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The potential of genetics-based personalized 
medicine is just coming into focus. Five years 
ago, Burrill & Company hosted its first Person-
alized Medicine Meeting. At that time, we pos-
tulated that there was a shift towards more per-
sonalized, predictable, and preventive medi-
cine that would revolutionize the healthcare 
system.

Fast forward five years and we see that the 
new medical reality is now with us. The impact 
of genomics, proteomics, pharmacogenom-
ics, and systems biology on the development 
of more targeted and personalized therapeu-
tics and diagnostics is beginning to be felt. Per-
sonalized medicine is now firmly on the radar 
screen of governments across the globe. Drug 
developers have shifted their focus from the 
one-size-fits-all drug model, to individually tai-
lored medicines. Drug companies are now using 
genetics and other screening tools to figure out 
what patients are best suited for their treat-
ments. The movement is most obvious in can-
cer, where drugs have been approved specifi-
cally for a subpopulation of patients displaying 
particular genotypes. 

Pharmaceutical companies now understand 
the contribution of biomarkers and genetics-
based diagnostics. There are new alliances and 
collaborations being forged for the research and 
development of companion diagnostics and this 
trend will continue to expand.

Personalized medicine is being embraced by 
many countries from Luxembourg to Singapore. 
In the United Kingdom, for example, the Sci-
ence and Technology Committee of the House 
of Lords recently issued a report on genom-
ic medicine. The report is optimistic about 
the potential long-term benefits of translating 
advances in genetics into substantial improve-

ments in medical care. “Every so often, a scien-
tific advance offers new opportunities for mak-
ing real advances in medical care,” the report 
says. “From the evidence given to this inquiry, 
we believe that the sequencing of the human 
genome, and the knowledge and technologi-
cal advances that accompanied this landmark 
achievement, represent such an advance.”

As the report suggests, there has never been 
a more exciting time in the history of medicine 
than now. We are on the threshold of revolu-
tionary changes in the healthcare landscape. 
It is not surprising that payors, policymak-
ers, the pharmaceutical industry, and patients 
are counting on our industry to deliver on its 
promise of transforming medicine. The goal is 
to make it better able to address the ailments 
of an aging population, control burgeoning 
healthcare costs, and counter the threat of 
pandemics. 

Already, there’s been a dizzying advance of 
technology to enable personalized medicine. 
And the business case for personalized med-
icine has become clear. But the politics sur-
rounding it remains less clear. We have a presi-
dent who has acknowledged the value of per-
sonalized medicine. The appointment of Fran-
cis Collins as the new director of the National 
Institutes of Health provides a strong advocate. 
But as battles over healthcare reform brew, it 
is critical the industry works to ensure public 
policy helps, not hinders, the ushering in of this 
new era of medicine.

One concern among personalized medicine 
advocates centers on new funding for com-
parative effectiveness research that some fear 
could hurt the development of personalized 
medicine. Recently, the Partnership to Improve 
Patient Care, a coalition of patient, provider, 
and industry advocacy groups, raised concerns 
that comparative effectiveness research will not 
take adequate account of individual patient dif-
ferences. The fear is it may impede the develop-
ment and adoption of improvements in medi-
cal care and “stymie progress in personalized 
medicine.”

Despite the concerns, most agree that person-
alized medicine will become part of the solution 
to what ails the U.S. healthcare system. Every-
one has a stake in the success of this new era 
of medicine.

G. Steven Burrill

The Future Is Now
p u b l i S h e r ’ S  l e T T e r
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Representative Patrick 
Kennedy reintroduced 
a personalized medicine 
bill first pushed by then 
Senator Barack Obama 
in 2007.

l E g i S l at i o N

Medical Bills
Washington is taking note of the 
promise of personalized medicine 
with legislation that could help fuel 
its development. 

pharmacy benefits manager. “We recognize we 
have a tremendous opportunity for what we 
already had built,” she says. “While we look at 
healthcare reform and want to bring econom-
ics to a more bearable level, we see person-
alized medicine does that. By using genomic 
information, doctors can prescribe the right 
dose at the right time.”

The Personalized Medicine Coalition, a 
Washington, D.C.-based non-profit organiza-
tion made up of a dozen leading pharmaceu-
tical, biotechnology, diagnostics, and infor-
mation technology companies, has a simi-

As the debate on healthcare reform heats up 
in the nation’s capital, so too has the empha-
sis placed on personalized medicine and its 
promise of better outcomes, lower costs, and 
greater efficiency. In fact, proposed legislation 
may help speed new developments in this field 
focused on tailoring patients’ treatments to 
their individual characteristics and genomics.
With Washington wrestling with how to cut 
costs while increasing coverage, personalized 
medicine is increasingly figuring in the dis-
cussion. The belief is that doctors will no lon-
ger have to use a one-size-fits-all approach. 
Instead, medical care going forward will 
involve pinpointing the appropriate drug or 
treatment based on genetic variations, there-
fore reducing the time and cost associated 
with the trial and error of medications, treat-
ments, and dosages. 

Personalized medicine’s possible benefits 
have not gone unnoticed. Legislators have 
introduced several bills in the last few years, 
including a 2007 bill by the then junior Dem-
ocratic Senator from Illinois Barack Obama, 
in hopes of creating agencies and working 
groups to make personalized medicine a real-
ity. Obama’s bill sought to create an interagen-
cy group to coordinate the policies of federal 
agencies whose decisions have an impact on 
the issue. 

Representative Patrick Kennedy, a Democrat 
from Rhode Island, reintroduced the bill dur-
ing the 111th Congress, adding incentives to 
lure researchers into the field.

As a senator, Obama had a strong convic-
tion in personalized medicine and it must be 
continued, says Teresa Deluca, vice president 
of Personalized Medicine at Franklin Lakes, 
New Jersey-based Medco Health Solutions, a 

One of the arguments 
the coalition makes is that 
personalized medicine, by 
introducing efficiency into the 
system, can lower overall costs. If 
you get the therapy right the first 
time, you eliminate the trial and 
error of medicine.

—Ed Abrahams, executive director of the Personalized 
Medicine Coalition
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Genentech 
wants laboratory 
tests developed 

in house by 
testing labs to be 
subjected to the 
same scrutiny as 

test kits sold to 
labs..

lar stance. “One of the arguments the coali-
tion makes is that personalized medicine, by 
introducing efficiency into the systems, can 
lower overall costs,” says Edward Abrahams, 
the organization’s executive director. “If you 
get the therapy right the first time, you elimi-
nate the trial and error of medicine.” 

Abrahams cites Medco as a pioneer in the 
field and an indication that progress is being 
made. In 2008, Medco signed a two-year part-
nership deal with the U.S. Food and Drug 
Administration to research the role of genet-
ics in the effectiveness and safety of drugs. 

“That’s a telltale sign that at least one large 
pharmaceutical manager is looking at the ben-
efits,” Abrahams says. 

A recent study boosts the case for personal-
ized medicine, Abrahams argues. The study 
he cites finds that $604 million could be saved 
annually if the drugs Vectibix and Erbitux 
were prescribed only to those patients with 
metastatic colon cancer whose KRAS gene is 
mutated, because those are the only patients 
who benefit from the drugs. 

But the cost-savings analysis is based on a 
series of assumptions, not on real world expe-
rience, he says. “The challenge we face is to 
get more economic studies,” he says. “It is a 
real issue because payors, generally absent evi-
dence, are skeptical.”

Medco’s Deluca believes there are two pos-
sible avenues to take personalized medicine 
from theory to common practice. One way is 
to find a biomarker to indicate the appropri-
ateness for the use of every new medication 
placed on the market. Another way, she says, 
is to conduct additional research on all medi-
cations currently on the market to see if such 
biomarkers can be found. “There’s a cost to 
doing both avenues,” she adds. 

But with Congress and the White House 
focusing on reforming the basics of healthcare, 
personalized medicine could be pushed to 
the backburner, preventing the practice from 
moving forward from development and idea to 
real world application. Advocacy groups and 
supportive lawmakers must work hard to keep 
personalized medicine in the minds of those 
deciding the future of medicine. 

— Kristi Eaton

r E g u l at i o N

Differing Diagnoses
Controversy is brewing as federal 
regulators are expected to address 
calls for greater regulation of 
diagnostics. 
There’s been much debate over the role the 
U.S. Food and Drug Administration should play 
in regulating the lab tests that guide doctors’ 
decisions about what drugs they use to treat 
their patients. But whether it’s the advocates 
for a greater role for the FDA or those who 
argue it’s best the agency stay on the sidelines, 
both sides seem to agree on one point: the very 
future of personalized medicine is at stake. 

Genentech shook up the industry in 
December 2008 when the bitotech giant filed 
a citizen’s petition with the FDA arguing the 
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agency should regulate all in vitro diagnostic 
tests. Genentech wants lab developed tests or 
LDTs—genetic test produced in house by testing 
labs—to be subject to the same scientific and 
regulatory standards as in vitro diagnostics test 
kits sold to labs. Currently the FDA regulates 
test kits, but not LDTs. 

“The failure to apply clear and consistent 
standards and regulatory oversight to all LDTs 
could threaten the public health and serve as a 
disincentive for the development of diagnostic 
test kits through FDA’s review pathway, thereby 
potentially undermining the move toward 
more personalized approaches to healthcare 
treatment and delivery,” Genentech’s General 
Counsel Sean Johnston wrote in the citizen’s 
petition. 

The issue is of no small concern to the South 
San Francisco company, which has since been 
acquired by Roche. Several of Genentech’s 
products are now associated with the use 
of diagnostics, many of which have never 
undergone review by the FDA. These tests 
are marketed under the Clinical Laboratory 
Improvement Amendments or CLIA. 

Genentech’s move didn’t just spark questions 
over the broader issue of the FDA’s role in 
regulating diagnostics. It also drew harsh 
criticism from some groups, such as the 
American Clinical Laboratory Association, 
which represents makers of lab-developed 
tests. Responding to the Genentech’s petition, 
the group commented to the FDA that 
implementing Genentech’s recommendations 
would undermine the ability of labs to bring 
new tests to market and delay patient access 
to medical advances.

“The petition’s proposed approach would 
inhibit innovation and the application of new 
advances in testing, just at the time when there 
is such potential in the areas of personalized 
medicine and genetic testing,” the group’s 
president Alan Mertz wrote in response to 
Genentech’s filing.

The issue of increasing FDA involvement 
in the regulation of diagnostics had been 
under discussion long before the Genentech 
citizen’s petition. The issue picked up steam 
when an April 2008 report from the Secretary’s 
Advisory Committee on Genetics, Health, and 

Society to the U.S. Department of Health and 
Human Services concluded there was a gap in 
oversight of diagnostics. The report said the 
department needed to address the gap and 
that the FDA should have a role in doing that. 

The key trade group representing diagnostics 
makers been in discussion with the FDA 
over its proposed risk-based approach to 
regulating diagnostics. It argues that the 
FDA should oversee the safety and efficacy 
of all diagnostics, whether developed by 
manufacturers or clinical laboratories. But, it 
says, the agency should do so based on the risk 
posed by the use of the results of a given test 
in patient management. Tests that represent 
well-established technologies used to detect 
familiar biomarkers, the group says, should 
be exempt from needing FDA approval prior 
to marketing. “From our view this is looking 
to create a reasonable process for diagnostics,” 
says Khatereh Calleja, associate vice president 
technology & regulatory affairs for AdvaMed, 
short for Advanced Medical Technology 
Association. “This is not to stifle innovation, 
but to foster it.”

Calleja says diagnostics manufacturers as a 
whole are supportive of a risk-based approach. 
She says there’s a proposal in the works that 
would support continued innovation in this 
area, yet still address some of the public health 
concerns that have been expressed with new 
emerging genetic tests.

Though AdvaMed’s proposal is more 
comprehensive than the issues of lab 
developed tests addressed by Genentech, it 
is worth noting that Genentech calls for FDA 
to use a risk-based approach as well. It says 
many LDTs would be considered low-risk and 
not require significant regulatory oversight. 
But LDTs used in clinical decision making 
to determine the use of a particular drug 
for a patient should be considered high-risk 
because of the potential danger an  patient, 
the company says. Should the FDA move 
toward such a plan, it might not be difficult to 
get the various players on board in principle. 
The fight, however, will likely turn on how the 
agency decides to define the risk of a given 
diagnostic.

— Daniel S. Levine
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fellow travelers
Big Pharma’s move toward 
targeted therapeutics is fueling 
dealmaking between drug and 
diagnostics companies.

The promise of personalized medicine—treat-
ment tailored to specific patients—is beginning 
to change the course of drug development. 
Instead of aiming for mass-market blockbust-

ers, pharmaceutical and biotech companies 
are increasingly setting their sights on targeted 
therapies to treat patient populations with spe-
cific subtypes of a disease. Identifying the right 
therapy for the right patient will rely, of course, 
on medical tests or “diagnostics,” as they’re 
called, to establish the disease subtypes. And 
the increasing importance of having a diagnos-
tic paired to a therapeutic is expected to lead to 
a rising number of mergers, acquisitions, and 
partnerships built around companion diagnos-
tics, a new report shows. 

“We think that diagnostics is the tip of the 
spear in personalized medicine and this trend 
will continue as there is more proof of clini-

Stephen Little, 
CEO of DxS, says 

pharmaceutical 
companies are 

beginning to 
embrace the Rx/Dx 

model..
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cal utility,” says Gerry McDougall, principal, 
Healthcare Advisory Services at Pricewater-
houseCoopers and one of the authors of the 
consultancy’s Diagnostics 2009: Moving Toward 
Personalized Medicine. Although the number of 
such deals fell in 2008 compared to 2007, this 
was due in part because the industry had to 
absorb the record number of deals from the 
previous year, McDougall notes. 

Several factors are driving the potential 
increase in personalized medicine deals. 
Among them is increased use of biomarkers 
and assays to identify the group of patients 
most likely to benefit from a particular ther-
apy. There’s also the greater likelihood, with 
treatments better matching patients, that clin-
ical trials will be successful. This in turn can 
lead to cost savings as well as a better chance 
that a therapy can pass muster with an increas-
ingly risk-averse U.S. Food and Drug Adminis-
tration. 

Stephen Little, CEO of Manchester, United 
Kingdom-based companion diagnostic com-
pany DxS, thinks the future looks bright for 
personalized medicine deals in part because 
the pharmaceutical industry is recognizing 
their value. “An important change that we’ve 
noticed is that drug companies have moved 
from the position of really being quite resis-
tant to the idea of using a companion diagnos-
tic to embracing it,” he says.

The benefits can be seen throughout the 
development cycle, experts say. “If you can 
select patients who are more likely to respond 
to your therapeutic agent than patients at 
random, or unselected patients, then you are 
more likely to have a successful clinical trial,” 
says Joe McCracken, who until recently served 
as vice president of business development 
for Genentech. “It requires fewer patients. In 
addition, I think the FDA is more comfortable 
when they look at the risk-benefit profile for 
the drug.” 

Most pharmaceutical companies look exter-
nally to develop companion diagnostics. With 
the growing acceptance of the value of pairing 
such a test to a therapeutic, DxS’ Little says it’s 
not surprising to see this need driving deals.

Deal pace picked up in the second and third 
quarters of 2009, with nine deals announced 
as of mid-August. DxS has been busy, strik-

ing a deal with AstraZeneca in early August to 
develop its EGFR mutation kit as a companion 
diagnostic for AstraZeneca’s lung cancer drug 
Iressa. DxS is also working with German phar-
maceutical company Boehringer Ingelheim 
to develop an EGFR test as a companion diag-
nostic for a non-small cell lung cancer thera-
py before the start of late-stage clinical trials. 
And, the company has signed agreements with 
Amgen and Bristol-Myers Squibb to provide 
an EGFR assay to identify the K-RAS onco-
gene in colon cancer tumors. 

Little says companies are knocking on his 
door to do companion diagnostic deals, unlike 
a few years ago when the concept was not well 
established. “I think a lot of the concerns that 
drug companies had about just how would 
a companion diagnostic strategy work have 
been allayed, because we have seen it working 
in practice,” he says. 

For now, the deals driven by companion diag-
nostics have focused on oncology. The deal-
making trend should continue as more phar-
maceutical companies pursue personalized 
medicine strategies, but it’s unclear whether 
and how soon this trend will move into other 
areas of medicine.

—Marie Daghlian

policy

Boon or Bust 
Lawmakers are taking note of the 
potential benefits of comparative 
effectiveness research, but will it 
speed or impede the development 
of personalized medicine 
treatments? 
Less than six months after the federal stimu-
lus package allocated $1.1 billion for compara-
tive effectiveness research, two senators intro-
duced a bill to establish a private, nonprofit 
corporation to study the most cost-effective 
and beneficial healthcare treatment programs. 
But some fear the increased focus on compar-
ing what treatments offer the most benefits 
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for the least cost could threaten recent gains in 
the field of personalized medicine. The worry? 
Treatments tailored to a specific patient’s char-
acteristics and genomics might get short shrift 
if policymakers are focused on cutting health-
care expenses across the board.

Under the American Recovery and Reinvest-
ment Act passed by Congress in February, the 
funding for comparative effectiveness research 
will be spread across several federal agencies. 
In June, Democratic senators Max Baucus and 
Kent Conrad introduced the Patient-Centered 
Outcomes Research Act of 2009, which would 
establish a Research Institute to assist patients, 
clinicians, purchasers, and policymakers to find 
the best methods to diagnose and treat health 
conditions.

“The goal is to provide physicians, patients, 
healthcare workers, and hospitals, everyone 
involved, better information to guide medical 
care, so it might mean comparing a surgical 
procedure to a medication or comparing mul-
tiple medications,” says Alan Garber, director of 
Stanford University’s Center for Health Policy 
and Center for Primary Care and Outcomes 
Research.

