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Antiplatelet therapies: from
aspirin to GPIIb/IIla-receptor
antagonists and beyond

Shaker A. Mousa

This review discusses recent advances in antiplatelet therapies, comparative analysis between the antiplatelet/
antithrombotic efficacy of various antiplatelet strategies and that of platelet glycoprotein GPIIb/Illa-receptor antagon-
ists, issues in the development of chronic anti-GPlIb/Illa-receptor therapy and potential adjunct strategies using
GPlIb/llla-receptor antagonists. Acute coronary syndromes are secondary to unstable angina, ST-segment elevation,
and acute myocardial infarction. These involve the rupture of a vulnerable atherosclerotic plaque, leading to platelet
adhesion, activation and aggregation at the site of rupture. Several studies suggest that complex or ulcerated
plaques, which might promote further thrombotic events, can persist for more than one month after the acute event.
These data suggest the potential added benefit of chronic oral therapy with antiplatelet drugs beyond the well-docu-
mented benefit of acute intravenous use of various GPIlIb/Illa-receptor antagonists. However the efficacy—safety ratio
or the risk—benefit ratio for chronic oral antiplatelet therapy needs to be defined. Both aspirin and clopidogrel are avail-
able for chronic oral use. By contrast, there are tremendous challenges ahead with the oral GPllb/llla-receptor

antagonists because of their lack of expected benefit over aspirin. However, much still remains to be defined with re-

therosclerotic plaque disruption is the predomi-
nant pathogenic mechanism underlying the
acute coronary syndromes. Plaque rupture leads
to the exposure of collagen and von Willebrand
factor (vWf) resulting in platelet adhesion, platelet acti-
vation, clotting activation and aggregation leading to
occlusive thrombus formation. Although drugs that inter-
fere with platelet activation and function have been avail-
able for years, more powerful agents with novel mecha-
nisms of action are being developed, such as the
glycoprotein  GPIIb/Ila-receptor antagonists. In acute
myocardial infarction, aspirin significantly reduces cardio-

gard to the optimization of current and future antiplatelet therapies or their optimized combinations.

vascular mortality and reinfarction. Additionally, for sec-
ondary prevention, available data support the use of a
platelet inhibitor. The role of antithrombotic therapy for
the prevention or treatment of ischemic events in patients
with coronary artery disease has stimulated enormous
interest and is potentially beneficial for patients.

An ideal antiplatelet agent should selectively block throm-
bogenic platelet-dependent mechanisms in various vascular
diseases, without interfering with the normal physiological
platelet functions that are required in hemostasis and wound
healing. Several antiplatelet strategies have already been
developed and are under preclinical or clinical investigation.
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The role of platelets in vascular diseases

One of the early events following vascular injury is the
adhesion of circulating platelets to exposed subendo-
thelium'2. This primary adhesion to the matrix activates
the platelets, which subsequently secrete several different
compounds!, some of which attract more platelets to the
lumen of the artery and promote aggregation. The aggre-
gating platelets obstruct the artery, reducing blood flow to
downstream tissues'=. This can then lead to various vas-
cular disorders, including cerebrovascular and cardiovas-
cular ischemia, triggering strokes and myocardial infarc-
tion, respectively!=. Importantly, this initially results in the
formation of a highly cohesive thrombus, caused by
platelet aggregation at the site of injury and the subse-
quent activation of the coagulation cascade on the platelet
surface with the generation of thrombin, fibrinogen and
fibrin formation. This enables the platelets to survive
longer in the lumen of the artery within the fibrin net-
work. Tt is quite clear from preclinical investigation of vari-
ous arterial thrombosis models that if fibrin generation by
antithrombin is modulated, then arterial thrombosis is
inhibited. This is also true for the antiplatelet GPIIb/IlIa-
receptor antagonists’.
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Box 1. Key milestones behind recent advances

Platelets — Bizzizro, 1882

Light transmittance aggregometry — Born, 1962

Aspirin — antiplatelet trials — 1960s—present

Ticlpidine — late 1980s; clopidogrel — 1990s (ADP

inhibitors)

Platelet GPIIb/Illa integrin — 1980s

GPIIb/llla monoclonal antibody — B. Coller, 1980s

e RGD mimetics (cyclic peptides, peptidomimetics,
non-peptides) — 1980s

e Clinical trials intravenous/oral — 1990s

When platelets are activated and degranulated, they
secrete biologically and
substrates’8, The alpha granules contain proteins such as
fibrinogen, plasminogen activator inhibitor 1 (PAI-1) and
growth factors, whilst the dense granules contain sero-
tonin, ATP and many other small molecules. These medi-
ators can amplify the signal and cause serious compli-
cations. Growth factors help recruit smooth muscle cells to
the vascular lesion and PAI-1 increases
resistance to thrombolysis.

