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Glycoprotein (GP) IIb-IIIa antagonists inhibit the aggregation of activated platelets. Three agents are approved for clinical use. In this
review, the characteristics of each agent, their pharmacodynamic profile, results in pivotal clinical trials and the associated clinical
implications are discussed. GP IIb-IIIa antagonists have greatest benefit when used as adjunctive therapy during percutaneous coronary
intervention (PCI) when the patient has intra-coronary thrombosis. These agents appear to provide greatest benefit when used in
combination with heparin. The clinical niche for parenteral GP IIb-IIIa antagonists is evolving. The rapid onset and offset of GP IIb-IIIa
antagonists plus dosing designed to inhibit extensively platelet aggregation differentiates them from oral agents. The contemporary
niche appears to include patients in transition, such as individuals requiring emergent PCI before oral agents are fully active and for
unstable patients requiring transport to PCI centres, particularly in patients likely to have intracoronary thrombus. Subsequent studies
should evaluate the optimal duration of therapy with GP IIb-IIIa antagonists.

Identification of glycoprotein
IIb-IIIa as a therapeutic target

Glanzmann thrombasthenia is a hereditary disorder asso-
ciated with mucocutaneous bleeding in which platelets do
not aggregate [1, 2].Two glycoproteins, designated IIb (aIIb)
and IIIa (b3), were found to be missing from the surface of
platelets taken from patients with Glanzmann thrombas-
thenia. These glycoproteins form a calcium-dependent
complex on the platelet surface [3]. Subsequent studies
demonstrated that binding of fibrinogen to the platelet
surface mediates platelet aggregation and that GP IIb-IIIa
is an activation dependent receptor for fibrinogen and to a
lesser extent, fibronectin, von Willebrand factor and vit-
ronectin [4–6]. Each molecule of fibrinogen can bind to
two GP IIb-IIIa complexes thereby cross-linking or aggre-
gating platelets [7, 8]. GP IIb-IIIa is the most abundant inte-
grin on the platelet surface with approximately 50 000 to
80 000 complexes on the surface of each platelet. Activa-
tion of platelets that occurs after endothelial injury or
rupture of an atherosclerotic plaque leads to activation of
GP IIb-IIIa and the aggregation of platelets (Figure 1).

Binding of adhesive proteins to GP IIb-IIIa is mediated
by the sequence arginine-glycine-aspartic acid (RGD) and
the gamma chain dodecapeptide (Figure 2).This sequence
was identified initially in fibronectin, but subsequently
demonstrated in fibrinogen, von Willebrand factor and vit-

ronectin [9]. Peptides that contain the RGD sequence are
capable of inhibiting interaction between GP IIb-IIIa and
fibrinogen [10]. Another peptide sequence capable of
mediating binding of fibrinogen to GP IIb-IIIa is lysine-
glutamine-alanine-glycine-aspartic acid-valine [11]. Unlike
RGD, this sequence is found only in fibrinogen [12].
Although various adhesive proteins can bind to GP IIb-IIIa
under appropriate conditions, fibrinogen appears to be
the predominant protein that mediates aggregation [13],
while von Willebrand factor appears to play a more promi-
nent role in the setting of increased shear stress [14].

Development of glycoprotein
IIb-IIIa antagonists

A number of antibodies directed against platelet GP IIb-IIIa
were developed to inhibit binding of fibrinogen to plate-
lets [15, 16]. One such monoclonal antibody (7E3), was
chosen, in part, because of its cross-reactivity in dogs, a
well characterized and preferred animal in which to induce
arterial thrombosis [17]. To prevent clearance of platelets
to which the antibody had bound, the Fc component was
cleaved. The cleaved product, 7E3-F(ab′)2, was shown to
inhibit aggregation of platelets in dogs without the devel-
opment of spontaneous haemorrhage [18]. To limit immu-
nologic response to the Fab fragment in humans, a mouse/
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human chimera was developed (c7E3 Fab) which is known
as abciximab [19].

