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Abstract

Gold nanoparticles (AuNPs), due to their unique physical, chemical, and
optical propertics, have emerged as one of the most prominent nanomaterials
in cancer diagnosis, therapy, and imaging. Their nanoscale size, excellent
biocompatibility, large surface arca, and ability to conjugate with biomolecules
such as proteins, DNA, antibodies, and drugs make them ideal candidates for
targeted drug delivery and imaging applications.

In photothermal therapy, gold nanoparticles effectively destroy cancer cells
by absorbing light and converting it into heat. In photodynamic therapy, they
generate reactive oxygen species (ROS), leading to targeted cancer cell death.
Their use in radiotherapy, owing fo the high atomic number of gold, enhances
the absorption of ionizing radiation, allowing for more precise tumor
destruction. In molecular diagnostics, the optical properties of gold
nanoparticles—such as localized surface plasmon resonance (LSPR) and
surface-enhanced Raman scattering (SERS)—play a crucial role in improving
detection accuracy and sensitivity. Furthermore, as contrast agents in
computed tomography (CT) imaging, they significantly enhance image
resolution and tumor visualization.

Despite certain concerns about nanoparticle toxicity, studies indicate that
surface modification and the use of biocompatible coatings can ensure their
safety. Overall, gold nanoparticles hold great potential for advancing
therapeutic, diagnostic, and imaging approaches in oncology, representing a
promising future for medical nanotechnology.
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