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A Renewed Emphasis on Therapeutic

Angiogenesis Research for CAD

Up to now, unblocking clogged arteries for so-called no-option patients with coro-
nary artery disease or congestive heart failure hasn’t been possible. Angiogenesis
research, despite previous setbacks, may be the answer for this group of patients.

By Jack Jacobs, PhD

ny experienced traffic cop
knows that an over-
turned truck blocking a
major artery into a city
requires a rapid, two-pronged re-
sponse. The ultimate goal is to right
and remove the truck, thus relieving
the backup. In the meantime,
diverting traffic away from the
clogged artery and identifying a
free-flowing detour into the city
can alleviate the crisis by keeping
traffic moving, allowing com-
muters to get to their jobs to provide
the life force needed to keep the city
functioning at peak capacity.

A physician treating a patient
with blocked coronary arteries due
to atherosclerosis has much in com-
mon with a traffic cop. Ultimately
the physician would like to clear the
blocked arteries and reinstate maxi-
mal blood flow to the heart muscle
that is being starved of oxygen and
nutrients.

Several options are available to
achieve this goal: pharmaceutical
approaches to combat athero-
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sclerotic plaque build-up; surgical
bypass procedures to graft func-
tioning arteries from other parts of
the body onto the heart; balloon-
based and laser techniques
to clear the blockages; and
the use of stents, plain or
medicated, to keep the
treated passages 1(:))pen "tg
(See “The Scope of CVD
and the Economics of
Angiogenesis Therapy,”
page 51). These options
vary in effectiveness, risk,
cost, and outcomes. No one solu-
tion is the answer for every patient,
but for a significant share (5 to 21
percent) of patients with coronary
artery disease (CAD) or congestive
heart failure (CHF), there are no op-
tions (Lee 20006).

So-called “no-option” heart pa-
tients, who have refractory symp-
toms despite maximal medical
therapy, may have microvascular
disease —more commonly seen in
women — for which no main target
for blockage-busting therapy
exists. They also may suffer from
comorbidities or physiologic com-
plications that make them poor
candidates for available treatments,
or have disease that is too mild to

l.-

<G
Jack Jacobs, PhD

warrant traditional bypass or
artery-opening procedures (Muk-
herjee 2004).

FAILURE AND HOPE

No-option patients are
ideal candidates for thera-
peutic angiogenesis — a
proven and safe method
of stimulating the natural
process of new blood ves-
sel formation (Simons
2005, Ruel 2004). The ves-
sels formed are not differ-
ent from those already present in
the body. Early concerns that
angiogenesis-inducing growth
factors would promote tumor
growth have notbeen supported by
clinical study results. Although
angiogenic growth factors may
stimulate the growth of an existing
malignancy, de novo tumor forma-
tion is not considered to be a signif-
icant risk (Simons 2005).

The challenge that therapeutic
angiogenesis faces lies in demon-
strating the ability to deliver angio-
genic treatment to a target organ or
tissue and to limit the effects of
treatment to the target tissue, as well
as provide evidence of new vessel
growth and associated improve-
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ment in symptoms, clinical out-
comes, and long-term patient man-
agement. The promise of therapeutic
angiogenesis has been touted for
many years but, until recently, per-
formance has not lived up to the
promise (Ruel 2004).

Numerous studies in animals
with induced cardiac ischemia have
demonstrated the potential value of
angiogenic therapy, whether the an-
giogenic factors that promote the
growth of new blood vessels have
been delivered via a protein, gene, or
cell. Yet, the wealth of positive ani-
mal data has translated into only
limited success in human trials.

Why has this been the case?
More importantly, what has
changed to offer renewed hope
that therapeutic angiogenesis
can provide an effective and cost-
efficient means of healing dis-
eased hearts and improving the
lives of patients with limited car-
diac function?