Disintegrins are a class of agents identified in snake
venom. One of these peptides, barbourin, contains a KGD
(lysine-glycine-aspartic acid) sequence that has unique
specificity for GP IIb-IIIa [20]. Although naturally occurring
disintegrins are too immunogenic for human use, their
structure provided a template for the development of syn-
thetic peptide antagonists. The cyclic heptapeptide, epifi-
batide, contains the KGD sequence identified in barbourin.
Specifically engineered synthetic compounds are the third
method developed to inhibit binding of fibrinogen to GP
IIb-IIIa and their development entailed imitation of the
charge and spatial conformation of the RGD sequence.The
parenteral peptidomimetic antagonist, lamifiban (not
available for clinical use), and the nonpeptide antagonist,
tirofiban, are examples of synthetic compounds.

Characteristics of abciximab

The characteristics of abciximab (molecular weight of
approximately 50 000 Daltons) are consistent with its anti-
body derivation [21]. Abciximab has a short half-life in the
fluid phase of blood. The majority of the bolus is bound
rapidly to platelets that serve as the circulating pool of
abciximab.The bolus dose was designed to achieve greater
than 80% blockade of GP IIb-IIIa on platelets in blood. The
remaining unbound fraction of abciximab is cleared
rapidly [22]. Abciximab displays a rapid on-rate, binding to
platelets in less than 1 min. The dissociation (off-rate) of
abciximab is measured in hours [21]. The prolonged
platelet-bound half-life of abciximab accounts for both its
prolonged effect on platelet function after termination of
infusion and the gradual return of platelet function there-
after [23]. Abciximab has the greatest affinity for GP IIb-IIIa
(reflected by its dissociation constant [KD] of 5 nmol l-1,
Figure 3) among the GP IIb-IIIa antagonists that are avail-
able for clinical use [21].

Clinical implications of the characteristics of abciximab
include the following. It has a longer duration of effect than
the other agents developed. Because the circulating pool
of abciximab is bound to platelets, the effects of the agent
can be reversed with the transfusion of platelets. One
mechanism by which platelet transfusion decreases the
antiplatelet effect is through the binding of abciximab to
GP IIb-IIIa on the transfused platelets that decreases the
occupancy of GP IIb-IIIa by abciximab on all platelets. The
prolonged half-life led to initial testing of a bolus of abcix-
imab without subsequent infusion. Subsequent pharma-
codynamic studies demonstrated that recruitment of both
platelets and surface expression of IIb-IIIa can occur after
PCI [22]. Thus, to inhibit this recruitable reservoir of plate-
lets and GP IIb-IIIa a regimen that included an initial bolus
plus subsequent infusion was tested and was adopted.
Because testing with abciximab occurred before thien-
pyridines were commonly used, the necessity of the

Figure 2
Each molecule of fibrinogen can bind to two GP IIb-IIIa molecules. This
leads to cross-linking/aggregation of platelets. The RGD sequence is
pivotal to binding of fibrinogen that forms an initial more reversible
complex (KD 150–180 nM) and a subsequent more stable complex with a
KD of 20–70 nM

Figure 1
Rupture of an atherosclerotic plaque leads to the activation of platelets, a conformational change in GP IIb-IIIa and the aggregation of platelets
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subsequent infusion has not been assessed in patients
treated with the combination of aspirin plus a second anti-
platelet agent (e.g. clopidogrel).

Abciximab, unlike tirofiban and eptifibatide, binds with
equal affinity to GP IIb-IIIa and avb3 (vitronectin receptor)
[24]. In addition, abciximab binds, albeit with lower affinity,
to the leukocyte Mac-1 receptor [25]. Abciximab inhibits
avb3 receptor mediated smooth muscle migration and pro-
liferation in vitro [26]. The influence in vivo of short term
(1–2 days) inhibition of the avb3 receptor on the migration
and proliferation of vascular smooth muscle cells that
occurs over weeks to months has not been determined.

