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Statin drugs have made history for their blockbuster sales, and their use is only expected to increase when Lipitor’s
patent soon expires. But, for millions of people, statins simply don’t do enough. Melinda Wenner Moyer explores
ongoing efforts to develop new cholesterol-lowering drugs in light of clues that cardiovascular health is more

complicated than doctors once thought.

Dan Rader doesn’t have high cholesterol. Nor
does he have a family history of premature
heart disease. But when Rader, who leads
the University of Pennsylvania’s Preventive
Cardiovascular Medicine and Lipid Clinic,
turned 50 last year, he started taking
statins—just in case. “I figured the way to
try to reduce the risk of coronary disease
at 80 is to start taking your statins at 50,”
he explains in between spoonfuls of low-fat
black bean soup at the café in his research
building. Rader admits that he is liberal
about prescribing statins to his patients, too.
“Statins aren’t just for people with obviously
high LDL,” he says, referring to levels of the
low-density lipoprotein molecule, which
indicate dangerous cholesterol levels.

An estimated 20 million Americans, and
millions more worldwide, take statins, and the
drugs may soon become even more popular.

When the full patent for Pfizer’s drug Lipitor
(atorvastatin) expires in June 2011, the price
could drop by 75%, from $3 to $1 a day.
Currently the highest grossing drug in the
world, Lipitor rakes in more than $1 billion a
month in sales, and Pfizer has no other known
cholesterol-lowering drugs in its pipeline after
having pulled an experimental compound out
of clinical trials in 2006 after it increased the
risk of death. There are also rumblings that the
US National Cholesterol Education Program’s
(NCEP) Adult Treatment Panel 4 guidelines,
expected later this year, will recommend more
widespread statin treatment for both high- and
low-risk patients. “Let’s put it this way: no one
thinks the goals should get less aggressive,” says
Rader, who is on the NCEP panel.

But despite the clear success of statins,
Rader and other scientists are hard at work
developing new types of cholesterol-lowering

drugs. Their argument: millions of people
need them. For one thing, statins only do so
much. When patients with heart disease and
modestly high cholesterol were treated with
high doses of Lipitor after an initial open-
label low-treatment phase as part of the
“Treating to New Targets’ trial published in
2005, their LDL cholesterol dropped by 22%
to an average of 77 milligrams per deciliter
of blood—a level that fails to meet even the
current NCEP goals for people with heart
disease (N. Engl. J. Med. 352, 1425-1435,
2005).

What’s more, “there are a substantial
number of people who can’t take statins,
or can take a limited amount of statins,
because of side effects,” says Joseph Witztum,
an endocrinologist at the University of
California—San Diego. These complications,
such as muscle and joint pain, he says, are
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“more common than is appreciated.” There
are also small studies suggesting that statins
can adversely affect memory, and little is
known about the effects of taking the drugs
for longer than five years. Finally, as many
as 60,000 people in the US suffer from rare
genetic conditions that afflict them with
LDL cholesterol levels that hover at least
50% above that of an average person; most
do not respond well to statins.

The new cholesterol-manipulating drugs
that Rader and others are developing vary
widely. One uses molecules known as
antisense oligonucleotides and another
relies on RNA interference (RNAI) to inhibit
protein synthesis; some use small-molecule
inhibitors; and at least one uses antibodies
to target certain molecules for immune
destruction.

Although experts disagree over which
approaches are most likely to work and
why, most doctors—even the most vocal
statin supporters—agree that these drugs
are a necessity. Antonio Gotto, dean of
Weill Cornell Medical College in New
York, testified on a US Food and Drug
Administration (FDA) panel in December
that doctors should consider prescribing
AstraZeneca’s statin Crestor to lower-risk
subjects—a move that could widen the drug’s
US prescription base by 6.5 million people.
Yet, he admits, “there definitely is a role for
other drugs.”
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The path to success
People typically refer to
cholesterol as one of two
types—either the ‘good’
or ‘bad’. But in reality,
cholesterol is
cholesterol.
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the cholesterol

throughout

the body—most

famously, LDL or high-density lipoprotein
(HDL). ‘Bad’ LDL particles carry

lipoproteins
that shuttle
cholesterol from the liver

to the peripheral tissues o R \

(and can deposit
cholesterol in arteries),
whereas ‘good” HDL
particles ferry excess
cholesterol back from
the tissues to the liver.
Statins work by
inhibiting HMG-CoA
reductase, an enzyme
necessary for the synthesis
of cholesterol in the liver. When people
start taking statins, their bodies quickly
compensate and ramp up HMG-CoA
production, so cholesterol levels don’t drop
for long as a direct result of the drug. Instead,
statins work because of indirect effects; when
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lowering agents, such as bile acid
resins (sold under the names of
Questran, Welchol and Cholestagel),
work in a similar way. They bind
bile acids, which are produced from
cholesterol, and prevent their reabsorption.
This ultimately boosts the production of
LDL receptors, as well.

