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Advances in microneedle therapy for tumor treatment based on
stimulus responsiveness
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Abstract: The application of microneedle technology in biomedicine has attracted widespread attention due to
its versatility in tissue sampling, biosensing and drug delivery. In particular, drug-loaded microneedle formulations
can directly penetrate the stratum corneum to deliver drugs, enhance drug delivery efficiency, and achieve the
purpose of disease treatment, which is characterized by high efficiency, portability, low trauma, and high
controllability. When combined with smart responsive materials, microneedles enable precise drug delivery,
improving targeting accuracy for diseases such as tumors while minimizing toxic side effects on normal tissues and
cells. In this review, we introduce the history of microneedle technology and highlight its applications in smart-
responsive systems for oncology therapy. We also discuss the current challenges and obstacles faced by
microneedle technology in oncology therapy and clinical translation. Finally, we provide prospective
recommendations on the current situation, aiming to inspire new ideas and directions for the development of
related technologies.
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Figure 1 Schematic of different types of microneedle (MN). A:
Coat MN; B: Hollow MN; C: Dissolvable MN; D: Hydrogel MN
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Figure 2 Chart of major historical events in the development of microneedling schematic of different types of microneedles
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Figure 3 Schematic diagram of soluble microneedle for rapid and deep delivery of photosensitizer. Adapted from Ref. 36 with permission.
Copyright © 2022 Adv Sci (Weinh). DMNs: Dissolving microneedles; SPC: Sodium percarbonate; PS: Photosensitizer; Ce6: Chlorin €6
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Figure 7 Schematic diagram of pH-responsive oxidative stress

@ PAFe** @ DHA

amplified soluble microneedle application. HA-ADH-PpIX: Hyal-
uronic acid-adipic dihydrazide-protophorphyrin IX; PA-Fe*": Pro-
tocatechualdehyde-Fe** ; DHA: Dihydroartemisinin; GSH: Gluta-

thione; ROS: Reactive oxygen species
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