Characteristics of synthetic
antagonists to GP IIb-IIIa, tirofiban
and eptifibatide

Both eptifibatide and tirofiban (molecular weight of less
than 1000 Daltons for each) exhibit a longer half-life in the
fluid phase of blood compared with abciximab. The half-
life of eptifibatide is 2.5 h and that of tirofiban is 2 h [27,28].
Administration of eptifibatide and tirofiban is associated
with a considerable fraction of these drugs that are in the
plasma component of blood until cleared by hepatic and
renal mechanisms.

A key difference between abciximab and the small mol-
ecules eptifibatide and tirofiban is the rate at which these
agents dissociate from GP IIb-IIIa (Figure 3). The off-rate of
eptifibatide and tirofiban is 10–15 s compared with hours
for abciximab [29, 30]. Because of the rapid binding and
release of the small molecules, the concentration of these
agents in the fluid phase of blood is a critical determinant
of receptor occupancy and hence inhibitory effects.

Although tirofiban and eptifibatide are similar with
respect to their off-rate, they differ markedly with respect
to their affinity for GP IIb-IIIa. Of the three agents available
for clinical use, the affinity of abciximab is greatest (KD =
5 nmol l-1) followed by that of tirofiban (KD = 15 nmol l-1)
and eptifibatide (KD = 120 nmol l-1). Because of the rapid
off-rate, tirofiban and eptifibatide are in competition with
fibrinogen for binding to GP IIb-IIIa. The lower affinity of
eptifibatide necessitates a greater molar concentration of
eptifibatide compared with tirofiban to achieve a similar
extent of inhibition. The implications of the differences in
the affinity with respect to inhibition of platelet involve-
ment in thrombosis in vivo have not been defined.

Pharmacodynamic assessment of
GP IIb-IIIa antagonists

The development of this class of agents highlighted limi-
tations in the means by which platelet function can be
assessed as well as the importance of the methods used in
sample preparation, assay conditions and the timing of
pharmacodynamic assessment. Development of optimal
dosages would have been facilitated by the availability of a
clinically validated established method to assess platelet
function [31]. The development of GP IIb-IIIa antagonists
relied heavily on turbidometric platelet aggregation for
pharmacodynamic assessment.

Aggregometry was developed in the 1960s [32]. Turbi-
dometric platelet aggregation is performed in platelet rich
plasma that is prepared from anticoagulated blood. The
platelet suspension limits transmission of light through
the sample and is defined as 0% aggregation. Maximal
(100%) aggregation is defined as the transmission of light
through platelet poor plasma. Although platelets are acti-
vated in vivo by multiple agonists simultaneously, the
agonist or combination of agonists and their concentra-
tion that simulates thrombosis in vivo has not been
defined. ADP has been used most commonly to assess
pharmacodynamic effects of GP IIb-IIIa antagonists.

Different concentrations of ADP were used to charac-
terize inhibitory effects of GP IIb-IIIa antagonists. Pharma-
codynamic studies performed during the development of
tirofiban used 5 mM ADP [28]. By contrast, pharmacody-
namic studies during the development of abciximab and
eptifibatide used 20 mM ADP [8, 28]. The inhibitory effects
of any antiplatelet agent will be less when a more powerful
stimulus (i.e. greater concentration or more potent
agonist) is used to induce aggregation. Accordingly, even
though a similar extent of inhibition was apparent during
the development of tirofiban and abciximab, the inhibitory
effect of abciximab was likely to be greater because inhibi-
tory effects were assessed in the presence of a greater
concentration of agonist.

Platelet aggregometry has been performed tradition-
ally with platelet rich plasma prepared from blood treated

Figure 3
The structure and kinetics of the available GP IIb-IIIa antagonists
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with trisodium citrate. Chelation of calcium limits enzyme
activity and prevents activity of the coagulation cascade. In
addition, the anticoagulation of blood with the use of a
calcium chelator alters platelet function [33]. Although
activation of platelets in the absence of agonist is not seen,
increased reactivity (i.e. increased activation in response to
an agonist) is apparent [33]. A potential for interaction
between calcium chelators and GP IIb-IIIa is suggested by
the critical role of calcium in maintaining the structure and
function of GP IIb-IIIa [3]. Inhibitory effects of GP IIb-IIIa
antagonists are enhanced when assessed in blood or
plasma that has been anticoagulated with a calcium chela-
tor [34]. The influence of calcium chelation on the inhibi-
tory effects is greatest with eptifibatide but evident also
with tirofiban and abciximab [35].This observation has led
the use of non-calcium chelating anticoagulants such as
the serine protease inhibitor D-phenylalanyl-L-arginine
chloromethyl ketone (PPACK) to inhibit the activity of
thrombin and prevent clotting in vitro.

