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IT TAKES AN ECOSYSTEM:
The Future for Biomedical Innovation
WHAT WILL IT TAKE FOR BIOMEDICAL INNOVATORS
TO CREATE A VIRTUOUS CYCLE OF SUSTAINABLE
BIOMEDICAL INNOVATION ?

T

he challenges to sustained medical
innovation leadership are clear. According to a new study published by
the New England Journal of Medicine,
Asian investments in biomedical
research and development have increased 51 percent while US, Canada
and European R&D expenditures have fallen nearly
7 percent. That’s a US$14 billion decline. Those
numbers should serve as a wake-up call to leaders
in both the public and private sectors. Governments,
academia, patient advocacy groups and private
sector research-driven companies are all essential
parts of a vital medical innovation ecosystem. All
need to be healthy and successful for the ecosystem
to thrive. Successful collaboration among all these
sectors of the ecosystem will deliver new cures for
patients, reduce the burden on healthcare systems
and grow economies.

The impact of biomedical
research is striking.
Consider cancer.
Biopharmaceutical breakthroughs have contributed
to a 22-percent drop in American cancer deaths
over the last two decades. The number of cancer
survivors has doubled in that time—from 7 million
to 14 million. Since 1990, cancer patients have enjoyed 50 million additional years of life and generated US$4.7 trillion in additional economic activity,
with 83 percent of life expectancy gains attributable
to new treatments.
Just a generation ago, an HIV/AIDS diagnosis
was tantamount to a death sentence. Since innovative treatments were introduced in the 1990s, the
disease’s death rate has dropped by 80 percent, with
new treatments responsible for 90 percent of the
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reduced mortality. Today, in most cases HIV/AIDS is
being successfully managed with innovative treatments as a long-term chronic condition.
But patients aren’t the only ones who have
benefited from the biomedical research ecosystem.
So has the economy. Research-driven biopharmaceutical firms employ more than 810,000 people
directly and support a total of 3.4 million jobs across
the country.
All that economic activity generates tax revenue.
In 2010, the government collected US$3.7 billion on
the activity related to the Human Genome Project.
With just that one year’s incremental tax revenue
resulting from the Human Genome, the government
recouped 97 percent of its 13-year investment in
the Project.
But there are still many more health challenges
to solve. Over the next 20 years, the number of new
cancer cases is projected to increase by more than
50 percent, according to the World Health Organization. The incidence of Alzheimer’s and other forms of
dementia in the United States will double by 2050.
Without new medical innovations that change the
course of these diseases, the burden of these conditions will overwhelm health systems and threaten
economic growth.
Curing diseases like these will require substantial investments of time and money. Developing the
average new drug takes over a decade and costs
more than a billion dollars. The risk of failure is high.
Hundreds of companies are working on new cancer
treatments. Only a fraction of those are likely to
produce new breakthroughs for patients.
The odds are long, but the returns in longer,
healthier lives and stronger economic growth are
astronomical. Each one percent reduction in U.S.
cancer-related deaths delivers US$500 billion in value to society. Delaying the onset of Alzheimer’s by
just five years could reduce healthcare expenditures
by almost US$600 billion over the next 20 years.
The biomedical research ecosystem is closer than
ever to achieving those goals. Globally, researchbased biopharmaceutical companies spend US$135
billion every year on research and development.
Biopharmaceutical company scientists are investigating nearly 1,000 treatments that could transform
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life-threatening cancers into chronic, manageable
conditions. Another 100 are being developed as
potential therapies for Alzheimer’s.
But converting those research initiatives into
new therapies—and keeping the research pipeline
flowing with promising new cures—requires more
than science. It requires collaborative, integrated
solutions.
And it requires policies that ensure the health
of our nation’s ecosystem of innovation: increased
support for the National Institutes of Health’s vital
basic research mission, a strong, science-based

Food and Drug Administration, and the sustainable
market-based access and reimbursement for innovative medicines today that is necessary to incentivize
the long-term, high-risk investment needed for new
medical breakthroughs in the future.
For the sake of patients—and the broader
economy—we must work together to help make
this happen.
Robert J. Hugin is Chairman and CEO of Celgene Corporation and Immediate Past Chairman of the Pharmaceutical
Research and Manufacturers of America.

Life-Years Saved
from Cancer Since 1990.

This is the Value of
Medical Innovation.
Visit MyLifeisWorthIt.org to learn more
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4 LETTER FROM THE EDITORS

MORE THAN FACE VALUE

I

n popular discussions of biotechnology, we often
hear more about the cost of research than about its
value. Granted, this is an expensive industry. But it
is also one that improves lives, the environment and
the economies of developed and emerging countries
alike. For the cover section in this, our sixth annual edition of Scientific American Worldview, we asked experts from
around the world to compare the costs of the industry with
the value of its outcomes. Their analysis paints a panoramic landscape of these benefits, illustrating not only the direct rewards in the foreground but also some of the more
subtle gains on the horizon. In addition, we have collected
opinions from leading life science figures on the crucial
biotechnology-related issues that bring nations together—
problems in desperate need of the solutions science has
to offer. And to present a 360-degree view of the worth of
innovation, healthcare economists Tomas Philipson and
Anupam Jena highlight the value of advances to the innovators themselves. We also travel to South Africa to meet
Motlatsi Musi, who grows biotech-based crops to feed his
family and community on the site of a former minefield.
Think an ear of corn tastes sweet? Read Musi’s poignant
story to appreciate just how sweet indeed.
Corn and a range of other biotech-driven harvests crop
up in this year’s Scientific American Worldview Scorecard.
This year’s list was compiled using powerful new metrics
that unveil a number of intriguing trends, both in the
country rankings and the industry in general.

BY YALI FRIEDMAN & MIKE MAY

In a special section, we cover another global challenge:
the ongoing battle against cancer. Louis DeGennaro describes how some voluntary health agencies are taking
on a new role in cancer research, while Chad Flaig tells
how he and a crew of family and friends used the power of teamwork to combat—and beat—cancer. Also, in a
story inspired by a terrible loss, a coalition of top-ranked
researchers—Stuart Kauff man, Colin Hill, Leroy Hood
and Sui Huang—offers up a “manifesto” for transforming
medicine and proposes new ways to achieve better outcomes from research.
Much of this year’s issue underscores the value of teamwork. The boundless opportunities collaboration offers are
especially evident in our on-the-ground profi le of the biotech industry in Brazil. There, we find experts are taking
a creative approach to forging partnerships that benefit
all parties, and it appears that their cooperative spirit will
mean big things for Brazilian biotech in the future.
As always, our Spotlights give readers a round-theglobe tour of the industry, from Australia to Zimbabwe,
and many stops in between. With topics ranging from
cutting-edge cosmetics to crop science, these stories
demonstrate the multifaceted nature of biotech innovation today.
Wrapping up this year’s
Scientific American Worldview,
Anita Goel offers her VIEWpoint on nanobiophysics.
Goel—a figure emblematic
of the multidisplinary ethos
at work in the life sciences—
describes the enormous healthcare benefits emerging from
new applications of this tiny technology.
Our 2014 issue, and the thought-provoking stories that
it delivers, would not be possible without the support of
our sponsors: Celgene, our Marquee Sponsor; Human
Longevity, Inc.; and MYOS Corporation. They enable us
to launch and expand the conversations presented in these
pages. Likewise, our dedicated Board of Advisers and professional journalists around the world help us investigate
the most exciting developments in this field. These stories,
however, only complete their voyage when you, our readers, join in the discussion. We thank you for accompanying us on our global journey, and look forward to hearing
from you throughout the year.

Much of this
year’s issue
underscores
the value of
teamwork.

Contact us at: saworldview@sciam.comYali Friedman is lead
editorial consultant and Mike May is editorial director for Scientific
American Worldview.
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CONTROLLING
CONTAMINATION
As academia and the biopharmaceutical industry
combine resources to
accelerate early-stage innovation from the bench
towards the clinic, as
discussed in “Averting an
Innovation Cliff ” by Diego
Miralles (Scientific American
Worldview, 2013), a critical
opportunity exists to establish support and funding to
resolve a problem that has
long undermined discovery
research: cell-line misidentification.
An estimated 15–20
percent of cell lines used by
biologists are misidentified:
meaning that cells thought
to originate from—and be
representative of—a particular organ or disease are actually different.1,2 In one case,
promising results generated
from the use of misidentified
esophageal cell lines led to at
least three grants for the US
National Institutes of Health,
more than 100 scientific
publications, 11 US patents
and patient recruitment for
clinical trials.3
It saddens me to think
about the number of misleading discoveries from
misidentified cell lines that
have occurred in the past
40 years. How far could
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medicine have advanced
without this problem?
Could we have cured or
have better treatments for
cancer, heart disease or Alzheimer’s disease? Unfortunately, we’ll never know.
I also see a silver lining to this issue. There is
an opportunity to reproduce projects that are well
designed—but based on a
misidentified cell line—
using an authenticated cell
line that is appropriate for
the experiment. Many important discoveries could be
waiting for such a do-over.
Biologists have known
about this issue since the
1960s when Stanley Gartler
of the University of Washington discovered 18 cell
lines that were overrun by
fast-growing HeLa cervical
cancer cells,4 which can
sneak into cell cultures from
pipette tips or floating dust
particles. Even this year,
publications appeared that

It is naïve to
assume that
misidentified
cell lines are
only a scientist’s
problem.
drew conclusions from the
cells Gartler identified
decades ago, as if those cells
were bona fide representations of normal human
biology.
Part of why this problem
flies under the radar is that
a case of mistaken identity
cannot be confirmed by
just looking at the cells. At
regular intervals—as cross-

contamination and mix-ups
can occur at any time—one
must spend hours and
hundreds of dollars for tests
of the cell’s DNA and other
features that can confirm its
true identity. Scientists can
also purchase authenticated
cell lines from reputable
repositories, such as the
American Type Culture
Collection (ATCC) and
European Collection of Cell
Cultures (ECACC).
A strong show of support for the elimination of
this problem would be for
industry-partnership agreements and funding-agency
proposals to include provisions for cell-line identification testing and acquisition
of authenticated cell lines
from reputable repositories.
Several leading journals
now request evidence of
cell-line authentication
before publication, but
the organizations with the
vision and financial power
to direct the research community must now also play
their crucial role.
It is naïve to assume
that misidentified cell
lines are only a scientist’s
problem. This problem
has likely denied us all the
treatments we yearned for
yesterday and the cures we
hope for tomorrow.
» DON FINLEY
market segment manager
Sigma-Aldrich
St. Louis, Missouri
1. Drexler, H.G. et al. Leukemia
17, 416–426 (2003).
2. Perkel, J.M. BioTechniques 57,
85–90 (2011).
3. Boonstra, J.J. et al. J. Natl.
Cancer Inst. 102, 271–274 (2010).
4. Gartler, S.M. Nature 217,
750–751 (1968).

EMPOWERING
PROTEOMICS
Katharine Gammon’s
“A Machine to Capture
Complexity” (Scientific
American Worldview, 2013)
drew attention to the power
of mass spectrometry for
improving our fundamental understanding of
human health. Driven by
innovation, this analytical
technique has seen a spectacular rise in use since the
invention of electrospray
ionization in the 1980s—a
“soft” or gentle ionization
technique that, for the first
time, allowed researchers to
analyze biomolecules like
never before.
In my view, mass spectrometry is as much about
breaking down complexity
as it is about “capturing
complexity.” And that was
never more evident than at
this year’s ProteoMMX 3.0
Symposium on quantitative
proteomics held recently in
Chester, England.
As a science, proteomics is advancing
rapidly, thanks to mass
spectrometry. One scientist
at the symposium showed
how mass spectrometry
has helped her study the
mitochondrial protein
content of cardiac cells
as a biomarker of cardiac
disease. To think that we
are getting to the point of
understanding which sets
of mitochondrial proteins,
and their comparative levels, are important enough
to track over time as
indicators of heart health
is mind-blowing; it was
the stuff of dreams just a
few years ago. The research
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has captured the imagination—and funding—of the
US National Institutes of
Health and the American
Heart Association to the
tune of tens of millions of
dollars.
Gammon’s article
described one type of mass
spectrometry. Today, fortunately for scientists (and
for science), they have quite
a range of choices available
to them. Whether looking
at entire proteomes or individual proteins, breaking
down complexity is the task
of a mass spectrometer.
And not all mass spectrometers are created equal.
Take, for example, electron transfer dissociation
(ETD). It is catching on as
a technique for transferring
electrons to a protein or
peptide backbone and causing the peptide to fragment.
Equipped with ETD, a mass
spectrometer can provide
a more complete and accurate picture of protein
structure than previously
possible. A recent paper describes the first use of ETD
combined with a high-resolution mass spectrometer
for the surface mapping of
intact protein complexes.1
Today, scientists in all
fields have many more and
better mass spectrometry
options available to them
than ever before. Continued innovation will bring
to them new capabilities
and higher performance.
» JAMES LANGRIDGE
director, health sciences
Waters Corporation
Milford, Massachusetts
1. Lermyte, F. et al. J. Am. Soc. Mass
Spectrom. 25, 343–350 (2014).
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SCIENCE FOR
THE SUFFERING
In a letter to Scientific
American Worldview, 2012,
Annalisa Jenkins of Merck
Serono discussed the work
her company is doing to
address unmet medical
needs in Northeast Asian
countries. Merck Serono,
she wrote, will increase
R&D spending in the Asia
Pacific Region by 45 percent. This is gratifying and
encouraging, and I applaud
them for their initiatives.
It also serves as a reminder
of ongoing challenges in
other areas of Asia and the
world—finding treatments
for neglected tropical

of infectious diseases that
most often appear in economically poor countries.
They are debilitating and
disfiguring and persist for
years, even decades. They
affect populations that cannot provide the economic
incentives for research
into new treatments and
diagnostics. They are called
neglected because they
have been largely wiped
out in the more developed
parts of the world and
persist only in the poorest, most marginalized
communities and conflict
areas. In addition to causing physical and emotional
suffering, these diseases
hamper a person’s ability to

We highly encourage other
labs and drug development
companies to contribute to
the global community.
diseases (NTDs), such as
Dengue fever, hookworm,
onchocerciasis (river
blindness) and lymphatic
filariasis (elephantiasis).
More than one billion
of the world’s poorest
people—one sixth of the
world’s population—are
infected by at least one of
many forms of NTD, and
149 countries and territories are affected by at least
one NTD. Victims of these
diseases lose, collectively,
approximately 50 million
years of life, and NTDs
kill an estimated 534,000
people every year.
Typically spread by insects, contaminated water
or soil, NTDs are a group

work, keep children out of
school and prevent families
and communities from
economically thriving.
We have been studying these terrible diseases
at New England Biolabs,
where more than 30 years
ago, our founder Don
Comb formed a parasitology unit to apply molecular
tools to help eradicate
them.
There has been progress. Many drug discovery
companies and consortiums, such as DNDi
(Drugs for Neglected
Diseases Initiative), have
contributed to the study of
these diseases. Collaborations with them and fund-

ing from the US National
Institutes of Health, the
World Health Organization, the Bill & Melinda
Gates Foundation and
other worldwide sources
have helped to move projects forward and translate
potential results to human
populations.
Nevertheless, we have
far to go. For example, evidence suggests resistance
is developing to existing
drugs for many veterinary
filarial nematodes, as well
as the treatments of lymphatic filariasis (a parasitic
disease caused by roundworms). No new antifilarial drugs have been
marketed in more than 20
years. For this reason, we
joined the Anti-Wolbachia
Consortium, a worldwide
network of industrial and
academic laboratories
studying disease biology
and with the goal of improving current treatments
by reducing the time frame
and efficacy of current
treatments.
We highly encourage other labs and drug
development companies
to contribute to the global
community. Just as our
medical brethren can
provide first aid and serve
in organizations such as
Doctors Without Borders,
our training, knowledge
and experience endows us
with the potential to discover treatments for those
whose suffering has been
neglected.
» BARTON SLATKO
senior scientist
Genome Biology Division
New England Biolabs
Ipswich, Massachusetts
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W

e associate growing old
with slowing down and
falling apart. But don’t
tell that to Olga Kotelko,
who started competing
in track and field when
she was 74 and at age
94 takes part in 11 track and field sports. Olga trains
hard and flies across the globe to compete against
athletes almost half her age.
She’s collected 750 gold medals and has broken
26 world records. In What Makes Olga Run?: The
Mystery of the 90-Something Track Star and What
She Can Teach Us About Living Longer, Happier Lives
(Henry Holt, 2014) author Bruce Grierson interviews
Kotelko and her doctors to try and uncover the factors behind her fine physical fettle. It is more than
lifestyle alone. Her active longevity appears to be a
mix of smart habits and great genes. Russell Hepple,
a researcher on aging at McGill University who has
studied Kotelko extensively notes, “She’s remarkable by every criteria that we measured. She has the
capability of somebody close to 30 years her junior.”
Kotelko has actually gotten stronger since she
turned 90. Hepple has concluded that while she
trains hard and is constantly moving, her activity
level is only part of the explanation. In two years
between tests, she lost virtually no wind and no
strength, even though she had cut back her training.
That seems to bear out Hepple’s hunch that something else is going on in the muscle, irrespective of
exercise effects.
Hepple and other exercise physiologists who
have worked with Kotelko note that she is free of
sarcopenia, a decline in muscle mass and strength
that is the hallmark of aging and one of the most
significant triggers for age-related disabilities.
Sarcopenia is, in fact, the most important cause
of age-related frailty that you never heard about.
There wasn’t a term for the process until 30 years
ago and doctors only recently came to an agreement
about its clinical definition. For a long time muscle loss
was virtually ignored by the medical community as
public attention focused much more on osteoporosis.
Dr. Claudia Kawas a neurologist at University of
California, Irvine and the director of what’s known as
the “90+” study, has been collecting data about the

diet, exercise, vitamins and activities of thousands
of seniors living at Leisure World (now known as
Laguna Hills) for the past 20 years.
The study had originally asked “What kind of
shape will we be in if we do live past 90?” In analyzing the research results it became clear that the real
question was “what kind of shape do we have to be in
if we want to increase our chances of living longer?”
Kawas recently told 60 Minutes, “It turns out that
the best thing to do as you age is to at least maintain
or even gain weight.” People who were overweight
or of average weight outlived people who were
underweight.
But there’s a catch: It’s not just how much you
weigh, but how you maintain or gain weight. While
the 90 + study hasn’t studied the muscle healthlongevity link, many scientists, curious about the
role weight gain plays in living longer, have carried
out such research.
Why is muscle important? Because loss of
muscle mass and strength leads to frailty. People
who are frail fatigue easily, are physically inactive,
and have a slow—and often unsteady—gait, with an
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increased risk (and fear) of falling. The consequences of frailty are serious: Frail individuals have many
associated medical conditions, including depression,
which ultimately lead to a reduced life expectancy.
Sarcopenia is an important biological process
underlying frailty. We begin to lose lean muscle mass
between 30 and 40 years of age. By age 50 the pace
of muscle mass loss increases to 1 to 2 percent per
year. After age 60 the decline accelerates to as much
as 3 percent per year and after age 75 sarcopenia
progress faster still.
Sarcopenia increases the risk of not just frailty,
but physical disability, poor quality of life, and death.
Scientists have not established exactly how and
why, but they have shown that the amount of muscle
plays a central role in whole-body metabolism, which
is particularly important in the response to stress
and the ability to fend off age-related diseases such

muscle regeneration leads to increased fat deposits
and fibrosis in muscle tissue.
The good news is that sarcopenia is preventable
and reversible. Exercise is a key component in the
fight against sarcopenia. Physical activity appears
to reduce myostatin levels, which restores a healthy
balance between muscle mass and fatty tissue. A
healthy diet and a proper amount of protein are also
essential for muscle development.
While exercise and better nutrition are important
factors in combating sarcopenia, they may not be
enough. A recent article in The Wall Street Journal
noted that several pharmaceutical companies are
now trying to develop drugs to regulate myostatin
production and help us keep muscle-related weight.
In addition, there do exist bio-nutritional products—foods that contain naturally biologically active
molecules—that reduce the activity of myostatin.
The estimated direct healthcare cost attributable
to sarcopenia in the United States in 2000 was $18.5
billion. The indirect costs of sarcopenia are likely ten
times that because of the role it plays in the progression of costly illnesses. This doesn’t count the loss
in earnings and value of health from living without
sarcopenia-related disabilities.
The potential benefit of preventing sarcopenia
is hard to quantify. As University of Illinois demographer Jay Olshansky notes, “Slowing the aging
process by an achievable three to seven years
would simultaneously postpone all fatal and nonfatal
disabling diseases, produce gains in health and lon-

The good news is that sarcopenia is preventable and
reversible... exercise and nutrition may not be enough
as cancer, Alzheimer’s and Parkinson’s. In particular,
researchers have found that muscle has an underappreciated ability to produce a number of immune
responses and healthy growth factors that sustain
the function of the heart, liver, lungs and the brain.
Research has also identified some of the biological sources of sarcopenia. One key factor promoting
loss of muscle-related weight as we age is a protein
called myostatin. Myostatin affects the cells and
pathways responsible for muscle growth and regeneration. The older we get, the more myostatin we
produce. As myostatin levels increase, it blocks the
production of cells responsible for the lean muscle
repair and growth. In turn, the reduction in lean
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gevity equivalent to cures for major fatal diseases,
and create scientific, medical, and economic windfalls for future generations that would be roughly
equivalent in impact to the discovery of antibiotics in
the 20th century.”
Staying strong could indeed be the penicillin of
the 21st century.
MYOS Corporation is an emerging bionutrition and
biotherapeutics company focused on the discovery,
development and commercialization of products that
improve muscle health and function essential to the
management of sarcopenia, cachexia and degenerative
muscle diseases. www.myoscorp.com

6/6/14 1:10 PM

PRICELESS
Can the True Value of Innovation Investment be Tracked?

BY MIKE MAY

“WE NEED TO TRAIN MORE SCIENTISTS BETTER EVERYWHERE.”

That’s what Nina Dudnik said at PopTech 2010 in Camden, Maine. Despite talking on a stage in
a New England location that Forbes once labeled as one of “America’s Prettiest Towns,” Dudnik’s thinking started a decade earlier at the Africa Rice Centre in Côte d’Ivoire in West Africa.
As a Fulbright scholar, she worked there for a year with local scientists who were developing
new strains of rice to feed their people. Biotechnology research, however, depends on equipment,
which can be hard to come by in developing countries. “We might have had the only working
PCR machine in the whole country,” Dudnik recalls.
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After her agritech toils on rice, Dudnik started her doctoral work in molecular biology at Harvard University. In
comparing the labs at Harvard to those in Africa, she says,
“I was struck by the disparity in resources.” Collaborating
with other graduate students, she started making unused
instruments available to researchers around the world.
After completing her PhD in 2008, Dudnik created Seeding Labs, a Boston-based nonprofit organization where she
serves as the CEO. Distilling Seeding Labs’s core mission,
Dudnik says, “We help scientists in the developing world
do life-changing research by providing access to tools,
training and networks to do that.” She adds, “We make
sure that research around the world can get done, and we
also help to train the next generation of scientists.” Dudnik
can now do even more, because Seeding Labs recently received a US$3 million grant from the United States Agency
for International Development (USAID).
Dudnik’s work underscores the international character of biotechnology. It can add value in every corner of
the world, but to do so scientists need the tools to get the
work done. Nonetheless, the value of the results far outweighs the costs of getting there. As Dudnik notes, “We
are facing enormous problems: a wide range of diseases,
food shortages, access to clean air and water and energy.”
She adds, “We need to make sure that the greatest number
of people around the world have an opportunity to tackle
these problems.”

