FROM CAST- OFF

TO CURE
How time can uncover a life-saving therapy
The high cost of prescription drugs has been making
headlines and serving as a political football for players
on both sides of the aisle for many years. A pathbreaking
Colorado drug’s long road from lab to market sheds light on
just how hard – and expensive – drug development can be.
WRITTEN BY TODD NEFF
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Still’s disease affects both
large and small joints, and
is usually accompanied
with a rash and fever.
Still’s disease is difficult to
diagnose because the rash
and fever can come and go.

OR DOMINIC FUCHS, IT STARTED WITH DISCOMFORT,

then a rash, then swelling, and then joint pain
that brought limping. The cause, the doctor
explained, was a rare form of juvenile rheumatoid arthritis called Still’s disease. Dominic had
no idea what that meant; but then, he was only
two years old at the time.
His parents, Robert and Kelly, soon learned that
the obvious treatment, the steroid prednisone,
not only made Dominic “blow up like a balloon,”
as Robert Fuchs put it, but also threatened to
stunt his toddler’s growth. “It was a terrible
drug, but it gave him relief for his pain,” he said.
The family’s pediatrician referred them to
Roger Hollister, MD, who led Children’s Hospital
Colorado’s Pediatric Rheumatology program.
Hollister prescribed Dominic other drugs –
methotrexate, then Enbrel – which worked for
a couple of years until they didn’t.
“The disease kept breaking through,” Fuchs
recalled. “We were running out of options.”
Hollister knew of another option, one discovered and developed in Colorado decades
earlier. It was called anakinra, trade name
Kineret, a drug that had once built and then
crushed one of America’s most promising biotech startups before being plucked from the
ashes to treat rare diseases like Dominic’s. The
particulars of Kineret’s long road from bench
research to the bloodstream of a child in Castle
Rock, Colo., may be unique. But in terms of
time, money and effort in the high-risk game of
drug development, anakinra’s story may well
be generic.
The research that led to Kineret started in the
late 1970s. William Arend, a rheumatologist at
the University of Washington, got interested in
macrophages and immune complexes. Macrophages are a type of white blood cell named
for their appetite for foreign cells or particles,

which they devour. In rheumatoid arthritis (RA),
though, immune complexes that cling to joint
tissues stimulate macrophages to secrete chemicals, primarily cytokines, that attack healthy
cells in the joints and elsewhere. Arend sought
to understand what was inciting such behavior.
“I was curious about this process, about how
the biology works, about how the human body
works both normally and in a disease process,”
Arend said. And he also wanted to find “single
hits” to treat rheumatoid arthritis, one narrowly
targeted with few side effects.
What he and lab colleagues Fenneke Joslin
and Joseph Massoni eventually discovered was
as complex as it was profound. Interleukin-1
(IL-1) is one of many cytokines (molecules that
mediate cell-to-cell communication) that were

[Kineret] had once built and then
crushed one of America's most
promising biotech startups before
being plucked from the ashes to treat
rare diseases like Dominic's.
triggering an inflammatory response in joints.
This wasn’t the discovery. Others had figured
out IL-1’s complicity in inflammatory immune
responses years before. Rather, Arend’s team
discovered that another protein was also
involved – one that acted as a yang to the yin of
IL-1. This protein settled into the same mouse,
rabbit or human cell receptors as IL-1, but
unlike IL-1, brought no immune response – no
attack by macrophages or their proxies. They
called it an IL-1 receptor antagonist, or IL-1Ra.
This was the first described human protein that
functioned as a receptor antagonist, binding to
a specific receptor but triggering no responses.

Dominic Fuchs is a national-level snowboarding
competitor in the half pipe and slopestyle.
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The Journey

OF KINERET
1970
William Arend starts researching
speciﬁc molecular behaviors that
eventually lead to the drug Kineret.
Arend and Swiss scientist Jean-Michel
Dayer separately publish their discoveries
around the human protein Il-1Ra.
Arend is contacted by Synergen, a Boulder
biotech startup, suggesting a collaboration.
CU and Synergen published two articles
in Nature describing their work.
Synergen goes public in 1991,
raising $300 million.
The drug enters clinical trials in which
it is tested for treating severe sepsis.
The drug has promising Phase II
trial results but fails Phase III clinical
trials. Trials were halted in 1994.
Synergen is bought by Amgen for $9.25
a share, down from $75.00 a share.
Amgen wins FDA approval for the drug
(now known as Kineret), but it was too
late, as a more eﬀective rheumatoid
arthritis drug was already on the market.
Researchers and physicians continued
research and found new uses for the
drug. Roger Hollister, MD, prescribes
Kineret oﬀ-label to Dominic Fuchs.
Sobi receives FDA approval for
Kineret to treat NOMID in 2012.
Sobi plans to launch trials in 2017
seeking FDA approval for Kineret in the
treatment of Still's disease and acute gout.
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Swiss scientist Jean-Michel Dayer, it turned out,
had made the same discovery, Dayer publishing
in 1984, Arend in 1985. Both were acts of
biological archaeology unearthing a snippet of
DNA that had been buried on the long arm of
chromosome 2 in humans and other mammals
for some 350 million years. It was a fundamental
advancement in our understanding of the
immune system, and one with great promise:
drugs based on IL-1Ra might help not only
patients with rheumatoid arthritis, but also
those with skin, gastrointestinal, cardiovascular,
and kidney diseases, diabetes, organ transplants, infections and maybe more. But first, the
discovery had to become a therapy. That would
take biotechnology, which revolves around
reprogramming microbes to crank out great
volumes of proteins they otherwise wouldn’t,
sort of like getting cows to produce Coke.
The leaders of a Boulder biotech startup called
Synergen contacted Arend a few months after
his team had published its findings, suggesting
a collaboration. Arend was amenable. His
team had run into problems purifying IL-1Ra.
Synergen hired Charles Hannum, PhD, a protein
chemist, who worked the problem for a couple
of years. Synergen scientists also worked with
Arend’s team to reverse engineer the DNA
sequence that created IL-1Ra in human cells and
clone it in E. coli bacteria, which then produced
human IL-1Ra. In 1989, CU and Synergen
entered into a formal licensing agreement. In
1990, the team published two articles in the