The importance of the anticoagulant used in pharma-
codynamic evaluation is underscored by the following
observation.The concentration of eptifibatide necessary to
inhibit ADP-induced platelet aggregation by 50% (i.e. IC50)
is four-fold greater when blood has been anticoagulated
with PPACK compared with trisodium citrate [36]. Inhibi-
tion of the binding of fibrinogen to GP IIb-IIIa by eptifi-
batide exhibited an IC50 of 63 � 34 nmol l-1 in 1 mmol l-1

calcium and an IC50 of 8.7 � 1.2 nmol l-1 in 50 mmol l-1

calcium [36].
The timing of assessment of pharmacodynamic effects

is critical and must be influenced by the characteristics of
the agent. Because the off-rate of abciximab is hours, the
pharmacodynamic assessment characterized inhibitory
effects shortly after the bolus and then 2 h and greater
after onset of treatment. Despite marked differences in the
off-rate, early pharmacodynamic assessment of the inhibi-
tory effects of tirofiban and eptifibatide focused also on
the effects immediately after the bolus and the inhibitory
effects observed 2 h and greater after onset of treatment
[27, 28]. One implication of the rapid off-rate is that a
decrease in the concentration of drug in blood, even if
transient, will be associated with decreased inhibitory
effects. Accordingly, the dosing regimen for tirofiban and
eptifibatide must ensure that the loading dose (bolus) is
sufficient to maintain an effective concentration of drug
until steady state concentrations are achieved.

The dosing regimen of tirofiban that was used in PCI
trials did not consistently inhibit aggregation during the
first 2 h of treatment. The extent of inhibition of maximal
platelet aggregation induced by 20 mM ADP in PPACK anti-
coagulated blood was consistently greater after treatment
with abciximab than tirofiban between 15 min and 1 h
after onset of treatment in patients with acute coronary
syndromes [37–39].The extent of inhibition of aggregation
ranged from 60% to 66% between 15 and 60 min after
onset of treatment with tirofiban. By contrast, the extent of

inhibition of aggregation ranged from 90% to 94% from 15
to 60 min after onset of treatment with abciximab. An
increase in the bolus of tirofiban from 10 mg kg-1 to
25 mg kg-1 without change in the rate of infusion has been
associated with an increase in the extent of inhibition of
aggregation to 92–95% [40, 41].

Pharmacodynamic assessment of the effect of GP IIb-
IIIa antagonists played a pivotal role in the development of
these agents. Unfortunately, as frequently occurs with the
development of a new class of drugs, limitations of the
methods available to assess the effect of novel drugs are
demonstrated by the development process. Although the
optimal method to assess platelet function has not been
defined, critical lessons learned include: 1) the anticoagu-
lant used to prevent clotting in vitro can influence the
results obtained. In the case of GP IIb-IIIa antagonists, che-
lation of calcium augments their ability to inhibit binding
of fibrinogen to GP IIb-IIIa, 2) the agonist used to induce
activation of platelets influences the observed efficacy of
the agent. Although it could be argued that platelets will
not be exposed to 20 mM ADP in vivo, the culmination of
agonist effect in response to diverse agonists in vivo is
likely to manifest a powerful stimulus for activation. The
agonist or combination and their concentration that best
reflects thrombosis in vivo have not been defined and 3)
the measurement of antiplatelet effects of agents with a
rapid off-rate must prevent a transient reduction in the
concentration of drug and hence the inhibitory effect.