QUANTIFYING THE OUTCOMES
While the subject of biotechnology’s—or, for that matter,
any area of the sciences’—short and long-term value is a
perennial topic among policymakers, would-be investors
and the public at large, a more elusive subject is how one
truly quantifies such value. Nonetheless, two recent studies from healthcare economist Frank Lichtenberg of the
Columbia Business School in New York attempt to do just
that, at least in the areas of medicines and therapeutics.
In these studies, Lichtenberg and his colleagues measured the impact of the availability of new medications on
overall health in two countries. In “The effects of pharmaceutical innovation on mortality, hospitalization and
medical expenditures in Turkey, 1999-2010,” the researchers report that the average lifespan increased by 3.6 years
and new pharmaceuticals accounted for 3 of those years.
In addition, Lichtenberg calculated that the cost of
adding one year of life in Turkey through new medicines
was US$2,813. Even if their modeling is off and the new
medicines only provide about half as much of an increase
to a person’s life, the researchers say that buying an extra year of life with new medicine couldn’t cost more than
US$5,000. As they write, “Even the latter figure is a very

small fraction of the leading economists’ estimates of
the value of (or consumers’ willingness to pay for) a oneyear increase in life expectancy.” For comparison, many
sources value an extra year of life at US$100,000–150,000,
and many people would pay much more for it if they could.
In “The potential contribution of increased new drug
use to Russian longevity and health,” Lichtenberg reveals
that Russia could easily extend the average lifespan by providing advanced drugs to its citizens. In the period 2000–
2010, for example, Lichtenberg points out that Russia only
provided its citizens with half of the new drugs that came
on the global market during that time. If it had provided
as many of these drugs as other counties did, according to
Lichtenberg’s modeling, the average lifespan for the average Russian would have increased by 2.1 years.
Although new medicines can increase lifespans, they
sometimes are not fully deployed. For example, Jeffrey P.
Kemprecos, executive director of public policy and corporate responsibility for MSD Eastern Europe, Middle East
and Africa, notes, “Following the global financial crisis
and economic slow down in Turkey, the government concluded that it was compelled to impose cost containment,
starting in January 2010. The measure inevitably covered
pharmaceuticals, so the introduction of new molecules
plummeted from 2010 till today.”
To add 3.6 years to the average Turkish lifespan, the government approved dozens of new drugs in the first decade
of the 21st century. “In the past four years,” says Kemprecos,
“only two new molecules have been approved.” He adds, “As
research-driven organizations, we are today questioning the
impact of cost containment measures in terms of human
life: Would the Turks be living healthier lives and a full year
longer had the cost containment been more balanced and
allowed new medicines to come to the market?”
Answers to such questions lie in studies like Lichtenberg’s. With them as guides, governments might make
more informed decisions relating to gleaning biotechnology’s benefits. “We have always been there to support
research to have an informed policy discussion,” declares
Kemprecos. “If we believe in the value of our products and
investments we’ve made in innovation, we need credible
data and policy research to support our value proposition.”

SUCCESS FROM SEQUENCING
“One thousand years from now, people will look back at
the year 2000 as a defining moment in our history,” says
G. Steven Burrill, CEO at Burrill & Company in San Francisco. “Sequencing the genome and understanding life at
the base level will have changed everything with respect
to healthcare, what we grow and where we grow it, and
energy production.”
FOR WHAT IT’S WORTH 11
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Much of the value of sequencing, though, lies ahead.
“You can’t underestimate the power of understanding the
molecular basis of life, but we are very early on in applying
that,” says Burrill. “Maybe 90 percent of the developments
have been in healthcare, but there will also be transformation in energy and agriculture.”
While the public might not see that coming, so far, in
the eyes of many, they’ve only seen the big spending on the
science. As Burrill points out, “Lots of people have said,
‘We sequenced the genome, but what have we done since
then? Where is the designer medicine?’” At this stage,
the science is running ahead of the applications, but the
ever more affordable cost of sequencing—soon to be only
US$100—will allow nearly everyone to have their genome
sequenced. “Improved diagnostics are already an early
manifestation of the benefits of sequencing,” Burrill says.

REWARDING THE RISK-TAKERS

US, and the vast majority are small companies.” He adds,
“Increasingly the drugs are being developed by the small
guys. They are the ones taking the risks.” That risk looms
even larger when you realize that most of those companies
are still working in the red—hoping to make a profit once
they get a biotechnology-based product to market.
In some situations, those risks can be reduced. Publicprivate partnerships, for instance, can spread out some of
it. The European Union developed the Innovative Medicines Initiative (IMI), which is the largest public-private
partnership in Europe. The IMI aims at improving drug
development, and it can benefit even small companies. In
many cases, the IMI looks for ways to optimize existing
technology in creating tomorrow’s medicines, and that
could be the most effective way to make the process faster
and more economical.
For the moment, public-private partnerships appear
on the rise, especially in Europe. According to SciBX:
Science-Business eXchange, “[a]t least 314 companies and
institutions based in Europe were involved in forming new
partnerships [in 2013] versus 182 in the U.S.” This could be
particularly important as the number of public biotechnology companies decreases in many countries (see “Signs
of Resurgence,” page 54).

To make that leap from scientific discovery to commercial
application, someone—or some entity—must take a risk.
In biotechnology, says Joseph Damond, senior vice president of international affairs at the Biotechnology Industry
Organization in Washington, DC, “The cost and the risks
are largely borne by the people who are developing the
products, not by society.” He adds, “We have to admire the
people out there who are taking these risks.”
DATA DEPENDENCIES
The risks certainly do involve a wide range of costs. Clearly, biotechnology is a data-driven and data-depenInnovators face challenges in developing a product and, dent enterprise—quantifying the impacts of new medicaif it proves viable in the laboratories and after clinical tri- tions on lifespans, analyzing sequences to create diagnosals, getting it approved. In the medical, or “red” areas of tics, and balancing the risk in developing a new product.
biotechnology, the clinical trials process is a huge com- Despite those powerful outcomes of numbers, the most
ponent of the price. But that’s not the end of the financial important and life-changing data surely lie ahead.
risk. As Damond
“Advancements
says, “It’s expenat the intersection
sive to manufacture
of information tech“You can’t underestimate the power of
products and mainnology and biotechtain the quality.”
nology could enable
understanding the molecular basis of life,
And while govus, for the first time,
but we are very early on in applying that.”
ernments do take
to measure biologion a portion of that
cal phenomena in
—G. Steven Burrill
risk, the bulk of it,
more detail,” says
particularly on the
Narges Bani Asadi,
product developCEO of Bina Techment side, is left to other parties. As an example, Damond nologies in Redwood City, California. As examples of
says, “The US National Institutes of Health funds can be these advancements, she points out innovations that are
used to do research on a disease target, but companies de- enabling measuring the activities of proteins and microbes
velop the drugs.” He adds, “That basic work is very impor- in our bodies, analyzing the interactions of medications
tant research, but the NIH is not in the business of devel- and lifestyles, and other real time biological phenomena.
oping new medicines.”
Intrinsically noting the value these developments will have
Surprisingly perhaps, big companies do not make up toward future health solutions, Asadi notes, “We are startmost of the biotechnology industry. Damond says, “There ing to be able to measure all of this in an economical fashare about 1,000 companies in biotechnology R&D in the ion, and this is very empowering.”
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FUNDING ON THE FRONTIER
“There’s less risk appetite among investors who traditionally invest in biotechnology,” says Andrew Lo, a financial economist at MIT in Cambridge,
Massachusetts. When cancer struck some of his close friends and family, though, Lo got an idea. “It’s a really straightforward idea,” he says. “I
want us to be able to take multiple shots on goal.” By that, he means trying
many ways at once to cure cancer. As he says, “If you have multiple projects within a single financial investment vehicle, it is more likely to earn a
decent rate of return from just one or two successes.”
Based on data about the historical success of clinical trials, research
costs, and product returns, Lo and his colleagues calculated that a fund of,
say, US$500 million focused on curing rare diseases such as certain types
of pediatric cancer could generate a return of 8–15 percent, while taking
many shots on the cancer-curing goal. “That might not get venture capitalists excited, but it will get pension funds excited,” he says. It’s a creative
way to finance research, and it could work beyond cancer.

Even today, much of medical research remains trial
and error. Instead of randomly searching for a compound
that works for a specific disease, today’s tools allow a datadriven approach. As Asadi explains: “If you have measurements from a person throughout their life and integrate
it with other individuals, that is a huge transformation.”
Those data could reveal more successful pathways to developing new medications.
Pushing data to this level of application, though, demands integrated teams around the world, including highperformance computers and experts to build and operate
the systems. Equally sophisticated systems must be developed to acquire and upload the data, although smart devices will certainly make that far easier.
Despite the complexity and cost of building such a system, the value could be nearly priceless. As Asadi says, “I
hope that this type of advancement in the industry will
create more data sets that can be aggregated, and then biotechnology will become more efficient and economical.”
She adds, “Then, the value of biotechnology will really increase for society.”

IT’S PERSONAL
If there were to be a corollary to the phrase “all politics is
local,” it might be: “All innovation is personal.” To someone walking on the street in a developed country, the value
of biotechnology might seem remote, perhaps relevant
only to a farmer in some distant developing country looking for a miraculous way to grow corn where it never grew

before. Indeed, biotechnology can help those farmers (see
“Growing Optimism,” page 22), but when an oncologist
diagnoses you or one of your loved ones with cancer, the
benefits of scientific investment turn instantly personal
(See “A Team Attack,” page 32). Likewise, close encounters
with cancer spurred financial economist Andrew Lo of
MIT to find a new way of funding research (See “Funding
on the Frontier”).
Nonetheless, there’s more work for this science to
do. According to the American Cancer Society, nearly
1,600 Americans die from cancer every day. The United
Nations’s World Food Programme reports that “842 million people in the world do not have enough to eat.” Our
planet also faces deepening energy concerns. The International Energy Agency reports that “the world’s energy
needs could be 50% higher in 2030.” All of these issues
can turn personal for any of us.
“There is no magic bullet for solving the world’s problems,” remarks Dudnik, “but biotechnology is an important tool—not the only tool, but a valuable one.” To use that
“tool” in the most effective way, people and companies and
countries around the world must invest. “The cost of the
tools is far outweighed by the potential long-term benefits,”
says Dudnik. A growing database already shows the value
of biotechnology, but the data must continue to be collected.
The benefits must be explained more carefully, more often
and more widely. Only then can people from all corners of
the world participate in and benefit from this resource-intensive, and ultimately highly valuable field of exploration.
FOR WHAT IT’S WORTH 13
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How much are new
treatments worth?
BY TOMAS J. PHILIPSON
& ANUPAM B. JENA

H

ealthcare absorbs an
ever-growing percentage of national income
and public spending in
many developed countries. In the United
States, for example, healthcare expenditures escalated from 7 percent of
the country’s gross domestic product
(GDP) in 1970 to almost 20 percent
in 2013. Across member countries of
the Organisation for Economic Cooperation and Development, healthcare expenditures more than doubled
from an average of 4.9 percent of GDP
in 1970 to over 10 percent today.
Given the financial squeeze of increasing healthcare expenditures on
public budgets, governments must
decide whether to allocate scarce
public dollars toward healthcare or
other investments important to society, including education, defense,
retirement benefits or public infrastructure. In order to make these
difficult decisions, however, policymakers need to understand the value
of spending money in each of these
areas. Is the dollar value that Americans place on additional investments
in healthcare greater or less than the
value they place on additional investments in all other areas in which the
government can invest?
Deciding whether to devote more
or less to healthcare depends critically
on the ability to accurately quantify
the value of health improvements that
greater spending provides. Without
being able to quantify the value of improved health, it is impossible for policymakers to decide whether investments in the health sector are worth it.

VALUE
to

WHOM?

NEEDING NEW NUMBERS
The science of valuing and measuring the worth of healthcare has a long
tradition and is constantly evolving.
In fact, health economics expends
much of its efforts on precisely this
area. Nonetheless, the approach has
been limited in our view. Many public and private payers use technology
assessments to quantify the health
impacts of new technologies for

their patients by comparing patient
benefits from a given technology
with spending on that technology.
For example, many studies compare
spending to quality- or disabilityadjusted life years gained. Although
such consumer- or patient-based
measurements provide a guide to allocating the often-scarce resources
spent on medical technologies, less
emphasis has been placed on the ef-
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fect that such measurements have on gains to patients as well as innovators Cost Effectiveness Analysis Registry
the behavior of innovators who make of highly active anti-retroviral thera- to study a large sample of medical
healthcare technologies available in py (HAART) for HIV/AIDS.3 Today, technologies, and we found that an avthe first place.
individuals diagnosed with HIV in erage innovator only captured 12 perWe have explored the impact the United States can have near-nor- cent of a technology’s total value. This
of innovation on both patients and mal life expectancies, if they adhere figure is about half that estimated for
innovators.1,2 Although not explic- to their medications. In contrast, other industries,5 even though healthitly stated as such, patient-based mea- those diagnosed with HIV in the mid- care is among the most research insurements of the value of new health- 1980s faced five-year mortality rates tensive, requiring nearly US$1 billion
care technologies are concerned with of about 80 percent. Our research es- worth of investment for every drug
maximizing the gains to consumers timated that life expectancy—across that successfully makes it to market.
rather than producers. From this the more than 1.5 million individuMeasuring the value of innoperspective, a technology’s worth de- als diagnosed with HIV in the United vations can help to guide our unpends on the value of patient health States since 1984—increased by nearly derstanding of whether healthcare
benefits versus the cost. The gains five years when averaged across all of spending is producing improvements
to patients or consumers, however, these patients (those diagnosed before that patients value and whether incenmight be a poor guide to developing 1996 when HAART became available, tives are sufficient for innovators to
efficient policies to drive new tech- as well those diagnosed after). Using a generate new therapies. But in order
nologies that arise from costly R&D. typical value of US$100,000 for a year to understand whether current public
Rather, the degree to which a produc- of life, improvements in HIV survival policies create incentives for future
er gains—often at the expense of con- have been worth about $750 billion innovation, it is important to measure
sumers—becomes the central issue until now (1.5 million times 5 years how the value of new treatments is
that determines dynamic incentives at $100,000). Including the benefits divided between the patients who reto innovate.
ceive them and the
The importance
companies that proThe field needs an improved science for
of producer gains
duce them. In order
from new innovafor policymakers to
measuring the gains for producers of new
tions is the ratiounderstand whether
healthcare technologies.
nale for the patent
the right incentives
system, which subexist for innovation,
stitutes producer gains for consumer to future patients would make that it’s important to measure not only the
gains in order to stimulate more ef- number much larger.
value of new medicines to today’s paficient R&D investment. Put differTo date, the gains to HIV patients tients but also the gains to producers
ently, even though measured levels have swamped the gains to innova- who make cutting-edge therapies posof patient gains would be larger to- tors, because the drugs have lead to sible for patients in the future.
day without patents, since patients or profits of approximately US$5 billion 1. Jena, A.B. & Philipson, T. Health Aff. 26,
their health plans would spend less a year, which we have shown accounts 696–703 (2007).
to get the same technology, future for only 7 percent of the total value of 2. Jena, A.B. & Philipson T.J. J. Health Econ.
patients would suffer from a lack of these drugs. The point of this back-of- 27, 1224–1236 (2008).
3. Philipson, T. & Jena, A. Forum for Health
innovation incentives. Unfortunately, the-envelope calculation is not to ar- Economics & Policy, 2006. doi: 10.2202/1558the measurement of the gains to inno- gue that it is exact or fully correct but 9544.1005
vators has greatly lagged behind the that the difference between patient 4. Lakdawalla, D.N. et al. J. Health Econ. 29,
measurement of the gains to patients and innovator gains is very large, a 333–346 (2010).
in health economics. The field needs finding that has important implica- 5. Mansfield, E. et al. Quarterly Journal of
Economics 91, 221–240 (1997).
an improved science for measuring tions for whether innovators have the
the gains for producers of new health- full incentives to innovate.
Tomas J. Philipson is the Daniel Levin Procare technologies.
The HIV indication illustrates a fessor of Public Policy Studies at the Univermore general set of findings that have sity of Chicago, and Anupam B. Jena is an
been repeated in oncology and hy- assistant professor of healthcare policy and
UNEQUAL GAINS
medicine at Harvard Medical School. Both
Consequently, we and others have ex- pertension and many other diseases.4 are members of Precision Health Economics,
plored producer gains in healthcare. Indeed, in our work on HIV drugs, which consults to private and public payers
For example, we have estimated the we also used the Tufts Medical Center as well as product manufacturers.
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A WORLD OF
DIFFERENCE
O
Food, energy and medicine are among the biotech-related areas people care most about
worldwide, but not necessarily in that order

ur perceptions of which biotechnology-associated issues matter most have a lot to do with
where we live. In places ravaged by drought, for instance, the focus will likely be on
biotech’s benefits to agriculture. Likewise, for communities with large aging populations,
the key concern might be investment in cutting-edge cures for age-related illnesses like
cancer. To understand which biotech issues mean the most to people around the world, the editors of
Scientific American Worldview asked an international panel of experts one simple question: In your
opinion, what are the two most important biotechnology-related issues facing the world today, and
why? Their responses are captured here.
16 illustrations by BRIAN STAUFFER
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MICHELLE GALLAHER
chief executive officer
BioMelbourne Network
Melbourne, Australia
MG: The battle for talent is the biggest global
biotech issue. Experience,
high-value networks,
track record and sheer
commercial talent have
become the most valuable commodities in the
biotech market. The science might be risky, but
the executive talent is not.
Repeat investing in talented people is not new, but
how do new kids on the
block get a break? Talent
and skills investment in
biotech clusters is a good
strategy, designed to
build an ecosystem of the
best and brightest. But for
a place like Australia, the
question is: How do we
keep them here? It will
take more than sunshine
and shrimp on the barbie.
MG: The second biggest
issue is global harmonization—looking at IP
frameworks, legislative
freedom for science,
access to investment,
cost of labor, movement
of graduates and early
career scientists, and
commercialization expertise. To generate global
opportunities, economic,
scientific, legislative and
legal boundaries need to

be in harmony to encourage and reinforce collaboration, access to new
markets and constructive
competition. The more
harmonious the leading
biotech nations are, the
faster the deals and collaborations will flow.

With the tools at
our disposal to
interrogate the
genome and
correlate to the
vast array of
phenotypic variables
associated with
health and disease,
biotechnology
must fully exploit
the allied tools in
information and
high-performance
computing.

ROBERT HARIRI
chairman, founder and
chief science officer
Celgene Cellular
Therapeutics
Summit, New Jersey
RH: I believe biotechnology can solve many of

the problems facing the
world in the 21st century. Medical innovation
will deliver effective
treatments and cures
for lethal diseases like
cancer and help add
high-quality years to
people’s lives. With
transformational technologies like synthetic
biology, we now have the
tools to engineer various
products—by using the
natural synthetic apparatus of living cells—that
can solve many of the
world’s problems, from
the production of food to
producing medicines to
producing hydrocarbons
as an energy source. The
big payoff is that this is a
path to economic stability
and, ultimately, prosperity.
RH: With the tools at our
disposal to interrogate
the genome and correlate
to the vast array of
phenotypic variables
associated with health and
disease, biotechnology
must fully exploit the
allied tools in information
and high-performance
computing. I would argue
that the complexity of
biology will help to drive
big-data handling as much
as any other discipline.
You see companies like
Google and Microsoft and
Amazon—with their tremendous cloud-computing
know-how—finding their
way into biomedicine, in
part because they recognize this huge computing
capability is a gamechanger for the biotechnology industry.

REGINA REVILLA
president
ASEBIO (the Spanish
Bioindustry Association)
Madrid, Spain
RR: We believe it to be of
the utmost importance
for all the political and
economic actors to hold
the conviction that biotechnology—which is not
one field but many: red
(health), green (agrifood),
white (industrial), blue
(marine) and orange
(bioinformatics and bioengineering)—is the right
tool to grow and develop
our communities in a
more socially sustainable
manner.
RR: The second is making sure that all these
biotechnologies are able
to optimize the great
advances taking place in
’omics, systems biology,
stem-cell therapies, bioengineering and bioinformatics, so that they can
fulfill their potential and
interrelate.
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such as cancer, which is
expected to dramatically
rise as the population
ages. We must work to
create these solutions,
and then work to make
sure they are widely available to all.
RITA COLWELL
professor
Johns Hopkins
Bloomberg School
of Public Health
Baltimore, Maryland
RC: The most important biotechnology issue
around the world is nextgeneration sequencing. It
is revolutionizing science
and society. It is changing lives with its many
applications in medicine,
agriculture, materials and
contributions to big data.
RC: The second most
important biotechnology
issue is medical genomics/diagnostics. It has
huge societal benefits but
also ethical implications
that must be addressed if
the problems/issues are
not to outrun the benefits.
My answers are brief but
the importance of these
issues is enormous.

HAROLD “SKIP” GARNER
director
Medical Informatics and
Systems Division
Virginia Bioinformatics
Institute
Virginia Tech
Blacksburg, Virginia
HG: Health equality. There
are great disparities in
health across the world—
with great differences in
what is available to people
depending on where they
live—that greatly impact
life expectancy and quality of life. Biotechnology
has created solutions for
some diseases, which
when distributed based
on a successful business
model prevent access to
many. Biotechnology will
provide solutions to many
of the world’s diseases,
especially infectious
diseases, which still kill
the majority of people on
the planet, and diseases

A Picture
of Health
Technology will
empower tomorrow’s
patient-consumer

O

HG: Feeding the world in
a time of global climate
change. The population
of the world is still on
the rise, and there are
still shortages of food
and clean water. Biotechnology can be used to
address these issues, to
create new types of foods
that are both very productive—high yield—and
also resilient to fluctuating climate changes, so
as to eliminate periodic
famine. These foods must
be sustainable and not
susceptible to dramatic
climate shifts and nextorder changes, such as
new plant diseases or
insect impacts.
For both of these, we
must be able to rapidly deploy biotechnology research to new and
emerging challenges that
Mother Nature regularly
introduces.

f all the areas impacted by
biotechnological advances,
healthcare is likely to yield
some of the most exciting changes.
“We’re going to lose the word
‘patient’ and move to ‘consumer,’”
says G. Steven Burrill, chief executive officer of Burrill & Company
in San Francisco, California. “We

THOMAS HEYDLER
chief executive officer
Definiens
Munich, Germany
TH: We are losing the
war on cancer. As an
example, in 2014, cancer.
org estimates the US will
have 586,000 deaths from
cancer. That’s more than
five times the number
of people from the US
who died in military
action for the past 60
years. Two promising
technologies that could
dramatically change this
are genomics and tissue
phenomics. Since cancer
fundamentally starts
with genome instability, the ability to utilize
the US$1,000 genome
for clinical discovery will
tremendously enhance
our understanding of the
origins of cancer. Tissue
phenomics is the ability to
fully extract the data from

“WE’RE GOING TO
LOSE THE WORD
‘PATIENT’ AND MOVE
TO ‘CONSUMER.’”
—G. STEVEN BURRILL
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As many
discuss
the idea of a
‘clinician’s
cockpit,’ it is
increasingly
clear that the
ability to merge
and mine
different types
of data will be
essential to
moving forward
with initiatives
on electronic
health records,
payer analysis
and clinical
outcome
analysis.

tumor tissue and correlate features with clinical
outcomes. Although tissue images have historically been refractory to
big-data approaches,
tissue-phenomics approaches, such as the
ones used by Andy Beck
at Beth Israel Deaconess
Medical Center, will yield
new diagnostic tests that
are essential for better treatment decisions.
These two approaches
will be complementary,
as today it’s not always
clear how the gene mutations will translate into
proteins and tissue. The
two together will change
the way we diagnose and
treat cancer.
TH: The second most
important biotechnology
issue around the world
is the merging of
information technology
with medicine. With
applications of big
data being applied to
consumer spending
to understand trends,
medical thought leaders
believe that big data
applied to medicine could
help to tailor treatments

will see the retailization of healthcare, where Wal-Mart, CVS and
Walgreens bring new technologies,
like sequencing, to a level where
consumers can get the information
cheaper and faster.”
Burrill predicts that in the near
future people will be using digital
technology to track their health on

for personalized medicine
approaches. As many
discuss the idea of a
‘clinician’s cockpit,’ it is
increasingly clear that the
ability to merge and mine
different types of data will
be essential to moving
forward with initiatives on
electronic health records,
payer analysis and clinical
outcome analysis.

AMMU K.
RADHAKRISHNAN
professor
Pathology Division
International Medical
University
Kuala Lumpur, Malaysia
AKR: It is conservation
of our world’s natural

a daily basis. “This is not a wild and
crazy Star Trek future,” he says,
“because the technology is here
today, and you are beginning to see
it in the sickness care to wellness
care transformation.”
Ultimately, the success of this
transformation will depend on the
biotech advances being made now.

resources like plants,
animals and of course
people. We appear to
be rapidly depleting our
resources and there
may come a time when
we do not have enough
plants that utilize carbon
dioxide and sunlight to
make food as well as
produce oxygen. Humans
and most living organisms
will perish without the
oxygen. The trees in the
forest also provide catchment areas for water, another essential substance
for all living beings. Many
of our animals are also
becoming extinct.
AKR: Biotechnology is
made up of two words:
‘bio’ and ‘technology.’ We
should try to harness the
potential—the biological
diversity—that we have in
this world so that it would
benefit mankind and as
well as other members of
this planet. This should
be done in a careful and
organized manner so
that we get the maximum
benefit with minimum
damage to the planet and
environment, as well as to
conserve our biodiversity.

“Biotechnology is right in the middle of this, because it’s providing
tools that measure what’s going on
inside the body and at an affordable
level,” Burrill says. “People can use
these tools to maintain their state
of wellness.” And that could be one
of biotechnology’s biggest achievements of all.
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HIGH IMPACT
Ten products and processes that improve life around the world

How has biotechnology changed our lives? Ask people from various countries and backgrounds and
you’ll get many different answers. You might even elicit a debate on what does or does not constitute
biotechnology. Despite these challenges, the editors of Scientific American Worldview took a virtual trip
around the globe—talking with experts along the way—to compile a list of 10 biotechnology innovations
that revolutionized the world of yesterday, today and tomorrow.

