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The biotechnology revolution -
delivering personalised medicine

Whole genome sequencing has the potential to become a disruptive technology,
in the same way that the steam engine replaced the horse

By Susan Pond

susan@pondemail.com

he history of mankind has been one of technologi-
cal change. Initially, each age spanned a very long
time but the rate of change has been exponential.
Currently we are in the information age that
began around about the mid-20th century. Since then we
have seen incredible convergence of discoveries in biotech-
nology and information technology.

This convergence is leading the biotechnology revolu-
tion and sets the scene for technologies that could disrupt
healthcare within the next 10 to 20 years — with major im-
plications for individuals and the healthcare system.

This revolution is a subject being raised and discussed
by futurists such as Ray Kurzweil, Chancellor of the newly
founded Singularity University (SU) - “an interdisciplinary
university in California with the mission to assemble, educate
and inspire a cadre of leaders who strive to understand and
facilitate the development of exponentially advancing tech-
nologies in order to address humanity’s grand challenges”.

The information age has transformed our daily lives
through the internet, our computers, iPods, mobile
phones, global positioning systems, smart cards and a myr-
iad of devices using microchips.

Kurzweil refers to these devices as androids. He pre-
dicts that by the mid-21st century our androids will rival
our full range of human intelligence and that we will be
an era in which our intelligence becomes increasingly non-
biological, embodied in our androids. We will be at a point
of Singularity.

Within the biotechnology revolution is our capacity
to sequence the entire genome of an individual and un-
derstand what it means for our current and future health,
with the promise of complete genome sequencing, raising
questions such as:

B can we sequence the complete genome easily and
cheaply ($1000 per genome or less)?

B what will the data reveal about our biology, our discas-
es, their diagnosis, prevention and treatment?

M how should we use them?

PHOTO: iSTOCKPHOTO

B what are the implications of direct to consumer mar-
keting of complete genome sequencing?

The biotechnology revolution will lead to what is
called “personalised medicine”, which has long been the
holy grail of physicians. We are reaching the point of being
able to decode our individual “Rosetta Stone” of life which
has three languages: our personal history and medical
record; our personal biological material, which includes
our DNA sequence; and our personal information in the
context of the population or as a participant in a clinical
research cohort.

When we have unlocked all of these three languages,
we will be at the point of delivering truly personalised

medicine.

We have come a long way
We have made great advances already in genetic testing of

discrete variations in single genes. Such testing has trans-

entire DNA seq

- isknown as the
genome, a word L
derived from the i

fusion of gene and

chromosome
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formed medical practice in a number of ways. We use it for
prenatal testing, for examination of single gene variations
that lead to abnormalities before or after birth. We use it
for the diagnosis and management of infectious diseases,
some forms of leukaemia and other forms of cancer. We
use it to predict response and side effects to certain drugs.
There are even some tests on the market that enable us to
identify genetic subtypes of common diseases such as dia-
betes that are due to single gene defects.

It is clear that we have come a long way already in the
use of genetics in healthcare.

What is this concept of whole genome sequencing? At
our core is the genetic information encoded by four nu-
cleotides — adenine, thymine, guanine and cytosine. DNA
consists of two long chains of these nucleotides twisted
into a double helix and joined by hydrogen bonds between
the complementary bases adenine and thymine, cytosine
and guanine.

An individuals entirce DNA sequence is known as
the genome, a word derived from the fusion of gene and
chromosome. In humans, the genome is packaged very
tightly into 23 pairs of chromosomes. The Nobel Prize re-
cently awarded to Elizabeth Blackburn relates to how these
chromosomes stop themselves from unwinding by being
capped at the end by a series of repeating nucleotides put
in place by an enzyme known as telomerase.

If we stretched out the DNA found in human chro-
mosomes, it would be two metres long. We have six billion
nucleotides which, if written down, would fill 200 tele-
phone directories. You can appreciate why we have such
a huge amount of information packaged packed into each
and every cell.

The Archon X Prize in Genomics is a $10 million
prize announced in 2007 for the first team to successful se-
quence a hundred human genomes in 10 days for less than
US$10,000 per genome. It is expected that the prize will
be awarded by 2014 or earlier.

A number of public genome sequencing consortia
have been announced. In January 2008 an international re-

search consortium named the Thousand Genomes Project

(www.1000genomes.org ) launched a three-year program
to create a more detailed map of human genetic variation
by deep sequencing of the genome of 1200 people around
the world. It is receiving major support from organisa-
tions in the UK, China and the US and will generate 64
times more sequence data in public data bases than have
been generated during the past 25 years. The first data were
released in December 2008. The group has proposed the
launch of the next phase, the Million Genomes Project.

The private sector is also accelerating its productivity.
Complete Genomics (www.completegenomics.com) is a
third-generation methodology human genome sequenc-
ing company. In September 2009, it announced that it had
sequenced, analysed and delivered 14 human genomes to
customers since May 2009.

In 2010, the company plans to sequence 10,000 human
genomes at a cost of US$5000 per genome for customers
ordering more than 40 genomes. It markets its services di-
rect to biotechnology and pharmaceutical companies, and
institutions undertaking large-scale genome research. The
operations centre has 192 sequencing instruments and, im-
portantly, a data centre which contains 60,000 processors
with 30 petabytes of secure storage.

In summary, 2009 was the year in which we reached a
tipping point in sequencing technology and capacity. The
number of genomes entered into databases will rise and the
costs will decline exponentially during the next few years
enabling us to reach the goal of the $1000 complete hu-

man genome.