For their part, federal officials and personal-
ized medicine advocacy groups say there’s no 
reason a shrewder look at the cost-benefits of 
certain treatments and therapies would threat-
en the gains in tailored medicine. In a June 
report to President Obama and Congress, the 
government body established under the  recov-
ery act noted the important strides the field has 
made in making medical care more precise and 
effective. Comparative effectiveness research 
can work hand in hand with personalized med-
icine, the body says. Not only could it identify 
which interventions and strategies work best 
on average, but it would also help identify how 
unique patient groups respond differently, the 
group says.

“In some cases, different existing therapies may 
be identified as most effective for specific sub-
groups,” the report says. “In other cases, [compar-
ative effectiveness research] may help to identify 
significant sub-groups for whom effective thera-
pies do not yet exist. [Comparative effectiveness 
research] may also help steer research efforts 
toward the development of products and strate-
gies for areas of significant need.”

The Personalized 
Medicine Coalition, 
a non-profit organi-
zation made up of a 
dozen leading phar-
maceutical, biotech-
nology, diagnostics, 
and information 
technology compa-
nies, thanked Senators Baucus and Conrad for 
the legislation and incorporating language that  
leaves room to recognize the value of therapies 
tailored to address differences between differ-
ent patients’ genetics. “We’re lobbying hard to 
make sure Congress doesn’t lock us into a one-
size paradigm,” says Edward Abrahams, the 
organization’s executive director. 

The possibility that the research favors more 
universal as opposed to individual treatments 
is one concern. There’s also the question about 
what happens with the research results. “One 
of the big challenges, after research is com-
pleted, is how do you make the leap from pre-
senting results in clinical and scientific jour-
nals to make it available in a way the ordinary 
consumer can understand and make it useful?” 
Garber says. “So one of the challenges is to 
make sure there is some structure in place.”

Several conservative lawmakers and talk show 
hosts have been outspoken about their oppo-
sition to comparative effectiveness research, 
saying it will essentially ration healthcare and 
fail to take individual needs into account. But 
Garber disagrees. Writing in the New England 
Journal of Medicine, Garber says that “far from 
impeding personalized medicine, [compara-
tive effectiveness research] offers a way to 
hasten the discovery of the best approaches 
to personalization, providing more and better 
information with which to craft a management 
strategy for each individual patient.”

At a time when many in Washington are 
focused on finding ways to cut spending on 
healthcare, it’s not surprising that some would 
see comparative effectiveness as a blunt tool to 
cut spending at the expense of patient access 
to new drugs. But, if done right, it’s also an 
opportunity to both test and demonstrate the 
value of personalized medicine therapies. 

— Kristi Eaton

Alan Garber, 
director of Stanford 
University’s Center 

for Health Policy, 
says personalized 

medicine and 
comparative 

effectiveness research 
can work hand in 

hand.
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M e T r i c S D e a l M a k i n g

value of discolsed m&a deals in in vitro diagnostics sector, 2004–2008 
Activity fell in 2008 as the acquirers digested deals from an active 2007.

number of all m&a deals in the in vitro diagnostic sector, 2004–2008 
Several big dollar deals bolstered the numbers in 2007.

A Diagnosis of Deals
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e ven though growing interest in personalized 
medicine has been driving deals in recent 
years, 2008 actually saw a significant drop in 

deal activity in the sector, according to PriceWa-
terhouseCoopers. While the number of M&A 
deals involving in vitro diagnostic companies 
reached 51 in 2008, it fell short of the 84 deals an-
nounced the previous year. PwC attributes that 
to the fact that companies were busy digesting 
their acquistions from 2007, a year of unusually 
high activity. The contrast is even more dramatic 
when deal values are compared. The value of 
M&A transactions for the sector reached $1.7 
billion for 2008, a fraction of the $26.5 billion in 
transactions announced the previous year. 
One area to watch is partnerships between phar-
maceutical companies and diagnostic makers 
as Big Pharma focuses increasingly on targeted 

therapeutics that treat patients with certain sub-
types of a disease. These drugs are often married 
to diagnostics that can identify for which patients 
their use would be appropriate. PwC say phar-
maceutical companies announced seven part-
nerships with diagnostics companies in 2008 to 
develop a companion diagnostic for a therapeu-
tic. This represents a significant drop from the 14 
collaborations announced in 2007, but the firm 
notes there is no clear up or down trend over the 
period 2004–2008. While PwC says companion 
diagnostics partnerships with pharma have yet to 
become an established industry practice, indus-
try players say the trend is moving faster than it 
appears because pharmaceutical companies of-
ten don’t announce these deals with early-stage 
projects. 

—Daniel S. Levine
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companion diagnostics deals by pharmaceutical partner, 2004–2008 
roche was the most aggressive dealmaker in the area.

companiion diognostics partnerships with pharma, 2004–2008 
Diagnostics for pairing with cancer drugs generated strong interest among pharamceutical companies.
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M e T r i c S f i n a n c e

Let’s Make a Deal
t here has been a wave of partnering and 

M&A deals during the past 18 months 
as companies gear up to take advantage 

of the evolving new healthcare paradigm 
of personalized medicine. The $4.66 billion 
in global M&A transactions in 2008 was 
dominated by the $3.4 billion acquisition 
of Ventana Medical Systems by Roche. 
Another deal of note was Inverness Medical’s 
$580 million acquisition of Third Wave 
Technologies.
Year-to-date there hasn’t been any blockbuster 
deals in 2009, but the transaction value has 
reached $761 million. Deals of note in 2009 
include: Gen-Probe’s $136 million acquisition 
of Tepnel Life Sciences, a rapidly growing 
molecular diagnostics company based in the 
UK; and medical testing giant LabCorp’s $155 
million purchase of Monogram Biosciences. 
The acquisition expands LabCorp’s presence 
in personalized medicine.
The number of alliances between diagnostics 
and pharmaceutical companies will 
continue to rise because of the growth of 
personalized medicine, according to a report 
from PricewaterhouseCoopers. The report,  
Diagnostics 2009: Moving Towards Personalized 
Medicine, argues that the drive towards 
personalized medicine can be attributed to 
several factors, including regulatory agencies 
that are introducing requirements to test for 
certain biomarkers prior to prescribing certain 
drugs. 
The Burrill Report (www.burrillreport.com) has 
documented more than 30 such partnership 
deals established in 2009 to date.  Examples 
include:
GlaxoSmithKline  and Enigma Diagnostics  
have signed a worldwide agreement to develop 
and supply the first point-of-care diagnostic 
influenza tests to identify specific influenza 
virus strains using its real-time polymerase 
chain reaction technology platform, the 
Enigma ML. The partnership will enable GSK 
and Enigma to develop the Enigma ML to 
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personalized medicine m&a transactions
roche’s $3.4 billion buy of Ventana boosted 2008.

venture capital flows too
investment in personalized medicine slows in 2009.
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NASDAQ 

deliver fully-automated results from swab 
samples in less than 60 minutes at the point 
of care and to the same accuracy standards 
as reference laboratories. This will mean that 
patients can be tested for specific influenza 
subtypes in the community and receive 
appropriate treatment rapidly. A trial involving 
working prototypes of the ML system with 
frontline healthcare providers across Europe 
will commence in the fourth quarter of 2009. 
Launch of Enigma ML is anticipated in early 
2011, subject to successful clinical trials and 
regulatory approval. 
UK-based diagnostics company DxS  is working 
with AstraZeneca to provide a diagnostic 
test for use with its lung cancer drug Iressa. 
A mutation in the epidermal growth factor 
receptor, or EGFR, occurs in about 10–15 
percent of lung cancers in non-Asian patients, 
and it is these tumors the drug works best on. 
DxS said its TheraScreen EGFR29 diagnostic 
kit will be used to screen potential Iressa 
patients for the mutation.  

More VCs are jumping into personalized 
medicine too. According to Thompson Reuters 
the number of U.S. VCs investing annually 
in diagnostics and genomics has almost 
doubled in the past five years. Last year, for 
example private diagnostics and personalized 
medicine focused companies around the world 
collectively raised almost $700 million in venture 
capital (approximately $470 million in the 
United States). Even in today’s economically 
challenging times companies working in the 
personalized medicine space have raised $217 
million this year and are on target to top the 
$400 million mark.
One of the beneficiaries of the surge of investor 
interest in the sector is Menlo Park, California-
based Pacific Biosciences, a company pioneering 
the development of a transformative DNA 
sequencing technology. It raised $68 million in 
financing in August 2009 making a total of $188 
million that has been invested in the company 
since last summer.

—Peter Winter

personalized medicine index
the sector has a solid perfomance in the first half of 2009.
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M e T r i c S M a r k e T S

Summer Sizzle 
B iotech was hot this summer as positive 

drug data, strong sales and earnings, and 
partnering and M&A deals drove share 

prices higher. As a result, the Burrill Biotech 
Select Index posted a solid gain of 6.5 percent in 
the June to August period, mirroring the major 
indicies. The Dow Jones Industrial Average 
jumped 12.4 percent and the Nasdaq Composite 
Index rose 9.5 percent during the same period as 
they recordered their best summer performances 
in years.
The Burrill Personalized Medicine Index remained 
unchanged this summer. Becton Dickinson’s 
shares fell 3 percent in July after it provided lower 
guidance for 2010. Illumina, which makes products 
that analyze genes and biological functions, also 

dropped 9 percent despite posting a second-
quarter profit that was almost twice that of the 
comparable quarter a year earlier.
Personalized medicine is an emerging trend. 
The Burrill Personalized Medicine Index is up a 
healthy 14 percent year-to-date as investors have 
generally been intrigued with companies in the 
personalized medicine and genetic analysis space. 
The combination of new product introductions, 
recent acquisitions, and revenue from partners 
has expanded the business of Affymetrix, which 
saw its shares post a whopping 30 percent jump in 
value during the summer. The company’s shares 
have been on a roll in 2009 and up almost 160 
percent since January.

—Peter Winter

Biotech inDiceS

Index 12/31/07 12/31/08 6/30/09 8/31/09 % Change  
(Month)

% Change  
(Year)

Burrill Biotech  Select 331.52 300.33 294.09 309.76 5.33% 3.14%

Burrill Large Cap Biotech 437.71 379.7 424.71 450.36 6.04% 18.61%

Burrill Mid-Cap 201.89 139.39 173.97 176.26 1.32% 26.45%

Burrill Small Cap 137.6 78.35 82.51 100.56 21.88% 28.35%

Burrill Genomics 104.29 59.69 65.73 122.84 86.89% 105.8%

burrill personalized 
medicine 126.82 79.63 90.53 90.73 n/c 13.95%

Burrill BioGreentech 158.66 106.12 133.21 142.17 6.73% 33.97%

Burrill Diagnostic 159.43 138.3 131.47 139.58 6.17% 0.93%

NASDAQ 2652.28 1577.03 1835.04 2009.56 9.48% 27.40%

DJIA 13264.82 8776.39 8447 9496.28 12.42% 8.200%

Russell 2000 766.03 499.95 508.28 572.37 12.61% 11.49%

Amex Biotech 786.5 647.15 697.17 925.56 32.76% 43.02%

Amex Pharma 338.52 272.84 262.11 283.53 8.17% 3.92%

S o u r c e :  t h e  B u r r i l l  r e p o r t
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Denmark – taking medicine personal
Denmark, with its strong historical scientific base within drug development, is embracing progress aggressively and has 
identified personalized medicine as key to future health care.
One of the central reasons for the Danish stronghold in the field of personalized medicine is the excellent collaborative 
research efforts between basic research institutions, academic and commercial researchers and a number of highly skilled 
and very strong diagnostic companies.

Danish universities and hospitals are home to leading research groups within various technologies that can be applied 
in personalized medicine. Furthermore, Danish academia is world leading within research into cancer, CNS, infectious 
diseases and diabetes, which are therapeutic areas that are very promising in relation to personalized medicine. 

Finding the key to treating cancer…

To exemplify, a significant part of the chemotherapy, which is used to treat cancer patients, has insufficient power and 
cancer medicine is expensive and requires considerable resources to develop. A Danish interdisciplinary research team, 
consisting of doctors, veterinarians, biologists and biochemists, have found an important key to tailor the cancer treat-
ment in order to
work optimally for the individual patient.

Access to quality data, registers, and bio banks…

Several diagnostic companies have chosen to locate in Denmark, leading the way in developing technologies and specific 
diagnostic kits for use in personalised medicine. Furthermore, Danish companies hold a strong position in diagnostics, 
particularly in diagnostics based on disease causes rather than disease symptoms – a key factor in personalised medicine.
Another important factor for especially R&D within personalized medicine is that Denmark is unique in its access to 
data through comprehensive data registers available (central personal registration (CPR) number, the National Patient 
Registry, health economic statistics and diagnosis registration in general practice (in process) making it possible to com-
bine and reference data across different areas. 
For e.g. risk evaluation this is crucial as it provides unique access to continuously updated and accurate information in 
risk control. In Denmark, it is possible to combine various registers like the personal identification number with clinical 
trials, which means that it is possible to connect a range of personal information like address, income, gender, age etc. 
with a sample from a biobank. As an example, the Danish Cancer Registry contains information and biological samples 
of all Danish cancer patients from 1942 to present-day. This is an internationally unique resource in Denmark, which 
gives the possibility to follow an entire nation’s development of cancer.

Invest in Denmark

Invest in Denmark – the official investment promotion organisation of Denmark –assists foreign companies in estab-
lishing e.g. R&D activities, production and regional headquarters in Denmark. We provide customised information and 
services free of charge and in full confidentiality. 

Visit us at www.investindk.com and find out what we can do for you.
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P h o T o  e S S aY

Gazing into the Future
Tethys Bioscience brings an affordable diagnostic to market that 
promises to help physicians fight diabetes before the disease strikes 
their patients. But it’s unclear whether doctors and payors are ready 
to embrace it. 

Story and Photos by Daniel S. Levine
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When a CEO quotes Niccolo Machia-
velli’s The Prince, it’s probably wise 
to keep your distance. But biotech 

executive Mickey Urdea thinks the political the-
orist was right on the mark, not about it being 
better to be feared than loved, but about disease. 
Writing about consumption—the potentially 
fatal, contagious disease now known as tuber-
culosis—the Italian philosopher said “in the first 
stages it is easy to cure though hard to detect, 
but with the progress of time, if not detected or 
treated, consumption becomes easy to detect, 
but hard to cure.” Machiavelli was using a meta-
phor for affairs of state, but for Urdea, the words 
reflect a business plan focused on the value of 
identifying disease before it manifests itself.

Urdea’s Tethys Bioscience began to take shape 
in 2005. Backed with seed funding from the 
venture capital firm Mohr Davidow Ventures, 
the Emeryville-based diagnostics company 
began an exercise to zero in on diseases that 
Urdea says had both enormous health and eco-
nomic impacts. That led the company to target 
type 2 diabetes, a chronic condition in which 
the body fails to produce adequate amounts of 
insulin or grows resistant to its effects. 

The direct and indirect cost of the disease, 
which can lead to heart disease, blindness, and 
the need for amputations, grew to $174 billion 
in 2007, according to the American Diabetes 
Association. Mindful of the disease’s toll on soci-
ety, Tethys developed its first in a line of predic-
tive diagnostics under the PreDx (pronounced 
“predicts”) line, the PreDx Diabetes Risk Test. 
In June 2008, some three years after its found-
ing, Tethys began selling the test.

While many other diagnostic companies at 
the vanguard of personalized medicine look 
at patients’ genetics, Tethys instead looks at a 
series of biomarkers in the blood to determine 
the likelihood that someone will develop type 
2 diabetes within five years. Unlike the genet-
ic make-up of a patient, which doesn’t change, 
Urdea says the information provided by the 
PreDx test offers insight into biological chang-
es that can signal the onset of diabetes before 
it happens. This ability gives doctors a way to 
identify high-risk patients in time so that life-
style changes and drug therapies can be used 
to prevent development of the disease.  

 “We’re the poster child of preventive, per-
sonalized medicine,” says Urdea. “There hasn’t 
been a lot of focus on prevention until now. 
We think this is the right way to go because 
it is going to save the most money and make 
the greatest impact. There’s just no way of 

having a bigger impact on a disease than pre-
venting it.”

Though there are many people at risk for 
diabetes, it is difficult to identify through tradi-
tional means who will actually develop the dis-
ease. In the United States, there are 57 million 
people over the age of 40 with a body mass 
index greater than 25. But of this population, 
only 5 percent will actual become diabetic 
within five years, the company says. Urdea and 
his team decided to look at levels of certain 
proteins and other substances in the blood to 
see if they could identify those who are likely 
to develop the disease within that time. The 
goal was to help doctors focus on interventions 
for those patients. 

Edward Kersh, chief of cardiology at St. 
Luke’s Hospital in San Francisco, began using 
the test in June. When the PreDx test shows a 
patient to be at high risk for developing dia-
betes, he says he refers them to the hospi-
tal’s diabetes clinic for education and to help 
alter their lifestyles. Traditionally, though, he 
says getting patients to alter their lifestyle is a 
challenge—only about 10 percent do so over 
the long term. Though it’s too early to tell, he 
thinks the PreDx test results will prove to be 
powerful motivators. “When the patient sees 
it in black and white on a piece of paper and 
reads it, they say, ‘You mean I’m going to have 
diabetes in five years? What can I do about 
it?’” says Kersh. “‘You can do X, Y, and Z, lose 
weight, exercise more.’ They become very 
motivated to do it.”

But the value of the test goes beyond sift-
ing through those patients who appear to be 
at high risk. Recently, Kersh was treating a 
50-year-old Korean man who suffered from 
high blood pressure. He described the man 
as lean and fit. Kersh successfully brought the 
man’s blood pressure under control. The man, 
he says, was not someone who appeared to be 
at risk for diabetes. But when Kersh noticed 
his blood sugar was a “tad elevated,” he decid-
ed to give him a PreDx test. The man scored 
8 out of 10, a score that signifies a high risk of 
developing the disease within five years. Kersh 
says the man has since made lifestyle changes 
to address the issue.