MEDICINE
SALK’S POLIO VACCINE
In 1952, Jonas Salk tested
his polio vaccine, and a few
years later it was being used
around the world to prevent
this deadly disease.
HUMULIN
In 1978, geneticist
Arthur Riggs worked with
Genentech to develop this
biosynthetic human insulin.
MONOCLONAL ANTIBODIES
In 1975, Georges Köhler and César Milstein
reported in Nature that mice cells could be
used to create “factories” that produce one kind
of antibody. Today, many therapies rely on
monoclonal antibodies, including Genentech’s
powerful breast-cancer drug, Herceptin.
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INDUSTRY

BIOPLASTICS
Plastics made from a
range of biomass sources
—from fats and starches
to peas and corn—
provide many benefits
over their fossil fuel–
derived counterparts,
including sustainability
and degradability.

BIO-INFORMATIC TOOLS & IT INNOVATIONS
Biotechnology is not always entirely biological, as
much of today’s scientific research relies on advanced
analysis and simulations. Likewise, tomorrow’s
healthcare will require decision-making tools that
allow physicians and consumers to make the most of
the growing collection of biological treatments and
genomic- and environmentally-based information.

IT

ENERGY
BIOFUELS
Plants like sugarcane,
corn and even algae
can be transformed into
bioethanol and other
fuels, which are currently
in use around the world.

AGRICULTURE
GENERAL
MOLECULAR
BIOLOGY
POLYMERASE
CHAIN REACTION
Kary Mullis developed
PCR in 1983 to turn a
few copies of DNA into
millions. This technique
paved the way for new
approaches to developing
disease diagnostics.
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DNA SEQUENCING
The groundbreaking
ability to rapidly determine the sequence of
an organism’s genome
is the result of advances
made by many scientists,
hailing from both
academia and industry.
The procedure will soon
be so inexpensive that it
will be available to nearly
anyone. Among this
process’ myriad applications, its incomparable
value as a therapeutic
tool is sure to make it an
indispensible element of
tomorrow’s medicine.

BOLLGARD
In 1996, Monsanto
commercialized an
insect-resistant cotton
integrating genes from
the soil bacterium
Bacillus thuringiensis (Bt).
Marketed as Bollgard,
this variety has since
been incorporated into
a range of crops.

GLYPHOSATERESISTANT CROPS
In 1974, Monsanto
released Roundup, a
glyphosphate-based
herbicide now the most
commonly used worldwide. Subsequently, the
development of glyphosphate-resistant crops
allowed farmers to kill
weeds without hurting
their crops.
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GROWING OPTIMISM
GM crops could be the key to Africa’s food security

O

nce, my farm was part of
a war zone, just south of
Johannesburg, South Africa. I had to be optimistic
to drive a tractor through
a minefield, as I did in the aftermath
of South African apartheid. In fact,
trying something new always requires a bit of optimism. Nonetheless,
the first time that I planted genetically modified crops, I was nervous.
Would they grow? Would they improve my yields? Or would they fail,
as so many other crops in Africa had
before them?
Nearly a decade has passed since
then, and today I can hardly imagine farming without these important

BY MOTLATSI MUSI

tractors with huge booms to spray the
plants. When the corn grew too high
for driving, airplanes flew overhead
and dropped pesticide. As smaller,
independent farmers, we wore protective clothing and carried 12-liter
knapsacks of pesticides through the
field ourselves, often on tremendously
hot days. It was a constant struggle
against pests and for personal safety.
Pesticides break down before the
food they protect reaches consumers,
but exposure to them in large quantities can hurt farmers who don’t take
proper precautions. So when pest-resistant GMO corn became available in
South Africa in 2005, I wanted to try
it. A nonprofit group, AfricaBio, gave

I had to be optimistic to drive a tractor
through a minefield, as I did in the aftermath
of South African apartheid.
tools of technology. Although things
are better now in South Africa, life
has conditioned many of us to pessimism. Why wouldn’t it? Two-thirds
of all Africans are farmers, according
to the World Bank. That’s a higher
rate of employment in agriculture
than anywhere else on the planet.
And yet Africa is the hungriest continent. What a cruel paradox: We farm
the most and eat the least.

BEYOND BEGINNER’S LUCK
I’ve farmed for more than 20 years,
starting as an ordinary laborer. In the
wake of my country’s land redistribution, I own and farm 21 hectares and
rent more. One of the biggest challenges for any farmer involves guarding crops from pests. In my experience as a farm laborer, my boss used

me guidance. I learned, for instance,
that 20 percent of our seeds were nonGMO, so that our fields would fight
pests but also provide a refuge, preventing them from developing a resistance to GMO corn. This approach
contributes to the environmental sustainability of GMOs. Our goal, after
all, is not to drive a species into extinction, but merely to protect our plants
from their attackers. Ultimately, we
seek a kind of peaceful coexistence.
During that first season, I started
to see the results soon. My plants were
bigger, stronger and healthier. During harvest, the yields increased by 34
percent. At that moment, I understood
that biotechnology would be an essential part of Africa’s farming future.
We grow more, spray less and look
forward to a future full of biotechnology.

SEEDING SUCCESS
A generation ago, much of Africa
missed out on the Green Revolution,
which brought modern agricultural
practices to the developing world.
Today, Africa must become a full participant in the Gene Revolution. Our
governments must let us enjoy access
to the biotechnology tools that fuel
incredible agricultural production in
the United States and so much of the
western hemisphere. Why should we
lack what those farmers have?
South Africa was an early adopter
of GMOs, and for that I’m grateful.
Too many other African countries
have resisted biotechnology. They’ve
responded to the misplaced worries of
Europeans, who have largely refused
to accept GMO foods. In my opinion,
GMOs are perfectly healthy for human consumption. I’ve been eating
them for years, from what I grow on
my own farm!
The good news is that seven African countries—Cameroon, Egypt,
Ghana, Kenya, Malawi, Nigeria and
Uganda—appear ready to join South
Africa in commercializing GMOs,
according to the latest report of the
International Service for the Acquisition of Agri-biotech Applications
(ISAAA). On my farm, I’ve hosted
visitors from these countries and elsewhere. They want to see how GMO
crops succeed, and I like to think that
I’ve done my small part to inform and
educate people who want to improve
their own food security.

THE GIFT OF GIVING
Many of the anti-GMO activists come
from wealthy countries, where food
security is taken for granted. I suspect
that most of them never miss a meal.
They remind me of the protestors
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from an earlier time, who complained
about advances in conventional farming during the Green Revolution.
Sometimes I wonder if they’re not
against GMOs as much as they’re
against every kind of new technology that farmers find helpful. I’d like
to invite them to tour African farms,
and see the hardship. Maybe that will
change their hearts and minds.
GMOs changed my life for the
better. I’m not just a subsistence
farmer, as are so many of my fellow
Africans, but rather a farmer who
makes a profit. One of my sons went
to college, where he earned a biomedical degree, and my profits paid
his school fees. People are always
talking about sustainable agriculture, and I’m a believer in this movement—especially if the definition of
“sustainability” includes economic
sustainability, and an appreciation
for farmers who aspire to do more
than merely feed their own kids.
When I started working on farms
as a young man, the thought of giving away food never occurred to me.
Today, however, I’m able to donate a
portion of my crops to local charities,
including a childcare center, an oldage home and a hospice. So agricultural biotechnology sustains me, my
family and my neighbors—as well as
consumers whom I’ll never meet.
We need more GMOs, not less.
We need new traits that help us survive droughts and adapt to climate
change. We need seeds fortified with
vitamin A, so that our children can
get the nutrition that they need.
Right now, we’re on the threshold
of remarkable progress, all because
we’ve learned how to make the most
of our crops.
Let’s continue to do all that we can
to grow as much as possible.
Motlatsi Musi farms maize, beans and potatoes, and produces breeding pigs and cows in
South Africa. He is a member of Truth about
Trade & Technology’s Global Farmer Network.
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The
Scariest
Word

As cancer rates around the world increase,
so must our efforts to combat this dreaded disease

A

BY MEGAN CULLY

cancer diagnosis would shake anyone to
the core. For most of us, the word itself
is synonymous with doom. “There are
many diseases that have awful prognoses,” says Murray Krahn, director of the
Toronto Health Economics and Technology Assessment Collaborative, “but
people fear breast cancer much more than they fear heart
failure, even though heart failure carries a worse prognosis.” Why is this so? Perhaps because for generations we
have viewed cancer as an irrevocable death sentence, with
little chance of survival, much less of recovery. But for
many of today’s cancer patients, that is no longer the case.
Innovations born of necessity have enabled us to treat and,
in some cases, cure the disease.
Nevertheless, cancer continues to be a leading cause
of death worldwide, and its global burden is unmistakably rising. Close to 22 million new cases are expected to
be diagnosed annually by 2030, according to the World
Cancer Report 2014, published by the World Health Organization’s International Agency for Research on Cancer
(IARC). This figure represents an increase of nearly 90 percent over the estimated 14.1 million new cases diagnosed
worldwide in 2012. In that year, lung, colorectum, prostate, stomach and liver were the five most commonly diagnosed sites among men, while breast, colorectum, cervix,
lung and the uterus were the most commonly diagnosed
sites among women. “Predominantly, this [increase] has
been driven by the growth and aging of populations,” says
Christopher Wild, director of the IARC and an editor of
the report. “Cancer is a disease of aging. As people are living longer and not dying of infectious diseases, the cancer
numbers are going up.”
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Wild was particularly surprised by the prevalence of
breast cancer among women from countries with a wide
range of incomes. “One in five of all people living, worldwide, within five years of a cancer diagnosis are breast cancer survivors,” he relates.
All of the news, however, is not bad. Paolo Vineis, chair
of Environmental Epidemiology at Imperial College London, highlights some of the achievements made in the war
on cancer. In most high-income countries, “mortality is
going down, largely due to the fact that the frequency of
smoking has decreased in men, so many tobacco-related
cancers have been prevented.” Vineis notes that this decreased mortality is accompanied by an increased incidence, reflecting the effectiveness of new therapies and
techniques that enable earlier diagnosis. The growing arsenal of targeted cancer treatments promises even better
outcomes ahead.

UNDERLYING CAUSES
Infection-related cancers still constitute up to 16 percent of
the disease worldwide, with a higher proportion in low-income countries, particularly in sub-Saharan Africa, where
the figure is 33 percent. Helicobacter pylori, Hepatitis B or
C, and human papillomavirus infections are causally associated with the development of cancer.
Although some infections can be difficult to avoid,
much of the increase in the global cancer burden is expected to come from lifestyle-associated cancers in low- and
middle-income countries. The use of tobacco, consumption of alcohol and highly processed foods, obesity and
lack of physical activity are all risk factors, and are all on
the rise in many populations. Max Parkin, an epidemiologist at the University of Oxford, found that known lifestyle
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and other environmental factors accounted for 40–45 percent of all cancers in the UK in 2010.1 In light of these and
other findings, both Vineis and Wild stress that prevention is key to decreasing the number of people diagnosed
with cancer each year. “We cannot hope to treat our way
out of the cancer problem,” says Wild.
Some of the most important insights into the molecular basis of cancer have come from families and groups
of people with genetic predispositions to the disease.
Numerous genome-wide association studies have sought
to identify additional genetic loci that contribute to tumorigenesis. According to Kari Hemminki, a professor at
the German Cancer Research Center in Heidelberg, over
300 low-risk loci have been identified in this manner, but
“there is a lot of uncertainty about their cumulative risk.”
Studies to look for genes that confer susceptibility to particular environmental agents have also been “largely disappointing,” he says. “One can more or less predict the
risks by looking at the environmental and genetic effects
[independently].”
Many gaps remain in our epidemiological understanding of cancer. “There are some cancers for which we still
have almost no clue about the major causes of the disease,
including prostate, pancreas, brain and kidney,” says Wild.
Environmental and lifestyle factors and single-gene mutations might contribute little to overall risk in these cancers,
or we simply might not have found the specific culprits.

WHAT’S IT WORTH?
Given the number of individuals who are diagnosed with
cancer each year, it is no surprise that the pharmaceutical
industry has invested a substantial portion of its time and
money in developing drugs to treat and cure the illness.
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Unfortunately, “so many of these [currently used] drugs
fail to really provide durable survival,” says Christian
Rommel, vice president of oncology research at Amgen,
in Thousand Oaks, California. But Rommel is optimistic
about the possibilities offered by two new approaches in
drug development: therapies directed against specific targets known to be altered in cancerous cells, and immunotherapies, which re-activate the immune system to attack
the tumor. Combining drugs from these two classes could
provide the kind of durable survival he seeks to achieve.
In general, spending money to treat cancer means that
more people survive it, at least within a given period after diagnosis. In a much-cited paper, Kevin Murphy and
Robert Topel of the University of Chicago Booth School
of Business concluded that a 1 percent decrease in mortality from cancer would be worth about $500 billion to
the US economy.2 As the United States invested about $50
billion in medical research in total, of which 40 percent
was publicly funded, they argued that investing in medical
research was, indeed, worth it.
With cancer incidence on the rise, new therapies will
be essential to curbing its effects. “The reason we treat illness is not to save money; we treat illness because we want
to improve health,” says Krahn. He argues that although
cost is important, new treatments should be judged first
and foremost on their therapeutic potential. Rommel
agrees: “Every meaningful therapy that provides durable
overall survival—or at some point, let’s hope, cure—will
justify the investment.” Already, advanced treatments are
making cancer a less scary word.
1. Parkin, D.M. Brit. J. Can. (2011). doi:10.1038/bjc.2011.474.
2. Murphy, K.M. & Topel, R.H. J. Political Econ. 114, 871–904 (2006).
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EMBRACING
the PROCESS
A new breed of nonprofit
brings key parties together
to accelerate research

T

hroughout our lives,
the marrow in our
bones replenishes the
blood cells that are
essential to our survival. But that process
goes deadly wrong in
patients with acute myeloid leukemia
(AML). This devastating illness, which
generates faulty blood cells and platelets, is one of the most lethal cancers,
and so far, has continued to evade
most medical attacks. Despite the millions of dollars spent on research over
the past 30 years, patients still receive
the same two-drug chemotherapy
cocktail. Even worse, the five-year survival rate has remained at dismal levels—about 20%—over this period.
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While advances in treating AML
stagnated, other cancer therapies
changed dramatically. In 2001, for
example, the introduction of tyrosine-kinase inhibitors, like Gleevec
(imatinib), provided new hope for patients with chronic myeloid leukemia.
Following that targeted technique, researchers now seek other compounds
that zero in on specific cancer-causing
molecules. At the same time, some
voluntary health agencies, including
The Leukemia & Lymphoma Society
(LLS), have shifted how they allocate
their research dollars. In combination, these two fundamental changes
will redirect our approach to finding
novel therapies for AML.
Historically, nonprofit health organizations like LLS followed a research-funding model similar to that
used by the US National Institutes

of Health (NIH). We advertised the
availability of research funding in one
or more disease-focused areas, accepted investigator-initiated proposals, assembled peer-review panels composed
of experts drawn from academia, and,
after review, funded high-quality research based on scientific merit.
Without doubt, this approach has
delivered valuable outcomes. We have
supported both incremental and, at
times, breakthrough science. We fostered careers of brilliant academic researchers who have contributed lifesaving scientific discoveries.
Nonetheless, cancers such as AML
continue to take lives and inflict immeasurable suffering. New therapies
and cures are what patients desperately need and want. And so we asked
ourselves: How can we accelerate the
discovery of new therapies?
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BEYOND FUNDING
The answer was to embrace and enable
the process of drug discovery, from beginning to end. We developed our own
ambitions and a proactive research
agenda, identifying areas of high unmet medical need, including AML.
To increase the likelihood that new
discoveries will reach patients quickly,
we adopted a venture philanthropy
model. That is, LLS grew more deeply
engaged in partnerships with bio-

coalition of institutions and experts
poised to make precision medicine a
new reality for AML patients. We call
this project “Beat AML.”
The Beat AML initiative integrates results from large-scale DNA
sequencing and functional genomic
tests done with AML patient samples.
The team has already discovered rare
and recurrent genetic mutations and
learned how to identify which mutations are at the root of individual

The new breed of health-focused
nonprofits creates an aggressive scientific agenda because we are accountable
—now more than ever—to patients.

TOMORROW’S MODEL TODAY

Delivering innovative approaches to
treating cancer patients requires a sustained effort on the part of all stakeholders, and also requires sustained
financial investment. Approximately
40 percent of new cancer therapies
approved by the US
Food and Drug AdAs we rebooted our approach to funding research,
ministration since
the cancer research world itself has been evolving,
2000 were originally
for a blood cancer.
thanks to new technologies and a greater understanding
Many of these drugs
of the molecular underpinnings that cause cancer.
have gone on to be
used to treat other
technology and pharmaceutical com- AML cases. Beat AML goes further cancers and non-malignant diseaspanies, and in managing promising by collaborating with pharmaceuti- es, including rheumatoid arthritis.
product development projects to help cal and biotechnology companies to Clearly, blood cancer research leads
surmount the investment-risk thresh- identify drugs that specifically target the way in advancing therapies that
old. We also embarked on academic these abnormalities and deliver the are benefiting patients with a wide arresearch partnerships with a more appropriate combination of therapies ray of diseases, and is therefore a wise
milestone-driven strategy, with de- to each patient to help him or her have investment. We hope the public will
liverables that had to be met at each the best possible outcome. Unravel- continue to support our endeavours
stage of the project to qualify for con- ing the biological complexity of AML through its donations.
is also likely to provide insights into
The breadth of the Beat AML projtinued funding.
As we rebooted our approach molecular abnormalities that drive ect, the combination of technologies
employed and the range of partners
to funding research, the cancer re- other types of cancer.
As an organization dedicated involved—a leading nonprofit advosearch world itself has been evolving,
thanks to new technologies and a to finding cures and ensuring ac- cacy organization, research institugreater understanding of the molec- cess to treatments for all patients, tions, pharmaceutical and biotechnolular underpinnings that cause can- we will continue our multi-pronged ogy companies—mark it as one of the
cer. In cancer research in particular, approach to advancing research. most comprehensive and innovative
the advent of genome sequencing Diseases for which we understand approaches to tackling a serious unprovides an unprecedented opportu- the root cause are more amenable met medical need. We envision this
nity to deliver patient-specific preci- to drug-development funding; and collaboration as a model with wide
sion therapies—the right therapy, at diseases for which causes are not yet application in the pursuit of new treatthe right time, to the right patient. fully understood will still require ments for cancer and other diseases.
Every four minutes, someone in
So how do we apply these advances greater funding for basic research.
We aim to strike the proper funding the United States is diagnosed with a
to our focus on AML?
balance with the appropriate mix of blood cancer, and every 10 minutes, a
investigator-initiated grant programs blood cancer patient dies. Together,
WE’VE GOT THE BEAT
Recognizing the complexity of the and LLS-managed product develop- academia, industry and nonprofits
AML challenge, LLS forged a sophis- ment programs. We must also focus must pursue cures with a sense of urticated alliance of academic and cor- on the regulatory process, because gency. Patients simply cannot wait.
porate experts. Acting as the catalyst as more innovative approaches to
for collaboration, LLS joined forces treating patients emerge, traditional Louis J. DeGennaro is interim president and
with Brian Druker, director of the models for advancing these therapies chief executive officer, as well as chief misKnight Cancer Institute at Oregon through the approval process must sion officer at The Leukemia & Lymphoma
Society.
Health & Science University, and a adapt and become more nimble.
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28 BY STUART KAUFFMAN, COLIN HILL, LEROY HOOD & SUI HUANG

A
Transforming
Medicine:
A MANIFESTO

Integrating “best practices”
with “alternative” methods to
determine which therapies benefit
patients the most
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merican medicine is in desperate
need of transformation, regardless of the vested interests that may
challenge its reform. Lives, health,
resources and our morality are at
stake. One of us—Kauffman, an
MD biologist—watched his wife,
Elizabeth Kauffman, fall through
the cracks that splay, known but unseen, across our wider medical practices. Elizabeth had pancreatic adenocarcinoma, a terrible cancer, and was not likely to live longer
than the year that she did survive with such courage, grace
and generosity. We, the authors of this article, came together in part through our efforts to help Elizabeth. We
started meeting in October 2012, when she was in treatment at the University of Washington Medical Center.
There were two drivers of our early conversations.
First, we discussed how Elizabeth fell through the cracks
in Western medicine, between oncology’s “best practices”
protocol and its slightly off-center “alternative” counterpart, which includes experimental approaches. Physicians with off-mainstream perspectives often are viewed
with contempt by established medicine and are routinely
hounded by their local and state medical boards. Dismissed by the establishment as deviating from best practices, their work lies in a therapeutic grey zone, widely
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The results from the study Eppstein and her colleagues
conducted depended on the complexity of the procedure.
Engineers and biologists often liken an optimization process to walking on a landscape, where every position represents, in our case, a particular therapeutic combination
of procedures, and the elevation at that position reflects
the success rate of the procedure. Optimization involves
finding the highest peak. Depending on the complexity
of the problem, the landscape topography can vary. If the
problem is simple, the individual features of the procedure
MANEUVERING THROUGH MOUNTAINS
That brings us to the second driver of our conversations, do not interact with each other but act independently, as
now more academic, which is the limitations of the random- “mono-causal” factors that contribute to the good outized clinical trial (RCT), our field’s gold standard, which come; then the landscape has a single peak, like Mount
provides, well, the evidence for evidence-based medicine. Fuji. Here optimization is simple: Move in the direction
In a study in 2012, Maggie Eppstein, of the University of of steepest incline. In more complex tasks, the features of
Vermont, Stuart Kauffman and their collaborators used a the treatment depend on each other, and mathematically
this results in a landscape that
carefully designed mathematiis rugged, with multiple peaks
cal model and computational
separated by plateaus and valsimulations to compare RCTs to The effective components of
leys—more akin to the Rocky
an alternative approach called alternative medicine need to be
Mountains. Here, simply movteam learning. This approach united, in new and integrative
ing in the direction where the
generates new treatment combi- ways, with best-practice medicine,
terrain goes uphill will not bring
nations based on current success
the walker to the highest peak,
data and opinions of those hos- whose central pillar is evidenceand there is no guidance of dipitals with the best result, about based medicine.
rection in flat regions between
which of the 100 treatment factors to alter at each point in time.1 In particular, they com- the peaks. One can easily get stuck on the top of a small
pared the methods for establishing the optimal treatment hill, far from the highest peak.
In their simulations of the Mount Fuji–like scenario,
protocol, which consists of 100 features—practices, types
of interventions and so on—and typically varies from in- Eppstein and her colleagues found that the RCT perstitution to institution. Team learning is now organized formed better, especially when a larger number of patients
into qualitative improvement collaboratives (QIC), com- were involved. But intriguingly, it beat QIC only by a small
posed of groups of several care providers who exchange margin. With a smaller number of patients and a Rocky
accounts of their experiences and discuss how to optimize Mountain–like landscape—indicating multi-causality—
the treatment protocol without the blinded pooling of all QIC outperformed RCT. As multi-causality increased,
RCTs failed even more dramatically. Thus, team learning,
the data into a large, multi-center study.
referred to as alternative medicine. This grey area is entirely within the perimeter of rational science, yet is not
embraced by best-practice medicine. It exists because bestpractice medicine is a subset and not the absolute equivalent of good, useful, rational medicine. The effective components of alternative medicine need to be united, in new
and integrative ways, with best-practice medicine, whose
central pillar is evidence-based medicine.
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which may cost less than RCTs and uses nearly anecdotal
data, can lead us to better care protocols in complex environments, especially where the RCT’s evidence-based,
brute-force statistics become inappropriate. So we need
better methods with multi-causal statistics.