Potential to disrupt medicine
Does this present the potential to disrupt the practice of
medicine? How will we interpret and use an individual’s
whole genome sequence? What if the technology becomes
so commoditised that it is available to the population as a
whole?

Whole genome sequencing has the potential to become
a disruptive technology, in the same way that the steam en-
gine replaced the horse, telephones replaced the telegraph,
and digital photography replaced film. Could whole ge-
nome sequencing combined with ‘instructions’ in the form
of risks and what to do about them disrupt current health-
care systems and practices, displace healthcare practitioners?

This is not a fanciful notion. More than 80 companies
are marketing genome sequencing products. Amongst
them are companies such as 23andMe (named for our 23
pairs of chromosomes), which markets its services directly
to consumers (www.23andme.com). Their service “starts
with us mailing you a saliva collection kit”. Other compa-
nies in the same space include Navigenics, deCODEme,

Pathway Genomics and YiGene.
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23andMe currently charges customers around $400 to
learn if they harbour certain genetic mutations that place
them at higher risk for developing certain diseases and im-
pact their response to certain drug treatments. Google is
an investor.

What issues are raised by these direct to consumer ser-
vices? In order to offer meaningful interpretations, we will
need to study large cohorts to find the small genetic effects
on susceptibility to common diseases. Take bipolar disorder
as an example. A genome wide association study to discern
genetic variations associated with this disorder needs to en-
rol 10,000 patients and 100,000 controls. The only way that
these studies will be possible is through the use of linked
electronic health records of patients already diagnosed and
entered into a linked database. Our current lack of capacity
in bio-informatics is another rate-limiting step.

The House of Lords Science and Technology Commit-
tee released an excellent report on Genomic Medicine. It
recognised that clinical health records and sequence infor-
mation will need to be merged on secure platforms and that
a whole workforce in medical informatics will need to be
trained. It will be difficult to gain an understanding of the
genetic basis of some diseases. We have a long way to go.

Other issues raised in the House of Lords report relate
to implementation of service delivery — public engage-
ment, the ethical, social and legal issues and education
and workforce planning. Philosophical issues such as ge-
netic determinism need to be considered. Reproduction is
another area for discussion as well as questions related to
commercialisation of products including intellectual prop-
erty rights and security of data.

What happens if one of the companies providing ser-
vices folds or merges? What happens to the genome se-
quences left by that company in the ‘cloud’?

Despite all of these unanswered questions, we are mak-
ing very rapid progress particularly in the field of cancer.
We recognise that every tumour is different and every
cancer patient is different. Consortia such as the Interna-
tional Cancer Genome Consortium are being established
to undertake comprehensive whole genome sequencing of
the tumour as well as the background DNA from a large
number of patients with different types of cancer.

Australia is participating. The NHMRC has awarded
this project $27.5million, the biggest grant that it has
ever awarded, to a team in Queensland and Sydney that is
studying pancreatic cancer, one of the most severe cancers
for which treatment is usually ineffective.

Ray Kurzweil has portrayed the future as “The Web
within us: When minds and machines become one”. We
need to be prepared for the day, within the next 20 years,
when the “Web within us and Medicine’ become one. 4
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DR SUSAN POND AM FTSE has a strong scientific and commercial
background having held executive positions in the biotechnology
and pharmaceutical industry. She is a Director of Commercialisation
Australia and has held several Board positions including as
Chairman of the Australian Drug Evaluation Committee (ADEC),
Executive Director of Johnson & Johnson Pty Ltd and non-executive
Director and Chair of AusBiotech Ltd. Dr Pond has specialist clinical
credentials in internal medicine, clinical pharmacology and clinical
toxicology and was a faculty member of the Department of Medicine
at the University of California San Francisco for six years and later at

the University of Queensland.

Re-engineering Australia’s
healthcare system

The need to re-engineer Australia’s healthcare system is high on the political
agenda, as evidenced by the Health and Hospitals Reform Commission June
2009 report A Healthier Future for all Australians.

The reform agenda proposed in this report includes the need to take action
to “redesign our health system to meet emerging challenges and create an agile
and responsive and self improving health system for future generations”. Three
levers are proposed: strengthened consumer engagement and voice; a modern,
learning and supported workforce; and smart use of data, information and
communication, particularly via an e-health agenda.

While identifying problems in the healthcare system, the report did not
look at the full potential of disruptive technologies and disruptive innovations
as a mechanism for fundamental improvement in Australia's heath system.

(Disruptive technology’and disruptive innovation’are terms coined by
Clayton M Christensen of the Harvard Business School and used in business
and technology to describe innovations that improve or replace a product
or service in ways that the market does not expect, typically by being lower
priced or designed for a different set of consumers.)

In response to this challenge, ATSE held a seminar in October 2009 in
Sydney - supported by the NSW Government — at which experts in the field
of healthcare policy discussed the impact of disruptive technologies on
this sector with healthcare practitioners, health workforce planning experts,
biotechnology industry leaders and government representatives.

The seminar was opened by the New South Wales Minister for Science and
Medical Research, Hon Jody McKay and the keynote address was delivered
by Dr Susan Pond AM FTSE, former Chair and MD of J&J Research. Dr Margaret
Hartley, ATSE's CEO, was the rapporteur.

Speakers included: Dr Vaughan Beck FTSE, ATSE Executive Director —
Technical; Dr Vitali Sintchenko, Senior Research Fellow, UNSW Centre for Health
Informatics; Dr Shane Brown, Medical Director, Pacific Knowledge Systems;
Professor Branko Celler, CEO, Telemedcare; and Professor Philip Davies, Director
Australian Health Workforce Institute, the University of Melbourne and the
University of Queensland.

