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Looking at 2016 and beyond, 
there is a lot to celebrate about 
the nation’s progress in treat-
ing cancer. Breakthroughs 

are occurring at lightning speed, 
giving new hope and added years 
of life to those battling rare and 
hard-to-treat cancers, such as mul-
tiple myeloma and advanced lung 
cancer. Consider these major de-
velopments in 2015 alone:

»  The Food and Drug Administration 
(FDA) approved 14 novel oncology  
drugs, including 10 immunotherapies 
that free up the body’s immune 
system to recognize and destroy 
specific cancer cells

»  The first genetically engineered virus 
reached the U.S. market to treat ad-
vanced melanoma, setting the stage 
for a long-awaited class of therapies

»  Former President Jimmy Carter 
announced that he was cancer-free 
after receiving an innovative therapy 
for a melanoma that had spread to 
his brain

Unfortunately, these scientific 
advancements were not the only 
significant developments in cancer 
care.  Even as researchers and on-
cologists celebrated the rapid surge 
in the number of increasingly pre-
cise anticancer therapeutics, ad-
vocates were sounding the alarm 
over so-called “value frameworks” 
that may narrow treatment options 
for patients.  Intended to assess the 
cost-effectiveness of new thera-
pies, five such “value assessment 
tools” were either introduced or in 
development in 2015, mostly for 
newly approved oncology drugs. 

They are the American Society for 
Clinical Oncology’s “Value Frame-
work,” the European Society for 
Medical Oncology’s “Magnitude 
of Clinical Benefit Scale,” the In-
stitute for Clinical and Economic 
Review’s “Pricing Benchmark,” 
Memorial Sloan Kettering’s “Dru-
gAbacus,” and the National Com-
prehensive Cancer Network’s “Evi-
dence Blocks.”

An examination of these value 
tools finds each has a different 
design and uses different crite-
ria. Yet, they all share a common 
element: “value” as it involves the 
cost-effectiveness of novel cancer 
drugs is determined based on the 
“average patient.” While this may 
be attractive to Medicare and some 
of the nation’s biggest health insur-
ers due to a greater emphasis on 
cost, in reality, there is no average 
cancer patient – as the revolution 
in personalized medicine and im-
munotherapies clearly shows. Ev-
ery person with cancer is unique, 
and even patients with the same 
type and stage of cancer may re-
spond very differently to the exact 
same treatment regimen. 

This truth is of central impor-
tance when defining the “value” of 
breakthrough treatments in terms 
of people’s lives. In economics, val-
ue is defined as “the measure of the 
benefit of a good or service,”—not 
the actual price. Therefore, health 
economists define the value of 
medicines as the health outcomes 
achieved – such as extra years of 
life, higher quality of life and fewer 
costly hospitalizations, invasive 
medical procedures, and doctor’s 
visits per dollar spent. 

Applying this definition, inno-
vative medicines provide increas-
ing measurable value to patients, 

society, and the U.S. health care 
system, even as overall drug spend-
ing on a relative basis has remained 
constant for over 50 years. Using 
cancer as the case in point, new 
treatments have contributed to a 
30 percent drop in cancer deaths 
over the last two decades, making 
it possible for patients to experi-
ence 50 million additional years 
of life and generate $4.7 trillion in 
economic activity. Based on these 
tangible measures, a 2009 study 
by Cornell University research-
ers concluded that when longev-
ity, quality of life, and the greater 
efficacy of today’s treatments are 
considered, the true cost of cancer 
medications is 30 percent less than 
a decade ago.

Reinforcing these conclusions, 
the Commerce Department’s Bu-
reau of Economic Analysis (BEA) 
applied 2015 data to report that “the 
net value of treatment has grown 
substantially, consistent with medi-
cal technology, leading to better 
health outcomes at a lower cost 
per patient.” Between 2000 and 
2010, the report found an increase 
in positive health outcomes from 
treatment with new therapies in 20 
of the 30 chronic diseases studied.

Based on this real-world evi-
dence, the Alliance for the Adop-
tion of Innovations in Medicine 
(Aimed Alliance) concurs with 
the views of cancer advocates 
that patients will be best served 
by definitions of “value” that put 
patients’ treatment needs ahead 
of dollars and cents. Otherwise, 
scientists will still get to celebrate 
the exciting breakthroughs in 
cancer drug discovery. However, 
restrictive value assessments are 
likely to keep many patients from 
gaining access to these medicines. 

DEFINING “VALUE” IN CANCER CARE
By STACEY L. WORTHY  
Director of Public Policy, The Alliance 
for the Adoption of Innovations in 
Medicine (Aimed Alliance)
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When it comes to the science of cancer, 
important discoveries are occurring in 
every area of research. Perhaps one of 
the most promising is the excitement 

over new immunotherapies that train a patient’s im-
mune system to directly seek and destroy the cancer.  
Another exciting advance is the increasing ability to 
target therapies to the unique molecular and genetic 
characteristics of each specifi c cancer. In just one sub-
set of lung cancer alone, as many as 15 genetic altera-
tions have been identifi ed, and for each of them specifi c 
treatments have been approved or are in development.

Yet, for cancer patients, developing new immune 
therapies or targeted treatments is not enough. They 
need access to these life-saving discoveries. The problem 
is, ready access to effective new therapies is not assured.

When breakthrough cancer therapies reach the 
U.S. market, tens of thousands of cancer patients are 
confronted with rising copays, restricted coverage 
and all too often, insurance practices that deny ac-
cess completely. Adding to these barriers, now there 
are so-called “value frameworks” that rate cancer 
therapies against an arbitrary and often irrelevant 
monetary benchmark. We call that the “original sin” 
of public policy. And it’s downright frightening.

Remember, many of these cancer mutations involve 
small groups of patients, sometimes as little as one per-
cent of patients within that subtype. But it costs as much 
to develop, test and approve targeted treatments for the 
one percent as for blockbuster treatments where the 
costs can be spread across tens of millions of patients.

Further evidence suggests that health systems that 
invest more spending in new innovative therapies had 
lower cancer mortality rates versus their lower spend-
ing counterparts. Countries that increased spending 
the most had a 17 percent decrease in mortality, compared 
to eight percent in the countries with the lowest growth 
in cancer spending. This demonstrates the link between 
higher cancer spending and lower mortality rates and is 
a testament to the importance in investing in healthcare

Politicians of all stripes should work together to 
help ensure that patients receive the benefi ts of the 
breakthrough therapies they need. And at the state 
level they’ve shown us they can do just that.

Over the past several years, policymakers in 39 
states and Washington D.C. have voted yes for pro-pa-
tient policies that would eliminate an outdated practice 
that required larger out-of-pocket payments for pills 
and capsules to treat cancer, while providing larger 
reimbursement for a needle stuck in the patient’s arm. 
That made no sense, but it’s a battle we’re still fi ghting. 

And that’s just the beginning.
For example, in California late last year, the legis-

lature passed a law allowing a way around so-called 
step-therapy. That’s where insurance policies require 
patients to take an older, cheaper drug fi rst. The bill’s 
author said in some instances patients have to try fi ve 
different medications, and then “fail” on them all be-
fore they’re allowed to get the therapeutic their doc-
tor prescribed.  And what’s most exciting to us, this 
legislative achievement was the result of a bi-partisan 
effort to provide a way out of this practice. 

As a nonprofi t organization working to improve 
access to effective cancer care, Patients Rising be-
lieves patients should not be forced to fi ght the system 
and their cancer at the same time.  We call on legis-
lators and regulators to work together with patients, 
caregivers and physicians to provide faster and easier 
access to the latest medications – and do so in a re-
sponsible manner that prioritizes patient safety and 
the integrity of new drug evaluations.

It’s time for national policies and every business 
and industry involved with healthcare to agree: The 
right patient should have access to the right medicine 
at the right time. 

PROGRESS 
THROUGH POLITICS
There is a grave disconnect between medical science 
and government policy. On a national level, closing 
that gap certainly seems to be a bridge too far, 
but on a state level, we are making connections – 
bi-partisan connections - to achieve what we call 
the right treatment, for the right patient, right now. 

By JONATHAN WILCOX 
Policy Director and Co-Founder, Patients Rising

PERSPECTIVES FROM OUR PARTNERS



CONTACT US!
We invite letters & opinions from all of our global readers.

WRITE US AT:
saworldview@sciam.com

WORLDVIEW SCORECARD

5  BIOTECHNOLOGY ON 
ZERO DOLLARS A DAY
BY JEREMY ABBATE, MIKE MAY 
& YALI FRIEDMAN

6  TECH MESSAGING
To demystify the ways biotechnology 
bene� ts us all, the industry needs to start 
talking  BY BILL CANNON

10  ALL IN THE FAMILY
A health crisis can spawn the ultimate 
application of biotechnology—attempting 
to save a loved one’s life  BY RENEE MORAD

12  SOCIAL REALISM
� e pitfalls and payo� s of embracing 
social media  BY MICHELLE GALLAHER

14  CHANGING LANES
Companies thrive when workers are 
willing to give up their comfort zones 
and learn from each other BY ERIC BENDER

2    SCIENTIFIC AMERICAN | WORLDVIEW

20  A GUIDED TOUR
Enhanced with a new guidebook 
and region-speci� c ratings, the 2016 
Scorecard ventures deeper than ever 
to track down the latest in biotech 
innovation

34  worldVIEWguide
Biotechnology brie� ngs on each 
Scorecard country

64  ON THE UPSWING
A surge in biotechnology market 
capitalization and the number of 
public � rms worldwide

66  CHANGING HUBS
Pharmaceutical R&D sprouts 
secondary centers of collaboration

66  VYING FOR 
VENTURE CAPITAL
As in many other businesses, no risk 
in biotechnology means no reward

68  A LATIN AMERICAN 
MINI-SCORECARD
In Central and South America, more 
data shake up the rankings

2016

BIOTECH SUCCESS … AND FAILURE



CONTENTS   3

cover illustration: Joelle Bolt

 A SPECIAL REPORT BY CONTRIBUTING EDITOR RENEE MORAD  
THE STATE OF INNOVATION: NEW JERSEY

WORLDVIEWPOINT

72  LOOKING FOR BIOTECH 
INNOVATION: WHAT EXIT? 

With its world-class institutions, 
business-friendly resources and � rst-

rate workforce, New Jersey—America’s 
original biopharmaceutical heartland—

is an unyielding driver of 21st-century 
biotech innovation  

74  A MOONSHOT 
FOR THE MIND

A conversation with former U.S. 
Representative, and recent transplant to 

New Jersey, Patrick J. Kennedy on how 
his One Mind foundation takes aim 

at brain disease  

76  BIOTECH SUPPORT
Kathleen Coviello on the New Jersey 
Economic Development Authority’s 

commitment to cultivating a vibrant 
biotechnology sector

76  BORN TO RUN
Fledgling biotechs get a running start at 
New Jersey’s Commercialization Center 

for Innovative Technologies  

78  PRACTICING MEDICINE 
To ensure patients receive the best 

emergency treatment as quickly 
as possible, a simulation center in 

Parsippany takes acute and intensive 
care to the next level  

80  LAB PARTNERS
Using mobile programs and its innovative 

laboratory, Students 2 Science is on a 
mission to inspire young people to pursue 

life science careers  

81  HOBOKEN HOTBED
Stevens Institute of Technology is molding 
tomorrow’s biotechnology innovators in a 

pioneering, creative environment  

SCIENTIFIC AMERICAN WORLDVIEW IS PUBLISHED 
BY SCIENTIFIC AMERICAN CUSTOM MEDIA WITH 

PROJECT MANAGEMENT BY

Publishing & Media Director | JEREMY ABBATE

Editorial Director | MIKE MAY

Art Director | JOELLE BOLT

Head, Data Analytics, 
Scienti� c American Custom Media | YALI FRIEDMAN

Copy Chief & Content Consultant | GEORGINA KEENAN

Digital Production | ZOYA LYSAK | KERRISSA LYNCH

NICK BISCEGLIA | IAN KELLY

SCIENTIFIC AMERICAN PUBLISHING STAFF

President | STEVEN INCHCOOMBE

Executive Vice President | MICHAEL FLOREK

Executive VP, Global Advertising 
& Sponsorship | JACK LASCHEVER

Marketing Director | DIANE SCHUBE

VP, Consumer Marketing | CHRISTIAN DORBANDT

Production Manager | CHRISTINA HIPPELI

Prepress & Quality Manager | SILVIA DE SANTIS

Production Controller | MADELYN KEYES-MILCH

Business Managers | PAIGE KISS | NICHOLAS WILSON

BOARD OF ADVISERS

GEORGE BAEDER
Director, China Global Insight

JORGE BARRERO
Deputy to the President, 

Spanish Association of Biotechnology
MARY BOOTE

CEO, Global Farmer Network
STEVEN CASPER

Henry E. Riggs Professor of Management, 
Keck Graduate Institute 

ANANDA CHAKRABARTY
Distinguished University Professor, 

University of Illinois at Chicago
JOSEPH DAMOND

Senior Vice President, International A� airs, BIO
NINA DUDNIK

Founder and CEO, Seeding Labs
RICHARD GALLAGHER

President and Editor-in-Chief, Annual Reviews
ANITA GOEL

Chairman and CEO, Nanobiosym
BOB HARIRI 

Chairman, Celgene Cellular � erapeutics
KAREN M. HAUDA

Senior Director, Regulatory Policy, Novo Nordisk
ROBERT KILPATRICK

President and CEO, Health Innovation for People
GANESH KISHORE 

CEO, Malaysian Life Sciences Capital Fund
TOMASZ MROCZKOWSKI

Professor, Department of International Business, Kogod 
School of Business, American University

ANDREW POWELL
CEO, Asia Biobusiness

STEVE SAMMUT
Senior Fellow, Health Care Management, 

Wharton School, University of Pennsylvania
RAM SASISEKHARAN

Alfred H. Caspary Professor of Biological Engineering 
& Health Sciences and Technology, Massachusetts 

Institute of Technology

Scientifi c American Worldview is published 
by Scientifi c American’s Custom 

Media Group, a division of Springer Nature. 
One New York Plaza, Suite 4500 

New York, NY 10004-1562 
Copyright © 2016 by Scientifi c American. 

 All rights reserved.

82  IT BEARS REPEATING
Reversing the reproducibility crisis



CALL TO LEARN MORE 

The Americas +1.888.COVANCE | Europe/Africa +00.800.2682.2682

Asia Pacific +800.6568.3000 | Or go to covance.com/scientists

Covance Inc., headquartered in Princeton, NJ, USA, is the drug development business of Laboratory  
Corporation of America Holdings (LabCorp). COVANCE is a registered trademark and the  
marketing name for Covance Inc. and its subsidiaries around the world. © Copyright 2016. Covance Inc.

SCIENTISTS HELPING SCIENTISTS.

At Covance, we help move science forward. Your science. As your 
research partner, we act as an extension of your team, providing the deep 
scientific expertise and unique perspectives that have helped deliver 
over a third of all the therapies on the market today. From custom assays 
to unique insights on helping reduce timelines and regulatory hurdles, 
Covance scientists are your scientists too. Come discover more about our 
experienced researchers and scientific experts.

AdTemplate.indd   1 4/27/16   1:58 PM



LETTER FROM THE EDITORS   5

LETTER FROM THE EDITORS

I
n the 1950s, Arthur Frommer 
indelibly changed Americans’ 
traveling habits when he pub-
lished Europe on 5 Dollars a Day. 
Beyond giving would-be tourists 
new ideas for ways to keep an 
exciting trip inexpensive, From-

mer delivered information that was 
hard to � nd from any other source. 
In a similar vein, the 2016 edition 
of Scienti� c American Worldview in-
troduces the worldVIEWguide (page 
34), providing an in-depth explora-
tion of global biotechnology; and best 
of all, it’s free—available 365 days a 
year for zero dollars. We hope that 
this guidebook changes how entre-
preneurs and scientists, government 
o�  cials and investors, media profes-
sionals and policy analysts, and oth-
ers see biotechnology’s burgeoning 
or bustling sites around the world. It 
includes a deep dive into the Scienti� c 
American Worldview Scorecard (page 
20) for all 54 countries measured, 
plus other data elements, including a 
few up-close-and-personal details. 

� e Scienti� c American Worldview
Scorecard also delivers more data and 
analysis than ever, including a mini-
Scorecard highlighting the innovation-
building activity in Latin America 
(page 68). Now eight years in on our 
journey into life science’s global 
complexity, we learn more about the 
health and dynamics of this industry 
with every issue.

In some cases, particularly for 
people who do not work in the � eld, 
the impact of this industry and its 
products goes relatively unnoticed, 
and Bill Cannon explores the depth 
of that dilemma and how it might be 
solved (page 6). In other cases, every-
day people get drawn into the world 
of biotechnology; Renee Morad shows 
readers how some of them became 
activists in the � eld when a health 

crisis visited their own families (page 
10). Furthering the theme of “user 
engagement,” Michelle Gallaher un-
covers how one of today’s most pow-
erful communication tools—social 
media—is introducing many more 
audiences to the wonders and poten-
tial of bioscience (page 12).

To keep pushing ahead, however, 
the industry must keep educating 
and training a strong workforce. Eric 
Bender looks at a range of today’s 
training programs, describing both 
their strengths and weaknesses (page 
14). He reports that education in 

the industry requires international 
knowledge. He writes: “Biotechnol-
ogy educators … emphasize the need 
to keep in mind country-by-country 
issues within a global industry.”

One thing that concerns everyone 
in the biotechnology sector—in fact, 
scientists around the world—is the crisis 
in the reproducibility of research. So 
we asked � ve experts: In your opinion, 
how bad is the problem of reproduc-
ibility in scienti� c research and what 
should be done about it? � is year’s 
worldVIEWpoint (page 82) reveals 
their unique, thoughtful answers.

Each year, we delve deeper into 
the many facets of international bio-
technology and � nd new ways to de-
pict our � ndings—all spawned from 
the single goal of taking the annual 
pulse of this � eld. � at “pulse,” just 
like a person’s, arises from a wide 
range of components, and some can 
be quanti� ed better than others. So 
we dig up the data, interview the ex-
perts, mine the archives of articles, 
and then show you what we found—
all depicted here, in the 2016 Scien-
ti� c American Worldview.

� is could never be attempted 
without our sponsors and partners 
—Johnson & Johnson, our Marquee 
Sponsor; Celgene Corporation; Invest 
Victoria; Covance; Merck KGaA, 
Darmstadt, Germany; GlaxoSmith-
Kline; and the Biotechnology Innova-
tion Organization—and we are grate-
ful for their support, encouragement 
and shared mission of edifying global 
audiences to the ever-changing world 
of innovation.

Sincerely,

Jeremy Abbate, Publishing Director
Mike May, Editorial Director
Yali Friedman, Head, Data Analytics
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 TECH 
MESSAGING
To demystify the ways biotechnology bene� ts us all, the industry 

needs to start talking  BY BILL CANNON
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L
oyal viewers of 1990s Sunday morning 
talk shows may recall a slogan that still 
sparkles with catchiness: “At BASF, we 
don’t make a lot of the products you buy. 
We make a lot of the products you buy 
better.” In one example among the many 
now immortalized on YouTube, that line 
comes at the end of a lush montage that 
rolls behind a woman’s purring voice: “At 
BASF, we don’t make the cooler; we make 

it cooler. We don’t make the jeans; we make them bluer. 
We don’t make the toys; we make them tougher.”

By advertising industry standards, the campaign was a 
smash hit. In 2002, toward the end of the blitz, the agency 
that produced the commercials basked in its awesome-
ness, issuing a press release that cited “nearly 70 percent 
of respondents recognized the slogan and 48 percent of all 
respondents both recognized it and correctly attributed it 
to BASF”—achieving a Madison Avenue Zen state called 
“true awareness.”

Yet just two years later, The New York Times reported 
that BASF was changing direction. Why? Because when 
asked how BASF made things better, those surveyed re-

sponded with puzzled looks. So BASF rewrote its slogan, 
simply labeling itself “the chemical company.” 

That might work if you are a Fortune 500 company 
with a bottomless well of cash for advertising and rebrand-
ing. But what lessons can companies and trade groups 
lacking such war chests do to spread the word about the 
good things biotech brings to life and have it stick?

FAILURE TO COMMUNICATE
First, people need to know what biotechnology is, and on 
average they don’t. If you ask a handful of people on any 
street in the world to define biotechnology, they will prob-
ably talk about genetically engineered foods or foods that 
contain genetically modified organisms (GMOs). It makes 
sense that most people would come up with that as a first 
example, because a recent Google search produced about 
700,000 more hits for “biotechnology AND food” than for 
“biotechnology AND drugs,” and three times as many as 
“biotechnology AND fuel.” And while food is a funda-
mental part of biotechnology, it’s only a part.

The other thing that most people don’t know is that 
biotechnology is not new. Even the term is nearly a cen-
tury old—coined in 1919 by Hungarian engineer Karl Er-

eky. The application of the science is many centuries older. 
On a history timeline, the Biotechnology Innovation Or-
ganization (BIO), lists the oldest example of the field as the 
Chinese using “the first antibiotic, moldy soybean curds” 
to treat boils in 500 BCE.

Some far more recent evidence reveals the general pub-
lic’s lack of knowledge about biotechnology. In 2003, for 
example, a poll from the Center for Public Policy at Vir-
ginia Commonwealth University concluded: “Americans 
see clear benefits to society from new developments in sci-
ence and medicine but at the same time they hold strong 
reservations about new techniques in biotechnology such 
as human cloning and genetic therapy.” In many cases, the 
reservations about GMOs in food and concerns about hu-
man cloning get extended to the entire field, and in nearly 
all cases the concerns arise from very limited knowledge. 

CONNECTING THE DOTS
I asked a few members of the Scientific American World-
view editorial board about ways of improving the pub-
lic understanding of biotechnology, and several themes 
emerged: Be direct and persistent. Own what you do, ex-
plain what you’re good at and why it matters to your au-

dience. Don’t assume your audience 
knows about your product—even in 
cases where some of the people you’re 
trying to reach actually work for the 
company making the product. Seek 
a receptive ear where people live and 
work and hang out online. Be proud 

of achievements and frank about failure, and root conver-
sations about biotech in the familiar.

“It’s all about how do you help consumers connect 
those dots,” says Mary Boote, CEO of the Global Farmer 
Network, which she describes as an international agri-
cultural advocacy group “that gives farmers a voice in the 
global food security dialogue, with a vision of that helping 
farmers access the technology they need to boost produc-
tion in sustainable ways.” For consumers in the developed 
world who enjoy a glass of wine or some cheese with that 
wine, Boote points out, “the enzymes used in both of those 
are genetically modified.”

Though she balks at technology-denigrating neolo-
gisms like “Frankenfish”—which some activists use to de-
scribe a genetic mash-up in aquaculture—GMO is far from 
a dirty word to her. (See “Communication Breakdown,” 
Scientific American Worldview, 2015.) “It is a scientifically 
reviewed and supported technology that is allowing us to 
feed more people on less land with more efficient use of our 
natural resources,” Boote says. Such things are desirable, 
and increasingly essential, in a world whose middle class 
will number an estimated 4.9 billion by 2030. If we can 
grow a genetically modified fish a little faster and with less 

People need to know what biotechnology is,  
and on average they don’t.
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feed than its wild cousin, she asks, isn’t that preferable to 
overfishing and possibly doing without? 

“But we don’t always think in those terms,” Boote cau-
tions. For instance, “one of the benefits of biotechnology 
that we don’t see as consumers is the water efficiency being 
engineered in seeds. We’re looking at drought-tolerance.” 
In California and Texas, the summer drought of 2015 was 
so extreme that growing anything at all was really depen-
dent on the improvement of seeds, some of which are ge-
netically modified. “When you go to the grocery store and 
the shelves are full, and you go to the farmer’s market, and 
all the booths are full, you don’t take note of it,” she says. 
“You’d only notice it if the shelves were empty.”

Likewise, people in the United States don’t notice emp-
ty shelves an ocean away. “There are a lot of places in this 
world with a very different experience,” Boote explains. 
“They would give anything to have the choices that we 
do.” She adds, “There hasn’t been a need to connect those 
dots because we haven’t gone hungry, because our children 
haven’t gone hungry.”

HIDDEN IN PLAIN SIGHT
Joe Damond, BIO’s senior vice president of international 
affairs, points out another circumstance that has made it 
harder for biotechnology to connect the dots: It is largely 
hidden from public view. “So much of it happens behind 
the scenes,” he says.

Occasionally, though, a biotech breakthrough literally 
ends up in people’s hands, and BIO and others need to do a 
better job of letting consumers know about these triumphs. 
“Coke has developed biodegradable plastic bottles that are 

biotech-engineered,” Damond says, citing news accounts 
of the company’s partnership with three small biotech 
companies to develop the plant-based material. “It’s part 
of their corporate environmental plan. I don’t know that 
they’ve done a lot of advertising behind it, but anybody 
who buys a plastic bottle of Coke is affecting the environ-
ment in a positive way, but they probably have no idea.”

By comparison, information technology (IT) has it 
easy. In fact, Damond believes, the rise of IT has played 
a role in pushing biotech behind the curtain. IT is ubiq-
uitous in our daily lives, and in the case of smartphones, 
literally all up in our faces. “Some folks in the biotechnol-
ogy industry get a little peeved when people say the ‘tech 
industry,’ referring to the information-technology sector,” 
Damond says. “I’ve been to meetings where we have to say, 
‘Hey, wait a minute—we’re the tech industry too.’ Except 
our technology, in some ways, is more advanced than any-
body’s. It’s life that we’re working with.”

HEALTHCARE’S NARROWING DIVIDE
Biotechnology occupies three sectors, Damond notes—
healthcare, agriculture and industry—that people don’t 
think about much unless, say, they or someone close to 
them is ill. And even then, the products of healthcare, with 
recent blockbuster drugs like Enbrel and Humira, have be-
come subsumed into the larger pharmaceutical industry. 

“Ten, 15 years ago, when I started getting involved in 
the industry,” Damond says, “there was more of a divi-
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sion between the big pharma companies who chemically 
synthesized drugs, or what we call small molecules, and 
the biotech companies like Genentech and Amgen.” Bio-
technology was new then, he says, and “there were smaller 
companies. Now those lines have really blurred.”

Over that time, the larger companies that used to do a 
lot of research in-house have come to depend on the bio-
tech sector to innovate new drugs. Big pharma steps in 
later to supervise the regulatory phase, manufacturing and 
marketing, all of which can take years. That means inves-
tors in biotech inventions must be patient. Many products 
go bust for the few that succeed, and when one succeeds, 
the cost of everything—including failure—is priced into 
the new product. 

“We’d rather people be aware of what goes into the de-
velopment of these products, how risky it is, because all 
they see is how expensive the drugs are when they come 
out the other end of the pipeline,” Damond laments. This 
makes it difficult for a healthcare consumer to draw the 
distinction between the high cost baked into the price of a 
new drug and price-gouging for old, off-patent drugs.

ASSAULT ON INNOVATION
“The whole concept of innovation is under assault, espe-
cially the global patent system,” says Stephen M. Sammut, 
senior fellow in healthcare management at the Wharton 
School of the University of Pennsylvania. “We need to edu-
cate the public about the scientific challenges of biotechnol-
ogy”—and how discoveries translate into clinical advances. 

Like Damond, Sammut attributes part of the problem 
to the growing complexity of the biomedicine ecosystem 
since the birth of biotechnology 40 years ago. In the 1980s, 
companies like Genentech and Amgen, beneficiaries of the 
recombinant DNA they helped pioneer, developed the first 
products—synthetic insulin and EPO—and became Wall 

Street darlings. “Biotech started almost more as an investment 
curiosity than an outgrowth of science,” Sammut observes.

After those useful drugs came a long series of hype-
and-busts, with one cancer “magic bullet” drug after an-
other fading after showing early promise. At the same 
time, the pharmaceutical industry slowly absorbed bio-
technology. “It has been very frustrating,” Sammut says. 
“People have yet to understand the challenges, risks and 
rewards of drug and vaccine development.”

He holds up Gilead’s hepatitis C drug Sovaldi as a post-
er child for this misunderstanding: “The drug opened the 
door for an immense amount of public education about 
contracting hepatitis C and why it represents such a prob-
lem, what the health consequences for the people affected 
are.” Instead, he says, “there’s been no real public dialog 
about what Sovaldi represents in the way of extraordinary 
science and clinically, to say nothing of the fact of what it 
really costs to develop that drug.” Most public attention, 
including that from the U.S. Senate, has focused on the 
drug’s price tag.

GO ON THE OFFENSE
“When you’re playing defense, it’s hard to get ahead,” says 
Boote. “It’s much better to get out in front of the new tech-
nology with trusted and credible voices that not only talk 
about how the technology works but also why they use it 
and how it impacts each of our lives in a positive way.” 
Boote adheres to a simple approach: Provide the informa-
tion, then let the people decide. It’s hard to argue against 
allergenic-free peanuts, for instance, when everyone 
knows a child with peanut allergies. It’s hard to argue for 
increased use of pesticides and other agricultural chemi-
cals when you can build bug-resistance and soil-conserva-
tion characteristics into the genetic makeup of seeds.

Boote underscores another point: Don’t take the audi-
ence’s knowledge of your products for granted. She notes 
examples of companies where executives organize events 
to spend time with workers explaining the impact of the 
very products they make. “There are several companies 
that have thousands of employees working in their offices, 
working on that product, who have no idea how that end 
product is utilized,” she explains.

If the people working in the industry don’t hear it from 
the source, they’ll do what everyone else does: seek out in-

formation wherever they can find it. 
And too often, Boote says sadly, the 
biotechnology narrative gets hijacked 
from experts by fear-mongers. “The 
effect can be amplified exponentially 
on social media, where who deliv-
ers the message is as important as the 
message itself,” she says. (See “Social 
Realism,” page 12.) It’s a place where 

television celebrities with a gazillion Twitter followers can 
gain acceptance as, for instance, vaccine or nutrition experts.

“Those of us in the world of biotechnology have to 
do a radical reassessment of what we’re communicating 
and not communicating and how we’re communicating,” 
Sammut explains. As someone who has spent four decades 
in the industry, he concludes, “we need to be hiring people 
a third my age who understand how the younger genera-
tion thinks.” 

“The effect can be amplified exponentially on  
social media, where who delivers the message is  
as important as the message itself.” —Mary Boote
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When faced with a loved ones difficult  
diagnosis, most people describe feelings  
of being  jolted into a race against time.

A health crisis can spawn 
the ultimate application 
of biotechnology— 
attempting to save  
a loved one’s life

BY RENEE MORAD

D
octors diagnosed 
Karen Aiach’s 
daughter Ornella,  
at just six months 
old, with a rare 
condition called 
Sanfilippo syn-
drome, in which 

a missing enzyme causes toxic sub-
stances to build up in the body. Aiach 
began educating herself on every-
thing from the disease’s symptoms 
and outlook to its leading physicians 
and researchers. “With information 
so readily available these days, the 
wall between patient and their care-
givers and doctor is diminishing,” 
Aiach says. “I learned which authors 
were publishing research studies and 
felt empowered to pick up the phone 
and contact them to learn as much as 
I could, as quickly as I could.” Aiach’s 
research motivated her to leave her job 
running a consulting company and 
start Lysogene, a biotechnology firm in 
France that is currently developing gene 
therapy to treat Ornella’s syndrome and 
other neurodegenerative diseases.

When faced with a loved one’s dif-
ficult diagnosis, most people describe 
feelings of being jolted into a race 
against time. I recently caught up with 
a group of entrepreneurs who have all 
lived through this experience and gone 
on to create remarkable biotech com-
panies to improve outcomes for their 
family members and others. Con-
fronted with a life-or-death situation, 

these individuals didn’t just hope or 
yearn for good news, they created their 
own—with the help of a carefully en-
listed team of strategic partners. Their 
biotechnology-related companies and 
organizations, though inspired by the 
plight of a loved one, went on to enrich 
the lives of dozens, hundreds, and in 
some cases, thousands of individuals 
facing similar obstacles.

ADJUSTING A GENE
Patients with Sanfilippo syndrome 
develop mentally and physically up 
to age four, then lose what they have 
learned, while suffering from sleep 
disorders and hyperactivity. The 
median life expectancy is 15 to 18 
years of age. Aiach’s initial research 
revealed that few treatments were 
in progress for this syndrome and 
that gene therapy would be the most 
promising course to take. “I set out to 
find a therapeutic approach to the dis-
ease to make life more manageable for 

my daughter and others struggling 
with the syndrome,” Aiach says.

