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Abstract:

The platelet glycoprotein (GP) llb/Illa integrin plays a key role in mediating platelet aggregation.
Blockade of the platelet GP I1b/llla receptor prevents arterial thrombosis in animal models much
better than does aspirin. Among the most specific inhibitors in this class of drugs is eptifibatide
(Integrilin™Millennium Pharmaceuticals, Inc.), a cyclic heptapeptide based on a peptide
recognition sequence found in snake venom. Peptide inhibitors, such as eptifibatide, bind
competitively to GP I1b/llla and have a short half-life, allowing the effect to be rapidly reversible
and providing a favourable overall safety profile. Eptifibatide has been studied in a broad range
of ischaemic coronary conditions including percutaneous coronary intervention (PCI), ST-
segment and non-ST-segment acute myocardial infarction (MI) and unstable angina. In PCI and
non-ST-segment MI, therapy with eptifibatide has been shown to reduce acute ischaemic
complications without any increased risk of life-threatening adverse events. In the recently
reported Enhanced Suppression of the Platelet llb/llla Receptor with Integrilin Therapy
(ESPRIT) trial, two 180 pg/kg boluses of eptifibatide, 10 min apart, followed by an 18 — 24 h
infusion at 2 pg/kg/min given as adjunctive therapy in non-urgent PCI reduced the 30-day
composite of death, MI and need for urgent target vessel revascularisation from 10.4 to 6.8%
compared with placebo. These results were achieved under conditions of typical contemporary
PCI, namely the implantation of second- and third-generation stents deployed at high balloon
pressures along with modern adjunctive pharmacological treatment, particularly the universal use
of thienopyridines and lower-dose heparin. Few significant pharmacological effects other than
inhibition of platelet aggregation and the effect on bleeding time have been reported. Future
research will focus on alternative clinical applications and combinations with other therapies to
further improve cardiovascular outcomes.
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Introduction:

Circulating platelets disclose a pivotal
role in hemostasis and might become
initiators of thrombotic events when
endothelial injury and exposure of sub-
endothelial matrix  glycoprotein  (GP)
stimulate their adhesion, collagen and von
Willebrand Factor (VWF) being the most
important ligands although also surface GPs
la/lla, Ic/lla, oVP3 and Ib/IX are
implicated(1).

However, the upmost platelet
activating factor is represented by adhesion
to a site of injury whereby N100
biochemical agonists come into play,
including ADP, epinephrine and local
mediators to quote just a few (2). The
binding of fibrinogen and VWF and other
ligands to surface GP lIb/Illa induces a
transition from a low to a high affinity state
bridging platelets together and giving rise to
platelet aggregation. Here is a critical point
in the cascade as resting platelets have a low
affinity for fibrinogen, although activated
platelets can bind N40,000 molecules per
cell, thus explaining the clinical importance
of antiplatelet therapy and its capacity to
significantly reduce the risk of serious
vascular events in acute coronary syndrome
(ACS) high-risk patients, including those
with a prior acute ischemic event and/or ST
segment elevation myocardial infarction
(STEMI) (3).

Long-term antiplatelet agents have
repeatedly been shown as key components
of secondary prevention after ACS although
there might be a critical balance to monitor,
especially in the elderly: any effective
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antiplatelet regimen may be closely related
to increased risk for bleeding, often
necessitating discontinuation of treatment
and directly impinging on a potentially
worse long-term outcome (4).

GP lIb/llla inhibitors (GPI) were
introduced in ACS therapy in mid 90s and
competed with a wider use of ADP
inhibitors and novel anticoagulant drugs
until they were stepped down from class I to
class Il recommendation in the routine
setting (5).

GP_1Ib-I1la Inhibitors

GPlIb/llla inhibitors are ligand-mimetic
molecules that prevent fibrinogen from
binding to activated platelets, thereby
directly inhibiting their aggregation. Three
agents are currently in use: abciximab, a
humanized antigen-binding fragment of a
mouse monoclonal antibody; eptifibatide, a
cyclic heptapeptide with a lysine—glycine—
aspartic acid (KGD) motif mimicking the
fibrinogen  binding  sequence  within
GPlIb/llla; and tirofiban, a nonpeptidic
small molecule also mimicking the
fibrinogen binding site (6).