Articles developed from their presentations provide the theme material for this
edition of ATSE Focus. The presentations made at the seminar are available at

www.atse.org.au/index.php?sectionid=17
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- the tiniest things
can make a world
of difference.

_____ Nanomedicine, the medical application of nanotechnology, is driving a new generation of
- ™ medical diagnostic and therapeutic products. The University of South Australia is helping

5 = - lead the way with a current research income of $A2.5 million for nanomedicine projects
. involving collaboration between the lan Wark Research Institute and the Sansom Institute

N for Health Research. Taking advantage of the unique properties of materials at the nano

’ size, this cross-disciplinary research aims to design more efficient and less invasive diagnostic
Y and therapeutic anti-cancer agents, and to assess the safety of nanomaterials and

‘ establish their toxicological profile.
1

Nanomedicine research is being led by a team of world-class researchers at UniSA,
collaborating across these leading Institutes. Professor Michael Roberts, an NH&MRC
Senior Principal Research Fellow and Director of the Therapeutics Research Group
at UniSA’'s Sansom Institute, is Australia’s foremost expert in drug delivery systems
and nanotoxicology. At the Wark, Professor Clive Prestidge, recently appointed as

S e

- f Associate Director for Nanomedicine, Dr. Benjamin Thierry, Senior Research Fellow,
," and Professor Hans Griesser, Deputy Director, lead large and successful research
r programs dedicated to nanotechnology in medicine including drug delivery,
,," biomedical devices, and cancer diagnostics and therapeutics.
7
/" Great research outcomes can only happen when gifted minds have the opportunity
/__----n/:; to work alongside one another, exchange ideas and share a common dream.
. el //’/ \~\ That's why UniSA is fast earning a reputation for its outstanding collaborative achievements,
\”\\_5 _____ _'_,:'_____.—"’ . giving researchers the chance to make a real difference to the world we live in.
/ Nanotechnology offers N For more information about research at UniSA visit
! unprecede-nted possibilitie-s towards ‘\‘ e e
! the design of novel anti-cancer '
: therapeutics: Nanoparticles (red) II
\ mediate simultaneous delivery of L
‘\‘ active genetic material (green) and g

1
\, drugs. (Thierry et al., Chem Comm /'
AN 47; 7348-7350; 2009) S
lan Wark

. -t UnISA | Research Institute UniSA

Sansom Institute
for Health Research
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Knowledge management contributes
to disruptive technology in healthcare

Disruptive technology in healthcare has to shift a locus in which the healthcare is
delivered by capturing knowledge and making it freely available in different sites

By Shane Brown

layton Christensen, in his book 7he Innovators

Prescription, looks at disruptive innovation as a

way of improving healthcare in the future. He de-

fines disruptive technology as an innovation that
makes things simpler and more affordable by combining
different inputs to those traditionally used to deliver out-
puts of greater value. He uses the PC as a good example of
disruptive technology.

In the late 1950s to early 1960s there were three big
computer companies. They were CDC (Computer Data
Corporation), DEC, and IBM. CDC disappeared into
UNYSIS. DEC was subsumed by Compaq and then by
Hewlett Packard and they now make PCs.

IBM actually survived very successfully because when
the Apple IT was starting to appear on the desks of students
in primary schools, IBM created a strategic business unit
that worked independently of IBM’s mainframes and also
started making PCs.

Since PCs were not the best type of computer around,
CDC and DEC continued making bigger, better, faster
mainframes and mini computers. Over time however,

these disappeared because the PC got better and better

A 1970 chemistry

“.analyser - a pathology
> %) Itechnician doing

batches of six.

and was affordable. The disruptive technology of the PC
eclipsed the mainframe market.

Why, Christensen argues, does this have any relevance
to healthcare? The answer comes from the US, which says
that by 2020 its entire budget at its current growth rate
could be consumed by defence and healthcare.

There has been no move to reduce the defence budget
but the US Government does recognise that it is an issue for
their healthcare budget. For governments around the world,
the increase in health costs is clearly posing a major problem.

The population, in Western and developing countries, is
becoming more educated. People have greater access to the
internet, they know more about their diseases, they are much
more involved in the way that they want their diseases to be
diagnosed and treated — all factors which put further pres-
sure on governments to spend more and more on healthcare.

At the same time, there has been little or no change
in the way that medicine is practised — we still rely on the
‘bedside’ clinician to make the diagnosis and arrange for
appropriate treatment. In order to be more cost effective,

we need to start looking at a different paradigm.

With respect to diagnostic tests, one of the major is-

The

aca
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rrent generation

of madular devices with

city of up to 5000

tests an hour.
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sues is that they have been totally commoditised. There
has been an enormous input from the private sector into
selling a product, namely diagnostic medicine. At the same
time, there have been issues with the way the funding mod-
els have dealt with that commoditisation.

A 1970 chemistry analyser (a pathology technician)
was a very friendly instrument — capable of changing its
plan with a simple direction from a supervisor.

However, he/she did tests in batches of six and was
very ineflicient. Ten years later, the automated next genera-
tion of analysers came along — not so user-friendly but they
could perform 60 tests an hour. They were followed by the
start of the current generation of modular devices with a
capacity of up to 5000 tests an hour.

If your laboratory needs to do more than this number
of tests an hour, then you buy another machine. If you have
the money, you can also put a track between them so that
your throughput of data can be increased even further
based on the commoditisation of this type of instrument
and driven totally by the commercial market.