ANGIOGENESIS ADVANTAGES
Treatments to promote angio-
genesis mimic a natural process in
which the body responds to a di-
minished blood supply to vital tis-
sues and organs, whether due to dis-
ease, trauma, or physiologic
abnormalities, by producing new
collateral vessels to resupply the is-
chemic region. The road map of
new vessels created provides multi-
ple alternative paths for blood to
reach the damaged tissue.
Angiogenesis is an attractive
therapeutic target for three reasons:

* Itisanatural bodily process.

* Its physiology and mecha-
nisms are well understood and
have been intensively studied.

* Avariety of potent growth fac-

tors that drive and regulate this
process in the body have been
identified. These proteins can
be manufactured in quantities
required for therapeutic dos-
ing, and the growth factors (or
compounds that stimulate
their production) can be ad-
ministered to patients via vari-
ous delivery methods and
routes.

In adult organisms, in the ab-
sence of disease, the endothelial
cells that line the blood vessels
typically exist in a quiescent, non-

Human growth factors
represent an excellent
and well-studied family of
proteins for pharmaceu-
tical development.

proliferative state. Trauma or dis-
ease and the associated inflamma-
tion and reduced oxygen supply
that may stimulate the natural an-
giogenic process and choreograph
complex processes that lead to the
formation of new vessels. These sig-
naling molecules induce a cascade
of events mediated by growth fac-
tors and other molecules that trans-
mit signals within and between
cells.

Angiogenesis begins with the
breakdown of the basement mem-
brane and extracellular matrix un-
derlying the endothelial cell lining
of blood vessels, the migration,
recruitment, and proliferation of
endothelial cells that adhere to the
site of new vessel formation, and
the construction of a new three-
dimensional hollow vessel capable
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of supporting blood circulation.
The tubular structure lengthens as
new matrix and cellular compo-
nents are deposited at the growing
end of the nascent vessel.

HELPING THE HEART TO HEAL
The three approaches to thera-
peutic angiogenesis currently in de-
velopment are gene therapy, cell-
based therapy, and the delivery of
protein growth factors, either sys-
temically or directly to the site of
the diseased tissue. All have had
mixed success in animal and
human studies. Each offers advan-
tages and disadvantages in
terms of delivery, safety, effi-
cacy, cost of commercialization
and administration, and regu-
latory considerations. And each
relies on a variety of growth fac-
tors, chemokines, and tran-
scription factors that induce
neovascularization (Losordo
2004).

Gene therapy. In general, gene
therapy-based angiogenesis —
using adenovirus or retrovirus vec-
tors or nonviral plasmid DNA vec-
tors to deliver genes that produce
angiogenic factors in the heart’s
muscle cells — has not demon-
strated sufficient efficacy or, like
gene therapy in general, has been
plagued by safety concerns. Most
angiogenesis trials in CVD to date
involve nonviral vectors and an
intracoronary or intramyocardial
route of delivery (Ruel 2004, Lo-
sordo 2004, Freedman 2002).

Atlanta-based Corautus Genetics
initiated the Genetic Angiogenic
Stimulation Investigational Study
(GENASIS) trial in August 2004,
using plasmid DNA to deliver the
vascular endothelial growth factor
(VEGF)-2 gene directly to the heart
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The scope of CVD and the economics of angiogenesis therapy

Cardiovascular disease (CVD) comprises coro-
nary heart disease (CHD), congenital vascular
defects, heart failure, stroke, high blood pres-
sure, and peripheral arterial disease (PAD). It af-
fects 71.3 million Americans, and is the under-
lying cause of more than a third of all U.S. deaths
each year. CVD is responsible for nearly half of all
deaths in Europe, and CHD alone is the leading
cause of death among both men and women.
Every day, nearly 2,500 Americans die from CVD.

CVD exacts an enormous toll in terms of
healthcare costs and quality of life. In 2006, com-
bined direct and indirect costs of care for Ameri-
cans with CVD exceeded $400 billion. As the pop-
ulation ages, the number of individuals with
some form of CVD also is likely to grow.