The drug, Kineret, is given to patients as an injection.

prestigious journal Nature describing their
work to create a first-in-class, general anti-inflammatory protein. They had filed their patent
applications two years prior.
Arend’s name was on the patent and, despite a
decade of involvement in the IL-1Ra’s discovery
and development, he had a conflict of interest
and could not participate in the clinical trials.
Synergen’s leadership decided to target severe
sepsis, a disease in which a cytokine cascade
triggers damaging inflammation in multiple
organs. It was a killer, striking a half million
people in the United States alone each year
and killing nearly half of them.
Richard Duke, PhD, a CU professor of immunology and the founder and chief scientific
officer of the Colorado Institute for Drug, Device
& Diagnostic Development (CID4), consulted
part-time for Janus Capital in the early 1990s;
Synergen was part of its portfolio. Sepsis, Duke
says, was not only a potential blockbuster
target, but it also enabled a much quicker study
than a chronic disease such as RA. Within a few
weeks, the simple fact that a patient had lived
or not would give researchers a good idea of
whether or not a drug had worked. It could save
lives, and the market would be much larger
than that for, say, acute myeloid leukemia,

a cancer of the bone and marrow, for which IL-1
pioneer and CU immunologist Charles Dinarello,
MD, had argued.
“It’s canonical that all small biotech companies
get approval for any indication,” Dinarello said.
“Then the world opens up if you’re a biologic” –
also called immunotherapy – “because all
biologics extend to more than one disease.”
Plus, he told Synergen’s leadership, “Every
sepsis trial has failed.”

leadership would build a biotech company from
the ground up while they conducted their Phase
III sepsis trial in Europe to prove that the drug
helped patients. The company’s shares shot to
$75. BusinessWeek asked, “Is Synergen the Next
Amgen?” One investor pegged the market for
Antril at $1.5 billion a year.
But the Phase III trial’s results, published in
February 1993, found Antril to have failed. A
second trial, based on a retrospective analysis
of the first, came to the
same conclusion and was
halted in July 1994. How
could such a promising
result in Phase II have
bombed out in Phase III?

It was the first real shakeout in
biotech. People realized, "Maybe
we have run out of easy stuff."

Larry Gold, PhD,
chairman and founder
of SomaLogic, was a
Synergen co-founder who had left the company
by the time it connected with Arend. The Phase
II trial consisted of just 100 patients divided into
four cohorts of 25, he said. The error bars made
it such that “you could have drawn any line you
wanted. One could have done high to low, or
flat, or could have made the drug look worthless,” Gold said. “Nobody ever thought about it.
That is the risk of an underpowered trial.”

– R I C H A R D D U K E , PHD
But the animal studies had been promising,
and a Phase II clinical trial – required by the U.S.
Food and Drug Administration to determine
dosing – had shown encouraging results, with
mortality rates of 44 percent in the control
group, dwarfing the 16 percent death rate of
those taking the highest dose of Antril, which
Synergen had named its IL-1Ra.
The company, already flush with biotech-boom
private-equity and venture investment, went
public in 1991. With $300 million to spend, its