“With this guy, no one would have a clue,” 
says Kersh. “You’d take a look at him and say, 
‘He’s not a candidate for diabetes,’ until he 
goes into a diabetic coma.”

The researchers at Tethys began with a list 
of more than 260 substances in the blood that 
studies suggested could be indicators of the 

Tethys Bioscience’s 
Associate Director 

of Clinical Lab 
Operations Marianne 
Winell overseas day-

to-day operations 
of the company’s  
diagnostic lab in 

Emeryville, California.
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development of diabetes. They pared the list 
down to 89. Then they examined the presence 
of these substances in more than 6,000 blood 
samples from patients followed for at least five 
years, about 250 of which developed diabetes 
during that time. In the end, the team identified 
a set of seven biomarkers—adiponectin, C-reac-
tive protein, ferritin, fasting glucose, insulin, 
interleukin-2 receptor alpha, and HbA1c—that 
the company says together provides a reliable 

indicator of the likelihood that someone will 
develop diabetes within five years. What was 
perhaps surprising is that well known biomark-
ers for diabetes such as hemoglobin A1C and 
insulin contribute less to the PreDx algorithm 
than others, such as the iron transport protein 
ferritin and a receptor involved in inflammation 
known as il-2R Alpha. One benefit of these bio-
markers is that there were long established lab 
tests for most of them.

“You really don’t want an esoteric test,” says 
Bill Ericson, a managing partner at Mohr Davi-
dow Ventures and member of the Tethys board. 
“You want a technology that’s generally been 
applied previously because it takes a lot of issues 
of validation off the table. People aren’t worry-
ing about is that platform appropriate? How do 
we validate the platform? What does the FDA 
think of the platform? That’s made a big differ-
ence with how quickly they’ve been able to get 
to market. They’ve tried to simplify everything 
at the point of care and the point of analysis.”

Indeed, the company has not faced the same 
hurdles getting reimbursed for its diagnostic as 
emerging genetic test makers have faced. Today 
the company sells its test for $465 for each kit. 
Even though reimbursement codes don’t yet 
exist for its diagnostic Tethys is able to use so-

Edward Kersh, chief 
of cardiology at St. 
Lukes Hospital in San 
Francisco, says the 
PreDx test results have 
proven to be powerful 
motivators to get 
patients to change their 
diets and lifestyles. 

Tethys Bioscience 
CEO Mickey Urdea 
holds up a sample  
PreDx Diabetes Risk 
Test report. Based 
on the level of seven 
biomarkers in the blood, 
the test scores patients 
on a scale of 1 to 10 
to determine their risk 
of developing type 2 
diabetes within five 
years.
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Tethys Bioscience 
Reserach Associate 

Glen Hein fine tunes 
a machine that will 
automate the last 

of seven tests that 
make up the PreDx 

Diabetes Risk Test. It 
is the one test in the 

process  now that 
lab workers carry out 

by hand.

called “code stacking” to charge for the compo-
nents that make up its test because most of the 
tests are already in use.

In essence, though, the company does not yet 
get paid for its intellectual property—the algo-
rithms that underlie that scoring of the test and 
provide a simple score between 1 and 10 to com-
municate the risk of developing the disease to a 
doctor and patient. Ericson says the price the 
company is getting today is an “okay price.” But, 
he adds that whatever the price is will evolve 
from the test’s use and the economic value it cre-
ates in the improvement in patients’ health. Still, 
the company will need to convince payors that 
its test is not only a reliable predictor, but that 
it also provides information that doctors and 
patients can act on, translating the results into 
healthcare savings.

For now, though, the biggest challenge for 
Tethys is letting doctors know about the test’s 
availability. Urdea says doctors have long 
faced the problem of how to identify patients 
at high risk of diabetes without a proper tool. 
As a result, they are quick to understand the 
test’s utility, he says. Tethys is being selective 
in the doctors it is contacting. It’s focusing 
on primary care doctors who are aggressive 
about wellness and prevention. 

But with the country’s debt spiraling out of 
control, healthcare reform is increasing the 
pressure to find ways to cut costs. Tethys is 
betting that a lot more employers, payors, and 
doctors will become focused on wellness and 
prevention in this new reality for healthcare—
and that the PreDx test will allow them to do 
so effectively.  
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Tethys Bioscience 
Lab Assistant Raquel 
Gimutao (above) opens 
blood samples sent 
to the lab for analysis. 
This begins the process 
of analyzing patient 
samples.

Once samples arrive at 
the Tethys lab, Gimutao 
enters information 
about the sample into 
the lab’s computer 
(right) so it can be 
tracked through the 
analysis process.
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Amalia Ocampo 
(above), a Tethys 

Bioscience clinical lab 
scientist, places blood 
samples in a machine 

that performs the 
first three of seven 
tests that make up 

the company’s PreDx 
Diabetes Risk Test.

Probes on an analyzer 
(left) pull blood 

samples from vials 
and run a set of 

diagnostics on them 
in an automated 

process.
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Associate Director 
of Lab Operations 
Weinell (right) checks 
a computer screen 
that provides constant 
monitoring of quality 
control of the tests 
performed in the lab.

Weinell checks a print-
out of the ongoing 
tests being performed 
at the lab as they are 
completed (below).  

Patient samples are 
placed in an assay for 
analysis of adiponectin, 
a hormone produced by 
fat cells that promotes 
sensitivity to insulin. 
Patients with low levels 
of this hormone have a 
higher risk of developing 
type 2 diabetes 
(opposite).
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Lab Assistant 
Gimutao prepares 
blood samples left 

over from testing for 
long-term storage 

in the company’s 
freezers (left). 

Cindy Chan, (left) 
a Tethys Bioscience 

Lab Assistant, places 
a test results in an 

envelope for mailing 
to the doctor who 

ordered it. Test results 
are also automatically 
faxed when testing is 

completed.
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S e q u e n c i n g
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On May 6, 1954, at a track meet in 
Oxford, U.K., Roger Bannister ran a 
mile in 3 minutes, 59.4 seconds. At the 

time, many had considered running a mile in 
under four minutes an impossible feat. Some 
viewed it as an insurmountable psychologi-
cal barrier, if not one of physics itself. In fact, 
the breaking of the four-minute mile is still 
considered among the greatest sports accom-
plishments. 

If the sequencing of a whole human genome–
determing an individuals entire genetic code–
for $1,000 were the equivalent of running a 
four-minute mile 55 years ago, think of Hugh 
Martin as some kid in the early 1950s boasting 
that he would soon run a 40-second mile—and 
mean it. 

The CEO of Menlo Park, California-based 
Pacific Biosciences has that jocky kind of swag-
ger, typical of executives who have risen to the 
top in Silicon Valley. A veteran of the telecom 
and computer gaming industry, Martin was 
recruited by the venture capital firm Mohr 
Davidow Ventures to head Pacific Bioscienc-
es in 2005. The pick was a recognition that 
so-called third generation sequencing, new 
approaches to sequencing that promise to one 
day reduce the time and cost of sequencing 
to once unimaginable levels, was as much an 
information technology challenge as a bio-
chemical one. 

Built upon technology initially developed at 
Cornell University, Pacific Biosciences expects 
to go to market by the second half of 2010 with 
a device that can leave previous sequencing 
machines in the dust. The goal is to sequence 
3 base pairs–the pairs of molecules that make 
up the rungs of the twisted DNA ladder–per 
second. With improvements to reagents, the 
chemicals used to make possible the reading 
of the DNA, the device will eventually be able 

to complete 10 base pairs a second. That com-
pares to second-generation machines today 
that sequence at the relatively plodding rate of 
just a base pair per hour, Martin says.  

Eventually—about three years after the intro-
duction of the first machine—Martin expects 
to produce a follow-up device that will be able 
to sequence a genome at a rate of 50 base pairs 
a second and at a cost of $100.  “When you go 
to the doctor and the doctor fills out the form 
and checks off blood, urine, test this, test that, 
there isn’t anything on that form that cost more 

than 150 bucks,” says Martin. “If we’re going to 
have a box that says ‘sequence,’ we are going 
to have to get it to the point where it’s in that 
class of price.” 

In the genome-sequencing field, it can be dif-
ficult to discern the true merit of a boast. Thank 
goodness there may be one way to gauge the 
technical and cost accomplishments of various 
efforts. It is the Archon X Prize, a $10-million 
bounty being offered to the first team to suc-
cessfully sequence 100 genomes (the full set 
of genetic material consisting of paired chro-
mosomes, one from each parental set totaling 

Speed Freaks 
The race is on to sequence whole genomes for $1,000, but already 
companies are talking about shattering that mark and making scans 
no more expensive than routine procedures such as blood and 
urine tests.

By Daniel S. Levine

Pacific Biosciences 
CEO Hugh Martin 

(seated) with 
company founder 

and CTO Stephen 
Turner surround  a 
prototype of their 

sequencer. The 
company expects 

its technology in the 
next several years to 

sequence an entire 
human genome for 

$100.

When you go to the doctor and the doctor 
fills out the form and checks off blood, urine, 
test this, test that, there isn’t anything on that 
form that cost more than 150 bucks. If we’re 
going to have a box that says “sequence,” we 
are going to have to get it to the point where 
it’s in that class of price.

—Hugh Martin, CEO, Pacific Biosciences
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6 billion base pairs) in 10 days, for less than 
$10,000 a genome. So far, the prize has gone 
unclaimed. Although, at least seven teams have 
registered to vie for it. The prize sets a high bar. 
The winner must also demonstrate accuracy 
of no more than 1 error in 100,000 base pairs, 
with sequences accurately covering at least 98 
percent of the genome. The completed results 
will need to include all insertions and dele-
tions, all rearrangements, and other technical 
requirements aimed at measuring the accu-
racy and completeness of the sequencing. To 
date, none of the teams has successfully com-
pleted the task, let alone declared they were 
prepared to try. 

The notion of the $1,000-genome began to 
take shape before the completion of the map-
ping of the first human genome, according 
to Jeff Schloss, program director, technolo-
gy development coordination at the National 
Human Genome Research Institute. As best as 

Schloss can tell running through documents at 
the institute, the first discussion of the $1,000 
genome took place in December 2001 dur-
ing a planning workshop held by the National 
Human Genome Research Institute at the Arlie 
House in Warrenton, Virginia. There are staff 
notes that it had been proposed as a topic for 
discussion, but the record is unclear by whom. 
The institute, looking at the completion of 
human-genome sequencing within reach, had 
invited researchers, biopharmaceutical execu-
tives, and others with a stake in the emerging 
field of genomics. On the plate was identifying 
the problems the emerging science could solve 
as well as the tools that would be needed to do 
so. The institute at the time set goals for the 
next five to eight years. 

Schloss admits that eight years ago, a $1,000 
genome was a “completely audacious” goal. He 
estimates that the cost of sequencing the first 
human genome—the genome itself exclud-
ing other costs related to the Human Genome 
Project—was about $500 million. It took a year. 
“The idea that one could sequence genomes 
for much, much less money than it cost was an 
intriguing one,” he says. “I’m not sure anyone 
believed it could be done. To the extent that 
there was a discussion of the realities, people 
thought it would take between 10 and 25 years 
to get there.” 

But the goal of the $1,000-genome is not an 
arbitrary one. It reflects a reality that the map-
ping of a single human genome wasn’t by itself 
going to provide the insight into human disease 
contained in DNA. To do that requires sequenc-
ing hundreds of genomes from people with a 
specific disease and comparing their genomes 
to the genomes of healthy people. Sequencing 
so many genomes at a cost of $500 million—or 
even $100,000 as was the cost a few years ago—
would be economically prohibitive. 

That’s why the ability to sequence genomes 
for $1,000 a piece, in simple terms, is a game 
changer. It promises to allow researchers to 
ask questions about biology and medicine in a 
completely different way. “Having one, you say 
‘okay, this is what a human genome looks like,’ 
says Schloss. “What you really want to be able 
to do is look at the genomes of many individu-
als, particularly of people who have a particular 
disease, and compare that to people who don’t 
have that disease and see what’s different. That’s 
what you really want to see. And then you want 
to do that for all the major diseases.”

That’s precisely what Complete Genomics 
hopes to do. Already, the Mountain View, Cali-

Clifford Reid, CEO of 
Complete Genomics, 
is taking a different 
approach than his 
competitors. Rather 
than seeking to sell 
instruments and 
reagents, Complete 
Genomics is pursuing a 
service business model. 

It will turn out one of our major costs will be 
electricity for running our data center. The 
reagents cost is on its way to zero and the 
major cost will be electricity.

—Clifford Reid, CEO, Complete Genomics
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fornia-based company says it is offering whole 
genome scans to customers seeking to scan 
eight or more genomes at a price of $5,000 a 
piece. Unlike its competitors, Complete Genom-
ics’ business model is not to market instruments 
and reagents. Instead, it is pursuing a service 
model where customers send samples to its 
scanning facility and it returns the complet-
ed data. To date, the company has signed up 
a dozen customers, but it eventually envisions 
having scanning and data facilities throughout 
the world. “The key distinguishing characteris-
tic between us and the other guys is scale,” says 
Clifford Reid, the company’s CEO. “We’re built 
for scaling up. Everything we do is for scale.” 

The company’s vision is to work with part-
ners, such as countries, research organizations, 
or pharmaceutical companies to build sequenc-
ing centers over the next five years. Reid says 
he expects to open about 10 of these facili-
ties around the world. Collectively, those 10 
sequencing facilities over five years will have 
the capacity to sequence about 1 million genom-
es. “The way to think about 1 million genomes 
is that’s 1,000 people in each of 1,000 disease 
studies,” he says. “That’s all of the important 
disease right there. In the next five years, we 
can understand the genetic basis of all of the 
important human diseases and that’s going to 
change medicine.”

Though the sequencing field is advancing 
very rapidly, it’s difficult to pinpoint its exact 

tify the location of the so-called nucleotides 
consisting of adenine, cytosine, guanine, and 
thymine. The fragments are sorted by length 
and then powerful computers assemble the 
data to stitch the information into a complete 
genome. 

The second-generation technology involves 
the use of massively parallel sequencing carry-
ing out thousands or millions of DNA fragments 
at once. It uses smaller fragments and has made 
sequencing more of a computing challenge. It 
has driven the cost down by most estimates to 
below $100,000 a genome. 

This is a young industry. We’re just getting going. You are going to attract some 
smaller, newer players into it. This is a field that is moving very fast indeed. It is ideally 
suited to startups in some ways, although in the end you are going to need a big 
commercial infrastructure to cover the world. 

—Mark Stevenson, president and COO, Life Technologies

progress in part because of the dizzying pace of 
change, and in part because people, quite sim-
ply, play fast and loose with the numbers. When 
it comes to sequencing costs, some focus on the 
cost of the reagents used while others include 
labor and amortization of equipment in the cal-
culation. What is often left out of such calcula-
tions is the quality of the end result. 

By the time the first human genome was 
mapped, improvements to the technolo-
gy shrunk the cost of sequencing from to an 
estimated $10 million from $500 million. But 
there was wide belief that the first genera-

tion sequencing technology known as Sanger 
sequencing, despite room for improvement, 
would never be fast and cheap enough to make 
sequencing affordable for broad use. The meth-
od, named for its developer Fred Sanger, uses 
the molecular building blocks of DNA and the 
enzyme DNA polymerase to clone fragments 
of DNA. The cloning of the DNA fragments is 
repeatedly halted so that fragments of varying 
lengths are cloned. Flourescent markers iden-

Mark Stevenson, 
president and COO 
of Life Technologies, 

is betting the 
company’s size and 

reach will give it a big 
advanage over a new 

generation of start-
ups when it comes to 

being commercially 
successful.
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Costs are still falling—and fast. Life Technolo-
gies has said it expected researchers to be able 
to scan a genome for less than $10,000 this year 
with its current system and thinks its second 
generation technology might eventually be able 
to reach the $1,000 mark. But it is within the 
so-called third-generation sequencing technol-
ogies that the most radical cost breakthroughs 
are expected.

our data center,” says Complete Genomics Reid. 
“The reagents cost is on its way to zero and the 
major cost will be electricity.” 

Among the technologies being looked at now 
is reading single DNA molecules in real-time 
as the enzyme polymerase is used to assem-
ble a complimentary strand of DNA, mirror-
ing the natural process of DNA replication that 
takes place within the cell. Fluorescent material 
bound to the different molecules that make up 
DNA, reveal the sequence. Pacific Bioscienc-
es, which calls its technology Single Molecule 
Real Time or SMRT, describes its approach as 
“eavesdropping” on a single DNA polymerase 
molecule as it assembles. 

Unlike the truckloads of reagent needed for 
second-generation sequencing, this approach 
uses one molecule of reagent for each base pair, 
the same efficiency as inside the cell when DNA 
is replicated through natural processes. Life 
Technologies, through its acquisition of Hous-
ton-based VisiGen at the end of 2008, is pursu-
ing similar technology. 

Another approach is the so-called “nanopore” 
technology, which is being pursued by com-
panies such as Oxford Nanopore Technolo-
gies, an Oxford, U.K.-based company backed in 
part with an $18-million investment from San 
Diego-based Illumina made this January. That 
technology also reads DNA a base pair at a time, 
but by pushing DNA through a tiny hole formed 
in protein. Other companies using the nanop-
ore approach use synthetic instead of protein 
nanopores. An enzyme is used to cleave DNA 
one base pair at a time and the cleaved base pair 
is read as it passes through the nanopore. 