Coronary artery disease (CAD) is characterized
by atherosclerotic plaque buildup in the arteries
that supply the heart muscle. Over time, accumu-
lation of plaque and the scar tissue that may
form as the body’s inflammatory response tissue
damage sites can cause blockage of the arteries.
Plaque instability may result in a portion of the
plaque breaking away and traveling through the
circulation, with the potential to cause complete
blockage of a smaller vessel, resulting in a my-
ocardial infarction, ischemia, and death of the af-
fected area of heart muscle. As CAD increases in
severity, it can cause angina (pain on stress or ex-
ertion) and limited heart function.

The therapeutic market for CAD exceeds $25
billion in the United States. Diagnosis of early to
intermediate-stage CAD with or without angina
typically leads to medical management, with a
range of options that may include coronary
artery bypass graft (CABG), percutaneous trans-
luminal coronary angioplasty (PTCA), or the use
of stents to open a blocked artery. When these
treatments fail or patients are not candidates for
available pharmaceutical or surgical therapies,
they are classified as “no-option” patients. Of
the 100 million or more Americans with CAD risk
factors, about 13 million will develop CAD; 6 to 7
million, angina; 1.5 to 2 million will be at high
risk of an acute event. About 25 percent of this
latter group — 250,000 to 500,000 patients —
will ultimately fall into the no-option category.

The no-option population is an ideal target for
new treatment strategies such as therapeutic an-
giogenesis. In the future, the definition of no-op-
tion patients could expand to include individuals
with the following conditions:

Mild CAD (less than 50 percent occlusion) — not
yet candidates for CABG or PTCA, but drug ther-
apy is insufficient

Silent ischemia — increased risk of acute events
despite absence of angina

Chronic total occlusion — high failure rate with
CABG and PTCA

Comorbidities (e.g., diabetes, elevated choles-
terol) — no therapeutic options beyond pharma-
ceutical management

Multiple (five or more) sites of vessel occlusion
— may not be able to target or successfully treat
all with CABG/PTCA

Occlusions affecting the smaller vessels (diffuse
microvascular disease) or dysfunction of the
microvasculature — no good treatment options
beyond routine drug therapy

Economic models demonstrating the potential
for substantial cost savings in the no-option pop-
ulation predict that angiogenic therapy can re-
duce by about half the costs associated with
treating refractory angina, and can eliminate the
need for “mercy” CABG/PTCA procedures, with
no related complications and a five-year duration
of effect. The projected cost of fibroblast growth
factor (FGF)-1 therapy, for example, is $20,000
per treatment. If all no-option patients were
treated with FGF-1, the model forecasts a savings
of as much as 20 percent of current standard of
care costs over a 5-year period. FGF-1 use could
cut in half the number of Mls over 5 years, allow-
ing more than 160 of each 1,000 no-option pa-
tients who likely would have had one or more
Mis to go unafflicted. The economic model pro-
jects that overall cumulative cost savings over 5
years for treating 1,000 no-option patients with
FGF-1 could reach $48 million. Indirect savings re-
couped from restored work time and increased
productivity as a result of raising work capacity
from 80 percent to 90 percent for these patients
has been estimated at $7 million per year.

SOURCES: AMERICAN HEART ASSOCIATION; CARDIOVASCULAR BIOTHERAPEUTICS 2007 ANNUAL REPORT
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muscle in patients with Class [Il and
IV angina who are not candidates
for conventional revascularization
techniques. The U.S. Food and Drug
Administration put the phase 2b trial
on hold in March 2006, and eventu-
ally it was stopped due to safety con-
cerns and alack of demonstrated ef-
ficacy of the treatment.

Cardium Therapeutics is spon-
soring the AWARE trial, a phase 3
study of its Ad5FGF-4 (Generx), a
one-time coronary infusion of ade-
noviral vector-based fibroblast
growth factor (FGF)-4 gene therapy
in women with angina pec-
toris who are not candidates
for revascularization. The pri-
mary endpoint is the time to
onset of myocardial ischemia
on exercise treadmill testing
and improved myocardial
blood flow on single photon
emission computer tomogra-
phy (SPECT) imaging. A phase 2b
trial in a more diverse patient pop-
ulation has been halted due to lack
of efficacy.