TESTING NEW TECHNIQUES
Do we think that biology and medicine involve multifactorial causality? The answer is almost always yes. These
results suggest that RCTs throw away some or even vast
amounts of clinically relevant data. No one knows how much.
We randomize a study, divide the patients in control
and treatment groups in a blinded fashion to eliminate
confounding factors, which we suspect but cannot pinpoint. For instance, if we know that gender might affect
the outcome, we make sure that both groups will have the
same number of male and female patients. Such controlled
stratification cannot be applied to the thousands of possible factors that influence the outcome when we do not

know what those factors are. Consequently, randomization
neglects the vast space of information about causal factors
that likely differ between individuals and might interact
with each other, thereby leading to a multi-casual effect on
the outcome, such that randomization might not average
away these causative effects. Moreover, randomized trials
produce results that apply to a phantom “average” person,
whom a given individual is unlikely to resemble with respect to every possible characteristic that might impact the
disease or response to treatment.
It gets even worse. Only drugs that pass phase-III RCT
trials, in which efficacy is demonstrated in a larger number
of patients, can be FDA approved. Only such drugs can
become part of the hospital best-practice formulary. Once
on the formulary, the hospital faces sanctions, even loss
of accreditation, for failing to follow best practice as hallowed by RCTs. But best-practice doctors—typically highly trained, of high integrity and good intent, aiming to be
“scientific” and not let in charlatans—are confined to best-

Pathways to
Improvement

To reveal more options in our
search for advanced treatments
of disease, we recommend the
following changes:

1. Explore real clinical-fitness
landscapes, empirically treated with
combinations of candidate therapies,
to see how often the landscapes are
multi-peaked.
2. Search other fields for alternative
ways to empirically search clinicalfitness landscapes.
3. Use various search engines and
data from empirical clinical-fitness
landscapes to build ensembles of
putative single- and multi-causal
models of disease processes that can
be tested in simulations.
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4. If true mechanisms of causality
cannot be determined, we must study
how to optimally treat patients in the
absence of detailed knowledge. For
example, can we better treat with
single drugs for single targets or
with combinations of drugs aimed at
many points in complex regulatory
networks?
5. Urge the US Food and Drug Administration to preserve its accumulated
wisdom but very carefully widen its
scope beyond RCTs.
6. Consider foregoing phase III trials
and moving to phase IV trials, where
defined patient populations, perhaps
identified by the N=1 experiment
defined above—with coordinating

supervision—begin to generalize
team learning and test treatments
with multi-factorial causality. This
empowers all of us to be part of a
global medical learning system.
7. Build very high–dimensional “state
spaces” of thousands of pieces of
environmental, genetic, epigenetic
and physiological data—so-called big
data—and follow hundreds or thousands of patients to define “health”
and “diseased” areas in these huge
state spaces to move toward personalized medicine.
8. Begin a slow careful integration of
in-the-box, near-the-box and alternative medicine to broaden our information and exploration bases.
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practice medicine both by professional ethics and because formly. In a sense, N=1 experiments—those that include
they will most likely not be insured should they stray. Fur- only one person—are performed, and the patients with
thermore, in the name of best-practice medicine based on shared features are aggregated.
a now outdated reliance on RCTs, off-center, skilled docPersonalized medicine strives to exploit precisely the
tors are harassed, pay exorbitant legal fees defending their information that is randomized away in RCTs by studyrights to practice and carefully explore outside the box, or ing one thousand patients or more. Instead of the false
may even lose their licenses. The healthcare establishment certainty obtained by neutralizing patient-specific variascoffs at their off-center ideas.
tion in studies that include as many people as possible,
In the nether-regions near the inferno of pure charla- personalized medicine seeks, ideally, a full molecular
tanism lies alternative medicine, often founded on merely profiling of an individual patient. The technology is here,
anecdotal accounts—not unlike the team learning above— and the knowledge of how the human system functions
and held in contempt. What can we do?
is improving rapidly, such that the collected data cloud
Alternative medicine lacks the reassuring endorse- around each individual patient can serve as the basis of
ment that the label “evidence-based” confers, and informed decisions. Thus, the dimensionality of measurehence, is abhorred by mainments, which captures the multistream medicine. But it is as
causality revealed by team learnrational and rigorous as any The technology is here, and the
ing and the conscious abnegating
mainstream philosophy that knowledge of how the human
of randomization, warrants the
relies on the scientific method. system functions is improving
personalized approach. The pre“Evidence” may be overstated;
requisites for this approach are
rapidly, such that the collected
the evidence in evidencehigh-dimensional measurements
based medicine is obtained data cloud around each individual
that leave no or little unaccountthrough randomization and patient can serve as the basis of
ed-for factors that would have to
averaging over heterogeneous informed decisions.
be randomized, and mechanistic
populations, just to neutralknowledge that allows predictive
ize our ignorance, and thus
models based on the high-dimenis almost guaranteed to not fully apply to a specific per- sional data obtained for each individual.
son. Evidence-based medicine would work if we were all
In November 2012, as Elizabeth was getting worse, a
clones of each other. Evidence-based procedures will work careful study at the Moffitt Cancer Center in Tampa, Florin a given patient to the limited extent of how much her ida, demonstrated that in some solid tumors, the cells in
thousands of relevant characteristics match those of the the acidic areas grew faster than those in the more alkaline
theoretical “mean” patient. But how much does she depart areas. There is a known biochemical basis for this preferfrom that average?
ence of tumor cells for lower pH and, thus, for a mechanistic rationale for alkalization as a way to curb tumor
growth. Treatment with mere sodium bicarbonate slowed
’OMICS OPTIONS
We are entering an era in which we can measure those fac- the growth in the acidic areas in animal experiments. But
tors that RCTs have considered dark matter in the infor- not all tumors are equally sensitive to alkalinization. If
mation space of patient-specific traits and have random- we had measured Elizabeth’s tumor-cell metabolome,
ized away. We can determine the multi-causality network an analysis soon to be available in the clinic, this could
of each individual patient. The arrival of the ’omics tech- have revealed whether her tumor could be suppressed by
nologies—genomes, epigenomes, transcriptomes, pro- controlled alkalinization. When told of these preclinical
teomes and metabolomes—is about to shine light into this data, the in-the-box oncologist dismissed alkalinization
dark matter of patient-specific causality. This offers an op- therapy for lack of RCT evidence. Still, Elizabeth received
portunity to unite the “unscientific,” but patient-focused intravenous cesium chloride, a powerful alkanizing agent,
alternative medicine with the “scientific,” evidenced-based under another doctor’s care, and it may well have extended
best practices, or one-size-fits-all medicine. The fact is that her life several months. We will never know. The N=1 exthe thousands of patients who participate in clinical trials periment was never permitted.
differ from one another both genomically and environmentally, and the assumption that they are equivalent is Stuart Kauffman is affiliate professor, Leroy Hood is president, and
patently false. For each patient, the ’omic analyses generate Sui Huang is a faculty member at The Institute for Systems Biology
in Seattle, Washington. Colin Hill is president of GNS Healthcare in
a virtual data cloud of billions of data points. These can Cambridge, Massachusetts.
be used to analyze the individual patients, and those who
share interesting features, like response to a given drug, 1. Eppstein, M.J. et al. PLoS One (2012). doi: 10.1371/journal.
can then be aggregated into groups that will respond uni- pone.0049901.

D_cancer.indd 31

5/30/14 11:25 AM

32 BY CHAD FLAIG

A TEAM ATTACK

Faced with incurable
lymphoma, I was never
alone, as a circle of family,
friends and physicians
rallied for my recovery

A

s I stand in front
of my bathroom
mirror, I look at
myself—face to reflection—and say,
“Okay, you’re going
to have to deal with
this.” At the same time, I know that
this is a lot to handle.
That was 2009, and at the age of
49, I’d just been diagnosed with NonHodgkin’s indolent follicular lymphoma. Although my oncologist, Philip
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Leming, called this a slow-growing
cancer, he said that I needed to start
treatment right away, because my PET
scan “lit up like a Christmas tree.” He
added that there was no cure.
Quickly, I learned that I didn’t
have to handle this alone. My wife,
Jenny, stood beside me each step of
the way. It was us against cancer.

MORE THAN ACHY
This all started with a few aches in
my hips and legs. When an orthopedist examined my MRI, he suspected
cancer. That same day, Dr. Leming confirmed the bad news, but he
claimed that there wasn’t a lymphoma
that he couldn’t treat. That gave me a
sense of confidence that never left me
throughout my illness.

I soon needed that confident attitude. My therapy began with eight
chemotherapy treatments that included Rituximab. The next 24 weeks
of my life went in three-week cycles.
The first week after treatment, I would
be wired from Prednisone, which is a
steroid that is often part of a cancer
treatment. The second week my energy level would be down, and by the
third week, I would start to feel normal. Then, I started the cycle all over.
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As a teacher at Shroder High
School in Cincinnati, Ohio, I hoped
to work the treatments around my
schedule. Luckily, I only took three
treatments during the school year.
The rest came during my summer
break with a few maintenance treatments in the fall. By the fall I was in
remission, but not for long.

TOO SOON
In December, a PET scan revealed that
the cancer had returned. Dr. Leming
recommended a stem-cell transplant
at The University of Nebraska Medical Center (UNMC) in Omaha.
In January 2010, Jenny and I traveled to Omaha and consulted with
another oncologist, Julie Vosse. After
several tests, she determined that I
would be a good candidate for a transplant. After several treatments to prepare me for the procedure, another
PET scan revealed cancer in my pelvic
region, where I had the original pain.
So I completed a course of radiation
before the transplant. Then, a urinary
tract infection turned septic. That incident, along with some other minor

member. In addition, a team of physicians, nurses and social workers
helped us with everything in and outside of medical care. Every Thursday
the Leukemia & Lymphoma Society
sponsored a luncheon for transplant
patients and their caregivers. Through
the luncheons, we became close with
five patients and their caregivers. The
support and encouragement that we
gave to one another was priceless and
still continues for the three survivors.

BEST OF BROTHERLY LOVE
To have a transplant, I needed a
source of stem cells. Fortunately, my
brother was a match. Having a sibling
match reduces the chance for graftversus-host disease (GVHD) and can
decrease recovery time. In contrast to
much of my journey, my transplant
was anticlimactic.
At UNMC, patients and doctors
refer to the days after the transplant
as “+ days.” The day after the transplant is +1, a week later is +8 and so
on. These + days served as mile markers. Usually, you go home on day
+100, depending on your condition.

At UNMC, patients and doctors refer to the days
after the transplant as “+ days.” The day after the
transplant is +1, a week later is +8 and so on.
These + days served as mile markers. Usually, you
go home on day +100, depending on your condition.
We were told that the record for letting someone go
home was +80. We wanted to beat that number.
issues, postponed my transplant for
almost a month.
Like all transplant patients and
their caregivers at UNMC, Jenny and
I stayed at the Lied Transplant Center inside the hospital. Each room is a
mini suite—very conducive to patient
comfort. Instead of being confined
to a small lonely hospital room with
nurses taking vitals, patients have a
more comfortable room where they
can be cared for by a trained family
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We were told that the record for letting someone go home was +80. We
wanted to beat that number.
The days in Omaha dragged. I
dealt with severe diarrhea, nausea,
low-grade fevers, minor GVHD, loss
of appetite and difficulties staying hydrated. While it was often a strain, I
was told by a number of people that I
was doing better than most.
Finally on day +82, I started some
exit testing! On day +91, we had our

final appointment with Dr. Vosse, but
it was not as perfect as I had hoped.
A mass on my neck vertebrae still
required radiation. I argued that my
brother’s stem cells would fight the
cancer, but Dr. Vosse looked directly
at me and said that she believed the
cancer would grow if not radiated.
How could I argue?

OTHER OBSTACLES
Our return home was as joyful as any
event in our lives. But then I endured
four weeks of radiation, which was
my worst treatment. I was extremely
fatigued, lost my sense of taste and
thus my appetite—all during the holidays! It took a year for my taste buds
to return to normal.
I hoped to get back to teaching in
January 2011, but the radiation prevented that. Then, I aimed for March,
right after spring break, but a bout
of shingles—causing incredible pain
and permanently damaging my right
eye—blocked that option.
Despite being eager to get back
to teaching in the fall, my attitude
began to plummet. As I was getting
better from one ailment, I would
get another. I was hospitalized a few
times for respiratory infections, and
I was getting very tired of being sick.
Dr. Leming compared my condition
to that of soldiers who experience
battle fatigue.
As August approached, I was not
sure if I would be able to return to
school that fall. Suddenly, almost miraculously, I began to feel better and
gained strength without any setbacks.
I don’t think I ever enjoyed the start of
school as much as I did that year.
Today, nearly four years after my
transplant, I am cancer-free and feeling good. Like my strong team helped
me, I want to help others handle their
cancer battles and find the strength
to fight.
Chad Flaig teaches high school government, makes time to talk with other cancer
patients and lives in Lebanon, Ohio.
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WORLDVIEW
SCORECARD

EXPANDING THE EVIDENCE
With new metrics and an ever-growing pool of data, this year’s Scorecard offers a more balanced
assessment of biotech innovation around the world

The father of relativity, Albert Einstein, once said, “Life is like riding
a bicycle, in order to keep your balance, you must keep moving.” Every bike rider knows exactly what
Einstein meant. The same might
be said of the Scientific American
Worldview Scorecard: to keep our
momentum, and the accompanying balance, we must keep moving. This Scorecard marks our sixth year of measuring
global biotechnology innovation. In our ongoing efforts
to objectively document bioscience activity worldwide, we
continue to find new ways to fine-tune our methodology.
As the following pages attest, moving ahead for us
means collecting more data from the most up-to-date
sources we can find. In addition, those data must cover
a wide range of countries, meet our requirements for
objectivity, and include information on a multiplicity of
relevant subjects—from upstream R&D funding and education to later stage commercialization and partnership
development. We believe that it’s this broad combination
of data that truly reveals a nation’s total strength in biotech
capabilities and potential.
When necessary, we expand the types of data used if
we feel it creates a better overall picture of international
biotech activity. This year, for example, a new data set has
been added to our intellectual property (IP) metric. This
not only updates the IP section, but it also offers a new dimension to our analysis that bolsters the category’s value.
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Furthermore, the 2014 Scorecard introduces a completely new category: Productivity. Many of the components that make up the Scorecard categories track inputs—
those factors that fuel bioscience endeavors, such as the
variety of financial investments—while the Productivity
category expands our measurement of outputs, such as the
revenue generated by public companies.
The continuing growth and refinement of the Scorecard metrics not only provide deeper coverage of the global biotech landscape, but they also enhance the value of the
results. As expected, the impact of these changes in our
analysis is felt in the overall order of the rankings.
Since biotechnology affects so much of the world in
so many ways, however, we always make a point to look
beyond the Scorecard rankings themselves. This year, we
investigate intriguing developments in public markets, agricultural biotechnology, international investing appetites
and R&D expenditures.
Delving deeper into the history of the Scorecard, this
year we examine Scandinavia’s unwavering success in the
industry. In addition, we analyze the correlation between
the Scorecard’s output and related metrics, where the results surprised even us.
The growing archive of Scientific American Worldview
Scorecards also presents us with enhanced opportunities
to track longitudinal trends. Over the past two years, for
example, we looked closely at the global economic climate
in biotechnology to see if there were indications of recovery. This year’s data give us a conclusive answer. Read on to
see what we found! —THE EDITORS
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Assessment Overview

How the Scorecard computes the results in each category
On May 3, 1883, Lord Kelvin, a 19th-century British scientist best known for precisely measuring absolute zero,
discussed the subject of measurement at the Institute of
Civil Engineers in London. He declared:
I often say that when you can measure what you are
speaking about, and express it in numbers, you know
something about it; but when you cannot express it in
numbers, your knowledge is of a meagre and unsatisfactory kind; it may be the beginning of knowledge,
but you have scarcely, in your thoughts, advanced to
the stage of science, whatever the matter may be.
So here we seek a science of innovation in biotechnology,
and we do “express it in numbers.”
To accomplish this, we rank each country’s performance
in seven categories: Productivity, Intellectual Property Protection, Intensity, Enterprise Support, Education/Workforce,
Foundations, and Policy and Stability. The category scores
arise from a series of components (explained below), and the
mean score from the associated components produces the
category score in each case. We normalize the results on a
scale from 0 to 10. The lowest-ranked country we scored as
0 and the highest-ranked country as 10.
The 54 nations on the Scorecard represent a wide range
of sizes—in both area and population. To ensure that important contributions from smaller countries are not ignored
solely because of their size, many of the components include
relative features, such as using “public company employees
per capita” rather than just the gross number of employees.
In some cases, though, the Scorecard relies on the gross
measurement, such as the available venture capital, where
the absolute amount—in our opinion—is the more important
measure of a country’s ability to innovate in biotechnology.
As we will explain later, each category gets equal
weight in the overall score.
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NUMBER OF PUBLIC COMPANIES
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intellectual
Property
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Expanded IP data flesh
out our findings
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iotechnology innovation—like
that of many other businesses—
relies on strong IP Protection.
In short, fewer innovators would take
the risk of time and investment without
some hope of capturing a return.
The value of IP Protection has vast
implications. For instance, a firm might
abandon a drug lead if it cannot find
profit-enabling markets for it. In prior
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IRELAND

INDONESIA
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ESTONIA

DENMARK
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CHINA

CHILE
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BRAZIL

BELGIUM

AUSTRIA

AUSTRALIA

2

ARGENTINA

4

issues of Scientific American Worldview, we showed that the strength of a
country’s IP Protection correlates with
its concentration of clinical trials. Accordingly, IP Protection supplies more
than a simple invitation for global firms
to sell patented drugs in a country—it
can also impact whether that nation’s
scientists and physicians will play a
role in global drug development, and
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tions (e.g., compulsory licensing).
Despite the age of this index, it remains
the leading global index of IP strength.
This year, we added a second
component: “perceived IP protection”
(Schwab, K. The Global Competitiveness Report, 2013–2014. World
Economic Forum (2013)). Schwab
produced this index by asking a global
group of business leaders about their
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UNITED
KINGDOM

NORWAY

NEW ZEALAND

NETHERLANDS

TAIWAN

MEXICO

if drugs will be developed for locally
endemic conditions.
Historically, we have used a single
metric called IP Strength (Park, W.G.
Research Policy 37, 761–766 (2008)),
which consists of the unweighted
sum of five measurements: patentable
inventions, membership in international treaties, duration of protection,
enforcement mechanisms and restric-
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LUXEMBOURG

0

TURKEY

0.59
0.24

THAILAND

PUBLIC COMPANY REVENUES
(US$MM)

TAIWAN, CHINA

10

G

SWITZERLAND

measure the output

ross productivity might instantly
come to mind when thinking
about measuring a country’s
strength in biotechnology. This year,
we have begun including this metric
in the Scorecard, but thus far we only
have data on about half the countries
in our analysis. We assess productivity
using two metrics: “public company
revenues” and the “number of public
companies” (Huggett, B. Nat. Biotechnol. 31, 697–703 (2013), and company disclosures). The rationale for
focusing on public companies is that
the reporting requirements of public
companies and the resulting transparency, relative to private firms, makes
it easier to objectively compare them.
In addition, the challenge of developing and locating public companies
in a nation indicates how favorable a
biotechnology climate it provides. Not
surprisingly, the United States runs
away with this category. In second
place, Australia also manages to distance itself from the rest of the pack.

SWEDEN

UNITED STATES

Productivity
Making a move to

perceptions of domestic IP protection.
Incorporating it here provides updated
information and an element of subjectivity. After all, perceptions of patent
protection might be as important as
objective measures.
The United States leads this
category by a large margin, followed
by Australia, the United Kingdom
and Canada.
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Intensity
Turn up the heat

CHINA 0.94

HUNGARY 0.01

SOUTH AFRICA 1.41
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I

n physics, intensity measures the
power applied to a specific area.
We use the term in a similar way,
to climb the ’card as a measurement of a country’s
focus on biotechnology. This category
is compiled from a series of relative
measurements that normalize the
data for population size and overall
economy. Thus, our Intensity catARGENTINA 0.13
egory enables readers to compare
large countries to each other, and
it identifies small countries with
strong biotechnology activities. In
short, Intensity represents a relative
measurement of a country’s activity
in the industry. Rather than measuring an output, like a market activity,
Intensity measures input. Consequently, countries with high scores in
this category could make great places
to perform biotech research or to look
CZECH REPUBLIC 0.02 for partners.
Several of the components of the
Intensity metric rely on public biotech
firm data that come from company
disclosures and published information
(Huggett, B. Nat. Biotechnol. 31, 697–
703 (2013), and company disclosures).
For the “public biotechnology company
employees per capita” component, we
divided the employee counts by the
2013 mid-year population as sourced

from the US Census Bureau International Data Base. For “public biotechnology company revenues per GDP,”
we used the 2013 GDP as sourced
from the IMF World Economic Outlook
Database. The data for “biotech patents
per total patents” (filed with the Patent Cooperation Treaty) and “business
expenditures on biotechnology R&D”
came from the Organisation for Economic Co-operation and Development
(OECD). “Value added of knowledgeand technology-intensive industries”
was sourced from the NSF Science
and Engineering Indicators for 2014.
Last year Denmark, the United
States, Australia and Ireland led in
this category. The mix at the top remains about the same—Denmark, the
United States and Australia leading
the way, but Singapore takes Ireland’s
place for the fourth spot.
As an indicator of input, Intensity
offers a perfect place for a country to
push its way higher up the Scorecard.
Between now and 2015, any nation
could direct incentives to promote
biotech job creation or invest more in
biotechnology R&D. Besides improving a country’s placement on our
metric, such added ‘intensity’ should
heat up its biotech capabilities.
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THAILAND 0.08

E_Scorecard.indd 39

TURKEY 0.13

UKRAINE 0.03

UNITED ARAB
EMIRATES 0.07

UNITED KINGDOM 2.32

UNITED STATES 6.20
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GREECE 2.64
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Enterprise
Support
It takes more than BRICs

HONG KONG 9.78

to build an industry
ARGENTINA 0.26

BUSINESS FRIENDLY
ENVIRONMENT
(HIGHER = BETTER)
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o cultivate a strong industry of
any sort, including biotechnology, one must support businesses. In large part, that means making
sure that enough capital exists to fund
innovation. Likewise, countries with
the most appealing business environments will attract the most biotechnology companies. We measure these
characteristics as Enterprise Support.
The Enterprise Support metric consists of an average of four
elements. We derived a “business
friendly environment” measurement
from Doing Business 2014 (World Bank
and the International Finance Corporation), which arose from surveys of
local experts on a synthetic business
case. This approach includes some
limitations because it relies on a
specific business of a specified size
and refers to conducting business in a
country’s largest city, with the exception of certain nations, such as China.
The “biotechnology venture capital”
component was created using measurements from the OECD. The “venture capital availability” score comes
from an index based on an international survey (Schwab, K. The Global
Competitiveness Report, 2013–2014.
World Economic Forum (2013)). We
derived the last component, “capital
availability,” from the Milken Institute
Capital Access Index.

SPAIN 3.75

Last year the United States, India
and Israel displaced Hong Kong and
Singapore to move, respectively, to
first, second and third places. This
year Hong Kong returns to first place,
followed by the United States and
Singapore.
Not surprisingly, other affluent nations earn high rankings in
this category. For example, two Gulf
nations—Qatar and the United Arab
Emirates—come out in fifth and
seventh, respectively. On the other
hand, all of the BRICs nations finish
far down the list, with India at 48th
place and Brazil in 52nd. Russia did
little better, occupying the 43rd spot,
while China topped the BRICs, taking
31st place.
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Education/
Workforce
People empower a nation’s current
and future innovation potential

A

ll the financial resources and
advanced equipment in the world
cannot replace a key ingredient
of biotech success—people. Without
trained researchers to spawn innovative
ideas, managers to run the business
side of biotech, technicians to make the
products and individuals filling many

ARGENTINA 2.69

ESTONIA 3.00
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other roles—a country cannot support
biotechnology growth. To generate the
necessary pool of people, a nation must
take action. In 2004, for instance, the
US Department of Labor created the
National Center for the Biotechnology
Workforce, and related aspects of this
center continue to train tomorrow’s
biotechnology professionals.
We base this category of the
Scorecard on five components. For
“post-secondary science graduates
per capita,” we used UNESCO figures,
divided by the 2013 mid-year population as sourced from the US Census
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FINLAND 4.01

AUSTRIA 3.48

FRANCE 4.57

Bureau International Database. For
“PhD graduates in the life sciences
per capita” and “R&D personnel per
thousand employment,” we turned
to OECD figures. To create a metric
for “talent retention,” we calculated
the percentage of a country’s doctoral recipients who did not express
definite intentions to stay in the United
States following graduation there, as
reported by the US National Science
Foundation. Thus, a lower score in
talent retention means that more
PhD graduates did express a desire
to stay in the United States, which

BELGIUM 2.73

GERMANY 4.28

BRAZIL 2.03

GREECE 1.98

ISRAEL 1.76

ITALY 2.70

JAPAN 3.81

LATVIA 2.82

LITHUANIA 3.43

NORWAY 2.89

PHILIPPINES 0.87

POLAND 3.00

PORTUGAL 2.98

PUERTO RICO 2.36

SOUTH KOREA 3.84

SPAIN 3.05

SWEDEN 3.50

SWITZERLAND 3.67

TAIWAN, CHINA 2.97
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creates “brain drain” for the home
country of those graduates. Not every
person who wants to stay in the United
States after earning a PhD finds an
opportunity to stay, however, so some
of those individuals still go home or
to another country. India and China
have traditionally led in the number of
citizens not wishing to repatriate after
graduate studies in the United States,

but this year Ukraine takes the lead—
perhaps a premonition of the country’s
difficult times, which came to a head
as this issue of Scientific American
Worldview was being published—followed by India and China.
Last year’s leaders in the Education/Workforce category were Iceland,
the United States and the United Kingdom. Although these leaders retain

POST-SECONDARY SCIENCE GRADUATES / CAPITA
PHD GRADUATES IN LIFE SCIENCES PER MILLION POPULATION
R&D PERSONNEL PER THOUSAND EMPLOYMENT
TALENT RETENTION (RECIPROCAL OF BRAIN DRAIN)
BRAIN GAIN (SHARE OF GLOBAL STUDENTS STUDYING OUTSIDE THEIR COUNTRY)

CANADA 3.83

CHILE 1.48

HONG KONG 1.47

HUNGARY 1.81

LUXEMBOURG 9.86

RUSSIA 3.60

THAILAND 4.58

E_Scorecard.indd 43

MALAYSIA 3.02

SAUDI ARABIA 7.64

TURKEY 1.69

CHINA 0.90

ICELAND 4.97

INDIA 0.15

MEXICO 1.53

SINGAPORE 6.08

UKRAINE 0.33

UNITED ARAB
EMIRATES 1.99

strong numbers, they are displaced
this year by Luxembourg, Saudi Arabia
and New Zealand. Also, certain countries that perform strongly in other
categories really struggle here. For
example, three of the Gulf countries
on the Scorecard occupy three of the
four bottom spots on the list, along
with India. That provides these nations
with a clear prescription for innovation—produce a pool of professionals,
and encourage them to apply their
skills domestically.

