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Challenges in the Healthcare System

Increasing costs and reduced reimbursement
World Wide health care spending expected to grow 
from 9% of world wide GDP to 15% by 2015 1

Changing demographics 
By 2050, the world’s population > 60 years will triple 
from 600 million to over 2 billion 2

Chronic illnesses
Number of people in US with a chronic illness grows 
from 118 million in 1995 to 157 million in 2020 3

Emerging Markets
Expenditures on healthcare lag the rest of the world 
today, but are expected to explode by 2015 1

“Many healthcare systems around the world will become unsustainable by 2015. The only 
way to avoid this critical situation is to implement radical changes…”

Institute for Health Improvement

1) Institute for Healthcare Improvement
2) Philips Sustainability Report 2006 
3) World Heath Organization
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Medical Technology has Greatly Improved Healthcare, 
as Demonstrated by Reduced Death Rates

Sources: NCHS, 
Cutler 2006
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• 5 out 7 years gained 
in  heart disease
• 2.6 months related to 
cancer

Around 70% of the survival improvement in heart attack
mortality is a result of changes in technology

Next Challenge: preventing chronic disease



Philips Research, Hans Hofstraat, EuroNanoForum, Prague, June 5, 2009 55AHA. Heart Disease and Stroke Statistics, 2006
ABC Report for Philips, May 2007. 

Incidence Prevalence

HF Incidence, Prevalence 
2005-2009

���� ����

Period 
Change 

100% 

HF Prevalence To Double in 30 Years
2005-2035

���� ���� ����

10M

5 M

2005                  2020                2035

HF Incidence and Prevalence Still Growing

#1
Cause of death in the world.

17.5 million
People died from CVDs in 2005

80%
Percentage of premature cardiac 
disease deaths that are avoidable 
through healthy diet, regular physical 
activity and avoiding tobacco smoke.

Cardiac disease facts and figures
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A Care Cycle approach to Healthcare  

Prevention Diagnosis Treatment SurveillanceScreening Management

Increasing the quality of care while simultaneously increasing the efficiency 
per euro spent, will require a holistic approach to healthcare delivery

Engaging all stakeholders!
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Nanomaterials: 
• Nanotubes
• Dendrimers
• Nanopores             
• Quantum dots
• Nanoshells
• Nanoparticles

DNA

Protein

Virus

nm
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‘Chemical Biology’
Nanomaterials augmenting 
natural substances
• siRNA, Plasmid DNA
• Synthetic antibodies
• Synthetic enzymes
• …

SIRNA - siRNA

Fellouse, Genentech –
synthetic antibody to hVEGF

NanoMedicine:
Targeting Disease at the ‘Molecular’ Level

Magnetic
nanoparticles

Nanostructures building microsystems 
for diagnosis and therapy
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Targeted Drug Delivery
more efficient therapy with less side effects

Reconstructive Medicine
correcting deficient body functions

Molecular Medicine
pre-empting disease

NanoMedicine Changing Healthcare
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The promise of Molecular Medicine

Your own biochemistry 
becomes the basis for 
diagnosis and treatment

• Early diagnosis of disease processes  

• Functional imaging localizing the disease

• Patient stratification

• Enabling minimally invasive treatment

• Disease management tailored to the patient

Courtesy Wash U, St Louis
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Challenge: understanding root causes of disease
Linking symptoms to molecular origins

From symptomatic to preventive medicine
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Molecular Medicine

From symptomatic to pre-emptive medicine
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Current, 
Symptomatic Medicine,
leads to chronic disease

Pre-emptive 
Medicine
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Healthcare will be Increasingly Based on Biomarkers 
Managing and Personalizing Health Care & Cure

• Biomarkers are characteristics that are objectively measured and 
evaluated as indicators of: 

– normal biological processes

– pathogenic processes

– pharmacological responses to therapeutics intervention1

• Such characteristics (including biochemical , electrical, anatomic, 
psychometric, or functional traits) can be used to measure a variety of 
aspects of disease:

– risk

– prognosis

– progression

– beneficial or toxic effects of treatment

From Symptomatic Treatment of Disease to 
Preventive and Pre-emptive Management of Medical Conditions
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Value of Biomarkers in Heart Failure 
Example: BNP Guiding Therapy for Chronic HF

� Serial monitoring of BNP levels to titrate dose may improve outcomes in 
patients with chronic HF compared to clinical management alone.

Source: Troughton, Lancet, Apr 2000

Cardiovascular events  [Patients: 33 BNP + 36 Clinical]
(death, hospitalization or HF decompensation)

BNP-guided
Group

Clinically 
managed group

Significance
(p value)

Total events during 9.5-month (median) follow up 
(min 6 months) 

19 54 = 0.02

Percent of patients experiencing 1st CV event at 6 months 27% 53% = 0.034
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Molecular Imaging & Diagnostics: Targeting Biomarkers
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Molecular Diagnostics

• In-vitro tests of specific 
molecules associated 
with a disease

• Use of biosensors

� � ��
� � �
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Point-of-Need Testing
Key in Prevention and Treatment of Cardiovascular Disease

Central lab testing

Result

Point-of-Need Testing Benefits
• Short time to result � rapid, information-based, therapy decisions
• Compact & simple to use � 24/7 availability 
• Personalized therapy selection � reduced cost, improved outcomes