Lacking a medical background, 
Aiach hired a key neurobiologist and 
other staff members to help lead the 
way. Just a few years after the com-
pany’s launch in 2009, Lysogene con-
ducted Phase I/Phase II clinical trials 
of an experimental treatment. The 
genetic therapy has gone on to make 
a positive impact on Ornella’s day-
to-day wellbeing. “She’s quieter and 
calmer now, not enduring as severe 

bouts of hyperactivity, and is leading 
an overall happier life,” Aiach says. 
Although it’s still a work in progress, 
Aiach is confident Lysogene is mov-
ing in the right direction.

A POWERFUL  
ONLINE COMMUNITY
In 1999, Jamie Heywood received 
devastating news that his brother 
Stephen had been diagnosed with 
amyotrophic lateral sclerosis (ALS). 
The crisis, Heywood says, immedi-
ately brought his already tight-knit 
family together to “an amazing level 
of closeness and collaboration.” His 
family teamed up in numerous ways 
to help Stephen face his condition 
and to give him a fighting chance by 
gaining access to the best doctors. 
They also set out on a mission to help 
him experience the highest possible 
quality of life.

“We immediately started building 
things, because that’s what my family 

does,” Heywood says. That meant 
extensive remodeling projects—
which was a passion of Stephen’s—to 
keep him motivated and thriving. 
It meant founding the ALS Therapy 
Development Institute, the world’s 
first nonprofit biotechnology com-
pany, dedicated to ALS treatment. It 
also meant starting PatientsLikeMe, 
an online network where individuals 
share information about their illness-
es, symptoms, treatments, side effects, 
outlook and more. ©
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Launched in 2006 as a virtual 
community for people with ALS, 
PatientsLikeMe later expanded to 
include patients with other condi-
tions, such as multiple sclerosis, 
Parkinson’s disease, chronic fatigue 
syndrome, epilepsy and organ trans-
plantation. Today its successes range 
from singular victories—like con-
necting a patient with epilepsy with 
an epileptologist who was able to 
provide life-changing treatment—to 
large-scale projects, such as gathering ©
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and analyzing patient-reported data 
to aid in drawing big-picture con-
clusions about drug safety. “In this 
community, patients are empowered 
to share everything that’s worked, 
everything that hasn’t worked, their 
best advice and their biggest fears—
and it all comes together to provide a 
very powerful platform for patients,” 
Heywood says. “It’s about gathering 
experiences and data that can help ac-
celerate research and provide better 
treatments.” � ere’s also that sense 

of community that reminds patients 
that they are not alone in their expe-
riences. Heywood’s brother’s life was 
unfortunately taken much too soon 
by ALS, but the PatientsLikeMe on-
line community continues to shine 
as a beacon of hope and positivity for 
hundreds of thousands of others.

RESEARCHING 
A VERY RARE DISEASE
Matt Wilsey and his wife Kristen 
settled for nothing short of compre-
hensive when tackling their daughter 
Grace’s illness. Wilsey explains that 
he and his wife immediately knew 
something was wrong at his daugh-
ter’s birth, due in large part to their 
baby’s � oppy and lethargic nature. So 
the family traveled around the coun-
try to hear the opinions of top doc-
tors, and had whole genome sequenc-
ing conducted at two di� erent centers 
to see if they yielded the same an-
swers. � ey did, and a� er some trial 
and error, Grace was diagnosed as the 
second American and the sixth pa-
tient worldwide to have a rare genetic 
disorder known as NGLY1 de� ciency, 
which causes severe brain, liver and 
muscle problems.

To advance treatment for their 
daughter’s disease, the Wilseys start-
ed the Grace Science Foundation, 
and soon plan to launch a for-pro� t 
biotech company with a global team 
of 75 researchers. “Instead of sit-
ting back and waiting while a large 
pharmaceutical company keeps this 
disorder as number 1,000 on a list of 
potential diseases to address, we de-
cided that if we have the bandwidth, 
resources and scienti� c chops, we can 
get to work and perhaps explore part-
nering with a larger company in the 
future,” Wilsey says. 

In this way, the Wilseys hope to 
bring new options to Grace and to pa-
tients like her around the globe.
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Social Realism
The pitfalls and payoffs of embracing 
social media  BY MICHELLE GALLAHER

A 
biotech company can only call itself 
innovative once it has mastered so-
cial media and the Internet of Things. 
Forever changed by major advances 
like systems biology and CRISPR-Cas, 
biotechnology is being further trans-
formed by everyday objects imbued 
with smart technology. With the del-

uge of cutting-edge social media tools currently available, 
all those involved in the biotech community—investors, 
patients, politicians, scientists, clinical-trial volunteers and 
journalists—need to find new ways to make better use of the 
unprecedented amount of information now at our fingertips.

Medical technology, particularly digital health, is way 
out in front of biotechnology in its understanding of how to 
use social media. The hashtag #digitalhealth is consistently 
the number one trending regular hashtag according to Sym-
plur, an analysis site that tracks social media conversations 
in healthcare. The hashtag #pharma comes in seventh, while 
#biotech doesn’t even make the top 10. Clearly, the business-
es and individuals comprising the biotech sector have a way 
to go in harnessing the full power of social media. (See “Top 
7 Reasons That Biotechnology Should Get Social.”)

Some biotech companies are ahead of the curve. Ad-
medus, an Australian firm that I follow closely, has a 

wonderful Facebook page with a highly engaged group 
of followers. They actively support Admedus by sharing 
announcements with their networks and cheering on the 
company, but they can also be pretty vocal, posting com-
ments to the company Facebook page when they have 
criticisms or complaints. Admedus recently blocked and 
deleted comments from a follower who had made a habit 
of personally abusing company executives and other fol-
lowers. After a fair warning by the Admedus Facebook 
community manager, an attempt to take the discussion 
offline and reference to the “house rules,” the offender was 
blocked and his comments deleted. The tip here is: Create 
and publish “house rules” that dictate behavior, give peo-
ple a fair warning if they cross a line, and don’t put up with 
abuse. On the other hand, don’t be afraid of negative com-
ments; leave them on your company Facebook page and 
respond to them quickly and in as much detail as possible. 
Transparency is very attractive, and it models behavior for 
followers, letting them know that the page is actively man-
aged and fair comment is encouraged.

EMPOWERING THE PEOPLE
To support a friend who is undergoing immunotherapy for 
stage IV melanoma, she and I both turned to Facebook to re-
search and share information about the side effects she was 
experiencing with a new drug. We engaged with patient sup-
port groups, physicians and scientists from across the globe 
late one night, and we are now heavily invested in some 
wonderful patient support groups. In fact, patients are turn-
ing to social media and digital platforms more than ever for 
therapeutic support, treatment suggestions and information ©
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about side e� ects and clinical trials. Social media has con-
nected a global population of patients into extraordinarily 
powerful and valuable lobby groups and support networks, 
and this creates a gold mine of information.

Online patient networks are of considerable value to 
biotechnology. � is is the population pool in which you 
want to be � shing for clinical trial volunteers—motivat-
ed, relevant, reachable, educated. On the other hand, re-
cruiting through social media requires a dedicated con-
tract research organization (CRO) that fully understands 
the medium and can e� ectively caution and monitor trial 
participants to ensure that information is not unwitting-

ly disclosed by volunteers for investors and competitors 
to consume.

For people in the biotechnology � eld, social media o� ers 
additional bene� ts. Since being on Twitter, I read biotech 
industry news more than ever. I use social media to moni-
tor my stock portfolio, keep up with political and biotech 
news, follow key journals, collaborate nationally and inter-
nationally, participate in global conferences and conversa-
tions, market my company, publish my own thought lead-
ership material, in� uence journalists and politicians and 
network globally (with prejudice). With social media, life 
skills and business skills complement one another.
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TOP 7 REASONS 
BIOTECHNOLOGY 
SHOULD GET SOCIAL

1. Access the world’s largest 
focus group and listen for value.
Monitoring social media can trans-
form the millions of posts by patients 
and caregivers into valuable insights 
that can form the basis for a success-
ful marketing strategy. By listening 
to patients and healthcare providers, 
developers can identify unmet needs 
and market opportunities.

2. Keep your investors informed.
Companies that genuinely commit to 
updating shareholders will be using 
social media for investor relations. 
Publically listed companies should be 
monitoring social media, actively pro-
moting and protecting their brand, 
managing reputation risk and identi-
fying and correcting false statements.

3. Recruit for clinical trials.
Read anything about the future of 
clinical trials and social media will be 
cited as the key to success in three crit-
ical areas: recruitment, retention and 
con� dentiality. Meeting recruitment 
deadlines is one of the biggest con-
cerns for biotechnology companies, 
and social media can recruit faster, 
more e�  ciently and with greater accu-
racy. Social-media advertising is cru-
cial to recruiting, so it’s worth reading 
up on this one, as all trial recruiters are 
going to need to be experts to survive.

4. Alert your networks 
to newsworthy events.
Journalists and politicians are all on 
social media, with the exception of a 
few dinosaurs. As technology contin-
ues to reshape the way news outlets 
deliver news, journalists � nd them-
selves in an increasingly precarious 
position. Consequently, many report-
ers are turning to social media to 
invest in their own brand and build 
dedicated followers as an insurance 
policy against an unstable work envi-
ronment. � ey are hungry for stories 
to share, and social media is a very 
e� ective mechanism for building re-
lationships and selling story ideas. 
Politicians are not so di� erent from 
journalists; they too are constantly 
searching for ways to connect with 
their communities, and social media 
is a great way of highlighting issues 
that attract support. Bloggers are also 
major news providers and are aston-
ishingly in� uential with investors 
and journalists. If bloggers are not on 
your media distribution list for press 
releases, they should be.

5. Protect intellectual property.
Patients are quick to share health in-
formation, including their experiences 
in clinical trials, which has become a 
major issue for biotechnology compa-
nies. CROs and clinical trial sites need 
to ensure that volunteers understand 
their obligations concerning disclo-
sure of details on social media of their 
clinical trial experiences. A number of 

very high-pro� le breaches have been 
publicized, with companies being put 
into trading halts and competitors 
gaining an advantage because key in-
formation was inadvertently disclosed.

6. Improve healthcare outcomes.
Social media is awash with medi-
cal and scienti� c misinformation. 
Scientists, physicians, pharmaceuti-
cal companies and biotechnology 
companies have so much to gain by 
utilizing the power of social media 
to educate, inform and in� uence. If 
authoritative voices are not on social 
media, the lunatic fringe will � ll the 
void.  Educating patients and raising 
awareness of treatment options, trials 
and current thinking are some of the 
most compelling reasons for biotech-
nology and pharmaceutical compa-
nies to embrace social media. 

7. Raise capital.
Social media is not a capital-raising 
silver bullet, and anyone who says so 
is naïve, misled or just plain lying. 
Nonetheless, social media is the foun-
dation for crowdfunding, which is a 
lifeline for start-ups across the globe, 
drawing larger and larger amounts 
each year from increasingly ambi-
tious campaigns.

Michelle Gallaher (@StartupShelley) is 
the cofounder and creative director of � e 
Social Science (@thesocialsci), which helps 
companies make the most of social media, 
and cofounder of Women in Science Australia 
(@WomenSciAUST).
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Changing Lanes
Companies thrive when workers are willing to give up their comfort zones and 
learn from each other   BY ERIC BENDER

I
t takes a village of varied talents to raise a suc-
cessful biotechnology firm, and it helps when 
the villagers speak each other’s languages. Sci-
entists and engineers often work directly on 
teams with other employees who lack a strong 
science background, and this collaboration is 
easier when everyone knows a little about each 

other’s professional challenges and how to discuss them. 
More broadly, a company works together better when ev-
eryone’s contributions to its mission are better understood.

Achieving this level of understanding doesn’t always 
come easy. Non-technical staff might easily be bewildered 
by the overwhelming complexity and quick advances in 
today’s biomedical research. Scientists and engineers, in 
turn, may have little experience in talking and collaborat-
ing with a diverse group of employees in finance, informa-
tion technology, marketing or manufacturing. The tech-
nical staff could also be thoroughly unfamiliar with the 
rapidly evolving world of biotechnology-related business-
es, such as the pharmaceutical industry and clinical care. 
These gaps call for cross-disciplinary education, either on 
the job or in more formal training, says Stephen Sammut, 
a venture capitalist focusing on healthcare in emerging 
markets and a senior fellow in healthcare management at 
the Wharton School of the University of Pennsylvania in 
Philadelphia.

A certain level of scientific literacy is required, but so is 
literacy in other areas, particularly for those in leadership 
roles, Sammut says. The Biotechnology Entrepreneurship 
Boot Camp, which has taken place for 11 years at the an-
nual meeting of the Biotechnology Innovation Organiza-
tion (BIO), displays the breadth of business literacy issues 
facing biotechnology firms. The two-day training program 
covers opportunity assessment, pitching investors, capi-
talization, partnering, market strategies, pricing and re-
imbursement strategies, regulatory planning, intellectual 
property, team-building, corporate social responsibility 
and even bioethics, among other topics.

Whether you come from a scientific or a business back-
ground, “the learning challenge is integrating all of this,” 
says Sammut, cofounder of the Boot Camp. “In biotechnol-

ogy, these things are all incredibly integrated. You really 
cannot think about intellectual property without consider-
ing patent protection, without considering regulatory impli-
cations, without considering reimbursement, and all of those 
have significant implications for your market strategy.”

While such courses focus on a wide breadth of business 
components for company leadership, Sammut and other 
training veterans emphasize that all employees in biotech-
nology can benefit from interdisciplinary knowledge—es-
pecially when they can pick it up directly from those work-
ing in the other disciplines.

TEACHING THE NON-TECHNICAL
“If the last time people studied biology and chemistry was 
in high school, they really need to become more familiar 
with the process and the vocabulary of biochemistry and 
molecular biology,” says Sammut. “Those are very impor-
tant and hard-earned disciplines. You’re not going to pick 
them up overnight. But having said that, you have to start 
somewhere.” He suggests that those seeking to boost their 
scientific literacy check out the programs for non-scien-
tists offered by BIO and other groups. 

“If you can free yourself up to go to one of these two- to 
three-day programs, accidentally or purposely leave your 
cellphone at home, do the pre-reading assignments and re-
ally open your mind, you can get comfortable with a lot 
of concepts relatively quickly,” he says. “It doesn’t mean 
that you can develop any kind of scientific judgement but 
it may get you to the point where you can formulate ques-
tions, or at least sit down with an expert in the field and 
talk about what needs clarification.”

Another good option for people entering the indus-
try without much science exposure is to take the free and 
high-quality online courses given by organizations such 
as edX and Coursera, suggests Steve Casper, dean of the 
School of Applied Life Sciences at the Keck Graduate In-
stitute (KGI) in Claremont, California.

Although previous science experience probably helps 
anyone employed in biotechnology, it’s not a requirement 
for most of those who work outside the labs, says Karen 
Anderson, senior vice president for human resources at ©
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Alnylam Pharmaceuticals in Cambridge, Massachusetts. 
Job applicants “don’t necessarily have to have a science 
background, but they absolutely have to have a love of sci-
ence,” Anderson says. “� ey should be curious and should 
have begun the journey of being self-taught.” At her com-
pany, “� e people we hire are curious about the science 
and the landscape and where it’s going,” she adds. “We also 
see a lot of individuals who have dedicated themselves to 
life sciences, even if they’re a � nance person or an HR per-
son.” In a way, it becomes a lifestyle: “Once you’re in that 
life sciences work, you kind of get hooked.” 

While many biotech � rms do little to help employees 
broaden their knowledge beyond their job silos, Alynlam 
initiates the scienti� c education process immediately. On 
a hiree’s � rst day, he or she gets a quick overview of RNA 
interference (RNAi, the process underlying all of the com-
pany’s investigational drugs) and an app with an online 
RNAi tutorial. “At the 90-day mark, we do a deeper dive 
into RNAi, with a further tutorial by a couple of senior 
scientists,” Anderson says. In addition, Alnylam holds 
workshops on topics such as drug development, and opens 
its meetings with its scienti� c advisory board to all em-
ployees, who can listen as outside experts debate the � rm’s 
research directions. 

Many biotechnology companies also turn to exter-
nal training � rms such as BioTech Primer of Baltimore, 
Maryland, which specializes in biotechnology training for 
business employees without a science background. Bio-
Tech Primer’s instructors work in industry “and can tell 
their war stories to illustrate how companies get a product 
from the lab into the marketplace,” says Stacey Franklin, 
founder and CEO. “We also spend a lot of time keeping 
current with the science, which is always moving forward 
at lightning speed.”

� e classes begin with the basics, for people who haven’t 
studied it since high school, but quickly move into the sci-
ence, discovery and development processes used by the 
biotech industry. Non-scientists walk away better able to 
communicate with their colleagues and clients.

“People move around in a company and companies are 
always acquiring new technology,” Franklin says. “With 
each move and each acquisition comes the challenge of 
learning. � ose who have been in the industry for a while 
also attend because our instruction provides a framework 
in which they can connect the knowledge they have with 
the new knowledge they now require.”  

In one class, she says, the lead attorney for a major bio-
pharmaceutical � rm sat next to a manufacturing employ-
ee with a high school education. � e attorney had never 
been exposed to manufacturing operations and was full of 
questions. “It’s those interactions that make our courses so 
valuable,” she says. “Everyone learns from our instructors 
and each other.”  

LEARNING BEYOND 
STRAIGHT SCIENCE
“Technical people are trained to think technically: As 
long as you’ve got the best technology, that’s all that’s im-
portant,” says Arthur Boni, a technology and biotechnol-
ogy entrepreneur and professor of entrepreneurship at the 
Tepper School of Business at Carnegie Mellon University 
(CMU) in Pittsburgh, Pennsylvania. “It’s a revelation to a 
lot of them that creating value in the marketplace can be 
even more important.”

� at’s just one way in which � lling in the interdis-
ciplinary gaps is a di� erent exercise for scientists and 
engineers. With these employees, “a strong science back-
ground is necessary to be e� ective in a science-based in-
dustry, but it’s not su�  cient,” says Casper. “You need to 

learn more about how the science is translated into so-
ciety, the business of science and some of the ethical is-
sues.” His school’s mission is “to take scientists and give 
them the training experience—especially experiential, 
team-based learning—to make them more e� ective in 
industry,” Casper says. “Some of our students go to R&D 
in industry, but in the vast majority of jobs they’re do-
ing something else, such as program management, busi-
ness development, operations or consulting.” For these 
roles, Casper says, people with technical training need to 
learn both hard and so�  skills—among them, collaborat-
ing with people who might have wildly di� erent back-
grounds and skills. “You can’t just be a smart person; you 
also need to learn how to work e� ectively with people on 
teams,” he says. 

Grasping other professional languages is the key to in-
terdisciplinary teamwork. “You need to be able to translate 
your ideas e� ectively into another person’s language rather 
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than forcing them into your language,” Caspar points out. 
At KGI, learning by working in interdisciplinary teams “is 
our secret sauce, although I don’t think it’s a secret,” says 
Casper. “We do all sorts of team-based learning projects 
with clients.” In one example, a group of students worked 
with Caltech scientists on treatment for the eye condition 
known as dry macular degeneration, interacting not only 
with the scientists but also with experts on clinical trials 
and regulatory requirements. These projects represent an 
investment for the school, he adds wryly, since a professor 
might spend a fifth of his or her teaching time leading one 
team with five students.

Another learning model is offered by a joint program 
between Keck and the Indian biotechnology firm Biocon. 
At the Biocon Academy in Bangalore, which trains young 

technical graduates for jobs in industry, the 16-week 
blended learning program combines eight Keck courses 
given online with experiential learning at a Biocon manu-
facturing facility. This was an eye-opening way for Keck 
to explore another means of partnering with companies, 
Casper says.

Boni, who cofounded the Biotechnology Entrepreneur-
ship Boot Camp with Sammut and leads classes on health-
care innovation and translational medicine, emphasizes 
the advantages of learning interdisciplinary skills within 
a group of students with a wide range of interests. “We get 
a very interdisciplinary team of engineers, scientists, busi-
ness people and policy people looking at the same issues,” 
he says. “You need to get the technical folks as well as the 
MBAs working together on one problem, like developing a 
commercialization strategy. They get into debates and dis-
cussions. They basically learn from each other and come 
up with a more creative solution.”

Success in biotechnology requires a team effort, and 
educational programs should reflect that need, says Chris 
Lowe, director of the Institute of Biotechnology at the 
University of Cambridge in the United Kingdom. The in-
stitute’s Bioscience Enterprise graduate program attracts 
a highly diverse mix of people “who want to change the 
world,” Lowe says, adding that the course places a heavy 
emphasis on team projects in which students interact 
closely with industry. Completing this program “is very 
different from doing a usual MBA,” says director Linda Al-
lan. For one thing, relatively little of it is taught by academ-
ics. Instead, each year more than 100 industry experts give 
presentations and mentor students in professional practice 
assignments, offering realistic perspectives about what it’s 
actually like to work in the field. 

Business training “has to be very 
practical,” agrees Benny Zeevi, a 
managing general partner at TelAviv 
Venture Partners and founder of the 
Executive Program for Biotechnology 
and Medical Device Entrepreneurs 
and Managers at Tel Aviv University’s 
business school. “You need to have 
case studies and specific examples, 
like when you should file a patent to 
protect your intellectual property or 
how you perform due diligence or 
competitive analysis.” 

Biotechnology educators also 
emphasize the need to keep in mind 
country-by-country issues within a 
global industry. Although science is 
similar around the world, “the mar-
kets, the clinical settings and the re-
imbursement settings are different,” 

Boni notes. Exposure to these commercial aspects might 
be particularly important for U.S. biotechnology firms 
that want to do business in other countries. For instance, 
companies making medical devices and drugs increasing-
ly carry out trials and bring their products to market first 
in Europe, Africa or Australia, Boni says.

There’s one point in particular that all these train-
ing experts agree is critical for every biotechnology 
professional to grasp, regardless of background or role: 
The greatest unmet need for learning is in helping the 
public at large understand the industry’s challenges and 
accomplishments.

“Letting your friends and neighbors know what is go-
ing on is the responsibility of everybody in biotech,” says 
Sammut, “because most of the issues surrounding what 
we’re doing eventually become political, and people need 
to be informed as to what’s going on, and right now they’re 
not. We’re all ambassadors in this industry.”

“Some of our students go to R&D  
in industry, but in the vast majority 
of jobs they’re doing something else,  
such as program management,  
business development, operations  
or consulting.” —STEVE CASPER



Melbourne is recognised for its world 
leading capabilities in:

• infectious disease and immunology;
• cancer;
• neurology;
• regenerative medicine; 
•	 drug	candidate	identification	 

and optimisation and medicinal 
chemistry; and

• high quality clinical trials.

Melbourne has pioneered breakthrough 
technologies and treatments including  
the discovery of epilepsy genes, 
development of Relenza, cochlear ear 
implants, rotavirus vaccines and the 
discovery of colony stimulating factors 
now used widely to treat patients with 
compromised immune systems.

Adding to a list of major infrastructure 
already located in Melbourne, the Victorian 
Comprehensive Cancer Centre, has 
recently been completed. It is a new 
US$750 million purpose-built facility for 
cancer research, treatment, education and 
care and brings together ten-world leading 
cancer organisations to share knowledge 
and resources and drive the next 
generation of cancer research, treatment 
and care.

More than 40 per cent of Australia’s  
listed biotechnology and medical 
equipment companies are located in 
Melbourne. Its skilled and innovative 
workforce inacludes over 21,000 people 
employed in the pharmaceutical and 
biotechnology industry and more than 
20,000 researchers in universities, 
hospitals and research institutes. 

CSL, for example, is Australia’s largest 
biopharmaceutical company with a market 
capitalisation of over US$35 billion. 
Combined annual sales of commercialised 
biotechnology products from Melbourne 
totals more than US$9.5 billion a year.

Melbourne is a leading global location 
for high quality clinical trials by major 
international pharmaceutical, medical 
device and diagnostics companies. 
Melbourne’s range of expertise in 
conducting clinical trials across all 
major therapeutic areas ensures strict 
adherence to the highest standards of 
clinical research, which are conducted in 
accordance with international regulatory 
requirements and expectations.

Melbourne has a fast and favourable 
clinical trial regulatory environment existing 
within a robust national framework. The 
expected regulatory pathway, the Clinical 
Trials	Notification	scheme,	provides	for	
the	initiation	of	first-in-human	clinical	trials	
without	need	for	filing	of	an	IND.

Melbourne’s	outstanding	R&D	capabilities	
underpin the State’s innovative models 
of health provision and drive new 
opportunities for international partnerships 
to develop new products. 

Australia is also a highly attractive 
environment	for	R&D	operations,	 
with a cash refundable tax credit of up  
to	45	per	cent	of	eligible	R&D	expenses.

The Government has a strong history of 
investment to support the infrastructure 
needed for a world-class healthcare 
industry. It has recently established  
a new Future Industries Fund targeting 
medical technologies and pharmaceuticals  
as one of several strategic priority sectors. 

Melbourne is Australia’s 
biotechnology capital
A strong focus on global biotechnology opportunities is helping Melbourne cement its position as  
Australia’s leading location for medical technologies and pharmaceuticals. Its success can be attributed  
to a combination of its educated population, strong academic institutions, favourable regulatory and  
R&D environment, and a supportive government. 



Melbourne has a fast and 
favourable clinical trial regulatory 
environment existing within 
a robust national framework.

The Government has a well-established 
strategy to help medical research 
organisations become part of a global supply 
chain in knowledge creation, research, 
product development and commercialisation. 
Its network of 18 global offi  ces is working 
with international companies to identify new 
opportunities and potential local partner 
organisations.Melbourne’s biotechnology, 
pharmaceutical and medical technology 
companies are competing vigorously 
on a global stage, confi rming the city’s 
reputation as a vibrant destination for 
global biotechnology companies. It off ers 
an attractive low risk, high quality and 
competitive business environment as a 
gateway to Asia. 

To fi nd out how to grow your business 
in Victoria and fi nd out more about 
Melbourne’s growing medtech, biotech 
and pharmaceuticals sectors please contact 
the Victorian Government Business Offi  ce 
in New York. 

Contact
Mr Nathan Elia
Biotechnology, Life Science and Medical Technology Manager
Victorian Government Business Offi  ce – New York
Tel: +1 617 6789 770   Fax: +1 212 573 957 
Email: Nathan.elia@ecodev.vic.gov.au  
Website: www.invest.vic.gov.au

FAST FACTS

1 Melbourne is 1of 3 cities worldwide 
with two universities in the top 
20 biomedicine rankings

2 Australia has one of the most 
generous R&D tax incentive in 
the world as rated by KPMG

3 Melbourne attracts more than 
40 per cent of Australian medical 
research funding 

4 Has a central system for rapid ethical 
and scientifi c approval of multi-site 
clinical trials 

5 Melbourne was voted the world’s 
most liveable city for the 5th year 
in a row 
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E
very year, we seek to broaden and deepen 

the ways in which the Scientific American 

Worldview Scorecard explores biotechnology 

around the globe. In our 2016 Scorecard, we 

crank up the coverage in two ways. First, we 

present our worldVIEWguide—a biotechnol-

ogy guidebook that provides Scorecard data, 

basic statistics and added insight for each 

of the 54 countries covered—providing an 

easy way for readers to delve into each na-

tion’s performance and see how it stacks up 

against others. Second, we add a mini-Scorecard focused on Latin 

America. Here, we compare countries in this region independent 

of the larger Scorecard, allowing us to use a different methodology 

and avoid problems with integrating countries for which we have 

very different data points. This introduces a form of analysis that 

we plan to apply to other regions in future editions.

For the heart of the Scorecard, we employ our traditional 

methodology that relies on diverse metrics to gauge global 

innovation in biotechnology. We analyze seven categories—

Productivity, Intellectual Property (IP) Protection, Intensity, 

Enterprise Support, Education/Workforce, Foundations, and 

Policy & Stability. Composed of 27 components, these categories 

include gross and relative measurements. This strategy allows 

each country’s absolute performance to play a role in determining 

its Scorecard position, while giving comparative measurements 

some influence as well. Our methodology assesses fundamental 

elements of each nation, such as political environment and educa-

tion, as well as factors directly involved in innovation output, like 

IP and public-company performance. To quantify the information, 

we rank each country’s performance in the individual components 

on a scale from 0 to 10, with the lowest-ranked country scored as 

0 and the highest-ranked one as 10. To assign a rating for each 

category, we calculate the mean score from the components. (For 

detailed methods, see page 28.)

In addition to the rankings presented in the Scientific American 

Worldview Scorecard and the worldVIEWguide, we shine a light 

on many other exciting quantitative developments taking place 

in biotechnology today. For instance, this year New Zealand and 

Spain join the list of nations with publicly traded biotech firms. 

In the pages ahead, we highlight a host of other surprising and 

dynamic movements afoot in the global biotechnology scene.

A GUIDED TOUR

Enhanced with a new guidebook and region-specific ratings, the 2016 Scorecard 
ventures deeper than ever to track down the latest in biotech innovation
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PRODUCTIVITY
The United States remains the 
output powerhouse

M
any of the Scorecard metrics—

infrastructure quality, enter-

prise support and so on—mea-

sure a country’s biotechnology 

innovation inputs. At the end of the day, 

biotech is a business, and if you were to 

use a single metric to evaluate a nation’s 

strength in biotechnology, it would be 

gross productivity. We measure productiv-

ity here with two metrics: Publicly traded 

company revenues and the number of pub-

licly traded companies (Morrison, C. & Läh-

teenmäki, R. Nat. Biotechnol. 33, 703–709 

(2015), and company disclosures). Publicly 

traded companies are the best place to 

start for measuring productivity, because 

they must be more transparent—due to 

their reporting requirements—than private 

firms, which makes it easier to objectively 

compare them. Also, the number of publicly 

traded companies in a country and how 

they perform serves as an indicator of the 

health of its overall business environment. 

In contrast, it’s difficult to gain much insight 

from private-company data, since starting a 

private biotech can be as simple as register-

ing a business name with the local govern-

ment offices, whereas the requirements for 

public listing are far more extensive.

The established leader in this cat-

egory—by a large margin—is the United 

States. Australia and the United Kingdom 

follow in second and third place, as they 

have for many years. (For in-depth cover-

age of trends for publicly listed biotechnol-

ogy companies, see page 64.)

IP PROTECTION
Finland maintains control of   
innovation’s keystone

W
e are committed to extending 

lifesaving medical technologies 

and addressing unmet medical 

needs in developing countries 

around the world,” declares a Johnson & 

Johnson website. “We believe that the best 

way to address these needs is for companies 

to work with local governments to develop 

approaches that benefit all involved parties, 

while continuing to uphold the value of IP in 

all parts of the world.” Beyond the invaluable 

goal of saving lives, incentives for discovering 

new biotechnology applications are driven by 

confidence in strong IP protection. Without 

it, far fewer scientists would take the risks 

that innovation requires.

A comprehensive understanding of IP 

strength involves objective and subjective 
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elements, and the Scorecard considers 

both. For an objective measurement, we 

use a study (Park, W.G. Research Policy 

37, 761–766 (2008)) that explores five 

measurements: patentable inventions, 

membership in international treaties, 

duration of protection, enforcement 

mechanisms, and restrictions. For a subjec-

tive measurement, we turn to another 

study (Schwab, K. The Global Competitive-

ness Report, 2014–2015. World Economic 

Forum (2014)), compiled from the opinions 

of business leaders about their perceptions 

of domestic IP protection.

In combining these two metrics, we 

find that Finland leads the category, as it 

did in 2015. And just behind it, the United 

States moved from eighth in 2015 to 

second this year. Ireland also rose up the 

ranks, from tenth to fifth. To stay competi-

tive, a country must hold biotechnology’s 

keystone firmly in place. Strong IP protec-

tion can support the industry, but the 

sector collapses if IP protection fails.
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INTENSITY
Denmark drives its biotech  
industry harder than anyone 
else, for six years running

I
f IP Protection is the keystone support-

ing the pieces of a nation’s biotechnol-

ogy sector, Intensity is the combination 

of focus, diligence, tools and commit-

ment of the team putting them together. 

This category consists of measurements 

adjusted for population size and economy, 

so that countries large and small can com-

pete equally. The leaders in this race provide 

the best settings for biotechnology growth, 

because they emphasize it the most.

Intensity involves data from a variety 

of sources, including publicly traded biotech 

firms (Morrison, C. & Lähteenmäki, R. 

Nat. Biotechnol. 33, 703–709 (2015), and 

company disclosures). The “publicly traded 

biotechnology company employees per 

capita” component is calculated by dividing 

employee counts by the country’s population 

(U.S. Census Bureau International Database). 

For “publicly traded biotechnology company 

revenues per GDP,” we used the nation’s GDP 

(IMF World Economic Outlook Database). The 

data for “biotech patents per total patents” 

(filed with the Patent Cooperation Treaty) 

and “business expenditures on biotechnol-

ogy R&D” came from the Organisation for 

Economic Co-operation and Development 

(OECD). “Value added of knowledge- and 

technology-intensive industries” was sourced 

from the U.S. National Science Foundation 

(NSF)’s Science and Engineering Indicators.