Clinical trials of GP IIb-IIIa
inhibitors in PCI

Randomized clinical trials have demonstrated that adjunc-
tive therapy with GP IIb-IIIa antagonists decrease the com-
bined endpoint of death, myocardial infarction and target
vessel revascularization after PCI, particularly in patients
with ACS [42, 43]. Of the three agents available for clinical
use, abciximab, eptifibatide and tirofiban, abciximab has
been most studied. Because of the common mechanism of
action, results with these agents are frequently combined
and several of the more recent trials allowed use of any
agent in this class. For clarity, results of pivotal trials with
each agent will be discussed separately with a focus on
clinical insight provided.

Abciximab
The EPIC study was the first large clinical trial demonstrat-
ing that blockade of GP IIb-IIIa with abciximab decreased
the risk of cardiac events after PCI [44]. Administration of a
0.25 mg kg-1 intravenous loading dose followed by a 12 h
infusion of 0.125 mg kg-1 min-1 reduced the 30 days inci-
dence of cardiac events from 12.8% to 8.3% whereas the
bolus alone had a modest effect (30 days event rate of
11.5%). As mentioned previously, pharmacodynamic char-
acterization demonstrated that both platelets and an
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internal pool of GP IIb-IIIa can be recruited after PCI [8, 22].
Although the bolus plus infusion of abciximab led to a
greater reduction in the subsequent incidence of cardiac
events, the necessity of the infusion has not been assessed
when a 600 mg loading dose of clopidogrel or newer and
more powerful antagonists of P2Y12 have been used.

The EPILOG study demonstrated that adjuvant treat-
ment with abciximab plus a lower dose of heparin (target
activated clotting time of 250 s) decreased the risk of
bleeding without increasing the risk of ischaemic cardiac
events after PCI [45]. The EPISTENT study extended the
beneficial effects of abciximab to PCI performed with intra-
coronary stents [46].

The adjunctive value of abciximab during PCI in
patients who have been treated before PCI with a more
effective loading dose of clopidogrel (600 mg at least 2 h
before the procedure) was investigated by the ISAR group.
In lower risk patients undergoing predominantly elective
PCI, treatment with abciximab offered no benefit [47]. By
contrast, ACS patients with elevated markers of cardiac
injury exhibited a lower incidence of peri-procedural myo-
cardial infarction when treated with abciximab [48].

The GUSTO IV study assessed the potential benefit of
abciximab in the treatment of ACS without PCI [49]. The
dosage of abciximab developed for PCI or the same bolus
plus a longer infusion did not decrease the subsequent
incidence of cardiac events. The mechanism underlying
this lack of benefit has not been defined. The results are
consistent, however, with a limited benefit of short-term
intense antiplatelet therapy in the absence of mechanical
therapy (PCI) or transition to longer-term more powerful
antiplatelet therapy (i.e. thienopyridine plus aspirin).
Accordingly, it supported use of abciximab primarily in
association with PCI.

In the GUSTO V study, the combination of the PCI
dosage of abciximab plus half dose thrombolytic agent for
the treatment of ST elevation myocardial infarction
appears to promote earlier vessel patency and decreases
recurrent ischaemic events but does not decrease the 30
days or 1 year mortality [50, 51]. Adjunctive treatment with
abciximab during primary PCI treatment of ST elevation
myocardial infarction decreased subsequent cardiac
events. However, the beneficial effects appeared to be
greater when PCI was performed without intracoronary
stents [52, 53].

More recently, intra-coronary injection of abciximab
during primary PCI for patients with ST elevation myocar-
dial infarction has been investigated. The characteristics
of abciximab (rapid on-rate and slow off-rate) support
a potential benefit associated with this approach that
should lead to transient very high local concentrations of
abciximab in the vicinity of a thrombus. In one study, intra-
coronary abciximab decreased microvascular obstruction,
improved perfusion and decreased infarct size [54].