CZECH REPUBLIC 3.30

DENMARK 4.18

INDONESIA 4.91

IRELAND 4.17

NETHERLANDS 2.42

NEW ZEALAND 6.46

SLOVAK REPUBLIC 3.33

SOUTH AFRICA 0.73

UNITED KINGDOM 5.90

UNITED STATES 6.46
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Foundations Flaunt it like Finland
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When it comes to Foundations, Finland rules the world. Since our first issue in
2009, Finland has always landed in the Top Three. In fact, more often than not
Finland takes the top spot in this category, with first place finishes in 2010, 2012,
2013 and again this year. That’s four for six, an incredible showing, and it would
be beyond belief if international biotechnology were professional baseball.
Here, we rely on four components. Data from the OECD are the source of
“R&D business expenditures per GDP.” UNESCO data are used for “government
support of R&D per GDP.” For data on “infrastructure quality,” we turned to
the World Economic Forum (Schwab, K. The Global Competitiveness Report,
2013–2014. World Economic Forum (2013)), which uses an international survey
to produce its index. Last, we derived the component called “innovation and
entrepreneurship opportunity” from the 2013 Legatum Prosperity Index.
We include metrics on R&D spending in addition to fundamental metrics,
such as infrastructure quality, because R&D can plant the seed for future
growth. Many interesting opportunities present themselves in the course of
research, so it is reasonable to expect that spending more on R&D will reveal
more opportunities. In a country with a strong “innovation and entrepreneurship opportunity” score, researchers will be encouraged to spin off ventures to
pursue these opportunities, laying the foundation of organic domestic growth.
As already mentioned, Finland took last year’s top spot in Foundations, and
Switzerland and Sweden followed in second and third place, respectively. This
year Sweden slips to fourth. Switzerland stays in second, sandwiched between
Finland on top and third-place South Korea. Iceland experienced a significant
drop from fifth in 2013 to 11th this year. As these fluctuations show, categories
driven by financial factors are subject to significant volatility.
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Policy
& Stability
A SCANDINAVIAN SUCCESS STORY

N

ot only does Finland lead in Policy and Stability, but
much of Scandinavia excels in this category—grabbing four of the Top 10 spots. To assess the policy
and stability of each country, we used the following measurements from the World Bank’s 2013 World Governance
Indicators: political stability and absence of violence/terrorism; government effectiveness; regulatory quality; and
rule of law. These factors encompass features that make a
nation a good or bad place to do business.
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Such measurements provide a broad overview of a
country’s political and social environment, including its
government’s stability and the quality of its public services.
This category also measures a government’s ability to
create and put in place mechanisms that promote development in the private sector. The Policy and Stability category
even reflects a nation’s level of crime and violence. As
such, this multi-faceted section complements the other
Scorecard metrics.
As noted, Scandinavia scores well here, with Finland,
Sweden, Norway and Denmark placing first, third, sixth
and ninth, respectively. Finding Singapore in second place
comes as no surprise, given its political and economic
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10

8

6

4

efforts to generate a commercially attractive environment
for business.
Many countries known for biotech expertise finish poorly here. For example, the United States performs rather
dismally in this category—landing in 19th place, just as it
did in the 2013 Scorecard. In addition, some nations that
attract considerable investment in biotechnology, including
Brazil and China, end up far down this list. To some investors, that could make these countries appealing, because
they represent opportunities for change and improvement.
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The United States maintains its hold on the top spot in our
overall scoring—even strengthening its grasp this year
by gaining a bigger lead over its competitors. On the 2013
Scorecard, the US outstripped its closest rival, Denmark, by
5 percent; this year, it surpassed second-place Singapore
by almost 25 percent. But before digging deeper into these
numbers, let’s explore our methodology.
The final results are arrived upon through a collection
of averages and totals. As described previously, each country gets a score in seven categories: Productivity, Intellectual Property Protection, Enterprise Support, Intensity,
Education/Workforce, Foundations, and Policy and Stability.
Moreover, each category is made up of a set of components. Based on 0–10 scores, for lowest to highest, we
averaged the component scores to determine the category
score. Last, the simple sum of the category averages—indexed to a score from 0–50—produces the overall innovation score. The normalization gives each component and
each category an equal weight. Therefore, each component
or category contributes to the overall score as much as any
other. Where data cannot be found, we ignore the resulting
gaps when calculating the averages for each category.
The increase in the US lead results largely from the
addition of the Productivity category. As we will show in the
supporting elements of this section, many factors reflect a
strong output role for the United States as a biotechnology
powerhouse.
Besides the US, a number of countries saw major
upswings in their overall scores. For example, second-place
Singapore rose from a fifth-place finish in 2013. Likewise,
Australia jumped from seventh to fourth. In a major leap,
Puerto Rico went from 52nd to 30th on its overall score,
climbing 22 places up the Scorecard for the biggest gain of
the year. Other impressive showings came from Qatar, jumping 17 spots from 42nd to 25th, and the UAE, which went up
13 places, from 40th to 27th. In addition, Estonia, Latvia and
Saudi Arabia each advanced by a dozen spots. And several
other countries—including Luxembourg, Taiwan and Thailand—made substantial moves up the Scorecard.
As some nations soar, others inevitably drop in the
overall rankings. Hungary suffered the biggest fall, plummeting 14 places, from 27th to 41st. It was not alone,
though, because 29 other countries lost ground this year.
The competition to lead the world in biotech innovation potential grows fiercer over time. Rather than inching
up the Scorecard, some countries scale it like a mountain
goat on a molehill—seeming to navigate effortlessly to the
top. But no nation climbs this Scorecard without effort. The
broad range of components and categories demand intensive efforts and diverse investments of time, money and
mental capital. Where will your country “invest” to improve
its position?

31.7

2014 Scientific American
Worldview
Overall Scores
PRODUCTIVITY GIVES THE US AN EXTRA PUSH
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TOP & BOTTOM 5

ONE TRIO
STAYS ON TOP

PRODUCTIVITY
IP PROTECTION
INTENSITY
ENTERPRISE SUPPORT

Production isn’t the only indicator
of success
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Returning to the Top Five this year, the
United States, Denmark and Singapore
jostle into their new positions. Denmark dropped from second to third,
while Singapore climbed from fifth to
second. The newcomers to this year’s
Top Five are Australia and Sweden.
This is a good place to stop and
consider the role of Productivity in
these rankings. One might expect a
Productivity measurement to dominate
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A FIGHT
FOR THE
PHILIPPINES

Intensity & workforce make the difference
In an unwanted three-peat, the
Philippines landed in the Bottom Five
again this year. Moreover, it is the only
member of this year’s group that also
held the distinction last year. All of
the other countries—Indonesia, India,
Ukraine and Argentina—escaped the
Bottom Five in 2013.
As in the Top Five, Productivity
does not make the difference. In fact,
all of these countries perform poorly
in that category, which could further
drive down their scores in some other
categories, thereby reducing their
overall innovation ranking. In general,
two categories—Intensity and Educa-
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the metrics and drive the positions on
the Scorecard. It didn’t. The Top Five
finishers do not go in order of their
Productivity scores. If they did, the
descending order would be: the United
States, Australia, Sweden, Denmark
and Singapore. That configuration only
gets one ranking right, for the United
States. Once again, this shows the
value of normalizing the Scorecard
data, which prevents a single category
from dictating the results.
That said, the value of a country’s
Productivity should not be underrated. Rather than being a category
of achievement that exists in isolation, Productivity is one feature of our
assessment that can deeply affect the
others, and as such, should not be
seen solely as an output. The interplay
between aspects of biotechnology can
easily turn suspected outputs into inputs, and this is surely the case here.
A country’s outputs in biotechnology
impact its inputs. For example, a nation that produces significant outputs
should attract more biotech investment, possibly more experts in the
field and more, maybe much more, innovation. Indeed, the next collection of
data seems to support this very point,
but through a counter-example.

tion/Workforce—suggest the source
of the problem in the Philippines’s
biotech innovation potential. Among
the other countries in the Bottom Five,
the Philippines tied with the Ukraine
for the lowest Intensity score of the
bunch. Then, in Education/Workforce,
the Philippines received the lowest
score of any of the countries in this
group. Interestingly, the Philippines
earned the best IP Protection score
of the bottom cohort, which suggests
that biotech innovation could at least
be safely developed there from a profit
potential. This should offer hope to the
country’s biotech industry.
All of the Bottom Five countries
perform poorly in our Policy and Stability category, and that’s never good
for business, at least not legitimate
ones. Improvements here could go a
long way toward developing a successful biotech industry in these nations.
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TOP 10 COUNTRIES BY RANK (2009–2014)
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A DATA DOGFIGHT

Countries battle—over six years—to be the best in biotech
Before considering the details, take a quick look at our “Top
10 by Rank” chart. It presents a veritable data dogfight,
with country rankings soaring up and crashing down,
zooming in and out like fighter pilots at war. After six years
of building our Scorecard, this one graph might tell the Scientific American Worldview story as simply as it can be told:
assessing the potential for biotechnology innovation around
the world isn’t easily done.
In order to generate this temporal tracking, we aligned
the annual data. Our methodology has changed in the past
six years to incorporate new metrics and to better compare
the included countries. To account for this, we normalized each year’s innovation scores to a range of 0–50 (2009
data were on a scale from 0–5). That way, scores could be
compared over time.
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Our results showed that, over the history of the Scorecard, even the Top 10 countries had scores that rose and
fell dramatically. Although the US score follows a somewhat jagged climb through the high 30s, maintaining the
lead position, other countries at the top zip up and dip down
in the mid-20s to mid-30s range. This bouncing bunch of
data points creates even more volatility in the ranking data.
For example, Canada’s ranking improved in the early years,
but then dropped. Israel started at fifth, but has declined
steadily, coming in this year at 22nd—so it disappeared
from the Top 10 too soon to even be shown here. Denmark,
on the other hand, has seen great variability in its score
year after year but its rank remains very high.
How will these trends turn out as the Scientific American Worldview database nears its tenth birthday? No one
knows, but we anxiously await the results every year. In
the world of biotechnology, remember this: It’s a serious
data dogfight out there. How each country scores tomorrow
depends on the work it does today.
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ROYALTY IN
THE RANKS

According to Max Weber, the 19thcentury German sociologist:

The best of the best in key
categories around the globe
Research scientists understand the
value of specialization. It enables
deeply ingrained knowledge and
experience to yield ideas that cannot
come from a less focused approach.
The same can be said of applying specialization to many fields, including
biotechnology. So, maybe your country
did not make the top of this year’s
Scorecard—maybe it never has—but
your country could still be like royalty
by ruling one particular category.

GREATEST PUBLIC
COMPANY REVENUES
UNITED STATES
UNITED KINGDOM
AUSTRALIA
MOST PUBLIC COMPANIES
UNITED STATES
AUSTRALIA
CANADA
GREATEST PUBLIC
COMPANY MARKET CAP
UNITED STATES
AUSTRALIA
UNITED KINGDOM
MOST PUBLIC COMPANY
EMPLOYEES
UNITED STATES
AUSTRALIA
FRANCE
GREATEST REVENUE PER
PUBLIC COMPANY EMPLOYEE
UNITED KINGDOM
SWITZERLAND
NORWAY
STRONGEST MEASURED
PATENT PROTECTION
UNITED STATES
GREATEST PERCENTAGE OF
PATENTS IN BIOTECHNOLOGY
DENMARK
SINGAPORE
BELGIUM
HIGHEST PERCEIVED
PATENT STRENGTH
FINLAND
SINGAPORE
STRONGEST
ENTERPRISE SUPPORT
HONG KONG
UNITED STATES
SINGAPORE
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Only by strict specialization can
the scientific worker become fully
conscious, for once and perhaps
never again in his lifetime, that
he has achieved something that
will endure. A really definitive and
good accomplishment is today always a specialized act.
In biotechnology, a “really definitive and good accomplishment” could
emerge from many places. For example, Saudi Arabia placed far down
on the overall Scorecard, but this
country captures a win in talent retention, making it the place where more

foreign-trained PhDs than any other
country say, “There’s no place like
home.” Beyond “growing” scientists, a
nation can farm its way to the top, and
Brazil does just that—taking second
in the world for the amount of biotech
crops it plants.
This map of key-category winners
shows the changing landscape of
biotech leadership worldwide. The
shifts seen on today’s map may suggest where new centers of innovation are likely to emerge tomorrow
to address agriculture, energy, environment and healthcare challenges
around the globe.

GREATEST VENTURE
CAPITAL AVAILABILITY
SOUTH AFRICA
HONG KONG
NORWAY/SWEDEN/UNITED
STATES (3-WAY TIE)

GREATEST BUSINESS
EXPENDITURES ON R&D
(% of GDP)
ISRAEL
SOUTH KOREA
JAPAN

MOST PHD GRADUATES
IN LIFE SCIENCES PER CAPITA
NEW ZEALAND
CANADA
UNITED KINGDOM

GOVERNMENT SUPPORT
OF R&D (% of GDP)
ISRAEL
FINLAND
SOUTH KOREA

MOST PHD GRADUATES
IN THE LIFE SCIENCES
UNITED STATES
UNITED KINGDOM
GERMANY

BEST INFRASTRUCTURE
QUALITY
SWITZERLAND
HONG KONG/FRANCE
(TWO-WAY TIE)

MOST R&D PERSONNEL
PER EMPLOYMENT
ICELAND
FINLAND
LUXEMBOURG

STRONGEST PERCEIVED
ENTREPRENEURSHIP CLIMATE
SWEDEN
DENMARK
FINLAND

BEST TALENT RETENTION
(most U.S.-trained doctorate
graduates intending to
return home)
SAUDI ARABIA
THAILAND
JAPAN

BEST POLITICAL STABILITY
SWITZERLAND
FINLAND
NEW ZEALAND

WORST BRAIN DRAIN
(most U.S.-trained doctorate
graduates intending to stay
in the United States)
UKRAINE
INDIA
CHINA
BEST BRAIN GAIN
(share of global graduate
students)
UNITED STATES
UNITED KINGDOM
AUSTRALIA

GREATEST GOVERNMENT
EFFECTIVENESS
FINLAND
SINGAPORE
DENMARK
HIGHEST
REGULATORY QUALITY
SINGAPORE
HONG KONG
SWEDEN
BEST RULE OF LAW
NORWAY
FINLAND
SWEDEN

LARGEST PUBLIC MARKETS
FOR BIOTECHNOLOGY
UNITED STATES
AUSTRALIA
UNITED KINGDOM
BEST GROWTH IN
BIOTECHNOLOGY
PUBLIC MARKETS
UNITED STATES
AUSTRALIA
MOST BIOTECHNOLOGY
CROP PLANTINGS
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LEADING TARGETS FOR
INVESTMENT
UNITED STATES
ISRAEL
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BIOPHARMACEUTICALS
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MOST BIOMEDICAL R&D
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CHINA
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NUMBER OF PUBLIC COMPANIES

2009:
429

2012:
460

2010:
399

2011:
457

2013:
437

2014:
427

SIGNS OF RESURGENCE
Trends suggest an economic recovery in progress

The United States leads the world in biotech market capitalization, which is the value of all public-company shares.
For fiscal year 2012—the most recent data available—the
US public-company market cap is nearly four times that of
the rest of world combined. The closest competitor is Australia, with a public-company market cap one-twelfth that
of the United States. The next closest countries, the United
Kingdom and Denmark, have substantially smaller market
caps than the United States.
Last year, we noted an increase in global market cap,
amidst a slight dip for the United States. This led us to
question whether it was an early indicator of economic
recovery. This year’s data make a compelling case for
recovery. The US market cap grew by more than $90 billion
dollars, and the ex-US market cap continued its upward
trend. The results for other leading nations, however, were
mixed: Australia saw strong growth, while the United Kingdom and Denmark dropped back.
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The number of public biotechnology companies also
keeps decreasing in several countries. The United States has
experienced a consistent decline in public companies—279
in our first issue in 2009 and 214 this year. Given that the
nation with the next-most public companies, Australia, has
only 42, the decrease in US companies causes no immediate
concern. In fact, the market capitalization of US public companies has risen since Scientific American Worldview 2011,
and is almost as great as was seen in our 2009 issue.
Australia exhibits a similar consolidation trend. Its
number of public companies has been slowly dropping
after a peak of 48 in our 2012 issue, but its market capitalization is at an all-time high. For Canada, with the thirdmost public companies, and the United Kingdom, with
the fourth-most, market capitalization has been receding
amid decreases in the number of public firms. Conversely,
France had previously seen an increase in public companies despite a decrease in market cap. This year’s data
show that France’s total of public firms continues to rise,
and the market cap has grown as well. Perhaps France
is experiencing the same growth exhibited in the United
States and Australia, albeit with a slight lag.
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GLOBAL AREA OF BIOTECH CROPS IN 2013
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Seemingly every country on earth
needs better food and less expensive,
more environmentally friendly energy.
Biotechnology supplies countries with
growing options on both fronts.
Agricultural biotechnology keeps
spreading further around the world.
Although the United States leads the
world in acres of biotechnology crops
grown, agricultural biotechnology is
not dominated by industrialized nations. Brazil, in second place with over
40 million hectares of biotechnology
crops, plants more than half as much
as the United States. Furthermore,
the combination of Brazil, Argentina
and India exceeds the US’s acreage. According to research from the
International Service for the Acquisition of Agri-biotech Applications
(ISAAA), agricultural biotechnology
favors smaller farmers and developing countries. Among the 27 countries
planting biotechnology crops, the majority—19—are developing countries.
Developing countries also plant 54
percent of agricultural biotech crops
by acreage, and it is estimated that 90
percent of farmers using biotechnology crops are small and resourcepoor farmers. (For a firsthand account
of the benefits of these tools in those
nations, see “Growing Optimism,”
page 22.)
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Agriculture and energy gain more
from biotechnology

0.1

6/2/14 11:05 AM

WORLDVIEW SCORECARD 57

When it comes to biotechnology-driven
energy, scientific publications reveal the intensity
of this field. More than 30,000 publications from
the United States indicate the volume, while the
collection of countries around the world with hundreds of publications shows the breadth. However, the most telling indicator may be the average
numbers of citations per article. On that metric,
Austria and Turkey command the lead—surpassing the United States by more than 30 percent.

In the future, the agricultural and energy
aspects of biotechnology will continue to expand.
Moreover, these areas will draw an increasing
proportion of the interest in biotechnology around
the globe.
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SOURCE: Yaoyang, X. & Boeing, W.J. Mapping biofuel field: A bibliometric evaluation of research output. Sustainable Energy
Review 28, 82–91 (December 2013).
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CONFIDENCE
IN CONTEXT

The investment appeal depends
on who, where and what
In a global business like biotechnology, the attractiveness of a market
frequently depends on context. Investors from different countries are likely
to differ in how they view investment
opportunities in other countries.
Geographic proximity, compatibility of
legal and financial systems, and even
cultural factors can influence how eaAUSTRALIA
ger parties in one country are to invest
in those from another.
The recent Deloitte Venture Capital
Survey provides an excellent source
for these individual country preferences. The creators of this survey
asked venture capitalists from selected
countries about their confidence in in-

vesting in other nations. The data show
several interesting patterns. France
and Japan are generally not seen as
good targets for foreign venture capital
investment, while the United States
and Israel are generally preferred.
Also, German venture capitalists have
the greatest confidence in investing
outside their country, whereas Australians had the least overall international
confidence. The proximity of Germany
to established markets throughout
Europe, and the relative distance from
Australia to similarly mature markets
suggest that this might simply be a
matter of travel distance.
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Also shown here is a global
survey of investor confidence in several biotechnology-related sectors:
biopharmaceuticals, medical devices
and equipment, and healthcare IT and
services. Interestingly, despite the
success of American companies in biotechnology and the substantial market
cap of American biotech firms—an
indicator of receptive stock markets,
which facilitate the profitable liquidation of investments in promising companies—US venture capitalists appear
to lack confidence in biopharmaceuticals and medical devices. The only
country in which biopharmaceuticals
were preferred was the Netherlands.
This survey reveals that some
decisions in business surely depend
on qualitative rather than quantitative
thinking. Data do not guide all of the
decision-making in biotechnology, or
any other industry, for that matter.
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R&D EXPENDITURES R&D funding (US$BN)

2009

2010

BIOTECH’S BIG
SPENDERS

Innovation demands investment in R&D
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Sustained investments in R&D are the key to biotechnology
innovation. The United States used to spend more on R&D
than the entire world combined, and it still invests more
than any other country. That investment surely fueled the
emergence and ongoing dominance of the US biotechnology sector.
Beyond gross numbers, the source of financial support—public or industry—impacts the type of research
done. In many countries, public funding is usually dedicated to more fundamental research studies, while industry
funding tends to be directed at developing commercial
products. Here, we show R&D funding from public and
industrial sources for select nations and regions. This data
presentation includes three elements: the magnitude of the
investments, the relative proportion of each type of funding
and the change in funding over time.
The United States and Europe lead biomedical R&D but,
along with Canada, are demonstrating a downward trend.
Furthermore, whereas Canada’s decrease appears to be
due to lower levels of public funding—potentially eroding
basic science foundations—the decreases in Europe and
the United States appear to stem from less industry funding. China’s biomedical R&D shows strong growth, fueled
by industry, but it is still less than Japan’s. China recently
surpassed Japan as the world’s second largest economy,
so it is anticipated that their biomedical R&D should continue to grow.
These data also reveal the diversity of levels of R&D
investing. In part, perhaps in large part, that explains the
range of success, as well.
SOURCE: Chakma, J., Sun, G.H., Steinberg, J.D., Sammut, S.M. & Jagsi,
R. Asia’s ascent—global trends in biomedical R&D expenditures. N.
Engl. J. Med. 370, 3–6 (2014).
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SECRETS OF
SCANDINAVIAN
SUCCESS
Why are Sweden, Denmark and Finland the Scorecard superstars?