But there are still other approaches being 
pursued. Some of the teams that have regis-
tered to compete for the Archon X Prize seem 
to have technologies that are unique. North 
Reading, Massachusetts-based ZS Genetics is 
using heavy elements to label DNA molecules 
and make them visible to modified transmis-
sion electron microscopes. Reveo, an Elms-
ford, New York-based company, is creating an 
electro-optic sequencer using what the com-
pany calls “nano-knife edge” probes to mea-
sure the frequency at which each base of DNA 
vibrates when excited by an electrical charge. 
It’s a potentially rapid and inexpensive means 
of sequencing. Industry observers say it’s like-
ly that multiple technologies will emerge with 
strengths and weakness that make them well 
suited for one application but not another.

But it is not just a new generation of startups 
that are chasing low-cost sequencing. The big 

Larry Kedes, senior 
advisor to the Archon 
X Prize, doesn’t think 
any current commercial 
technology will be able 
to grab the $10 million 
bounty for sequencing 
100 genomes in 10 
days for $10,000 or 
less per genome. In 
fact, he hasn’t seen 
any technology in 
development that he 
thinks can yet meet the 
stringent requirements 
of the prize.

Third-generation sequencing is not a single 
technology. Rather, it’s a range of approaches 
being pursued by various companies. What they 
share in common is that they read DNA a sin-
gle molecule at a time. Some argue that Com-
plete Genomics technology in this regard is not 
really third generation but instead a souped-up 
version of second generation technology. They 
argue the company is using a massively paral-
lel approach where cost efficiencies have come 
about in part through the company’s ability to 
densely pack DNA into arrays and minimize 
the amount of reagents needed. But such dis-
tinctions will not be as meaningful as results. 
Complete Genomics calls its technology third-
generation because of the efficiencies it says it 
has been able to achieve. “It will turn out one of 
our major costs will be electricity for running 
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and disease variants that are just not going to 
get picked up in less sophisticated scans unless 
you have that more granular, so to speak, infor-
mation. The whole genome must not only be 
just sequenced—but done so with a high level 
of accuracy and completeness–to provide an 
understanding of genetic variation and what it 
means, he argues.

“There are a lot of very smart people out there 
with extraordinarily exciting technologies that 
have a theoretical shot at being able to do this,” 
says Kedes. “I just don’t think anyone has pub-
lished anything yet or revealed anything yet 
that says they are even close to accomplishing 
the goals of the X Prize.”

It is worth noting that when the runner Ban-
nister did break the four-minute mile and set a 
new world record, it stood for a mere six weeks. 
On June 21, 1954, Australian John Landy best-
ed Bannister’s time by setting a new record of 
3:57.9 at an international competition in Fin-
land. Since then, it has become common for top 
runners to break the mark. 

Though we have yet to see a commercial 
whole genome sequenced for $1,000, breaking 
that mark may well become routine in a few 
years. And while such a goal may have seemed 
beyond reach when scientists sequenced the 
first human genome, people are now talking 
about sequencing genomes for less than $100. 
It now seems likely that within a few years, 
whole genome sequencing will be affordable to 
most researchers who would want access to the 
technology. The question will be how quickly 
resulting discoveries gets translated into new 
understandings of disease and new treatments 
for patients.  

When Roger 
Bannister broke the 

four-minute mile, his 
astounding record 

stood for just six 
weeks and the mark 

is now routinely 
broken by world class 

runners. 

players in the field today are also in the game. 
Companies such as Life Technologies, Illu-
mina, Roche’s 454 Life Sciences, and Helicos 
have been driving down the cost of their cur-
rent technology and investing in next-genera-
tion technology.

The $1,000-genome will likely be available 
sometime in 2011 or 2012, predicts Mark Ste-
venson, president and COO of Carlsbad, Cali-
fornia-based Life Technologies, the company 
formed in 2008 through the merger of Invitro-
gen and Applied Biosystems.  The first to reach 
the goal will surely gain some recognition for 
hitting a milestone, he says. But he argues it will 
be more important to have a product that can 
be integrated into the entire biomedical ecosys-
tem from research centers to electronic health 
records used by doctors. Some of the startups in 
the field may be successful at developing their 
technology, he adds. But it will take much more 
than that to be commercially successful. 

“This is a young industry,” Stevenson says. 
“We’re just getting going. You are going to 
attract some smaller, newer players into it. This 
is a field that is moving very fast indeed. It is ide-
ally suited to startups in some ways, although in 
the end you are going to need a big commercial 
infrastructure to cover the world. This is partly 
why Invtirogen and AB came together.” 

Larry Kedes, a senior advisor to the Archon 
X Prize for Genomics, the group offering a 
$10 million-bounty to the first group that can 
sequence 100 genomes in 10 days for $10,000 
or less per genome is not surprised that no one 
has yet claimed the prize. In fact, he doesn’t 
think any of the current commercial technol-
ogies are capable of winning. The professor 
emeritus of biochemistry and molecular biolo-
gy at the University of Southern California also 
says he doesn’t think the majority of the tech-
nologies in development that he’s aware of will 
be able to meet the prize requirements for cost, 
speed, completeness, and accuracy. 

The good news is, the marketplace initially 
may not require third-generation technologies 
to meet the X Prize goals. Some third-genera-
tion technologists and companies are going to 
be satisfied delivering less than the capability 
of the prize because they feel the market can 
tolerate that depending on the application of 
the sequencing and the improvements in cost 
and efficiency new technologies may offer ini-
tially. But ultimately, Kedes says what the X 
Prize is asking for is essentially what’s needed 
for a medical payoff from sequencing. That, 
he says, is because there are lots of diseases 
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G e n o m i c S

Banking on the Future
Thanks to advances in scientific and computer technology, it’s boom 
times for repositories containing human genetic material that can be 
analyzed to identify genetic variations associated with disease. After 
years of quietly collecting biospecimens, several biobanks are now 
conducting valuable research. 

By Eric Wahlgren

Center for Applied GenomiCs At Children’s hospitAl of philAdelphiA
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The genetic mystery of bipolar disor-
der is just the kind of case that genes 
detective Cathy Schaefer was destined 

to take on. The mental illness, characterized by 
severe mood swings, is a major one, affecting 
some 5.7 million Americans. And it’s a psychiat-
ric bulldozer, wrecking jobs, relationships, and 
quality of life. Anywhere between 10 percent 
to 20 percent of people with manic depression, 
as it’s also known, commit suicide—and many 
more attempt it. 

Mindful of the disorder’s toll on society, 
Schaefer, a psychiatric epidemiologist, will lead 
the largest study to date of the potential factors 
that may put people at risk of developing it. 
Genes are a likely culprit. Children who have a 
parent or sibling with the illness are four to six 
times more likely to become bipolar, according 
to the National Institute of Mental Health. But 
identical twins—who share the same genes—
don’t necessarily both develop the disorder, 
suggesting environmental or other factors may 
also be to blame. 

“The hope is that this will lead to the identifi-
cation of new treatments and, to the extent that 
we’re able, to the identification of environmen-

people of different ethnic backgrounds who 
have been treated for the illness. 

While there have been previous genetic 
studies of bipolar disorder, they have involved 
smaller groups of people and have failed to 
determine for certain what genes predispose 

Cathy schaefer, 
(above) executive 

director of the 
Kaiser permanente 
research program 

on Genes, 
environment, and 

health, is seated 
on the left next 

to the program’s 
environmental Core 

leader stephen 
Van den eeden and 
Biorepository Core 
leader lisa Croen

 A research associate 
at the Center for 

Applied Genomics 
(opposite) at 

Children’s hospital of 
philadelphia inspects 

robotic equipment 
during the dnA 
labeling process..

We believe that this information, for the first time, will give us a 
good understanding of how genes, and which genes, interact with 
environmental factors to influence susceptibility to a wide variety of 
common diseases, but also influence the course of the disease and 
response to treatment.

—Cathy Schaefer, Director, Research Program on Genes, Environment, and Health at Kaiser Permanente

individuals to developing the illness. The 
biobank “makes it possible for us to do a study 
of sufficient size and sufficient power that we 
probably have an opportunity to really inden-
tify particular genetic factors that may deter-
mine risk for the disorder,” says Schaefer. 

After several years in development, Kaiser’s 
biobank began recruiting participants in 2007. 
The launch of the multi-ethnic study of bipo-
lar disorder will mark its official opening for 
research business. The biobank passed a key 
milestone in August when more than 100,000 
Kaiser members, all from Northern Califor-
nia, had sent in kits containing saliva, a rich 
source of DNA. Reaching the 100,000-level 
when it did, Kaiser says, means the biobank 
project is well on its way of having 500,000 
of its members take part by 2013 (See Unique 
Assets, p. 40). 

KAiser permAnente reseArCh proGrAm on Genes, enVironment, And heAlth

tal factors that may be more modifiable than 
genetic susceptibility,” says Schaefer, director of 
the Research Program on Genes, Environment, 
and Health at the Oakland, California-based 
healthcare maintenance organization Kaiser 
Permanente. “We have some treatments for 
bipolar disorder, but they are medications that 
are difficult for many people to take and they 
certainly are not a cure.” 

As Schaefer and the other researchers begin 
the five-year study later this fall, they’ll have at 
their disposal an unprecedented investigative 
tool: what’s shaping up to be the biggest DNA 
repository in the United States. From Kaiser’s 
“biobank,” the investigators will be able to study 
DNA from 6,000 “controls,” or people without 
the disorder. To discover any common genetic 
variants that may be associated with the illness, 
those will be compared to the DNA from 6,000 
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Guarding Biobanks
As the number of DNA repositories increase, society must contend with new security 
and ethical issues involving the protection of genetic information.

Just as biobanks may contain a gold mine of 
genetic information, these DNA repositories 
designed to reveal genetic variations associated 
with human diseases are taking Swiss bank-like 
precautions to keep the data safe. With Kaiser 
Permanente building what will possibly be the 
largest U.S. biobank with 500,000 participants, 
the Oakland, California-based health plan is 
something of a bellwether in the field. 

Kaiser’s security policy, which reflects those of 
other population-based biobanks, calls for label-
ing its volunteers’ genetic samples and other 
health information with a code that is separate 
from members’ health plan IDs. Access to that 
data is limited to only a small number staffers, 
who must have a special password. To fend off 
any potential hackers, Kaiser keeps the biore-
pository’s computer databank locked in a secure 
facility and the system is defended by what it 
calls a state-of-the-art firewall. Kaiser declines 
to even disclose the facility’s location, saying 
only it’s somewhere in Northern California. 

Still, Kaiser, following common practice in its 
biobank consent forms, states there are risks. 
A privacy breach is one. Another is the chance 
that biobank research may lead to a discovery 
that a person’s genes may put them at risk for 
developing a certain condition, causing others 
to treat them differently if they find out about 
the connection. Some peace of mind about 
potential discrimination, however, may come 
from the Genetic Information Nondiscrimina-

tion Act of 2008. GINA, as it’s known, makes it 
illegal for health plans or insurers to deny cov-
erage of a healthy person because genetic infor-
mation suggests predisposition to a disease. It 
also prevents employers from using any genetic 
information in hiring, firing, or other job-relat-
ed decisions. 

Where things get a little fuzzier in the 
biobanking world is deciding how to make 
sure that any individual who participates in a 
genes research project does so with “informed 
consent.” In other words, are participants fully 
aware of how their genetic and health infor-
mation will be used? And are they agreeing 
to be exposed to any research risks voluntari-
ly? Biobanks, including Kaiser’s, have institu-
tional review boards made up of independent 
experts who establish ethics guidelines and 
approve any study before they begin. But the 
United States has no comprehensive regula-
tory framework to determine what is the best 
way to obtain informed consent, says bioethi-
cist Karen Maschke, a research scholar at The 
Hastings Center, a nonprofit bioethics research 
institute in Garrison, New York. 

Some institutions ask participants for “tai-
lored” consent, or what is essentially approv-
al from the individual to use biospecimens 
for specific types of research, such as only 
for diabetes studies. More typical of the larg-
er biobanks, Kaiser informs participants that 
genetic material and other information could 

Participating is painless enough. In addition 
to spitting into a container and mailing it back 
to Kaiser, members complete a five-page ques-
tionnaire on health, diet, lifestyle, and exercise. 
They also consent to having information from 
their medical record made available to genet-
ic researchers. Down the road, the HMO may 
ask for individual blood samples, which also 
contain biomarkers related to diseases as well 
as information on environmental exposures, 
Schaefer says. 

With all this data, researchers will seek to 
answer what Kaiser terms as some of the “big-
gest medical mysteries.” Why does your brother 

get cancer, say, but you don’t? Why does Prozac 
lift moods for some, but leaves others in the 
dumps? Does living near a freeway increase 
your chances of developing lung disease? Hav-
ing the genetic samples from a half-million sick 
and healthy patients “will give us the range and 
statistical power to do the kinds of studies we 
want to do,” says Diane Olberg, a spokeswoman 
for Kaiser’s Research Program on Genes, Envi-
ronment, and Health. The point, of course, is 
not only to solve these riddles, but also to come 
up with better ways to diagnose and treat can-
cer, mental disorders, asthma, diabetes, heart 
disease, and other conditions. 
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be used in a variety of different studies. “Since 
this is a new area of science that changes quick-
ly, we don’t know now which genes scientists 
will study,” its consent form says. The health 
plan says its institutional review board, which 
is responsible for protecting the rights and wel-
fare of participants, will have to approve any 
study. “The argument has been made that with 
this type of consent, to respect autonomy you 
have to give people the option to participate as 
long as you tell them what it is for and that you 
have review safeguards,” says Maschke, who is 
also editor of IRB: Ethics and Human Research. 

But she says, “there remains disagreement on 
what is the right way to gain consent.” This fall, 
the Paris-based Organization for Economic Co-
operation and Development, which is made up 
of 30 countries including the United States, is 
expected to release proposed common stan-
dards on how biorepositories should collect 
material, a move that could ultimately influ-
ence legislation on the subject. 

The field gets trickier still when it comes 
to figuring out who has ownership rights to 
any inventions, including diagnostic tests 
or pharmaceutical products that may result 
from biobank research. Released in 2007, the 
National Cancer Institute’s best practices for 
the field call for investigators and institu-
tions to share the research and tools created 
through the use of biospecimens, Maschke 
says. Typically, she says, biospecimen donors 
don’t have any rights to intellectual property. 
“The understanding is they want drugs to be 
developed to get us better,” she says. 

For its part, Kaiser says none of its partici-
pants or employees will receive any personal 
financial benefit from any kind of commer-

cialization effort. Any royalties will be used 
for research and non-profit public benefit pur-
poses, Kaiser says. “Kaiser is not building this 
as a profit center,” says Diane Olberg, a Kaiser 
genes research project spokesperson. 

As the field grows, however, it’s likely that eth-
ical and ownership debates will heat up. What 
happens, for instance, if down the road a par-
ticipant can’t afford a new drug or treatment 
that was developed by a pharmaceutical com-
pany from research conducted using that per-
son’s biospecimen, among others? “If I can’t, as 
a person who helped you get access to a drug or 
test, pay for that drug or test, is that okay?” asks 
Maschke. Most biobanks have data access com-
mittees, Maschke says, which set up guidelines 
for who gets access to the research and genetic 
data, but these guidelines are “not so clear-cut.” 
Indeed, it sounds like biobanking won’t just 
keep genetic researchers awfully busy, but bio-
ethicists and lawyers, too.

—E.W.

Kaisers’ researchers have their work cut out 
for them. The DNA samples, now stored in a 
secure facility in a Northern California location 
(Kaiser declines to disclose exactly where for 
privacy reasons) will be separated into smaller 
amounts and analyzed to obtain information 
about genes (See Guarding Biobanks, p. 36). 
That information will then be used along with 
the data collected in the self-reported health 
surveys, as well as in Kaiser’s electronic health 
record system, to identify patterns of disease. 
The researchers will also tap into databases 
containing data on air pollution, water quality, 
proximity to parks, and other environmental 

factors to incorporate how a person’s environ-
ment can influence the development of all sorts 
of health conditions. “We believe that this infor-
mation, for the first time, will give us a good 
understanding of how genes, and which genes, 
interact with environmental factors to influence 
susceptibility to a wide variety of common dis-
eases, but also influence the course of the dis-
ease and response to treatment,” Schaefer says.

Biobank research and any resulting therapies 
may not benefit an individual biobank partici-
pant for a very long time, if ever. The donor is 
not paid for supplying DNA and doesn’t stand to 
profit if their biospecimens are used in research 

Center for Applied GenomiCs At Children’s  
hospitAl of philAdelphiA
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large population-based biobanks in some 40 
countries, according to Isabel Fortier, research 
director at the Public Population Project in 
Genomics, or P3G, a Montreal-based interna-
tional biobank consortium. There are likely 
hundreds more, smaller “tissue banks,” another 
type of biobank typically focused on a particu-
lar disease. A tumor bank, for instance, would 
look at tumor specimens from cancer patients 
to identify biomarkers associated with cancer. 

In the United States, Northwestern Universi-
ty and the Mayo Clinic are among some of the 
many major institutions in various stages of 
developing biorepositories. With Canada, Esto-
nia, Singapore, and Sweden among the other 
countries with population-based biobanks in 
the works, the field is taking off around the 
globe. “Right now, we are seeing a boom,” says 
Mylène Deschênes, P3G’s executive director. 
“People in various countries are saying that, as 
part of their healthcare strategies, they need to 
have biobanks that can be used for research of 
very high quality to determine the genetic and 
environmental interactions responsible for 
complex diseases.”