Although treatment with abciximab reduces the inci-
dence of peri-procedural myocardial infarction in patients

undergoing PCI, the ISAR studies demonstrated that
adjunctive therapy influenced that benefit. For elective
PCI, adequate pretreatment with clopidogrel (600 mg at
least 2 h before the procedure) obviated the beneficial
effects of abciximab. Similarly, the use of bivalirudin rather
than the combination of unfractionated heparin plus a GP
IIb-IIIa inhibitor was associated with a statistically non-
inferior incidence of major adverse cardiac events (driven
predominantly by peri-procedural MI) in patients undergo-
ing predominantly elective PCI [55]. These results were
extended to ACS patients in the ACUITY trial [56]. In
ACUITY, the addition of a GP IIb-IIIa inhibitor to treatment
with bivalirudin did not reduce the incidence of major
adverse cardiac events after PCI. Further, results with biva-
lirudin alone were statistically non-inferior to those with
heparin plus a GP IIb-IIIa inhibitor. Treatment with bivaliru-
din alone has been consistently associated with a lower
risk of bleeding compared with an anticoagulant plus a GP
IIb-IIIa inhibitor.

In summary, randomized clinical trials testing the effi-
cacy of abciximab have provided important clinical insight.
Beneficial effects of abciximab are likely to be greatest
during PCI, particularly when PCI is performed in patients
most likely to have intracoronary thrombosis –
ST-elevation and non-ST-elevation myocardial infarction.
The beneficial effects were seen predominantly when
treatment with abcixmab was combined with heparin (or
low molecular weight fraction of heparin) but not with the
direct thrombin inhibitor, bivalirudin. Thienopyridines (e.g.
clopidogrel) appear to obviate the need for abciximab in
elective PCI for relief of stable angina.

Eptifibatide
Treatment with eptifibatide during PCI was associated
with limited benefit in the IMPACT II study [57].Subsequent
pharmacodynamic studies demonstrated the pivotal role
of calcium when inhibitory effects of eptifibatide were
characterized in vitro [36]. A regimen that included a
double bolus (two 180 mg kg-1 doses 10 min apart), plus a
2mg kg-1 min-1 infusion for 18–24 h was developed to
prevent a transient decrease in the concentration and to
maintain consistent inhibitory effects during the first hour
after onset of treatment [58]. In the ESPRIT trial, adjunctive
treatment with this regimen of eptifibatide during PCI
decreased the 30 days incidence of death, myocardial inf-
arction and target vessel revascularization from 10.5% to
6.6% [59].Treatment with eptifibatide of patients with ACS
was assessed in the PURSUIT trial [60]. Those treated with
eptifibatide had a 1.5% absolute reduction in the 30 days
incidence of death and myocardial infarction. Consistent
with the results seen with abciximab, patients in whom PCI
was performed exhibited the greatest benefit [61].

More recently, the potential value of initiation of
therapy with eptifibatide at least 12 h before PCI (upstream
treatment) was tested in patients with non-ST-elevation
ACS in the EARLY ACS trial [62].Treatment with eptifibatide
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for at least 12 h before angiography was not superior to
the provisional use of eptifibatide at the time of PCI and
was associated with a greater risk of bleeding.The results in
EARLY ACS were consistent with those reported in ACUITY
trial [63]. Upstream treatment with a GP IIb-IIIa inhibitor
was not superior to provisional use during PCI and
upstream use was associated with a greater risk of bleed-
ing. Based on the results of these two trials, the regular use
of an upstream GP IIb-IIIa inhibitor for ACS patients cannot
be recommended.