On a six-year run at the top of this 

category, Denmark remains the Scorecard’s 

Intensity leader. Its neighbors in the top 

three—the United States and Australia—

also earn a three-peat, having held the 

top spots in this category since 2014. Last 

year, Spain displaced Singapore for fourth 

place, due to a surge in the proportion of 

biotechnology patent applications filed 

there, and this year New Zealand displaced 

Spain for the same reason. 

ENTERPRISE SUPPORT
Asian countries dominate the top five

E
nterprise Support’s Big Five includes three Asian nations—Singapore, Hong Kong 

and Malaysia—plus nearby New Zealand. This synergy suggests the region is ready 

to expand its biotech activities, having already established itself as a great place 

to do business. When a country is weak in Enterprise Support, it becomes so dif-

ficult to start and grow a company there that it diminishes the value of other factors that 

may be supportive of biotech.

This category consists of four elements. We derived the “business-friendly environ-

ment” measurement from Doing Business 2015 (World Bank and the International Finance 

Corporation). This report surveyed local experts on a synthetic business case—an ap-

proach that does present limitations, as it is restricted to a single example 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 is drawn 

from measurements from the OECD. The “venture capital availability” score comes from 

an index based on an international survey (Schwab, K. The Global Competitiveness Report, 

2015–2016. World Economic Forum (2015)). The last metric, “capital availability,” was 

derived from the Milken Institute Capital Access Index. 

For the past three years, Singapore, the United States and Hong Kong have swapped 

spots back and forth at the top of this category. This year and last, however, Singapore 

captured the top spot, followed by the United States and Hong Kong.S
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FOUNDATIONS
South Korea climbs to the top

A
fter a four-year reign at the head 

of the Foundations category, 

Finland slips to second—edged 

out by South Korea. In 2015, 

South Korea finished a close second in this 

metric, and was in third place in 2014. So, 

step by step, South Korea’s steady progress 

in this area has led it to the top.

When it comes to building an inter-

national reputation as a nurturing home 

for innovative biotechnology, the factors 

measured in Foundations play a key role. 

Reflected here are important issues, like 

the quality of a nation’s infrastructure—

roads and ports and so on. No firm wants 

to do business in a country where these 

elements are subpar. The category also 

considers the percentage of business and 

government spending that goes to R&D, 

which indicates the financial foundation of 

the industry. We include numbers on R&D 

spending in addition to fundamental met-

rics, such as infrastructure quality, because 

R&D can plant the seeds for future growth. 

Many interesting opportunities present 

themselves in the course of research, so it 

is reasonable to expect that a greater R&D 

spend will give rise to more opportunities. 

Our data for this category are drawn 

from four areas. We used figures from the 

OECD to calculate “business R&D expen-

ditures per GDP.” Our “gross expenditures 

on R&D per GDP” metric was drawn from 

UNESCO data. For information on “infra-

structure quality,” we turned to the World 

Economic Forum (Schwab, K. The Global 

Competitiveness Report, 2015–2016. World 

Economic Forum (2015)), which uses an 

international survey to produce its index. 

Last, we derived the component “innova-

tion and entrepreneurship opportunity” 

from the 2015 Legatum Prosperity Index. 

Countries with a strong showing in this 

last metric tend to encourage research-

ers to spin off ventures to pursue these 

opportunities.

EDUCATION/WORKFORCE
In this extremely technical industry, people remain the key ingredient

W
hat matters most in this industry is … its people.” Those words, from Stephen 

M. Sammut, senior fellow in healthcare management at the Wharton School 

of the University of Pennsylvania (“Biotechnology’s Crucial Question,” 

Scientific American Worldview, 2015), should be a mantra for anyone hoping 

to thrive in the biotech arena. It’s common sense that a country lacking workers trained in 

biotechnology has little chance of becoming a leader in the field.

We base this category of the Scorecard on five components. To determine “post-

secondary science graduates per capita,” we used UNESCO figures, divided by the 

population (U.S. Census Bureau International Database). For “Ph.D. 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 
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When it comes to building  
an international reputation  
as a nurturing home for  
innovative biotechnology,  
the factors measured in 
Foundations play a key role. 
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POLICY & STABILITY
Singapore offers a stable setting for launching a business or  
conducting R&D

A
lawless country is a bad place to do business, no matter how enticing its other 

perks might appear, while a dependable and predictably safe environment 

attracts many entrepreneurs. Security is among the qualities explored in our 

Policy & Stability category.

To assess each nation, we used the following measurements from the World Bank’s 

World Governance Indicators: “political stability and absence of violence/terrorism,” 

“government effectiveness,” “regulatory quality” and “rule of law.” Taken together, these 

components gauge perceptions of the likelihood that the government will be destabilized 

or overthrown by unconstitutional or violent means, including politically-motivated 

violence and terrorism. This category also 

incorporates perceptions of the quality 

of public and civil services in a country, 

as well as the government’s ability to 

formulate and implement sound policies 

and regulations.

Last year, Finland, Singapore and 

New Zealand—in that order—topped this 

category. This year Finland drops to third and Singapore and New Zealand advance to 

first and second place, respectively. Interestingly, a country’s Policy & Stability score does 

not generally align with perceptions about growth. Countries regarded as having strong 

growth potential—for example, Brazil, Russia, India and China (the BRICs)—generally have 

low Policy & Stability scores. This illustrates a common theme in business: Opportunities 

exist where companies can enter neglected markets and address challenges that have 

kept others away. 
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country’s doctoral recipients who did not want to stay in the United States following 

graduation there, as reported by the U.S. National Science Foundation. So a lower 

score in talent retention would mean that more Ph.D. graduates did express a desire 

to stay in the United States, which creates “brain drain” for the home country of 

those graduates. The purpose of this metric is not to measure the attractiveness of 

the United States—wanting to stay in the United States after earning a Ph.D. doesn’t 

ensure being able to, so some of those young Ph.D.s still go home or to another coun-

try—rather, it does give us vital information on how graduates view opportunities in 

their native country. India and China have traditionally led in the brain-drain metric, 

with more than 90% of Ph.D. graduates not wishing to repatriate after their studies 

in the United States. Last year, Ukraine had the highest level of brain drain, but this 

year it shares third place with Russia.

The same countries make up this year’s top five in Education/Workforce as last year, 

and the top three remain in the same order, with the United States at the top. The only 

top-five difference is that Australia leapfrogged Luxembourg to land in fourth place.

Interestingly, a country’s  
Policy & Stability score  
does not generally align with 
perceptions about growth.
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1.1 1.2 2.1 2.2 3.1 3.2 3.3 3.4 3.5 3.6 4.1 4.2 4.3 4.4 5.1 5.2 5.3 5.4 5.5 6.1 6.2 6.3 6.4 7.1 7.2 7.3 7.4 #1 #2 #3 #4 #5 #6 #7 SCORE

UNITED STATES 10.0 10.0 10.0 8.5 4.1 3.6 9.0 5.2 10.0 10.0 8.4 10.0 8.1 9.2 4.4 5.4 10.0 5.3 6.6 8.1 8.6 7.4 7.1 7.1 8.3 10.0 9.2 6.4 8.9 6.6 7.1 7.5 39.8

SINGAPORE 7.0 9.7 7.4 0.1 10.0 8.4 9.3 5.7 7.0 0.7 3.3 4.6 9.7 8.6 9.2 10.0 10.0 9.3 8.3 3.8 9.2 4.5 6.6 9.6 30.0

DENMARK 0.2 0.3 9.1 7.9 6.2 10.0 10.0 10.0 0.1 0.4 9.1 0.2 2.5 8.2 4.2 2.0 9.3 0.3 5.6 7.1 8.1 9.7 8.4 8.5 8.4 9.9 0.2 8.5 7.3 5.0 3.9 7.6 8.8 29.5

NEW ZEALAND 0.0 0.0 6.1 9.4 9.6 0.1 9.8 6.9 6.9 10.0 10.0 4.5 0.5 1.2 2.8 5.8 8.0 10.0 9.0 9.1 9.7 0.0 7.7 4.8 7.9 6.2 4.5 9.4 29.0

AUSTRALIA 0.5 1.4 6.8 8.5 8.0 4.6 5.2 7.0 0.9 0.0 7.8 0.3 3.8 8.4 7.0 5.8 5.3 5.3 3.4 5.2 5.6 8.5 8.8 7.7 8.9 9.4 1.0 7.6 5.1 5.0 5.3 6.4 8.7 28.0

SWITZERLAND 0.2 0.4 7.5 9.7 5.9 3.2 4.4 4.1 0.3 0.9 6.5 0.3 5.6 8.7 3.6 3.3 7.2 0.6 5.7 6.9 10.0 9.5 9.3 9.7 8.8 9.7 0.3 8.6 3.6 5.3 3.7 8.0 9.4 27.7

FINLAND 0.0 0.1 9.1 10.0 1.6 0.0 0.1 1.1 0.1 0.0 8.1 0.1 8.1 8.3 3.6 2.0 9.0 0.2 6.4 8.0 9.2 9.1 9.4 9.3 9.0 10.0 0.0 9.5 0.6 6.1 3.7 8.2 9.4 26.8

UNITED KINGDOM 0.6 0.8 8.5 9.1 1.6 0.8 3.4 4.1 1.4 8.5 0.8 6.3 9.3 7.6 6.4 5.1 2.3 5.8 2.8 3.7 6.7 9.1 6.9 7.8 8.8 9.2 0.7 8.8 2.2 6.2 5.4 5.6 8.2 26.5

SWEDEN 0.1 0.5 8.5 8.5 6.7 1.1 1.8 2.2 0.3 0.1 8.3 0.5 5.9 8.4 2.5 2.3 7.3 0.4 6.4 7.7 7.5 10.0 8.8 8.4 8.7 9.6 0.3 8.5 2.4 5.8 3.1 7.9 8.9 26.3

CANADA 0.0 0.9 9.1 8.5 3.5 0.2 0.1 3.3 0.8 0.1 7.8 1.0 5.6 10.0 6.4 5.3 4.5 1.6 2.1 3.9 6.9 8.2 9.1 8.3 8.8 9.2 0.5 8.8 1.6 6.1 4.4 5.3 8.9 25.3

HONG KONG 0.1 0.0 5.2 9.1 0.4 1.3 3.2 1.5 8.9 7.5 9.4 2.9 0.3 1.6 9.7 8.7 8.9 8.6 9.5 9.1 0.0 7.1 1.6 8.6 1.6 6.7 9.0 24.7

GERMANY 0.1 0.5 8.3 8.2 0.9 0.3 0.4 1.1 1.6 0.4 7.7 0.6 5.0 6.9 4.8 2.9 6.5 5.1 2.8 5.3 6.7 8.3 8.0 8.4 8.2 8.4 9.1 0.3 8.2 0.8 5.0 4.4 7.1 8.5 24.6

ISRAEL 0.0 0.6 6.6 6.1 10.0 1.1 0.2 6.3 0.1 0.1 4.9 8.1 6.5 4.2 10.0 3.6 0.0 10.0 10.0 3.9 6.2 2.7 6.0 6.9 6.6 0.3 6.3 3.5 6.5 4.5 7.5 5.6 24.4

NETHERLANDS 0.1 0.2 9.1 9.1 1.3 2.1 2.2 4.8 0.4 0.2 6.5 0.2 5.0 8.3 2.6 0.9 6.1 0.8 2.9 4.5 9.4 8.6 8.7 8.6 8.6 9.5 0.1 9.1 2.2 5.0 2.6 6.4 8.9 24.4

JAPAN 0.0 0.2 9.1 9.4 0.2 0.0 0.0 0.0 2.7 0.5 6.1 0.1 5.3 6.6 0.9 5.9 5.5 2.0 7.5 7.8 9.2 7.0 8.6 8.5 6.7 8.3 0.1 9.2 0.6 4.5 3.6 7.9 8.0 24.2

IRELAND 0.0 0.1 9.1 8.8 1.8 1.2 0.9 5.9 0.1 0.1 7.5 0.0 4.1 7.7 7.3 4.3 5.0 0.1 3.0 3.6 5.6 8.0 8.8 7.7 8.6 8.9 0.0 8.9 2.0 4.8 4.2 5.0 8.5 23.9

FRANCE 0.2 0.9 9.1 8.5 1.8 1.4 1.3 3.0 1.3 1.2 6.5 0.9 4.7 7.2 5.3 3.0 6.9 2.8 3.7 3.9 5.2 8.3 7.5 6.7 6.9 6.5 7.8 0.6 8.8 1.8 4.8 4.3 6.2 7.0 23.9

AUSTRIA 0.0 0.0 7.5 8.2 0.5 0.1 0.1 2.2 0.1 0.1 7.3 0.0 3.1 6.0 3.3 2.7 6.6 0.8 5.7 6.6 8.6 9.1 9.4 7.6 7.8 9.5 0.0 7.9 0.6 4.1 3.4 7.5 8.5 22.8

NORWAY 0.0 0.1 6.8 8.5 2.5 0.1 0.0 4.1 0.2 0.0 8.2 0.0 7.2 7.6 2.7 1.5 6.3 0.2 2.2 3.7 5.8 9.1 8.9 8.5 8.2 9.8 0.0 7.6 1.4 5.8 2.7 5.2 8.8 22.6

BELGIUM 0.0 0.2 9.1 8.2 2.3 0.7 0.5 7.0 0.2 0.2 5.5 0.2 5.0 6.8 2.4 1.4 6.2 0.6 4.3 5.2 6.9 6.9 7.7 6.9 6.8 8.0 0.1 8.6 2.2 4.4 2.6 5.8 7.4 22.2

LUXEMBOURG 6.7 10.0 4.2 0.0 7.5 0.6 8.7 1.8 2.6 7.5 9.0 9.7 7.9 8.2 9.3 8.3 3.9 4.6 5.2 8.8 22.0

ICELAND 3.8 7.0 7.4 3.8 4.1 4.7 7.9 0.0 2.8 5.8 8.6 9.1 9.3 7.3 6.9 8.7 5.4 5.6 4.2 6.6 8.0 21.3

TAIWAN, CHINA 0.0 0.1 4.9 6.7 0.4 0.0 0.0 0.0 0.2 7.9 6.9 6.2 2.6 6.4 7.2 7.1 8.0 6.8 7.2 6.9 0.0 5.8 0.1 7.0 2.6 6.9 7.2 21.1

SOUTH KOREA 7.5 3.6 0.7 0.5 0.5 8.9 0.1 2.2 8.1 4.4 3.7 6.8 3.7 0.8 9.3 9.5 7.5 7.0 6.2 6.0 6.6 6.2 5.6 0.6 4.8 3.9 8.3 6.3 21.0

ESTONIA 6.7 0.0 7.6 5.0 7.0 4.5 2.8 4.0 0.0 2.1 5.0 5.8 6.4 7.9 5.5 8.3 7.5 6.7 6.5 2.8 4.8 7.3 20.1

UAE 7.6 0.1 6.3 7.8 6.7 0.7 0.7 1.0 9.7 6.2 8.0 7.2 6.2 5.3 7.6 0.1 6.9 0.7 5.6 6.7 19.7

MALAYSIA 3.7 7.3 2.2 0.1 7.5 9.1 7.3 3.3 2.1 0.8 2.5 7.5 4.6 6.6 5.9 5.8 5.1 5.5 1.1 8.0 2.1 4.9 5.9 19.6

QATAR 8.8 0.0 3.5 10.0 0.0 0.1 1.0 7.5 8.6 5.3 5.0 6.3 8.8 0.0 6.7 0.0 4.2 6.3 18.6

SPAIN 0.0 0.0 7.5 3.0 5.9 0.6 0.3 6.2 0.2 2.5 6.6 3.2 2.5 5.0 3.9 0.7 1.6 2.9 7.8 5.7 6.6 6.0 5.6 6.1 0.0 5.3 3.2 3.9 3.1 4.5 6.0 18.6

CZECH REPUBLIC 7.5 4.8 0.7 0.0 0.0 5.9 0.0 4.4 4.4 4.6 3.0 5.2 0.5 2.7 4.1 5.6 6.2 8.5 5.5 6.4 6.7 6.2 0.4 3.7 3.3 4.6 6.8 17.8

PORTUGAL 7.7 5.2 0.1 0.0 7.0 0.0 2.8 6.9 3.0 4.6 4.5 0.2 1.6 3.1 7.8 5.5 8.0 5.4 5.6 6.7 6.4 0.1 4.2 3.1 4.5 6.4 17.6

CHILE 7.3 3.6 0.1 5.1 4.4 5.8 1.9 0.3 0.7 7.4 0.0 0.1 0.7 4.7 5.5 7.1 5.9 7.8 7.7 5.5 0.1 5.1 2.0 2.7 7.1 16.1

LITHUANIA 6.0 3.3 7.4 3.4 4.8 3.1 3.4 0.0 2.0 5.6 4.2 7.9 5.3 6.9 6.0 4.7 5.2 2.2 3.9 6.5 16.1

SLOVAK REPUBLIC 7.0 3.3 0.0 0.0 6.4 3.1 4.1 4.8 4.5 3.0 0.1 0.8 1.8 4.4 5.1 8.6 4.9 6.0 4.6 5.2 0.0 4.5 3.1 3.0 6.0 15.6

SOUTH AFRICA 7.2 7.3 4.4 0.1 0.0 3.1 3.4 5.3 0.9 0.9 0.9 0.6 1.6 3.9 5.0 5.4 2.8 4.2 3.5 7.2 2.3 4.0 0.9 2.8 4.0 15.1

POLAND 0.0 0.0 7.0 3.0 0.1 0.2 0.3 4.1 0.1 0.0 6.7 0.0 1.9 2.8 5.2 3.7 2.3 0.3 0.8 2.0 3.3 5.1 8.2 4.7 6.5 5.7 0.0 5.0 0.9 2.8 2.9 2.8 6.2 14.8

HUNGARY 8.3 2.1 3.0 0.0 5.5 0.0 1.6 4.6 2.0 0.9 4.1 0.2 2.6 2.9 5.0 3.8 7.7 3.5 5.6 4.6 5.2 1.5 2.9 1.8 3.6 5.4 14.5

ITALY 0.0 0.1 9.1 3.3 0.1 0.0 0.0 1.5 0.8 0.1 5.3 0.0 0.6 4.9 2.0 2.8 4.8 3.2 1.0 1.7 2.9 3.3 4.6 7.1 2.9 5.3 4.1 0.0 6.2 0.5 2.7 2.8 3.1 4.8 14.4

LATVIA 3.9 7.2 3.1 3.3 2.9 0.7 2.4 0.0 1.4 5.3 4.9 7.3 5.3 6.8 5.9 3.9 4.5 1.5 3.9 6.3 14.3

SAUDI ARABIA 1.4 6.1 0.0 0.1 2.6 5.0 4.8 5.0 1.7 10.0 0.6 0.0 5.6 3.8 4.9 2.3 3.2 3.9 3.8 0.0 4.1 4.3 3.1 3.6 13.5

CHINA 0.1 0.1 6.4 3.0 0.0 0.0 0.1 0.4 2.7 2.5 5.9 5.0 1.9 0.7 1.2 4.4 4.4 4.4 2.9 4.3 2.8 2.5 1.9 0.1 4.7 0.6 4.5 1.3 4.0 2.9 12.9

GREECE 7.4 3.3 0.1 4.2 0.0 0.0 4.2 3.5 0.6 4.9 1.9 0.4 0.4 1.5 3.9 4.1 5.7 3.0 4.3 4.1 5.4 0.1 2.1 2.3 2.5 4.3 11.8

MEXICO 5.5 2.4 3.3 0.4 0.0 5.8 2.8 3.9 1.0 1.0 0.6 4.5 0.9 3.3 1.2 3.4 2.2 4.6 1.5 4.0 1.9 4.2 1.8 1.8 2.9 11.7

RUSSIA 4.6 0.0 5.6 0.5 0.0 5.0 2.5 2.7 4.3 0.0 4.8 1.9 2.3 1.7 2.5 3.3 4.6 3.2 1.2 2.0 0.6 2.3 3.0 3.4 2.7 3.0 1.8 11.5

THAILAND 0.0 0.6 0.1 5.1 4.4 6.1 0.5 8.7 0.8 3.1 2.4 3.0 2.8 4.1 2.5 0.3 0.1 5.2 4.6 2.1 3.1 10.9

TURKEY 6.1 2.1 0.0 0.3 4.4 1.9 2.8 3.0 1.0 1.8 3.4 0.5 1.0 2.0 5.6 2.0 2.5 3.0 4.5 3.1 4.1 0.1 3.0 1.9 2.6 3.3 10.8

BRAZIL 4.2 2.1 3.0 0.7 0.9 1.9 3.1 1.2 0.4 0.2 5.1 0.2 2.6 0.0 3.3 5.6 0.9 3.0 2.7 3.2 1.8 2.0 1.4 1.9 3.1 9.5

PUERTO RICO 4.3 3.0 0.6 0.9 7.8 3.0 5.9 5.6 4.3 1.8 0.9 5.6 9.0

INDIA 0.0 0.0 5.0 3.6 0.0 0.0 0.4 3.0 0.5 0.0 6.6 4.1 0.3 0.0 0.4 1.8 3.1 0.0 2.8 0.7 1.9 2.7 0.0 4.3 0.8 3.5 0.2 1.6 2.0 8.9

PHILIPPINES 6.8 2.7 0.1 1.7 3.8 1.9 0.0 2.8 0.1 1.1 1.3 3.6 2.2 3.2 1.9 4.8 0.1 2.4 1.4 0.8 2.7 8.7

KUWAIT 2.1 0.0 1.7 3.1 5.5 0.1 0.1 3.3 5.2 6.0 0.9 2.9 3.2 2.1 0.0 3.4 0.1 2.9 3.2 8.4

INDONESIA 0.5 3.9 0.2 1.1 5.9 1.9 0.7 7.0 0.1 0.0 2.5 0.3 4.6 1.4 3.0 1.8 2.2 0.2 3.0 2.6 0.9 2.7 8.2

UKRAINE 4.6 0.3 0.0 2.6 1.6 0.0 3.6 1.9 2.0 0.6 1.6 2.5 3.3 0.0 0.0 1.4 0.4 2.4 0.0 1.4 2.0 2.5 0.4 6.3

ARGENTINA 5.9 0.0 0.1 0.6 0.3 0.2 1.5 0.4 1.6 3.2 0.0 1.2 0.3 3.1 5.9 0.8 0.0 0.0 3.0 0.1 0.4 1.7 1.1 1.7 5.7

T
o build a reliable assessment of in-

novation potential in biotechnology 

around the world—stretching over 54 

countries—large collections of data must 

be analyzed. The results of this analysis 

are refl ected in the Scorecard’s in-depth 

outputs shown here, which cover seven 

categories composed of 27 components. 

This table provides an opportunity to dig 

into the details of the results, includ-

ing the compiled scores and ranks. (For 

detailed methods, see page 28.) 

As in prior Scientific American 

Worldview Scorecards, the United States 

ranks at the top of the list in overall 

innovation—followed by Singapore, 

Denmark, New Zealand and Australia, in 

that order. The United States, however, 

only leads in two categories: Productiv-

ity and Education/Workforce. Other 
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1.1 1.2 2.1 2.2 3.1 3.2 3.3 3.4 3.5 3.6 4.1 4.2 4.3 4.4 5.1 5.2 5.3 5.4 5.5 6.1 6.2 6.3 6.4 7.1 7.2 7.3 7.4 #1 #2 #3 #4 #5 #6 #7 SCORE

UNITED STATES 10.0 10.0 10.0 8.5 4.1 3.6 9.0 5.2 10.0 10.0 8.4 10.0 8.1 9.2 4.4 5.4 10.0 5.3 6.6 8.1 8.6 7.4 7.1 7.1 8.3 10.0 9.2 6.4 8.9 6.6 7.1 7.5 39.8

SINGAPORE 7.0 9.7 7.4 0.1 10.0 8.4 9.3 5.7 7.0 0.7 3.3 4.6 9.7 8.6 9.2 10.0 10.0 9.3 8.3 3.8 9.2 4.5 6.6 9.6 30.0

DENMARK 0.2 0.3 9.1 7.9 6.2 10.0 10.0 10.0 0.1 0.4 9.1 0.2 2.5 8.2 4.2 2.0 9.3 0.3 5.6 7.1 8.1 9.7 8.4 8.5 8.4 9.9 0.2 8.5 7.3 5.0 3.9 7.6 8.8 29.5

NEW ZEALAND 0.0 0.0 6.1 9.4 9.6 0.1 9.8 6.9 6.9 10.0 10.0 4.5 0.5 1.2 2.8 5.8 8.0 10.0 9.0 9.1 9.7 0.0 7.7 4.8 7.9 6.2 4.5 9.4 29.0

AUSTRALIA 0.5 1.4 6.8 8.5 8.0 4.6 5.2 7.0 0.9 0.0 7.8 0.3 3.8 8.4 7.0 5.8 5.3 5.3 3.4 5.2 5.6 8.5 8.8 7.7 8.9 9.4 1.0 7.6 5.1 5.0 5.3 6.4 8.7 28.0

SWITZERLAND 0.2 0.4 7.5 9.7 5.9 3.2 4.4 4.1 0.3 0.9 6.5 0.3 5.6 8.7 3.6 3.3 7.2 0.6 5.7 6.9 10.0 9.5 9.3 9.7 8.8 9.7 0.3 8.6 3.6 5.3 3.7 8.0 9.4 27.7

FINLAND 0.0 0.1 9.1 10.0 1.6 0.0 0.1 1.1 0.1 0.0 8.1 0.1 8.1 8.3 3.6 2.0 9.0 0.2 6.4 8.0 9.2 9.1 9.4 9.3 9.0 10.0 0.0 9.5 0.6 6.1 3.7 8.2 9.4 26.8

UNITED KINGDOM 0.6 0.8 8.5 9.1 1.6 0.8 3.4 4.1 1.4 8.5 0.8 6.3 9.3 7.6 6.4 5.1 2.3 5.8 2.8 3.7 6.7 9.1 6.9 7.8 8.8 9.2 0.7 8.8 2.2 6.2 5.4 5.6 8.2 26.5

SWEDEN 0.1 0.5 8.5 8.5 6.7 1.1 1.8 2.2 0.3 0.1 8.3 0.5 5.9 8.4 2.5 2.3 7.3 0.4 6.4 7.7 7.5 10.0 8.8 8.4 8.7 9.6 0.3 8.5 2.4 5.8 3.1 7.9 8.9 26.3

CANADA 0.0 0.9 9.1 8.5 3.5 0.2 0.1 3.3 0.8 0.1 7.8 1.0 5.6 10.0 6.4 5.3 4.5 1.6 2.1 3.9 6.9 8.2 9.1 8.3 8.8 9.2 0.5 8.8 1.6 6.1 4.4 5.3 8.9 25.3

HONG KONG 0.1 0.0 5.2 9.1 0.4 1.3 3.2 1.5 8.9 7.5 9.4 2.9 0.3 1.6 9.7 8.7 8.9 8.6 9.5 9.1 0.0 7.1 1.6 8.6 1.6 6.7 9.0 24.7

GERMANY 0.1 0.5 8.3 8.2 0.9 0.3 0.4 1.1 1.6 0.4 7.7 0.6 5.0 6.9 4.8 2.9 6.5 5.1 2.8 5.3 6.7 8.3 8.0 8.4 8.2 8.4 9.1 0.3 8.2 0.8 5.0 4.4 7.1 8.5 24.6

ISRAEL 0.0 0.6 6.6 6.1 10.0 1.1 0.2 6.3 0.1 0.1 4.9 8.1 6.5 4.2 10.0 3.6 0.0 10.0 10.0 3.9 6.2 2.7 6.0 6.9 6.6 0.3 6.3 3.5 6.5 4.5 7.5 5.6 24.4

NETHERLANDS 0.1 0.2 9.1 9.1 1.3 2.1 2.2 4.8 0.4 0.2 6.5 0.2 5.0 8.3 2.6 0.9 6.1 0.8 2.9 4.5 9.4 8.6 8.7 8.6 8.6 9.5 0.1 9.1 2.2 5.0 2.6 6.4 8.9 24.4

JAPAN 0.0 0.2 9.1 9.4 0.2 0.0 0.0 0.0 2.7 0.5 6.1 0.1 5.3 6.6 0.9 5.9 5.5 2.0 7.5 7.8 9.2 7.0 8.6 8.5 6.7 8.3 0.1 9.2 0.6 4.5 3.6 7.9 8.0 24.2

IRELAND 0.0 0.1 9.1 8.8 1.8 1.2 0.9 5.9 0.1 0.1 7.5 0.0 4.1 7.7 7.3 4.3 5.0 0.1 3.0 3.6 5.6 8.0 8.8 7.7 8.6 8.9 0.0 8.9 2.0 4.8 4.2 5.0 8.5 23.9

FRANCE 0.2 0.9 9.1 8.5 1.8 1.4 1.3 3.0 1.3 1.2 6.5 0.9 4.7 7.2 5.3 3.0 6.9 2.8 3.7 3.9 5.2 8.3 7.5 6.7 6.9 6.5 7.8 0.6 8.8 1.8 4.8 4.3 6.2 7.0 23.9

AUSTRIA 0.0 0.0 7.5 8.2 0.5 0.1 0.1 2.2 0.1 0.1 7.3 0.0 3.1 6.0 3.3 2.7 6.6 0.8 5.7 6.6 8.6 9.1 9.4 7.6 7.8 9.5 0.0 7.9 0.6 4.1 3.4 7.5 8.5 22.8

NORWAY 0.0 0.1 6.8 8.5 2.5 0.1 0.0 4.1 0.2 0.0 8.2 0.0 7.2 7.6 2.7 1.5 6.3 0.2 2.2 3.7 5.8 9.1 8.9 8.5 8.2 9.8 0.0 7.6 1.4 5.8 2.7 5.2 8.8 22.6

BELGIUM 0.0 0.2 9.1 8.2 2.3 0.7 0.5 7.0 0.2 0.2 5.5 0.2 5.0 6.8 2.4 1.4 6.2 0.6 4.3 5.2 6.9 6.9 7.7 6.9 6.8 8.0 0.1 8.6 2.2 4.4 2.6 5.8 7.4 22.2

LUXEMBOURG 6.7 10.0 4.2 0.0 7.5 0.6 8.7 1.8 2.6 7.5 9.0 9.7 7.9 8.2 9.3 8.3 3.9 4.6 5.2 8.8 22.0

ICELAND 3.8 7.0 7.4 3.8 4.1 4.7 7.9 0.0 2.8 5.8 8.6 9.1 9.3 7.3 6.9 8.7 5.4 5.6 4.2 6.6 8.0 21.3

TAIWAN, CHINA 0.0 0.1 4.9 6.7 0.4 0.0 0.0 0.0 0.2 7.9 6.9 6.2 2.6 6.4 7.2 7.1 8.0 6.8 7.2 6.9 0.0 5.8 0.1 7.0 2.6 6.9 7.2 21.1

SOUTH KOREA 7.5 3.6 0.7 0.5 0.5 8.9 0.1 2.2 8.1 4.4 3.7 6.8 3.7 0.8 9.3 9.5 7.5 7.0 6.2 6.0 6.6 6.2 5.6 0.6 4.8 3.9 8.3 6.3 21.0

ESTONIA 6.7 0.0 7.6 5.0 7.0 4.5 2.8 4.0 0.0 2.1 5.0 5.8 6.4 7.9 5.5 8.3 7.5 6.7 6.5 2.8 4.8 7.3 20.1

UAE 7.6 0.1 6.3 7.8 6.7 0.7 0.7 1.0 9.7 6.2 8.0 7.2 6.2 5.3 7.6 0.1 6.9 0.7 5.6 6.7 19.7

MALAYSIA 3.7 7.3 2.2 0.1 7.5 9.1 7.3 3.3 2.1 0.8 2.5 7.5 4.6 6.6 5.9 5.8 5.1 5.5 1.1 8.0 2.1 4.9 5.9 19.6

QATAR 8.8 0.0 3.5 10.0 0.0 0.1 1.0 7.5 8.6 5.3 5.0 6.3 8.8 0.0 6.7 0.0 4.2 6.3 18.6

SPAIN 0.0 0.0 7.5 3.0 5.9 0.6 0.3 6.2 0.2 2.5 6.6 3.2 2.5 5.0 3.9 0.7 1.6 2.9 7.8 5.7 6.6 6.0 5.6 6.1 0.0 5.3 3.2 3.9 3.1 4.5 6.0 18.6

CZECH REPUBLIC 7.5 4.8 0.7 0.0 0.0 5.9 0.0 4.4 4.4 4.6 3.0 5.2 0.5 2.7 4.1 5.6 6.2 8.5 5.5 6.4 6.7 6.2 0.4 3.7 3.3 4.6 6.8 17.8