various active  mediators

Vascular
injury

Active surface

Primary adhesion
(platelet monolayer)

Release of platelet activators

Platelet activation

The role of platelets in various
thrombotic vascular diseases is shown
in Fig. 1. There are different levels of
cardiovascular complications depend-
ing on the extent of arterial occlusion.
These include unstable angina (tran-
sient ischemic attack), which is a rela-
tively mild complication, and acute
myocardial infarction (stroke), which

—~—

Platelet is a severe complication. The latter
release of :

event can happen after either sponta-

Platelet Platelet— Platelet release growth and bp p )
procoagulant platelet of vasoconstrictors other factors neous plaque rupture or mechanical
activity aggregate intervention!™. Some of the key mile-
stones underlying the recent advances
Recruitment of other in antiplatelet therapies are shown in
— cells. Secretion of Box 1. Figure 2 is a cross-section of

Platelet/platelet/fibrin extracellular matrix .
network Vaso-occlusion the coronary artery from a patient

who died from a myocardial infarction
and shows an occlusive thrombus in

Acute vascular occlusion

Figure 1. Diagrammatic sketch illustrating the different processes and
mediators involved in acute and delayed vascular occlusion.

Delayed vascular h 1 S . 1
occlusion the umen. canning  electron
microscopy demonstrates that the
Drug Discovery Today .
thrombus in the coronary artery post-
myocardial infarction is rich in
platelets together with fibrin strands
(Fig. 3).
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Figure 2. Photomicrograph showing a stained
coronary artery section from a patient that died of
post-myocardial infarction. This section illustrates the
point of plaque rupture and the formation of totally
occlusive coronary artery thrombus.

Figure 3. A scanning electron micrograph (at a
magnification of X 1250) demonstrating the
composition of the thrombus in the coronary artery
post-myocardial infarction. The thrombus is shown to
be platelet-rich with some fibrin and white blood cells.

therapeutic focus

Table 1. Agents modulating platelet function

Pathways

Platelet adhesion
von Willebrand factor

Platelet aggregation
Cyclooxygenase pathway

e Cyclooxygenase

® Thromboxane A, synthase
® Thromboxane A, receptor

e Thromboxane synthase
and receptor

ADP

Thrombin

Serotonin

Platelet-activating factor

Phosphodiesterase
Glycoprotein GPIIb/llla

Agents

Glycoprotein GPlb-receptor
antibody

Antibody to von Willebrand
factor

Inactive von Willebrand factor
fragments

Aspirin

Dazoxiban

Thromboxane A,-receptor
blocker

Ridogrel

Ticlodipine, clopidogrel, P,;-
receptor antagonists

Hirudin, hirulag, argatroban,
small-molecule inhibitors,
thrombin-receptor antagonists

Ketanserin

Platelet-activating factor
antagonists

Dipyridamole, caffeine

RGD-mimetics (intravenous

The ideal antiplatelet agent

An ideal antiplatelet agent should specifically block throm-
bogenic platelet-dependent mechanisms in various vascu-
lar diseases, without interfering with the normal platelet
functions that are required in hemostasis and wound heal-
ing. Additionally, the ideal agent should not have any
major adverse effects, should be suitable for various routes
of administration (e.g. intravenous, oral), and the duration
of action should fulfill the required therapeutic efficacy.
Several antiplatelet strategies have already been developed
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receptor and oral)

or are under preclinical or clinical investigation (Table 1).
None of the available antiplatelet compounds meets all of
these criteria.

Chronic therapy with antiplatelet drugs in ischemic
diseases

Antiplatelet agents and stroke

The benefit of aspirin in improving vascular outcome is
well established. It reduces the relative risk for stroke,
myocardial infarction and vascular death by approximately
25% compared with placebo® 2. It has been previously
shown that ticlopidine is more effective than aspirin
(about 12% relative risk reduction for stroke or death)!?,
However, ticlopidine has several adverse effects. In 1996,
the Clopidogrel versus Aspirin in Patients at Risk of
Ischemic Events (CAPRIE) trial showed that clopidogrel, a
new thienopyridine similar to ticlopidine, is also slightly
more effective than aspirin, whilst being as safe!3. Clopi-
dogrel showed a very modest benefit over aspirin (absolute
reduction of 0.5% and relative risk reduction of 8.7% com-
pared with aspirin). The European Stroke Prevention Study
2 (ESPS-2) also showed in 1996 that dipyridamole alone
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prevents strokes and that when combined with aspirin, is
more effective and probably comparable to ticlopidine
and clopidogrel®®. Dipyridamole combined with aspirin
modestly (by approximately 13%) reduced the relative risk
of stroke or death compared with aspirin alone. The
Chinese Acute Stroke Trial (CAST) and the International
Stroke Trial (IST) demonstrated that aspirin given at the
time of an acute ischemic stroke reduces the risk for early
death (about five fewer per 1000 treated), recurrence and
death (about ten fewer per 1000 treated)'*. Overall, the
benefits of aspirin in acute stroke treatment and stroke
prevention are definite but modest.