First marketed in the mid-1990s, these
drugs have been widely used in patients with
ACS and those undergoing PCI. However,
the early clinical trials assessing GPIIb/Illa
inhibitors were conducted before the routine
use of P2Y 12 antagonists. Therefore, the
clinical benefit derived from GPIlIb/llla
inhibitors seems to be restricted to particular
high risk subgroups, such as patients with
MI undergoing PCI without pretreatment
with a P2Y12 antagonist (7).
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The three approved GP Ilb-llla
inhibitors include abciximab, eptifibatide
and tirofiban.

e Abciximab

Abciximab is a part-murine, part-human
chimeric Fab fragment of the monoclonal
7E3 1gG3 antibody against the GP Ilb-llla
receptor. Its structure was based on a murine
monoclonal antibody. Abciximab is a non-
competitive GP Illb-Illa receptor inhibitor,
and it is bound to platelets with very high
affinity, irreversibly. It is characterized by a
short plasma half-life due to its rapid
binding to platelet receptor. The binding site
of abciximab is located on the beta 3 chain
of the GP Illb-Illa receptor. Free plasma
abciximab is cleared from the circulation
within minutes, while platelet-bound drug
persists for up to one week depending on the
rate of platelet turnover. Therefore, being
that its pharmacokinetics is not affected by
kidney function, abciximab can be safely
used in patients with moderate to severe
renal failure, including those depending on
renal dialysis, without the need for dose
adjustment. The recommended dosage of
abciximab is a 0.25 mg/kg intravenous bolus
administered at least 10 min before the start
of PCI, followed by a continuous
intravenous infusion of 0.125 mcg/kg/min
(to a maximum of 10 mcg/min) for 12 h (8).
o Eptifibatide

Eptifibatide is a cyclic heptapeptide
modelled on the structure of barbourin,
which is a disintegrin that contains a KGD
amino acid sequence that gives this
molecule high specificity in binding to GP
llb-1lla  receptor. Eptifibatide  acts
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specifically on the allb chain of the GP
IIbllla receptor, which is a RGD binding
site. It is a selective, competitive GP Ilb-1lla
receptor inhibitor, and shows no reactivity
with other integrins. It has a very rapid
association and dissociation with the GP Ilb-
Ila. It is cleared by the kidney, with the
most of it excreted as unchanged drug in the
urine. As eptifibatide was developed to be
used either in patients with acute coronary
syndromes (ACS) as bridging therapy to
revascularization (referred to as upstream
use) or directly in the catheterization
laboratory immediately prior to PCI
(downstream use), two distinct loading or
bolus dose regimens have been investigated
(180 mcg/kg intravenous (IV) bolus
followed by continuous infusion of 2
mcg/kg/min for upstream use or as 180
mcg/kg IV bolus administered immediately
before the initiation of PCI followed by a
continuous infusion of 2 mcg/kg/min and a
second 180 mcg/kg bolus 10 min after the
first bolus when used in the catheterization
laboratory—downstream use) (9).

In case of renal dysfunction (creatinine
clearance < 50 ml/min), infusion should be
reduced to 1 mcg/ kg/min. Eptifibatide is
contraindicated in patients on dialysis (8).

e Tirofiban

Tirofiban is a non-peptide tyrosine
derivative. Similar to eptifibatide, it is an
antagonist against the arginylglycylaspartic
acid binding site on the allb chain of the GP
I1b-111a receptor. It is also highly specific,
competitive GP Ilb-Illa receptor antagonist
and does not interact with other integrins.
Tirofiban’s affinity for the GP Ilb-llla is
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intermediate  between abciximab and
epitfibatide. It has also a very rapid
association and dissociation with the GP Ilb-
I1la and is cleared by the kidney. Tirofiban
has a long plasma half-life but a short
biologic half-life resulting in a rapid
recovery of platelet activity, ~ 4 h following
cessation of therapy (10).

There is about 35% unbound in the
circulation with predominant renal clearance
(65%) and it can be haemodialyzed. As
tirofiban was developed to be used either in
patients with ACS as bridging therapy to
revascularization (referred to as upstream
use) or directly in the catheterization
laboratory immediately prior to PCI
(downstream use), two distinct loading or
bolus dose regimens have been investigated
(0.4 mcg/kg/min infused over 30 min as
upstream use or 25 mcg/kg over 3 min when
used in the catheterization laboratory as
downstream use), both followed by a
continuous infusion. In patients with severe
renal dysfunction (creatinine clearance <30
ml/min) the dosage should be reduce by 50
% (11).

Mechanism _of action of GP _lib/llla
inhibitors

Injury of the arterial vessel wall may
be a significant determinant to initiate a
thrombotic state, either as a primary
mechanism which determines the incidence
of ischemia and related life-threatening
events (12) or as a consequence of
mechanical stimuli involved in performing
percutaneous coronary interventions (PCI):
antiplatelet therapy thus became standard
practice when coronary revascularization
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procedures were undertaken and aspirin
played a pivotal role among these drugs
since it inhibited cyclo-oxygenase enzymes,
key factors in the platelets’ activation
pathways. Dual antiplatelet  therapy
ameliorated adverse events related to drugs
used during PCI. Pre-treatment with aspirin
and ticlopidine was found to be very
effective to reduce acute intra-stent
thrombosis. Later, a two-step strategy,
separating diagnostic from interventional
times was selected as dual antiplatelet
therapy done before the patient was admitted
to the catheterization laboratory required
hours before target antiplatelet effects were
obtained. By contrast, the rapid antiplatelet
activity obtained by GPl opened new
treatment possibilities consisting on a one-
step revascularization strategy, directly
downstream  in  the catheterization
laboratory(13).