While I have focused on chemistry in particular, the
same trend has occurred in every discipline within patholo-
gy — it happened in imaging, it happened in radiology. There
was an enormous surge over that 30-year period in the range
of instrumentation available and diagnostic medicine could
be practiced very cheaply and very efficiently.

Interestingly however, we did not see governments
changing the way they were funding diagnostic testing.
They continued to fund a chemistry test, for example,
based on the assumption that someone was sitting at the
bench taking samples and processing them manually.

Despite these advances in instrumentation, there was a
substantial lag time before the Health Insurance Commis-
sion started to appreciate that technology had moved the
costs significantly away from the way we used to practise.
Now, the advances in instrumentation are being rapidly su-
perseded by those in proteomics and genomics.

But now we can examine the RNA (Ribonucleic acid)
and DNA directly. The amount of information that we can
now apply to making a provisional or a definitive diagnosis

has dramatically increased.

Despite the whole advent of molecular diagnostics and
the quantum leap in the amount of data that is available,
we have not yet seen the basic model of healthcare change.
If you are sick, you go to the GP, who does some prelimi-
nary tests — some of them make sense, some of them do
not. He or she may actually order more and then send you
to a specialist or send you to a specialist immediately. The
specialist then repeats some of the tests because the origi-
nal ones may not have been appropriate.

This approach means that we are actually using an it-
erative process to reach a final decision whereas, today, the
information can be immediately available if we can access
it.

Let me focus on the concept of personalised medicine
and how the information generated from it should be used
in a positive way.

By definition, 62 per cent of a normally distributed
population will lie between 1 and +1 standard deviations
and this forms the basis on which we do clinical trials and
build a framework of evidence-based medicine. We put
something in or we take something out and we measure
its impact on a specific disease entity. At the same time,
we monitor general wellbeing to ensure that whatever we
are putting in or taking out does not do excessive harm to
the patients while remaining focused on the impact of our
treatment on one particular aspect of the disease.

Now, if you happen to be the person three standard
deviations to the right of the mean, you are responding
better to that treatment than 99.5 per cent of the rest of
the population. If you happen to be the individual the
same distance away on the left, you are actually getting a
worse outcome than 99.5 per cent of the population The
key question is what is the reason for such a difference?
The answer lies (see Figure 1) in the wide variation in ge-
netic, anatomical and environmental factors present in an
outbred population like humans that can influence our re-
sponse to treatment.

The emerging molecular technologies, to which we
now actually have access, to put them in the clinical con-
text, have the potential to tell us where individuals lie on
that spectrum in the normal curve. Consequently, patients
and funding bodies are starting to say that they actually
want to see personalised medicine and interpretative diag-
nosis applied to the way that healthcare is delivered.

Given the enormous amount of data being generated
however, we now have the problem of how to manage this
knowledge in a way that will benefit the patients.

The Pacific Knowledge Systems (PKS) product, Lab
Wizard, like other decision-support tools on the market,
is a case-based system and can be applied widely - to lym-

phoma, cystic fibrosis, breast cancer and range of other dis-
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cases. Using Lab Wizard a clinician can analyse test results
and build a set of flags which allows him or her to pull to-
gether the vast amount of information acquired and start
to make sense of it.

Having done that, the clinician can construct a very
personalised, very directed interpretation of the results. At
present, the exercise of capturing the relevant knowledge
takes a great deal of time but, once that is done, the report
is generated automatically as the data comes in. One of the
major advances of such an approach is that it gives us the
rules needed to capture the knowledge.

By using such an approach, the patient, by the time he
or she goes to the specialist, has had the appropriate testing

Figure 2 Does knowledge management

meet these criteria?
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done which means that the whole diagnostic process hap-

pens much more quickly.

Clayton Christensen says that for a disruptive technol-
ogy to have a serious impact on healthcare, it has to be able
to do three things:

I first, it has to be able to shift alocus in which the
healthcare is delivered by capturing knowledge and
making it freely available in different sites;

B secondly, in order to do that one needs to support an
inter-operable medical record; and

W finally, a disruptive technology must be simple and
affordable.

Does knowledge management meet these criteria? If you

look at the spectrum of what we are doing in terms of

medical diagnostics, I think the answer is yes, provided we

apply informatics at each of the levels shown in Figure 2.
In that way, data can be aggregated and sent to a knowl-

edge management system so efficiently that there is now

the real potential to alter the way we practise medicine and

make it sustainable into the future and affordable. 4

DR SHANE BROWN is the Medical Director of Pacific Knowledge
Systems (PKS). He is a highly experienced senior management
consultant in the Australian public and private health sector. He is a

pathologist by training, with a long career in NSW health.
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Forecasting health futures

and health costs

We need to recognise that our forecasts, whether they are optimistic
or pessimistic, are vulnerable to a great deal of uncertainty

By Philip Davies

0.davies@sph.ug.edu.au
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n most areas of life, particularly in con-
sumer goods, as technology develops

the cost of goods goes down. So either

we get the same functionality for a re-
duced cost or we pay about the same and
get a lot more functionality. Motor cars,
mobile phones and personal computers
would be good examples.

In healthcare, on the other hand, tech-
nological development is generally associ-
ated with an increase in costs.

Why do new drugs and new diagnostic
technologies tend to cost more? Perhaps
because so often the price signals to the end
user are concealed — we become more ac-
commodating of cost increases because so
much of the healthcare we consume is paid
for by public or private insurance schemes.