Antiplatelet agents and ischemic heart disease

Aspirin is an established therapy for the management of
acute myocardial infarction, unstable angina and sec-
ondary prevention of myocardial infarction. It inhibits
cyclooxygenase, which is a key enzyme in the biosyn-
thetic pathway leading to the production of thromboxane
A,. Hence, it only inhibits one of the many activation
leading to platelet aggregation. Other
antiplatelet agents that have been evaluated in clinical tri-
als include ticlopidine and clopidogrel. They inhibit ADP-
mediated platelet aggregation, but again, these agents are
known to be effective against only one of the many agon-

pathways

ists’1>1°. The final common pathway for platelet aggre-
gation involves binding of the GPIIb/Illa receptor to fib-
rinogen. Several inhibitors of the GPIIb/IIIa receptor have

Box 2. Discovery of different classes of platelet
GPliIb/llla antagonists

Chemical nature
Monoclonal antibody — ¢c7E3, YM337
RGD, cyclic analogs—Integrilin, DMP728
Non-peptide — tirofiban, lamifiban, xemilofiban,
lefradafiban, roxifiban, lotrafiban

Route of administration
Intravenous — ¢7ES3, integrilin, tirofiban, lamifiban
Oral — xemilofiban, lefradafiban, DMP754
Other routes: intranasal — DMP755

Binding kinetics
Selectivity for activated versus resting platelets —
DMP728 versus c7E3, XV454, DMP802

Platelet dissociation rate (duration of action)
Fast — integrilin, tirofiban, lamifiban, orbofiban
Intermediate — DMP754 (roxifiban)

Slow — c7E3, DMP802, XV454
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been developed and shown to have an important role as
adjunctive therapy in angioplasty’’. Recent trials have
been performed in patients with unstable angina, and tri-
als of adjunctive therapy are currently under way both in
patients receiving thrombolysis for acute myocardial
infarction and for secondary prevention'®%’, These drugs
have several features, including specificity for blockade of
the GPIIb/Illa receptor, half-life, duration of effect, route
of administration and chemical nature (Box 2)°. Recently
concluded and ongoing trials of both intravenous and oral
agents are expected to provide further support for the
introduction of these agents into the clinical management
of patients with acute coronary syndromes.

Clopidogrel was compared with aspirin in the CAPRIE
international study in over 19,000 patients with sympto-
matic atherosclerotic disease, as manifested by recent
ischemic stroke or myocardial infarction, or by established
peripheral vascular disease. Clopidogrel 75 mg provided a
significant 8.7% relative risk reduction over aspirin for the
outcome cluster of stroke, myocardial infarction and vas-
cular death and reduced the risk of ischemic events of
every kind in the overall CAPRIE population, the greatest
risk reduction being for the incidence of myocardial
infarction'®. Hematological tolerance was satisfactory and
clopidogrel had a better gastric tolerability profile than
aspirin. Given this favorable efficacy—safety ratio, clopido-
grel represents a new advance in the management of
atherothrombotic disease, as it appears to inhibit platelet
aggregation induced mainly by ADP. It is likely that the
combination of clopidogrel with thromboxane-dependent
platelet activation inhibitors, such as aspirin, might be
advantageous. Trials of combined therapy with clopidogrel
and aspirin are under way.

GPlib/llla-receptor blockade and platelet functions

It is very important to point out that blockade of platelet
GPIIb/MIa receptors does not interfere with changes in
platelet shape or secretory activity?"?2. Platelet GPIIb/Illa-
receptor antagonists inhibit platelet—platelet binding but
not binding of platelets to collagen or vWf. Platelets
obtained from Glanzmann thrombasthenia have dysfunc-
tional GPIIb/Ila receptors, impaired platelet aggregation
and bind to fibrinogen in response to various platelet acti-
vators, but have a normal secretory function in response
to platelet agonists®>. However, upon blockade of
GPIIb/IIa receptors with certain  GPIIb/IIla-receptor
antagonists, there is a shift in the threshold of the agonist
concentration required to attain the same level of secre-
tion compared with untreated platelets. It is also important
to highlight that, when platelets are inhibited using
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GPIIb/IMla-receptor antagonists, the size of the platelet
mass in the lumen and the thrombus size are markedly
decreased?, and hence the quantity of platelet secretion is
reduced.

There are 60,000-90,000 fibrinogen-binding sites per
platelet?*2°.  Fibrinogen bound to platelets through
GPIIb/IMla receptors serve to crosslink two or more
platelets. Thus, blocking this receptor inhibits platelet
aggregation and fibrinogen binding induced by any of the
agonists or even their combinations®.