PORTUGAL 7.7 5.2 0.1 0.0 7.0 0.0 2.8 6.9 3.0 4.6 4.5 0.2 1.6 3.1 7.8 5.5 8.0 5.4 5.6 6.7 6.4 0.1 4.2 3.1 4.5 6.4 17.6

CHILE 7.3 3.6 0.1 5.1 4.4 5.8 1.9 0.3 0.7 7.4 0.0 0.1 0.7 4.7 5.5 7.1 5.9 7.8 7.7 5.5 0.1 5.1 2.0 2.7 7.1 16.1

LITHUANIA 6.0 3.3 7.4 3.4 4.8 3.1 3.4 0.0 2.0 5.6 4.2 7.9 5.3 6.9 6.0 4.7 5.2 2.2 3.9 6.5 16.1

SLOVAK REPUBLIC 7.0 3.3 0.0 0.0 6.4 3.1 4.1 4.8 4.5 3.0 0.1 0.8 1.8 4.4 5.1 8.6 4.9 6.0 4.6 5.2 0.0 4.5 3.1 3.0 6.0 15.6

SOUTH AFRICA 7.2 7.3 4.4 0.1 0.0 3.1 3.4 5.3 0.9 0.9 0.9 0.6 1.6 3.9 5.0 5.4 2.8 4.2 3.5 7.2 2.3 4.0 0.9 2.8 4.0 15.1

POLAND 0.0 0.0 7.0 3.0 0.1 0.2 0.3 4.1 0.1 0.0 6.7 0.0 1.9 2.8 5.2 3.7 2.3 0.3 0.8 2.0 3.3 5.1 8.2 4.7 6.5 5.7 0.0 5.0 0.9 2.8 2.9 2.8 6.2 14.8

HUNGARY 8.3 2.1 3.0 0.0 5.5 0.0 1.6 4.6 2.0 0.9 4.1 0.2 2.6 2.9 5.0 3.8 7.7 3.5 5.6 4.6 5.2 1.5 2.9 1.8 3.6 5.4 14.5

ITALY 0.0 0.1 9.1 3.3 0.1 0.0 0.0 1.5 0.8 0.1 5.3 0.0 0.6 4.9 2.0 2.8 4.8 3.2 1.0 1.7 2.9 3.3 4.6 7.1 2.9 5.3 4.1 0.0 6.2 0.5 2.7 2.8 3.1 4.8 14.4

LATVIA 3.9 7.2 3.1 3.3 2.9 0.7 2.4 0.0 1.4 5.3 4.9 7.3 5.3 6.8 5.9 3.9 4.5 1.5 3.9 6.3 14.3

SAUDI ARABIA 1.4 6.1 0.0 0.1 2.6 5.0 4.8 5.0 1.7 10.0 0.6 0.0 5.6 3.8 4.9 2.3 3.2 3.9 3.8 0.0 4.1 4.3 3.1 3.6 13.5

CHINA 0.1 0.1 6.4 3.0 0.0 0.0 0.1 0.4 2.7 2.5 5.9 5.0 1.9 0.7 1.2 4.4 4.4 4.4 2.9 4.3 2.8 2.5 1.9 0.1 4.7 0.6 4.5 1.3 4.0 2.9 12.9

GREECE 7.4 3.3 0.1 4.2 0.0 0.0 4.2 3.5 0.6 4.9 1.9 0.4 0.4 1.5 3.9 4.1 5.7 3.0 4.3 4.1 5.4 0.1 2.1 2.3 2.5 4.3 11.8

MEXICO 5.5 2.4 3.3 0.4 0.0 5.8 2.8 3.9 1.0 1.0 0.6 4.5 0.9 3.3 1.2 3.4 2.2 4.6 1.5 4.0 1.9 4.2 1.8 1.8 2.9 11.7

RUSSIA 4.6 0.0 5.6 0.5 0.0 5.0 2.5 2.7 4.3 0.0 4.8 1.9 2.3 1.7 2.5 3.3 4.6 3.2 1.2 2.0 0.6 2.3 3.0 3.4 2.7 3.0 1.8 11.5

THAILAND 0.0 0.6 0.1 5.1 4.4 6.1 0.5 8.7 0.8 3.1 2.4 3.0 2.8 4.1 2.5 0.3 0.1 5.2 4.6 2.1 3.1 10.9

TURKEY 6.1 2.1 0.0 0.3 4.4 1.9 2.8 3.0 1.0 1.8 3.4 0.5 1.0 2.0 5.6 2.0 2.5 3.0 4.5 3.1 4.1 0.1 3.0 1.9 2.6 3.3 10.8

BRAZIL 4.2 2.1 3.0 0.7 0.9 1.9 3.1 1.2 0.4 0.2 5.1 0.2 2.6 0.0 3.3 5.6 0.9 3.0 2.7 3.2 1.8 2.0 1.4 1.9 3.1 9.5

PUERTO RICO 4.3 3.0 0.6 0.9 7.8 3.0 5.9 5.6 4.3 1.8 0.9 5.6 9.0

INDIA 0.0 0.0 5.0 3.6 0.0 0.0 0.4 3.0 0.5 0.0 6.6 4.1 0.3 0.0 0.4 1.8 3.1 0.0 2.8 0.7 1.9 2.7 0.0 4.3 0.8 3.5 0.2 1.6 2.0 8.9

PHILIPPINES 6.8 2.7 0.1 1.7 3.8 1.9 0.0 2.8 0.1 1.1 1.3 3.6 2.2 3.2 1.9 4.8 0.1 2.4 1.4 0.8 2.7 8.7

KUWAIT 2.1 0.0 1.7 3.1 5.5 0.1 0.1 3.3 5.2 6.0 0.9 2.9 3.2 2.1 0.0 3.4 0.1 2.9 3.2 8.4

INDONESIA 0.5 3.9 0.2 1.1 5.9 1.9 0.7 7.0 0.1 0.0 2.5 0.3 4.6 1.4 3.0 1.8 2.2 0.2 3.0 2.6 0.9 2.7 8.2

UKRAINE 4.6 0.3 0.0 2.6 1.6 0.0 3.6 1.9 2.0 0.6 1.6 2.5 3.3 0.0 0.0 1.4 0.4 2.4 0.0 1.4 2.0 2.5 0.4 6.3

ARGENTINA 5.9 0.0 0.1 0.6 0.3 0.2 1.5 0.4 1.6 3.2 0.0 1.2 0.3 3.1 5.9 0.8 0.0 0.0 3.0 0.1 0.4 1.7 1.1 1.7 5.7

countries reveal their respective areas of 

excellence: Denmark gets the top score 

for intensity; Hong Kong ranks third in 

Enterprise Support; and Saudi Arabia 

takes the 12th spot in Education/Work-

force, due to its students’ strong desire 

to return home after foreign doctoral 

studies (low brain drain).

The heat map on this table provides 

a Gestalt impression of the status of 

biotechnology innovation worldwide. At 

the same time, the numerical data allow 

for further investigation, ranging from the 

very broad to the extremely granular. Plus, 

our new worldVIEWguide (page 34), drawn 

from both data and qualitative informa-

tion, presents a closer look at each nation. 

Used in combination, these tools provide 

our most complete analysis to date of the 

countries covered in the Scientifi c Ameri-

can Worldview Scorecard.

#1 PRODUCTIVITY  Publicly traded biotechnology companies and output

1.1 Public company revenues (US$mm) 

1.2 Public companies

#2 IP PROTECTION   Quantitative and qualitative intellectual property protection

2.1 Patent strength 

2.2 Perceived IP protection 

#3 INTENSITY  Eff ort in biotechnology innovation

3.1 Public companies / million population

3.2 Public company employees / capita 

3.3 Public company revenues / $B GDP 

3.4 Biotech patents / total patents fi led with PCT

3.5 Value added of knowledge- and technology-intensive industries

3.6 Business expenditures on biotechnology R&D

#4 ENTERPRISE SUPPORT  Business environment and capital availability

4.1 Business friendly environment (higher = better)

4.2 Biotech VC, 2007 ($mm) 

4.3 VC availability 

4.4 Capital availability 

#5 EDUCATION/WORKFORCE  People trained in biotechnology

5.1 Post-secondary science graduates / capita

5.2 Ph.D. graduates in life sciences per million population

5.3 R&D personnel per thousand employment

5.4 Talent retention (reciprocal of brain drain)

5.5 Brain gain (share of global students studying outside their country)

#6 FOUNDATIONS  Infrastructure and R&D drivers

6.1 Business expenditures on R&D (% of GDP)

6.2 Gross domestic expenditure on R&D (% of GDP)

6.3 Infrastructure quality (roads, ports, electricity, etc.)

6.4 Entrepreneurship and opportunity 

#7 POLICY & STABILITY  Government control

7.1 Political stability and absence of violence/terrorism 

7.2 Government eff ectiveness 

7.3 Regulatory quality 

7.4 Rule of law

CATEGORY QUICK GUIDE
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T
his Scorecard evaluates 54 countries 

on their innovation potential in 

biotechnology through a meta-anal-

ysis. The analysis includes 27 components 

arranged in seven categories: Productivity, 

Intellectual Property (IP) Protection, Inten-

sity, Enterprise Support, Education/Work-

force, Foundations, and Policy & Stability. 

The table shows the components of each 

category and the sources of data.

For each component, countries are 

ranked on a scale from 0 to 10, with 

the lowest-ranked scored as 0 and the 

highest-ranked as 10. A nation’s score in a 

category is derived from the average of the 

available component scores—any gaps in 

the individual components were ignored in 

calculating the averages for each category.

The overall innovation score is a sum 

of the category averages, indexed to a 

score from 0 to 50. The normalization 

involved in calculating the category and 

overall scores considers each component 

and each category on equal weighting. 

Thus, the Scorecard gives the same impor-

tance to all components.

SCIENTIFIC AMERICAN WORLDVIEW SCORECARD METHODOLOGY

PRODUCTIVITY

publicly traded company revenues Morrison, C., Lähteenmäki, R. Nat. Biotechnol. 33, 703–709 (2015), and company disclosures

publicly traded companies Morrison, C., Lähteenmäki, R. Nat. Biotechnol. 33, 703–709 (2015), and company disclosures

IP

IP strength Park, W.G. Research Policy 37, 761–766 (2008)

perceived IP protection Schwab, K. The Global Competitiveness Report, 2015–2016. World Economic Forum (2015)

INTENSITY

publicly traded companies per capita Morrison, C., Lähteenmäki, R. Nat. Biotechnol. 33, 703–709 (2015), company disclosures and 

U.S. Census International database

publicly traded company employees per capita Morrison, C., Lähteenmäki, R. Nat. Biotechnol. 33, 703–709 (2015), company disclosures and 

U.S. Census International database

publicly traded company revenues per GDP Morrison, C., Lähteenmäki, R. Nat. Biotechnol. 33, 703–709 (2015), company disclosures and 

IMF World Economic Outlook database

biotech patents per total patents Organisation for Economic Co-operation and Development, Biotechnology Statistics database

value added of knowledge- and technology-intensive industries U.S. National Science Foundation’s Science and Engineering Indicators

business expenditures on biotechnology R&D Organisation for Economic Co-operation and Development, Biotechnology Statistics database

ENTERPRISE SUPPORT

business friendly environment Doing Business 2015 (World Bank and the International Finance Corporation)

biotechnology venture capital Organisation for Economic Co-operation and Development

venture capital availability Schwab, K. The Global Competitiveness Report, 2015–2016. World Economic Forum (2015)

capital availability Milken Capital Access Index

EDUCATION/WORKFORCE

post-secondary science graduates per capita UNESCO

Ph.D. graduates in life sciences per capita Organisation for Economic Co-operation and Development, Education database

R&D personnel per thousand employment UNESCO

talent retention U.S. National Science Foundation’s Survey of Earned Doctorates

brain gain U.S. National Science Foundation

FOUNDATIONS

business expenditures on R&D per GDP Organisation for Economic Co-operation and Development, Biotechnology Statistics database

gross domestic expenditure on R&D per GDP UNESCO

infrastructure quality Schwab, K. The Global Competitiveness Report, 2015–2016. World Economic Forum (2015)

POLICY & STABILITY

entrepreneurship and opportunity 2015 Legatum Prosperity Index

political stability and absence of violence/terrorism World Bank’s 2015 World Governance Indicators

government effectiveness World Bank’s 2015 World Governance Indicators

regulatory quality World Bank’s 2015 World Governance Indicators

rule of law World Bank’s 2015 World Governance Indicators
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SINGAPORE RISING
The same countries take the  
top five, but only one climbs

W
hile last year’s leading five 

countries are still in place, 

only one of them, Singapore, 

is on the rise, jumping from 

the fifth to the second slot. The United 

States stays in the lead with first place 

rankings in Productivity and Education/

Workforce and second place rankings in IP 

Protection, Intensity and Enterprise Sup-

port. In second overall, Singapore finishes 

first in Enterprise Support and Policy & 

Stability, and fifth in Intensity. Denmark, 

New Zealand and Australia rank third 

through fifth, in the same order as 2015, 

although each were bumped down one spot 

due to Singapore’s rise.

PRODUCTIVITY

IP PROTECTION

INTENSITY

ENTERPRISE SUPPORT

EDUCATION/WORKFORCE

FOUNDATIONS

POLICY & STABILITY

 

A PASSAGE FOR INDIA?
As India edges up, Kuwait falls

H
overing just above the bottom five in 2015, Kuwait drops into their ranks 

this year, while India climbs to slightly higher ground. The remaining 

countries in this group—Philippines, Indonesia, Ukraine and Argentina—

hold the same positions that they did in 2015. The key question for 2017 will be: 

Is India on a real upswing or is it just a blip in the data? In each of the past two 

years, India rose a rung or two, but it suffered a significant plunge of five spots 

from 2013 to 2014. Next year’s Scorecard could indicate whether India is really 

on an upswing.

Singapore, is on the rise, 
jumping from the fifth to 
the second slot.
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2009 2010 2011 2012 2013 2014 2015 2016 AVG.

UNITED STATES 1 1 1 1 1 1 1 1 1.0 0

SINGAPORE 2 2 8 3 5 2 5 2 3.6 -3

DENMARK 3 5 2 2 2 3 2 3 2.8 1

NEW ZEALAND 7 18 18 9 10 8 3 4 9.6 1

AUSTRALIA 10 17 5 10 7 4 4 5 7.8 1

SWITZERLAND 6 10 6 6 3 6 7 6 6.3 -1

FINLAND 8 6 7 4 4 7 6 7 6.1 1

UNITED KINGDOM 12 14 9 11 9 9 9 8 10.1 -1

SWEDEN 4 4 3 5 6 5 8 9 5.5 1

CANADA 11 3 4 7 8 11 10 10 8.0 0

HONG KONG 17 13 20 12 11 11 14.0 0

GERMANY 16 16 16 16 14 13 12 12 14.4 0

ISRAEL 5 7 13 14 15 22 18 13 13.4 -5

NETHERLANDS 19 12 12 17 12 14 14 14 14.3 0

JAPAN 13 9 11 18 18 18 16 15 14.8 -1

IRELAND 14 13 14 8 11 16 13 16 13.1 3

FRANCE 18 8 10 12 13 15 15 17 13.5 2

AUSTRIA 21 20 20 20 17 20 19 18 19.4 -1

NORWAY 17 21 21 19 22 19 17 19 19.4 2

BELGIUM 20 15 15 15 16 21 21 20 17.9 -1

LUXEMBOURG 25 29 25 19 10 20 21 21.3 1

ICELAND 9 11 22 23 23 24 24 22 19.8 -2

TAIWAN, CHINA 21 26 17 25 23 22.4 -2

SOUTH KOREA 15 19 19 22 24 23 23 24 21.1 1

ESTONIA 27 24 38 26 26 25 27.7 -1

UAE 40 27 27 26 30.0 -1

MALAYSIA 28 29 37 29 29 27 29.8 -2

QATAR 42 25 22 28 29.3 6

SPAIN 30 23 23 26 21 28 28 29 26.0 1

CZECH REPUBLIC 23 29 32 30 25 34 32 30 29.4 -2

PORTUGAL 27 24 24 27 29 31 30 31 27.9 1

CHILE 26 32 28 35 33 32 31.0 -1

LITHUANIA 35 33 34 32 34 33 33.5 -1

SLOVAK REPUBLIC 34 22 34 28 31 40 35 34 32.3 -1

SOUTH AFRICA 24 28 36 37 30 36 36 35 32.8 -1

POLAND 29 32 38 34 32 39 39 36 34.9 -3

HUNGARY 28 26 31 31 27 41 41 37 32.8 -4

ITALY 26 27 33 36 33 37 37 38 33.4 1

LATVIA 44 50 38 38 39 41.8 1

SAUDI ARABIA 25 35 45 33 40 40 36.3 0

CHINA 25 31 30 43 39 42 42 41 36.6 -1

GREECE 36 30 37 38 35 44 43 42 38.1 -1

MEXICO 33 33 41 41 43 46 44 43 40.5 -1

RUSSIA 22 36 43 45 41 48 47 44 40.8 -3

THAILAND 40 40 54 43 48 45 45.0 -3

TURKEY 30 34 39 42 44 47 45 46 40.9 1

BRAZIL 32 35 42 39 36 45 46 47 40.3 1

PUERTO RICO 52 30 31 48 40.3 17

INDIA 35 37 44 47 47 52 51 49 45.3 -2

PHILIPPINES 38 45 48 51 51 50 50 47.6 0

KUWAIT 53 49 49 51 50.5 2

INDONESIA 47 50 49 50 52 52 50.0 0

UKRAINE 48 49 48 53 53 53 50.7 0

ARGENTINA 46 46 46 54 54 54 50.0 0

UNSETTLED SCORES
Rank is revealing, but fl uctuat-
ing scores signal which way a 
country is trending 

A
lthough the United States remains 

the perennial leader on the Scien-

tifi c American Worldview Scorecard, 

there’s no shortage of volatility in the rank-

ings as many countries battle their way up 

and down the list. Singapore, which ranked 

fi fth last year, returns to second place, a 

position it held two years ago. The United 

Kingdom, which came in below the tenth 

slot in the early years of the Scorecard, 

advances from last year’s ninth place to 

fi nish at number eight. Canada rounds out 

the top 10, holding onto its number 10 

spot from 2015. Among the big movers, Is-

rael climbs fi ve slots from last year to take 

13th place, Qatar drops six rungs to 28th, 

Hungary advances four spots to 36th, and 

Puerto Rico falls 17 spaces to land at 48th. 

But apart from the rankings, a coun-

try’s absolute score is a key indicator. When 

nations maintain a consistent ranking, 

you can still look to their scores to gauge 

changes in their performance. The United 

States, for example, has always held fi rst 

place. Therefore, the only way to really 

address its evolving performance is to look 

at its overall score. This year the United 

States scores 39.8, which, like the previ-

ous two years, is greater than its average 

over all eight years of Scientifi c American 

Worldview’s history. Thus, the numbers 

indicate that its standing is improving. 

Singapore and Denmark, on the other 

hand, have scores this year that are below 

their eight-year average. So despite their 

high rankings, they are not improving year 

over year. The majority of the countries at 

the bottom of the Scorecard also came in 

this year with numbers below their eight-

year averages, suggesting that they may be 

on a downward slide.  

(neg. values = improvement)

CHANGE SINCE LAST YEAR  
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A PERILOUS PEAK
Half of the top 10 countries lost 
footing in their overall scores

R
ank is one thing on the Scientifi c 

American Worldview Scorecard, and 

score is another. Rank reveals one 

country’s performance against others, 

while its score over time shows how its 

capabilities change. Only half of the top 

10 countries—Australia, New Zealand, 

Singapore, Switzerland and the United 

States—increased their scores from 2015 

to 2016. And of these, most only rose by 

one percent or less. Among the top 10, 

Singapore’s score sees the biggest jump, 

8.3%. Just two of the top 10 countries 

score higher than their average this year. 

Both the United States and New Zealand 

surpass their averages by 3.6%. Meanwhile, 

Canada and Sweden suff er major descents, 

falling 10.6% and 10.2% from their aver-

ages, respectively.

THE TENACIOUS TRIO 
Three countries hold tight to 
their leading positions

T
his year’s top three countries by 

rank—the United States, Singapore 

and Denmark—have been in the top 

10 since the start of the Scientifi c Ameri-

can Worldview Scorecard. Other than a 

bobble by Singapore in 2011, these nations 

have always placed in the top fi ve. Several 

other leading countries—Finland, Sweden 

and Switzerland—can also boast long-

standing holds on the top 10. But bragging 

rights for the most impressive ascents go 

to New Zealand and Australia. New Zea-

land climbed from 18th in 2010 and 2011 

to fourth place in 2016, while Australia 

rose from 17th in 2010 to take one of the 

top fi ve spots for the past three years.
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GREATEST PUBLICLY  
TRADED COMPANY  
REVENUES: 
United States
United Kingdom
Australia

MOST PUBLICLY  
TRADED COMPANIES: 
United States
Australia
Canada/France

GREATEST  
PUBLICLY TRADED  
COMPANY MARKET  
CAPITALIZATION: 
United States
United Kingdom
Australia

MOST PUBLICLY TRADED 
COMPANY EMPLOYEES: 
United States 
Australia
France

GREATEST REVENUE  
PER PUBLICLY TRADED 
COMPANY: 
Hong Kong (only has one company)

United States
Denmark 

GREATEST REVENUE 
PER PUBLICLY TRADED 
COMPANY EMPLOYEE: 
United Kingdom
United States
Switzerland 

STRONGEST MEASURED 
PATENT PROTECTION: 
United States

GREATEST PERCEIVED 
PATENT STRENGTH: 
Finland, 
Luxembourg
Singapore/Sweden

GREATEST PERCENTAGE 
OF PATENTS IN  
BIOTECHNOLOGY: 
Denmark 
New Zealand
Singapore

GREATEST ENTERPRISE 
SUPPORT: 
Singapore
United States
Hong Kong

GREATEST VENTURE  
CAPITAL AVAILABILITY: 
Qatar
Malaysia
Singapore

MOST PH.D. GRADUATES 
IN LIFE SCIENCES PER 
CAPITA: 
New Zealand
Canada/United Kingdom

MOST R&D  
PERSONNEL PER  
TOTAL EMPLOYMENT: 
Israel
Denmark
Finland

BEST TALENT  
RETENTION (most U.S.-
trained doctorate graduates  
intending to return home): 
Saudi Arabia
Thailand
Chile

WORST BRAIN DRAIN 
(most U.S.-trained doctorate 
graduates intending to stay 
in the United States): 
India
China
Russia/Ukraine

BEST BRAIN GAIN (share 
of global graduate students): 
United States
United Kingdom 
France

GREATEST BUSINESS  
EXPENDITURES ON R&D  
(% of GDP): 
Israel
South Korea
Japan

GROSS EXPENDITURES  
ON R&D (% of GDP): 
Israel
South Korea
Finland

BEST INFRASTRUCTURE 
QUALITY: 
Switzerland
Hong Kong/Singapore/
United Arab Emirates

STRONGEST PERCEIVED 
ENTREPRENEURSHIP 
CLIMATE: 
Sweden
Denmark
Switzerland

BEST POLITICAL  
STABILITY: 
New Zealand
Luxembourg
Austria

GREATEST GOVERNMENT  
EFFECTIVENESS: 
Singapore
Switzerland
Finland

GREATEST REGULATORY 
QUALITY: 
Singapore
Hong Kong
New Zealand

BEST RULE OF LAW: 
Finland
Norway 
Denmark 

LARGEST PUBLIC  
MARKETS FOR  
BIOTECHNOLOGY: 
United States, 
United Kingdom
Australia

MOST GROWTH IN  
BIOTECHNOLOGY  
PUBLIC MARKETS: 
United States
United Kingdom

LOCAL SPECIALTIES
A far-flung list of leaders in specific areas of biotech  
innovation proves there’s plenty of room at the top
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N
o matter where a country ranks on the 
Scientifi c American Worldview Score-
card, chances are there’s something 
exciting going on in its biotech sector. 
That thinking spawned our worldVIEW-
guide, which consists of quantitative 
and qualitative descriptions of each 

nation. The quantitative part comes from several sources: 
general country statistics, our Scorecard and the Nature 
Index (http:www.natureindex.com)—a database of author 
affi  liation information collated from research articles 
published in an independently selected group of 68 high-
quality science journals. This index also assigns articles 
to particular categories: chemistry, earth & environmen-
tal sciences, life sciences, and physical sciences.

Our guide details every country’s Scientifi c American 
Worldview Scorecard (SAWV SC) rank, population, gross 
domestic product (GDP) and the amount of money 
that it invests in R&D per GDP. A radar plot reveals its 
performance in the Scorecard categories: Productivity, 
Intellectual Property (IP) Protection, Intensity, Enter-
prise Support, Education/Workforce, Foundations, and 
Policy & Stability. The magnitude on the plots shows 
the country’s score in each category, and the number by 
the category label indicates its rank (numbers in blue-
green represent a tie in rank).

Each description also includes a Nature Index donut, 
which refl ects the relative contribution of its author 
affi  liations on articles from each category: chemistry 
(red), earth & environmental sciences (green), life sci-
ences (yellow), and physical sciences (blue). The num-
ber inside the donut is the country’s weighted fractional 
count (WFC), which is basically the number of publica-
tions that a nation can claim (adjusted for collaboration 
with authors from other countries and some statistical 
balancing of the results, which is described more fully 
on the Nature Index website).

The worldVIEWguide descriptions combine data 
analysis with comments and news about the local 
biotech ecosystem. In combination, each entry off ers a 
quick country overview, giving readers a closer look at 
the latest in biotechnology around the world.

SUBJECT:
PHYSICAL SCIENCES 

CHEMISTRY

EARTH & ENVIRONMENTAL 
SCIENCES

LIFE SCIENCES
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Biotechnology briefi ngs on each Scorecard country
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Singapore
SAWV SC rank: 2 
Population: 5,567,301 
GDP: 298 
R&D/GDP: 2

S 
ingapore can boast a top 10 fin-

ish throughout the SC’s history, 

and a top five finish in every year 

except 2011. It also scores well on other 

measurements: 15th for output in the 

Nature Index 2015 Global, with more than 

half of the publications in chemistry; 

and fifth on the 2015 BCI index, which 

stated: “Singapore has relatively strong 

capabilities in R&D and manufacturing, 

with most of the necessary regulatory 

frameworks and safeguards in place and 

in line with international best practices.” 

In part, ongoing investment in science 

and technology explains Singapore’s high 

ranking. On January 12, 2016, for example, 

ScienceInsider reported, “The government 

of Singapore has announced that it plans 

to spend [US$13.2 billion] on research 

and development between 2016 and 

2020.” In addition, the National Univer-

sity of Singapore opened a US$25 million 

synthetic biology center on September 

30, 2015. Other news reveals the allure of 

Singapore as an international leader in sci-

ence. For instance, Rockefeller University 

plant molecular biologist Nam-Hai Chua 

announced plans to move his research—

exploring plant RNA’s impact on drought 

tolerance—to Singapore’s Temasek Life 

Sciences Laboratory. Indeed, Singapore is 

a go-to country for biotechnology research, 

as well as for R&D in general.
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United States
SAWV SC rank: 1 
Population: 318,892,103 
GDP: 16,768 
R&D/GDP: 2.81 

W
hen it comes to biotechnol-

ogy, the United States leads 

the way—topping the Scientific 

American Worldview Scorecard (SC) since 

its inception in 2009. In addition, The 

Biopharmaceutical Investment & Competi-

tiveness (BCI) Survey – 2015, produced by 

the Pugatch Consilium and described as “a 

global survey–based index of economies’ 

biomedical investment-attractiveness,” 

ranks the United States as number one. 

The United States tops other indices as 

well, including the output of articles in the 

Nature Index 2015 Global, which assesses 

the contribution of a country’s scientists to 

publications in top journals. U.S. institu-

tions also made up 26 of the top 50 in the 

2015 Nature Index, with the greatest U.S. 

contribution coming from Harvard Univer-

sity, second only to the Chinese Academy 

of Sciences. Other events also reveal the 

strength of this industry in the United 

States. For instance, biotechnology ben-

efits from more molecular tools, such as 

the added DNA nucleotides—X and Y—used 

at California-based Synthorx. According 

to Court Turner, Synthorx’s president and 

CEO, adding these new bases “expands the 

genetic code and enables many new amino 

acids to be incorporated into proteins. This 

results in an increase in the diversity of 

therapeutics that can be modified in favor-

able ways for drug discovery.”
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In part, ongoing investment 
in science and technology  
explains Singapore’s high 
ranking.
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New Zealand
SAWV SC rank: 4 
Population: 4,401,916 
GDP: 182 
R&D/GDP: 1.25

N
ew Zealand keeps moving up the 

SC—making a big jump from 18th 

place in 2010 to third in 2015, and 

coming in fourth in 2016. According to 

Will Barker, CEO of NZBIO, “A significant 

advance for our industry over the last 6 to 

12 months has been the increase in capital 

from various sources flowing into the 

industry: from seed capital invested at the 

very early stage [by] government-backed 

incubator programs and private angel 

investors to large private investment and 

significant initial public offerings at the 

other end of the market.” Several specific 

events reveal biotechnology’s growth 

in New Zealand. In December 2015, for 

example, Z Energy installed a biodiesel 

distillation column at a plant in Wiri, Auck-

land, and the plant is expected to start 

testing in 2016. The fuel source will be 

inedible tallow, which is a byproduct of the 

meat industry, and the plant is expected to 

produce 20 million liters of biodiesel a year 

to start and scale 

up to 40 million. 

In describing the 

operation, David 

Binnie, Z Energy’s 

general manager of 

supply and distribu-

tion, said, “The 

ability to refine the biodiesel by distil-

lation enables us to use a plentiful local 

resource to produce high quality biodiesel 

that exceeds New Zealand’s biodiesel 

specifications.”

Denmark
SAWV SC rank: 3 
Population: 5,569,077 
GDP: 331 
R&D/GDP: 3.02

A 
perennial top-fiver—taking top three 

spots every year except 2010—and 

second to the United States in aver-

age finish overall, Denmark earns star bill-

ing in the biotechnology world. Surprising-

ly, however, it does not perform as well on 

the Nature Index, ranking 21st on the 2015 

global list for overall output, with just two 

of its institutions making the top 200 list. 

Nonetheless, Danish scientists perform a 

range of first-class research. Copenhagen-

based Genmab contributed to a January 

6, 2016, online article for The Lancet, 

which described a Phase II trial on the 

use of daratumumab for refractor multiple 

myeoloma, with this conclusion: “Daratu-

mumab monotherapy showed encouraging 

efficacy in heavily pretreated and refractory 

patients with multiple myeoloma, with a 

favourable safety profile in this population 

of patients.” Denmark also deserves high 

ranking in industrial biotechnology, driven 

largely by Bagsvaerd-based Novozymes, 

which is predicting 8–10% growth in 

its net profit in 2016. In January 2016, 

Novozymes also announced a collaboration 

with U.S.-based Monsanto to use naturally 

occurring microbes to increase the harvest 

from corn. These examples of the breadth 

of biotechnology expertise in Denmark 

support its high global ranking in this 

industry, and its consistent performance 

should continue.
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“A significant advance for our industry  
over the last 6 to 12 months has been the  
increase in capital from various sources  
flowing into the industry.” —WILL BARKER
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Switzerland
SAWV SC rank: 6 
Population: 8,061,516 
GDP: 650 
R&D/GDP: 2.96

A  
lthough just barely in the global 

top 100 for population, this small 

country remains in the top 10 of the 

SC—with a third-place ranking in Founda-

tions in 2016—and the Nature Index 2015 

Global. Moreover, Switzerland landed at 

third on the 2015 BCI index, which states, 

“Respondents report that a very effective 

IP system is in place, both in terms of the 

legal framework and application on the 

ground.” The SC agrees, ranking Switzer-

land high in IP protection. Nonetheless, 

it could improve its standing in the SC’s 

Education/Workforce measurement. 

Still, this country spawns a wide range of 

successful companies. As examples, the 

Swiss Biotech Report 2015 points out that 

“some of the largest Swiss companies 

such as Nestlé, Novartis, Syngenta or 

Roche are active within life sciences and 

act globally.” The report continues: “For 

many of these multinationals, Switzerland 

is the hub of their global network of R&D 

collaborations and manufacturing sites.” 

The data also show the value of the medi-

cal, scientific and technological industries 

to this country. As the report notes, “The 

importance of Switzerland as a center for 

production is illustrated by the fact that 

in 2014, chemical, pharmaceutical and 

biotech companies accounted for 41% of 

total Swiss exports.”