A planned clinical trial led by
Douglas Losordo, MD, at Tufts Uni-
versity School of Medicine, will
evaluate the intramyocardial gene
transfer of VEGF | delivered via a
catheter inserted through the groin
in patients with ischemic heart fail-
ure. The large Euroinject One phase
2 trial, involving direct percuta-
neous intramyocardial transfer of
plasmid VEGF-A |, in patients with
severe CAD who were not candi-
dates for conventional revascular-
ization therapy, did not show
significant improvement in stress-
induced myocardial perfusion com-
pared with placebo (Kastrup 2005).

Genzyme is pursuing a phase 2
trial of locally delivered hypoxia in-
ducible factor (HIF)-1 alpha aden-

oviral vector-based gene in patients
with peripheral arterial disease
(PAD) to study its safety and effec-
tiveness in promoting new blood
vessel growth in limbs affected by
intermittent claudication. AnGes
MG, based in Japan, recently com-
pleted enrollment in its phase 3 clin-
ical trial of hepatocyte growth fac-
tor (HGF) plasmid gene therapy in
patients with critical leg ischemia.
The plasmid is delivered via intra-
muscular injection.

Overall, the promise of gene ther-
apy to deliver growth and tran-

The potential of angiogenic
therapy lies in the delivery of
potent and safe angiogenic
growth factors directly to the
damaged heart.

scription factors is currently lim-
ited by the inability to regulate gene
therapy vectors and to control the
level and duration of gene expres-
sion, and by continuing safety con-
cerns (Simons 2000, Post 2001).
Cell-based therapy. In cell-
based treatments, the therapeutic
agent is usually a stem cell or prog-
enitor cell isolated from the patient,
enriched and expanded in numbers
outside the body, and then reintro-
duced at the site of tissue damage.
Successful cell-based angiogenesis
studies in animals have relied on
transplanted progenitor or precur-
sor endothelial cells directly into the
heart, where they proliferate and
are incorporated into new blood
vessels in a process called neovas-
cularization. The potential for
translating these successful efforts
into an acceptable human therapy
has been hampered by the lack of

52 BIOTECHNOLOGY HEALTHCARE - OCTOBER 2007

well-controlled trials to demon-
strate that the risk of stimulating
new tumor formation (or of pro-
moting the growth of undetected,
existing lesions) is minimal or
nonexistent.

BioHeart is conducting a phase 1
study of its MyoCell therapy in 15
no-option patients using cells iso-
lated from thigh tissue and injected
into the heart via a catheter. An ex-
panded phase 2a trial is underway
in Europe. BioHeart’s MyoCath-SR-
II cell therapy, using local endo-
cardial delivery and direct injection
of myoblasts to deliver its
product, is also in two phase
1/2 safety studies in Europe.
TheraVitae has not yet begun
recruiting patients for its
planned phase 1/2 trials of
Vescell — intracoronary in-
jection of autologous angio-
genic cell precursors —in pa-
tients with severe angina. The Texas
Heart Institute’s Stem Cell Center is
recruiting patients for a trial in-
volving intramyocardial injection
of autologous aldehyde dehydro-
genase-bright stem cells for thera-
peutic angiogenesis.

Protein therapy. The history of
protein therapy dates back to the
early years of recombinant protein
production and the emergence of
recombinant human insulin and
human growth hormone in the
early 1980s. Most human diseases
result from the over- or underex-
pression, missing or misplaced ac-
tivity, or malfunction of one or
more proteins. Some highly suc-
cessful forms of protein therapy in-
volve blocking or at least limiting
protein production by administer-
ing small-molecule drugs capable
of inhibiting key cellular receptors
and interfering with intricate sig-