Some new strategies that scientists are
developing also seek to directly increase the
number of LDL receptors. The Cambridge,
Massachusetts—based company Alnylam
Pharmaceuticals is developing an RNAIi
drug, and Isis Pharmaceuticals in Carlsbad,
California is developing an antisense
oligonucleotide that inhibits expression of
the gene encoding proprotein convertase
subtilisin/kexin type 9 (PCSK9), which
normally binds the LDL receptor and degrades
it. Amgen is developing an antibody that binds
PCSKO9, targeting it for immune destruction.

The problem, though, is that approaches

cholesterol- targeting the LDL receptor don’t help the
unknown number of people who have

725 high cholesterol because of faulty or low-
ofh d’\olesfe,o/ ctioning LDL receptors. (These

fun
é,b include people with a disorder
i known as homozygous familial
hypercholesterolemia as well
as the one in 500 people who
have only one copy of the
faulty gene but still have high
cholesterol.) For these people,
a better solution is to prevent
the liver from synthesizing

“ — Jomes Lino
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every million people
and does not respond
well to existing drugs;
affected  individuals
rarely live past the age of
25 and suffer from early-
onset heart disease and
strokes. When Bristol-
Myers Squibb abandoned
the compound, Rader
requested permission
to work on it himself,
because he knew that in
these patients, the risk of
cirrhosis could be worth
the potential benefits.
Rader and his colleagues,
who include Penn
metabolism researcher
Marina Cuchel, are now
testing lomitapide in a
phase 3 trial of 22 subjects
suffering from HoFH.
The trial is in collaboration
with Bridgewater, New
Jersey—based  Aegerion
Pharmaceuticals. At an
American Heart Association
(AHA) meeting in
November, they announced
preliminary results: the drug
halved levels of cholesterol
in 14 patients who were
taking the compound
in addition to their regular
treatments compared with those
who did not take the compound. The
drug “may be useful particularly
in patients with familial
hypercholesterolemia who
are resistant to treatment,” 9
says Gotto. N
Interestingly, their data

LDL particles in the first place.

Rader and his colleagues are currently
testing a compound that blocks LDL
synthesis by acting as a small-molecule
inhibitor of the microsomal triglyceride
transfer protein (MTP), whose job is to load
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the compound, Rader was working at Penn 56
with patients who suffered from severe lipid
disorders, including homozygous familial
hypercholesterolemia (HoFH), a genetic
disease that causes high LDL cholesterol
and early cardiovascular disease because
of mutations in the gene encoding the LDL
receptor. The disease afflicts one out of

weeks, the
percentages of fat
in the liver were less
than half what they
were at 26 weeks. This
finding suggests that the fat
accumulation caused by MTP
won’t be as bad as people thought.

Some =

\o
o0
W

“In my view, this opens up the door just a bit
wider to the possibility of using low-dose MTP
inhibitors in a more wide way,” Rader says.
Aegerion now plans to test the compound in
lower-risk subjects in the coming years.

Isis Pharmaceuticals, which is developing
the antisense PCSK9 inhibitor, is also
pursuing strategies to prevent LDL synthesis.
The company is currently conducting phase
3 trials for an antisense drug that inhibits
the synthesis of Apo-B, the main protein that
comprises LDL. At the 2009 AHA conference,
they reported preliminary results of a phase 3
trial in subjects with HoFH showing that the
compound lowered LDL cholesterol levels by
25% after 26 weeks, versus 3% for placebo.