Perhaps we shouldn’t be too surprised
that new technologies in healthcare seem generally to in-
crease costs. If we look across the world we discover that
richer countries typically spend an increasing proportion
of their GDP on healthcare. It’s not simply that a given
percentage of GDP devoted to health in a rich country
amounts to higher spending than the same percentage
spent on health in a poorer country. Rather the percentage
itself is likely to be higher in countries that are better off.

Healthcare can thus be viewed as what economists
call a luxury good. As societies and individuals become
wealthier, healthcare is one of the things that they choose

to spend their marginal extra income on.

Problems with forecasting

Perhaps what we are secing with increasing healthcare
costs is not a cause for alarm. It is just the fact that health-
care is something that is a good thing, and if we can af-
ford more of it, we will spend more on it. That calls into

question the doom and gloom forecasting about much

future levels of healthcare expenditure.

There are problems when it comes to forecasting in the
health area.

Our whole concept of what we mean by ‘health’ is not
1 set in stone. The World Health Organization defines
health as a total state of mental, physical and spiritual
well-being. But what is “a total state of well-being”?

Our standards, our expectations change. In the 1960s a
hip replacement was seen as last-ditch surgery. Now people
have prophylactic hip replacements and many of us will
have two or three such procedures in the course of our life.
Our views on what it means to be well are very malleable

and fungible, which makes forecasting very difficult.

W also have to cope with changes in individual behav-
2 iour. Many projections of the burden of coronary heart
disease would have told us to expect a much higher preva-
lence now but, largely because of what we have done in

terms of diet, smoking and the availability of medications,

The last 10

years are the
expensive
years for

healthcare.
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the epidemic of coronary heart disease certainly isn’t grow-
ing at the rate that we, at one time, expected it to.

Changes in individual behaviour also impact on the sup-
ply side. We see a lot of predictions of doctor shortages and
nurse shortages. It is interesting to reflect on the fact that
Australia first set up a medical workforce advisory com-
mittee to forecast our future need for doctors in the early
1990s. That committee’s original plans and deliberations are
now coming home to roost. We discover we have shortage
of doctors — probably not because those people did their
planning badly but because doctors’ attitudes have changed.
Their attitudes towards work, their willingness to stay in the
workforce, their desire to work part-time or to have multiple
careers have all changed in that intervening period.

So, both on the supply and demand side of healthcare,
we have very unpredictable, unstable changes in behaviour

that make forecasting very hazardous.

3 Finally, we have changes in technology. With a lot of
the changes in technology we are projecting smooth
growth. But there are also disruptive changes in technol-
ogy. The discovery of Helicobacter pylori as the cause of
stomach ulcers was a step change in our understanding of
that particular condition. The introduction of a vaccine for
cervical cancer is another step change.

It is very difficult to predict when, how and where those
step changes are going to occur. So, as we look forward, we
need to recognise that our forecasts, whether they are optimis-

tic or pessimistic, are vulnerable to a great deal of uncertainty.

The last 10 years are expensive

Age is another issue — specifically the burgeoning numbers
of people aged over 65. The question we need to consider is
whether the growing aged population, expressed simply as
the numbers over 65 or over 75, is a valid predictor of the
pressures that our healthcare system will face.

There are two ways of looking at age. One is ‘years from
birth’ — the familiar way. The other is ‘years to death] which
is arguably a better predictor of the demands that we place
on the healthcare sector than years since birth. The con-
ventional view, that healthcare spending is going to rise
due to the increase in numbers of aged over 65, may not
be correct. That view suggests that if people suddenly went
from living to be 75 to living to be 85 the pressures on our
health system would double simply because the numbers
of people aged over 65 have doubled.

Another way of looking at this — the years to death view
— is that the last 10 years are expensive. The last 10 years
used to be 65 to 75. If we can keep those 65-year-olds as
healthy as 55-year-olds are now, then we still have only the

expensive last 10 years of life and those years of 65 to 75 are

Hospitals are about economies of
scale — places where we can bring
together a lot of skilled and talented
people — and expensive equipment
—and make sure that it is used to the
fullest extent and efficiently.

lived in full or close to full health. Then, the simple mea-
sure of the number of people or the proportion of people
aged over 65 is not necessarily a good predictor of the fu-
ture costs of our health care system.

That raises the question of whether health spending re-
ally is ‘out of control’?

We also need to bear in mind that spending on health-
care is typically a mixture of public and private spending
and so is, to a degree at least, discretionary expenditure. I
suspect if we looked at the growth in spending on aero-
plane tickets, and motor cars through the 20th century we
would see that that also grew pretty substantially. Likewise,
if we look at spending on eating out of the home in the past
few years we would see that growing quite substantially.
Is that any more of a problem than the increased private
spending on healthcare?

Perhaps we should be careful when we say that growing
spending on healthcare is a problem. To the extent that it
is discretionary spending on the part of individuals, then
maybe we are choosing to spend our money on healthcare
rather than movies or trips out to the restaurant. Public
spending, on the other hand, is more of a problem and ob-
viously for governments who are concerned about the tax
burden, about international competitiveness, the growing
public costs of healthcare are a concern.

Such concerns are probably accentuated in Australia
by the way that we pay for much of our healthcare. The
three big-ticket items on which the Commonwealth gov-
ernment spends health dollars are the Medicare Benefits
Schedule, the Pharmaceutical Benefits Scheme and the
subsidy for private health insurance. All three of those big-
ticket items share one thing in common and that is they
are essentially uncapped. People often talk about the MBS
budget or the PBS budget. There is no such thing.