Tirofiban
The clinical impact of tirofiban was assessed in both PCI
and the treatment of ACS [64, 65]. Different dosages were
used in each setting. The ACS dosage of tirofiban included
a 30 min loading with 0.4 mg kg-1 min-1 followed by an
infusion of 0.1 mg kg-1 min-1 whereas the rate of infusion
when used as an adjunct to PCI was 0.15 mg kg-1 min-1.The
PRISM-PLUS study demonstrated that treatment of
patients with ACS with the combination of aspirin, heparin
and tirofiban reduced the 30 days incidence of death, myo-
cardial infarction or refractory ischaemia from 22.3% to
18.5% [66]. The TACTICS-TIMI 18 study extended these
observations by demonstrating that patients with ACS
who were treated with tirofiban derive the greatest benefit
from an invasive strategy (coronary angiography in all sub-
jects) rather than a non-invasive strategy of coronary
angiography selectively in those with provocable
ischaemia on stress testing [66]. Analysis of patients
treated with upstream tirofiban identified patients who
were being transferred to a tertiary (PCI) centre who
derived particular benefit from treatment with tirofiban
[67]. Thus, although regular use of an upstream GP IIb-IIIa
inhibitor cannot be recommended based on the results of
EARLY ACS, unstable patients who must be transferred to a
PCI centre are a group of patients in whom upstream
therapy should still be considered.

The use of tirofiban as an adjunct to PCI did not reduce
significantly the 30 days incidence of death, myocardial
infarction and urgent target vessel revascularization in the
RESTORE study. A subsequent study was performed to
establish the utility of tirofiban in PCI. That trial, TARGET,
remains as the only large scale direct comparison of out-
comes in patients randomized to either abciximab or the
same dosage of tirofiban that was used in the RESTORE
study [68]. Those treated with tirofiban had a 7.6% inci-
dence of cardiac events after 30 days and those treated
with abciximab had a 6.0% incidence. Thus, adjunctive
treatment with abcximab was superior to adjunctive treat-
ment with tirofiban (with the RESTORE dose).

Subsequent pharmacodynamic studies demonstrated
limited inhibition 15–60 min after onset of treatment with
the PCI dosage of tirofiban [37–39] that can be overcome
by increasing the bolus to 25 mg kg-1 [40, 41]. A large scale
trial, TENACITY, was begun but ended after limited enrol-
ment because of financial limitations of the sponsor. A

series of moderate sized studies demonstrated that the
high bolus dose of tirofiban appeared to be safe and effec-
tive compared with placebo and abciximab.A recent meta-
analysis summarized the results of those trials [69].

The use of tirofiban (high bolus dose) early in the treat-
ment of patients with ST elevation myocardial infarction
(STEMI) improved resolution of ST segment elevation [70].
Resolution of ST segment elevation was chosen as the
primary endpoint because it has been associated with a
greater risk of death, an observation that was confirmed in
the ON-TIME 2 trial [70]. Consistent with recent results with
intracoronary abciximab,GP IIb-IIIa inhibition at the time of
PCI in patients with ST elevation (and intra-coronary
thrombus) appeared to improve reperfusion.

Additional analysis from the ON-TIME 2 trial identified
another potential use of GP IIb-IIIa inhibition in patients
with STEMI, reduction in the early incidence of stent
thrombosis [71]. Early stent thrombosis was more common
among patients with STEMI [72]. Moreover, many of these
patients have not been treated before their acute event
with anti-thrombotic therapy.The importance of very early
intervention poses a risk of very early stent thrombosis
that can be attenuated by more than 50% with the use of
a GP IIb-IIIa inhibitor as demonstrated in the ON-TIME 2
trial [71].

Trials with oral GP
IIb-IIIa antagonists

Oral agents with specificity for the RGD sequence that
were evaluated in clinical trials were all prodrugs and
included xemilofiban, orbofiban, sibrafiban and lotrafiban.
These drugs were tested in five randomized clinical trials in
patients with acute coronary syndromes or undergoing
PCI. Because of the risk of bleeding associated with long-
term treatment, dosages associated with a more modest
extent of inhibition of platelet aggregation were used in
these trials. Nevertheless, the risk of bleeding was
increased in patients treated with oral GP IIb-IIIa antago-
nists [73–77]. In each trial an increased risk of mortality was
associated with treatment with an oral GP IIb-IIIa antago-
nist and a meta-analysis confirmed an increased risk of
death (odds ratio of 1.37, P = 0.001) in those treated with an
oral GP IIb-IIIa antagonist [78]. Accordingly, further devel-
opment of these agents was abandoned.