It is also crucial to consider the potency of the agonist
and plasma-free Ca®" levels, which can be affected by cer-
tain anticoagulants such as citrate. Generally, ex vivo or in
vitro platelet aggregation is measured using 10 M ADP in
platelet-rich plasma obtained from citrated blood. This
concentration of ADP only produces partial activation or
partial expression of the GPIIb/IIla receptors, but other
agonists such as thrombin, TRAP or collagen induce maxi-
mal activation of the GPIIb/IIIa receptors. Consequently, a
disparity between inhibition of platelet aggregation and
bleeding time extension can be demonstrated when using
a weak platelet agonist at relatively low concentrations. It
is important to consider carefully the agonist, its concen-
tration and plasma-free Ca** levels.

Platelet procoagulant activity

Platelet activation with subsequent aggregate formation
generates a phospholipid surface that can activate and
support the procoagulant activity with the subsequent
generation of thrombin. Prothrombinase complexes are
assembled on phospholipid surfaces and involve Ca?-
dependent stoichiometric association of cofactors Va and
Xa. Blockade of GPIIb/Illa receptors attenuates this
platelet procoagulant activity, thereby attenuating fibrin
formation?’. However, further research is needed to eluci-
date this mechanism.

Classes of GPlIb/llla-receptor antagonists

Several classes of GPIIb/Illa-receptor inhibitors, including
monoclonal antibodies [most notably murine or chimeric
anti-b3 (¢7E3 Fab) such as abciximab (ReoPro)], RGD pep-
tides, cyclic compounds (DMP728, integrilin), lamifiban
(R0449883, a pseudopeptide) and tirofiban (MK383, a
non-peptide platelet GPIIb/IIla-receptor antagonist), are
either already on the market or in an advanced stage of
development. Platelet GPIIb/Illa-receptor antagonists can
be classified (see Box 2) on the basis of chemical nature
(monoclonal antibody, linear peptide, cyclic peptide, pep-
tidomimetic, non-peptide), route of administration (intra-
venous or oral), binding-kinetic profiles (K d) to activated
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versus unactivated platelets, and differences in the dissoci-
ation rate constant (Koff). A key feature of all small-
molecule GPIIb/Ila-receptor antagonists is the presence
of an anionic carboxy-terminal (CO,") separated by a spa-
tial chemical moiety and a certain distance from the
cationic basic amino-terminal (benzamidine, piperidine,
guanidine). The distance between the anionic and cationic
terminals is crucial for optimal binding affinity and speci-
ficity for the platelet GPIIb/IIIa receptors with minimal to
no cross-reactivity with other closely related RGD-depen-
dent integrins such as a B, o B or a3,

Two classes of GPIIb/Illa-receptor antagonists are rec-
ognized. Class I compounds (e.g. roxifiban, DMP802,
XV454) bind to both forms of GPIIb/IIla receptors (resting
and activated platelets) with comparable K, values and
relatively slow platelet dissociation rates. Class II com-
pounds (e.g. L734217, MK852, DMP728) bind with much
higher affinity to the activated form of GPIIb/Illa than to
the resting form and have relatively fast platelet dissoci-
ation rates [for example, for selective antagonists such as
L734217, K (activated] = 5 nm and K (resting) = 620 nm)*.
Both classes can effectively inhibit platelet aggregation
ex vivo. The potential clinical advantages or disadvantages
of selective (Class I versus nonselective (Class D
GPIIb/MIa-receptor antagonists remain to be defined in
clinical trials.

Comparative antiplatelet effects between GPlib/llla-
receptor inhibitors and other antiplatelet agents

The prototype of the GPIIb/Illa-receptor antagonists,
DMP728 [cyclo(D-2-aminobutyrate-N-methyl-L-arginyl-
glycyl-t-aspartyl) 3-aminomethylbenzoic acidl, which was
one of the first molecules discovered at DuPont (Wilming-
ton, DE, USA), will be used to illustrate the pharmacology
of GPIIb/Illa-receptor antagonists®3°. DMP728, like many
other small-molecule RGD-mimetics, is selective for acti-
vated platelets over resting platelets. Experiments were
carried out to compare the antiplatelet effects of DMP728
with those of other antiplatelet agents using a light-trans-
mittance platelet aggregation assay. In this assay, there is
an initial shape change in response to certain agonists,
and then an increase in light transmittance as the platelets
aggregate. By contrast, platelet GPIIb/Illa-receptor
antagonists have no effect on the shape changes, but they
do block platelet aggregation.