Australia
SAWV SC rank: 5 
Population: 22,751,014 
GDP: 1,506 
R&D/GDP: 2.25

I
t might be down under geographically, 

but Australia finished in the SC top 

five for the past three years. It also 

produced the 12th highest output on the 

Nature Index 2015 Global. Experts around 

the world recognize the biotechnology 

opportunities in this country, as some 

events demonstrate. In October 2016, 

for example, Australia will host BioFest 

2016, which is billed as “the largest-ever 

gathering in Australian life sciences, 

with three major conferences coming 

together in one week in one place as one 

integrated network.” The buildup for the 

meeting adds: “The event will be a cel-

ebration of Australian and international 

life sciences and highlight Melbourne as 

one of the world’s great biotech hubs.” 

The Australian government is also work-

ing to highlight the country’s high-tech 

capabilities. In January 2016, Prime 

Minister Malcolm Turnbull announced a 

public-information plan that will include 

a US$250 million Biomedical Translation 

Fund to help publicize and commercial-

ize the country’s research successes. In 

an announcement of the plan, Minister 

for Industry, Innovation and Science, 

Christopher Pyne said, “Culture is one of 

the agenda’s four pillars because Austra-

lia must make the cultural shift to being 

a nation that is more inclined to take a 

chance on its ideas.”
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United Kingdom
SAWV SC rank: 8 
Population: 63,742,977 
GDP: 2,523 
R&D/GDP: 1.63

O
verall, the United Kingdom performs 

relatively stably on the SC, with 

an average ranking of 10.1. It also 

achieved a fourth-place ranking on the Na-

ture Index 2015 Global, and 14 of its insti-

tutions made the top 200. The top-placing 

University of Cambridge finished ninth, 

and the University of Oxford took 11th. 

Among the UK’s noted publications, Paul 

Jarvis of the University of Oxford and one 

of his colleagues reported in a 2015 issue 

of Current Biology that a gene, SP1, might 

be used to help plants survive in stressful 

environments, such as drought conditions. 

The United Kingdom fared even better 

on the 2015 BCI, where it ranked second, 

with the report stating: “In the view of 

local executives, an active and ongoing 

commitment to biomedical innovation on 

the part of the UK government, on top of 

a robust and well-established legal and 

regulatory framework, are among key fac-

tors that have allowed the economy to con-

tinue to compete for high levels of global 

biopharmaceutical investment.” Financial 

indicators also depict a strong biotechnol-

ogy industry in the country. In October 

2015, the UK Bioindustry Association 

reported: “2014 was the best year to date 

for investment in the UK bioscience sector, 

underpinned by government support in 

early stage life sciences R&D.”

Finland
SAWV SC rank: 7 
Population: 5,268,799 
GDP: 267 
R&D/GDP: 3.42

D
espite a very low performance in the 

SC’s Intensity measurement, which 

basically ranks a country’s efforts 

in innovative biotechnology, Finland has 

placed in the top 10 overall since our 

ranking began in 2009. When it comes to 

article output, though, its standing slips—

taking the 25th spot on the Nature Index 

2015 Global and having none of its institu-

tions make the top 200. Still, indicators 

suggest that Finland keeps growing as a 

biotechnology leader. In November 2015, 

ThePharmaLetter reported: “Among the 

Finnish chemical industry, the pharmaceu-

tical industry was the exports growth driver 

sector.” It continued: “Between January 

and August [2015], medicine exports grew 

by 4% compared with the same period 

in the preceding year, according to a 

web posting by the trade group Pharma 

Industry Finland (PIF).” In addition, Finnish 

companies have an international appeal. 

For instance, in January 2016, Accorda 

Therapeutics, a U.S.-based biotechnology 

company, agreed to pay US$363 million 

for Finland-based Biotie Therapies, which 

is developing drugs to treat Parkinson’s 

disease—including tozadenant, which is in 

Phase III clinical trials. With the world’s 

aging population, such treatments could 

be needed more and more, especially since 

Biotie Therapies claims that tozadenant 

“may also have utility in other CNS disorders.”
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subsidies to help 90 citizens with disabili-

ties enter the biotechnology workforce. To 

increase the number of biotech workers 

overall, BioTalent Canada runs a Career 

Focus Program to “pave the way to employ-

ment by helping offset the costs of orienta-

tion, integration and skills development.” 

The program takes aim at the industry’s 

gender imbalances, as women made up 

57% of its participants last year. 

Sweden
SAWV SC rank: 9 
Population: 9,723,809 
GDP: 559 
R&D/GDP: 3.28

A
lthough Sweden ranked in the SC’s 

top five for the first three years, 

2009 to 2011, it fell to eighth place 

in 2015 and now comes in at ninth. Still, 

Sweden finished 15th on the Nature Index 

2015 Global, and four of its institutions—

Lund University (147th), Uppsala Univer-

sity (159th), Karolinska Institute (176th) 

and Stockholm University (188th)—made 

the top 200. As some research in Sweden 

demonstrates, biotechnology requires 

wet-lab work plus advanced algorithms 

and computation, as well as international 

collaboration. Sweden-based Biovica, for 

instance, developed DiviTum, an assay that 

measures rates of cell proliferation, which 

is a crucial metric in cancer treatments. 

To make the most of that tool, however, 

Biovica teamed up with a Swiss company, 

SimplicityBio, that developed its Biomarker 

Optimization Software System (BOSS). In 

combination, these two companies hope to 

speed up the development of new cancer 

treatments. Discussing this teamwork, 

Biovica CEO Anders Rylander said that it 

will “enable our partners to make more 

informed decisions earlier in their develop-

ment process, linking biomarkers to drug 

efficacy and cell proliferation all the way 

from the early development to clinical 

trials.” Indeed, biotechnology innovation 

moves faster when companies and people 

team up and combine skill sets.
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Canada
SAWV SC rank: 10 
Population: 34,834,841 
GDP: 1,827 
R&D/GDP: 1.71

R
ounding out the top 10 on the SC, 

Canada stays in the same position 

as last year. But on other indices 

it makes more dynamic moves, taking 

sixth place, for example, on the 2015 BCI, 

which noted Canada’s “…well-established 

biotechnology base that has seen rapid 

growth in certain areas of research and 

manufacturing over the past two decades.” 

With its University of Toronto coming in 

21st on the Nature Index 2015 Global, the 

nation placed seventh overall. Canada is 

also making strides toward growing its 

biotech workforce—something it needs to 

do, according to the SC. In January 2016, 

for instance, BioTalent Canada announced 

a program providing US$1 million in wage 
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Canada is also making 
strides toward growing its 
biotech workforce
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Germany
SAWV SC rank: 12 
Population: 80,996,685 
GDP: 3,636 
R&D/GDP: 2.88

A
fter a long stay at 16th place on the 

SC, from 2009 to 2012, Germany 

began to ascend in 2013 and now 

sits at 12th for the second year in a row. 

And it scores even higher on the Nature 

Index 2015 Global, taking the third spot, 

with 17 of its institutions making the top 

200 list for overall article output. Part of 

Germany’s success in biotechnology comes 

from strong collaborations. In October 

2015, for instance, scientists from Ger-

many and Israel published work in Nature 

Biotechnology on growing liver cells, he-

patocytes, in the lab for the first time. The 

authors concluded: “These results offer a 

means of expanding human hepatocytes of 

different genetic backgrounds for research, 

clinical applications and pharmaceutical 

development.” German companies seek 

out such collaborations. In January 2016, 

for example, the German firm QIAGEN an-

nounced its 15th collaboration—this one with 

U.S.-based Array BioPharma—with biotech 

and pharmaceutical companies. In QIAGEN’s 

announcement, CEO Peer M. Schatz said, 

“The fact that so many pharma and biotech 

companies have joined with QIAGEN for 

these co-development projects, including five 

based on using our innovative liquid biopsy 

‘Sample Technologies’ to gain molecular 

insights from blood, underscores the trust 

in our ‘Sample to Insight’ solutions.” 

Hong Kong
SAWV SC rank: 11 
Population: 7,112,688 
GDP: 274 
R&D/GDP: 0.73

W
ith a stable and nearly top 10 

SC ranking for the past three 

years, Hong Kong could make a 

good home for biotech research. Neverthe-

less, according to the U.S. Department 

of Agriculture (USDA) Foreign Agricul-

ture Service’s GAIN (Global Agricultural 

Information Network) Report in September 

2015, “Hong Kong has no commercial pro-

duction of biotechnology crops, nor does it 

conduct field trials.” Although scientists in 

Hong Kong can do laboratory research on 

genetically engineered (GE) crops, the field 

trials take place in China. This limits Hong 

Kong’s capabilities in bioagriculture. How-

ever, the report continues: “On the whole, 

Hong Kong consumers are not concerned 

about foods containing GE ingredients. 

There have not been any strong actions in 

the general public urging the [Hong Kong 

government] to adopt mandatory labeling 

for GE foods in recent years. Prices, food 

safety and nutritional values are of bigger 

concern in general.” On the SC, Hong Kong 

ranks low on Intensity and Education/

Workforce, suggesting the country could 

put far greater focus on biotechnology. 

Some signs indicate a push in the lat-

ter, such as an undergraduate degree in 

biotechnology and business offered at the 

Hong Kong University of Science and Tech-

nology. Ultimately, increasing its biotech 

efforts is the only way to push Hong Kong 

up the SC.
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Although scientists in  
Hong Kong can do laboratory 
research on genetically  
engineered (GE) crops,  
the field trials take place  
in China.
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Netherlands
SAWV SC rank: 14 
Population: 16,877,351 
GDP: 854 
R&D/GDP: 1.97

T
he Netherlands has owned the 14th 

SC spot for the past three years. 

Apparently, it’s comfortable there, 

having also taken 14th place on the Nature 

Index 2015 Global, with five of its institu-

tions making the top 200 list, and all but 

one of them in the top 100. Dutch leaders, 

however, are hoping to take biotech activi-

ties up a notch, as a government website 

stated: “The Dutch Government wants to 

capitalise on the opportunities offered by 

biotechnology, while keeping a close eye 

on the risks. One of the main reasons why 

the Government considers biotechnology 

a key high-tech area is the contribution 

it can make to solving problems in the 

fields of food security, nature conservation, 

biodiversity and the environment.” The 

necessary infrastructure to do so is clearly 

in place there, as the Leiden Bio Science 

Park is home to 20 drug development 

companies, 10 medical technology com-

panies, 41 drug development services and 

22 business services. Ongoing research at 

this facility covers a variety of areas: aging, 

biomedical imaging, oncology, immunity, 

regenerative medicine, translational neu-

roscience and others. Having such a broad 

range of research in the works suggests 

that the Netherlands can expect many 

impactful discoveries ahead.

Israel
SAWV SC rank: 13 
Population: 7,821,850 
GDP: 4.25 
R&D/GDP: 291

F
or most of the SC’s history, Israel has 

ricocheted up and down the rankings—

coming in fifth in 2009, 22nd in 2014, 

and jumping from 18th in 2015 to 13th in 

2016. For an inside perspective, we turned 

to Meir Perez Pugatch, managing director 

of the Pugatch Consilium, to describe the 

state of biotechnology in Israel, who said: 

“Israel continues to impressively grow 

its biopharmaceutical and biotechnol-

ogy clusters. Recent developments—such 

as the creation of the new Research and 

Development Authority, the improve-

ment of regulatory pathways and stronger 

intellectual property protection—have 

accelerated the ongoing activities of the 

bio-clusters in Israel. Accordingly, there 

is a stronger collaboration between local 

biotech companies and multinational 

ones. For example, Novartis has invested 

in Gamida Cell and BioLine Rx.; Merck-

Serono established a bio-incubator capital 

fund in Israel with a budget of 10 million 

euros; Compugen has signed a collabora-

tion agreement with Bayer; Samsung 

started an innovation center in Israel 

focusing on digital health; Merck has 

signed a strategic collaboration agreement 

with the Macabi Heath Fund focusing on 

areas of big data and real world evidence, 

et cetera.” This rate of activity should help 

Israel continue to climb the SC.
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Dutch leaders, however, 
are hoping to take biotech 
activities up a notch.
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Ireland
SAWV SC rank: 16 
Population: 4,832,765 
GDP: 232 
R&D/GDP: 1.58

M
aking the SC’s top 15 every year 

except two (including 2016), and 

coming in 29th on the Nature 

Index 2015 Global, Ireland took fourth 

place on the 2015 BCI—which put it in the 

“strongly competitive” category. “Overall 

respondents found the Irish market to 

be an attractive destination in the near 

term,” said the 2015 BCI. And the country’s 

government is planning to invest more 

in the industry. Early in 2016, Ireland 

introduced an initiative providing more 

than US$5.5 million over five years to 

fund a Health Innovation Hub. This joint 

venture, announced by Minister for Jobs 

Richard Bruton and Minister for Health Leo 

Varadkar, is intended to fuel innovations 

both in healthcare products and services, 

connecting health-service companies with 

innovators. Ireland is also proactive when 

it comes to IP protection. Even though the 

country also scores well in this SC metric, 

it keeps working to improve its perfor-

mance, recently releasing Inspiring Part-

nership – National IP Protocol 2016. At the 

launch of this protocol, Alison Campbell, 

Director of Knowledge Transfer Ireland, 

said: “In particular, the IP Protocol offers 

valuable support that will help increase 

the number of companies and research 

performing organizations working together 

and the number of businesses benefitting 

from innovation.”

Japan
SAWV SC rank: 15 
Population: 127,103,388 
GDP: 4,899 
R&D/GDP: 3.34

I
n all but one year, 2010, Japan has 

ranked in the mid-teens on the SC, seeing 

an upward swing in the last three years 

when it rose from 18th to 16th to 15th 

place. It performs even better in terms of 

article output, earning the fifth spot overall 

on the Nature Index 2015 Global, with 10 

of its institutions ranking in the top 200, 

four of which make the top 50. On February 

7, 2016, a search on PubMed for the word 

“biotechnology” among papers with authors 

affiliated with Japan produced nearly 16,000 

hits. These include a February 2016 article in 

PLoS One in which researchers used micro-

fabricated devices to build neural networks 

from human induced pluripotent stem cells. 

The authors wrote that their results “indicate 

that compartmentalized culture devices are 

promising tools for reconstructing network-

wide connections between [peripheral ner-

vous system] neurons and various organs, 

and might help to understand patient-

specific molecular and 

functional mechanisms 

under normal and 

pathological condi-

tions.” Beyond publish-

ing, other factors are 

driving Japanese biotech innovation, such 

as “500 Startups,” a VC project that created 

a US$30 million fund for biotechnology and 

healthcare start-ups in Japan. The com-

bination of advanced research and capital 

goes a long way in biotechnology.

    PRODUCTIVITY 12        IP PROTECTIO
N

 3          IN
TEN

SITY
 30           ENT. SUPPORT 28     EDUC./WORKFORCE 19

   
  F

OU
N

D
AT

IO
N

S 
5 

   
 P

O
LI

CY
 &

 S
TA

BILI
TY 17

3,017.56

    PRODUCTIVITY 16        IP PROTECTIO
N

 5         IN
TEN

SITY
 15         ENT. SUPPORT 26       EDUC./WORKFORCE 13

   
  F

OU
N

DA
TI

O
N

S 
24

   
 P

O
LI

CY
 &

 S
TA

BILI
TY 15

113.96

    PRODUCTIVITY 16        IP PROTECTIO
N

 5         IN
TEN

SITY
 15         ENT. SUPPORT 26       EDUC./WORKFORCE 13

   
  F

OU
N

DA
TI

O
N

S 
24

   
 P

O
LI

CY
 &

 S
TA

BILI
TY 15

113.96

In all but one year, 2010, Japan has  
ranked in the mid-teens on the SC, seeing  
an upward swing in the last three years.

Ireland is also proactive 
when it comes to IP  
protection.
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Austria
SAWV SC rank: 18 
Population: 8,665,550 
GDP: 416 
R&D/GDP: 2.81

O
ver the years, Austria has finished 

pretty close to its average SC rank-

ing of 19.4, and it performed about 

the same on the Nature Index 2015 Global, 

placing 22nd. According to Josef Pen-

ninger, senior scientist and scientific direc-

tor at the Institute of Molecular Biotech-

nology GmbH in Vienna: “Last year was a 

successful one for the biotech community 

in Austria. One contributing factor was 

that for the first time a treatment that has 

been entirely developed in Austria filed its 

application for marketing authorization in 

the EU and has already received Orphan 

Drug designations from the European 

Medicines Agency. This is an antibody-

based therapy to treat patients suffering 

from neuroblastoma, a rare childhood can-

cer, [and the treatment is] developed by 

the Austrian biotech company Apeiron in 

cooperation with the European Children’s 

Oncology Group—a great and very success-

ful academic-corporate business model. 

An application for the U.S. Food and Drug 

Administration is also already in prepara-

tion.” Other promising technologies are 

also being studied. On January 11, 2016, 

GEN reported that “investigators from 

the Medical University of Vienna, Austria, 

have begun to look at secretome fractions 

from stem cell culture media as starting 

material in the development of cell-free 

therapies for regenerative medicine.”

France
SAWV SC rank: 17 
Population: 66,259,012 
GDP: 2,807 
R&D/GDP: 2.23

F
rance’s ranking on the SC jumps 

around more than most, but usually 

lands in the teens. Its best show-

ing, at eighth place in 2010, is a long 

way from this year’s position at 17th. The 

country comes out much better on the 

Nature Index 2015 Global, taking the sixth 

spot, with its French National Centre for 

Scientific Research (CNRS) publishing the 

third highest number of articles on the 

index. The volatile nature of biotechnol-

ogy reared its head earlier this year when 

Genticel’s Phase II trial of a drug for human 

papillomavirus stopped prematurely, and 

the company’s stock immediately dropped 

43%. C’est la gare. While some French 

companies struggle, the French govern-

ment invests heavily to keep its biotech-

nology industry strong. The country plans 

to invest a portion of insurance earnings in 

innovative biotechnology, and make better 

use of funds from the European Commis-

sion’s Investment Plan for Europe, the 

so-called Juncker plan. In discussing this 

initiative, Pierre-Olivier Goineau, president 

of France Biotech, said: “The reform of the 

national insurance system and redirecting 

funds from the Juncker plan will enable 

our biotech companies to put France at the 

forefront of innovation.” This shows how 

creative policies can help ensure continued 

funding for this industry, despite its risks.
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 While some French com-
panies struggle, the French 
government invests heavily 
to keep its biotechnology 
industry strong.
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Belgium
SAWV SC rank: 20 
Population: 11,323,973 
GDP: 508 
R&D/GDP: 2.24

A
fter a four-year run in the mid-teens 

from 2010 through 2013, Belgium 

slipped back to hover around the 

20th SC position for the past three years. 

And it ends up just the same on the Nature 

Index 2015 Global—taking 20th after a 

6.6% increase in article output from 2013 

to 2014. In addition, Belgium’s Univer-

sity of Leuven made the index’s top 200, 

landing in 127th place. Researchers at 

various Belgian institutes, including VIB 

in Flanders, are focusing on biotechnology. 

Wout Boerjan of VIB and the University of 

Ghent recently explored how the structure 

of wood in a tree impacts its capability of 

producing bioethanol. “We were able to 

reduce the levels of lignin, a component 

of wood, in the poplars through genetic 

modification,” he explains. “As a result, 

two other important components of 

wood—cellulose and hemicellulose—could 

be converted more efficiently into sugars, 

and then, by way of fermentation, into 

bioethanol.” The Ghent Bio-Energy Valley 

is another example of this country’s invest-

ment in bioenergy, studying its creation, 

distribution, storage and use. 

Norway
SAWV SC rank: 19 
Population: 5,147,792 
GDP: 513 
R&D/GDP: 1.62

J
ust like Austria, Norway’s SC aver-

age is 19.4, but it finishes farther 

down on the Nature Index 2015 

Global at 26th, despite a 22.4% increase 

in published articles on the index from 

2013 to 2014. Experts proclaim a range 

of successes in Norway. For example, The 

Research Council of Norway website quotes 

Anne Kjersti Fahlvik, executive director 

of the council’s division for innovation, 

as saying, “Norwegian cancer research 

has attained a very high level. Norway 

has research groups in this field that are 

absolutely world class.” She adds, “But it 

can be challenging to translate good ideas 

from the laboratory into solutions for the 

market.” It’s a challenge that all countries 

face. Beyond healthcare, biotechnol-

ogy researchers in Norway are exploring 

other applications. MicroA in Stavanger 

specializes in algae, having developed a 

system that turns the microorganisms into 

factories that can produce, for instance, 

polysaccharide products. There is even 

enough research in Norway on micro-

algae to prompt the Industrial Biotech 

Network Norway to establish a special 

interest group on the topic. According to 

the network, it created SIG Microalgae to 

strengthen the science base and gener-

ate more value for the microalgae-related 

industry. This kind of breadth in biotech-

nology applications could make for a more 

stable industry.
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The Ghent Bio-Energy  
Valley is another example  
of this country’s investment 
in bioenergy.
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Iceland
SAWV SC rank: 22 
Population: 317,351 
GDP: 15 
R&D/GDP: 2.49

I
n 2009, Iceland made the SC’s top 

10, but it soon fell to the lower 20s. 

Although it ranked 52nd on the Nature 

Index 2015 Global, its article output on 

that index is also declining. Nonetheless, 

this country keeps trying to improve its 

capabilities—often by using the seas that 

surround it. Iceland Ocean Cluster, for 

instance, hopes to spin-off its existing 

marine industries into new applications, 

including ones in biotechnology. Iceland’s 

high score on the SC’s “business-friendly 

environment” component should help the 

country bring in any assistance that it 

needs to improve its biotechnology eco-

system. Nevertheless, Iceland’s relatively 

low score in the SC’s Education/Workforce 

category indicates a need to increase its 

homegrown experts in order to compete 

consistently in international biotechnol-

ogy. In the meantime, Reykjavik-based Ma-

tis, a biotech specializing in research and 

marine biology, recently teamed up with 

the Invention Development Fund (IDF) for 

more international exposure. In response 

to this collaboration, Hordur G. Kristins-

son, chief science officer at Matis, said, “We 

look forward to the ongoing collaboration 

and to seeing our ideas and inventions 

commercialized in companies around the 

world through the work of IDF.”

Luxembourg
SAWV SC rank: 21 
Population: 520,672 
GDP: 60 
R&D/GDP: 1.16

L
uxembourg has shown some hustle 

on the SC over the years, rising from 

29th place in 2011 to tenth in 2014, 

before sinking back to 20th in 2015 and 

21st this year. On the Nature Index 2015 

Global, the country came in 55th overall. 

Still, its leaders are striving for a higher 

international standing in biotechnology. 

The Luxembourg BioHealth Cluster, for 

example, focuses on molecular diagnostics 

research, among other areas of biomedi-

cine, and includes hospitals, investors, 

laboratories, patient associations, public 

research organizations and R&D com-

panies. Certain biopharmaceutical firms 

in Luxembourg are already showing 

great promise. For example, Complix has 

developed Alphabodies, which are protein-

based treatments that can be designed for 

autoimmune diseases and cancer. In order 

to move forward with these proteins, Com-

plix joined forces with New Jersey–based 

Merck (known outside the United States 

as MSD), to develop Cell-Penetrating 

Alphabodies (CPABs) that treat cancer. At 

the announcement of this collaboration, 

Complix CEO Mark Vaeck said, “With such 

a high quality partner, I am confident that 

Complix will be able to rapidly progress the 

development of CPAB drug candidates that 

we will generate against cancer targets of 

interest to MSD.”
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Iceland’s high score on  
the SC’s “business-friendly 
environment” component 
should help the country 
bring in any assistance that 
it needs to improve its  
biotechnology ecosystem.
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South Korea
SAWV SC rank: 24 
Population: 49,039,986 
GDP: 1,304 
R&D/GDP: 4.03

I
n 2012, South Korea slipped to the 

low 20s on the SC and has stayed in 

that general range. Surprisingly, this 

country earned ninth place overall on the 

Nature Index 2015 Global, and four of its 

institutions made the top 200. Still, that 

high publishing ranking does not neces-

sarily coincide with a strong biotechnology 

industry. On August 27, 2015, the USDA 

GAIN Report noted: “Only a limited num-

ber of food products are made from biotech 

ingredients due to negative consumer 

sentiment towards biotechnology, whereas 

the bulk of livestock feed is made from 

biotech corn and soybean meal.” The 

report added: “While sensitivities remain 

with biotech food, consumers are much 

more comfortable with nonagriculture 

uses, such as pharmaceutical treatments. 

Generating local farmers’ support in adopt-

ing and actively using this technology will 

be key to increasing consumer confidence 

in biotech food and livestock products.” 

The government appears ready to fuel 

that support with programs like the 

“Future Wealth Business Plan 2016” that 

points out key fields for investment, 

including biotechnology and big data, 

which can drive applications in many 

areas of science and technology. Only 

a combination of public and private 

interests can fully empower a country’s 

biotechnology field.

Taiwan, China
SAWV SC rank: 23 
Population: 23,359,928 
GDP: 489 
R&D/GDP: 0

W
ith an overall average of 22.4 

on the SC, Taiwan’s ranking of 

23rd in 2016 is just about on par, 

and it performs even better on the Nature 

Index 2015 Global, with an 18th place 

overall ranking and its National Taiwan 

University landing in the top 100. More-

over, Taiwan advertises its biotechnology 

capabilities through international events, 

including BioTaiwan 2016. This will be 

the 14th annual event, and it will include 

presentations from companies around the 

world, as well as one-on-one partnering, 

seminars and workshops. A large exhibi-

tion is also expected, including more than 

1,200 booths from 600 companies. On 

August 20, 2015, Taiwan Today reported, 

“A wide-ranging development plan 

targeting Taiwan’s biotechnology-based 

economy is set to kick off next year, 

according to Premier Mao Chi-kuo.” 

The report continued: “Focusing on 

agriculture, biomedicine, food, health 

care and medical instruments, the 10 

year initiative will potentially expand 

the scale of the local bioeconomy to 

NT$4 trillion (US$123.2 billion) in 

2026.” With respectable scores on the 

SC’s Foundations and Enterprise Sup-

port categories, Taiwan’s commitment 

to innovation is clear. Like many other 

countries, however, Taiwan’s Education/

Workforce category shows room for 

improvement.
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“Only a limited number  
of food products are made 
from biotech ingredients  
due to negative consumer 
sentiment towards  
biotechnology.” —USDA GAIN
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United Arab 
Emirates
SAWV SC rank: 26 
Population: 5,628,805 
GDP: 402 
R&D/GDP: 0.49

A
fter a fairly rough start on the SC 

at 40th place in 2013, the United 

Arab Emirates has finished in the 

high 20s for the past three years. Despite a 

32.2% increase in output of articles in the 

Nature Index 2015 Global, it only reached 

57th place overall. However, a variety of 

efforts currently in progress in the United 

Arab Emirates could bolster its publishing 

output. In 2014, for instance, the United 

Arab Emirates University and the Ministry 

of Presidential Affairs created the Khalifa 

Center for Genetic Engineering & Biotech-

nology, where scientists apply biotechnol-

ogy and genetics to desert plants to make 

them better able to endure and prosper 

in dry, hot and salty conditions. U.A.E. 

scientists are also deeply involved in other 

areas of biotechnology. On November 2, 

2015, at the Reproductive Biotechnology 

Centre in Dubai, Injaz the Camel gave birth 

to a female calf, which seems ordinary 

enough, except for the fact that six-year-

old Injaz was a clone, making her the first 

ever cloned camel to give birth. U.A.E. 

experts report that more work is underway 

in this area. But to innovate across the 

biotech industry, the United Arab Emir-

ates needs to raise its percentage of R&D 

workers, because—as has been written here 

many times—biotechnology innovation 

demands highly trained personnel.

Estonia
SAWV SC rank: 25 
Population: 1,257,921 
GDP: 25 
R&D/GDP: 2.16

W
ith a population of about the 

same size as that of New Hamp-

shire, Estonia manages a very re-

spectable mid-20s spot on the SC, with an 

average of 27.7, pushed up by a 38th place 

ranking in 2014. Even its 43rd spot on the 

Nature Index 2015 Global looks good for 

this small country, and it climbed 68.1% in 

its index output from 2013 to 2014. Over 

the years, other sources have taken note 

of Estonia’s biotech focus. In 2001, Nature 

Biotechnology reported: “The Estonian 

government is looking to biotechnology as 

a main driver for the country’s economic 

growth, turning its back on more tradi-

tional non-high-technology industries.” 

And that effort appears to be continuing, 

as CEbiotech.com stated recently that 

Estonia is one of the leading biotechnology 

countries in eastern Europe, quoting Eneli 

Oitmaa, CEO of Estonian-based Asper Bio-

tech, saying the “general problem still is … 

that there are not enough entrepreneurs 

with experience in biotech or healthcare. 

Fortunately, some of the entrepreneurs and 

CEOs are starting new companies and they 

are way more experienced and networked 

than years ago.” Many other countries, in-

cluding the United States, ran into similar 

trouble when biotechnology executives 

lacked adequate business training, and tried 

to survive on their science expertise alone. 
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To innovate across the  
biotech industry, the  
United Arab Emirates needs 
to raise its percentage of 
R&D workers.



48    SCIENTIFIC AMERICAN | WORLDVIEW

Qatar
SAWV SC rank: 28 
Population: 2,123,160 
GDP: 202 
R&D/GDP: 0.47

A
fter starting out at 42nd place on 

the SC in 2013 and rising to 22nd 

in 2015, Qatar drops back this year 

to 28th, and takes the 66th spot on the 

Nature Index 2015 Global. Distressing 

environmental changes affecting Qatar 

may force it to ramp up its biotech focus. 

On August 31, 2015, for example, phys.org 

reported: “High sea temperatures off the 

coast of Qatar threaten precious coral 

reef and have caused mass deaths among 

some 20 types of fish.” Qatar University 

scientists, working with the ministries 

of the environment and the interior, 

conducted the study behind the claim. The 

water temperatures have raised concern 

among some marine biologists about the 

reef, and impacts on fish in the area could 

force the country to turn to farm fishing 

or intensify its search for ways to reduce 

the water temperatures. To generate more 

experts to take on these problems, local 

education programs should increase their 

efforts. For instance, U.S.-based Carnegie 

Mellon University runs a “Biotechnology 

Explorer Program” in Qatar consisting of 

one-day workshops that offer participants 

“hands-on experience carrying out protein 

extractions from food items and conduct-

ing colorimetric and spectrophotometric 

techniques in a real lab.” No country can 

afford to miss any opportunity to train 

more people in biotechnology.

Malaysia
SAWV SC rank: 27 
Population: 30,073,353 
GDP: 313 
R&D/GDP: 1.13

I
n most years since 2011, Malaysia 

ranked in the high 20s on the SC. Ac-

cording to Ganesh Kishore, CEO of the 

Malaysian Life Sciences Capital Fund: “The 

country continues to actively invest in 

biotech. The private sector and especially 

the large-cap private sector is investing in 

innovation both directly and indirectly—via 

venture capital firms. Two areas deserve 

special recognition. One, Sentinext, the 

vaccine-development company, has 

advanced its virus-like particle, or VLP, 

platform for enteroviruses to the Phase 

I clinical trial stage. This is a first for a 

Malaysian company and one of the few 

companies with a platform VLP technol-

ogy. Second, the Malaysian Palm Oil Board, 

in collaboration with U.S.-based Orion 

Genomics, has made a substantial break-

through in understanding the mantling 

phenotype in oil palm. The technology is 

critical to eliminating off types at early 

stages of clonal propagation of oil palm.” 

He adds, “Despite the rapid decline in 

global commodity prices and the deprecia-

tion of the Ringgit against the U.S. dollar, 

Malaysian leadership continues to invest 

in life science entities. It is a testament to 

the level of commitment by the leadership 

of the country and its business community. 

It also acknowledges that the country 

needs to offer innovation based–value 

added offerings to be globally competitive.”
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Czech Republic
SAWV SC rank: 30 
Population: 10,627,448 
GDP: 198 
R&D/GDP: 1.79

C
oming in 30th, the Czech Republic 

continues its SC upswing that began 

last year, when it moved from 34th 

place in 2014 to 32nd. Even better, it ranks 

27th on the Nature Index 2015 Global. In 

April, raising its biotech profile, Prague 

hosted the International Conference on 

Nanobiotechnology (ICNB’16), which aims 

to become “the leading annual conference 

in fields related to nanobiotechnology.” 

