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The recent cutting-edge advances on nanomaterials is anticipated to overcome some of the therapeutic
window and clinical applicability of many drug/peptide molecules and can also act as innovative
theranostic platforms and tool for the clinic in the future [1-4]. In the last decade, research on cancer and
cardiovascular diseases resulted in a new set of potential treatments with promising results in the clinics
[5-12].

Amongst the different experimental treatments, active cancer immunotherapy and targeted to cancer
microenvironment hold great promise for the future treatment of this disease. In this work, we have
demonstrated that prominent nanosystems, such as biohybrid nanocomposites made of different
nanomaterials (e.g., porous silicon and metal-organic framework nanomaterials) and cancer cell-based
membrane materials are potential platforms for the individualization of medical intervention and
biomedical applications.

Furthermore, we demonstrated that a pH-responsive lipid nanoshell-based zeolitic imidazolate frameworks,
under the tumor microenvironment, increased their uptake in cancer cells and accumulation in cancer
tumor in vivo. The nanoparticles induced reactive oxygen species, inhibiting tumor growth and increasing
the survival rate in mice by activating the tumor microenvironment and improving the infiltration of
macrophages and T cells in the tumor.

In addiiton, we have combined polyvinylpyrrolidone and cross-linked poly(methyl vinyl ether-alt-maleic
acid) to obtain a double-layered formulation with a dissolvable layer and one that formed a hydrogel for
hydrophobic drugs [13, 14]. We demonstrated in vivo and ex vivo that the microneedles double-layer
allows for a more extended bioavailability was achieved compared to the oral commercial drug
formulation. Furthermore, the incorporation of cancer membrane in MNs was achieved through coating of
the MNs using a multi-step layering procedure or the micromolding technique, making it a promising
device for immunotherapy and cancer applications.

Overall, our results suggest that biohybrid nano/micro-materials are a versatile and advanced platforms
for enhanced cancer therapy with potential clinical impact given and clinical translatability.
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