With the growth of biobanks—China has plans 
to build the world’s largest gene bank about 165 
miles northwest of Shanghai—key to tapping 
their full potential will be making them com-
patible with each other, experts say. The U.K. 
Biobank is one of the largest and most ambi-
tious projects to date, having enrolled more 
than 300,000 Britons since it launched in 2007. 
That puts it ahead of schedule of reaching its 
500,000th person by mid-2010. But if Kaiser 
researchers in the future, let’s say, want to use 
genetics data available from the U.K. Biobank, 
there must be common tools and methods to 
harmonize the data across nations, says P3G’s 
Deschênes. That’s part of the reason the U.K. 
Biobank and Kaiser’s biobank are both charter 
members of P3G. 

One of P3G’s main goals is to come up with 
universal biobank standards, a move that 
would boost researchers’ ability to replicate 
findings—a requirement in scientific research. 
The European Union has launched a separate 
initiative to develop guidelines to improve 
coordination among the Continent’s growing 
number of biorepositories. “Some research 
is not possible unless you can get access to a 
large pool of data,” says Deschênes. “One of 
the analogies that is often used is the track 
and the train. You have different trains if you 
want, but at least you can have similar tracks 
you can run on.” 

that leads to a new therapeutic. “The argument 
is you give your consent to have your biospeci-
mens used in research knowing that it is impor-
tant to society that somebody develop a diag-
nostic or drug intervention that works,” says 
bioethicist Karen Maschke, a research scholar 
at The Hastings Center, a non-profit bioethics 
research institute in Garrison, New York. 

Kaiser is hardly the only population-based 
biobank, a term used to characterize projects 
such as the HMO’s that seek to identify genes 
that contribute to disease using repositories of 
donated human DNA from large numbers (any-
where from 20,000 to 1 million) of volunteers 
with and without disease. There are at least 137 

right now, we are seeing a boom. people in 
various countries are saying that, as part of 
their healthcare strategies, they need to have 
biobanks that can be used for research of very 
high quality to determine the genetic and 
environmental interactions responsible for 
complex diseases.

—Mylène Deschênes, Executive Director, Public Population Project in Genomics

As executive director of 
the biobank consortium 
public population 
project in Genomics, 
mylène deschênes 
is encouraging 
biorepositories to 
develop universal 
standards so that 
reserachers can get 
access to larger pools of 
genetic data as well as 
more easily replicated 
findings.

puBliC populAtion projeCt in GenomiCs
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There are several reasons for the building 
spree. For starters, recent advances in tech-
nology have made the research possible. The 
sequencing of the human genome in 2003 
cracked the human genetic code by determin-
ing the exact order of the chemical base pairs 
that make up DNA, the chemical compound 
that contains the genetic instructions needed 
to develop and direct the activities of every 
organism. Ever-more powerful computers allow 
researchers to swiftly scan markers across the 
complete DNA sets, or genomes, of many peo-
ple to find genetic variations associated with 
a particular disease. This approach is called a 
genome-wide association study.

What’s more, the cost of using the technol-
ogy continues to fall. Companies today are rac-
ing to be first to sequence the human genome 
for $1,000 or less. Only six years ago, an esti-
mated $500 million was spent on sequencing 
the first human genome (See “Speed Freaks” 
p. 28). “The technology just wasn’t there until 
three or four years ago in order to do this in 
an effective way,” says Hakon Hakonarson, the 
director of the Center for Applied Genomics at 
Children’s Hospital of Philadelphia, which is 
building a biobank with 100,000 samples to be 
able to determine which genes are responsible 
for certain pediatric conditions. The center has 
gathered blood samples from 50,000 children 
since it launched in 2006 and it’s still collecting 
several hundred samples every week, Hakonar-
son adds. When it’s done, it will be the world’s 
largest biobank dedicated to genetic analysis of 
childhood diseases. 

One reason that interest in biobanks is heat-
ing up is that after several years of rather quietly 
building their systems and biospecimen deposits, 
repositories are beginning to produce research. 
Since it launched three years ago, Hakonarson’s 
biobank has been in overdrive, having already 
helped identify gene variants that increase a 
child’s risk to Crohn’s disease, type 1 diabetes, and 
neuroblastoma, among other discoveries. The 
research, Hakonarson predicts, could eventual-
ly lead to more effective, targeted treatments. “I 
think you are going to see a shift in treatments,” 
says Hakonarson, a native of Iceland, where he 
worked as chief scientific officer at DeCODE 
Genetics, the company that helped the island 
nation pioneer biobanking in 1997. “Existing 
drugs are not directed at treating the cause of the 
disease. You treat blood pressure by dilating the 
vessels or increasing the excretion of the kidneys. 
But when we know what causes the disease, we 
can come in and basically correct the problem.” 

Medicine Coalition. “With a better understand-
ing of how genes influence response to medi-
cation, you’d be in a better position to better 
prescribe the best medication for someone,” 
says Schaefer. 

Kaiser’s biobank will begin to be put to the 
test later this fall with the launch of the bipolar 
study, to be conducted jointly with the Univer-
sity of California, San Francisco’s Institute for 
Human Genetics. Schaefer is optimistic that 
the study, funded with a $12.7-million grant 
from the National Institute of Mental Health, 
will help lead to better treatments. Mood sta-
bililizers, anti-depressants, and atypical antip-
sychotics all are used to treat bipolar disorder, 
with varying degrees of success. But they usu-
ally have side-effects. “One of the fascinating 
things about the better understanding of how 
genes operate in a disorder like bipolar disor-
der is they can actually suggest new physiologic 

Karen silva, a 
research staff 

member with the 
Kaiser permanente 
research program 

on Genes, 
environment, and 

health, holds a saliva 
collection kit.

Kaiser’s Schaefer says the type of genet-
ic research made possible through popula-
tion-based biobanks could also lead to break-
throughs in pharmacogenetics, or the under-
standing of how genetic variations account for 
different responses in drugs. Problem is, some 
drugs work better in some people than others. 
Consider that some 38 percent of people on 
average don’t respond to a particular class of 
anti-depressants and that percentage of inef-
fectiveness can jump to 75 percent for certain 
cancer drugs, according to the Personalized 

KAiser permAnente reseArCh proGrAm on Genes, enVironment,  And heAlth



3 8
T h e  J o u r n a l  o f  l i f e  S c i e n c e S
f a l l  2 0 0 9

ing nerves of a child, often as a tumor in the 
chest or abdomen. Led by John Maris, director 
of the hospital’s Center for Childhood Cancer 
Research, the institution used genome-wide 
scans done at Hakonarson’s biobank to analyze 
DNA from families with a history of the often 
fatal disease. The researchers discovered gene 
mutations—in the anaplastic lymphoma kinase 
or ALK gene—that are the main cause of the 
inherited form of the cancer. 

The discovery, the hospital says, paved the 
way for the simple screening of patients with a 
family history of the disease. Now a urine test 
or ultrasound can help monitor children for 
signs of the cancer. And, as it happened, sever-
al pharmaceutical companies at the time were 
already developing ALK inhibitors in the lab. 
Previously, researchers had discovered that 
ALK mutations raise the risk for lymphoma and 
lung cancer in adult patients. The upside? The 
drug that Pfizer was developing to treat these 

pathways that are affected by the disease,” says 
Schaefer. “By knowing these pathways, you can 
develop entirely new medications, for example, 
that target those pathways.” 

Meantime, Kaiser researcher Stephen Van 
Den Eeden has received $2.3 million in grant 
money from the National Cancer Institute for 
a joint study with UCSF of prostate cancer in 
African-American men to begin in the fall. Over 
a five-year period, the researchers will study 
1,500 African-American men with prostate can-
cer and 1,500 controls, in part to shed light on 
some troubling statistics: African-American 
men are 61 percent more likely to develop pros-
tate cancer than whites. 

At Children’s Hospital of Philadelphia, Hako-
narson hasn’t wasted any time since joining the 
institution’s $40-million Center for Applied 
Genomics in 2006. Some of the most promis-
ing work so far has been done with neuroblasta-
ma, a cancer that first appears in the develop-

Unique Assets
Kaiser Permanente’s biobank leverages patient diversity, environmental data,  
and electronic health records.
Started in 2005, Kaiser’s biobanking project 
began enrolling participants selected at random 
from its Northern California region’s 3 million 
members two years ago. The startup money 
included an $8.6-million grant from the Robert 
Wood Johnson Foundation, the biggest philan-
thropy in the United States to be focused exclu-
sively on healthcare issues. 

Kaiser says its biobank, which expects to have 
500,000 samples from its members by 2013, 
will be unique for several reasons. Among them 
is the diversity of its subject population. With 
researchers interested in discovering any pos-
sible ethnic susceptibility to disease, it cites the 
fact that California has the largest minority rep-
resentation of any U.S. state, making up 57 per-
cent of the population. 

Another asset: The state—and particularly the 
northern region—has some of the most com-
plete data in the world on air pollution, pes-
ticide use, and traffic density. The same goes 
for statistics on the so-called “built-in” envi-
ronment, such as available food outlets, green 
space, bicycle paths, and senior centers, Kai-
ser says. With the availability to correlate the 
information to places where a Kaiser member 
has lived, the researchers believe they may get 

closer to understanding the outcomes of vari-
ous health behaviors and environmental expo-
sures on a neighborhood level. 

“You can see what the overlap is between dif-
ferent kinds of exposures, where they occur, 
and develop different ways to relate that to 
individual members’ residential histories so 
that you know who has actually been exposed 
to what and at what level,” says Cathy Schaefer, 
director of Kaiser Permanente’s Research Pro-
gram on Genes, Environment, and Health.

Kaiser will also be able to lean on its electron-
ic health record system KP HealthConnect, 
considered the world’s largest privately funded 
computerized medical records network. Across 
the United States, it serves the HMO’s 8.7 mil-
lion members. As an example of its usefulness, 
Kaiser was able to study the medical data for 
1.39 million of its members to find that high 
doses of the painkiller Vioxx tripled the risk of 
heart attacks. The Merck drug was pulled from 
the market in 2004. “The finding that Vioxx 
was associated with an increased risk of heart 
disease shows you the power of assembling 
information on a very large group of people,” 
Schaefer says. 

—E.W.
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other cancers is now in clinical trials for pedi-
atric patients, Hakonarson says. “Now we were 
able to partner with the pharmaceutical com-
pany and get access to their medication and 
start treating these patients,” says Hakonarson, 
a pediatric pulmonologist by training.

Another recent study at the hospital using 
genome-wide association technology identified 
a gene variant that raises a child’s risk of Crohn’s 
disease, a chronic inflammatory condition of 
the gastrointestinal tract. A separate study dis-
covered a gene variant that raises a child’s risk 
for type 1 diabetes, an autoimmune disorder 
in which the immune system destroys insulin-
producing cells in the pancreas. “We are gradu-
ally translating these findings so that we can 
fully understand where we should intervene 
and how,” Hakonarson says. “You need to know 
actually what the gene does in order to interfere 
with the process.”

With the promise of better understanding 
of disease, and ultimately better treatments, 
biobanking has broad public support, despite 
the novelty of the field. Some 60 percent of 
Americans say they would be willing to donate 

i think you are going to see a shift in treatments. existing drugs are not directed at 
treating the cause of the disease. You treat blood pressure by dilating the vessels or 
increasing the excretion of the kidneys. But when we know what causes the disease, 
we can come in and basically correct the problem.

—Hakon Hakonarson, Director, Center for Applied Genomics at the Children’s Hospital of Philadelphia

their biospecimens for research, according to a 
recent survey by the Johns Hopkins University 
Genetics and Public Policy Center. 

But as public participation becomes more 
common, it’s likely that ethical issues will arise. 
For instance, what happens if research reveals 
a particular participant has a genetic predispo-
sition to a serious disease when biobanks are 
focused on producing generalized research? 
For its part, Kaiser commits to re-contacting 
members about whether they want to learn the 
results if they find something they believe “is of 
substantial medical importance.” But The Hast-
ings Center’s Maschke says different biobanks 
may end up taking another tack. “Whether peo-
ple are going to actually provide specific results 
has yet to be worked out,” says Maschke, who is 
also editor of IRB: Ethics and Human Research.

In addition to potentially tricky ethical issues, 
there are more basic challenges. Biospecimens 
can degrade. And, patients can leave health 

plans like Kaiser or Children’s Hospital of Phil-
adelphia, potentially depriving researchers of 
the longitudinal data they may need to under-
stand disease progression. What’s more, a great-
er knowledge of complex diseases—or diseases 
involving multiple mutations—such as cancer 
and diabetes could lead to the conclusion that 
any fixes are equally complex. “It is a little bit 
irreducible,” says Schaefer.

But if all goes as planned, Kaiser says its doc-
tors may some day be able to make healthcare 
plans based on their patients’ genetic profiles 
and life experiences, helping to speed the adop-
tion of more personalized medicine. Better yet, 
research from the biobank could actually lead to 
better ways to prevent disease, Schaefer adds. “In 
order to have really good strategies for preven-
tion, which is really what you’d like to do is pre-
vent health problems, you have to know what it 
is that causes various health problems to occur.” 
If biobank research eventually teaches us how to 
stop disease from developing in the first place, 
would Kaiser and other health plans eventually 
run themselves out of business? If that’s ever the 
case, it’s a long way off. 

hakon hakonarson, 
director of the 

Center for Applied 
Genomics at the 

Children’s hospital 
of philadelphia, is 

a native of iceland, 
where he worked 
as chief scientific 

officer of deCode 
Genetics, the 

company that helped 
the island nation 

become a leader in 
biobanking.

Center for Applied GenomiCs At Children’s  
hospitAl of philAdelphiA
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Lost in Translation
Eric Topol doesn’t just want to understand the genes that drive illness 
and wellness, he wants to make sure that such knowledge actually 
changes the way doctors practice medicine.

By Daniel S. Levine

the hospital and makes sure you have coffee 
and know where the restrooms are,” he says. 
Individualized medicine is “not about treating 
someone as a VIP.” 

It wasn’t surprising that weeks after landing in 
San Diego, Topol would declare that the city’s 
future lies in individualized medicine. After all, 
he was leading an effort in translating an under-
standing of human genetics into better medi-

cine. But it was not an 
idle boast. Since he first 
settled in at the Scripps 
Institute in January 
2007, Topol has been 
doing everything in 
his power to make it 
so. As a high-profile 
researcher and clini-
cian, his goal is not just 
to find genes that can 
make medicine more 
predictive, preventive, 
and, individualized. He 
wants also to make sure 
these findings get test-
ed in the clinic and put 
into practice. 

“The future of medi-
cine is going to be inte-
grating genomic sci-
ence into the clinical 
treatment of individu-

als and there are not very many physicians who 
are equipped today to perform that or to bring 
genomics into the clinic,” says David Gollaher, 
president and CEO of the California Healthcare 
Institute, a La Jolla, California-based biophar-
maceutical industry advocacy group. “In that 
sense, Eric is already a global leader. There’s no 
question about it. That’s the mission he’s taken 
up. He’s the prophet of genomics and genomic 
science.” 

Shortly after arriving in La Jolla, Califor-
nia nearly three years ago, Eric Topol 
found himself addressing a room full of 

San Diego’s business leaders at the exclusive 
University Club with its grand views of the city 
below. The former top cardiologist at Cleveland 
Clinic had just recently come to town to become 
director of the Translational Science Institute 
at the Scripps Research Institute, the world’s 
largest independent non-prof-
it biomedical research facili-
ty. Topol, who was speaking 
about the future of medicine, 
told the crowd at the end of his 
talk in March 2007, “You folks 
are known for wireless and you 
are known for tourism. But in 
the future you are  going to be 
known for the future of medi-
cine, for genomics, and indi-
vidualized medicine.”

If Topol succeeds in his 
efforts to lead broad genom-
ics studies at Scripps—that 
talk won’t be the last time that 
San Diego’s business elite hear 
about individualized medicine. 
The term refers to whole medi-
cal approach that incorporates 
the knowledge of a particular 
individual’s genetics to deliv-
er appropriate care. “It’s about 
being able to understand what makes a person 
either susceptible, or protected, or responsive, 
or unresponsive to various treatments, devices, 
drugs, or whatever,” says Topol, who at 55 has 
the fit appearance you’d expect in a cardiologist 
(at least one you’d trust). Topol, however, bris-
tles at the mention of “personalized medicine,” 
the more commonly used term for this new 
field, saying it confuses patients. “It sounds like 
a concierge, the person who takes you around 

The future of medicine 
is going to be integrating 
genomic science into 
the clinical treatment of 
individuals and there are 
not very many physicians 
who are equipped today 
to perform that or to 
bring genomics into the 
clinic. in that sense, eric is 
already a global leader. 

—David Gollaher, President and CEO,  
California Healthcare Institute

eric Topol, director 
of the Scripps 

Translational Science 
institute, is branching 

out beyond 
genomics to include 

wireless healthcare 
technology in his 

work in the hopes of 
translating findings 

about genes into 
improved care for 

patients
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This is something that’s very near and dear to him. Can we leverage genetics and 
genomics? That’s one question—can we design drugs or trials that target people with 
certain genetic profiles. The other one is to maybe leverage wireless technologies. 

—Nicholas Schork, Director of Research, Scripps Genomic Medicine Program

Gollaher notes there is always a big lag between 
basic scientific discoveries and their application 
in the clinic. He points to the 19th-century dis-
coveries of Robert Koch and Louis Pasteur and 
the germ theory of disease, which took more 
than a generation to be incorporated into clini-
cal medicine in the form of antiseptics. “There 
will be a lag,” he says, “and it will be people like 
Eric who compress that and make it available 
earlier rather than later.”

