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Cancer Nanotechnology —
An Opportunity for Early Diagnosis and Novel Therapy:

Developed vs Developing World
Cost and Accessibility
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Cancer is now the #1 killer of Americans under 85
- 570,280 Americans will die of cancer this year
- 1,372,900 Americans this year will hear the words “you have cancer...”
— $192 billion = Costs of cancer in 2004

More Progress is Needed to Reduce Death Rates
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Cancer Statistics - Worldwide
Parkin, Bray, Ferlay, Pisani, CA Cancer J Clin 55, 74-108 (2002)
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= Comparable ratio of incidence/mortality (developed vs developing world) rates
for cancers with poor prognosis: lung, liver

= Value of early diagnosis to reduce mortality in developed countries for cancers
with better prognosis: colon-rectum, breast, leukemia, cervix)

= Variation in incidence for some cancers (prostate, liver, cervix) —impact of the
environment (life style, infections)

= Vaccines for HBV (liver cancer) and HPV (cervical cancer)
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- Prevention and Control of Cancer

- Developing early screening methods based on in-vitro tests

- Developing nanoscale devices that can deliver cancer prevention agents

- Designing multicomponent anticancer vaccines using nanoscale delivery vehicles
- Imaging Diagnostics

- Designing targeted contrast agents that improve the resolution of detection to the
single cell level

- Multifunctional Therapeutics

- Developing nanoscale devices that deliver therapy locally at lower dose and higher
efficacy

- Creating “smart” therapeutic devices that can control the spatial and temporal release
of therapeutic agents while monitoring the effectiveness of these agents

- Quality of Life Enhancement in Cancer Care

- Designing nanoscale devices that can optimally deliver medications for treating
conditions that may arise over time with chronic anticancer therapy, including pain,
nausea, loss of appetite, depression, and difficulty breathing
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P. Grodzinski, M. Silver, and L. Molnar, ‘Cancer Nanotechnology —
Promises and Challenges’, Expert Review Molecular Diagnostics 6, 307 (2006)

1) Quantitative in-vivo
nano-sensors
Further improved diagnostics

2) Localized nano-therapy
More effective treatment
Reduced side effects

1) ‘Nano’ in-vitro sensors
—> Earlier diagnostics

2) Localized nano-therapy
More effective treatment
> Reduced side effects

Treatment
Effectiveness

1) ‘Nano’ in-vitro sensors
— Earlier diagnostics

2 Traditional therapy Nanotechnology will allow for the

development of:
= Highly accurate in-vitro and in-vivo
sensors
Novel imaging contrast agents
Platforms for localized therapy
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Research and technology development at the atomic, molecular or macromolecular-""*"’
~ scale leading to the controlled creation and use of structures, devnces and systems
with a length scale of approximately 1 — 100 nanometers (nm)
(Source: National Nanotech Initiative)
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= Energy storage, production and conversion ———

= Agricultural productivity enhancement

=  Water treatment and remediation

= Disease diagnosis and screening

=  Drug delivery systems

®* Food processing and storage
=  Air pollution remediation

=  Construction

Potential impact on cancer

=  Health monitoring

= Vector and pest detection and control
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Comprehensive initiative on healthcare?

= Inexpensive diagnostic tests

= New vaccines

= Novel methods of drug delivery
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* ER, PR, and HER2 can be detected using multiplex QDs
N P> simultaneously on specimens of breast cancer cell lines
i {( * ER, PR and HER2 detected using QD-Abs can be
}r guantified using spectrometry
- = Detection/quantification of ER, PR and HER2 using QD-
i Abs correlated well with standard methods (IHC and

Western Blotting)
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Problem:
= Non-specific
= Cannot reach tumor
® |nsoluble
= Systemic chemotherapy is often toxic

Mano-
partioles

Solution:

= Payload: large quantities of multiple drugs delivered
directly to tumor sites

Delivery device minimizes alterations needed to drug
= Therapeutic index shifts

= Enables nucleic acid delivery
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®= Multi-functional platforms:
N Targeting —— In one package
B Dellver.y . . Free drug formulations do not
- Reporting, biosensing possess multi-functional
characteristics
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Two tumors in a mouse are simultaneously ablated. The colored areas
(blue and yellow) represent temperature levels conducive to ablation. The

100 0 000 1200
Visvelangth [nm)

Naomi Halas and Jennifer West,
Rice University and Nanoshells, Inc.

nanoshells injected into the tumor in the upper left are being irradiated
from the laser on the other flank of the mouse.
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= Genetic profiling using highly multiplex in-vitro platforms

— ® Early imaging enabled through the use of ‘smart’
nanoparticles

= Development of in-vivo sensing techniques which will detect
(and possibly kill tumor cells) at very early stage

® Reduced discomfort of routine exams — for example

endoscopy using in-vivo integrated sensor/imaging/data
transfer devices
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D.C. Maclurcan, J Nanotechnology online,
o October, 2005
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D.C. Maclurcan, J Nanotechnology online,
October, 2005
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= Silos of activity among private and public domains
= Disciplines are not used to working with each other
- No common language
- No common scientific literature
- No common funding mechanisms
- Few integrated training programs

Engineering
Materials Science
Physics
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NCI Alliance for
Nanotechnology in Cancer

= $144.3M initiative

= Designed to “ignite” nano-product
development and commercialization

= Encompasses public and private
sectors

= Launched September 2004

= Centers of Cancer Nanotechnology Excellence
= Multidisciplinary Research Teams

= Nanotechnology Platforms for Cancer Research
= Nanotechnology Characterization Laboratory
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"¢ Hazard identification © % e
« In vitro toxicity 5
- Acute in vivo toxicity
« Subchronic/chronic toxicity
- Route of exposure

* Doseresponse >

- External dose
- Internal dose
- Biologically effective dose

* Exposure assessment

Chronic exposure of the worker

Nanomaterials use for
biomedical applications

- Human exposure Dose and patient response
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Nanotechnology clearly provides unique solutions to
problems which can not be addressed otherwise

= New approaches to diagnosis: )

~In VI'[I"O dlggnostlc assays Developing world:

- New imaging contrast agents = Inventor or importer?
= New approaches to therapy: } = Cost?

- Local drug delivery = How soon?

- Lower side effects
® Nanotechnology and prevention )
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