I

n 2011, the US Centers for Disease Control and Prevention estimated that methicillin-resistant Staphylococcus aureus—the so-called superbug, better known as MRSA—infected more than 80,000
Americans and killed more than 11,000 of them.
A tragic irony is that this life-threatening infection
often takes root in places thought to be sterile, such as hospitals. To make matters worse, like many bacteria, MRSA
is a moving target, one that is always evolving. Protecting
against it means scientists must constantly create new diagnostics to keep up with these changes.
Rising to this challenge, one Danish biotech developed a technique that could help healthcare systems track
MRSA with greater precision. In the coastal town of Hvidovre, just south of Copenhagen, researchers at Anapa
Biotech tweaked the well-known polymerase chain reaction into an effective and sensitive MRSA detector. Their
test, which could soon be available around the globe, is one
illustration of why Scandinavian countries consistently
occupy the top positions on the Scientific American Worldview Scorecard, leading the world in biotech innovation.
To be specific, since the Scorecard was introduced in
2009, Denmark, Finland and Sweden have landed in the
top ten, and often the top five, spots. Norway, on the other hand, has finished much farther down the list. In addition to finishing near the top, these countries perform
consistently. In 2009, Denmark was number three on the
Scorecard. It dropped to fifth place in 2010, then held second place three years in a row, and now is back in third
place this year. Sweden bounced between the third and
sixth spots, including two years each at fourth and fifth
place. Finland can boast a similar record, ranging between
fourth and eighth place. So the obvious question is: What
fuels these strong regional performances?
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RANKINGS AND REPUTATIONS
To a certain extent, particular features of the Scorecard
play to Scandinavia’s strengths. As Yali Friedman, lead
editorial consultant for Scientific American Worldview, explains, the “Policy and Stability” category was added to the
Scorecard three years ago, and the Scandinavian countries
tend to be strong in this area. In this year’s Scorecard, for
example, Finland took the top spot in this category, with
Sweden and Norway in third and sixth place, respectively.
For comparison, the United States barely made it into the
top 20, with a 19th-place finish.
As an industry, biotechnology requires a highly skilled
workforce, one that must be educated and inspired to succeed. The Scandinavian countries enjoy a good reputation
in this area, with a world-renowned educational system.
There is a sense that these nations encourage an occupational drive in their citizens that promotes self-improvement and actualization within the workplace across all
industries. As Joan Steitz, a molecular biologist at Yale
University in New Haven, Connecticut, says, “Standards for
hiring and promotion are high—so the outcome is good.”
The Scorecard results, interestingly, do not always
support this general reputation. In the 2014 “Education/
Workforce” category, all three countries struggled. Although Denmark scored the best in this category, it only
reached 13th place. Finland took the 15th spot and Sweden
was ranked 21st.
Incidentally, all of Scandinavia does not excel on the
Scorecard. In this year’s “Education/Workforce” category,
for instance, Norway landed in the bottom half of all countries, at 32nd place. In fact, throughout the history of the
Scorecard, Norway did its best in the first year, when it was
ranked 17th. Since then, this country has lingered in the
vicinity of the 20th spot.
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There is a sense that
these nations encourage
an occupational drive
in their citizens that
promotes self-improvement
and actualization within
the workplace across
all industries.
PURSUING PRODUCTS
Ultimately, achievement in the biotech sector depends
upon the ability to create and market products. As Friedman points out, Scandinavia has a strong focus on generating an internationally active biotech industry, and
consistently participates in a large amount of research. It’s
these fundamentals that are the “secrets” to its success in
developing new products and innovations.
And looking to the future, certain indicators bode well
for Scandinavian biotech. According to Hans Jeppsson, a
researcher at the University of Gothenburg in Sweden who
studies the financial side of biotechnology, “The Nordic
clinical pipeline has grown from 18 to 53 projects over the
time period [2000–2010].”
To safeguard innovative ideas long enough to get biotech products to market, countries also need to provide
secure patent protection. On this year’s Scorecard, Denmark earned first place by registering more biotechnology
patents—as a percentage of total patents registered—than
any other nation. Sweden and Finland, however, did not
perform as well, finishing side by side in 26th and 27th
place, respectively. Here, Norway did a little better, relatively speaking, ranking 23rd.
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MAINTAINING THE MOMENTUM
Biotech companies tend to be only as successful as their most
recent efforts, and can’t rest on their laurels for long. Sustained investment is key to staying on top in this industry.
A country’s level of investment can be assessed in various ways. For example, Jeppsson relates that Sweden boasts
the “largest number of clinical trial projects per GDP” in
the world. The Scorecard incorporates this type of investment in its rankings, calculating the amount spent on biotechnology R&D as a percentage of a country’s GDP. This
year, Finland, Sweden and Denmark placed fourth, fifth
and eighth, respectively, on this measurement. Norway, on
the other hand, landed in 25th. Nevertheless, these numbers reveal considerable investment in biotech innovation.
Not everything in Scandinavia’s biotech landscape is
picture perfect, however. As for every other region, this
hyper-competitive sector presents its share of challenges.
For example, biotechnology firms in Scandinavia tend to
go abroad when going public. “European private biotech
companies turn to the US and list on NASDAQ rather than
in their home countries,” Jeppsson says.
That stumbling block aside, the ongoing high-level
performances of Scandinavian nations on the Scientific
American Worldview Scorecard reflect the region’s competitive standing in the industry. Their stability and government involvement in funding and policies has given
them an advantage over other countries without the resources or priorities to generate growth in the biotechnology sector. As J. Rune Sandell, owner of California-based
Sandell Consulting, puts it, the success of Scandinavian
biotech can be attributed to “general high levels of education and a very entrepreneurial society.” Those features
alone go a long way in this business.
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SCORING THE CARD
Comparisons with other indices suggest the Scorecard is tracking with the trends

T

he Scorecard is wrong!
My country does far
better in biotechnology innovation than
that! We—the editorial team of Scientific American Worldview—hear protests like these every
year. People intent on explaining how
the data or the analysis showed their
country in a poor, and they say undeserved, light have tracked us down
around the world. It’s a natural result,
I suppose, of building a list.
We expected to trigger differing
opinions from the moment that we
published the Scorecard. And we anticipated even greater disgruntlement
when we started listing the results in
descending order. Indeed, we expect
these disagreements to continue year
after year. Throughout the Scorecard’s
life, and probably beyond, readers
will likely take issue with how Country A stacks up against Country B in
the arena of biotech innovation. But
before you decide that the Scientific
American Worldview Scorecard gets it
wrong, take a look at its correlations
to a number of important indices.
DOES MONEY MATTER?
In 2013, a friend of mine suggested
that I compare the Scorecard results
with the World Bank’s GNI (gross national income) per capita. The World
Bank calculates this figure as a country’s gross income divided by its population in the middle of the year. This
metric provides a very compressed
indication of a nation’s overall financial well-being, at least on the level of
the average citizen. It’s easy enough
to imagine that the GNI per capita
might impact biotechnology innova-
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tion, because anyone informed about
this field knows that it takes money to
innovate. Imagining such a correlation is one thing, but do the data support that hypothesis?
To find out, I plotted the current
GNI per capita figures for the countries on our list versus their 2014
Scorecard values. The results (see “Pay
to Play”) show a largely tight scatter
along a positive correlation—a higher
GNI per capita correlates with a higher
Scorecard value. In fact, the linear regression analysis of the data produces
a correlation coefficient of 0.75, where
1.00 represents a perfect correlation.
Despite that good fit, this correlation analysis, like most correlation
analyses, produces imperfect results.
Some countries, particularly Kuwait
and Norway, land high above the regression line, meaning that they finish lower in the Scorecard value than
the GNI per capita alone would predict. Conversely, the United States
lands quite a bit below the line, which
indicates that it performs better on
the Scorecard than would be expected
based solely on its average income.
This comparison points to several conclusions. First and foremost,
the high degree of correlation adds
strength to the rankings of the Scorecard. Second, it indicates that personal
income alone does not determine innovative ability in biotechnology. A
strong focus on biotech investment,
which the United States clearly possesses, has a greater impact on innovation than its average national income.
INVESTOR INSIGHT
When someone makes a living deciding where to invest money, that person
needs to know the most likely sources

of productivity. Which countries
offer the best conditions for investment? To find out, Alexander Groh
of the Emlyon Business School in
Écully, France, and Heinrich Liechtenstein and Karsten Lieser, both
from the IESE Business School in
Barcelona, Spain, developed the 2013
Venture Capital and Private Equity
Country Attractiveness (VCPECA)
index. They set out on what they call a
“comprehensive research project” on
how to measure the appeal a region
holds for investors.
The question here is: Does a nation’s overall attractiveness to investors correlate with its innovation potential in biotechnology as measured
by the Scorecard? As with the GNI per
capita, I compared the 2013 VCPECA
data with the 2014 Scorecard values.
As shown in “VC vs. SC,” the data hug
the regression line even more closely
than the GNI data do, and the correlation coefficient of 0.81 reflects a very
tight relationship. This result arises
despite the fact that the VCPECA
explores investing in general and the
Scorecard focuses solely on biotech.
So this finding begs another question:
How high might the correlation rise
if the Scorecard values could be compared to the attractiveness of investing specifically in biotechnology?
Interestingly, employing the same
procedure with our 2013 Scorecard
values produced a slightly lower correlation coefficient, 0.77. This might
suggest that the modifications to this
year’s Scorecard make a measurable
enhancement in the overall findings.
At any rate, this second high correlation further strengthens the case
for the relevance of the Scorecard
rankings.
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PAY TO PLAY
A country’s innovation potential in biotechnology, in general,
increases with growth in average income.
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Countries that appeal more to investors tend to
rank higher on the Scorecard.
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CONSIDER THE POSSIBILITIES
We understand the impulse to call
the Scorecard wrong if the results
reflect unfavorably on your country.
The correlations given here, however,
argue against such impulses. Even
more, these comparisons highlight
the broad potential application of the
Scorecard. By design, it explores a
wide range of innovative capabilities
in biotechnology. Likewise, the indices selected for comparison here—
essentially the average income in a
country and its investor appeal—apply to wide areas of interest, not just
biotechnology.
Keep in mind that the Scientific
American Worldview Scorecard itself
covers all of biotechnology, rather
than simply agriculture, energy, industry or medicine. Consequently, a
country that focuses on one of these
areas might not perform well on the
Scorecard. Our rankings seek to assess
a country’s capabilities in biotechnology’s innovation decathlon, which encompass a broad range of skills.
Instead of a competition, however,
today’s biotech sector offers an opportunity for international teamwork
that can improve the lives of people
worldwide. More than ever, innovation in biotechnology demands global
participation in order to create advanced sources of energy, improved
healthcare and a new generation of
products that enhance everyday life
in countries around the world.
So when you look at the Scorecard, keep these correlations in mind.
The data analysis behind this project
delivers a strong message—one corroborated by unrelated databases.
This information can be used to construct a better world for all of us.

6/2/14 12:14 PM

66 illustrations by CLAYTON JUNIOR

TIGHTENING THE FOCUS
To bring readers closer to the exciting developments in biotechnology around the world, we once
again present our Scientific American Worldview Profile section. Here, we dive deeper into the countries, companies and people who work so hard to make this industry thrive. Adopting a tighter focus
than in the past, this year we take readers on a tour of the biotechnology sector in Brazil—an energetic upstart that has earned a striking level of confidence from venture capitalists—via on-theground reporting to get a clear picture of what it is that makes this country a beacon to investors.
However, with an area larger than the continental US to investigate, one visit to Brazil cannot reveal more than a fraction of its flourishing biotech industry. The country’s diversity extends not only
to its terrain—composed of beaches, rolling hills and mountains—but also to its people, many of
whom have emigrated from around the world. Consequently, it’s not surprising that Brazil’s approach
to biotechnology exhibits a similar diversity. To the best of our abilities, we have covered a variety
of regions within this nation and consulted with a wide range of its biotech firms and experts, some
focused on healthcare, others on agriculture and energy.
By exploring biotechnology around the world, we obtain a better understanding of the vast array of
challenges and capabilities that it offers. The Brazilian biotech industry, in particular, reflects the international character of this field—with its entrepreneurial spirit and reliance on global teams built
to solve problems together, and then to share their solutions with neighbors near and far.
We deeply appreciate the generosity and kindness of our Brazilian hosts. Without them, we could
never have gained the level of insight into their country’s biotech sector that we present here. We hope
that our readers enjoy the results of our journey as much as we did taking it. —THE EDITORS
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POWER
PARTNERING
How Alliances Fuel Brazilian Biotech
BY MIKE MAY

n a Thursday afternoon in June 2013,
72,000 people crowded into Maracanã Stadium in Rio de Janeiro
for a match between Spain and Tahiti. Although this game of football (a.k.a. “soccer” in the US) was
dominated by the extremely polished
Spanish players, the Brazilian fans
cheered for the struggling squad from
Tahiti. Whenever a Tahitian player
kicked the ball, even out of bounds, the stands erupted.
On two occasions, Tahiti got a decent shot on goal, and
the crowd went wild—even after the Spanish goalkeeper
blocked the kick. Clearly, the Brazilians love the underdog
(Spain won that match, 10 to 0) and it’s that same spirit
that drives their country’s burgeoning biotech sector.
Like the football crowd cheering the Tahitian players
through a challenging match, government and industry leaders in Brazil are supporting the country’s biotech
sector in its efforts to become a major player in the field.
And, as the Scientific American Worldview Scorecard has
illustrated, Brazil is showing improvement. In 2010 and
2011, it finished in the bottom 10 percent of the nations
on the Scorecard. It climbed above the bottom 20 percent in 2012, and nearly out of the bottom third in 2013.
With some changes in this year’s analysis, Brazil lost some
ground, but still finished nearly out of the bottom 20 percent. Moreover, in a 2012 Deloitte poll that ranked the
confidence levels venture capitalists had regarding investment in various countries, Brazil placed second, behind
the United States. Overall, this biotechnology underdog—
ranked fifth in area and population in the world—deserves
its growing respect.
Despite the improvements in Brazil’s biotechnology industry, the nation does lack some of the resources necessary
for taking on the role of an international power player. As I
found out during a tour of some of the country’s facilities,
more than a few Brazilians plan to accomplish their goals in
the field through collaborations with foreign partners.
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BUILDING A BIOLOGICS INDUSTRY

Before the football match, Odnir Finotti, CEO of BioNovis, sits down with me in the lobby of the JW Marriott
Hotel Rio de Janeiro. He explains that Brazilians get free
healthcare, but they do not get access to all medicines, especially some of today’s most advanced biologics. Finotti
leans forward in his chair and says, “Monoclonal antibodies are quite expensive, and normal families cannot afford
treatment for cancer, et cetera.”
The difficulty is that Brazil cannot make these drugs.
“We have no plants dedicated to producing monoclonal
antibodies, so we’re almost starting from scratch.” He
hopes to solve that problem through partnering, particularly with companies that have desirable monoclonal antibody–based drugs that are off patent. A company with
such a drug could partner with BioNovis and get 10 years
of exclusivity selling the drug in Brazil. Such a partner, he
explains, must simply agree to manufacture the drug in
Brazil at a BioNovis facility.
But many biologics makers won’t find that deal so simple. It entails bringing a cell line to Brazil and replicating
the entire manufacturing process in a Brazil-owned facility.
The technical issues create some challenges, but the larger
concerns probably revolve around intellectual property. If a
company holds the cell line that generates the biologic and
the manufacturing know-how to make it, maybe it doesn’t
really need Brazil’s promise of a decade of exclusivity. Maybe no other company—in Brazil or beyond—can make the
biologic anyway.
When I ask what response he gets when he offers a firm
this deal, he says, “Some companies agree, and others are
struggling to understand.”
Still, BioNovis plans to build a manufacturing facility
and, eventually, its own R&D center, where it can develop
innovative biologics. All of BioNovis’s advances so far have
depended on government-funded “productive development policies,” or PDPs. The PDPs range from government
loans to tax breaks. At the time of my visit, BioNovis had
received seven PDPs.
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To work with Bio-Rio, a company must meet two criThe Brazilian government also provided four PDPs for
Orygen Biotecnologia, which emerged as a joint venture teria. First, it must be innovative. Second, as Aguiar says,
between four Brazilian companies: Biolab, Eurofarma, it “must work for life, not against it.” Thus, a firm develCristália and Libbs. Later, Libbs and Cristália withdrew oping biological weapons, for instance, would not be elifrom the partnership, but Orygen pushed forward. As gible. Aguiar would have it no other way. As she walks me
Bruna Alario, strategic innovation manager at Biolab, through the buildings housing Bio-Rio partners, she says,
told me over dinner, “The remaining companies put their “These are my babies.”
On this winter morning—hot enough to be considbiotech projects in Orygen.” Orygen has already received
approval for four biosimilars, and has several innovative ered summer in any temperate country—we tour the BioRio campus as Aguiar explains that each company needs
products in its pipeline.
Recepta, located in São Paulo, is another Brazilian to plant a garden around its building. “You should be as
biotech that knows the value of teamwork. José Fernando comfortable at work as at home,” she says, pointing out
Perez, the firm’s president, says his company is dedicated fruit trees, some bearing young mangoes, which surround
to conducting R&D and clinical trials for new cancer several buildings. Nearly any place in Rio de Janeiro feels
treatments, including monoclonal antibodies and pep- closely connected to the natural world, and at Bio-Rio, that
connection stretchtides. Recepta has partnerships with the
Ludwig Institute for Cancer Research in
Nearly any place in Rio de Janeiro es from fruit trees
the ground to
New York City and 4-Antibody in Basel,
feels closely connected to the natural on
dozens—sometimes
Switzerland, to develop antibodies for
world, and at Bio-Rio, that connection hundreds—of magcancer therapy.
However, working with Brazil’s regula- stretches from fruit trees on the ground nificent frigate birds
tory agency, Agência Nacional de Vigilânto dozens—sometimes hundreds— circling in the sky.
This organizacia Sanitária (Anvisa), takes experience.
of magnificent frigate birds tion’s
first partner,
“Because this is a new field we’re explorcircling in the sky. AMBIO, also reing, the people at Anvisa don’t always
flects that bond with
know what to do technically,” Alario says.
Priscila Scheinberg, regulatory affairs manager at Orygen, nature, with its mission of producing systems that use
agrees: “Companies should not expect Anvisa to tell them microorganisms to treat water and wastewater. Likewise,
what to do.” Which means that Brazilian pharmaceutical other Bio-Rio companies blend technology with human
firms need to develop their own expertise if they want to take biology. For instance, Cryopraxis collects and stores stemcell samples taken from umbilical-cord blood.
a biological drug through the regulatory process.
Bio-Rio partners also focus on building bonds between
academia and industry. For example, Hygeia Biotech
BEYOND THE BEACH
My biotechnology tour starts in earnest with a Friday works as a contract research organization (CRO) that helps
morning cab ride with Norberto Prestes, a Bio-Rio con- university scientists turn ideas and research into products.
sultant, along the Copacabana beach—a world-renowned To fund future projects, Hygeia Biotech developed a 50-50
stretch of sand longer than 30 football fields. The driver partnership with the Brazilian pharmaceutical company
turns north, working through small streets before emerg- Cristália. This collaboration, says Joari De Miranda, Hygeing on a highway that passes the ports. We cross a bridge ia’s scientific director, is pivotal to the firm’s success. “We
to an island in Guanabara Bay and stop at the Bio-Rio Bio- are at the turning point,” he says, where Hygeia could become financially profitable. Like any young biotechnology
technology Park.
Bio-Rio started promoting biotechnology in Brazil in company, though, only time will tell that tale.
The partnering underway at Hygeia is indicative of the
1988, without any financial support. Eventually, in 1995, it
received government funding. To survive that long, Katia way Bio-Rio works to advance its projects. It’s a tendency,
Aguiar, business manager at Bio-Rio, relied on her natural Aguiar says, that applies to Brazil in general: “Partnering
instincts. “We are fighters,” she says. They had to be. Agu- is in our blood.”
To witness this process in action, I wait in AMBIO’s
iar and her colleagues nurtured this organization from
nothing to become what it is today, an invaluable source of lobby. As I relax on a couch with Aguiar and Prestes, Ansupport to 472 projects. Basically, when a person or com- gelo Luiz Monteiro de Barros, founder of AMBIO and
pany comes to Aguiar with an idea, she determines if Bio- president of Bio-Rio, descends silently, 007-like in a pneuRio can help. The assistance it offers ranges from providing matic vacuum elevator that appears to consist of only a
space where the company pays rent to a variety of free ser- disk to stand on inside a plastic tube.
“Nice entrance,” I say.
vices, including legal advice and reviewing budgets.
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past it has flourished with deadly results, as a 1941 article
in the Archives of Internal Medicine reported that it killed
nearly 82 percent of the patients that it infected at Boston
City Hospital.
In the 1940s, antibiotics were created that could control S. aureus, but not for long. It developed penicillin resistance in the 1950s, followed by methicillin resistance
in the 1960s, leading to the so-called methicillin-resistant
S. aureus, or MRSA. A 2012 article in Emerging Infectious
Diseases reports that more than 31 percent of patients with
MRSA at the Mount Sinai Medical Center died in 2002–
2007. Worse still, this bacterium continues to acquire resistance to other drugs. In 2002, for example, vancomycinresistant S. aureus emerged in the United States.
Over a delicious lunch of grilled salt cod, Barros explains that researchers screened the Bio-Rio extracts that
held the potential for battling S. aureus, and 40 showed
promise. “One can be formulated as a cream,” Barros says,
“and it’s very effective.”

VACCINE VERTICALS

Barros’s eyebrows rise high into his forehead and a
broad smile covers his face as he shakes my hand. While
driving me to lunch in his Range Rover, he says, “When
you deal with life, with biotechnology, you need to understand that it’s like wine.” That analogy fits well with
AMBIO’s mission. Treating water with microorganisms
depends on where the process takes place and what gets
added. Likewise, achieving success in the biotech industry
depends heavily on where, when and what is in the mix.
Much of Bio-Rio’s work involves mixing the right
partners. To extend the opportunities it offers, the organization has developed partnerships in Belgium, Poland
and other countries, and has opened an office in Chicago.
“We’ve talked to the governor of Illinois about developing
some of our extracts as drugs,” Barros says. Bio-Rio has a
lot to offer in this regard, as it possesses more than 36,000
samples of natural extracts—not surprising for a country
that is home to about 60 percent of the Amazon rainforest.
Research is already in the works on how to aim that
extract arsenal at Staphylococcus aureus. Barros calls this
bacterium “the champion of hospital infections.” In the
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As Barros finishes that story, we drive through an extremely poor neighborhood. I begin to understand—seeing some of the disparity of wealth firsthand—why hundreds of thousands of Brazilians have been taking to the
streets in protest during my visit. It all started over a 9-cent
increase in the bus fares, but it soon spread to anger over
taxes and a general lack of services, such as education and
hospitals. At one protest in Rio, according to a CNN report, someone held a sign saying, “I’d swap 10 stadiums
for one decent hospital in this country.” The stadiums that
the protester had in mind were planned to enable Brazil to
host the 2014 World Cup. As I watch people wandering by
boarded-up buildings, I feel a long way from the champagne
that was served in the guest suites at Maracanã Stadium.
Just then, Barros pulls into the Oswaldo Cruz Foundation, better known in Brazil as Fiocruz—part of Brazil’s
Ministry of Health. In 1900, Fiocruz started as the Federal
Seropathy Institute, which was created to fight the plague
in Brazil. Now, more than a century later, Fiocruz makes
up Latin America’s largest science and technology institution. He drops me off at Bio-Manguinhos: The Immunobiological Technology Institute, which was created to
organize the production of vaccines within Fiocruz.
Moments later, vice director of production Antonio de
Padua R. Barbosa explains that Bio-Manguinhos develops
vaccines, biopharmaceuticals and in vitro diagnostics, or
IVDs. “We provide to the National Program of Immunization, NPI, the majority of vaccines needed for Brazil, and the
NPI distributes it for free to all the population,” he says.
In most cases, Bio-Manguinhos develops its products
through partnerships. Fiocruz developed its first partnership in 1937 with the Rockefeller Foundation to develop
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The fields of sugarcane begin to appear not far beyond
the yellow fever vaccine. More recently, in 1999, Bio-Manguinhos established another partnership with the Belgium São Paulo. The longer we drive, the more they spread in
vaccine manufacturer SmithKline Beecham, now GSK, to every direction. This tall grass, growing higher than even
produce the Hib vaccine against childhood infections of the tallest humans, arrived from Asia. People domestiHaemophilus influenzae b. As Barbosa says, “Partnerships cated it thousands of years ago, perhaps as early as 8000
bce in New Guinea. Most of us, including Prestes, think of
are the fastest ways to get products to the population.”
As of 2013, the Bio-Manguinhos portfolio includ- sugarcane as producing a sweetener. “We’d take pieces of
ed 10 vaccines, two biopharmaceuticals and 11 in vi- sugarcane and chew them as children,” he recalls.
Brazil grows more sugarcane than any other country.
tro diagnostic reagents. In addition, it had 36 more products in development. Once the supply fulfills Brazil’s needs, This crop covers about 9 million hectares—roughly three
Bio-Manguinhos exports the surplus to other countries. times the area of Belgium. Beyond using it as a sweetener,
For example, from 2001 through 2012, it exported its yel- Brazil also turns sugarcane into ethanol. According to
low fever and meningitis vaccines to 74 nations. In 2013, Brazil’s Balanço Energético Nacional, sugarcane generated
Bio-Manguinhos expanded its portfolio with the biophar- almost 18 percent of the country’s energy in 2010—more
than hydropower and second only to petroleum.
maceutical Taliglucerase alfa, against Gaucher’s Disease.
The list of Bio-Manguinhos’s
products is bound to get longer. A re“We want to attract partners not only for the molecular
cent law was approved that will allow
it to become a public company, which
markers but to improve sugarcane using all the biotech
will enhance its flexibility. I see the
tools we can imagine: genes, transformation techniques,
preparations underway as Lucas Rospropagation, synthetic biology, et cetera” —JAIME FINGUERUT
setti, of the firm’s business development and marketing division, gives
me a tour of the new Integrated Center for Prototypes, Biopharmaceuticals and IVD Reagents,
which will dramatically expand the potential output of
Bio-Manguinhos. For Brazil, this expansion comes not a
moment too soon. “Without this new facility, we have a
bottleneck in production, because the demand from the
Ministry of Health keeps expanding,” Rossetti says. As an
example, he points out that the country’s need for vaccines
alone surpassed 97 million doses in 2013.
Hoping to also help the families living nearby, Bio-Manguinhos provides education through social projects. Unfortunately, they represent just a fraction of Brazilians in need
of assistance. According to The World Bank, Brazil’s gross
national income per capita is US$11,630. While not high,
that amount is far above the country’s 2003 figure of around
US$3,000. It’s an impressive level of growth—nearly 300
percent in a decade—that most countries can only dream of.