Direct thrombin inhibitors are selective for thrombin-
induced platelet aggregation over aggregation induced by
other agonists’®. Up to 650 mg aspirin produces a long-
lasting antiplatelet effect against arachidonic acid and, to a
lesser extent (40-60%), against ADP (Ref. 16). DMP728 was
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found to inhibit platelet aggregation induced by any indi-
vidual platelet aggregating agent, or even their combi-
nation, with an IC, ranging from 20 to 50 nm (Ref. 16). In
humans, the dose—response curve for the inhibition of
ex vivo platelet aggregation by DMP728 in relation to the
plasma level is similar to the dose-response curve of inhi-
bition of platelet aggregation in vitro. In summary, the anti-
aggregatory efficacy of different antiplatelet agents against
various platelet agonists demonstrated the following:

Aspirin inhibits platelet aggregation in the micromolar
range (IC,) = 5-10 pum) against arachidonic acid
Ticlopidine or clopidogrel are more effective against
ADP and collagen than other agonists

Direct thrombin inhibitors are very effective against
thrombin

GPIIb/IIla-receptor antagonists are effective against all
agonists.

Direct thrombin inhibitors, such as hirudin and PPACK
(D-Phe-Pro-Arg-chloromethylketone), inhibit platelet PAI-1
induced by thrombin, platelet
GPIIb/MIa-receptor antagonists have no effect. It is very
important to note that, despite the lack of effect of
GPIIb/IMla-receptor antagonists on platelet secretion, a
reduced platelet mass in the artery lumen will reduce net
platelet secretion in the region of the thrombus.

In determining the effects of platelet GPIIb/Ila-receptor
blockade on the degranulation of alpha granules, a flow-
cytometric study with different platelet GPIIb/Ila-receptor
antagonists versus direct thrombin inhibitors was per-
formed using a double-fluorescent label for P-selectin and
another for the GPIIb/Illa receptor. This study showed
that thrombin activation of the platelets increased the
fluorescence intensity of P-selectin and GPIIb/IIla-receptor
expression. Thrombin inhibitors such as hirudin abolished
the increased fluorescence of both P-selectin and
GPIIb/HIa-receptor fluorescent labels induced by throm-
bin. By contrast, GPIIb/IIla-receptor antagonists inhibit
only the fluorescence shift of the GPIIb/Illa-receptor label,
but not the P-selectin label’®. A summary of the
antiplatelet profiles of high-sffinity platelet GPIIb/IITa-
receptor antagonists is shown in Box 3.

secretion whereas

Comparative antithrombotic efficacy

In the Folts canine arterial thrombosis model, the platelet
GPIIb/IMa-receptor antagonist DMP728 given intravenously
at 5 and 10 pg kg™! resulted in 50% and 100% inhibition,
respectively, of ADP-induced aggregation and 100% inhibi-
tion of cyclic flow reduction at either dose?. Even upon

DDT Vol. 4, No. 12 December 1999
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rechallenge with epinephrine (adrenaline), the antithrom-
botic benefit of the GPIIb/Ila-receptor antagonist was not
affected. However, with aspirin which, in the same model,
works about 40% of the time, rechallenge with epinephrine
eliminated the marginal antithrombotic effects of aspirin
with the subsequent reccurrence of oscillatory cyclic flow
reductions. This is also the case with direct thrombin
inhibitors upon rechallenge with epinephrine in this
model. These data indicate the unique advantage of
GPIIb/Illa-receptor antagonists as a potent antithrombotic
strategy compared with other antiplatelet strategies.

The effects of the direct thrombin inhibitor hirudin and
the platelet GPIIb/IIla-receptor antagonists 7E3 or DMP728
on the prevention of thrombosis and rethrombosis after
thrombolysis in a chronic canine coronary artery thrombo-
sis model demonstrated superior antithrombotic efficacy of
the platelet GPIIb/Illa-receptor antagonists®’?2. The uni-
versal anti-aggregatory efficacy of the GPIIb/Ila-receptor
antagonists and efficacy of the thrombin inhibitors and
aspirin against thrombin- or arachidonic acid-induced
platelet secretion of growth factors or PAI-1 suggest the
potential efficacy and safety benefits of their combination
in various thrombotic disorders and pharmacological and
mechanical coronary intervention procedures.

The new class of GPIIb/IIla-receptor antagonists com-
bined with aspirin and heparin were shown to reduce
ischemic events in high- and low-risk patients with stents,
unstable angina and non-Q-wave infarction, as well as dur-
ing coronary interventions. Abciximab (ReoPro, c7E3 Fab)
and related antagonists of platelet GPIIb/IIla receptors were
the most potent inhibitors of platelet aggregation. Currently,
their use is restricted to acute, severe platelet ischemic

Box 3. Antiplatelet profiles of high-affinity
platelet GPIllb/llla-receptor antagonists

e [nhibit platelet aggregation against all known
agonists

¢ |nhibit fibrinogen binding to activated platelets

regardless of the agonist

Inhibit clot retraction

Attenuate platelet procoagulant activities

Deaggregatory and lytic efficacy

Bind to activated and unactivated platelets

Do not affect GPlIb-mediated primary adhesion

under shear

e Do not interfere with platelet secretory function in
fluid phase but interfere when platelets adhere to
VWi