So far, the Czech Republic itself has a way 

to go in this field, as a search on PubMed 

on February 11, 2016, for Czech authors 

of articles mentioning nanobiotechnol-

ogy returned only 10 hits. Nonetheless, 

the same search for authors in the United 

States only produced 58 articles. Among 

the Czech studies published was an article 

in Science of the Total Environment, 

describing how scientists applied nano-

biotechnology to remediate contaminated 

groundwater. For biotechnology in general, 

the Czech search revealed 626 articles, 

including a study in Pharmaceutical Biology 

of antimicrobial applications of flavonoids 

from fruits, using DNA fragmentation anal-

ysis, from which the authors concluded: 

“This work demonstrates anti-[methicillin-

resistant Staphylococcus aureus] and 

antileishmanial potential of geranylated 

flavanones and uncovers their promising 

synergistic activities with antibiotics. In 

addition, the mechanism of antileishman-

ial effect is proposed.”

Spain
SAWV SC rank: 29 
Population: 47,737,941 
GDP: 1,359 
R&D/GDP: 1.27

S
panish scientists published enough 

articles in the Nature Index 2015 

Global to earn the country tenth 

place globally, while two Spanish institu-

tions made the top 200: the Spanish 

National Research Council, which came 

in 27th, and the University of Barcelona, 

which took the 186th spot. Plus, the eighth 

BioSpain, taking place September 2016, 

promises to be bigger and better than the 

great event attended by one of our own in 

2010 (see “Running with the Bulls,” Sci-

entific American Worldview, 2011). When 

asked about recent developments sup-

porting Spanish biotech, Albert Barberà, 

director general of Biocat, says, “There are 

currently some important changes that will 

reshape biomedical research and innova-

tion in Catalonia.” One is Barcelona-based 

EIT Health. This large healthcare initiative 

“promotes entrepreneurship and innova-

tion in healthy living and active aging, 

with the aim to improve quality of life and 

healthcare across Europe,” Barberà says. 

In addition, the Catalan government’s Re-

search and Innovation Strategies for Smart 

Specialisation “will pave the way towards 

a knowledge-based economy, helping and 

promoting all the biotech and medtech 

industry and innovation.” He also explains 

that during 2015, the Catalan govern-

ment launched the Knowledge Industry 

Programme, which will drive “the creation 

of new companies and start-ups.”
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Chile
SAWV SC rank: 32 
Population: 17,363,894 
GDP: 277 
R&D/GDP: 0.36

C
hile performs about the same on the 

SC and the Nature Index 2015 Global, 

taking the 31st and 32nd spots, 

respectively. Its output on the publishing 

index, however, increased by 26.1% from 

2013 to 2014. Not everyone, though, is 

impressed by Chile’s recent biotechnol-

ogy efforts. A 2015 USDA GAIN Report 

noted: “Agricultural biotechnology is not 

a priority for Chile’s current Administra-

tion…. Regardless of its lack of having a 

biotech framework and restricting planting 

and commercialization of genetically 

engineered crops, Chile accepts all imports 

and does not require genetically engi-

neered products to be labeled. Commer-

cially, Chile could be a viable producer of 

transgenic sugar beets, corn, and alfalfa.” 

But there is some evidence of progress 

in Chilean biotech. Alejandro Dinamarca, 

of the University of Valparaiso, and his 

colleagues developed a food additive, 

based on marine bacteria, that reduces 

the amount of antibiotics used in farming 

salmon. “Unlike antibiotics this approach 

is innovative in that it does not gener-

ate resistance and does not harm the 

environment,” Dinamarca said in July 16, 

2015, in Aquaculture North America. “Thus, 

productivity, food security, and added 

value is increased.” 

Portugal
SAWV SC rank: 31 
Population: 10,813,834 
GDP: 220 
R&D/GDP: 1.38

A
fter five years in the mid- to upper-

20s on the SC, Portugal dropped 

into the low 30s in 2014, and that’s 

where it remains. The nation performs 

about the same on the Nature Index 2015 

Global, where it landed at 28th. Efforts in 

the country aim to raise its standing in 

agricultural biotechnology. For example, 

Portugal’s Centre for Information on Bio-

technology and the University of Coimbra 

organized a fifth meeting on agrobiotech-

nology to explore the science and socioeco-

nomic aspects of genetically modified 

crops and food products. Portugal has its 

sights set on other areas of biotechnology 

as well. A recent paper in the Journal of 

Biotechnology by a team of scientists from 

Germany, Portugal and Spain described 

a metabolic model of Chinese hamster 

ovary cells—CHO cells, which are used in 

many studies. “The proposed methodol-

ogy manages to provide a sustained and 

robust growth in CHO cells, increasing 

productivity while simultaneously increas-

ing biomass production, product titer, and 

keeping the concentrations of lactate and 

ammonia at low values,” they wrote. “The 

approach presented here can be used for 

optimizing metabolic models by finding 

the best combination of targets and their 

optimal level of up/down-regulation. Fur-

thermore, it can accommodate additional 

trade-offs and constraints with great 

flexibility.”
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Its output on the publishing 
index, however, increased by 
26.1% from 2013 to 2014.
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Slovak Republic
SAWV SC rank: 34 
Population: 5,492,677 
GDP: 96 
R&D/GDP: 0.81

D
espite a very low score in the SC 

Intensity category, the Slovak 

Republic increases one spot this 

year to 34th. That’s considerably better 

than its 50th showing on the Nature Index 

2015 Global. Despite that low output on 

the Nature Index, a PubMed search on 

February 20, 2016, for articles by Slovakian 

scientists that include the word biotech-

nology returned 120 results. Many of those 

studies pertain to agricultural biotechnol-

ogy. For instance, Slovakian scientists 

published a 2016 article in the Journal of 

Environmental Science and Health, Part 

B on antimicrobial and antioxidants in 

bee pollen, and they concluded: “The best 

antifungal activity of the sunflower bee 

pollen was found in the frozen bee pollen 

extracts against Aspergillus ochraceus and 

freeze-dried bee pollen extracts against As-

pergillus niger.” Another group of Slovakian 

scientists published a study on the impact 

of drought on wheat’s metabolism and the 

activity of specific proteins in the Septem-

ber 2015 Journal of Agricultural and Food 

Chemistry, and the scientists showed that 

profiling the “pathogenesis-related (PR) 

proteins revealed that chitinases … and 

glucanases … were activated in wheat by 

drought” and that drought turns on wheat’s 

“protective action against oxidative stress 

and dehydration of the leaves.”

Lithuania
SAWV SC rank: 33 
Population: 3,505,738 
GDP: 47 
R&D/GDP: 0.9

L
ithuania’s low- to mid-30s ranking on 

the SC over the years surpasses its 

47th place showing on the Nature In-

dex 2015 Global. Although the country did 

improve by almost 50% on its Nature Index 

output between 2013 and 2014, its low ar-

ticle count was the reason for such a large 

percentage advance without the adding 

of very many publications. Some sources 

expect ongoing improvements from this 

country. For instance, Invest Lithuania’s 

website states: “Lithuania’s life sciences 

industry has skyrocketed over the last two 

decades and is now regarded as one the 

most advanced in Central and Eastern Eu-

rope.” The site adds, “Annual growth within 

the biotechnology and pharmaceutical 

research and production sector is 22%, and 

with 80% of its output exported, the sec-

tor’s reach is truly global.” An international 

reputation in biotechnology also depends 

on original research. In the January 2016 

Applied Microbiology and Biotechnology, for 

example, Lithuanian scientists described 

the synthesis of flu proteins from yeast 

to study immunological activity. Also, in 

the January 2016 International Journal of 

Biological Macromolecules, Lithuanian sci-

entists joined one from Turkey in a report 

on how a chitosan coating adds shelf life to 

red kiwifruit, which is typically too fragile 

for commercial use. This breadth, medical 

and agricultural biotechnology, contributes 

to a basis for growth.
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Poland
SAWV SC rank: 36 
Population: 38,346,279 
GDP: 518 
R&D/GDP: 0.89

I
n the past three years Poland has failed 

to meet its SC average ranking of 34.9, 

although it climbs up three spots, to 

36th, from its position at 39th in 2014 

and 2015. Coming in 34th on the Nature 

Index 2015 Global, it just about equals its 

SC average. The country’s participation in 

agrobiotechnology appears uncertain, as a 

2015 USDA GAIN Report noted: “On Febru-

ary 6, 2014 the Polish President signed 

an amendment to the Act on genetically 

modified organisms introducing stricter 

rules to ensure greater safety associated 

with the cultivation and use of genetically 

modified organisms in laboratories…. In 

January 28, 2013 the Polish government 

banned the cultivation of EU-approved 

GE Mon-810 maize and the Amflora potato 

through an amendment to the Polish Seed 

Act.” And more bans lie ahead. The GAIN 

Report adds: “Currently Poland contin-

ues to import feeds enhanced through 

biotechnology. On January 1, 2017, a ban 

on the import of such feed is scheduled to 

enter into force.” In other areas of biotech-

nology, however, certain Polish companies 

hope to seek more international opportuni-

ties. For example, Krakow-based Selvita—

Poland’s largest biotech—opened a facility 

in Cambridge, Massachusetts, to expand its 

work in drug discovery.

South Africa
SAWV SC rank: 35 

Population: 48,375,645 

GDP: 351 

R&D/GDP: 0.73

S
ince 2011, South Africa’s SC ranking 

has bobbed mostly in the mid-30s, 

and it earned 35th place on the 

2016 SC and the Nature Index 2015 Global. 

That’s about as stable as a country can be. 

The USDA GAIN Report on July 14, 2015, 

indicated additional consistency: “The 

production area of Genetically Engineered 

(GE) crops in South Africa was unchanged 

in 2014, at 2.9 million hectares, making 

South Africa the ninth largest producer of 

GE crops in the world and by far the largest 

in Africa.” This report also points out a few 

advances: “South Africa approved three 

new GE events for general release in 2014, 

which included two corn stacked events. 

Twenty-five field or clinical trials permits 

were also authorized in 2014, including the 

long-awaited drought tolerance in corn.” 

In addition, on August 23, 2015, SABC 

News reported: “South Africa has a lot to 

offer in the field of Biotechnology and it is 

showing significant growth prospects.” The 

story attributed that growth to “a number 

of factors such as … a healthy pipeline of 

innovative biotechnologies” and “good 

regulatory guidelines that are on par with 

those of other international regulatory 

bodies such as the Food and Drug Admin-

istration (FDA) and European Medicines 

Agency (EMEA).” 
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The country’s participation in agrobiotechnology  
appears uncertain.
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Italy
SAWV SC rank: 38 
Population: 61,680,122 
GDP: 2,072 
R&D/GDP: 1.27

I
taly’s rank on the SC continues its 

gradual downward slide. The country 

is particularly weighed down by its En-

terprise Support and Foundations scores. 

Although it ranked 11th on the Nature 

Index 2015 Global, Italy’s numbers are 

decreasing there, as well. Its overall output 

on the Nature Index dropped by 3% from 

2013 to 2014, and its leading institution—

the National Research Council—experi-

enced a 13.1% decrease in its publications 

on the Nature Index from 2013 to 2014. 

Still, some indicators show promise for 

Italy’s biotechnology industry. A December 

2015 USDA GAIN Report stated: “Again, 

this year, Italy’s biotechnology industry is 

characterized as a dynamic and promis-

ing sector, despite the difficult economic 

situation that biotech companies have to 

confront on a daily basis.” It added: “Italy 

has a large and profitable biotech industry 

operating in the medical, industrial, and 

agricultural sector, ranking 3rd in Europe 

in the number of pure biotech companies.” 

Although this report indicated that 57% 

of Italy’s biotechnology companies work 

on healthcare, Italian scientists also 

contributed to the recent sequencing of 

the globe artichoke, which can be eaten 

or turned into biofuel. So it’s clear Italian 

scientists are working across the range of 

biotechnology.

Hungary
SAWV SC rank: 37 
Population: 9,919,128 
GDP: 132 
R&D/GDP: 1.27

A
fter dropping to 41st—more than 

eight places below its SC average 

of 32.8—Hungary climbs to 37th 

this year. In addition, Hungary’s 43% 

increase in article output earns 37th 

place on the Nature Index 2015 Global. On 

February 12, 2016, a search for Hungarian 

authors on articles including the word 

biotechnology revealed 1,025 hits on 

PubMed. On the Stem Cells International 

website in late 2015, for instance, scien-

tists from Hungary and Denmark described 

the derivation of neural progenitor cells 

(NPCs) from human induced pluripotent 

stem cells (iPSCs) and grew them in a 

three-dimensional environment, instead 

of traditional two-dimensional tissue cul-

ture. “In this study,” the authors wrote, “we 

determined that culturing iPSC-derived 

NPCs as three-dimensional (3D) floating 

neurospheres resulted in increased expres-

sion of the neural progenitor cell (NPC) 

markers, PAX6 and NESTIN. Expansion of 

NPCs in 3D culture methods also resulted 

in a more homogenous PAX6 expression 

when compared to 2D culture methods.” 

Using a more natural environment also 

increased other markers. The scientists 

concluded that their “3D propagation 

method could constitute a useful tool to 

promote NPC homogeneity and also to in-

crease the differentiation potential of iPSC 

towards astrocytes.” This work supports 

the value in biotechnology of creating the 

most natural study environment whenever 

possible.
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 “Italy has a large and  
profitable biotech industry 
operating in the medical, 
industrial, and agricultural 
sector, ranking 3rd in Europe 
in the number of pure biotech 
companies.” —USDA GAIN



54    SCIENTIFIC AMERICAN | WORLDVIEW

Saudia Arabia
SAWV SC rank: 40 
Population: 27,345,986 
GDP: 748 

R&D/GDP: 0.07

A
veraging 36.3 on the SC, Saudi 

Arabia comes in about the same on 

the Nature Index 2015 Global, with 

a ranking of 38th. Given those numbers, it 

comes as a bit of a surprise that a search 

of PubMed found 382 articles in 2015 with 

authors from Saudi Arabia that included 

the word biotechnology. Its comparatively 

low output on the Nature Index suggests 

that many of the articles come from 

collaborations with authors in other 

countries. In the February 2016 Trends in 

Microbiology, for example, scientists with 

affiliations in Germany, Portugal and Saudi 

Arabia explored trends in microbiology 

education and training at the European 

Microbial Resource Centers, and they con-

cluded: “Urgent adjustments are needed to 

match users’ needs, integrate innovative 

programs, and adopt new technologies.” 

Other areas of this country’s biotechnol-

ogy could also use some adjustment. As a 

June 2015 USDA GAIN Report pointed out: 

“Currently, there are no ongoing commer-

cial development activities for genetically 

engineered (GE) plants in Saudi Arabia.” 

Although this report mentioned work on GE 

seeds at some of the country’s universities, 

it added, “no new GE plants or crop variet-

ies have been developed thus far by these 

universities that may be commercialized in 

the next few years.”

Latvia
SAWV SC rank: 39 
Population: 2,165,165 
GDP: 31 
R&D/GDP: 0.65

A
lthough Latvia debuted on the SC at 

44th in 2012 and dropped to 50th 

in 2013, it’s ranked in the upper 

30s for the past three years. On the Nature 

Index 2015 Global, however, its publish-

ing output gave it a 77th ranking globally. 

Its publishing in biotechnology doesn’t 

look any better. A search of PubMed for 

Latvian authors on articles using the word 

biotechnology only turned up 12 examples 

in 2015. In comparison, the same search 

for U.S. authors found 2,586 articles. Some 

industry experts, though, see promise for 

biotechnology in Latvia. For example, Juris 

Vanags—founder and CEO of Riga-based 

Biotehniskais Centrs, which makes bioreac-

tors—thinks that Latvia can improve its 

position by developing more infrastructure 

to connect biotechnology research with 

business, which he pointed out at the Bio-

Forum 2015 in Wroclaw. Like other smaller 

players in biotechnology, Latvia’s scientists 

benefit from international collaborations 

on research. For instance, Latvian authors 

worked with colleagues from Poland and 

the Slovak Republic in an article in the 

January 2016 Journal of Environmental Sci-

ence and Health, Part B, which described 

using the polymerase chain reaction on 

wine to isolate lactic-acid bacteria that 

causes the beverage to spoil. Such collabo-

rations increase opportunities in countries 

still building a biotechnology industry.
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Its comparatively low  
output on the Nature Index 
suggests that many of  
the articles come from  
collaborations with authors 
in other countries.
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Greece
SAWV SC rank: 42 
Population: 10,775,557 
GDP: 242 
R&D/GDP: 0.69

D
espite ranking below its average for 

the past three years, Greece can ap-

preciate its slow upward movement 

since 2014. It performed better on the 

Nature Index 2015 Global where it claimed 

33rd. Moreover, some Greek scientists’ 

recent work appeared in high-impact publi-

cations, including a January 2016 article in 

Nature Communications about the role of 

the protein CDC6, or cell division cycle 6, 

in the replication of DNA. As the authors—

from Denmark, Germany, Greece and the 

United Kingdom—wrote: “Maintenance 

of genome stability requires that DNA is 

replicated precisely once per cell cycle … 

however, it is poorly understood how CDC6 

activity is constrained in higher eukary-

otes.” This international team of research-

ers revealed the molecular processes 

behind this protein’s role in copying DNA. 

On another international team, scientists 

from Greece and Japan explored the role of 

genes involved in colorectal cancer, and in 

the January 2016 Oncotarget these scien-

tists described a method that could turn a 

cancer-related gene into a treatment. This 

is another example of the potential of turn-

ing natural systems into defense against 

disease, and the value of biotechnology to 

help scientists explore and modify systems 

to improve lives around the world.

China
SAWV SC rank: 41 
Population: 1,355,692,576 
GDP: 9,469 
R&D/GDP: 1.93

D
espite no significant change in Chi-

na’s SC rank since 2014, it finishes 

second on the Nature Index 2015 

Global. Indicating even higher publish-

ing performance, its output on the Nature 

Index grew by 16% from 2013 to 2014, and 

23 of its institutes made the top 200—in-

cluding the Chinese Academy of Sciences, 

which ranked first and surpassed second-

place Harvard University’s output by more 

than 50%. Still, other indicators—including 

the SC—show that publishing volume alone 

does not create a leader in biotechnology. 

The 2015 BCI ranked China’s position as a 

“struggling ability to compete,” and added: 

“In terms of R&D, local executives say that 

much more is required in terms of building 

the scientific research base and infrastruc-

ture.” Like the inconsistent performance in 

these areas, other biotechnology-related 

factors suggest conflicting indications. For 

example, a December 2015 USDA GAIN 

Report noted: “China is one of the largest 

producers of biotech cotton in the world. It 

is also the world’s largest importer of bio-

tech crops, but it has not yet approved any 

major biotech food crops for cultivation. 

The Chinese government is in the process 

of revising its biotechnology regulatory 

system and is reportedly preparing to 

push ahead with the commercialization of 

biotech corn.”
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Publishing volume alone 
does not create a leader in 
biotechnology. 
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Russia
SAWV SC rank: 44 
Population: 142,470,272 
GDP: 2,097 
R&D/GDP: 1.13

R
ussia’s SC ranking improves again 

this year, moving up three places. 

On the Nature Index 2015 Global, 

an increase of 7.5% in publishing from 

2013 to 2014 helped the country capture 

19th overall, and the Russian Academy 

of Sciences ranked 48th in the world’s 

institutes. In the 2015 BCI, however, 

Russia finished third from the bottom and 

was categorized as having a “struggling 

ability to compete.” The BCI report added: 

“Though biopharmaceuticals are one of the 

Russian government’s strategic innova-

tion priorities, Russia lacks many of the 

framework conditions necessary to achieve 

its industrial and innovation objectives. 

From the perspective of local executives 

there is only rudimentary quality control of 

biomedical products across most clinical 

and manufacturing phases—leaving the 

market largely out of sync with interna-

tional standards.” The BCI report also 

noted: “The market access environment is 

challenging and enforcement of IP rights 

and anti-counterfeiting actions are quite 

weak.” Some local sources, however, hope 

for a growing industry. On July 31, 2015, 

The Russian Times reported that Russia’s 

BIO2020 program aims for global competi-

tiveness in three areas of biotechnology: 

energy, industry and medicine. Given Rus-

sia’s IP rating on the SC and the 2015 BCI, 

however, improving its global reputation 

will take some work.

Mexico
SAWV SC rank: 43 
Population: 120,286,655 
GDP: 1,261 
R&D/GDP: 0.43

S
ince 2011, a finish in the low 40s 

has been the best that Mexico could 

muster, but it showed more promise 

on the Nature Index 2015 Global, with 

a ranking of 34th and an increase in its 

article output of almost 10% from 2013 

to 2014. Still, Mexico performed poorly 

on the 2015 BCI, which rated the country 

as having a “limited ability to compete.” 

Nonetheless, Mexico outscored all of the 

BRICs—Brazil, Russia, India and China—on 

the 2015 BCI. However, the country’s 

agrobiotechnology industry was further 

thwarted when, as noted in an August 

2015 USDA GAIN Report, “a federal judge 

effectively suspended the plantings of all 

GE corn in Mexico by placing a provisional 

injunction against all such plantings with 

no clear timeline for solution after almost 

two years.” Concerns about Mexico’s corn 

crop were also expressed by the Inter-

national Service for the Acquisition of 

Agri-biotech Applications (ISAAA), which 

recently wrote: “It is hoped that Mexico 

will adopt a national, science-based strat-

egy that will protect the centers of origin 

of maize, and will ensure that Mexico will 

benefit from biotech maize which can 

contribute to national food security and 

mitigate new challenges, such as more 

frequent and severe droughts.”
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On the Nature Index 2015 
Global, an increase of 7.5% 
in publishing from 2013 to 
2014 helped the country 
capture 19th overall.
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Turkey
SAWV SC rank: 46 
Population: 81,619,392 
GDP: 820 
R&D/GDP: 0.92

T
urkey’s SC ranking has hovered 

in the mid-40s over the past four 

years, showing no real trend up or 

down. On the Nature Index 2015 Global, 

Turkey ranked 36th, and it produced a 34% 

increase in publishing output from 2013 

to 2014. Despite that increase, more 

biotechnology-specific measurements 

of publishing are less encouraging. In 

2015, Turkish authors were involved in 

just 241 articles that included the word 

biotechnology, according to a PubMed 

search. Moreover, the 2015 BCI rated 

Turkey as having a “struggling ability to 

compete”—landing at the bottom of that 

index with the BRICs. The BCI report also 

noted: “Civil and criminal remedies for IP 

infringement are seen as fairly ineffective, 

particularly on the ground.” Still, Turkey 

pushes ahead in some areas of biotech-

nology. In November 2015, for example, 

the country approved six new genetically 

modified corn varieties and two new ones 

for soybeans. As these indicators suggest, 

Turkey faces a broad challenge if it wants 

to compete globally in biotechnology. In 

fact, its ranking on all of the SC categories 

fall into the bottom half of the coun-

tries included, and in all but one of the 

categories Turkey is ranked in the bottom 

fourth. That creates plenty of room for 

improvement.

Thailand
SAWV SC rank: 45 
Population: 67,741,401 
GDP: 387 
R&D/GDP: 0.39

B
etween 2014 and 2016, Thailand 

bounced around the 40s in the SC 

rankings—from low to high and back 

to the mid-40s. Even so, this is a far better 

showing than its bottom-of-the-list perfor-

mance in 2013. Similarly, Thailand ranked 

42nd on the Nature Index 2015 Global. On 

the plus side, its National Biotechnology 

Policy Framework aims to push the country 

much higher as an international force in the 

industry. In particular, that framework seeks 

to improve biotechnology education and 

training. Among the SC categories, Thailand 

already performs the best in Education/

Workforce, and the government’s plans 

could improve that capability even more. 

Experts are applauding Thailand’s efforts so 

far, and express tempered optimism about 

its future prospects. A September 2015 

USDA GAIN Report stated: “Thailand made 

some progress in 2015 on laying out a draft 

regulatory framework on adopting agricul-

tural biotechnology. Thai biotech propo-

nents are likely to gain more support from 

policy makers in both government and par-

liament. However, it may take a few years 

to revoke a ban on biotech field trials in the 

country.” Like many other countries that 

perform poorly on the SC, Thailand needs 

to drastically improve its IP Protection, as 

well as its reputation in the SC category of 

Policy & Stability. A strong biotechnology 

industry must do well in these areas.
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Puerto Rico
SAWV SC rank: 48 
Population: 3,620,897 
GDP: 0 
R&D/GDP: 0.44

I
n some ways, Puerto Rico’s biggest 

challenge is exposure—being seen as a 

place that’s interested in biotechnology. 

Having joined the SC in 2013, this year 

it plummets from the 31st spot to 48th. 

Moreover, a lack of data keeps Puerto Rico 

from being measured in three of the seven 

SC categories. It might be easy to argue 

that more data would not paint a better 

biotechnology picture for Puerto Rico. Its 

scientists published just 13 biotechnol-

ogy-related articles in 2015, based on a 

PubMed search. Granted, many relevant 

articles might not include that word, but 

the exercise still serves as a helpful met-

ric; the same search for Malta—one of the 

world’s smallest countries—revealed seven 

articles. Those biotechnology articles that 

did include Puerto Rican authors were 

produced by large international teams. For 

example, an article on plant immunity—

specifically the role of poly(ADP-ribose) 

glycohydrolase (PARG)—in the January 

2015 PLoS Genetics included two authors 

from Puerto Rico, five from the United 

States and two from Brazil. At present, 

international collaboration might be 

Puerto Rico’s best strategy for advertising 

its biotechnology aspirations.

Brazil
SAWV SC rank: 47 
Population: 204,259,812 
GDP: 2,246 
R&D/GDP: 1.15

A
n SC ranking slide for Brazil started 

in 2014, when it dropped from 36th 

to 45th, and then it lost another spot 

each of the next two years—putting it at it 

all-time low of 47th in 2016. Unfortunately, 

the news from the 2015 BCI index, where it 

finished last, is just as bad. The BCI report 

stated: “Despite holding strong aspirations 

for growing its biopharmaceutical and 

biotech sectors, Brazil still has a long way to 

go to reach its potential for investment. In 

the view of local executives, the economy’s 

regulatory system is fraught with delays and 

red tape.” The report went on: “Widespread, 

draconian price controls hinder market 

access. Moreover, the IP system, particularly 

the patenting process, is bureaucratic and 

generally ineffective.” The SC shows Brazil’s 

desire, because it ranks near the top quarter 

for Intensity, which is the SC category that 

gives the best indicator of how hard a country 

works at creating the necessary environment 

for innovative biotechnology. In every other 

SC category, however, Brazil ranks in the 

bottom fourth. Indeed the country finishes 

third from last, in fact, in Enterprise Support. 

The good news is that this leaves Brazil with 

many avenues to climb the SC.
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Puerto Rico’s biggest  
challenge is exposure— 

being seen as a place that’s 
interested in biotechnology.

The SC shows Brazil’s desire, because it ranks near the top 
quarter for Intensity.
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Philippines
SAWV SC rank: 50 
Population: 107,668,231 
GDP: 272 
R&D/GDP: 0.11

F
or the past four years, the Philippines 

ranked 51st or 50th on the SC, a bit 

below its overall average. This country 

also dropped—by 45%—on its publishing 

output on the Nature Index from 2013 to 

2014. The news, however, is not all bad. 

A July 2015 USDA GAIN Report calls the 

Philippines “a regional biotechnology 

leader and a model for science-based GE 

regulatory policy.” The report added: “GE 

corn has been on sale in the country since 

2003, and comprised a fourth of total 

corn area in 2014.” That trend might slow 

down as the country’s Supreme Court and 

government agencies battle about the 

future of GE crops and foods. On December 

27, 2015, SciDev.net reported that the 

Philippine Supreme Court’s decision to 

ban some GE crops “may have derailed 

the steady march to acceptance of GMOs 

in the Asia-Pacific region.” Other sources 

agree. The GAIN Report, for example, 

concluded: “According to experts, further 

delays in commercializing Philippine GE 

research are expected to erode the coun-

try’s GE regional leadership status, and in 

general terms, may dampen the long term 

competitiveness of Philippine agriculture.” 

Furthermore, basic biotechnology capabili-

ties require attention in the Philippines, as 

indicated by the SC categories.

India
SAWV SC rank: 49 
Population: 1,236,344,631 
GDP: 1,877 
R&D/GDP: 0.82

I
f effort alone equated with success in 

biotechnology, India might top the SC 

and other indices. At the end of 2015, 

India released a new National Biotechnol-

ogy Development Strategy, and some of its 

key goals included generating biotechnol-

ogy products, increasing bio-manufactur-

ing and producing biofuels. In fact, Shell 

India Markets plans to build a biofuel 

plant in Bangalore. Its 13th place ranking 

on the Nature Index 2015 Global suggests 

that some of India’s efforts are paying off. 

Also, on January 8, 2016, an online article 

from Nature Biotechnology reported: “Most 

new companies emerging in the GM field 

are based in the United States and in Asia, 

especially India, whereas public develop-

ers of the technology are appearing in 

India and China.” Nonetheless, the 2015 

BCI described India as facing a “struggling 

ability to compete,” and noted: “India 

possesses the foundation and potential 

for becoming a hub of biopharmaceutical 

innovation—but currently faces several 

major structural barriers to moving up 

from the bottom ranks in biomedical com-

petitiveness. Local executives particularly 

noted the presence of major regulatory de-

ficiencies and bottlenecks and very limited 

coverage of medicines, even with costs 

driven down. In addition, they highlighted 

major gaps in India’s biopharmaceutical IP 

protection that render the system overall 

ineffective.”
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Indonesia
SAWV SC rank: 52 
Population: 253,609,643 
GDP: 870 
R&D/GDP: 0.08

T
o build an innovative ecosystem for 

biotechnology, Indonesia needs a 

range of improvements, from IP Pro-

tection to creating a trained workforce. Its 

ongoing low SC ranking, as well as its tiny 

output on the Nature Index 2015 Global, 

portrays the need for investment—finan-

cial and human—before it can even start 

to compete on an international level in 

science and technology, especially biotech-

nology. In some areas of biotechnology, 

in particular, Indonesia remains largely 

on the sidelines. A July 2015 USDA GAIN 

Report, for instance, revealed: “At present, 

there are no imported or locally developed 

commercial GE seed varieties approved for 

planting in Indonesia.” Nonetheless, the 

report added that Indonesia’s government 

“and local universities are extensively 

researching a number of GE varieties 

including virus resistance for tomatoes 

and potatoes, delayed ripening for papaya, 

sweet potato pest resistance, and drought 

tolerant rice. As well, some Indonesian 

researchers have begun to focus on GE 

animals for genotyping or genetic markers 

of Indonesian local livestock, such as poul-

try, bali cattle and sheep.” Despite that 

ongoing research, the USDA stated that 

“practical applications in Indonesia for GE 

animals and animal products are still very 

long-term.” Indonesia’s performance on the 

SC also depicts a need for long-term goals.

Kuwait
SAWV SC rank: 51 
Population: 2,742,711 
GDP: 176 
R&D/GDP: 0.1

A
relative newcomer to the SC, Kuwait 

joined the list in 2013, and it’s 

landed in the bottom five half the 

time, including this year. Some scientists 

in Kuwait, however, envision a stronger lo-

cal biotechnology industry. Kuwait Univer-

sity’s Biotechnology Center, for example, 

provides a home for research that ranges 

from clinical projects to environmental 

studies. Known around the world as an oil 

exporter—which generates nearly US$100 

billion, according to OPEC—some of the 

country’s work in biotechnology reflects 

that economic driver. A 2014 article in Ap-

plied Biochemistry and Biotechnology from 

scientists at Kuwait University described 

how biofilms—enriched with microorgan-

isms from sewage—could be used in envi-

ronmental remediation of hydrocarbons. 

The authors wrote: “Biofilm samples were 

established on glass slides by submerging 

them in oil-free and oil-containing sewage 

effluent for a month…. It was concluded 

that man-made biofilms based upon 

sewage microflora are promising tools for 

bioremediation of hydrocarbons contami-

nating sewage effluent.” Kuwait’s low rank-

ing in IP protection on the SC, however, 

creates an impediment to companies from 

other countries performing research and 

manufacturing in the country. The coun-

try—finishing second from last on the SC’s 

Education/Workforce category—also needs 

to train more people in biotechnology to 

create a sustainable industry.
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Indonesia needs a range  
of improvements, from  
IP Protection to creating  
a trained workforce.
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Argentina
SAWV SC rank: 54 
Population: 43,431,886 
GDP: 610 
R&D/GDP: 0.58

A
lthough much of Argentina’s bio-

technology news is not good, there 

are some positive signs. First, the 

bad: It finished last on the SC for the past 

three years, with low scores across the cat-

egories. The 2015 BCI report added more 

evidence of the need for improvement by 

categorizing the country as having a “lim-

ited ability to compete,” ranked just above 

the BRICs and Turkey. The BCI pointed out 

part of Argentina’s IP problem—it has “very 

low levels of professional and institutional 

capacity for patent examination.” All of 

that said, Argentina excels in raising bio-

technology crops. According to ISAAA’s lat-

est data: “Argentina maintained its rank-

ing as the third largest producer of biotech 

crops in the world in 2014, occupying 13% 

of 181.5 million hectares of global biotech 

crop hectarage.” For several crops—corn, 

cotton and soybeans—biotech versions 

made up most if not all of the plantings: 

80%, 100% and 100%, respectively. That 

reliance on biotechnology-based crops 

generates large financial returns. As ISAAA 

noted: “Argentina’s benefits from biotech 

crops from 1996 to 2013 is estimated at 

US$17.5 billion, and the benefits for 2013 

alone is estimated at US$1.9 billion.” That 

is all very good news!