Open-ended subsidy model

There is no figure above which the government will not spend
on MBS, on PBS and on private health insurance subsidies. If
more people go to the doctor, the government will pay more
subsidies. If those doctors write more prescriptions, the gov-
ernment will subsidise more pharmaceuticals. If more people
take out private health insurance, or pay higher premiums, the
cost of the Commonwealth’s subsidy will go up.

Perhaps the question we need to ask in the face of in-
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creasing health costs is whether that open-ended subsidy

model is sustainable?

We don’t have to look too far to see another approach.
New Zealand actually capped its national pharmaceutical
budget for the past 10 years, under an agency called Phar-
mac, which is tasked with managing the nation’s pharma-
ceutical use to live within a fixed annual budget, which is
currently around NZ$640 million.

So maybe Australia will see more pressure to contain
those open-ended spending commitments, which would
create a very interesting and challenging political situation.

What would it mean for technology? I think a lot of
today’s new technologies are about making services better,
increasing coverage, improving quality, ensuring better pa-
tient experiences and delivering more effective outcomes
- but they do so at an increased cost.

I suspect the technologies that are going to win through
as we go into the future are those that can actually improve
the quality of the patient experience and deliver better
health outcomes, but do so at the same or, preferably, lower
cost. If we do move to more constrained funding mecha-
nisms, those are the technologies we need to be looking for.

Health financing does two things:

I first, it covers the costs of rare and costly events. All of us
know that if we need heart surgery or if we are involved
in a major accident, it would hit us pretty severely in
the pocket. So when we pay for healthcare there is an
element of insurance to protect us against the costs of
rare, unpredictable and often expensive events.

M second, we want to make sure that everyone can get
access to it — making health services affordable for the
poor who wouldn’t be able to afford even the most ba-
sic healthcare if and when the need arises.

It is interesting to consider that the funding of health-
care for the poor is actually more of an income supplemen-
tation issue than an insurance issue. It is what the econo-
mists call a transfer payment where, in common with other
elements of social welfare, we transfer cash to people so
they can buy essential goods and services.

Unless we are living with a chronic condition how
many of us actually need a $30 subsidy to go and sce the
GP? It’s not very expensive, it’s even quite predictable. It
happens reasonably regularly. A colleague of mine once
said “Insuring to go and see the GP is a little bit like insur-
ing to get your hair cut”.

So, once you start to tease apart these two components
of health financing and then you project upon that the
increasing predictability of health problems through all
the gene-based forecasting, it does suggest that we need to
start deconstructing and reconsidering the very basis on

which we pay for healthcare.
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Finally, the institutions — the organisational context in

which all of this goes on — deserve some comment.

Economies of scale

At the moment there are essentially three places where
most of us go to get our healthcare — hospital, primary care
(GP surgery or a community clinic) or care in the com-
munity (in our homes, workplaces and so on). I think the
weakest link in that is the hospital.

Hospitals are about economies of scale — places where
we can bring together a lot of skilled and talented people —
and expensive equipment — and make sure that it is used to
the fullest extent and efficiently.

But technologies change the whole basis of economies
of scale. We used to go to the telegraph office to send our
telegram and shared the telecommunications technology
with others from our community. We then got the phone
in the hall at home and shared it among our family. We
now carry our own individual phones around with us. So
the economies of scale in terms of how we communicate
have really been transformed by technology.

So, 50 years into the future, there are good grounds to
question the need for the conventional hospital, as we know
it. Remember, we are talking 50 years into the future here.

The other group that I think may be vulnerable are our
traditional primary care practitioners or GPs. As we move
into a world where healthcare becomes more technologi-
cally dependent and multi-disciplinary, will the small busi-
ness model of General Practice be viable? Paradoxically the
same technologies that may call the business model of the
hospital into question could also challenge the business
model of general practice.

Lookingat the future of healthcare provision, I wonder
whether the hospitals and the primary care providers will
actually merge and collapse into some new sort of high-
tech connected clinic that we can access remotely and that
provides the hub for delivering community-based services.

What we spend on healthcare is actually the result of
individual choice plus societal views. We live in a democ-
racy and we are not necessarily slaves to demography. We
have the power of democracy to help us make decisions
about how much we are going to spend on healthcare.

Healthcare expenditure is not out of control. We con-
trol healthcare expenditure as individuals or as a society.

We have to make those decisions. 4

PROFESSOR PHILIP DAVIES was Deputy Director-General in

the Ministry of Health in New Zealand for a number of years

before spending more than six years as Deputy Secretary of the
Department of Health and Ageing in Canberra. He is now Professor

of Health Systems and Policy at the University of Queensland.
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THE STELR PROGRAM
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among students in science courses and careers.
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® STELR s a 6-to-10 week package involving inquiry-based activities. It engages students
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Closing the gap in the
skills set in healthcare

Physician assistants don’t want to take full responsibility for patient care. They want

to work for a ‘taskmaster’, the physician, and they want to have defined jobs

By Peter Brooks

¢ know what the medical profession of the
21st century is going to have to deal with -
chronic disease, ageing, new interventions,
cost issues and communications in the context
of this information age. Cost issues are really important but
so is quality of life and any interventions, whether involv-
ing the use of new technology, knowing your genetic code
or having health information about yourself on an electronic
health record, needs to be looked at in that context.

One of the major problems around the world, until very
recently, has been that we have run a medical system, not a

health system. Health is much too important to be left solely
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Physician assistants now number 70,000 in the United States.

to the doctors — they are very conservative and have a very
significant conflict of interest in a range of areas.