Though Topol’s office sits along the fabled Tor-
rey Pines Golf Course, he says he doesn’t get to 
play often enough to be any good. It’s no wonder. 
Since arriving in La Jolla, he’s been quite busy. 
Among the accomplishments he can already 
check off on his list: He’s brought together basic 
science researchers and clinicians from the dis-
parate arms of Scripps to launch the Scripps 
Translational Science Institute. He led the insti-
tute’s successful effort to land a $20-million 
grant from the National Institutes of Health 
under its Clinical and Translational Science 
Awards program—the only non-university to 
date to win such an award. He’s also attracted 
$45 million in funding from the Gary and Mary 

West Foundation to launch the West Wireless 
Health Institute. The organization is set to con-
duct clinical research on the use of wireless sen-
sors to prevent, monitor, and manage disease 
in patients. And, he’s mapped out plans for a 
medical school at Scripps with a focus on trans-
lational medicine. But that project for now is 
stalled over resolving the issue of a $100-mil-
lion naming grant. 

Were all that not enough, he’s been earning 
style points, too. In 2008, he was one of 10 medi-
cal researchers named a “Rock Star of Science.” 
The distinction resulted in Topol being fea-
tured in a GQ magazine photo spread wear-
ing designer garb alongside Sheryl Crow, Seal, 
Will.i.am, Joe Perry, and Josh Groban. It was 
part of a campaign by designer Geoffrey Beene 
called “Geoffrey Beene Gives Back” to call atten-
tion to the contributions of medical research-
ers and the need to accelerate the translation of 
discoveries into cures. “I never have enough to 
do,” says Topol. “I require a lot of stimulation or 
I get bored.”

Boredom shouldn’t be a problem for Topol 
at the Scripps Translational Science Institute. 

Topol examines a map 
of the United States 
that tracks patients 
in the Wellderly 
Study. His daughter 
Sarah Topol (right), 
a registered nurse,  
heads up recruitment 
of participants for the 
groundbreaking look 
at the genes of healthy 
people older than 
80 who have never 
suffered from chronic 
diseases.

daniel S. levine
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Already, the genomics projects are stacking up. 
Among the most compelling is the “Wellderly 
Study,” an examination of the DNA of people 80 
and older who have had no history of chronic 
disease. The goal is to unlock the genetic secrets 
to longevity. Topol says to date, medical research 
has largely centered on finding genetic markers 
for disease. This focus on sickness has neglected 
the genetics of health. 

Already, 750 people have enrolled in the study. 
Though the results are preliminary, the findings 
so far are surprising. The wellderly appear to 
have the same bad genes—those that have been 
linked to such illnesses as Alzheimer’s, heart 
disease, and cancer—as everyone else. However, 
there is an early indication that they may also 
have modifier genes that are unique to them. 
These genes appear to mediate the expression 
of the disease-linked genes. 

Another major study underway is an effort 
to find out the behavioral impact of personal 
genetic testing on people who want to learn 
their potential risk for developing certain dis-
eases. About 5,000 participants have enrolled 
in the Scripps Genomic Health Initiative as 
it’s called. The study is a joint effort between 
Scripps, software giant Microsoft, consumer 
genetics company Navigenics, and genetic anal-
ysis tools maker Affymetrix. The study will fol-
low participants for as many as 20 years to see 
what the near-term and long-term changes they 
make in their behavior, lifestyle, and the medi-
cal care they seek. 

Though just begun, the study is already having 
an effect, Topol says. One participant, a relative 
of Topol’s who had resisted getting a colonos-
copy, decided to have the diagnostic procedure 
after she learned she had a three-times greater 
than normal risk for developing colon cancer. In 
another instance, one colleague learned he had 
a six-fold elevated risk for psoriasis, a chronic 
condition characterized by red, scaly patches of 
skin. In fact, the testing helped him discover he 
had already been walking around with the con-
dition on his leg for 10 years. 

Other studies at the institute examine genetics 
to better tailor drug therapies to patients. One 
such study involves using a simple saliva geno-
typing on patients before prescribing the blood-
thinner Plavix. The drug is commonly used 
to prevent heart attack and stroke in patients 
at risk for developing blood clots. Plavix relies 
on the metabolic action of the body to convert 
the drug into its active form, but patients with 
a common genetic variant are unable to do so. 
In fact, 50 percent of Asians and 40 percent of 

African Americans cannot properly metabolize 
the drug. The study is being run in conjunction 
with all of the Scripps medical facilities, giving 
researchers access to data from a broad patient 
cross-section. “They’re taking a drug for $4 a 
day for the rest of their lives or whatever, and it 
doesn’t work,” says Topol, who notes there are 
other therapies available for such patients. “It’s 
an exciting project because using this test could 
become the norm some day.” 

Topol’s interest in genetics started long before 
his medical career. Born in Queens, New York 
and raised in the Long Island suburb of Ocean-
side, Topol was bored with high school, having 
skipped two grades. At just 15, he entered the 
University of Virginia in Charlottesville. As a col-
lege student in 1975 he wrote his thesis on “The 
Prospects for Genetic Therapy in Man.” 

He supported himself in college by work-
ing the night shift at the UVA hospital. He had 
planned to become a biomedical engineer, but 
that changed when he saw patients in the inten-
sive care unit. Patients who looked as if they 
were going to die eventually transformed and 
became well again. “I said, ‘This medical stuff is 
pretty impressive,’” he recalls. “Of course I was 
seeing the rare bird—the person that was actu-
ally helped—because most people in the inten-
sive care unit don’t necessarily do so well. But it 
colored my thinking about how medicine could 
take people who were critically ill and get them 
in a much better state.”

Topol went on to study medicine at the Uni-
versity of Rochester. There, in his third year, 
he met his wife Susan, a nurse at the time. His 
housemates told him to invite some nurses to a 
party they were throwing. He was in the midst 
of an obstetrics rotation. He wanted to invite 
Susan, but he didn’t know how to overcome 
his shyness. His solution was to invite all of the 
nurses in the department, most of whom were 
over 50. The ruse worked. Within two weeks, he 
and Susan were engaged. After 31 years, they’re 
still married and have two grown children. 

Growing up, Topol had a close view of the toll 
of chronic disease. His father had developed 
type 1 diabetes as a teenager and suffered many 
of the ill-effects from it later in life, including 
losing his sight. Though Topol thought he might 
eventually focus on endocrinology, he became 
interested in cardiology while doing an extern-
ship. He started in the intensive care unit at the 
University of California, San Francisco in 1979. 
There, he became influenced by the cardiolo-
gist Kanu Chatterjee, whom he calls one of his 
mentors. It was an unusual time in cardiology as 
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there were new breakthroughs in the treatment 
of heart patients. Among them was the injec-
tion of streptokinase into the coronary arteries 
of heart attack patients to dissolve clots. There 
was also the use of new technologies, such as 
balloon angioplasty. 

“That timing, and having a great mentor at 
UCSF, really captivated me,” says Topol. “It was 
Chatterjee and that era. It was just so exciting. 
You could hardly not feel the palpable excite-
ment of the field at that time.” 

Shortly before moving on to a fellowship at 
Johns Hopkins University, he read a study 

he thought, ‘this guy is freakin’ crazy,’” recalls 
Topol. “‘What did I do accepting him in our 
fellowship program?’” But after a few days—
and the realization that the study of the treat-
ment could attract grant money—the chief grew 
interested, he says. Topol began by studying tPA 
in rabbits with atherosclerotic clots. Eventually, 
in 1984, he did deliver the first dose to a patient. 
He remembers the moment in great detail. 

“People were cheering and jumping up and 
down and crying that we had actually opened 
up the artery,” he says. “It was one of the most 
striking moments of my life. February 11, 1984 
at around 2:30 in the afternoon. It still plays 
back as one of those monumental moments. It 
definitely had a big impact on me and my sub-
sequent career.” In retrospect, Topol says the 
dose was too low to work. But he believes that 
the process of repeatedly injecting dye into the 
patient with a catheter for imaging probably 
broke apart the clot. Nevertheless, the event 
drew national headlines. 

Topol continued working on tPA at the Uni-
versity of Michigan. There, he became a profes-
sor and met his goal of being tenured by the age 
of 35. He spent six and a half years there, even-
tually serving as both a professor of internal 
medicine and director of the catheter lab and 
director of intervention. At Michigan, Topol 
started a series of major, multi-center clinical 
trials including the TAMI trial and later the 
GUSTO trial—both major tirals of tPA in heart 
attack patients. At the time, GUSTO was the 
largest randomized trial of any kind initiated in 
the United States with 41,000 patients. A third 
trial—EPIC—looked at the use of the monoclo-
nal antibody ReoPro to prevent clots in patients 
undergoing angioplasty. 

Topol left Michigan for the Cleveland Clinic 
in 1991, bringing all three trials with him. While 
there, he raised Cleveland Clinic’s profile in car-
diology, building it into the country’s leading 
cardiology program from its ranking as fourth. 

Despite the clinical successes, by the early 
1990s Topol had grown troubled that heart 
attack therapy had “hit the wall.” Patients, 
when he looked at data from the late 1980s for-
ward, were still dying at the same rate. Despite 
improvements in treatment, patients weren’t 
coming into the hospital any earlier—about 
two and a half hours on average after suffer-
ing a heart attack. And by the time a doctor dis-
solved a clot, much of the damage was already 
done. “Even though it did save lives, nothing 
was really taking it to the next level,” says Topol. 
“I started thinking there is only one way we are 

Genomics only tells about biology. in any 
given person all i can say is they have a 
predisposition to atrial fibrillation or sleep 
disorders, or this or that. With physiology—the 
elegant phenotyping we’ve never been able 
to do before—we can have an entire iCU in 
someone’s home monitoring all of their vital 
signs. it gives us a different look at a patient.  
it gives us their continuous physiology.

—Eric Topol, Director,  
Scripps Translational Science Institute 

about a new treatment being developed to dis-
solve clots called tissue plasminogen activator or 
tPA. The journal article examined the use of tPA 
to dissolve vein clots in dogs. He discussed tPA 
with a colleague, who pointed him to a young 
biotech company with a handful of employees 
at the time called Genentech. The company 
was thinking of developing tPA to treat phlebi-
tis, a condition associated with deep vein blood 
clots. When Topol contacted Genentech, he told 
them it would be great to try using it to treat 
heart attack patients. He met with Bob Swift, the 
director of research at the time, who suggested 
he join the company to lead the clinical effort on 
tPA. Topol explained he couldn’t because he was 
about to begin a fellowship at Johns Hopkins. So 
Swift suggested Topol be the first to give tPA to 
heart attack patients. 

Once at Hopkins in Baltimore, Topol imme-
diately went to the chief of cardiology and told 
him about the unique opportunity. The hospi-
tal could be the first to put this new clot-bust-
ing biotechnology product in patients. “At first 
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With a long list of titles and a full spate of 
research projects, it’s easy to forget that Eric 
Topol continues to practice cardiology. Among 
the people who haven’t forgotten, of course, 
are his patients like telemarketing tycoon Gary 
West. West’s doctor-patient relationship was a 
tad unusual in that it helped give shape to the 
West Wireless Health Institute, a first of its kind 
research institute to focus on the use of wireless 
technologies to improve human health. But at 
the end of the day, Topol has also been his car-
diologist, providing West with an up-close and 
personal view of Topol the doctor.

The connection began in 2007 when West, 
the founder and chairman of the West Wireless 

Practicing What He Preaches
Though he is conducting cutting-edge research in genomics, translational medicine, and 
wireless healthcare technology, Eric Topol still practices medicine with an approach that’s 
informed by his interest in prevention and wellness.

Health Institute, had been looking for a cardi-
ologist. A friend suggested he try Topol. The 
two hit it off and West invited Topol to lunch. 
Over the course of the meal, West discovered 
they shared a mutual interest in wireless medi-
cine and the potential it offered to cut health-
care cost and transform the field. The think-
ing is that by monitoring patients as they go 
about their everyday lives with wireless devices, 
doctors can detect problems early before they 
become expensive to treat. 

West says Topol, who now serves as chief 
medical officer for the West Wireless Health 

Institute, among other responsibilities, is also 
focused on prevention in his clinical practice. 
“In the past, I went in, had a stress test and an 
echo—the normal things cardiologist do every 
couple of years. They’d say ‘you’re doing great, 
have a good day,’ and didn’t mention I was 30 
pounds overweight. I’m like anybody else—that 
was good news to me,” says West. “Eric took a 
different approach.”

Even though Topol is younger than West, 
West says Topol sat him down in a fatherly 
manner. He told him that while his test results 
could be fine, sooner or later his bad habits 
would catch up to him. One day, his stress test 
results wouldn’t be as good as he would like 

them to be, West recalls Topol telling him. 
“He’s the only cardiologist who has had suc-
cess in getting me to do what I’m doing now,” 
says West. He credits Topol with persuading 
him to lose weight, adhere to an exercise plan, 
and change his eating habits including giving 
up red meat.  

“Eric is a big wellness and prevention guy,” 
says West. “He just flat out believes the stuff 
and he’s right about it. That’s the same thing 
we have to carry over into our whole medi-
cal system.”

—D.S.L

daniel S. levine
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going to get this thing better, and it is by prevent-
ing the event in the first place.”

It was then that Topol started the very first 
cardiovascular gene bank at Cleveland Clin-
ic. To study the genetics of heart attack, he 
won an $18-million, five-year NIH grant. The 
effort began in 1995 and was built out within 
three years to 10,000 patients. Part of the proj-
ect included collecting DNA from 400 families 
in which parents and siblings suffered heart 
attacks. The study concluded with major find-
ings, including one that linked heart attacks to 
people that had a rare gene deletion and the 
other involved the discovery of a genetic variant 
that puts people at elevated risk for heart attack. 
The study won recognition from the American 
Heart Association, which honored the work with 
a Top 10 Advance award in 2000 and 2004. 

It was while at Cleveland Clinic as chairman 
of the cardiovascular medicine department that 

Topol wrote what was to become the most oft-
cited paper of his career. Published in the Jour-
nal of the American Medical Association, the paper 
was the first to document that use of painkill-
er Vioxx, a drug being used by 20 million peo-
ple, carried an elevated risk of heart attack and 
stroke. “It kind of took over my life in 2004,” he 
says. “It wasn’t pleasant in 2001 when I pub-
lished the paper because Merck sent all sorts of 
people to go after me, whether it was in the press 
or in other ways. But then in 2004, when they 
withdrew the drug, it got much uglier. It was the 
most unpleasant time in my career.”

Topol, who remained a vocal critic of Merck, 
found himself under attack both professional-
ly and personally. Press reports at the time say 
Merck sent letters to doctors across the country 
seeking to discredit Topol. He found himself the 
subject of an article in Fortune about conflicts 
of interest because he served on the medical 
advisory board of a hedge fund that had short-
ed Merck’s stock. He and his family received 
threatening phone calls late at night warning 
him to stop talking about Vioxx and Merck. 
Press accounts at the time quoted him as say-
ing that then-Merck CEO Ray Gilmartin took 
his complaints to Cleveland Clinic chairman of 
the board of trustees Malachi Mixon, whom he 
knew personally. Cleveland Clinic never con-
firmed or denied such conversations took place, 
but Topol was removed in 2005 as head of the 
clinic’s medical college. Topol declined to discuss 
details of what happened at the Cleveland Clinic, 
saying only that he left voluntarily. 

It was not the first time that Topol’s research 
may have angered the medical establishment. 
Nicholas Schork, director of research at the 
Scripps Genomic Medicine Program, recalls 
Topol ruffling feathers around 1990 when the 
two met at the University of Michigan. At the 
time, Schork was a graduate student called upon 
to help analyze an insurance database. Topol 
suspected too many bypass procedures were 
being performed and that surgeons weren’t fol-
lowing guidelines to determine if  the proce-
dures were warranted. The study indeed showed 
that bypass procedures were being done more 
often than they should be. It looked at region-
al differences in the use of bypass procedures, 
differences by type of hospitals, and the dollars 
involved. Schork says it was a “hot potato.” The 
study was eventually published, he says, but it 
took a while because editorial boards were reluc-
tant to run it. 

“I thought, here’s a man who wants to push 
the envelope a little bit,” Schork says. “It wasn’t 

Eric Topol At-A-Glance
Current Appointments
• Director, Scripps Translational Science Institute 
• Professor of translational genomics, department of molecular and 

experimental medicine, The Scripps Research Institute 
• Chief Academic Officer, Scripps Health
• Chief Medical Officer The West Wireless Health Institute

Education 
• University of Virginia, BA 
• University of Rochester, MD 
• University of California, San Francisco Internal Medicine Residency 
• Johns Hopkins Fellowship in Cardiology 
• University of Michigan, Tenured Professor 
• Cleveland Clinic, Provost and Chief Academic Officer 
• Founder of the Cleveland Clinic Lerner College of Medicine  of Case 

Western Reserve University

Awards & Activities 
• Elected to Institute of Medicine, National Academy of Sciences, 2004
• Simon Dack Award, American College of Cardiology 
• Andreas Gruntzig Award, European Society of Cardiology 
• Johns Hopkins Society of Scholars 
• American Association of Physicians 
• American Society of Clinical Investigation 
• American Heart Association Top 10 Advance (2000,2004)

Topol appeared 
in a spread in GQ 
(opposite) with the 
musical performer Seal 
as one of the Rock Stars 
of Science, a campaign 
from Geoffrey Beene 
Gives Back to win 
support for accelerating 
the development 
of medical research 
from the bench to the 
bedside. information 
on the campaign can 
be found at www.
rockstarsofscience.org.
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like he was doing it for fame. It was more a mat-
ter that this is the truth and let’s get it out there. 
I thought that was a great quality to have quite 
frankly. He was clearly going to piss off his col-
leagues. I have respect for that.”

But, Schork notes, the study also speaks to 
something else at Topol’s core—the desire to 
put things to the test. Schork says vetting tech-
nologies, new drugs, and devices through clini-
cal tests to answer the basic questions like “Does 
this drug save lives?” has long been Topol’s bread 
and butter. But now, Topol is concerned about 
how can we make those more efficient so we can 
get quality drugs out there to save people’s lives. 
“This is something that’s very near and dear to 
him. Can we leverage genetics and genomics? 
That’s one question—can we design drugs or tri-
als that target people with certain genetic pro-
files,” says Schork. “The other one is to maybe 
leverage wireless technologies. Instead of hav-
ing people come back every six months to have 
their blood pressure taken, why not give a little 
band-aid device that measures blood pressure 
24-7. Maybe you don’t need 10,000 patients in a 
study because you’ll have so much data.”

