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Nanotechnology has been providing novel, paradigm shifting solutions to medical 

problems and to cancer, in particular. Novel and multi-functional nanodevices are capable of 

detecting cancer at its early stages both in vitro and in vivo. Micro- and nano-fluidic structures 

can be designed to simultaneously interrogate multiple biomarkers indicative of the disease with 

high sensitivity and within very small sample volumes. Imaging techniques based on 

nanoparticles can operate in multi-functional manner; whether it is ability to probe and monitor 

tumor microenvironment in addition to imaging tumor mass itself, capability of multi-modality 

imaging, or use of theranostic functions of diagnosis and subsequent treatment. Functionalized 

nanoparticles are capable of delivering multiple therapeutic agents to tumor sites. Such nano-

therapeutics are expected to increase the efficacy of drugs while dramatically reducing potential 

side effects. Materials science and engineering fabrication techniques play a decisive role in a 

successful development of nano-devices and nano-constructs for drug delivery. 

In this presentation, I will first discuss path to the development of fully integrated 

biochip devices containing microfluidic mixers, valves, pumps, channels, chambers, heaters, 

and DNA microarray sensors. Sample preparation, polymerase chain reaction, DNA 

hybridization, and electrochemical detection are performed in those chips. The device is 

completely self-contained: no external pressure sources, fluid storage, mechanical pumps, or 

valves are needed for fluid manipulation.  

Further, I will broaden the context to the discussion of overall opportunities for 

nanotechnology in cancer through the experience of the ‘Alliance for Nanotechnology in 

Cancer’ program at the National Cancer Institute. The effort brought together multi-

disciplinary academic community to tackle significant problems of cancer biology and 

oncology with the support of nanotechnologies. The program enabled development of several 

practical approaches to diagnosis and treatment of cancer with many of them being currently 

in clinical trials. Further progress in the field of cancer nanotechnology is likely to follow two 

parallel tracks. First one will be associated with on-going translation to the clinical 

environment; while the second with the development of new tools and techniques in research 

arena.  

 

 