Robert Fogel, a Nobel Laureate in the late 1990s, pre-
dicted that most health systems around the world would
be running at between 20 to 25 per cent of GDP by about
2025 and I think we are probably headed for that.

Health expenditure in various countries varies quite sig-
nificantly and there is not much correlation between health-
care costs and clinical outcome. In Australia, the healthcare
sector is the second largest part of the workforce and will be
the largest part of the workforce relatively soon.

We are also an ageing workforce, so what is the future?

According to the World Health Organisation figures
we are 4.3 million health workers short in this decade
alone, 2007-17. In Australia, the US and the UK 30 per
cent of the medical workforce is overseas-trained. If we
think we are going to solve the problem with the number

of new medical schools that we have, we are being misled.

Number of options

There are a number of options for increasing the workforce
into the future — we can train more or we can look at role
extension of health professionals.

We are seeing a lot more nurse practitioners and nurse-
led clinics. In terms of carers, we are going to be 150,000
to 160,000 short by 2030. Now, where are we going to get
them from?

It is constraining if we think we are going to get people
to do all these tasks. We have to think of some sort of tech-
nology, because the people are not going to be there, so it is
really important that we look very disruptively at how we

are going to tackle this problem.

Contributions are welcome

Opinion pieces on topics of national interest will be considered for publication in ATSE Focus. ltems between
800 and 1500 words are preferred. They must list full name, title/role, organisation (if relevant), city of residence

and email address for publication. Please address to editor@atse.org.au
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Extending the role of current workers is important, but
we need to create new types of workers and to improve ef-
ficiency of those we have.

UK data suggests that a 30 per cent increase in the
number of nurses in nursing schools makes about a five
per cent impact on the number of nurses required 10 years
down the track. If you increase the efficiency of every nurse
by one or two per cent, you will decrease the need for those
extra nurses by something like 40 per cent.

There are real efficiencies that we can build into the sys-
tem, but in Australia this is hindered by the fact that there
is too much money in the health system.

Running all the services that we run, the major teach-
ing hospitals in London turn in a profit of between $15
million and $20 million a year. This indicates we have a
real issue regarding a lack of efficiency and good business
systems within our health system, whether it is for primary
care or in the hospitals.

We spend what most countries spend, which is less
than five per cent of our total healthcare budget, on pre-
vention. The Alma Ata declaration of 30 years ago said to
run a balanced health system requires about 30 per cent of
your health resources to go into prevention, patient educa-
tion, health promotion and disease prevention. There are
only two countries in the world that do that — Vietnam
and Cuba — and neither are democracies.

Most countries in the world are calculated to have sig-
nificant shortages of workers in the 15 to 59 age group by
2020. Australia is about half a million short. China, be-
cause of its one-child policy, is 10 million short. The US is
17 million short. India is 47 million positive.

India acknowledges its resource is people and antici-
pates that is what it will export.

A number of groups are now proposing to some Indian
universities that we train health professionals to Austra-
lian standards in India, using Indian clinical resources,
and then bring them here. The Queensland Government

is now looking at this option for nursing.

Physician assistants

Physician assistants are a delegated healthcare model,
which came out of the Vietnam War ‘medics. There are
now some 70,000 physician assistants in the US and they
contribute significantly to the US healthcare system.

The University of Queensland has just started the first
physician assistant program in Australia. Those that want
to become physician assistants are a quite different group
to those who aspire to be doctors or nurses. They don’t
want to take full responsibility for patient care. They want

to work for a ‘taskmaster’, the physician, and they want to

have defined jobs.

The care provided through medical labour extension
has to be comparable, effective and generate reasonable pa-
tient satisfaction, but it is important to maintain the medi-
cal primacy of diagnosis. What doctors are good at is the
uncertainty of medicine. Medicine is not an exact science.
Diagnosis and mapping out a treatment plan and review-
ing that plan is paramount.

But, once that diagnosis is made, you can have other
people, whether they are nurse practitioners or physician
assistants, take on the ongoing care of those patients, refer-
ring to the doctor every now and again but having the sup-
port of appropriate systems and technologies.

Australia, like the UK, New Zealand and the US, has
really started to look at the health workforce. We have put
$1.4 billion into the health workforce over the next four
years and we have decided to adopt national accreditation
of health professionals — things that will help drive the sys-
tem. These changes will impact how we assess healthcare
professionals, looking at competency-based assessment
rather than time-based assessment.

I suspect we can teach physician assistants or other
middle-level providers to do a procedure such as knee
arthroscopy, via an assessment of technical skills, so that
someone who was very good at doing this sort of thing,
and wanted to be a knee arthroscopist, could be trained as
an arthroscopist — for instance in a two-year course at UQ.

The driver is Medicare benefits, but if the system was
changed so that practitioners were registered as arthroscopists

only, then things might be different. Imagine this scenario.

Outcomes of simulator training
in laparoscopy

IN THE OPERATING THEATRE, SIMULATOR TRAINED
RESIDENTS:

- performed the procedure 30 per cent faster; and

- made six times fewer errors.

STANDARD TRAINED SUBJECTS WERE:

- nine times more likely to fail to make progress;

- five times more likely to injure the gallbladder; and

- five times more likely to burn non-target tissue.

Source: Seymour & Gallaher, Ann. of Surgery, 2002

The ‘dedicated’ arthroscopist gets $100 for doing an
arthroscopy in about 20 minutes. After three or four years
the arthroscopist wants to do knee replacements. We now
have at UQ or the University of Melbourne this great
18-month course for doing knee replacements, which al-
lows the arthroscopist to extend his/her skills into a new
area. These ‘dedicated’ people, doing technical procedures

all the time, become extremely good.
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Is this something we could be looking at in 20252 Still
having highly skilled professionals doing the procedures,
improvingaccess and doing it in a collaborative team based
system — are we brave enough to take on the status quo?