557



REVIEWS

therapeutic focus

s

Tirofiban (Merck) - intravenous
NH

HZ”EK ¢

S_\—m

HzNN

Iz

Integrilin, eptifibatide
(Core Therapeutics) - intravenous

NHCO,-n-Bu

HoN

DMP754, roxifiban (Dupont)

- oral
H "'| 7
o =
HoN o K

Xemilofiban (Searle)? - oral

o
NH /—COH
NH o]

Sibrafiban (Roche)? - oral

HoN

OH
o I O/oj\
N
N
N O OH
(o]
NH

Lamifiban (Roche) - intravenous

NHz  HaC— o

BIBU104, lefradafiban
(Boehringer Ingelheim) - oral

g
NH
2N Q -
>—" o
NH HO

BIBU52, lefradafiban (Boehringer Ingleheim)
- intravenous

SO o

Orbofiban (Searle)? - oral

Lotrafiban (SmithKline Beecham) - oral

Drug Discovery Today

Figure 4. Structure of selected glycoprotein GPIIb/Illa-receptor antagonists

Acute therapy with
platelet GPIlIb/llla-receptor
antagonists

The GPIIb/IMla-receptor anta-
gonists that have been stud-
ied include abciximab (a
murine
body), integrilin (a synthetic
peptide) and tirofiban, lami-
fiban, xemilofiban, sibrafiban
and lefradafiban  (synthetic
non-peptides). The majority
of clinical trials of GPIIb/IIla-
receptor  antagonists  have
been performed in patients
with unstable angina or acute
myocardial infarction and in
patients undergoing percuta-
neous coronary interventions
in which an intracoronary
thrombus might lead to
ischemic complications. There
is abundant evidence that
GPIIb/Illa-receptor — antagon-
ists reduce the risk of death,
acute myocardial infarction
and urgent revascularization
procedures in high- and low-
risk patients undergoing per-
cutaneous coronary interven-
tions!7¥, Abciximab remains

monoclonal  anti-

the most studied of these
agents in interventional set-
tings. Data are accumulating
on synthetic peptide and non-
peptide  GPIIb/Ila-receptor
antagonists that also demon-
strate lower rates of death
and ischemic complications in
the treatment of acute coro-
nary syndromes. In patients
that have had a successful

approved for clinical use or in clinical development. *Oral xemilofiban, orbofiban
and sibrafiban have recently been dropped from clinical development. The free acid
JSorm of orbofiban, sibrafiban and lotrafiban is shown. All oral platelet GpIIb/Illa-
receptor antagonists are monoprodrug esters, except sibrafiban and lefradafiban.

response  to  intravenous
GPIIb/Ila-receptor — antagon-
ists, oral agents could repre-
sent an option for secondary
prevention. Additional studies
are required to determine further uses for these agents.

The use of platelet GPIIb/Ila-receptor inhibition in car-

diology began in 1994 with the publication of the results

syndromes such as unstable angina pectoris. Several pep-
tidomimetics and non-peptide analogs are currently under
clinical investigation for intravenous and oral use (Fig. 4).

558 DDT Vol. 4, No. 12 December 1999



therapeutic focus

Table 2. Effect of intravenous glycoprotein (GP)llb/llla-receptor
antagonists on composite event rates and percentage in unstable

angina patients

REVIEWS

ting, but the incidence of side-effects
and the consequent impact on compli-
ance becomes of greater concern dur-

ing the chronic oral administration of

Antagonist Treatment Placebo Relative risk
Event (%) Event (%) (95% CI) these compounds because of the steep
rate rate dose-response  relationship.  Newer
compounds under consideration for
c/E3 y 9 in 30 300 16 ?n 30 533 B E— chronic  administration as platelet
%?:gﬁg';': ? :2 3? ii 12 :2 g: fgg - inhibitors and antithrombotic ~drugs
Lamifiban 68in 242 281 51in123 415 - include GPIb-receptor inhibitors and
c7E3 (EPIC) 19in313 6.1 20in 156 12.8 —_— inhibitors of tissue factor/VIla and
Total 109in789 13.8 110in 438 25.1 —a—— |p<00001 factor Xa.
00 05 1.0

Abciximab: pharmacology and

extended benefits

Glycoprotein llb/llla-receptor antagonism in unstable angina. Results of pilot studies showing the antagonist

used, the event rates in the treated and control groups, the relative risks and 95% confidence interval and the
p values. The end points were death, myocardial infarction and refractory ischemia.