Sample

Result

Testing @ point-of-need

Sample
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15 nanometer

Antibody and Magnetic Nanoparticles
Marriage of Molecular Biology and Nanotechnology
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Superparamagnetic Nanoparticles

grain size:
5-15 nm

bead diameter
100 nm - 1� m

superparamagnetic 
magnetite (Fe3O4) 
grains

polystyrene 
matrix

polystyrene

magnetite 
grains
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Biosensor: Analyte Capture on a Sensor Surface
antibodies
on surface

targets are 
labeled 

fluid over 
surface



Philips Research, Hans Hofstraat, EuroNanoForum, Prague, June 5, 2009 2121

Magnetic Actuation Technology
For high speed and sensitivity

Target capture

Large surface area 

Fast target capture

Magnetic attraction

Bypass diffusion

Fast surface 
binding

Magnetic wash

Control stringency 

Fast wash step

All assay steps can be integrated in one chamber (no fluidic handling)
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� Magnetic biosensor technology

� Active assay process run in 
stationary liquid

� Easy to use

� Fully automated

� Fast
� Accelerated binding by magnetic 

concentration

� Robust and accurate

� Analytical performance achieved 
through magnetic control over every 
assay step

Magno tech
Blood & saliva Immunoassay Point-of-Care technology

	
��� ����

magnetic particles
Dittmer et al, Journal of Immunological Methods, Vol. 338, 40-46, 2008
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Magno tech
Troponin-I can be detected sensitively in minutes

5 minute assay time
1 pM Limit of 

Detection
10 mmmmL plasma
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Magno tech
Morphine competition assay

Sample in, 
Result out

Collection to result from a single saliva sample in 
under 90 seconds for 5 drugs simultaneously*

* Opiates, THC, amphetamine, 
methamphetamine and cocaine
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Magno tech
Platform Elements

Disposable
� Sample taking unit
� Pre-treatment
� Detection

Analyzer
� Magnetic actuation
� Signal processing
� No moving parts
� Embedded software

Bio-chemistry
� Magnetic beads
� Printed spots
� Dry reagents

Software
� Host software
� Integration with clinical
� IT infrastructure
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Magno tech platforms can bridge Labs and Point-of-Need 
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Molecular Imaging & Diagnostics: Targeting Biomarkers
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Molecular Imaging

• In-vivo measurement and 
treatment of specific molecules 
associated with a disease 

• Using medical imaging equipment 
and targeted (contrast) agents

� � ��
� � �
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Medical Imaging Modalities
X-ray / CT MRI Ultrasound Nuclear Imaging

PET/CT

SPECT/CT

Contrast agent required
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Imaging Modalities

CT: 

US: 

MRI: 

SPECT: 

PET: 

Optical: 
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0.1 – 0.5 mm

Single bubble
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5-10 mm

2-5mm

microns

Sensitivity
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Single bubble
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Magnetic Particle Imaging (MPI)

Clinical need: New imaging method for real-
time imaging of coronary blood supply, 
assessment of myocardial perfusion, and 
assessment of functional parameters. 

Challenge: To combine high sensitivity, high 
resolution and fast acquisition.

Solution: New imaging technology based on 
direct detection of nanoparticles (~30 nm) 
that can be magnetized by an external 
magnetic field.

Sensitivity like nuclear or optical imaging, 
but…
• No radioactive contrast agents needed
• Whole body imaging potential Gleich & Weizenecker, 

Nature, Vol. 235, 1214-17, 2005
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MPI principle



Philips Research, Hans Hofstraat, EuroNanoForum, Prague, June 5, 2009 32

Magnetic Particle Imaging
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Model mimicking the coronary arteries



Philips Research, Hans Hofstraat, EuroNanoForum, Prague, June 5, 2009 34

Reconstructed 3D images
1 2

3 4

Super Paramagnetic Iron Oxide Nanoparticles:

Resovist from Bayer Schering Pharma AG
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Results – 3D dynamic
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Left heart chamber
Left heart chamber

Lung arteries

Left heart chamber

Lung arteries

In-vivo MPI images

More information:
Weizenecker et al.,
Physics in Medicine and Biology, Vol. 54, L1-L10, 2009
http://stacks.iop.org/0031-9155/54/L1

Collaboration with UK Hamburg-Eppendorf
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Nanotechnology Enabling Personalized Medicine

Future diagnostics, based on proven biomarkers, will enable 
elimination of the current ‘Trial and Error’ approach to Medicine

– The crucial enabler for Personalized Medicine to happen
• Prevention, pre-emptive and personalized treatment

• Based on biochemical , electrical, anatomic, psychometric, or functional traits

– Easy to use platforms – sample in, result out, 24/7, ‘everywhere’

– Enabling informed decision taking

Implementation requires a joint effort of all stakeholders: ‘Open Innovation’!

Fulfilling the Promise of Personalized Medicine

(From trial and error to first time right 
– Mara Aspinall and Richard Hamermesh, HBR 0ct 2007 )
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European Technology Platform NanoMedicine
Public and Private Parties Joining Forces

http://www.cordis.europa.eu/nanotechnology/nanomedicine.htm

1. Nanodiagnostics: early and accurate tests

- biosensors, miniaturized devices handling nanosampl es
- targeted imaging agents to highlight pockets of dis ease

2. Targeted Drug Delivery: on the spot

- bring the drug to the target site and monitor its i mpact

3. Regenerative Medicine: stimulated repair

- help the body to (re)build organs or systems

Focussing on disease: 
Cancer, cardiovascular disease and diabetes, 
musculo-skeletal, mental and infectious diseases

Open Innovation: 
Addressing the Multidisciplinary Challenge of 
NanoMedicine Together….
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