SWEETENING SUGARCANE’S SUCCESS

Over the weekend, I fly to São Paulo for a tour of Centro de
Tecnologia Canavieira (CTC). Early on Monday morning,
Prestes and his colleague, Afonso Figueiredo, pick me up
for a two-hour drive to the city of Piracicaba, northwest
of São Paulo. The name of this city, coming from Brazil’s
indigenous Tupi people, means the “place where the fish
stops,” because the waterfalls of the Piracicaba River run
through the city. But for me it seems more like the “place
where the sugarcane starts,” since that is just what the scientists at CTC study.
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After a couple hours of highway driving, we turn
onto a dirt road that wanders between sugarcane fields.
Figueiredo negotiates around a few trucks loaded with
sugarcane to get us inside the CTC. In just minutes, Jaime Finguerut, of CTC’s industrial strategic development
group, starts a presentation about the history of sugarcane
and its use in biofuels.
He states his central point concisely: “Sugarcane is
quite far from the theoretical maximum yield.” Today’s
fields produce about 73–78 metric tons per hectare, but
Finguerut says that raising that number to 200 is reasonable. To get there, sugarcane needs to be optimized for its
environment, and that takes breeding and biotechnology.
Currently, the CTC’s germplasma bank houses about
5,000 sugarcane strains. “So we can cover almost any
situation for breeding sugarcane,” Finguerut says. The researchers at CTC use those strains and traditional breeding approaches to fine-tune the crop to specific conditions.
“The idea of planting the right plant in the right area is
growing,” he says. It reminds me of an agricultural version
of the philosophy behind personalized medicine.
Nonetheless, improvements in the process of turning
sugarcane into ethanol have plateaued in recent years. For

example, the amount of sugar produced per hectare is leveling off. Moreover, the yield of ethanol from fermentation
stopped growing in the early 1990s. To increase the output
and profits from this industry, Finguerut says, “we need
some breakthroughs. We need new ideas.”
Biotechnology could provide those ideas. As Finguerut
walks me through one lab, he explains that he and his colleagues are already looking for molecular markers in sugarcane that indicate the likelihood of success under different conditions. “We are already ‘cracking the code’ of the
sugarcane DNA in our own laboratory and experimental
stations, using very expensive imported equipment,” he
explains, “but we need much more analytical power.” He
plans to solve this problem the Brazilian way—by partnering. “We want to attract partners not only for the molecular markers but to improve sugarcane using all the biotech
tools we can imagine: genes, transformation techniques,
propagation, synthetic biology, et cetera,” he says.
Finguerut hopes that the CTC will soon release a version of sugarcane that includes the pest-resistant features
that come from Bacillus thuringiensis. This could help the
plant to fight off its main pest, the sugarcane borer.

OBSTACLES IN AGBIOTECH

On my last morning in Brazil, I sit in the lobby of Hotel
Trianon Paulista, more or less in the center of São Paulo.
While I wait for Paulo Andrade, a consultant on agbiotech
regulations at TargetDNA who served for six years on Brazil’s National Technical Commission on Biosafety (CTNBio), I look over the country’s agbiotech statistics, which
are impressive.
Only the United States grew more biotech crops than
Brazil in 2012. That year, Brazil planted 36.6 million hectares—more than half as much as the United States—of
biotech crops, including cotton, maize and soybeans. In
fact, Brazil grew 21 percent of the world’s biotech crops
in 2012, according to the International Service for the Acquisition of Agri-biotech Applications (ISAAA). Furthermore, Brazil’s agbiotech sector is poised to grow. Between
2009 and 2012, the country increased its area of planted
biotech crops more than any other nation.
The expansion of biotech farming in Brazil is clearly
documented in the ISAAA’s Brazil: Biotech Facts & Trends
2013: “Brazil approved no less than a record nine biotech
crops in 2009, eight in 2010, an additional six approvals
in 2011, with just three in 2012 (until October), making it
the country with the fastest approval rate for biotech crops
globally and one of the most rigid and detailed methods
for approvals, by CTNBio.”
As I finish reading that statement, Andrade arrives. I
soon realize that he might agree with ISAAA that Brazil’s
approval system for biotech crops is “rigid and detailed,”
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but he considers that more bad than good. In fact, when
I ask him his opinion of the biggest agbiotech challenge
in Brazil, he quickly says that it is reducing the costs of
the agbiotech regulatory system. “It works,” he says, “but
it’s very expensive.” Indeed, Andrade calls the system unnecessarily expensive. Describing the process of fulfilling
the regulatory commission requirements for a new GMO
crop, he says, “some of the questions are redundant and
useless, and still they require experiments.” In some cases,
he says, the regulatory hoops for a new GM plant can cost
the developer US$4 million. As Andrade stresses, that cost
really challenges small biotechnology companies, “which
are the core of biotech innovation anywhere in the world,
including Brazil. These costs prevent the Brazilian private
sector from developing its own products and almost oblige
the country to be just a technology importer.”

BUYING BIOTECH MUSCLE

During my trip to Brazil, I didn’t meet anyone who suggested that the Brazilian government holds back on investing
in biotech. Quite the contrary. One expert in Brazilian biotechnology, who didn’t wish to be named, even described
the research system in São Paulo as “overfunded.” More
than one person I spoke to echoed this account. While everyone knows that success in this industry requires major investment, the overall pot of Brazilian biotech dollars
looms very large, and keeps getting larger.
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While everyone knows that success in this
industry requires major investment, the
overall pot of Brazilian biotech dollars
looms very large, and keeps getting larger.
At the 65th Annual Meeting of the Brazilian Association for the Advancement of Science in July 2013, Brazil’s
science minister, Marco Antonio Raupp, underscored just
how much the pot has grown. Between 2012 and 2013, he
said, the country’s investment in science jumped from
US$3.8 billion to US$5.6 billion. And to put this trend in
perspective, Brazil only invested about US$575 million in
science in 2002. In other words, in a little over a decade the
country’s financial commitment to the industry has risen
by more than 550 percent.
With that kind of spending supporting it, Brazilian
biotech is not likely to stay an underdog for long. These exceptional resources—coupled with the country’s embrace
of new technologies like advanced crops, its commitment
to forming strong partnerships at home and abroad, and
its determination to be a leader in the field of biotechnology—are sure to yield advances that will give Brazilians
everywhere an awful lot to cheer about.
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DOUBLE PLAY
Immunotherapy delivered with
a one-two punch

I

t has always been a good idea:
direct the body’s immune system
to destroy cancer in the same
way that it already rids the body of
foreign invaders. But making it work
has always been the challenge.
The emergence of Seattlebased Dendreon’s prostate-cancer
vaccine—approved by the US
Food and Drug Administration in
2010—elevated interest in cancer
immunotherapy, and Australia’s
Ascend Biopharmaceuticals is now
building on that success with its
cancer immunotherapy vehicle. A
new collaboration combines Ascend’s targeted delivery technology
with a proprietary immune-system
boosting compound developed by
3M Drug Delivery Systems in St.
Paul, Minnesota. The combination
is intended to generate a twopronged attack on cancer cells. If
successful, it would simultaneously
generate antibodies against tumor
cells and awaken the arm of the
immune system that kills foreign
cells on contact. The company is
hoping that directing the immune
system to treat cancer cells more
like pathogens will provide a more
robust killing response.
Clinical testing on an early
version of the vaccine platform
conducted by the technique’s inventors at Austin Research (now the
Burnet Institute), in Melbourne,
piqued the interest of Ascend CEO

TOLL-LIKE RECEPTORS (TLRs) PLUS
AN ANTIGEN COMBINE WITH A SUGAR,
MANNAN, TO TRIGGER AN IMMUNE
RESPONSE THAT COULD BATTLE CANCER.
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Clement Leong. “We’ve taken what
was a very tantalizing scientific
project and really focused on taking
that towards a pathway that would
produce a product,” says Leong.
“We’ve worked on making sure we
have a composition that would be
acceptable to regulators.”
A recent follow-up to that small
double-blind, placebo-controlled
immunotherapy trial against stagetwo breast cancer showed two of 16
patients receiving the vaccine had
a recurrence, versus nine out of 15
patients in the control group.
Now Ascend is poised to initiate
clinical trials that hinge on sensitizing antigen-presenting cells to
a sugar-containing protein called
mucin-1 found in abundance on
cancer cells. A similar sugar polymer, mannan, is present on some
infectious pathogens, which makes
it an attractive target, since antigenpresenting dendritic cells respond
to its presence naturally. Working
with the immune system’s inherent triggers has allowed Ascend to
generate a potent immune response
in preclinical experiments.
TLR agonist
& Antigen

+

The research team is betting
that toll-like receptors, which
recognize substances produced
uniquely by pathogens, conjugated to Ascend’s platform will
further boost the effectiveness of
the vaccine by initiating an immediate innate immune response,
followed by a durable antibody
response and killer T cell response
to keep cancer in check. “It’s a race
between your ability to mount an
immune response and the cancer’s
ability to grow,” says Leong. “Once
it outgrows a certain stage, the
cancer just shuts down any prospect for mounting a viable immune
response.”
The company plans to initiate
clinical trials in Australia based on
its improved breast cancer vaccine
in 2015, according to Leong. In the
past decade, he says the infrastructure and drug development
capabilities within Australia have
progressed to the point where it’s
now possible to design and conduct
sophisticated trials. “We are coming of age,” he says. —KARYN HEDE

Mannose polymer
(Mannan)

TLR 4 signaling
from Mannan

Antigen/TLR/
Mannose conjugate

Mannan binds cell
surface receptors
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endosome

presentation to killer
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SEEKING SELFSUFFICIENCY
A nation emerges from oil shocks
to become an exporter of biofuels
know-how

A

s a landlocked, petroleumimporting central European nation, past oil crises
crippled Austria. Solutions of the
1970s—giving up driving for one
day a week, say—were disappointing. In 1979, the Austrian government started to investigate the
joint production of food, feed and
alternative fuels. And so the Austrian
biodiesel industry was seeded, in
this case literally, with rapeseed oil.
Those humble origins have blossomed into success stories such as
BDI, an Austrian biofuels firm head-

quartered in Graz that started in
the mid-1990s and became a public
company in 2006. The company has
built dozens of biodiesel and biogas
plants across Europe and the
United States, notes Dina Bacovsky,
a senior researcher at Bioenergy
2020+, a designated “competence
center” with three locations in Austria. Bioenergy 2020+ operates with
a staff of 100 on an annual budget
of about US$11 million from a mix
of government funding and private
contracts.
Bioenergy 2020+ serves as a
nexus “between the basic research
and the industry,” Bacovsky says.
“Most of it is applied research for
industry, especially in combustion. These are all medium-sized
enterprises, so they’re very happy
to have a research competence

center, which can do the research
for them and with them.” Besides
combustion, the center has projects
in gasification and fermentation
processes to produce biogas.
The center has formed partnerships with such leading research
institutions as the Vienna University
of Technology, known as TU Wien,
to convert basic biomass-energy
research into commercial-scale
technologies. Bacovsky cites a
Bioenergy 2020+ collaboration with
TU Wien on a wood “gasification
technology piloted at a bioenergy
plant in Güssing”—a small town
near the Hungarian border—that
enlists “circulating fluidized beds.”
This is a steam-driven process
that TU Wien developed to convert
woodchips to syngas and, from
there, methane and other products.

A FAMILY AFFAIR
A family business builds
partnerships at home and abroad

W

BIOLAB SUCCESSFULLY EMPLOYS A BRAZILIAN TRADITION: COLLABORATION.
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hen Biolab Farmacêutica
was launched in Brazil
in 1997, it was based on
an emerging business model: the
strategic alliance. Its founders had
a strong foundation in the pharmaceutical sector, having grown up
with family members working in the
sector. They also understood the
importance of partnering with other
companies and institutions to forge
relationships to benefit all parties.
It’s a strategy that would make
sense to any entrepreneur.
Since then, Biolab’s collaborative approach has enabled the
company to flourish. Cleiton de
Castro Marques, chief executive
officer, and his brother Paulo, the
company’s chief operational officer,
have even added a third owner,
Dante Alario, Jr., who serves as the
chief scientific officer. The firm has
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BDI BIOFUELS PLANTS CAN FIGHT OFF FOSSIL-FUEL SHORTAGES.

28 ongoing contracts with partner
companies, says strategic innovation manager Bruna Alario. One
relationship involves licensing with
Indianapolis-based Eli Lilly to sell
the cholesterol-fighting drug Livalo
(pitavastatin) and Evista (raloxifene),
which prevents and treats osteoporosis in postmenopausal women. Biolab also collaborates with Brazil’s
Federal University of Rio Grande
do Sul to develop nanotechnologybased products for alopecia. Among
its other partners are supplement
and medical-device companies.
For example, Biolab recently
went into business with Emcure,
an Indian pharmaceutical firm.
The licensed partnership, explains
Bruna, is a two-year joint venture
involving about five products, most
of which are small molecules destined for the hospital market. “We
know the [health] trends, and one
of them is cancer,” Bruna says.
Biolab’s first products—for sale
in Latin America, the United Arab
Emirates and Africa—treat heart
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Bacovsky says the project received
funding from the European Commission as part of a program to
stimulate employment in remote
areas. The project also aims to make
the town energy self-sufficient.
In recent weeks, the technology
has been exported and commercialized in Gothenburg, Sweden,
Bacovsky says. In fact, Sweden has
been a beneficiary of considerable
biofuels R&D because “they have
a lot of wood” and a tradition of
methane use.
“It’s very good to be a small
country because you know all the
important people and institutions
and companies, and there’s a good
spirit of cooperation in Austria,”
Bacovsky says. “We really know the
200 experts in Austria working on
biofuels research.” —BILL CANNON

supported local artists. In 2000,
it began a free sports program
for children. “We have given free
karate lessons to hundreds, but in
June, we are opening up [lessons] to
In 1999, the company started giving
Olympic sports,”
5 percent of the net sales of its pediatric
Bruna says.
line to hospitals treating young oncology
Biolab also suppatients.
ports treatments
for children. In
1999, the company started giving 5
pressure, as do 22 percent of wompercent of the net sales of its pedien, and at least 19 percent of men
atric line to hospitals treating young
and women are morbidly obese.
oncology patients. So far, Biolab
Other medications in the Biolab
has donated US$1.9 million, which
pipeline include two nanotechhas really made a difference. For
designed therapies, an antifungal
example, Daniel Kulisky, fundraisand an anesthetic, which are ready
ing senior analyst for Pequeno Prínfor review by the country’s regulacipe Complex, the largest pediatric
tory approval agency, ANVISA. The
hospital in Brazil, says that without
company also has two products in
funding like Biolab’s, the hospital
preclinical studies, one for erectile
couldn’t buy what it needs to treat,
dysfunction and the other a nonand therefore save, its young pasteroidal anti-inflammatory drug.
tients. And that’s an alliance anyone
When the brothers Castro
would endorse. —CHRISTINE BAHLS
Marques started Biolab, they hoped
to improve the public’s welfare.
From the start, the company
disease. They also benefit Brazil’s
population, in which, according to
the World Health Organization, 32
percent of the men have high blood
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BATTLING
AN IMBALANCE
Canadians collaborate to
enhance opportunities for women

A

lthough women make up
more than 60 percent of
Canadians with graduate
degrees in the physical and life
sciences, the number of biotechnology companies hiring women fell
by 11.5 percent from 2008 to 2013,
according to a BioTalent Canada
study. Correcting this imbalance is
a priority for BioTalent Canada, said
Rob Henderson, the organization’s
president and CEO. Tapping into the
US-based Women in Bio network is
a natural means to this end.
Women in Bio was launched in
2002 in Washington, D.C. The group
has since expanded to 11 chapters,
and has taken on broader roles in
education and networking. Last
year, Women in Bio hosted more
than 100 events with more than
4,000 participants. The all-volunteer organization helps women
in the life sciences support one
another’s success. Members come
from a wide range of fields, including government, academia and law,
as well as the pharmaceutical and
biotechnology industries.
Building on this model, the government agency Status of Women
Canada and the national nonprofit
BioTalent Canada aim to expand opportunities for women in the country’s bio-economy. Although women
in Canada are pursuing higher
education in the sciences in record
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numbers, they still face formidable
odds when it comes to hiring, leadership and career advancement in
the life science industries.
As part of an initiative to recruit
and promote women in non-traditional industries, Status of Women
Canada will provide US$231,000 to
BioTalent Canada over three years.
The funds will bolster the existing
Greater Montreal chapter of Women
in Bio and help to establish three
new chapters in Toronto, Vancouver
and Charlottetown, Prince Edward
Island. K. Kellie Leitch, Canada’s
Minister of Labour and Minister of
Status of Women, announced the
partnership on March 3, 2014, at a
breakfast in Vancouver.
Establishing a permanent, meaningful mentorship program to boost
the careers of young women is a key
part of the initiative. “By seeing and
having mentors in the full capacity
of the word—sponsors in addition
to role models—we hope to be able
to reverse some of those statistics,”
said Carmela DeLuca, co-chair of the
Greater Montreal chapter of Women
in Bio. “We continue to try to break
the glass ceiling which still exists
in corporate and academic areas,”
added co-chair Marilyn Krelenbaum.
In addition, the Young Women
in Bio program encourages girls’
interest in science, particularly in
high school, when their enthusiasm
and confidence in the sciences have
been shown to wane. The Montreal chapter recently sponsored
lab tours and discussions about
careers in science at McGill University’s Rosalind and Morris Goodman
Cancer Research Centre.
DeLuca believes the mission of
Women in Bio aligns with the goals
of Status of Women Canada: “There
are lots of challenges in the life sciences, and I think the government
recognizes that there’s a benefit to
having a diverse set of opinions and
viewpoints to address those problems.” —MOLLY SHARLACH

STAR
TREATMENT
A skin serum made
from barley seeds sparks
celebrity buzz

W

ith celebrity
endorsers like
Martha Stewart
and Cameron Diaz gushing
over their facial serum,
Iceland-based Sif Cosmetics is sitting pretty.
Anointed by the European
Biotechnology Congress
in 2013 as “best biotech
product,” BIOEFFECT is
flying off the shelves of
trendy spas and cosmetic counters in the EU.
Its secret ingredient is
epidermal growth factor
(EGF), which activates
renewal mechanisms that
improve the appearance
of aging skin. Produced
in barley plants grown in
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A SCIENTIST AT SIF COSMETICS INSPECTS BARLEY.

neering, Örvar says. “But
barley has so many good
qualities as a protein producer that we decided to
take that chance. Icelanders are risk takers.”
The risk paid off in
2005, when company
scientists purified the
first growth factors free of
bacterial
Today the company supplies more than 20 growth factors
toxins
and cytokines to over 400 laboratories worldwide.
and
animal
possible cross contamina- byproducts from barley
ies,” says Björn Örvar,
seeds. Today the company
tion with bacterial toxins.
company cofounder and
supplies more than 20
With expertise in plant
CEO. “We are new to this
growth factors and cytocell culture, they decided
business, and we didn’t
kines to over 400 laborato invest in barley.
know anything about
tories worldwide.
Back in 2001, decidcosmetics in 2008, so
But in 2006, the reing to try to coax barley
we just decided to use
search team had their euplants to package human
the methodology that is
reka moment when they
growth factors into their
within our own [medical]
realized that some of the
seeds was seen as a big
experience.”
growth factors that they
risk. It’s a very difficult
Indeed, Örvar and
produce are highly sought
system from the standcompany co-founders
after as anti-aging agents
point of plant tissue
started ORF Genetics
for use in cosmetics. After
culture and genetic engiin Reykjavík in 2001 to
greenhouses jutting out
of Iceland’s stark glacial
landscape, the company’s
EGF-containing products
have proven clinical efficacy that sets them apart
from competitors.
“For all our products,
we do double-blinded
placebo-controlled stud-
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produce recombinant
proteins, such as growth
factors and cytokines, using a unique plant-based
gene expression system.
They saw an unmet need
within the burgeoning
stem cell research industry for growth factors and
cytokines grown free of

some market research,
they decided to spin out
a subsidiary to market
a skincare product line,
and BIOEFFECT was born.
While better known in
Europe and Scandinavia,
BIOEFFECT has devotees
around the world, and
Örvar says the company is
expanding to Hong Kong,
China, Japan, Russia and
the United States within
the year. Now that they’ve
crossed the crucial
threshold to profitability,
the company plans to roll
out new skincare products
containing other growth
factors known to encourage healthy skin renewal.
Given the worldwide
demand for youthful skin,
the prospects for these
Icelandic risk-takers are
looking good.
—KARYN HEDE
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O
A FUNGAL
AFFECTION
A love of fungi grows
into a collaboration
spanning decades and
continents

n first consideration, Mexico
and India seem to
have little in common.
But despite their cultural differences, they
do share several fundamental traits, including
significant poverty levels,
a number of shared
agricultural products
and a common latitude
of 20 degrees. It’s this
last detail that led to a
friendship between two
scientists—one from
Mexico and one from
India—when they met at
a conference in Italy 14
years ago.

FEEDING
THE NEED
In Indonesia, farmers look to
biotech crops to feed a growing
population

W

ith a population of over
240 million increasing at
a rate of more than 1.4
percent per year, Indonesia is looking to boost agricultural production
to avoid food scarcity. The urgency
of boosting food production has
been heightened in recent years by
a series of both floods and droughts
that have reduced yields of rice,
the staple food of Indonesia. In
response, the largest organization
representing farmers in Indonesia, Kontak Tani Nelayan Andalan
(KTNA), has issued a call for speeding the implementation of agricultural biotechnology to help offset a
changing climate’s effect on crops.
KTNA’s current chair, Winarno
Tohir, has warned that if farmers
aren’t given the tools to improve
yield, Indonesia will become a
net importer of most agricultural
crops. The group calls for accel-
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lems, they also discovered
Because certain
regions of these two coun- that they share a love of
fungi. With the support of
tries have very similar
their science foundations,
climates—partly tropical
Mexico’s Consejo Nacional
and partly arid, but with
de Ciencia yAntigen/TLR/
Tecnología
rainy summers—Mukund
TLR agonist
Mannose polymer
& Antigen
Mannose
(CONACYT)
andconjugate
India’s
Deshpande, chief
scien- (Mannan)
+
Department of Science
tist and professor in the
biochemical division of the and Technology, the
TLR 4 signaling
scientists soon started
National Chemical
fromLaboMannan
Mannan binds cell
working
onreceptors
a collaboraratory, Pune, and Jose
surface
Ruiz-Herrera, investigator tive project, Ruiz-Herrera
delivery of antigen & TLR agonists
explains, the “fungus
emeritus at Cinvestav,
TLR 7
Yarrowia
Mexico’s Center
dendritic for
cell
endosome
signalinglipolytica and its
capacity
to metabolize
Research and
Advanced
presentation to helper
presentation to killer
T cells (CD4 )
cells (CD8 )
hydrocarbons.”
Studies at the TNational
This two-lab endeavor
Polytechnic Institute,
found they had a lot to talk spawned the first joint
Mexico-India workshop
about. In discussing their
on biotechnology, held
countries’ common prob-

erated movement to drought-,
flood- and pest-resistant varieties.
Although Indonesia has been slow
to adopt agricultural biotechnology,
recent trends suggest that attitudes
are shifting.
Since the formation of the National Genetically Modified Product
Biosafety Commission (KKHPRG) in
2010, steps have been taken toward
field-testing genetically modified
crops. A growing preference for
locally made tempeh and tofu has
expanded the market for soybeans,
but the country meets that demand
mainly by imports. However, use
of herbicide-tolerant soybeans is
expected to boost domestic production. Likewise, drought-tolerant
sugarcane—developed in 2013 by
the state plantation PT Perkebunan
Nusantara, the Indonesian Sugarcane Plantation Research Center and
the State University of Jember in East
Java—is currently in field-testing.
Indonesia also has active research programs developing crops
such as stem-borer-resistant rice,
rot-disease-resistant potato and
virus-resistant tomato. There is a
widening acceptance of crops modi-

