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Nanotechnology is the engineering of objects at the nanometer scale with novel properties. Nanotechnology is being applied to medicine leading to novel diagnostic or treatment applications. Nanoscale objects are about one hundred to ten thousand times smaller than human cells. They are similar in size to large biological molecules ("biomolecules") such as enzymes and receptors. As an example, hemoglobin, the molecule that carries oxygen in red blood cells, is approximately 5 nanometers in diameter. Nanoscale objects smaller than 100 nanometers can move out of blood vessels as they circulate through the body due to morphological features of the endothelium (fenestrae size). Those smaller than 7 nanometers can be cleared from the body by the kidney, as they circulate.   Nanotechnology devices are being developed for several cancer applications. EPR effect (Enhanced Permeability and Retention effect), originated from vascular permeability and lack of tumor lymphatic drainage allows accumulation of nanoparticles in the tumor. Therefore, nanoparticles could become important tools for tumor imaging and for tumor selective drug delivery. Furthermore, nanoparticles smaller than 50 nanometers can easily enter most cells.
Many groups are attempting to target tumor angiogenesis using nanoparticles. Others are focusing on homing nanoparticles to the lymphatic system - recent results demonstrate that many breast cancers, for example, utilize lymphatic vessels unique to the tumor. If these vessels can be targeted and destroyed by use of engineered nanoscale devices, tumor growth should be compromised.  In vivo data suggested that nanoparticle drug or tumor suppressor protein delivery could exert anti tumor effect in vivo. In the clinics, hyperthermia based-nanoparticle activity is being tested in brain and head and neck malignant tumors. 

In addition, nanoparticles have been used in the diagnostic realm, to improve the magnetic resonance imaging to detect the spread of cancer.

Ionizing radiation also represents an area of investigation for the development of nanoparticles. Monte Carlo simulation reported the utilization of gold nanoparticles as being of great interest in radiotherapy, with calculation exhibiting the promises of those nanoparticles but only in the low energy range. Many preclinical studies have demonstrated gold nanoparticle sensitisation with most often kilovoltage (kV) radiation. More recently, it was shown that the use of melanin-Covered Nanoparticles could protect Bone Marrow during Radiation Therapy. 
Our group has focussed on NBTXR3, inert biocompatible Hafnium oxide nanoparticles which were designed as therapeutics to be activated by ionizing radiation to achieve tumor control.
NBTXR3 nanoparticles have been demonstrated to be uptaken by different tumor cells.
Tumor cell killing is increased after NBTXR3 activation by ionizing radiation. Interestingly, differential effect observed between healthy and tumor cells suggests good potential therapeutic ratio. The impact of the energies used (KV versus MV) on NBTXR3 tumor radiosensitization will be discussed. 