Then there is HDL, whose job it is to ferry
LDL out of the blood. Some companies are
working on ways to increase its concentration
much as niacin, another treatment, does, but
hopefully without the side effects, such as
flushing of the skin. Merck and Roche are
testing compounds in clinical trials that
inhibit cholesterylester transfer protein,
which ultimately prevents HDL from
converting into LDL; other approaches
boost production of Apo-Al, the protein
that comprises HDL. And AuraSense, an
Wilmette, Illinois—based company, is
developing synthetic HDL molecules with
gold nanoparticle cores that can bind and
remove LDL from circulation.

The great unknowns
No one yet knows how extensively new
cholesterol-lowering drugs will improve upon
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statins. One major question, for instance, is
whether they will have fewer side effects.
Estimates vary widely as to the prevalence
of statin-induced muscle and joint pain,
which is the primary complaint. Matthew
Muldoon, an internist at the University of
Pittsburgh Medical Center who specializes
in clinical pharmacology, estimates that as
many as 20% of people on statins suffer from
such pain; Weill Cornell’s Gotto, in contrast,
estimates the prevalence at a low 0.1%. No
one fully understands why statins cause
these problems, either, and this uncertainty
makes it impossible to predict whether other
cholesterol-lowering drugs will do the same.

There are also a handful of scientists,
including James Liao, director of vascular
medicine research at Brigham & Women’s
Hospital in Boston, who believe that the
efficacy of statins is only partially explained
by their ability to lower cholesterol. By
inhibiting the production of HMG-CoA
reductase, statins slow the synthesis not
only of cholesterol, but also of a number
of molecules called isoprenoids, which are
involved in many aspects of intracellular
signaling and stress responses.

One molecule that statins inhibit is called
rho-associated, coiled-coil containing
protein kinase-1 (ROCK1). When Liao and
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his colleagues inhibited ROCK1 expression
in mice, they did not develop athlerosclerosis
(FASEB J. 22, 3561-3570, 2008). “Our
hypothesis is that the benefit of statin
therapy in someone with high cholesterol
is due to both cholesterol lowering and
non-cholesterol effects,” or what are called
pleiotropic effects, he says.

As a result of these findings, Liao worries
that the various cholesterol-lowering
approaches will not provide the benefits
they are expected to. A recent clinical trial
lends some support to his concern—when
subjects with nonhomozygous familial
cholesterolemia were treated either with the
statin simvastatin or with simvastatin plus
ezetimibe, a drug that prevents cholesterol
absorption in the intestine, the group on
combined therapy did not have any added
atherosclerotic benefits even though their
LDL cholesterol dropped markedly more
(N. Eng. ]. Med. 358, 1431-1443, 2008).
Other scientists, such as Muldoon and Rader,
concede that preclinical and animal data
support the notion that statins have some
pleiotropic effects. “They seem to perhaps
benefit or reduce heart disease by other
mechanisms that have been talked about for
some time,” Muldoon says.

Finally, some scientists question whether
new drugs should be targeting cholesterol

at all. James Otvos, a biochemist
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suggesting that the number of LDL particles
in a person’s blood is a better indicator of
cardiovascular risk than is the amount of
cholesterol inside them (J. Clin. Lipidol. 6,
583-592, 2007). Although the two usually
correlate, his studies suggest that in up to
30% of patients they do not. “There actually
are a lot of people who are being pretty
badly disserved by cholesterol measures,” he
says. Rader agrees that particle number “is
undoubtedly better” as a measure; he notes
that it’s also possible to count particles by
measuring Apo-B protein abundance.
Ultimately, Otvos believes that scientists
should reconsider cholesterol as a target
and perhaps develop drugs with the goal of
reducing LDL particle number instead.
Doctors may disagree over how much of a
clinical difference new cholesterol-lowering
drugs will make, but, ultimately, much of
their initial success might depend on policy.
If this year’s NCEP adult treatment guidelines
recommend lowering cholesterol targets
further, a higher percentage of patients will
have to go on multiple drugs to achieve them.
Fundamentally, it comes down to doctors
deciding what the ideal LDL cholesterol
levels are for various populations—and,
although many disagree on this point, most
believe that lower is generally better and that
much of the population needs additional
help getting there. “It’s difficult to get hard
estimates of what the unmet need is, but
there’s no question that it’s real,” Rader says.
“There certainly are millions of people who
aren’t adequately served by existing drugs.”

Melinda Wenner Moyer is a science writer
based in Brooklyn, New York. Her LDL
cholesterol level is normal.
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