+

+

fied to better adapt to the changing
environment, but even those advocating its implementation temper
enthusiasm with a call for assurances that farmers will benefit.
A frequent speaker on issues of
food security in Indonesia, Masyhuri, professor of agribusiness and
agricultural economics at Gadjah
Mada University in Yogyakarta,
Indonesia, says that while the pros
and cons of genetically modified crops are still being debated,
the majority of people, including
farmers, is simply not aware of
them. Masyhuri, who heads the
university’s Center for World Trade
Studies, sees a role for agricultural
extension agents in educating rural
farmers and delivering advanced
technology to help them gain access to world markets for their
products. He says organized farm
groups should have a voice in deciding how to stay viable and increase
production. “Farmers can adopt
biotechnology as long as there are
proofs that the biotechnology has
benefit to farmers in increased production and income,” he says.
—KARYN HEDE
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As news of the
event spread, the
doors were opened
to all comers.
in October 2013 in Pune,
sponsored by the same
foundations that had supported the research on Y.
lipolytica. The 200-person
guest list included scientists, teachers and students, but as news about
the event spread, says
Ruiz-Herrera, the doors
were opened to all comers.
Deshpande and
Ruiz-Herrera divided
the sessions into three

categories: agricultural,
medical and industrial. In
the agricultural segment,
the scientists discussed
new ways to obtain plants
that resist infection from
different pathogens;
bioremediation; improving crop productivity and
other topics. In the medical section, the subjects
included using bacterial
toxins to control insect
vectors that cause human
diseases and the importance of protein glycosylation in diabetes. In the
industrial sessions, the
discussions explored the
production of enzymes

and biofuels, eliminating
contaminants from soil,
removing toxins from
foods and other areas of
mutual interest.
In addition to these
conversations, the event
included poster presentations by students and
investigators from Mexico
and India. At the end of
the workshop, the attendees also discussed how to
transfer what’s learned
in the lab to the outside
world. “One of the main
problems is convincing
people of the benefits of
transgenic plants and
microorganisms, and

the important products
obtained by this technology,” Ruiz-Herrera says.
Deshpande and RuizHerrera also edited a
29-chapter book, Biotechnology: Beyond Borders.
It provides broad reviews
of the workshop’s topics,
written by the meeting’s
attendees and others.
The overall outcome
of this collaboration has
pleased Deshpande, and he
expects more workshops
ahead, with the next one,
he hopes, taking place
by 2015. As he says, “We
don’t want to lose focus.”
—CHRISTINE BAHLS

STIMULUS PACKAGE
Turning stem cells into molecular mediators to
initiate repair

COURTESY OF UNIQURE BV

A

BIOTECH CROPS MIGHT ENHANCE THE DWINDLING RICE SUPPLY IN INDONESIA.

fter a 40-year career at the Weizmann Institute of
Science in Rehovat, Israel, it was time for Michel
Revel to retire. Instead, Revel, an internationally
renowned biochemist and molecular geneticist who
was 72 years old at the time, got down to business. Enlisting the help of five former Weizmann colleagues, he
co-founded Kadimastem, a drug screening and regenerative medicine company, in late 2009, with investor
Yossi Ben-Yossef.
Using proprietary technology, Kadimastem is working on potential treatments for multiple sclerosis (MS),
amyotrophic lateral sclerosis (ALS) and types 1 and 2
diabetes. Revel and his colleagues have developed a
technique for transforming human pluripotent stem
cells—cells with the ability to become any other kind
of cell—into insulin-secreting cells, as well as a range
of neural cells. For Revel, the chief scientist of the
team that created Rebif, Merck Serono’s blockbuster
MS drug, these latest efforts are a logical continuation
of his work in the field. Indeed, they may even hold the
potential for another blockbuster, considering that MS
drugs generate US$10 billion a year, and just 1 percent
of the diabetes market would exceed US$1 billion.
“All treatments for MS today, including Rebif, work
by reducing autoimmune attacks, thereby slowing down
the destruction of myelin, a coating that protects nerve
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cells,” Revel says. “We want to take this further by finding
treatments that stimulate the body to repair the myelin
coating. Pluripotent stem cells are very useful for this.”
While at Weizmann, Revel and his colleagues had
already devised a procedure to differentiate human
embryonic stem cells into myelin-forming oligodendrocytes very similar to those in the human brain. “We
mimic these cells better than most, I think,” he says.
Now his team has worked out a robust protocol to produce these human myelinating cells and use them as a
drug-screening platform, based on functional human
tissue rather than on rodent cells.
Kadimastem, in contract with Merck Serono, is
using these human myelin-forming cells to look for
chemical compounds that fuel the differentiation of
such cells. “We have semi–high throughput systems
with robots that can handle compounds, and a comput-

erized microscope to analyze images and quantify results,” Revel says. “We have already found four classes
of compounds that stimulate myelin formation.”
On the regenerative medicine front, Kadimastem
aims to improve diabetes treatment using insulinproducing cells derived from pluripotent stem cells.
Designed for patients with types 1 and 2 diabetes who
require daily insulin injections, this technique would
involve implanting patients with the insulin-secreting
cells to eliminate the need for injections. The challenge for Revel and his team is in getting the stem cells
to mature into functional cells that sense the amount of
glucose in the blood and secrete insulin accordingly. If
they succeed, they plan to encapsulate these differentiated cells in a device that could be implanted, for example,
beneath the skin. Their hope is that this will save patients
from years of insulin injections.—SHAILAJA NEELAKANTAN

market, and is in the process of
applying for the Conformité Européenne (CE) marking.
“We are launching on the veterinary market to get the case studies
and the best use of the product,”
says Sams-Dodd. He and his wife,
Jeanette, own Willingsford, which
A new treatment that cuts down
manufactures SertaSil.
wound-healing time by cutting
Clinical data on SertaSil, as
up bacteria’s defenses
compared to the antibiotic gentaxane and an iodine-based antiseptic,
his chap rang me up,” recalls
showed patients using the product
Simon Knapp, veterinary surgeon in Wokingham, UK, whose required significantly shorter hospital stays. The 266 study particiclients include horses belonging to
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TLR agonist
Mannose polymer
Antigen/TLR/
(Mannan)
Mannose conjugate
Within
just 1–5
called SertaSil. Thinking back on& Antigen sue penetration.
days
the call, Knapp recounts, “I said I
+ of applying the SertaSil, all of
the wounds became “clean”—dewould try it on a couple of horses to
TLR 4 signaling
fined as free of dead tissue, pus
see how well it worked.”
from Mannan
Mannan binds cell
and fibrinogenous
thickenings.
SertaSil consists of two
surface receptors
The comparative treatments took
ingredients, silica and an inflamdelivery of
antigen
& TLR
agonists
twice
as
long.
Moreover,
the study
mation-reducing enzyme called
TLR
7
data
show
that
SertaSil
caused
no
serratiopeptidase. Where applied,
dendritic cell
endosome
signaling
adverse events.
it increases blood supply and conpresentation to helper
presentation to killer
cells (CD4 in
) Ukraine,
T cells (CD8 ) SertaSil’s storyTbegan
trols infection. According to Knapp,
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ered a medical device, is approved
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for use in animals in 13 countries.
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immune system. The researchers
knew that silica could absorb moisture and other bacterial toxins, but
when they added the enzyme, SamsDodd explains, “SertaSil cut up
the biofilm,” allowing the immune
system to penetrate this barrier and
attack the bacteria. “SertaSil isn’t
doing anything to the bacteria. It just
exposes it.” Sams-Dodd knew the
researchers from a prior business
relationship, and he and his wife
bought the rights to SertaSil.
Willingsford, looking for angel
and venture capital, found help
in its own backyard—a roughly
US$400,000 grant from the UK’s
Technology Strategy Board. Mark
Glover, the board’s strategy and
planning director, says the organization was created to help innovative
companies. Willingsford, which
applied for the funding, received the
product development money based
on an expert healthcare panel recommendation. The National Health
Service, Glover said, could use such
a product.
As for Knapp, he appreciates
both the speed and effectiveness
this innovative treatment offers his
patients, royal and otherwise: “Its
simplicity is the beauty of it.”
—CHRISTINE BAHLS
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FARMERS IN ZIMBABWE SEEK TOOLS THAT INCREASE CROP YIELDS.

© PHILIMON BULAWAYO/REUTERS/CORBIS

SOWING
SUPPORT
Zimbabwean farmers
look to biotech to boost
the homegrown harvest

N

ot all agricultural
biotechnology
is about genetically modified (GM) crops,
and GM foods are not the
devil in disguise. This is
the message that Jonathan Mufandaedza, chief
executive officer of the
National Biotechnology
Authority of Zimbabwe
(NBA), would like to communicate to the country’s
farmers, consumers and
government.
Last year Zimbabwe,
once the breadbasket of
southern Africa, imported a million tons of
grain after poor rainfall,
among other things, led
to an abysmal harvest. Increased awareness of bio-
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company, Agri-Biotech,
that in 2004 produced a
“virus-eliminated” sweet
potato—using a non-GM
tissue culture process—
that raised potential yields
eight times per hectare.
“Tissue culture is very
much biotech and more
people need to be aware of
it,” he says. And Zimbabwe
isn’t even doing the obvious, like using relatively
cheap non-GM biotechnology processes that
are already
Last year Zimbabwe, once
in the public
the breadbasket of southern
domain,
such as virus
Africa, imported a million tons
elimination
of grain after poor rainfall,
and markeramong other things, led to an
assisted
abysmal harvest.
breeding.
Nonetheless, nonprofessor at the University
GM processes like tissue
of Zimbabwe, describing
culture aren’t enough to
the schizophrenic agriculachieve food security or
tural policy that confuses
unlock the huge potential
farmers about biotechfor Zimbabwe’s farmnology issues. He should
ers. GM techniques could
know. After all, it was his
technology, Mufandaedza
believes, has the potential
to avoid such a situation
and drastically improve
agricultural productivity.
Although Zimbabwe
has a moratorium on producing GM crops, it allows
the import of GM grain,
which comprised most of
the country’s imports last
year. “That is slightly crazy,” says Ian Robertson,
an NBA board member
and a former agriculture

reduce losses by fighting
pests and diseases, says
Robertson. For human
diseases, Zimbabwe uses
biotechnology-based medicines, including anti-retrovirals and insulin. “But
it’s rather strange that
isn’t the case in the agricultural sector. I’ve heard
the wildest rumors—that
GM crops cause gonorrhea, they cause cancer,
practically everything,”
Robertson says.
Zimbabwe has good
breeders and farmers,
says Robertson, and
if they are allowed to
genetically improve crops
using public-domain GM
genes, like the famous Bt
gene for stem-borer resistance and the glyphosate gene to help reduce
weeds, the country can
compete with GM imports. “All you need are
three PhDs for maize and
three PhDs for cotton and
we can do this by using
tried-and-tested GM processes. But farmers need
to be educated about this
and government needs to
invest in it,” he says.
Thanks now to the
NBA and groups like the
Open Forum on Agricultural Biotechnology,
this kind of awareness
is slowly rising. “I have
stories about farmers’
groups who tell government committee members to stop talking only
about the ills of GM and
to tell them more about
things like virus elimination,” Robertson says.
“That makes me and other scientists very happy.”
—SHAILAJA NEELAKANTAN
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worldVIEWpoint
How Nanobiophysics
will Transform
Global Healthcare

Mobilizing,
personalizing and
decentralizing
the next generation
of infrastructure
he current global
healthcare industry
can trace its roots
back to the Industrial
Revolution. It was
developed around the
paradigm of centralized infrastructure
that many British factories of the
time used. In fact, Westminster Hospital—founded in London in 1719
as one of the first public hospitals in
Britain—serves as a prototype for how
medicine is still practiced today. Centralized hospitals and diagnostic labs
have become the focal point around
which our entire healthcare ecosystem and supply-chain alliances are
organized. However, this model faces
major limitations, as nearly 4 billion
people worldwide lack access to basic
healthcare. This includes both the developing world and rural, remote areas
(even in industrialized nations) where
people do not have access to these
nodes of concentrated healthcare infrastructure. Furthermore, we face an
impending multi-trillion-dollar crisis
in the United States as our healthcare
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system grows more complex, with
highly specialized and overpriced reductionist silos that seek to cut costs
by adopting a “one size fits all” mentality. I believe that the solution to
this problem will come from the new
science of nanobiophysics.
At Nanobiosym, we have been
developing next-generation technologies to disrupt the current centralized healthcare paradigm. We
have harnessed over 20 years of our
work in nanobiophysics to develop
Gene-RADAR, a mobile diagnostic
platform for providing anyone, anytime, anywhere with instant access to
personalized information about their
health. By decentralizing the infrastructure needed to diagnose and
manage disease, we are democratizing access on a global scale, empowering individuals to take ownership
of their health. What Google did for
the information industry and what
cell phones did for the telecommunications industry, Nanobiosym is doing for healthcare.
In the past two decades, we have
experienced two profound technological revolutions. Previously, access to information was confined to
certain centralized infrastructures
like libraries, schools and centers of
higher learning. With the Internet,
Google disrupted the information
industry by giving anyone, anytime,
anywhere access to the world’s information. Likewise, wireless technology
democratized access to telecommunications by leapfrogging traditional
infrastructure requirements. As an
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example, India went from a few million landlines to over 800 million cell
phones in about a decade. In both industries, the adoption of next-generation technology empowered individuals and even entire nations and their
economies to make a sudden quantum leap to the global stage. Healthcare, as an industry, is still very centralized and has yet to undergo this
transformative level of disruption.

TINY TECH, HUGE IMPACT
Nanobiosym’s portfolio of technologies is poised to mobilize, personalize and decentralize the diagnosis of
disease, and will ultimately render
superfluous much of the landline-era
infrastructure of traditional diagnostic labs and disrupt established supply-chain alliances. At Nanobiosym,
we are driven by the humanitarian
mission to drastically reduce the cost
of diagnosis with the aim of democratizing access to real time diagnostic information to people worldwide,

fingerprints of various diseases. We
have embedded these nanomachines
and nanosensors in microelectromechanical systems and nanofluidic
engineering platforms to enable realtime, mobile diagnosis. We are at a
point in history where these nanobiophysics innovations, along with
several recent technological advances—smart phones, information and
communications technology, human
genome sequencing, bioinformatics
and so on—are poised to completely transform the delivery of global
healthcare.
The real-world consequences are
profound. In the developed world,
today’s gold standard for testing HIV
viral load costs US$200–300 dollars
and can take 2–3 weeks to deliver a
result. In sub-Saharan Africa, these
tests can take up to six months, given
the cost, lack of infrastructure and
difficulty in transporting specimens
for testing. The Gene-RADAR platform reduces that time to under an
hour, with a price point 10–100 times

Earlier, faster, more accurate detection of other
infectious diseases also provides new hope
for containing the spread of global pandemics.
including empowering those 4 billion
people who currently lack access to
even basic healthcare.
The gold standard in medical diagnosis today is based on a 20-yearold Nobel Prize–winning technology
called the polymerase chain reaction
(PCR), which forms the basis of the
multi-billion-dollar molecular diagnostics industry and requires significant, costly infrastructure. Through
the new science of nanobiophysics,
we are creating next-generation technologies like Gene-RADAR that will
fundamentally transform how diseases are diagnosed and treated. We
harness tiny molecular machines that
read and write DNA to detect genetic

F_Profiles.indd 83

more affordable—all without the need
for running water, constant electricity
or highly trained personnel. But these
are only the initial ways in which
nanobiophysics will transform medical diagnosis. Earlier, faster, more accurate detection of other infectious
diseases also provides new hope for
containing the spread of global pandemics like Avian Flu and SARS, as
well as for reducing multidrug-resistant strains of diseases such as HIV,
tuberculosis and malaria. Technologies like Gene-RADAR will also enable the healthcare system to provide
the right drug, for the right patient, at
the right time, offering what we call
“personalized nanomedicine.”

ENGINEERING THE ECOSYSTEM
Disruptive technologies alone are
not enough to drive the revolution
in global healthcare. We need an entire ecosystem of early adopters and
change agents to pilot and integrate
these next-generation technologies.
Engineering the ecosystem is just as
important as physics and nanotechnology engineering. By replacing
the hospital and centralized lab as
the epicenter of healthcare delivery,
nanobiophysics-enabled
platforms
like Gene-RADAR will put the patient and consumer at the center of
the healthcare ecosystem.
Our nanobiophysics-based technologies facilitate a quantum leap for
developing countries that would otherwise have to invest billions in providing roads, water, infrastructure,
trained healthcare personnel, hospitals and labs just to be on par with
developed nations. By becoming early
adopters of mobile diagnostics platforms, these nations will transform
healthcare delivery to their citizens.
By empowering patients and consumers to take ownership of their health
and wellness, we are making healthcare more integrated and holistically
centered around the individual. Our
disruptive nanobiophysics technologies, coupled with the right business
models, will unleash a healthcare
revolution—transforming not just the
infrastructure needed to deliver basic
healthcare, but ultimately transforming the entire experience.
Opinions expressed in worldVIEWpoint do
not necessarily reflect those of the editors.
Anita Goel is founder, chairman and CEO
of the Nanobiosym Research Institute and
Nanobiosym Diagnostics in Cambridge,
Massachusetts. A Harvard-MIT–trained
physicist and physician, she was awarded
the 2013 XPRIZE in recognition of her
pioneering contributions to the new field
of nanobiophysics and her Gene-RADAR
technology.
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WHY WE FORMED
HUMAN LONGEVITY, INC

whole new meaning when one considers the benefinoted that inter-disciplinary effort and other innovacial economic impacts of a healthier aged population. tions are discouraged and hard to sustain because in
Many people have characterized our venture
the US, support for science is too much tied to specific,
J.
VENTER,
ROBERTbusiness.
HARIRIHowever,
& PETER DIAMANDIS
pre-approved projects. Instead, we are going to identify
asCRAIG
a sequencing
or diagnostic
the most creative people and give them the freedom
the tools we will develop will be designed to attack
to make their own affiliations, eliminating the need to
the sources of premature death at the genomic and
n June 6th, 1944, Allied forces
Since the early 1940s, the pace of medical inreapply for federal grants and distancing ourselves
molecular level and can be used to preserve and
stormed the beaches of Nornovation has accelerated with an increasing velocity.
from the existing system that rewards consensus and
enhance cognitive function, physical capacity and
mandy, France, finally turning
In that time life expectancy has more than doubled
punishes entrepreneurship.
overall vitality.
the tide of the deadliest war in
in America and around the world, with emerging
Craig recently noted that: “Life is based on DNA
All of us have ventured, failed and succeeded by
history against the Axis powers
nations gaining years at twice the pace of Western
software. We’re a DNA software system, you change
seeking to answer scientific questions based in real
and restoring hope for the Allied nations. Since 1965, the increase in longevity in
the DNA software, and you change the species. It’s
world experience and offering solutions. We all took
nations. Months later, in Novem- developing countries has increased income by nearly
a remarkably simple concept, remarkably complex
paths that were ridiculed and rejected by established
ber of 1944, Franklin D. Roosevelt took the first steps 400 percent. Most of these gains are due to the
in its execution.” Expanding on this Bob has added,
scientific institutions. Craig sailed around the world
in creating what would become the National Science
reduction in the number of deaths caused by infec“Since our biologic software resides in the nucleus,
in a boat considered too frail to make the journey.
Foundation to capitalize on this pioneering spirit
tious, respiratory and digestive diseases, congenital
Bob and Peter have raced rocket-powered airplanes to
one can view the contents of the cell as a type of
inherent in the planning and execution of D-Day, to
and perinatal conditions. Infants born prematurely,
show that space travel could be available to millions of
processor for that software and the cell membrane
combat a more lethal foe, disease, and the causes of
who once suffered devastating and often fatal condipeople in the future.
as the keyboard, allowing for external inputs which
premature death: “The fact that the annual deaths in tions such as poor brain development and blindness,
We are interested in innovations that benefit the
ultimately influence the manner in which that code is
this country from one or two diseases alone are far in now live full and productive lives.
many. Sir Harold Evans has observed that innovators
read and compiled.”
excess of the total number of lives lost by us in battle
So, it was no surprise that after we battled and
are ultimately “creative democratizers” who make
The execution is, we believe, something that will
during this war should make us conscious of the duty greatly reduced the global incidence of infectious
work to reduce disability and disease. Our work
it “possible for the whole population to enjoy goods
we owe future generations.”Now, 70 years later, we
disease, demographers predicted that chronic illin stem cells has shown that if you can identify and
and services previously available only to the elite.”
have formed Human Longevity, Inc., with that same
nesses (which have replaced acute infections as
measure individual variation for specific markers of
And to this end, our venture seeks to make healthy
pioneering resolve in order to address the results
the leading source of morbidity and death) would
disease at a particular age, you can identify the facaging scalable. To solve a problem anywhere, it must
of this enhanced focus on scientific discovery by
impose a limit on how long we could live. Economists
tors that predict the variability in the transformation
and can be solved everywhere.
developing products that will solve the most urgent
have predicted since the 1970s that an aging popula-

O

We believe that we are just at the beginning of our
ability to use technology to improve wellbeing,
protect
protect the
the planet
planet and
and promote
promote exploration.
exploration.
challenges emerging from the dramatic increase in
of cells over one’s lifetime. Then, using the DNA softlife expectancy around the world.
ware, we can tailor treatments to the way in which
To many, this is an audacious goal. The increase
each individual develops a disease.
in global life expectancy has been accompanied by
To achieve this, we had to create a commercial
an increase in the number of people with diseases
venture. Some press accounts claim that we are
ranging from autoimmune disorders, cancer, HIV and
engaging in ‘big science’ and will compete with other
Alzheimer’s, which to many appear to be insurinstitutes that are creating their own sequencing
mountable obstacles.
centers.
But where others see aging as an inevitable
Nothing could be further from the truth. Our coldegradation of function, we believe that the same
lective experience reflects a disdain for the NIH (Not
vivacity characteristic of youth can be maintained
Invented Here) approach to research. We recognize
throughout a person’s entire life.
that most discoveries are the result of small groups
taking completely novel approaches and sharing their
findings. The late Nobel laureate Joshua Lederberg
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tion would bankrupt us and suck resources from the
We embark on this voyage with both a sense of
economy if we didn’t encourage people to die after
optimism and obligation. To stand, as our fathers’
an ‘agreed upon’ age such as 80.
generation did 70 years ago, in the face of a seemingYet, just the opposite has happened. People
ly invincible enemy, and persevere in hopes of once
are aging with fewer disabilities. Sickness is being
again changing the world. In the words of Franklin
compressed into the final years of life even as we live
D. Roosevelt: “New frontiers of the mind are before
longer. We live more, love more, learn more and earn
us, and if they are pioneered with the same vision,
more. The phrase “live long and prosper” takes on a
boldness, and drive with which we have waged this
whole new meaning when one considers the benefiwar we can create a fuller and more fruitful employcial economic impacts of a healthier aged population.
ment and a fuller and more fruitful life.” We believe
Many people have characterized our venture
that we are just at the beginning of our ability to use
as a sequencing or diagnostic business. However,
technology to improve wellbeing, protect the planet
and promote exploration. We welcome everyone to
join us in this exciting endeavor.
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the tools we will develop will be designed to attack
the sources of premature death at the genomic and
molecular level and can be used to preserve and
enhance cognitive function, physical capacity and
overall vitality.
Craig recently noted that: “Life is based on DNA
software. We’re a DNA software system, you change
the DNA software, and you change the species. It’s
a remarkably simple concept, remarkably complex
in its execution.” Expanding on this Bob has added,
“Since our biologic software resides in the nucleus,
one can view the contents of the cell as a type of
processor for that software and the cell membrane
as the keyboard, allowing for external inputs which
ultimately influence the manner in which that code is
read and compiled.”
The execution is, we believe, something that will
work to reduce disability and disease. Our work
in stem cells has shown that if you can identify and
measure individual variation for specific markers
of disease at a particular age, you can identify the
factors that predict the variability in the transformation of cells over one’s lifetime. Then, using the DNA
software, we can tailor treatments to the way in
which each individual develops a disease.
To achieve this, we had to create a commercial venture. Some press accounts claim that we are engaging
in ‘big science’ and will compete with other institutes
that are creating their own sequencing centers.
Nothing could be further from the truth. Our collective experience reflects a disdain for the NIH (Not
Invented Here) approach to research. We recognize
that most discoveries are the result of small groups
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taking completely novel
approaches and sharing
their findings. The late
Nobel laureate Joshua
Lederberg noted that
inter-disciplinary effort
and other innovations are
discouraged and hard to
sustain because in the
US, support for science is
too much tied to specific,
pre-approved projects. Instead, we are going to
identify the most creative
people and give them the
freedom to make their
own affiliations, eliminating the need to reapply
for federal grants and
distancing ourselves from the existing system that
rewards consensus and punishes entrepreneurship.
All of us have ventured, failed and succeeded by
seeking to answer scientific questions based in real
world experience and offering solutions. We all took
paths that were ridiculed and rejected by established
scientific institutions. Craig sailed around the world
in a boat considered too frail to make the journey.
Bob and Peter have raced rocket-powered airplanes
to show that space travel could be available to millions of people in the future.
We are interested in innovations that benefit the
many. Sir Harold Evans has observed that innovators
are ultimately “creative democratizers” who make
it “possible for the whole population to enjoy goods
and services previously available only to the elite.”
And to this end, our venture seeks to make healthy
aging scalable. To solve a problem anywhere, it must
and can be solved everywhere.
We embark on this voyage with both a sense of
optimism and obligation. To stand, as our fathers’
generation did 70 years ago, in the face of a seemingly invincible enemy, and persevere in hopes of
once again changing the world. In the words of
Franklin D. Roosevelt: “New frontiers of the mind are
before us, and if they are pioneered with the same vision, boldness, and drive with which we have waged
this war we can create a fuller and more fruitful
employment and a fuller and more fruitful life.” We
believe that we are just at the beginning of our ability to use technology to improve wellbeing, protect
the planet and promote exploration. We welcome
everyone to join us in this exciting endeavor.
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