of the Evaluation of 7E3 for the Prevention of Ischemic
Complications (EPIC) trial'”. EPIC demonstrated that the
GPIIb/Illa-receptor blocker abciximab, administered as a
bolus and a 12-h infusion, afforded protection against
ischemic complications in high-risk patients undergoing
angioplasty and atherectomy, including those with unstable
angina or evolving myocardial infarction. A significant
reduction in the incidence of death, acute myocardial
infarction or revascularization was apparent at 30 days and
also sustained at six-month and three-year follow-up. The
subsequent Evaluation in PTCA to Improve Long-Term Out-
come with Abciximab GPIIb/Illa Blockade (EPILOG) study
extended these findings to the full spectrum of coronary
intervention patients, and confirmed that abciximab pro-
vides similar benefits in low-risk patients'”3?. The EPILOG
trial also demonstrated that any excess bleeding risk
associated with potent antiplatelet therapy could be
reduced to placebo levels through the use of a low-dose,
weight-adjusted heparin regimen, early vascular sheath
and elimination of postprocedural
heparinization. A similar pattern of benefit has emerged
from clinical trials of other GPIIb/Illa-receptor inhibitors
such as integrilin, lamifiban and tirofiban (Table 2). Trials
are currently under way to clarify the benefits of
GPIIb/IMla-receptor blockers in patients undergoing stent-
ing and as an adjunct to thrombolytic therapy or primary

removal routine

angioplasty in patients with acute myocardial infarction.

administration  of  GPIIb/Ila-receptor
inhibitors provides improved benefits in addition to those
of aspirin and heparin in the acute management of patients
with unstable angina and in those undergoing angioplasty
(Table 2). Efficacy is the primary concern in the acute set-

Intravenous
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The clinical utility of abciximab (Reo-
Pro, c7E3 Fab) is based on several tri-
als involving coronary artery interven-
tion procedures: EPIC (high-risk abrupt closure), EPILOG
(broad entry criteria), CAPTURE (refractory unstable angi-
na), EPISTENT (stent eligible) and RAPPORT (direct angio-
plasty)'73435, The potent, rapid and sustained blockade of
platelet GPIIb/IIIa receptors and perhaps its blockade by
a B, might be key to the dramatic early antithrombotic
benefits. Early benefits were maintained for over three
years in patients receiving 12-h abciximab treatment in the
EPIC trial. These unique pharmacological characteristics
might also provide benefits in other disabling thrombotic
conditions such as stroke, unstable angina and acute
myocardial infarction.

Intravenously administered small-molecule GPIIb/Illa-
receptor antagonists

Integrilin is a cyclic heptapeptide KGD analog and IMPACT
IT (coronary intervention, broad entry criteria) and PURSUIT
(unstable angina, chest pain <24 h, ischemic ECG changes)
both demonstrated significant clinical benefits'®. Meanwhile,
clinical benefits of tirofiban have been demonstrated in
RESTORE (coronary intervention, high risk of abrupt closure
assessed by clinical and anatomical criteria), PRISM and
PRISM PLUS (unstable angina, chest pain at 12 h and 24
h)¥. Furthermore, PARAGON (unstable angina, chest pain
<12 h, ECG changes) demonstrated significant clinical bene-
fits of lamifiban®, although similar studies in Canada were
stopped because of a lack of efficacy and nuisance bleeding.

Chronic therapy with oral platelet GPllb/llla-receptor
antagonists

A high level of platelet antagonism has been required
when GPIIb/Ila-receptor antagonists have been employed
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as acute therapy of coronary arterial disease. However, the
requirements for chronic therapy using orally active agents
are only now being determined. Interaction with aspirin
and other antiplatelet and anticoagulant drugs leads to
shifts in the dose-response curves for both efficacy and
unwanted side-effects, such as increased bleeding time. As
experience with this new class of agents is gained, the
benefits and pitfalls associated with their use will become
clearer.

SC5468A (xemilofiban)

The active metabolite of xemilofiban, SC54701A, is a potent
selective inhibitor of GPIIb/Ila receptors compared with
other integrins. More than 50% of the orally administered
prodrug was absorbed in dogs and half that amount was
converted to the active agent®. Platelet aggregation was
abolished for more than 8 h after a single oral dose of 2.5
mg kg1, After intravenous administration in dogs, the elimi-
nation half-time of the active moiety was 6.5 h (4.7 = 0.1 h)
with a total plasma clearance of 0.3 1 h™! kg~!. The results of
a dose-ranging study show that oral administration of the
prodrug produces a dose-dependent inhibition of platelet
aggregation, which is maintained during a 14-day adminis-
tration period in dogs, with no adverse effects. At a dose that
inhibited collagen-induced aggregation by 80%, bleeding
time was increased 2.5-fold. Whether these results will trans-
late into less bleeding in a clinical situation upon long-term
administration remains to be determined.