One of the problems with health funding at the mo-
ment is that it is being predicated and driven very much
by procedures. One of the most common procedures is the
endoscopy.

Reimbursement is about $500 for 20 minutes work.
By contrast, for an hour-and-a half with a patient work-
ing through a very complex history, reaching a considered
opinion and working out a management plan, a physician
gets about $130.

I think you actually reverse the funding - so that for
doing the history in an hour and a half you get $500 and
you get $100 for the endoscopy. I think you would change
behaviours and you might suddenly find a whole bunch of
medical students wanting to be physicians or general prac-

titioners, rather than wanting to be proceduralists.

Training issues

We also have to change the focus on teaching hospitals as
the only place where you can train medical students. We
have to train medical students and nurses in teaching hos-
pitals but we also need to train them in the community.

There are absolutely wonderful opportunities for
clinical training in general practice primary care, which we
don’t use because it is too difficult.

Much easier to ring up the Royal Prince Alfred Hos-
pital or Royal North Shore as the Dean and say, “Look,
I have got 300 medical students that I want to train next
term, can we send them over?” — rather than ringing up
150 different general practices.

We also have to invest in simulated learning environ-
ments. Surgeons who train in laparoscopy on a simulator
actually have much better outcomes than those who train
on patients. In terms of injuring the gall bladder and getting
out of hospital more rapidly the results are really important.

Every time we step on a Qantas 747, we know that that
pilot has had four crash landings in the last 12 months be-
cause that is what Qantas pilots have to do on a simulator.

It has relevance for medical training. €

PROFESSOR PETER BROOKS is one of the doyens of healthcare
in Australia and has worked over the years in a number of states
and made major contributions both to its delivery and to the
training of medical and paramedical personnel. He recently
retired from the role of Executive Dean of Health Sciences at the
University of Queensland to take on the new position of Director
of the Australian Health Workforce Institute, which is a combined

enterprise of the Universities of Queensland and Melbourne.
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AusBiotech reception at Government House, Melbourne. (Left to right) Victorian

Agriculture and Small Business Minister Joe Helper, AusBiotech CEO Dr Anna Lavelle,
Victorian Governor Professor David de Kretser AC FAA FTSE and AusBiotech Chair,
Dr Deborah Rathjen FTSE.

By Deborah Rathjen

There were strong signs of life at the 2009 AusBiotech conference in Melbourne
following a difficult year, marked by a significant decline in investment. Thrust
into a'perfect storm; local biotech companies endured a trying year as investors
fled to the safety of low-risk investment options.

In order to survive the global financial downturn, many publicly listed
biotech companies reacted by cutting staff, mothballing projects and reducing
cash burn. A number of privately held non-listed companies went dormant,
waiting to see when the private market would begin re-investing in programs
while others delayed the start of clinical trials or cut back the scale of their R&D,
in order to preserve their cash in the hope that the tide would turn and capital
would became available again.

Despite this difficult operating environment, the Australian biotechnology
industry has continued to mature. In the midst of some of the most difficult
financial operating environments globally, there has been unprecedented
advancement of innovative Australian biotech products towards market. At
the close of the 2008-09 financial year, Australia had more than 130 ASX-listed
companies with a market capitalisation of $35 billion.

Australia’s biotech sector is widely regarded as punching well above its weight,
rating sixth in the world in biotechnology. Our medical discoveries have improved
the quality of health for Australians and millions of people around the world with
discoveries such as the Cochlear hearing implant, the cervical cancer vaccine
(Gardasil) and sleep apnea devices (ResMed) just some of the sector’s success stories.

The industry’s emergence from the economic downturn was a focus at the
conference. There has been a visible improvement in the state of the sector with a rise
in both local and international funding of companies over the last three months, and
a return of investor interest in the sector opening up a number of new opportunities
for Australian biotech companies. Evidence of this can be seen in the Bioshares index,
which tracks 111 ASX-listed biotech companies. In the September quarter the index
rose 33.1 per cent, outperforming the ASX 300 Index, which rose by 20.1 per cent.

Continued on page 42 P
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Australian Government

1THE PRIME

MINISTER'S
PRIZES FOR
SCIENCE

2010 CALL FOR NOMINATIONS

Nominations are invited for the Prime Minister's Prizes for Science,
which are offered to Australian citizens or those who hold permanent
residence status in Australia.

The $300,000 Prime Minister's Prize for Science is awarded for an
outstanding specific achievement or series of related achievements
in the physical, chemical, biological and technological sciences,
mathematics and engineering. The Prize may be awarded to an
individual or jointly to up to four individuals.

The $50,000 Science Minister’s Prize for Life Scientist of the Year
and the $50,000 Malcolm Mclntosh Prize for Physical Scientist

of the Year are awarded to two scientists at an early stage of their
research careers, whose outstanding achievements are advancing,
or have the potential to advance human welfare or society. To be
eligible in 2010, nominees must have completed their PhD within
the past 10 years i.e. the date of their testamur must be on or after
20 May 2000.

The $50,000 Prime Minister's Prizes for Excellence in Science
Teaching in Primary and in Secondary Schools recognise two teachers
who have made outstanding contributions to science education in
Australia. Nominees for these Prizes should be on the staff of a
school and a