig.5 Treating myocardial infarction with GO-PVA microneedles pat-

ches!®) . (a) schematic of the overall treatment design: (1) pre-
fold a GO-PVA microneedles patch, (1) minimally open the
chest and place the microneedles patch, (III) use NIR light to
unfold the microneedles patch, (IV) place the patch on the heart
and then close the chest, (V) the patch releases vascular endo-
thelial growth factor continuously to treat the myocardial infarc-
tion; (b) original morphology of microneedle patches, the inset
is representative fluorescence images of the microneedle patch;

(¢) scanning electron microscopy images of the 0. 8% GO-PVA

microneedles patches
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