THE

Synergen’s stock price collapsed with the news;
the company laid off 375 of its 625 employees
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in August 1994. Some of those retained included
a clinical group in Europe to oversee a Phase
II clinical trial testing Antril on RA patients. But
the die was cast. Rather than the next Amgen,
Synergen became part of Amgen, bought for
$9.25 a share, in no small part for its cash, real
estate and production facility in Boulder.
“It was the first real shakeout in biotech,” Duke
said. “People realized, ‘Maybe we have run out
of easy stuff.’”
Hollister, the Children’s Hospital Colorado
pediatric rheumatologist, said the unsuccessful
trial very nearly killed Kineret.
“Everybody was wondering if this drug was going
to be good for anything,” Hollister said.
But Amgen forged ahead with the RA trial Synergen
had started. It won FDA approval for what it
renamed Kineret in 2001. It was too late. Enbrel,
a more effective RA drug (it targets a different
cytokine and stays in the patient’s system
longer than Kineret), had been approved in 1998.
Amgen bought Enbrel’s maker, Immunex, in
2002. The company lost interest in Kineret.
But the science kept advancing, and true to
Dinarello’s words, once FDA-approved, researchers and physicians found new possibilities for
this biologic. So-called “orphan diseases” –
ultra-small market, incurable conditions such as
Still’s disease – were among them.
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Hollister prescribed Kineret to Dominic Fuchs
off-label. His parents saw improvement within
a week. The drug quelled the fevers, rashes
and the aches and pains. The child stayed
on Kineret for a couple of years. Then slowly,
Hollister reduced the dose from daily to
less-frequent injections, weaning the young

Amgen doesn’t sell Kineret anymore. Biovitrum (now called Sobi), a Swedish company
specializing in recombinant protein drugs for
orphan diseases, co-promoted Kineret in the
EU starting in 2003. In 2008, Sobi obtained a
worldwide sublicense for the drug. Later the
agreement was extended to grant Sobi rights
to develop and commercialize Kineret for four
IL-1-related orphan drug
indications, neonatal-onset
multisystem inflammatory
disease (NOMID) being one.
As Kineret was being widely
prescribed off-label for
NOMID, Sobi had an interest
in securing FDA approval
– LARRY GOLD, PHD, CHAIRMAN AND
for the condition, which it
FO U N D E R O F S O M A LO G I C
did in 2012, said Geoffrey
McDonough, Sobi’s CEO. The following year,
patient as he grew bigger and stronger and his
Sobi acquired the full rights to develop and
immune system developed. Dominic is 14 now
commercialize Kineret as it saw fit.
and hasn’t had a Kineret shot in years, his
dad says. He is a national-level snowboarding
Sobi announced in late February that it
competitor in the half pipe and slopestyle.
will launch new trials in 2017, seeking FDA

Biology is so much harder than
engineering. Imagine someone
handing you a bridge that had
started being built four billion
years ago. It’s brutal – just brutal.

Kineret may or may not have contributed to
the disease’s remission, Hollister said. Roughly
a third grow out of Still’s disease, and another
third have their arthritis return cyclically.
The rest, if untreated, suffer “dreadful joint
damage,” ultimately needing replacements.
“Those are the ones Kineret is really a miracle
drug for,” he said. “If you look around the
country, or throughout the world, Kineret is
used by basically all pediatric rheumatologists to treat these diseases.”

approval for Kineret in the treatment of Still’s
disease as well as in acute gout. McDonough
said each would involve about 200 patients
and cost from $25 million to $50 million. Still’s
disease involves a single, four-year trial, but
one that will probably extend to 30 or 40
sites, given its rarity, he said. For gout, there
will be Phase II and Phase III trials, taking
five years. There are many other possibilities,
McDonough said. They range from cancers to
metabolic syndrome to heart failure. Dinarello
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and colleagues from the Mayo Clinic recently
submitted a study showing that Kineret can
delay progression of pre-myeloma to multiple
myeloma for a decade – normally something
that happens within two years – and without
side-effects.
“It doesn’t make you sick, give you nausea,
you don’t lose your hair, there’s no diarrhea,”
Dinarello said. “It’s like drinking a glass of water.”
Dinarello isn’t alone in his enthusiasm.
“We literally get hundreds of applications
related to diseases where Kineret seems to
work,” McDonough said. “The challenge now
is to support existing indications while making
staged, deliberate investments in new ones.”
Hollister, who recently retired, says FDA
approval will make a difference for patients
with Still’s disease. Kineret and drugs like it
typically cost $2,000 to $3,000 a month.
“When you deal with insurance companies to
pay for expensive medications like this, having
FDA approval makes a big difference,” he said.
The Kineret story is a window into “a tough
business,” as Arend, now a distinguished CU
professor emeritus, put it. “These companies
are under pressure all the time to find new
drugs and make money for investors.”
Gold said he doesn’t like the high price of
drugs, “but they have so many failures, you
have to try a lot of things. They’re wrong
most of the time.” He adds, “Biology is so
much harder than engineering. Imagine
someone handing you a bridge that had
started being built four billion years ago.
It’s brutal – just brutal.”
The data back them up. For all the attention,
prescription drugs make up only about 10
percent of the U.S.’s annual $3 trillion health
care tab. Failure rates are astronomical: 1
in 10,000 new molecules yields a single
FDA-approved medicine; just three in 10 of
those medicines earn back their research and
development costs.
Kineret, with $95 million in 2015 sales and
more than $1 billion in lifetime sales, turned
out to be one of the lucky few after all. As
was Dominic Fuchs, whose father Robert now
watches him rip down slopestyle courses
rather than roll about in a wheelchair.
“If it wasn’t for Kineret,” Robert says, “I don’t
think that we would be where we are today.”