Sibrafiban

Sibrafiban (Ro483657) is an oral selective GPIIb/Illa-recep-
tor antagonist. The Thrombolysis in Myocardial Infarction
(TIMD-12 trial was a Phase II, double-blind dose-ranging
trial designed to evaluate the pharmacokinetics (PK),
pharmacodynamics (PD), safety and tolerability of
sibrafiban in 329 patients after acute coronary
syndromes?. In the PK/PD cohort of TIMI-12, 106 patients
were randomized to receive one of seven dosing regimens
of sibrafiban, ranging from 5 mg daily to 10 mg twice daily
for 28 days. In the safety cohort, 223 patients were ran-
domized to one of four dose regimens of sibrafiban (rang-
ing from 5 mg twice daily to 15 mg once daily) or aspirin
for 28 days. High levels of platelet inhibition were
achieved, with mean peak values of 47-97% inhibition of
20 pmol 171 ADP-induced platelet aggregation on day 28
across all seven doses. Twice-daily dosing provided more
sustained platelet inhibition (mean inhibition of 36-86% on
day 28). Recently, the SYMPHONY trial demonstrated no
significant  difference between the sibrafiban- and the
aspirin-treated group®.
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Lefradafiban (BIBU104)

Lefradafiban (BIBU104) is an orally active prodrug of the
free acid active form, BIBU52. Escalating single and multi-
ple oral doses between 10 and 100 mg have been investi-
gated in human volunteers and found to be well tolerated®.

Roxifiban

DMP754 (roxifiban) is an orally active GPIIb/Illa-receptor
antagonist for the prevention and treatment of throm-
boembolic disorders. In vivo studies in various animal
models showed that oral doses of DMP754 (0.3 mg kg™
produced a >60% inhibition of ex vivo platelet aggre-
gation with potent antithrombotic efficacy®. The activity
of roxifiban (DMP754) resides in its carboxylic acid
metabolite (known as XV459).

Lotrafiban

SB214857 (lotrafiban) is an orally active antiplatelet drug
and a potent and specific GPIIb/Illa-receptor inhibitor. It
demonstrated dose-dependent inhibition of ex vivo platelet
aggregation in man at doses ranging from 5 to 100 mg per
subject’!. Significant incidences of thrombocytopenia and
major bleed were observed at the high doses of lotrafiban.

Issues in clinical development

Thrombocytopenia with GPlIb/llla-receptor inhibitors
Thrombocytopenia has been described with almost all
GPIIb/IIa-receptor inhibitors that have been developed to
date*?,
thrombocytopenia could be explained by attributes of the
drugs themselves, such as the dose, duration and repeti-
tion of exposure, and various drug co-administrations, but
might also be predicted by certain baseline patient charac-
teristics. Suggested mechanisms for the thrombocytopenia
include immune and non-immune mechanisms.

Some of the differences in observed rates of

Bleeding risk

Because of the steep dose-response relationship for all
GPIIb/Ia-receptor antagonists (intravenous and oral),
these drugs have a narrow therapeutic window with
regard to antiplatelet efficacy or bleeding risk. As they
‘thin’ the blood, a significant percentage of minor bleeding
is evident together with some major bleeding episodes*.

Monitoring

As already mentioned, standard platelet aggregometry has
its problems and limitations and is not a test that has
wide-scale applicability. Aggregometry of whole blood
and other methods of rapidly assessing platelet function at
the point of care have promise in this area®. In a clinical
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trial, such technology might allow better delineation of the
population’s pharmacodynamic response to an agent
because it could be more widely applied and therefore
more patients studied. In clinical practice, patients could
be dosed individually so that the range of platelet inhibi-
tion believed to provide optimal benefit and safety could
be determined.

Interaction between GPlIb/llla-receptor antagonists and
other anticoagulant/antiplatelet drugs

The interaction between GPIIb/Illa-receptor inhibitors and
anticoagulants (e.g. heparin, hirudin or other antithrom-
bins) and/or other antiplatelet drugs (e.g. aspirin, ticlopi-
dine, clopidogreD) that are usually given concomitantly
during and after revascularization procedures might con-
tribute to the clinical efficacy of GPIIb/Illa-receptor
inhibitors. However, this might also lead to enhanced
bleeding risks, and hence, careful monitoring and dose
adjustment will be essential*>%,

The future

Future developments might include combined-mode
agents, non-peptide thrombin or factor Xa inhibitors with
longer lasting action, low-molecular weight heparin, aspirin
plus clopidogrel and GPIIb/IIa-receptor antagonists. There
are tremendous challenges platelet
GPIIb/Illa-receptor antagonists in clinical development.
Additionally, because aspirin and clopidogrel have proven
benefit in reducing vascular events, oral platelet GPIIb/IIla-
receptor antagonists are positioned to provide even greater
clinical benefit if tolerated. To optimize efficacy and safety,
combination strategies therefore represent great hope.

ahead with oral
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