Marrying wireless technology with genomics is 
clearly on Topol’s radar. Topol, who also serves 
as the chief medical officer of the newly estab-
lished West Wireless Health Institute, which is 
exploring applications of wireless technologies 
to advance human health, sees an opportunity 
to tap into the vast network of wireless compa-
nies in the region. Initially, he had talks with Don 
Jones, vice president of health and life sciences 
for the San Diego wireless giant Qualcomm. 
The discussions covered what Scripps might 
be able do with the technology, but Scripps was 
constrained by resources. That changed when 
Topol began treating Gary West, a man who 
made his fortune in telemarketing. West quickly 
discovered he and Topol shared a mutual inter-
est in wireless medicine. “He’s passionate about 
changing the way medicine is practiced today,” 
says West. “He thinks it’s just wrong.” 

The belief that the current practice of medi-
cine is dysfunctional is driving The West Wire-
less Health Institute, which will be housed on 
the Scripps campus, about 200 yards from 
Topol’s office. Though its home won’t be ready 
for occupancy until October 2009, the institute 
was spending the summer gearing up for its first 
clinical trial. The study will seek to reduce heart-
failure readmission through the use of technol-
ogy developed by San Jose, California-based 
Corventis. Corventis’ device, which looks like an 
oversized band-aid and sticks to the chest, con-

tinuously measures heart rhythm, fluid status, 
respiratory rate, activity, position, temperature, 
and heart rate variability. 

A recent study found nearly 27 percent of 
Medicare patients with heart failure, after being 
discharged from a hospital, are readmitted with-
in 30 days. That revolving door costs the health-
care system an estimated $10 billion annually. 
The hope is that the device, by providing doctors 
with an early warning of worsening symptoms, 
can notify a patient to come in for preemptive 
treatment before they have another incident. 
Topol sees similar wireless sensors being devel-
oped to do everything from monitoring sleep 
disorders, to providing people concerned about 
their weight with real-time reports on their cell 
phones about their caloric intake and physical 
activity.

“Genomics only tells about biology,” says Topol. 
“In any given person, all I can say is they have a 
predisposition to atrial fibrillation or sleep dis-
orders or this or that. With physiology—the ele-
gant phenotyping we’ve never been able to do 
before—we can have an entire ICU in someone’s 
home monitoring all of their vital signs. It gives 
us a different look at a patient. It gives us their 
continuous physiology.” 

It is that marriage of genomics and wireless—
biology and physiology—that Topol believe sets 
off Scripps from other research centers. There 
are plenty of what he calls “gene hunters,” cen-
ters that do sequencing, identify genes that may 
be involved in disease, and publish their findings 
out for others to follow up on. But for Topol, it is 
the convergence of technologies, the ability to 
do the translational work, that is so powerful. 

“The end strategy is changing medicine, says 
Topol. “You can’t just find a gene and put it out 
there. That doesn’t change medicine at all. You 
have to actualize that information, like what 
we’re doing with the saliva genotyping with Pla-
vix. You can’t just show that the wellderly have 
these protective genes if you don’t go beyond 
that. That’s a nice, fascinating discovery that we 
hope to have, but you got to drill down to much, 
much more than that.”

Changing medicine is no small goal, but it is 
a worthy one. And Topol is by no means seek-
ing to do this by himself. He is marshalling 
the resources not only of Scripps, but also of 
the surrounding biomedical and technologi-
cal talent in the greater San Diego area to do 
so. There will be financial, scientific, and even 
cultural obstacles along the way, to be sure. But 
then again, they don’t call Topol a rock star for 
nothing. 
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Preventive Medicine
As our ability to sequence genetic data surpasses our ability to  
interpret it, regulators across the globe are taking steps to put rules 
in place on direct-to-consumer genetic tests.

By Marie Daghlian

Until recently, most genetic tests have 
remained in the purview of medical profes-
sionals. But since the mapping of the first 
human genome in 2003, a dramatic decline in 
the cost of sequencing has led to a rapid growth 
in researchers’ ability to associate certain genes 
with certain diseases. One result has been a 
surge in the number of companies offering 
genetic tests directly to consumers, promising to 

reveal a variety of infor-
mation including veri-
fying the identity of a 
father, determining the 
diet that best suits an 
individual, discerning a 
person’s athletic prow-
ess, laying out a person’s 
ancestry, and assessing 
someone’s risk for vari-
ous health conditions. 
Genetic tests for more 
than 1,300 diseases are 
already available clini-
cally and could theoret-
ically be offered direct-
ly to consumers in the 
future. 

But while there have 
been dizzying advanc-
es in researchers’ abil-
ity to annotate the 
genome, their abil-
ity to make sense of 
just what all this data 

means remains at an early stage. This has raised 
concerns around the world among scientists, 
clinicians, policy makers, and even many of 
the early genetic testing companies themselves 
that some form of regulation is needed to pro-
tect consumers from misleading claims and 
practices. Their concerns include the accuracy 
of the information, how it is communicated to 

In today’s do-it-yourself culture, it’s no sur-
prise the power to analyze DNA would 
sooner or later be handed to consumers. 

But with anybody now able to spit into a tube 
and supposedly find out a possible genetic pre-
disposition to cancer, Parkinson’s, and other 
formidable diseases, society is increasingly ask-
ing a key question: is the technology ahead of 
our ability to truly understand it? In June of 
2008, 13 direct-to-consumer 
genetic testing companies, as 
the marketers of these screen-
ings are called, received cease-
and-desist letters from the Cal-
ifornia Department of Public 
Health. The agency was seek-
ing proof of compliance with 
state standards, including evi-
dence the tests they were sell-
ing to California residents had 
been ordered by a physician 
and were processed by certi-
fied labs. They were given two 
weeks to submit proof that 
they were in compliance. It was 
a clear signal that regulators 
were ready to crack down on 
the rapidly growing business. 

California is not alone. New 
York has gone after several 
companies for offering tests 
without a doctor’s consent. In 
fact, it is the only state where 
a customer must get a doctor’s 
authorization to get a paternity test. And Ger-
many passed legislation in May that severely 
limits the use of genetic testing, except by a 
licensed doctor following the patient’s consent. 
The move essentially bans most direct-to-con-
sumer testing in the country. Paternity tests will 
only be allowed if both the woman and the man 
agree to be tested. 

we are against the idea 
of genetic exceptionalism 
where genetics has to 
be treated somehow 
special and different from 
everything else, in terms 
of regulation. whether 
these tests should 
be treated differently 
because they are genetic 
rather than anything else 
is questionable.

—Carolyn Wright, Head Scientist,  
PHG Foundation
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consumers, and whether or not the informa-
tion delivered is useful.

But not everyone is happy about the new 
restrictions. When Germany passed its leg-
islation in May, it essentially banned the sale 
of direct-to-consumer genetic tests, prohibit-
ing employers and insurance companies from 

an extreme not seen in other jurisdictions.” 
Carolyn Wright, PHG’s head scientist, says, 

“We are against the idea of genetic exception-
alism where genetics has to be treated some-
how special and different from everything else, 
in terms of regulation. Whether these tests 
should be treated differently because they are 
genetic rather than anything else is question-
able.” 

Wright thinks genetic information is not 
that private. Ninety-nine percent of DNA is 
common to the whole population. And while 
she agrees the clinical utility of genetic tests 
remains unproven, she feels that Germany has 
gone too far. She would rather see something 
gentler, like a professional code of conduct. “I 
guess we think there should be some sort of 
oversight that broadly protects the consum-
er from quackery and fraudulence and allows 

i suspect that the front-running companies 
probably have an intrinsic interest in keeping 
their noses clean, but as more and more 
companies start flooding the market, i suspect 
that some form of regulation is going to be 
required.

—Chris MacDonald,  
Professor, Saint Mary’s University in Halifax, Canada

using genetic tests to discriminate, and restrict-
ing men from using such tests to determine 
whether they fathered a child without the con-
sent of the mother. The German Medical Asso-
ciation warned that the law might lead people 
to go abroad to get testing done. The United 
Kingdom-based PHG Foundation, an inde-
pendent non-profit organization focused on 
evidence-based biomedical science, issued a 
formal commentary, which said the German 
law represents a “regressive and paternalistic 
approach that takes genetic exceptionalism to 

them to take an autonomous position in rela-
tion to their own health,” she says.

The current European regulatory framework 
does not cover an independent evaluation for 
genetic tests before they are marketed. Most 
direct-to-consumer tests are freely available. 
In the United Kingdom, the Human Genetics 
Commission is developing a voluntary frame-
work to protect consumers from direct-to-
consumer genetic testing, taking a more mod-
erate approach. The Human Genetics Com-
mission is drafting a common framework of 

Carolyn wright, PhG 
head scientist, favors 
a professional code of 
conduct rather than 
blanket legislation 
aimed specifically at 
genetic tests.
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principles that are expected to include consid-
eration of clinical validity and utility of differ-
ent tests, the level of information provided to 
consumers, quality assurance, data protection 
and consent. The U.K.’s National Health Ser-
vice has also initiated a pilot program to teach 
NHS scientists to train doctors and clinicians in 
genomic medicine.

In the United States, most laboratories are 
subject to quality control by Centers for Medi-
care and Medicaid Services under the Clini-
cal Laboratory Improvement Amendments. 
Otherwise, there has been little regulation of 
the nascent but growing market for direct-
to-consumer genetic tests. A handful of tests 
have been submitted and approved by the 
U.S. Food and Drug Administration, but most 
direct-to-consumer genetic tests are not sub-
mitted, exploiting a loophole in U.S. Food and 
Drug Administration regulations because they 

are not actually medical devices. There are 
efforts, however, to increase FDA oversight in 
this area.  

Most people agree that some form of regu-
latory oversight is needed. The question is 
what kind of oversight and how much. Busi-
ness ethicist Chris MacDonald sees no cause 
for panic. The main concern, from a business 
ethics point of view, is truth in advertising, says 
the professor in the department of Philosophy 
at Saint Mary’s University in Halifax, Canada. 
Do people understand what they are signing up 
for and are they getting what they are paying 
for? He agrees that labs should be certified. He 
shares the skepticism of many biologists about 
whether there’s any information being pro-
vided through the tests that’s really valuable. 
But it also depends, he says, on what someone 
perceives as valuable and what they are led to 
expect. No one thinks to regulate the self-help 

a lab worker at 
navigenics begins 

to test a sample. 
The company favors 

some oversight 
because it is 

concerned about the 
effects irresponsible 

companies could 
have on the sector.
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book market, he says, as long as authors act in 
good faith and are not actually telling lies. 

“I suspect that the front-running companies 
probably have an intrinsic interest in keeping 
their noses clean in those regards,” MacDon-
ald says, “but as more and more companies 
start flooding the market, I suspect that some 
form of regulation is going to be required.”

Amy DuRoss, vice president of policy and 
business affairs at Navigenics in Foster City, 
California, favors some oversight. “We’ve 

spent a lot of time and energy developing our 
practices and we want to make sure that there 
aren’t any difficulties in the space because 
there will always be some irresponsible actors,” 
she says. 

She would like to see a third party entity 
established to regulate the utility of the mark-
ers used for genetic profiling. She is concerned 
that companies are marketing genetic tests 
that purport to give dating and nutrition-
al advice based on a person’s genes. Ideally, 
the third party would be part of the National 
Institutes of Health or the Centers for Dis-
ease Control and Prevention and be an inde-
pendently funded platform for testing servic-
es. She would also like to see the Centers for 
Medicare and Medicaid Services take a more 
active role, perhaps by creating a genetic test-
ing subspecialty under the Clinical Laboratory 
Improvement Amendments or CLIA. 

Navigenics says it encourages customers to 
use its genetic counseling services, which are 
free of charge. Navigenics and its competi-
tor 23andMe maintain they are clear in their 
informed consent agreements that they are 
not offering a predictive diagnostic and that 
their services are only informational and “not 
intended to be medical advice.” 

Like Navigenics, Mountain View, California-
based 23andMe was one of the genetic testing 
companies that received cease-and-desist let-
ters from the California Department of Pub-
lic Health last summer. Both companies say 
they were already in compliance with state 
law when they received the letters. Neverthe-
less, a year after receiving it, 23andMe took 
the lead and drafted its own regulations in a 
bill that was introduced into the California 
legislature by Alex Padilla, a Democratic state 
senator representing Van Nuys, California. 
The legislation seeks to exempt gene-testing 
firms from requirements faced by other kinds 
of lab tests. It also adds privacy protections 
for consumers. 

“They are working to develop regulations 
for a new class of product. I think they call 
this “post-CLIA genetics information service 
provider,” says Jesse Reynolds, director of the 
project on biotechnology and the public inter-
est at the Center for Genetics and Society in 
Berkeley, California. He thinks direct-to-con-
sumer genetic tests raises a number of prob-
lems and fears this new type of product could 
fall between the cracks of existing rules. 

He argues that 23andMe is really in the 
business of compiling and reselling data 

navigenics’ amy 
Duross says her 
company encourages 
customers to consult 
a doctor or genetic 
counselor to interpret 
test results.

we’ve spent a lot of time and energy developing 
our practices and we want to make sure that 
there aren’t any difficulties in the space because 
there will always be some irresponsible actors.

—Amy DuRoss, Vice President of Policy and Business Affairs, Navigenics
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a test kit produced 
by navigenics.

sets. Ann Wojcicki, co-found-
er of 23andMe, is the wife of 
Google co-founder Sergey 
Brin, and Google is an investor 
in 23andMe. “Down the road, 
there are a lot of concerns about 
privacy,” he cautions. “The role of 
Google should raise some eyebrows. 
Of course they are separate companies, 
but Google is a primary investor in 23andMe. 
Google is amassing a huge amount of informa-
tion, including getting into the health records 
management business. Where could this go? 
Do we want to have large central databases that 
not only have our genetic information but our 
health records and our internet habits in one 
central location?”

Concerns about Big Brother aside, Wojcicki 
has been open about the need to amass large 
amounts of genetic data in order to make valid 
comparison studies and increase the under-
standing of the genetics underlying disease. 
The company’s consent form states that 
23andMe will use the data for research pur-
poses.

Still, Reynolds doubts that customers under-
stand what they are getting into. He feels that 
23andMe removes the expertise of doctors and 
genetic counselors. “They don’t say ‘we don’t 
have doctors,’ instead they talk about ‘democ-
ratizing personal genetics.’” He says 23andMe 
and other direct-to-consumer personal genet-
ic companies are trying to have it both ways, 
advertising tests that include information that 
he says is medical in nature, but telling regula-
tors that what they provide is for educational 
or recreational uses. 

Scientists are also skeptical about the useful-
ness of many of the tests. The American Col-
lege of Clinical Pharmacy published a posi-
tion statement calling for federal oversight of 
direct-to-consumer genetic testing companies, 
claiming that the Clinical Laboratory Improve-
ment Amendments do not address the clinical 
validity of a particular test. It also asks the FDA 
to actively monitor compliance with regula-
tions for advertising and marketing. The Amer-
ican Medical Association has recommended 
that genetic testing be carried out under the 
supervision of a qualified healthcare profes-
sional. The group also asked that physicians be 
provided with more information on the types 
of genetic tests available so that they can effec-
tively counsel their patients. 

Both the Washington, D.C. advocacy group 
Genetic Alliance and the policy group Genet-

ics and Public 
Policy Center at 
Johns Hopkins Uni-
versity have asked the 
government for the creation 
of a mandatory national test reg-
istry. The Genetics and Public Policy 
Center argues that the registry would be “a 
critical first step in the development of a more 
transparent, quality-centered system of over-
sight that will better inform and protect the 
public.” In the blueprint it presented in a poli-
cy paper in the journal Public Health Genomics, 
they want the FDA and CLIA to give Health 
and Human Services the authority to estab-
lish the registry, which would eventually reside 
under the auspices of either National Institutes 
of Health or the FDA. The registry would ini-
tially be limited to genetic tests that are health-
related. It would contain information for assess-
ing a test’s reliability, how results relate to cur-
rent and future disease risk or health status, and 
how useful the results are in informing further 
action on the part of the test taker or health-
care provider. 

A joint Centers for Disease Control and Pre-
vention/NIH workshop convened at the end of 
2008 has also added its voice to a growing body 
of expert recommendations for the evaluation 
and regulation of personal genomics services. 

While policymakers in the United States 
struggle to come up with appropriate over-
sight and regulation for direct-to-consumer 
genetic tests, a regulatory hole remains that’s 
proven difficult to fill. The regulatory issues are 
complex and will take some time to resolve. In 
the interim, the responsibility to fill the regula-
tory void will fall on state governments, which 
will have mainly their truth-in-advertising stat-
utes as their primary tool. That may leave them 
busy with a burgeoning industry as they try to 
hammer nails with a screwdriver. 
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Bosom Buddies
Women undergoing treatment for breast cancer find shared  
experience leads to lasting bonds and an unexpected support 
system. 
By Kristi Eaton

Most people would stay as far away 
as possible from where they were 
infused with drugs to fight can-

cer. But three years later, Marilyn Young still 
returns to the Victoria, Texas doctor’s office 
where she sat every week watching the drug 
enter her body, and she does it by choice. 