Ukraine
SAWV SC rank: 53 
Population: 44,291,413 
GDP: 178 
R&D/GDP: 0.75

F
inishing second from last on the 

SC for the past three years, Ukraine 

faces a long battle to gain ground in 

international biotechnology. IP Protection, 

in particular, creates a difficult obstacle, 

and one in need of attention soon. As an 

August 2015 USDA GAIN Report indicated: 

“The Intellectual Property Rights protec-

tion policy for GE events has not yet been 

developed in Ukraine.” The report went so 

far as to add that biotechnology in general 

“was not given much attention in Ukraine 

in 2014–early 2015 because political and 

economic issues took priority.” In some 

respects, though, the country appears to be 

attempting to patch some of the problems. 

For example, the GAIN Report declared: 

“The biotechnology regulatory system in 

Ukraine is still not fully developed, but 

the country has committed itself towards 

shaping its policy in line with European 

Union standards.” Ukraine also showed 

some evidence of moving forward when 

it registered Monsanto’s Roundup-Ready 

soybeans for use in feed. Allowing biotech-

nology crops could feed more animals and 

people, which could be very helpful since 

one goal of the UNDP, the development 

arm of the United Nations, is to “eradicate 

extreme hunger and poverty” in Ukraine.
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crops could feed more  
animals and people.

Argentina excels in raising 
biotechnology crops.
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U
ltimately, a country’s performance in biotechnology comes 

down to output, and publicly traded companies offer objec-

tive insight on this. The lack of transparency in private 

firms makes them less useful for such a comparison. To compare 

outputs around the world, we analyze the market capitaliza-

tion—the market value of outstanding shares for publicly traded 

biotechnology companies—and the number of publicly traded 

biotechnology companies, based on available data (Morrison, 

C., Lähteenmäki, R. Nat. Biotechnol. 33, 703–709 (2015), and 

company disclosures). In brief, the results can be explained in one 

word: growth.

Even in an environment of global growth for the market 

capitalization of publicly traded biotechnology companies, the 

United States remains the leader—far and away. In our 2015 issue, 

we reported that the U.S. market capitalization was roughly 4.8 

times the ex-U.S. global total, and now it’s roughly 5.5 times the 

global total. Traditionally, Australia has shown the second-largest 

growth and had the second-largest market capitalization, but this 

past year the United Kingdom outshined Australia on both fronts. 

Although Australia added US$698 million to its biotechnology 

market capitalization, for a total of US$38 billion, the United 

Kingdom added a staggering US$17 billion, bringing the country’s 

biotechnology market capitalization to US$46 billion. 
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Despite those big numbers, the U.S. increase eclipses them, 

because U.S. companies added more than US$220 billion in 

market capitalization (roughly 1.5 times the ex-U.S. sum), for a 

total of US$887 billion. That makes the U.S. biotechnology market 

capitalization nearly 20 times that of the United Kingdom.

Although most countries show growth in this area, some don’t. 

Last year, Ireland was the only top 10 country to see a drop in 

its biotechnology market capitalization. This year, its number of 

public biotechnology companies dropped from three to one and its 

market cap has been decimated—dropping from US$6.4 billion to 

US$560 million.
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Last year, we also reported an increase in the number of publicly 

traded biotechnology companies, and that trend continues. Compared 

to last year, the United States has 46 more publicly-traded biotech-

nology companies, an increase of about 17.5%. Other increases are 

scattered around the globe. Israel adds seven publicly traded com-

panies, bringing its total to 18, which is an increase of more than 

60%. France experiences close to 30% growth, adding six companies 

to bring its total to 28. For the United Kingdom, where the market 

capitalization of biotechnology companies grew by more than 60%, 

the number of publicly traded companies remains unchanged at 23. 

So this shows, yet again, that experts must explore the biotechnol-

ogy landscape from a variety of angles to get the complete picture.

279          252                   234        233                216     214             256                       301

1

NUMBER OF PUBLIC COMPANIES

AUSTRALIA

AUSTRIA

BELGIUM

CANADA

CHINA

DENMARK

FINLAND

FRANCE

GERMANY

HONG KONG

ICELAND

INDIA

IRELAND

ISRAEL

ITALY

JAPAN

NETHERLANDS

NEW ZEALAND

NORWAY

POLAND

RUSSIA

SPAIN

SWEDEN

SWITZERLAND

TAIWAN

UK

UNITED STATES

W
V

20
0

9

W
V

20
10

W
V

20
11

W
V

20
12

W
V

20
13

W
V

20
14

W
V

20
15

W
V

20
16



66    SCIENTIFIC AMERICAN | WORLDVIEW

AU

SE

FI

US

DK

BE

CZ

FR

CA

GB

DE

JP
IT

CH

U
N

IT
ED

 S
TA

TE
S

U
N

IT
ED

 K
IN

G
D

O
M

C
A

N
A

D
A

S
IN

G
A

PO
R

E

JA
PA

N

H
O

N
G

 K
O

N
G

G
ER

M
A

N
Y

A
U

S
TR

A
LI

A

N
EW

 Z
EA

LA
N

D

S
W

IT
Z

ER
LA

N
D

S
W

ED
EN

M
A

LA
Y

S
IA

N
O

R
W

A
Y

N
ET

H
ER

LA
N

D
S

B
EL

G
IU

M

D
EN

M
A

R
K

FR
A

N
C

E

FI
N

LA
N

D

S
O

U
TH

 K
O

R
EA

 

IS
R

A
EL

C
H

IN
A

A
U

S
TR

IA

IR
EL

A
N

D

TA
IW

A
N

C
H

IL
E

S
A

U
D

I 
A

R
A

B
IA

S
PA

IN

PO
LA

N
D

IN
D

IA

TH
A

IL
A

N
D

  TU
R

K
EY

PO
R

TU
G

A
L

C
Z

EC
H

 R
EP

U
B

LI
C

LU
X

EM
B

O
U

R
G

U
N

IT
ED

 A
R

A
B

 E
M

IR
A

TE
S

IT
A

LY

S
O

U
TH

 A
FR

IC
A

C
O

LO
M

B
IA

R
U

S
S

IA

M
EX

IC
O

B
R

A
Z

IL

PH
IL

IP
PI

N
ES

LI
TH

U
A

N
IA

IN
D

O
N

ES
IA

H
U

N
G

A
R

Y

R
O

M
A

N
IA

IC
EL

A
N

D

ES
TO

N
IA

PE
R

U

M
O

R
O

C
C

O

PA
N

A
M

A

Z
A

M
B

IA

M
A

U
R

IT
IU

S

B
U

LG
A

R
IA

S
LO

V
EN

IA

V
IE

TN
A

M

O
M

A
N

S
LO

V
A

K
IA

B
A

H
R

A
IN

LA
TV

IA

JO
R

D
A

N

L
ast year, we presented research on where drug patent inven-

tors live (“Products of the Environment,” Scientific American 

Worldview 2015). The surprising observation was that innova-

tion is difficult to move. Over the span of decades, pharmaceutical 

innovation was—and remains—strongest in the United States, 

Western Europe and Japan. Following this research, another group 

has investigated international collaboration over time and found 

another surprise: Although global pharmaceutical collaborations 

used to have a hub-and-spoke model, centered on the United 

States, there are now substantially more intra-European collabora-

tions (Hu, Y. et al. Technol. Anal. Strateg. 27, 532–549 (2015)).

The three panels show changes in patent co-inventor locations 

over time. By analyzing patents with at least two inventors located 

in different countries, a U.S.-centric distribution was observed for 

patents granted between 1996 and 2000. Although the United 

States maintained its dominant position as a global hub for inno-

vation over all the years studied, a mild increase in intra-European 

co-inventorship was observed from 2001 to 2005. By 2010 this 

pattern of European co-inventorship had become well established, 

with countries such as Canada, Germany, Great Britain, France and 

Switzerland clearly emerging as secondary hubs.

90

45

0

VYING FOR  
VENTURE CAPITAL

As in many other businesses,  
no risk in biotechnology means 

no reward

CHANGING HUBS
Pharmaceutical R&D sprouts secondary 
centers of collaboration

1996–2000
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B
uilding a biotechnology industry 

requires some form of risk capital, such 

as venture capital (VC). For reasons 

beyond the scope of this summary, venture 

capital is often far more aggressive than the 

other funding sources, and a country’s attrac-

tiveness to VC can also indicate the extent to 

which free-market conditions favor growth.

The Venture Capital & Private Equity 
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SOURCE: The Venture Capital & Private Equity Country Attractiveness Index, 2015 Annual. Groh, A., Liechtenstein, H., Lieser, K., Biesinger, M. IESE Business School.

C
O

U
N

TR
Y

 A
TT

R
A

C
TI

V
EN

ES
S

Country Attractiveness Index aggregates 

more than 300 metrics and goes beyond 

the factors measured in the Scientifi c 

American Worldview Scorecard to include 

factors such as economic activity, taxation 

and investor protection (the index is only 

given here in part, and the full list is avail-

able at: http://blog.iese.edu/vcpeindex). A 

surprising observation is that despite the 

index author’s statement that investors in 

VC and private equity funds often set their 

sights on emerging regions, the top-ranked 

countries are all established markets. This 

is something that we also note in our dis-

cussion of Policy & Stability: The greatest 

opportunities tend to be in the countries 

that have the potential to become more 

attractive markets, rather than those that 

currently are attractive markets. 

2001–2005

2006–2010
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In Central and South America, more data shake 
up the rankings

I
n an eff ort to expand our coverage of biotechnology and 

to provide a deeper understanding of a specifi c region, we 

modifi ed our analysis methodology for Central and South 

America. On the Scientifi c American Worldview Scorecard, 

we only analyze countries that appear in particular objective 

sets of data, which excludes many nations in this zone. 

Nonetheless, using data from the Network for Science 

and Technology Indicators Ibero-American and Inter-American 

(RICYT), we built an innovation index that includes 17 countries—

only four of which are on the full Scorecard.

This modifi ed analysis employs the same broad methodology 

as the Scientifi c American Worldview Scorecard. Every country’s 

performance on each metric is normalized from 0 to 10, where 

the highest-scoring nation gets a 10, and the lowest-scoring 

one a zero. Then, we take the average of all of a country’s scores 

(ignoring any metrics for which we have no data), and normalize 

it on a scale from 0 to 50. As in the Scorecard, the normalization 

is unweighted, meaning that we do not dictate which factors are 

more important than others.

Output indicates the number of granted patents in a country 

plus its publications in the BIOSIS index. We use BIOSIS, rather 

than MEDLINE, in order to search beyond human health–related 

biology applications. Intensity captures a country’s science and 

technology expenditure per GDP. The Workforce metric provides 

the number of researchers per 1,000 workers, while Education 

measures the total doctorate graduates per million people.

Interestingly, although Brazil scores fi rst on this mini-

Scorecard, it placed lower than Chile and Mexico on the broader 

Scientifi c American Worldview Scorecard. This might refl ect the 

“advantage” that we intentionally give to countries for which we 

do not have data. Rather than assign these nations a zero score 

for categories in which they lack statistics, we simply ignore the 

missing information in our analysis. Indeed, some countries would 

rank lower on the Scientifi c American Worldview Scorecard if all 

data were available. For example, the overall Scorecard con-

tains fi gures for low biotechnology patent activity in Brazil and 

Mexico, but no data for Argentina or Chile. Furthermore, this Latin 

American mini-Scorecard measures far fewer elements than the 

full Scorecard, so we encourage you to take into consideration the 

impact of data gaps when evaluating both Scorecards.

A LATIN AMERICAN MINI-SCORECARD
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For more info please email Info@InsightCruises.com or visit ScientificAmerican.com/Travel

Cyberspace
Speaker: Paul Rosenzweig, Esq.

Introduction to the Cyber Domain
Virtually every aspect of global civilization 
now depends on cyberspace—telecommu-
nications, commercial and financial systems, 
government operations, food production. 
This ubiquity makes keeping these systems 
safe from threat one of the most pressing 
problems we face. We’ll examine how cyber-
space works and what makes the Internet so 
vulnerable.  

Big Data— 
“They” Know Everything About You
In the new age of “Big Data” your Internet 
searches can be tracked, your cellphone 
can broadcast your geographical location 
instantly, and your online purchases can be 
catalogued.  We’ll ponder the consequences 
of these developments in this discussion of 
personal data tracking and privacy.
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WEST COAST & MEXICO • OCTOBER 18TH – 29TH, 2016

TM

Cruise prices vary from $1,129 for an Interior State-
room to $5,799 for a Pinnacle Suite, per person (pp). 
For those attending our SEMINARS, there is a $1,575 
fee. Add’l pp fees: gov’t taxes and fees ($209), Non-
refundable Booking Service Fee ($150), tour leader 
gratuties ($120), and onboard gratuities (for your 
cabin steward and dining room staff, approx $11.50 
per day). The Program, cruise pricing, and options 
are subject to change. For more information email 
us at Info@InsightCruises.com.

For information on more trips like this, please visit www.ScientificAmerican.com/Travel

Santa Barbara

Mazatlán
Puerto Vallarta

Cabo San Lucas

VANCOUVER

SAN DIEGO

CANADA

UNITED STATES

MEXICO

Physics
Speaker: Pauline Gagnon, Ph.D. 

The Incredible Higgs Boson
Much has been said about the Higgs boson, 
but why is it so important? We’ll demystify 
this little particle. Learn how the theory 
called the Standard Model describes the 
basic constituents of the universe and how 
these particles interact to form all visible 
matter around us.
 
The Dark Side of the Universe
Everything on Earth and in all stars and 
galaxies accounts for only five percent of the 
universe. The rest, called dark matter and 

Take a contrarian viewpoint and 
see North America’s West Coast 
from offshore with Scientific 
American Bright Horizons 30. 
Encounter the scenic riches 
of a region where mountain, 
sea, and sky juxtapose in many 
beautiful variations. From the 
temperate rainforests and urban 
pleasures of Vancouver to Santa 
Barbara’s wine country and 
Mexico’s marine sanctuaries 
and endless sunny beaches, 
refresh your senses on a coastal 
cruise on Holland America’s  
ms Westerdam.

While at sea hear the latest in science 
and gain an understanding of the 
questions (and answers) that inspire 
scientists today. Lively discussions 
extend the learning fun, and well  
informed dinner table conversations 
are a pleasant evening option. 

Experience quintessential coastal 
California, Mexico’s cultures and 
bountiful hospitality, and great con-
temporary science from the experts. 
Enjoy quiet moments, diverse cuisines, 
and outdoor adventure with a friend. 
Let us take care of the details so you 
can unwind. Please join us!

Government Regulation  
of Cyberspace
Join the debate about government regulation 
of cyberspace in this discussion of both sides 
of the issue. By looking at the debate over 
government oversight of cybersecurity and 
whether we need it, you’ll be better informed 
about a topic that has serious ramifications for 
how you use the Internet.

Listening In and Going Dark:  
The Encryption Debate
Learn how encryption and wiretapping work 
in cyberspace, and how both methods are 
becoming increasingly frustrating for law 
enforcement and national security officials. 
This “going dark” phenomenon, as you’ll find 
in this discussion, brings benefits and causes 
problems—and the solutions seem to spur 
issues of their own.

sa30_2-pg_ad.indd   2 11/17/15   2:03 PMInSight_Cruise_BH30_West_Coast_LH.indd   1 12/9/15   1:53 PM
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For more info please email Info@InsightCruises.com or visit ScientificAmerican.com/Travel

Behind the Scenes
The Evolution of Antievolution 
Speaker: Steve Mirsky, M.Sc.
Evolution has been a subject of waxing 
and waning controversy since the day that 
Darwin published The Origin of Species.  
We’ll look at some of the history of the anti-
evolution movement, with special attention 
to the “creationist science” and “intelligent 
design” efforts of the past three decades, as 
well as famous court trials.

For information on more trips like this, please visit www.ScientificAmerican.com/Travel

dark energy, remains completely mysteri-
ous. We’ll discuss this great challenge and 
the various efforts on Earth and in space to 
understand this dark side of the cosmos.

Gigantic Tools to Explore  
the Smallest Particles
The Large Hadron Collider (LHC) is 27 
kilometers long and has four huge detec-
tors weighing up to 14,000 tons each. Why is 
everything so big? Learn how the LHC team 
designed and built such behemoths and 
what hopes they have for new discoveries 
with the recent restart of the collider. 

The Tragic Destiny  
of Mileva Marić Einstein
How did Albert Einstein’s first wife aid his 
extraordinary productivity in the first years 
of his career? The story of Mileva Marić has 
been largely unknown, but recent sources 
have shed more light on her life, allowing us 
to finally get a better idea of her contribu-
tions. 

Physics (cont.)
Speaker: Clara Moskowitz

Hubble’s Universe
We’ll examine some of the most famous 
photographs from the Hubble Space Tele-
scope. Learn how these images were created 
and how scientists turned the raw data into 
the colorful works of art we see. Finally, we’ll 
discuss the future outlook for Hubble and its 
successor, the James Webb Space Telescope.

The Particle Zoo
We’ll take a tour through nature’s fundamen-
tal particles, from the familiar ingredients 
of the atoms that make up you and me, to 
the more exotic species such as neutrinos. 
Hear the story of how we discovered some 
of these particles and the outlook for finding 
new species.

What Do Scientific American  
Editors Read?
Speakers: Steve Mirsky, M.Sc.  
and Robin Lloyd, Ph.D.
Which newspapers, journals, feeds, and 
websites do Scientific American editors read? 
How do we filter the fire hose of news and 
information every day to get the most valu-
able drops on the latest breakthroughs and 
innovations? We’ll discuss a recent survey 
of our staff on cutting-edge sources of 
information.

How the Science Sausage Gets Made
Speakers: Steve Mirsky, M.Sc.  
and Robin Lloyd, Ph.D.
What’s it like to be a science journalist? 
Hear the inside story from writers Steve 
Mirsky and Robin Lloyd, who have been 
at Scientific American for 11 and four years, 
respectively. They’ll talk about how science 
gets turned into articles and some of the 
more amazing moments that have occurred 
during that process.

sa30_2-pg_ad.indd   3 11/17/15   2:03 PMInSight_Cruise_BH30_West_Coast_RH.indd   1 12/9/15   2:20 PM
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Scientific American Worldview recently set out 
to identify one state—across our nation’s road-
map of thriving biotechnology centers—where 
a multitude of factors are converging to gen-
erate exceptional biopharma growth and po-
tential. While regions like San Francisco and 

Boston, with their flowing venture capital dollars funding 
biotech start-ups from the ground up, certainly piqued our 
interest, we embarked on a less obvious route and swung 
onto the New Jersey Turnpike, through territory better 
known for its tollbooths, shores and smokestacks. As ac-
tor, comedian and Jersey native Joe Piscopo might quip, 
“What exit?” Let’s just say our road trip led us throughout 
the Garden State’s bustling biotech sector, with its bum-
per-to-bumper innovation—immunotherapies taking the 
express lane to market, enzymatic biofuel cells revving up 
the oxidation process, and independent simulation centers 
cutting in to better educate healthcare professionals and 
revolutionize the patient experience.

In the quaint Stage Left Restaurant in New Bruns-
wick, some two-dozen leaders driving New Jersey’s life 
sciences industry gathered in February to discuss how 
the nation’s original biopharmaceutical heartland is 
now particularly ripe for biotechnology ventures. Deb-

bie Hart, president and CEO of BioNJ, a trade group and 
leading influencer of biotech advancement in the region, 
kicked off the roundtable conversation by explaining that 
New Jersey has long been known as the medicine chest of 
the world, with more than 50% of new drugs approved by 
the U.S. Food and Drug Administration (FDA) last year 
coming from companies with a footprint in New Jersey. 
Jeremy Abbate, publisher of Scientific American World-
view, added that, as a legacy biopharma state, the region 
has the infrastructure, outsourcing capabilities and sheer 
brainpower to create unique pathways to biotech success. 
Several of the industry’s thought leaders—with back-
grounds ranging from academia and state policy to small 
start-ups and major pharma companies—shared their 
candid thoughts about why they chose to set their profes-
sional roots in the Garden State, how they arrived at their 
current stage and where their company or institution’s 
future innovation is headed.

What we’ve captured below are some snippets these 
leaders shared—both during our roundtable talk and in 
follow-up conversations after—that demonstrate how New 
Jersey’s ecosystem continues to provide an atmosphere for 
biotechs big and small that lives up to the state motto—
“Liberty and Prosperity.” 

With its world-class institutions, business-friendly resources and first-rate workforce, New Jersey— 
America’s original biopharmaceutical heartland—is an unyielding driver of 21st-century biotech innovation   

A Special Report by  
Contributing Editor RENEE MORAD   
Illustrations by GREG BETZA

THE STATE OF INNOVATION
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WHERE A SKILLED WORKFORCE SHINES 
“More drugs come from New Jersey than any other place 
on Earth,” says Bob Ward, CEO of Radius Health, head-
quartered in Waltham, Massachusetts, which is develop-
ing an experimental treatment for osteoporosis. “In New 
Jersey, the pharmaceutical industry itself is going through 
an evolution, with individuals across the value chain tak-
ing their skill sets and experience and applying that to bio-
tech innovation.”

Because Ward was drawn to New Jersey’s dynamic 
workforce, the firm opened a third office in Parsippany 
to tap into that talent pool. “Many of the people we were 
looking to recruit were in New Jersey, so we decided to cre-
ate a third footprint to enable people to join the company 
where they already live, which seemed like a more practi-
cal way to develop our company base.” 

And Radius Health has a new neighbor. The Medicines 
Company, founded in 1996 in Cambridge, Massachusetts, 
recently built its global headquarters—which includes a 
leading-edge simulation center to educate healthcare pro-
fessionals in treating patients in acute- and intensive-care 
hospitals worldwide—in Parsippany as well. The company’s 
founder, Clive Meanwell, originally from the United King-
dom, says a solid workforce across all stages of the drug-

development process from product development to regula-
tory approval, manufacturing and marketing and sales, was 
a main motivator for setting down roots in the Garden State.

Then there’s Lipocine, based in Salt Lake City. With 
an oral form of testosterone-replacement therapy under 
review with the FDA, the company had two choices when 
it came to taking its new drug to market. “We could bring 
the respective skill set to Utah, or we could go where the 
talent was and open a second office in that locale,” says 
Morgan Brown, Lipocine’s chief financial officer. Lipocine 
chose the latter, expanding its footprint to New Jersey’s 
Lawrence Township.

Drug discovery firm CEO Christian Kopfli, of Chro-
mocell Corporation, believes that New Jersey “is very 
undervalued as a place for biotech innovation,” citing its 
workforce as its most attractive asset. The bottom line, says 
Robert Hariri, chairman of Celgene Cellular Therapeutics 
in Warren, is that New Jersey has been “the biopharma-
ceutical heartland of America for many, many years.” And 
while some biotech start-ups “go to places where they can 
employ a workforce at a significant discount to what’s pos-
sible here,” he continues, “the established biopharmaceu-
tical companies that can weather the costs are benefiting 
greatly from being in this state.” Hart adds that the “work-
force and space costs are less expensive—and the weather 
is better—than some leading hubs.”

WHERE FUNDING LEADS TO FERTILE GROUND 
Despite the costs, many budding biotech start-ups—
through careful navigation and by tapping into the right 
streams of funding—do manage to find fertile ground in 
the Garden State. 

Daniel O’Connor, a lifelong New Jerseyan and the CEO 
of Advaxis, in Princeton, says his company is a great case 
study of “how good things can happen when everything 
works together.” Advaxis is committed to discovering, 
developing and commercializing immunotherapies that 
teach the immune system to attack cancer tumors.

Good things have certainly happened at Edge Therapeu-
tics, in Berkeley Heights. This clinical-stage biotech firm, 
which develops hospital-based therapies to improve patient 
outcomes following brain hemorrhages, has benefited from 
several state resources throughout its history. CEO Brian 
Leuthner says the company’s investors were the first to tap 
into and remain among the largest investors in New Jersey’s 
Angel Investor Tax Credit program. The company also took 
advantage of the state’s Technology Business Tax Certifi-
cate Transfer program, which allowed it to sell the losses it 
accumulated while building its pipeline. In addition, Edge 
Therapeutics spent three and a half years in the New Jersey 
Institute of Technology’s (NJIT) incubator program, which 
helped with everything from lab space and business mentor-
ing to access to interns and financial resources.
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WHERE LEADING-EDGE  
TECHNOLOGIES MERGE WITH BIOTECH
The Garden State’s biotechnology industry is also optimis-
tic about the advantages to come from emerging technolo-
gies that are poised to reshape the pharmaceutical sector.

For instance, Rutgers University’s US$5 million, two-
story, state-of-the-art continuous manufacturing facil-
ity—known as the Engineering Research Center for Struc-
tured Organic Particulate Systems (C-SOPS)—is currently 
revolutionizing the pharmaceutical industry. At C-SOPS, 

chemical engineering researchers and students are devel-
oping new nanostructure products and innovative pro-
cesses to lower manufacturing costs, increase the speed 
of development, monitor the process from start to finish, 
and reduce the environmental impact of manufacturing. 

On May 25, 1961, Presi-
dent John F. Kennedy 
told the U.S. Congress: 
“I believe that this na-
tion should commit 

itself to achieving the goal, before this 
decade is out, of landing a man on the 
moon and returning him safely to the 
Earth.” Just eight years later—on July 
20, 1969—the crew of Apollo 11 ac-
complished the President’s objective. 
On the 50th anniversary of Kennedy’s 
speech, his nephew—the Honorable 
Patrick Kennedy—made a pledge of 
his own by launching One Mind, a 
nonprofit that fights brain disease. 
Patrick Kennedy made time to talk 
about his vision with Mike May.

MIKE MAY: When you think of New 
Jersey’s experts forging ahead in 
biotechnology, medicine and science, 
what do you have to say to them?

PATRICK KENNEDY: This is an op-
portunity of incredible possibility, in 
spite of it being a time of great peril. 
The challenges we have are ones that we 
can overcome. They’re challenges of po-
litical will. We launched One Mind on 
the anniversary of my uncle’s famous 
moonshot speech because in order to go 
to outer space, we needed to leverage the 
supercomputing power of NASA and 
its ability to do what’s known as systems 

analysis, which is really integrating the 
various aspects of science to achieve a 
goal. What we don’t have in neurosci-
ence today is the ability to integrate all 
science across all the different brain dis-
orders and to find the algorithms that 
are going to allow us to better identify 
answers to Parkinson’s by researching 
Alzheimer’s or traumatic brain injury 
or ALS and vice versa. 

First, these things can be made 
possible through the integration of 
science, which currently is not the 
paradigm of the way NIH—the U.S. 
National Institutes of Health—funds 
these clinical trials. Second, the way 
NIH funds the research is incongru-
ent with the way that FDA—the U.S. 
Food and Drug Administration—ulti-
mately evaluates the research. In other 
words, there isn’t a common research 
track that ultimately can be expedited 
to clinical approval. If you’ve done all 
this great initial research, why not have 
the protocols embedded in it that will 
facilitate the learning curve for FDA to 
finally approve a given molecule?

M.M.: To make those changes, do 
we have to go back to square one in 
terms of building these systems?

P.K.: No, this is all about political 
will. It can be done. To speed it up, you 
could use FDA. Only the safest bets are 

being made, because drug companies 
can’t be betting on things that are not 
more well-developed. What we really 
need, especially in neuroscience, is a 
new area of discovery to get that new 
generation of medications. One way 
to do that is de-risking. FDA is sitting 
on all these data from previous clini-
cal trials, and FDA can act as a traffic 
cop or crossing guard, if you will, for 
drug companies to know whether they 
should spend a lot of money on some-
thing, because maybe it’s already been 
explored by some other drug company 
at some other point. That would be of 
great value to all of us, and there has 
to be a way that can be worked out 
amongst the drug companies. 

Also, FDA is still operating with 
these big clinical trials where they’re 
trying to test one molecule against a 
whole population, but the future is in 
having the molecule target the right 
subtype of the population. So there 
may be a lot of discoveries that we 
have already made that we don’t know 
about. In other words, a drug for a 
particular disorder might have been 
rejected because it never worked for a 
majority of the people or it had side 
effects. But maybe for people with a 
certain genetic type the benefits were 
demonstrably positive.

M.M.: That gets back to your 
concept of the systems-analysis 
approach. We hear so much about 
big data, and maybe lots of health-
care’s big data are already avail-
able but have not been tapped.

A MOONSHOT FOR THE MIND 
A conversation with former U.S. Representative, and recent transplant to 
New Jersey, Patrick J. Kennedy on how his One Mind foundation takes aim 
at brain disease

The New Jersey Turnpike is 
lined with exits that lead

to flourishing centers of innovation.
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“I predict a 50% worldwide conversion from batch to con-
tinuous manufacturing in the small molecule area within 
the next 10 to 15 years, with $300 billion worth of prod-
ucts made from continuous manufacturing methods each 
year,” says Fernando Muzzio, director of C-SOPS.

Muzzio believes that continuous manufacturing’s 
transition to biotech could be just around the corner. 
“Continuous manufacturing is like an orchestra where 
every instrument is playing from the same script, and to 
make that transition over to biotech would be enormous.” 

He explains that all of the benefits researchers are current-
ly achieving from the continuous manufacturing of small 
molecules can also be applied to biomolecules by expand-
ing the template or paradigm. 

The New Jersey Turnpike is lined with exits that lead 
to flourishing centers of innovation like C-SOPS. Cruising 
past the diners and smokestacks, we quickly discovered 
that the Garden State’s hidden biotech hotspots are driv-
ing the industry toward a brighter future—no stopping or 
standing allowed. 

We would tap these new mecha-
nisms, like these social innovation 
bonds, and we could repay these bonds 
simply by reducing the costs associ-
ated with treating these disorders. You 
could reallocate the savings begotten 
from reducing the costs and the dis-
ability associated with these disorders 
to pay for the underlying bond.

Still, we have a capitalist system. 
The only way we’re going to get people 
to invest in this space is to have intellec-
tual property, and you’ve got to be very 
sensitive to how we protect that while 
maximizing data sharing. We just have 
to be very good at being a gatekeeper 
for who gets to interrogate the science 
and how they get to contribute to the 
clinical research findings.

At One Mind, we invite the best 
and brightest to look at our data as 
we’re developing them, and then they 
become part of the research because 
they are able to give valuable feed-
back. If they come up with some valu-
able insight, well, then you can track 
it and you can negotiate it with them 
ahead of time to say that, “If you add 
some value to this, we’re going to ne-
gotiate your remuneration for that 
value.” That’s a better way to go than 
everybody husbanding their data and 
not realizing the data’s potential, be-
cause no one bothered to connect 
this data with that data. That happens 
because everybody is so afraid that 
they’re going to give up their IP, but 
the IP might lie in the fact that you’re 
overlaying this data with that data. 
That’s where the real value comes.

P.K.: That’s right. The reason I men-
tion these, just a few of these examples, 
is because they don’t require us to have 
a whole new tranche of money. I am 
still a big advocate for more money 
for NIH, and my overall message to 
BioNJ and to others would be for us 
to have a “brain bond,” a savings bond 
for disorders that are the most crip-
pling, disabling disorders to not only 
people but to our country. To bend the 
cost curve in the next few decades, we 
need to start tomorrow, and the way 
to do that is to pretend that we’re in a 
war. Nothing is going to wreak a big-

ger cost on our national security and 
our economy than our people being 
taken out by these brain illnesses. So 
if we treated it like the crisis that it 
is, we would do these savings bonds, 
these patriot bonds. We’ve got to win 
at all costs and that’s why I would say 
we need new financing mechanisms 
beyond the federal budget.
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RENEE MORAD: Why do you believe 
New Jersey is ripe for biotech  
innovation right now?

KATHLEEN COVIELLO: The landscape 
is so dynamic in New Jersey, with so 
many aspects coming together to make 
a perfect breeding ground for biotech 
companies. Today, we’re seeing biotech 
grow at an all-time pace, and more 
folks with long careers in pharma 
are embracing the ability to work in 
biotech. More individuals are under-
standing that they can take leaps and 
pursue ideas without that big pharma 
name behind them. The trade group 
BioNJ, in particular, has done a fabu-
lous job of putting the various people 
and pieces together, through meet-ups, 
industry events and so on, to create a 
community lined with success stories. 