Subsequent studies have focused on the mechanisms
responsible for the increased mortality. Examination of
platelet function in those treated with orbofiban in the
OPUS study demonstrated increased platelet reactivity [79,
80] as well as increased activation of neutrophils [81].
Accordingly,one mechanism potentially contributing to an
increased risk of mortality is a paradoxical increase in
platelet reactivity. Biophysical studies have demonstrated
that antagonists which bind to the RGD sequence of GP
IIb-IIIa induce a conformational change of the integrin
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from its resting state [82, 83]. A model has been proposed
whereby binding of antagonists to GP IIb-IIIa caused weak
outside-in signaling insufficient to activate platelets and
that pre-activation with ADP was required for strong plate-
let activation [84]. A recent study demonstrated that GP
IIb-IIIa antagonists potentiate activation of glycoprotein
VI-associated FcR gamma-chain phosphorylation [85].
Phosphorylation of downstream signaling molecules
ensued and correlated with increased dense granule secre-
tion, cytosolic calcium release and exposure of phosphati-
dylserine on the platelet surface. Antagonism of P2Y12
abolished the potentiated phosphatidylserine exposure
and dense granule secretion but not the cytosolic calcium
release. Accordingly, these results support the hypothesis
that binding of antagonists to GP IIb-IIIa initiates outside-in
signaling that can potentiate activation of platelets. This
effect can be attenuated by agents such as clopidogrel
which blocks P2Y12.

Genetic polymorphisms and GP
IIb-IIIa antagonists

Genetic polymorphisms have been shown to influence
platelet function. The glycoprotein IIIa Leu33Pro polymor-
phism has been associated with increased platelet micro-
aggregation but does not affect the inhibitory effect of GP
IIb-IIIa antagonists [86].The PlA2 allele of GP IIIa appears to
confer an additional risk for development of atherosclero-
sis and arterial thrombosis when combined with other
pro-atherogenic/pro-thrombotic factors such as type 2
diabetes [87]. This polymorphism has not been associated
with alteration in the effect of GP IIb-IIIa antagonists.Geno-
typing of known genetic variants implicated in primary
coronary disease in 924 Caucasians with acute coronary
syndromes participating in the OPUS-TIMI16 trial of the
GPIIb/IIIa antagonist orbofiban demonstrated no signifi-
cant impact on the composite endpoint (P = 0.88), which
included myocardial infarction, death, recurrent ischaemia,
urgent revascularization and stroke, but a significant
impact on recurrent myocardial infarction alone (P = 0.04).
There was a significant interaction of the polymorphisms
with orbofiban treatment influencing bleeding outcomes
(P = 0.004) [88]. Thus, although genetic polymorphisms do
not appear to influence the effect of the agents, they may
influence outcomes.

Summary, implications and
future directions

In summary, intravenous GP IIb-IIIa antagonists reduce the
subsequent incidence of cardiac events when used in the
setting of PCI. The clinical benefit of these agents is great-
est when used in patients with intra-coronary thrombus
who are undergoing PCI. Despite the availability of more

powerful oral anti-platelet agents, the use of GP IIb-IIIa
antagonists will be associated with greatest clinical benefit
in the following clinical scenarios:

• Conditions associated with a high likelihood of intracoro-
nary thrombosis, such as ST-elevation and non-ST-
elevation myocardial infarction where an invasive/
interventional strategy is planned.

• When the anticoagulant is heparin rather than bivaliru-
din.

• When the patient has not been treated before PCI with a
P2Y12 antagonist.

• In unstable ACS patients who require transfer to a PCI
centre.

• To reduce the risk of stent thrombosis in a patient with
ST-elevation myocardial infarction (particularly when
there is not adequate pretreatment with a P2Y12
antagonist).

The development of newer antiplatelet agents that
have a more rapid onset of action and are more powerful
antagonists of platelet function demands a reassessment
of the role of GP IIb-IIIa antagonists. GP IIb-IIIa antagonists
are likely to be of greatest value when short term intense
antiplatelet therapy is indicated, such as during PCI. The
optimal duration of treatment with GP IIb-IIIa antagonists
should be re-evaluated.
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