Why relive a nightmare? Young wants to 
reconnect with other women who currently 
battle or battled a certain aggressive form of 
breast cancer known as HER2-positive. The 
name refers to a mutation in the HER2 gene, 

which overproduces a protein that fuels tumor 
growth. Like the other women who go to the 
office for treatment, Young was treated with 
Herceptin, a drug that has perhaps more than 
any helped popularize the notion of personal-
ized medicine. Herceptin was among the first 
examples of a therapeutic approved by the U.S. 
Food and Drug Administration requiring the 
use of a companion diagnostic to determine its 
appropriateness to a patient. 

 But Herceptin has given rise to another per-
sonalized medicine trend of its own. It’s had the 

l i f e S T y l e
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unexpected effect of bringing together women 
in communities across the nation who use the 
drug in ad hoc support groups under the ban-
ner of the HER2 Sisterhood. Young, 64, was 
one of seven women at the oncologist’s office 
at the time who was being infused with Her-
ceptin. As the office scheduled the infusions 
for Herceptin patients at the same time every 
week, the women would find themselves in a 
room together for an hour at a time. A conver-
sation would start up. Soon, the women decided 
to make the get-togethers official: They orga-
nized their own local HER2 Sisterhood. Every 
Wednesday, Young would gather with the other 
women for their infusions and share their sto-
ries. Topics covered were as often personal as 
they were medical. And despite the rather grim 
setting, the women sometimes found them-
selves cutting up. During 
these group laughing fits, 
Young occasionally wor-
ried the noise was get-
ting out of hand. But, she 
says, the doctors and nurs-
es wanted them to enjoy 
themselves. “It was good 
for patients suffering from 
other forms of cancer to 
see it was still possible to 
laugh,” she says. 

Young says that over the 
course of their treatments, 
the women became close 
friends. Just because some 
of the womens’ treatments 
had ended, it didn’t make 
sense to stop seeing each 
other. And the doctor in 
the office encouraged the 
bonds, she says.“We’d tell 
some of our symptoms of 
the other chemo,” she recalls. “We talked on all 
subjects. We introduced our families to each 
other. We knew some had children of differ-
ent ages,” she says of the women who ranged in 
ages from 40 to 83. The chit-chat, she says, was 
a way for the women to forget about what they 
were going through. 

The birth of the HER2 Sisterhood actually 
dates back to 2001 when a simple conversation 
between two breast cancer patients undergo-
ing treatment in Bakersfield, California gave 
rise to the group. 

Nancy Pelton, a tax accountant who had suf-
fered a recurrence of HER2-positive breast 
cancer after having been treated with a combi-

nation of chemotherapy, radiation, and pacli-
taxel, found herself battling the disease again. 
This time, though, doctors had a new weap-
on. Though Herceptin was first approved in 
1998 when Pelton was originally diagnosed, it 
was only approved for use in patients with a 
recurrence of the disease. When it returned, 
she was finally treated with weekly infusions 
of Herceptin. 

At one of the infusion sessions, she met 
another woman undergoing the same treat-
ment at the same time. The two struck up a 
conversation. Soon enough, they were laugh-
ing and having what Pelton describes as a 
“good time.” Around that same time, a third 
woman began Herceptin treatments and 
ended up in the conversations. From there, 
the HER2 Sisterhood began to grow. 

“We offer something that 
a traditional support group 
doesn’t offer because we’re 
just specifically HER2-
positive,” Pelton says. “By 
having different ladies in 
different stages that have 
gone through treatment, 
we are able to answer 
questions for people just 
starting out who have a lot 
of questions and offer sup-
port in that way. We’re a 
very nontraditional sup-
port group.”

Today, between 20 and 
25 women ranging in age 
from the late 20s to nearly 
70, keep in touch, with five 
to 15 taking part in regular 
dinners together. 

Genentech, which man-
ufactures Herceptin, took 

notice of the women’s unique bond. The South 
San Francisco-based biotech has since sought 
to promote the formation of other such groups 
among the drug’s users through its HER Con-
nection website. The website offers a “HER2 
Sisterhood Tool Kit” for download. The com-
pany says it’s only aware of two such groups. 

“This organic group formed into a peer-to-
peer support system that provides support in 
a non-traditional way,” says Erica Jefferson, a 
spokeswoman for Genentech. 

Living Beyond Breast Cancer, a national edu-
cation and support group for breast cancer 
patients, helped Genentech gain information 
and viewpoints from HER2-positive patients 

The HER2 
Sisterhood  members 

from Bakersfield, 
Califronia regularly 

get together  
for dinner and to 

share stories about 
their lives.

By having different ladies 
in different stages that 
have gone through treat-
ment, we are able to 
answer questions for 
people just starting out 
who have lots of ques-
tions and offer support 
in that way. We’re a very 
nontraditional support 
group. 

—Nancy Pelton, founder of the HER2 Sisterhood
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to make the HER2 Sisterhood as effective as 
possible. Elyse Caplan, education director for 
Living Beyond Breast Cancer, says there are 
many types of breast cancer. Patients with 
each subtype need their own resources and 
support, she says. 

“As science and medicine begin to personal-
ize treatments, we want to make sure our edu-
cation and resources parallel that personalized 
track,” she says. 

Caplan says women with the HER2-positive 
breast cancer—about 20 percent of the esti-
mated 175,000 to 200,000 breast cancer cases 
diagnosed each year—feel isolated because 
they know their breast cancer is more aggres-
sive than other forms of the disease. “They 
have worries, ‘Is this treatment going to erad-
icate this disease?’” Caplan says. ‘Will I have a 
recurrence? What does it mean to live with the 
fear of a recurrence?’” 

Trying to answer those questions is one of 
the reasons Pelton says she stays very involved 
in the group, despite being cancer-free for 
years. 

“I like being able to help other people 
because I’m 10 years out now,” Pelton says. “I 
try to stay up to date on facts because I know 
how scared a person is when they start treat-
ments and don’t know what’s going on with 

It’s been actually a joy to see all the differ-
ent people of different walks of life. It kind of 
opened my life up. It made me a stronger 
person because of it.

—Marilyn Young, a member of the HER2 Sisterhood in Victoria, Texas

some of the side effects. That’s one of the rea-
sons I enjoy still having the group and keep 
at it.”

Group members admit an unusual sense of 
loss when someone in the group finishes their 
treatment. There’s also sadness when they 
themselves near the end of their own treat-
ment, they say. The fear is they’ll never see 
their friends again. But that’s not the case. 
These women continue to get together long 
after their treatments end. 

In Victoria, Texas, a group of women—10 of 
the 33 who went through the treatment as part 
of the HER2 Sisterhood—reconnect regularly. 
They meet up to talk about their lives, share 
laughs, and visit with each other. Sometimes, 

the oncologist or a Herceptin representative 
provides the snacks for the group. 

Some of the women have had recurrences 
and are going through the Herceptin treat-
ment once again. But Young, the patient from 
Texas, remains positive. She says spending 
time with the other group members who came 
from different backgrounds has been reward-
ing, too. “It’s been actually a joy to see all the 
different people of different walks of life,” she 
says. “It kind of opened my life up. It made me 
a stronger person because of it.”

A diagnosis of breast cancer can be devas-
tating, particular a diagnosis of the disease 
as aggressive as HER2-positive. Though the 
HER2 Sisterhood may have developed through 
chance circumstances, oncologists should take 
note of the value patients find in the support 
they draw from each other and the importance 
they place on feeling not like a cancer patient, 
but a person. 

Nancy Pelton, (lower 
right) founded the 
HER2 Sisterhood in 
2001 after a chance 
conversation with 
another woman who 
was being treated for 
HER2 positive breast 
cancer.
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The Annual Burrill Personalized Medicine 
Meeting encompasses detailed discussions 
on the whole spectrum of personalized 
medicine—from prediction to prevention.  
The two-day event will also provide attendees 
with a detailed “window” into the emerging 
personalized medicine world as seen by 
leading experts and decision makers in the 
field including:

Dr. Margaret “Peggy” Hamburg
Commissioner, U.S. Food and Drug 
Administration

Dr. George Poste
DVM, PhD, Chief Scientist, Complex Adaptive 
Systems Initiative; Regents’ Professor and Del E. 
Webb Distinguished Professor of Biology, Arizona 
State University

Dr. Leroy Hood
MD, PhD, President, Institute for Systems Biology

The 5th Annual Burrill 

Personalized  
Medicine Meeting

November 9–10, 2009 
San Francisco, CA

This conference intends to explore the world 
of personalized medicine as it stands in 2009 
and as it will develop in the next 3- to 5- year 
timeframe. Although science forms the basis 
for these exciting developments, this is not a 
science conference. Instead, our aim is to bring 
together stakeholders from across the value 
chain of personalized medicine for a fascinat-
ing and instructive set of ‘conversations’ with 
experts in all these areas…

• Researchers
• Drug Developers
• Diagnostics Manufacturers
• Clinicians
• Payors
• Investors
• Public Policy Experts
• Medical Ethicists
• Patients

Event Sponsors

Silver
Invest in Denmark 
Townsend

Bronze
Diagnostic Innovations 
Illumina

Lanyard Sponsor
UK Trade and Investment

Break Sponsor
Fate Therapeutics

Platinum Event Partner
BayBio

Event Partners
San Jose Biocenter
Biocom 
Biocentury 
BioSquare 
MichBio 
PharmaVision
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Fitting Into My Genes
Research into the genetics of anorexia may lead to new treatments, 
keep people with the eating disorder from feeling guilty, and help 
others understand there’s more to the disease than little girls seeing 
too many pictures of rail-thin models.

By Kristi Eaton

l a S T  p a g e
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They told me to keep it a secret. Nobody 
will understand, the doctors, psychol-
ogists, and therapists all said. It’s an 

illness to be ashamed of they seemed to con-
clude. 

So, at age 11, four feet nine inches tall and 54 
pounds, I tried to hide my anorexia from class-
mates and society at large. Looking back, I 
don’t think I was fooling anyone, what with my 
skeletal arms and legs, pale skin, and sunken 
eyes. Not to mention the fact that I threw my 
lunch away most days, became emotional at 
the drop of a hat, and was sometimes taken out 
of school for days at a time. But those symp-
toms could be taken as signs of another illness, 
such as cancer. With people lacking a definitive 
answer to what was slowly destroying my body, 
rumors swirled, making the turbulent years of 
middle school even more volatile. 

Anorexia nervosa, characterized by extreme 
weight loss through excessive dieting or exer-
cise, a distorted body image, and an intense 
fear of gaining weight, is an illness that affects 
as many as 10 million females and 1 million 
males in the United States. Anorexia has the 
highest premature fatality rate of any mental 
illness and, according to some studies, people 
with anorexia are up to 10 times more likely 
to die compared to those without the disorder. 
The most common complications that lead to 
death from the disorder are cardiac arrest, elec-
trolyte and fluid imbalances, and suicide. The 
disease is more often than not coupled with 
depression. 

Twelve years ago, at the height of my strug-
gle with the disease, I sometimes wished I had 
cancer. The cause of cancer, at least, could be 
traced to biology, I thought. Nobody chooses 
to have cancer. It chooses them. That’s much 
easier to explain to people than why I was 
slowly trying to kill myself by exercising up 
to eight hours a day and not eating. I couldn’t 
even explain to myself why I did what I did. I 
couldn’t figure out how I had changed from 
being a happy child who enjoyed eating choc-
olate chip ice cream and Doritos to a ball of 
nerves that kept a detailed calorie intake and 
exercise journal. 

For decades, researchers believed anorexia 
was an illness primarily caused by societal fac-
tors like media images of impossibly trim mod-
els, as well as psychological factors, such as low 
self-esteem or feelings of a lack of control in 
life. Although studies are proving otherwise, 
many still believe anorexia afflicts only upper-
middle class Caucasian females during their 

 (Opposite) Author 
Kristi Eaton  at age 
11 when she began 

a four-year battle 
with anorexia. Her 

weight dropped to 
54 pounds.

(Above) Eaton, 24, 
no longer suffers 

from anorexia, 
but she knows it is 

something that will 
affect her the rest of 

her life.

I sometimes wished I had cancer. 
The cause of cancer, at least, 
could be traced to biology, I 
thought. Nobody chooses to 
have cancer. It chooses them. 
That’s much easier to explain 
to people than why I was slowly 
trying to kill myself by exercising 
up to eight hours a day and not 
eating. I couldn’t even explain to 
myself why I did what I did.

teenage years. Often people view it as a disease 
born of selfishness, greed, and vanity. 

“You just want attention,” some people would 
say. Or, “How can you starve yourself when you 
are well off and so many people go without in 
this world?”

I wish I could have had an answer for them. 
Maybe soon I will. It turns out that to deter-
mine the cause of anorexia, researchers will 
have to go beyond psychological and environ-
mental factors to include biological and genetic 
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components, as well. And as with a number of 
other disorders from depression to obesity, new 
research into the role genetics play is helping 
change perceptions about people who suffer 
from the illnesses. And this better understand-
ing could lead to more effective treatments. 

Consider that people with an immediate rela-
tive suffering from depression are two to three 
times more likely to suffer from the illness as 
well, research shows. Multiple genes and mul-
tiple modes of inheritance are believed to be 
involved in depression. Although personaliz-
ing depression treatment based on genetics 
is a ways off, researchers say the day where a 
simple cheek swab of cells can inform a doctor 
about the best possible medication to treat the 
illness is a distinct possibility. 

Studies tying genetics to anorexia suggest 
the same possibilities for more targeted treat-
ments for the eating disorder. In 2002, Dutch 
researchers released a groundbreaking report 
showing a relationship between anorexia 
patients and a particular gene mutation. While 
studying the DNA of 145 patients, the scien-
tists discovered that 16 of them were carrying 
a mutation of the gene that manufactures Ago-
uti Related Protein, a substance in the brain 
that stimulates the desire to eat.  

More recently, a 2006 study published in 
the Archives of General Psychiatry found that 
complications during and immediately after 
birth are associated with the development 
of anorexia and bulimia, an eating disorder 
where the patient binges and purges to main-
tain or lose weight. The researchers noted that 
a child’s risk of developing anorexia or bulimia 
increased if the mother was found to suffer 
from maternal anemia—low levels of hemo-
globin in the blood—or diabetes mellitus and 
placental infarction—death of part of the tis-
sue of the placenta. 

Just this July, researchers at Chiba Univer-
sity in Japan discovered that women suffering 
from anorexia have lower levels of the brain 
protein BDNF compared to healthy women. 
Women with low levels of the protein in their 
blood had the lowest self-image, suffered from 
anxiety and depression, and performed poorly 
on certain tests of cognitive ability, according 
to the researchers. Moreover, the scientists 
noted that women who overcame the disease 
had higher levels of BDNF, suggesting that the 
protein levels may be reversible. 

Such studies are helping researchers bet-
ter understand the biological pathways and 
biomarkers affiliated with anorexia, which 

could then lead to identifying medications or 
approaches to reverse the features of the ill-
ness, says Cynthia Bulik, director of the Uni-
versity of North Carolina’s Eating Disorders 
Program. “At some point we could conceiv-
ably find that anorexia is not a single illness, 
but that different biological pathways might 
lead to the same endpoint,” she says. “Theo-
retically, tailoring of treatment to biological 
underpinnings could then be possible. This is 
down the path.”

Recognizing biological factors would help 
doctors identify individuals who are at risk 
for developing the disease, she says. Physi-
cians could be especially vigilant and inter-
vene more quickly when patients show some 
telltale signs: falling off the growth curve or 
participating in excessive exercise. 

Such awareness of the illness’ progression 
might have saved me from spiraling down into 
the disease. As my body quickly deteriorated, 
my pediatrician was at a loss for what was 
wrong with me. Looking at weight and height 
charts, I was considered average in height but 
was around the third percentile for weight for 
females my age. In other words, I weighed less 
than 97 percent of the females my age. Blood 
tests were done on me to rule out a spate of 
diseases before doctors settled on a diagnosis 
of anorexia nervosa, depression, and obses-
sive-compulsive disorder. 

Three hospitalizations, countless medica-
tions, and numerous sessions with counsel-
ors, psychologists, and doctors followed over 
the next four years until one day, I decided I 
didn’t want to live the way I was living. I call it 
“my epiphany.” I still vividly remember waking 
up one morning and realizing I wanted to be 
like other kids. I wanted to eat pizza. I wanted 
to laugh. I wanted to get through a day with-
out exercising if I didn’t feel like doing so, and 
without crying. 

My epiphany changed things, but, as with 
cancer, I couldn’t simply turn off the biological 
and genetic components of my disease. Medi-
cation has helped the depression and obses-
sive-compulsive disorder, which, in turn, has 
helped the anorexia. But I still struggle with 
the eating disorder every day and know I will 
battle it for the rest of my life. I’m confront-
ed with it each day, whether it’s eating dinner 
or waking up and taking my medication first 
thing each morning. I know I’m never going to 
be cured. I can only hope to continue to be in 
recovery and share my story so others are not 
ashamed as I once was. 



The days are near when PDAs and smart phones 
will not merely be communication devices, but 
also personal healthcare assistants capable of 
receiving vital signs and even body fluid samples 
for analysis and transmittal of results. Wherever 
patients are in the world, they will be able to 
connect with their physicians. And their doctors, 
in turn, will be able to practice medicine virtually 
anywhere and at anytime, with instant access to 
the information and systems they need—right at 
their thumbs.

In order for this new digital health world to 
become, a reality a number of challenges will have 
to be overcome. Professionals who implement 
the new system will have to work with an aging 
population, diminishing human resources, and a 
growing patient safety concern. They will also face 
a heightened responsibility for keeping patient 
information private and secure.

Mindful of these changes and challenges, Burrill 
& Company, in association with the University 
of Illinois/Mayo Clinic partnership, is for the 
first time holding The Burrill Consumer Digital 
Health Meeting to help prepare the life sciences 
community for this exciting new era. 

Save the Date! March 22–23, 2010

For more information visit our website:  
http://www.burrillandco.com/digital_health/
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