R.M.: Can you please shed some 
light on the New Jersey Economic 
Development Authority’s role 
in funding biotech start-ups?

K.C.: We follow the mission that 
[Governor Christie’s] administration 
put forward to grow jobs in the state, 
and we work closely on the legislative 
programs that have been created to 
support that mission. There are two 
very powerful tools, from a finance 
perspective. First, with the net oper-
ating loss program—formally known 
as the [Technology Business] Tax 
Certificate Transfer Program—com-
panies with fewer than 225 employees 
that are starved for cash can take the 
losses they experience when building 
their product pipeline and can sell 
those losses to profitable companies. 

If a technology company qualifies un-
der the program’s legislative require-
ments, including modest job growth, 
they can get non-dilutive cash to 
grow their business. The second very 
impactful program is the Angel In-
vestor Tax Credit Program, or ATC. 
A qualified New Jersey technology or 
life science business that meets spe-
cific legislative requirements can use 
this tax credit to attract new inves-
tors and encourage follow-on funding 
from their investors. The 10% refund-
able credit awards a credit to those 
that invest in New Jersey’s technol-
ogy and life science sector, even if an 
out-of-state investor. The NJEDA has 
seen about half of the applications to 
date come from out-of-state investors. 
In several instances, companies have 
had the benefit of the investors taking 
their tax credit and/or refund and re-
investing back into their business. 

BIOTECH SUPPORT
Kathleen Coviello on the New Jersey Economic Development Authority’s 
commitment to cultivating a vibrant biotechnology sector

Born to Run
Fledgling biotechs get a running start at New Jersey’s 
Commercialization Center for Innovative Technologies

GENEWIZ 
Founded as a DNA-sequencing company, GENEWIZ had 
been in business for three years before moving to CCIT in 
2002 with a handful of employees. “By providing us with a 
first-class facility with ready-to-move-in laboratory space 
in the heart of the pharmaceutical corridor, we were able 
to gain access to leading blue-chip pharmaceutical corpo-
rations, emerging biotechnology companies and top-tier 
research institutions,” says Steve Sun, CEO and cofounder 
of GENEWIZ. “As we grew, being part of CCIT also en-
abled us to bring in high-caliber talent that set us up for 
continued success.” 

Today, GENEWIZ operates 12 genomic laboratories 
across the United States and around the world, employing 
more than 600 people. GENEWIZ, which received contin-
ued support from the EDA as a CCIT graduate, also spun 
out a new company, Admera Health, a genomics-based 
molecular diagnostics company focused on personalized 
medicine, non-invasive cancer testing and digital health.

ADVAXIS
Developing immunotherapies to combat various diseases, 
including human papillomavirus (HPV)–associated can-
cers, prostate cancer and certain aggressive types of can-
cerous solid tumors, Advaxis is a 2011 graduate of CCIT. 
Advaxis also benefited from the state’s Technology Busi-
ness Tax Certificate Transfer program and through fi-
nancial support was able to transition from a penny-stock 
company to a national exchange.

Advaxis CEO Daniel O’Connor says the incubator 
program provided a community “where success connects 
with success and grows from there.” He says this was par-
ticularly helpful for outsourcing opportunities, especially 
in a state with proximity to major cities and with so many 
skilled professionals in such a densely populated area.

The fledgling company hit many milestones along the 
way, including the award of US$1.1 million from the FDA’s 
Orphan Products Grants Program. The grant, given over 
the course of three years to Baylor College of Medicine, was 
for an ongoing Phase II trial of the company’s lead immu-
notherapy, axalimogene filolisbac (ADXS-HPV), in HPV-
associated head and neck cancers. More recently, Advaxis 
was honored with the Farrah Fawcett Foundation’s inaugu-
ral Medical Visionary Angel Award, for its commitment to 
innovative research in anal and HPV-related cancers. 
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CHROMOCELL CORPORATION 
When he looks back at his time in the incubator program, 
Chromocell CEO Christian Kopfli says it wasn’t just CCIT’s 
discounted lab space and related services, providing advice 

on everything from the regulatory 
process to taxes, that ultimately po-
sitioned his company for success, but 
also the sense there of collaboration 
with other entrepreneurs.

“The incubator program has re-
ally built a solid connection to the 
industry—surrounded by all the big 
pharmas like Merck, Bristol-Myers 
Squibb, Johnson & Johnson and 
Sanofi—and is really active in estab-
lishing regular contact between the 
incubator participants and potential 
partners,” he says.

Chromocell, which started out by commercializing 
its Chromovert technology, focuses on therapeutic indi-
cations that leverage the ability of Chromovert to rapid-
ly create cell lines and assays that were previously out of 
reach. With products in development for pain relief and 
a division focused on flavors research, the company today 
employs more than 120 people.

R.M.: The EDA’s Commercialization 
Center for Innovative Technologies is 
known as the state’s leading life sci-
ences incubator. Can you share some 
insight on the value that the incubator 
program provides to start-ups?

K.C.: The Commercialization Center 
provides 46,000 square feet of lab space 
for up to 30 start-ups at any one time. 
Today, there are 21 companies, and 
we are at capacity. We really look for 
companies that have more than just an 

idea, but that have conducted a litmus 
test of efficacy, have some validation 
from, say, the U.S. National Institutes 
of Health or have conducted a success-
ful Phase I trial and have some initial 
level of funding, usually from friends 
and family. We provide what we believe 
is nominal rent—class A space at class 
B price—and the start-ups can stay 
for up to five years. We have watched 
start-ups begin here with just a couple 
employees and over time grow to hun-
dreds or thousands of employees in-
ternationally. Once you’re here, you’re 
always part of the family, and we often 
bring successful graduating CEOs back 
to mentor our newbies. We also have 
an executive-in-residence program 
that we launched in collaboration with 
BioNJ. This program brings primarily 
individuals who are in transition from 
pharma, but are best-in-breed in their 
domain expertise—such as marketing 
or strategic partnerships—to mentor 
our tenant companies. 

R.M.: What’s your advice for  
biotech entrepreneurs looking to  
craft the perfect elevator pitch about  
their product? 

K.C.: It’s a little bit harder on the 
biotech side because the science is so 
important, but it comes down to de-
livering an unmet medical need and 
addressing the human piece of it. I’ve 
seen a shift in the biotech industry 
where there’s finally a focus on pa-
tients and not just the science. BioNJ 
adopted the tagline “Because Patients 
Can’t Wait,” and that idea really hits 
home. It also hits home when talking 
to investors. Entrepreneurs should 
focus on: Here’s the big problem, and 
here’s how the technology will solve 
that problem. Don’t get too scientific. 
That’s for the next meeting.

“The incubator program has  
really built a solid connection  
to the industry ... and is really  
active in establishing regular  

contact between the incubator 
participants and potential  

partners.” —Christian Kopfli
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During a recent visit to The Medicines Com-
pany’s facility in Parsippany, I was there as 
a figure on a stretcher was rushed through 
glass doors and the emergency medical 
technician hurriedly shared with us every-
thing he knew so far: The patient just had a 

motor-vehicle accident. He’s a kayaker and was heading to 
a training session to prepare for a solo trip across the At-
lantic. He wasn’t wearing a seatbelt and since the accident 
has been having chest pains. As the emergency department 
(ED) staff gather around to cut off his clothes and check his 
vital signs, detecting elevated heart rate and blood pres-
sure, we learn that the injured party is 64-year-old Ad-
dison Bookwalter. Oh, and there’s one more detail: Mr. 
Bookwalter is a dummy, packed with sensors that react to 
procedures and administered medications in real time. We 
are, after all, at a high-tech independent simulation center, 
where “everything is real but the patients,” explains Mike 
Young, chief learning officer at The Medicines Company.

Here, those learning about acute- and intensive-care 
products and procedures have the luxury of being able to 
play with time. “We can stop and teach as we go along,” 
Young says. “The patient’s not going to die.” It’s well known 
that preventable human error leads to an unconscionable 
number of hospital deaths each year—with figures rang-
ing from 98,000 annually according to a 1999 Institute of 
Medicine report to as many as 440,000 a year in a 2013 
study in the Journal of Patient Safety. Combating these sta-
tistics, simulation centers that offer healthcare profession-
als a chance to hone their skills before inheriting all the 
risk that comes with time-sensitive environments are an 
invaluable asset. Such learning centers have been corner-
stones of academic settings for years, but now independent 
healthcare firms like The Medicines Company, a provid-
er of solutions in acute cardiovascular care, surgery and 
perioperative care, and serious infectious-disease care, are 
going out on a limb to provide the optimal setting to edu-
cate those using their portfolio of products—and several 
states are offering vital support. The Medicines Company’s 
simulation center, in fact, received up to 50% of its funding 
from the state of New Jersey. 

Many ED doctors who have spent long days and nights 
training in their academic institutions’ own simulation 
centers agree that independent simulation centers—that 
can improve patient outcomes and help healthcare pro-
fessionals work together more effectively—are a step in 

PRACTICING MEDICINE 
To ensure patients receive the best emergency treatment as quickly as possible, a simulation center in Parsippany 
takes acute and intensive care to the next level  
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the right direction for the future of medicine. Simulation 
centers can be “hugely valuable in training physicians in 
complex medical cases and also for training teams to work 
together as a dynamic unit,” says Darria Long Gillespie, 
national spokesperson for the American College of Emer-
gency Physicians and an ED doctor at Northside Hospital 
in Atlanta, Georgia. “Patients are so different, and nobody 
follows the classic case that you read about in textbooks. 
You can read books on how to treat a human, but only once 
you start will you realize what you don’t know, and when 
it comes to human lives, there’s a lot less room for error.” 
Kevin Rodgers, president of the American Academy of 
Emergency Medicine and professor of clinical emergency 
medicine at Indiana University, says that in high-tech ar-
eas of medicine where complex situations quickly unfold, 
having a group cater to a narrow and very specific scope 
at an independent simulation center could help curtail 
the rate of medical error, when taught properly. Michael 
Bain, CEO of Qualified Emergency Specialists, in Cincin-

nati, Ohio, adds that since physicians-in-training have 
residency-hour restrictions that cap how long they are al-
lowed to work in a hospital over a certain period of time, 
“there’s more of a need today for simulation centers that 
provide training in time-sensitive, specialty situations and 
offer hands-on experience on anything from administer-
ing an IV to treating a cardiac arrest situation.” According 
to Young, while hours spent at a simulation center based at 
a hospital would count towards the residency restriction, 
time spent at an independent simulation center would not.

At The Medicines Company, we quickly administer an 
IV in Bookwalter, give him oxygen and begin brainstorm-
ing a list of possible diagnoses, ranging from anxiety and 
stress to pulmonary embolism and aortic dissection. We call 
for labs, aiming to rule out as many scenarios as possible 
with the fewest number of diagnostics. We request an elec-
trocardiogram, run some blood tests and take chest x-rays. 
We find a blockage in an artery on the right side of his heart.

Immediately, the catheterization lab begins to pre-
pare for Bookwalter, where he’ll undergo a percutaneous 
coronary intervention (PCI) and likely receive a stent to 
open his blocked artery. In the lab, we administer a cock-
tail of drugs through an IV, including Kengreal, to protect 
against the body’s natural responses to the procedure and 
potential life-threatening complications like stent throm-

bosis. We then guide a wire into his radial artery, peering 
closely at the monitor displaying an internal, 2-D view of 
the wire to help direct us. When we cross the culprit lesion, 
the patient reacts with a sudden drop in blood pressure. 
Suddenly, he’s showing signs of cardiac arrest and coro-
nary spasm, which requires defibrillation and a cocktail of 
drugs to stabilize. 

As the PCI wraps up, Bookwalter’s condition is not 
improving and he continues to complain of severe back 
pain. We palpate his abdomen and feel a pulsatile mass. 
A bedside ultrasound reveals an abdominal aortic dissec-
tion, in which the largest artery branching off the heart 
has torn, and he’s swept away to the operating room for 
another procedure.

In the OR, Jason Campagna, senior vice president, 
health science, surgery and perioperative care for The Med-
icines Company, says it’s imperative to place a graft inside 
his aorta quickly and avoid the risk of it bursting and him 
dying on the table. We just started major abdominal sur-

gery, and while we 
watch the blood ac-
cumulating near the 
incision and check 
the monitor show-
ing his vital signs, 
we’re told we cannot 
put a clamp across 
his aorta until we 

reduce his blood pressure significantly. So we administer 
Cleviprex, an antihypertensive, in hopes of rapidly low-
ering his blood pressure. “This is usually when the room 
stands still,” Campagna says. “When you need to manage 
this level of complexity and have blood pressure drop sig-
nificantly in a matter of minutes, there’s really not a lot 
of room for error.” Campagna reminds us that we have to 
remain aware that “very quickly—on a dime—things can 
change.” Fortunately, our patient’s blood pressure comes 
down, the procedure goes as well as can be expected and 
we replay the various possible scenarios and outcomes 
aloud, analyzing our actions and deliberating on what else 
we could have done.

“Everybody’s got that patient that kept them up at 
night,” Ryan Scott Bardsley, director of education and 
translational research at The Medicines Company, ex-
plains, just before we hang up our lab coats and call it a 
day. “Here, we try to break down the walls and expose 
those vulnerabilities so they’re not repeated in the future.” 
Clearly, in this safe space, where art meets science and 
medicine meets the movies, the simulation center provides 
an intimate look at the way emergency treatment is evolv-
ing in the here and now, while helping to ensure that real-
life patients receive the best emergency care when time is 
of the essence.

“There’s more of a need today for simulation centers  
that provide training in time-sensitive, specialty situations  
and offer hands-on experience on anything from  
administering an IV to treating a cardiac arrest situation.”  
—Michael Bain



80    SCIENTIFIC AMERICAN | WORLDVIEW

Lab Partners
Using mobile programs and its innovative laboratory,  
Students 2 Science is on a mission to inspire young  
people to pursue life science careers  

At the Hackensack University Medical Center’s 
pediatric oncology unit, a group of young 
patients recently gathered in the learning 
center for an interactive science experiment 
called “CO2 to the Rescue.” After being told 

that in the United States alone $5 billion worth of cellphones 
were destroyed by water damage over the past five years, 
the participants were challenged to create an invention to 
prevent cellphones from sinking. The group experimented 
with different combinations of scoops of acids and baking 
soda to create the ideal acid-base reaction that would in-
flate a Mylar balloon and, in turn, keep a cellphone afloat. 
While the students in the learning center donned lab coats 
and goggles, other patients, using camera-equipped lap-
tops, participated virtually from their hospital rooms. 

The program is run by Students 2 Science, a New Jersey 
nonprofit that introduces science, technology, engineering 
and math (STEM) to young students in the hope of inspir-
ing their interest in STEM-related careers. When the group 
isn’t traveling to hospitals, education centers and Boys & 
Girls Clubs of America, they’re welcoming students into 
their own 10,000-square-foot, state-of-the-art laboratory 
in East Hanover. “You can’t just leave it up to episodes 
of NCIS and school lesson plans to motivate kids to pur-
sue careers in science,” 
says Paul Winslow, co-
founder and president of 
Students 2 Science. “You 
have to bring the learn-
ing experience to life and leave a strong impression.”

Today, some 5,000 students participate in the program 
each year, with 65% coming from underserved, impover-
ished communities. “We teach by presenting the students 
with challenges that are career-oriented and equip them 
with the tools to solve them. In the end, we hope to hear, ‘I 
can do this, I would like to be a scientist,’” Winslow says.

Offering experiments on everything from forensics 
to food science, the program is all hands-on and incor-
porates modern instrumentation. Professional scientists 
from major corporations, including Bristol-Myers Squibb, 
Daiichi Sankyo, Merck and Novartis, volunteer their time 
and work alongside students. “The partnership is really a 
win-win for everybody,” Winslow explains. “Corporations 
need the next generation of skilled workers and students 
need to be prepared or at least aware of the types of life 
science jobs that exist and may be available.”

“You have to bring the learning experience to life and leave  
a strong impression.”  —Paul Winslow

The experiments are available in more than 150 differ-
ent languages, including sign language, and will roll out to 
seven states next year, including Florida, North Carolina 
and Georgia. In addition, Students 2 Science has created 
another program focused on educating science teachers by 
offering lab kits, videos and lesson plans to empower them 
to run experiments on their own. 

Beginning in the 2016–2017 school year, Students 2 
Science will also launch a collection of experiments spe-
cifically focused on biotechnology. This series will fea-
ture labs on generating biofuels from various agricultural 
sources, studying diabetes and detecting hidden sugars in 
processed foods, and identifying genetically modified food 
by extracting its DNA and analyzing the gene sequence. 

“We’re striving to educate the next generation of bio-
tech leaders,” Winslow says. “Hopefully, for some indi-
viduals, that seed of interest will begin in our laboratory.”
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HOBOKEN 
HOTBED
Stevens Institute of Technology is 
molding tomorrow’s biotechnology 
innovators in a pioneering,  
creative environment

New Jersey is home to a 
number of world-class 
academic institutions 
that radiate with in-
dustry know-how and 

are helping to shape the futures of 
next-generation life science profes-
sionals. One example is Stevens Insti-
tute of Technology, a hotbed for in-
novation, where recent advancements 
range from inkjet-printed antibiotics 
and infection-resistant medical im-
plants to technology that fully regrows 
nerves and restores function in dam-
aged limbs, eliminating the need for 
amputation. The university, located in 
Hoboken, also boasts an impressive 
track record for job placement after 
graduation. In 2015, 95% of the Stevens 
graduating class secured permanent 
employment or post-graduate enroll-
ment within six months of gradua-
tion. In addition, Stevens was ranked 
third in the nation for the best 20-year 
return on investment for graduates, 
according to the 2015 PayScale Col-
lege ROI Report. “Students get to see 
what the outside world is interested in, 
and they engage in specific projects, 
which often leads to introductions and 
eventually placements in life science 
companies that we partner with,” says 
Peter Tolias, professor and director of 
the Center for Healthcare Innovation 
at Stevens. 

On the biotech front, four years 
ago Tolias recognized “a big need for 
more granularity and understanding 
when it came to drug development,” 
and urged Stevens to make headway 
down that path. He fervently believed 
the university should implement a 
stronger focus on developing drugs 

that are more specific and targeted with 
fewer side effects. That motivation, 
along with an interest in pursuing 
projects on other subjects, such as tis-
sue engineering, inspired the launch of 
the school’s Biotechnology and Drug 
Discovery Laboratory, which is part of 
the Center for Healthcare Innovation. 
Today, the lab provides students with a 
complete preclinical infrastructure for 
drug discovery. “What we’ve built here 
is a really unique center, offering stu-
dents comprehensive training across 
the gamut of preclinical drug discov-
ery,” he explains.

Established with support from 
Roche, Merck and the New Jersey 
Department of Labor and Workforce 
Development, the Biotechnology and 
Drug Discovery Laboratory is oper-
ated by a dozen scientists with exten-

sive experience in biotech and drug 
development, all formerly employed 
at companies including Roche, Merck 
and Novartis. While the lab affords 
students an opportunity to gain prac-
tical experience, it provides the local 
workforce with an academic partner 
for training and research. In the lab, 
students and faculty explore topics 
such as protein structure–based and 
in silico drug screening and discovery, 
assay development and robotic drug 
screening, preclinical gene cloning and 
purification of therapeutic proteins.

In keeping with New Jersey’s tra-
ditional role as a hub for biotech in-
novation, Stevens is also taking steps 
to integrate the concept of entrepre-
neurship into its curricula. “Exposure 
to entrepreneurial thinking is invalu-
able,” says Peter Koen, professor of a 
course at Stevens called Introduction 
to Entrepreneurship. “An increasing 
volume of research shows that en-
trepreneurial thinking, even within 
large organizations, can and does 
transform those organizations’ strat-
egies and success in innovating new 
ideas and products.” Furthermore, 
beginning in late 2016, a new pro-
gram called IDEaS (Innovation De-
sign & Entrepreneurship at Stevens) 
will feature an “innovation spine that 
focuses on problem definition–based 
customer research, identification of 
entrepreneurial and business value 
proposition for research and design 
projects, and elements of starting up 
businesses,” says Edward Stukane, 
vice president of communications 
and marketing at Stevens. 

Stukane explains that an unwaver-
ing commitment to discovery, collabo-
ration and mentorship drives the aca-
demic culture at Stevens. Meanwhile, 
that same unwavering commitment to 
discovery, collaboration and mentor-
ship—ingrained into Stevens students 
throughout their academic experienc-
es—helps power the life science cul-
ture in New Jersey and far beyond, as 
these next-generation leaders go on to 
inspire innovation around the globe.  

“What we’ve built  
here is a really unique 

center, offering students  
comprehensive training  

across the gamut of pre-
clinical drug discovery.” 

— Peter Tolias
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IT BEARS REPEATING
Reversing the reproducibility crisis

The editors of Scientific  
American Worldview asked  
five experts one question:  
In your opinion, how bad is  
the problem of reproducibility  
in scientific research and  
what should be done about it?  
Here’s what they said.

The currency of science is 
publishing. Producing novel, 
positive and clean results 

maximizes the likelihood of pub-
lishing success because those are 
the best kind of results. There are 
multiple ways to produce such re-
sults: one, be a genius; two, be lucky; 
three, be patient; or four, employ flex-
ible analytic and selective reporting 
practices to manufacture beauty. In a 
competitive marketplace with mini-
mal accountability, it is hard to resist 

number four. There is accumulating 
evidence that the published literature 
is more beautiful than reality, perhaps 
much more. The solution is transpar-
ency. If you know how I arrived at my 
claims, then the credibility of those 
claims will stand or fall on their own 
merits—not on my insistence that 
you should believe me.

BRIAN NOSEK 
professor of psychology 
University of Virginia
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While it depends on which 
field you look at, and 
which analysis, at least half 

of findings in fields from preclini-
cal cancer research to economics to 
psychology can’t be reproduced suc-

cessfully. To be clear, 100% reproduc-
ibility would suggest that researchers 
aren’t thinking in very innovative 
ways. But under 50% is too low. We 
need to create incentives for replica-
tion, whether those are carrots—des-
ignated funding—or sticks—metrics 
that compare rates of reproducibility. 
One reason for some of these failures 
to replicate is that researchers don’t 
provide enough information about 
their methods, so we need to enforce 
those mandates, too.

IVAN ORANSKY 
cofounder 
Retraction Watch

Self-correction of science has 
been compromised due to 
external pressures to publish 

papers in high-profile journals and 

the difficulty in obtaining funding 
to support research efforts. Fur-
ther, the increasing dependence 
of interdisciplinary approaches to 
address scientific questions makes it 
almost impossible for any one person 
to be sufficiently knowledgeable to 
identify potential flaws in published 
work. All stakeholders must engage 
in implementing solutions to redress 
this—better training is needed, incen-
tives must be aligned with fostering 
rigor and reproducibility in science 
reporting, and publications must be 
evaluated on their content and not on 
the citation index of the journal.

FRANCIS S. COLLINS 
director  
LAWRENCE A. TABAK  
principal deputy director 
U.S. National Institutes of Health

In a PLOS Biology paper published 
last June, we calculated a 50% ir-
reproducibility rate, or nearly $28 

billion per year spent on irreproduc-
ible research in the United States 
alone. Even if the dollar amount 
and rate are not exact, these are still 
big—and troubling—numbers. GBSI 
is developing actionable solutions 
where best practices and standards 
play a central role. For example, too 
many misidentified cell lines are still 
used in the lab and authenticating 
cells is a cost-effective solution. We 

applaud the Cancer Moonshot, but 
we can’t cure cancer if researchers 
aren’t using authenticated cancer cells 
in their labs. 

LEONARD P. FREEDMAN 
president 
Global Biological Standards  
Institute (GBSI)

It is a serious problem, with multi-
ple causes. Incompetence, careless-
ness and fraud all contribute, but 

are minor—and fixable—in compari-
son to the main barrier to reproduc-
ibility: sheer complexity. Understand-
ing how things “really are,” which is 
the ultimate goal of science, is beyond 
us for most questions in the life sci-
ences, at least for now. Instead, we 
must pursue what in another context 
Vladimir Nabokov describes as “the 
rapture of endless approximation.” 
Biomarkers, genome-wide association 
studies, in vitro and in silico research 
provide useful approximations of 
health and ill-health but full under-
standing is a long way off. Maximum 
collaboration, respectful skepticism 
and a positive attitude will get us there. 
 
RICHARD GALLAGHER 
president and editor-in-chief 
Annual Reviews

Opinions expressed in worldVIEWpoint do 
not necessarily reflect those of the editors.
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INNOVATION 
OF ALL COLORS:
Merck KGaA, Darmstadt, Germany
There are legacies. And then there are LEGACIES.

It is indeed a small fi eld of companies that can boast a heritage 
stretching back to 1668. Rarer still are those legacy organi-
zations that continue to reinvent themselves, and constantly 
seek new ways to discover, create, explore and deliver cut-

ting-edge solutions to modern global challenges.
Could Friedrich Jacob Merck have known that the company he 

founded nearly 350 years ago in Darmstadt, Germany would still be 
thriving today? Did he realize the roots he was putting down would 
support no mere “tree”, but in fact an entire forest of innovation?

Whether he foresaw it or not, the humble business he began 
has grown into a company of approximately 50,000 employees 
working in 66 countries. A workforce united by their passion for 
new ideas, technological possibilities and the prospect of making 
a di� erence in the world. 

The company operates in the US and Canada as EMD Serono 
in the biopharma business; as MilliporeSigma in the life science 
business; and as EMD Performance Materials in the hi-tech ma-
terials business.

Three businesses. Countless scientifi c insights. And centu-
ries of innovation to build upon and to guide the future.

In a fl attened world, where our shared human challenges cut 
across class, culture and country, solutions require many angles, 
and are multidisciplinary by design. 

The family of businesses that comprise Merck KGaA, Darm-
stadt, Germany celebrate exploration and discovery, and the 
wonders and promise of science, in all its vibrant forms.

PIONEERS ADVANCING TECHNOLOGIES FOR LIFE
Three distinct businesses comprise Merck KGaA, Darmstadt, 
Germany. Together, these businesses bring specialist and 
high-quality products to the world.

Integrates cutting-edge science, innovative 
products and devices, and industry-leading 

patient support and access programs.

Providing scientists and engineers with 
best-in-class lab materials, technologies and 

services, and dedicated to making research and biotechnology 
production simpler, faster and more successful.

Developing specialty chemicals for 
particularly demanding applications, 

this business sector provides cutting-edge liquid crystal and 
OLED technology for displays, e� ect pigments for coating and 
color cosmetics, and high-tech materials for the production of 
integrated circuits.

A “CURIOUS” CULTURE
So what links all three of these di-
verse businesses? It is the drive 
to discover new things, to achieve 
new scientifi c insights and uncover 
breakthroughs that translate into 
products and solutions for patients, 
customers and the world at large.

Indeed, the company has al-
ways taken the “long view” when it 
comes to discovery. The culture in-
spires everyone to be curious and to 
ponder unique ways to innovate, 
to find solutions from their own 
unique angle.

Consider the story from Martha 
Rook, a researcher at Millipore-
Sigma: She is passionately curious- 
a scientist at heart. New cell thera-
pies in development for degenerative 
diseases like Parkinson’s and diabe-
tes will require massive amounts of 
stem cells. Rook and her team devel-
oped a novel product to grow large 
quantities of stem cells with less ef-
fort and at a lower cost than tradi-
tional methods. Stem cells are essen-
tial to improving a number of drug 
discovery and development pro-
cesses. Industrial production of stem 
cells, made possible by innovations 
like this one, is essential for driving 
research forward. The invention and 
others like it are not necessarily top-
ics of everyday conversation, but they 
lead to the extraordinary medical 
breakthroughs that improve the lives 
of people around the world.

This is merely one example of the 
day to day insights the company’s 
global workforce puts to use in their 
research-driven exploration to solve 
the biggest scientifi c challenges.

The same spirit of discovery was 
literally “on display” at a recent event 
organized by EMD Performance 
Materials. The forum, aptly titled, 
“Displaying Futures” Symposium, 
took place late in 2015 in San 
Francisco, and convened academic 
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scientists, industry leaders, technol-
ogy experts, futurists and others. Dis-
cussions led by such luminaries as 
Ray Kurzweil explored the limitless 
possibilities of human imagination 
as applied to everything from com-
puting with DNA to submicron reso-
lution 3D printers and nano-robots 
in the human body.

The forum was an appropriate 
showcase for new technologies such 
as Liquid Crystal Window Technol-
ogy, an innovation from Performance 
Materials that looks almost like mag-
ic. As a user turns a dial, a window 
transforms from clear to grey. Chang-
ing the capacitance of glass panes ro-
tates liquid crystals attached to dyes 
inside. The technology promises a 
whole new era for building applica-
tions, one in which consumers can 
darken or lighten rooms in a dynamic 
way. The same windows could be 
used as transparent screens, turning 
the glass from a window to a shade to 
a screen, and back. 

Now THAT’S a clear and bright 
future indeed.

Like the other two business sec-
tors, EMD Serono is transforming 
lives by offering therapies that pa-
tients need for conditions like mul-
tiple sclerosis, infertility and cancer, 
and providing industry-leading edu-
cational and support programs.

Some of the most promising clini-
cal research in cancer involves im-
munotherapy – leveraging the body’s 
own immune system to fight tumors. 
On the cutting edge of this trend, 
EMD Serono has a robust pipeline 
focused on oncology, immuno-oncol-
ogy and neurology/immunology.

Many biologists believe that un-
derstanding the mechanisms of our 
body’s own internal “healing systems” 
will be the key to drug discovery in 
the future. 

No doubt, the curiosity and drive to 
discover at Merck KGaA, Darmstadt, 
Germany will usher in a new era.

JUST THE FACTS:
MILLIPORESIGMA  Life Science Business 
Company CEO/Leader: Udit Batra, Member of the Executive Board, Merck KGaA, 
Darmstadt, Germany, CEO, MilliporeSigma
PRODUCTS AND SERVICES SPOTLIGHT: 
LIfe Science has three distinct businesses:

Research Solutions: Most complete portfolio of solutions that enable  
scientific discovery.
• Life science reagents and kits
• Lab & specialty chemicals 
Process Solutions: Products that meet the highest quality and purity standards  
with extensive documentation and services to ensure regulatory compliance.
• Single-use manufacturing
• Filtration, chromatography, purification
Applied Solutions: Products and workflow solutions that streamline processes,  
reduce costs, and deliver consistent, reliable results
•  Lab water instruments, consumables, and services
• Microbiology and bio-monitoring
MISSION: Providing scientists and engineers with best-in-class lab materials,  
technologies and services, MilliporeSigma is dedicated to making research and  
biotech production simpler, faster and more successful. 

EMD SERONO Healthcare Business 
Company CEO/Leader: Gary Zieziula, President and Managing Director
PRODUCT SPOTLIGHT: 

•  EMD Serono has a proven expertise in neurology, fertility and endocrinology, as well 
 as a strong pipeline in oncology, immuno-oncology and neurology/immunology.

•  The company has currently developed devices and commercialized biologic and  
specialty pharmaceuticals in fertility, endocrinology and neurology and includes 
several recombinant products.

•  The company is striving to offer new solutions in neurology/immunology, oncology 
and immuno-oncology

MISSION: From specialty prescription medicines that treat conditions such as  
multiple sclerosis and infertility to industry leading patient support programs, 
EMD Serono makes a difference to millions of people around the world.

EMD PERFORMANCE MATERIALS
Company CEO/Leader (U.S.): Luiz G. Vieira, President and Managing Director
PRODUCT SPOTLIGHT: 

Display Materials: Liquid crystals and photoresists for LCD televisions, smartphones 
and tablet computers
Integrated Circuit Materials: Dielectrics, colloidal silica, lithography, photoresists, 
yield enhancers, edge bead removers and other ancillary products for the production 
of integrated circuits 

Advanced Technologies: Materials for organic (OLED) and inorganic (LED)  
light emitting diodes and functional material for electronics and energy solutions
Effect Pigments: Pigments used in variety of ways, including coatings, printing/ 
plastics, cosmetics, food products and pharmaceuticals
MISSION: Developing specialty chemicals for particularly demanding applications,  
we provide groundbreaking liquid crystals for displays, effect pigments for coatings 
and color cosmetics, as well as high-tech materials for the electronics industry.

US-NON-0516-0011

MerckKgaA_SD.indd   3 5/13/16   11:00 AM



Innovation is the thread that runs through everything we do at Johnson & Johnson, 
from our timeless consumer products to cutting-edge therapeutics and medical devices. 

The next breakthrough idea can come from anywhere. Maybe it will come from you.
Together we can transform ideas into healthcare solutions that change lives.

IMAGINE A WORLD WITHOUT DISEASE
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