GP IlIb/llla are integrins, a large
family of adhesion receptors, obligate
heterodimers, each one composed of a large
extracellular domain, a single pass
transmembrane segment and a small
cytoplasmic tail (14). In a low affinity state
GP IlIb/llla stand on cell surface but, upon
stimulations  mediated by  specific
intracellular signals, they convert into active
state, permitting linking to extracellular
ligands (inside-out activation)  which
promotes interaction of intracellular proteins
with cytoplasmic tails (outside-in
activation). In the active state, the
extracellular domain was shown to switch
from a bent to an  extended
conformation(15).
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In presence of calcium, the crystal
structure of the extracellular domain is
severely bent forming a compact “V” shape
and in presence of magnesium integrin
assumes an extended conformation: this is
the “switchblade hypothesis”. Cytoplasmic
proteins that bind to the cytoplasmic tail
play a critical role in initiating and
propagating the bidirectional signaling
events across the integrin. Inhibiting GP
[1b/I1la either alone or with aVB3 receptor
attenuates TF-induced prothrombin
activation thus enabling both antiplatelet and
anticoagulant  effects. Under  these
perspectives GPI are able to interfere with
arterial thrombosis progression mediated by
the pro-coagulant activity of activated
platelets. GP lIb/llla contains the sequence
Arginin—Glycin—Aspartate. A number of
antibodies against platelet GP Ilb/Illa were
developed using animal models, particularly
dogs. To prevent clearance of platelet with
adhered antibodies, the Fc component was
cleaved and, to limit immunologic response
to the Fab fragments, a mouse/human
chimeric antibody was developed called
abciximab (16).

Free plasma abciximab is cleared from
circulation in minutes while drug-platelet
complexes persisted up to one week
depending on platelet turnover. Eptifibatide
and  tirofiban, two  small-molecules
belonging to the GPI class, are respectively
a peptide-mimetic linking Arginin— Glycin—
Aspartate sequence with a plasma half-life
of 2.5 h and a nonpeptide tyrosine derivative
blocking the same site with plasma half-life
of 2 h. In order to achieve sufficient
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therapeutic efficacy GPI need to keep N80%
of GP lIb/llla receptor occupancy and
should be administered only intravenously
because, if given orally, there is a
paradoxical fibrinogen binding effect related
to plasmatic levels (17).

Thrombocytopenia and major bleeding
are the most frequent complications
associated with GPI. However, safety and
efficacy of these agents have been widely
demonstrated and it should be considered
that GPI-induced thrombocytopenia is less
related to increased risk of clinical
complications  than  thrombocytopenia
secondary to other causes (for example
hematological, drug induced, septical or in
relation to low output states) (18).

Rationale of GP Ilb-lIlla Inhibitors in
STEMI

e Incidence and Prognostic Implications
of Reinfarction

The prognostic impact of reinfarction
after STEMI in patients treated with
thrombolysis or primary angioplasty has
been clearly shown in several reports.
Despite improved implantation technique,
coronary stenting has not reduced
reinfarction ~ compared  with  balloon
angioplasty, ranging between 5 and 10 % in
unselected patients and without the use of
GP llb-Il1a inhibitors (8).

e Incidence and Prognostic Implications
of Distal Embolisation

Despite successful mechanical
recanalization of the infarct related artery,
suboptimal myocardial reperfusion may be
observed, resulting in unfavorable outcome.
In the last years, growing interest has been
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focused on the role of distal embolization as
major determinant of poor reperfusion (19).

It was demonstrated that plaque
composition (large amounts of necrotic core
as evaluated by Virtual Histology IVUS)
may certainly influence the occurrence of
distal embolization as much as thrombus
composition (20).

However, it must be recognized that
the thrombotic burden may be extremely
variable among patients. The identification
of those patients at higher risk for distal
embolization would be crucial, especially
when the decision to administer adjunctive
antithrombotic therapy is undertaken after
diagnostic angiography. In an analysis by
the Zwolle group, poor myocardial perfusion
was more often observed in small vessels
despite less distal embolization, compared
with larger vessels (21).

Yunoki and his colleagues found that
large  vessel size, together  with
hyperglycemia, balloon pre dilatation and
thrombus composition were independent
predictors of distal embolization (20). It was
confirmed that patients with advanced Killip
class at presentation, diabetic patients and
the elderly are at higher risk for this
complication, while no impact has been
observed by gender or hypertension. Finally,
whereas intuitively the negative prognostic
impact of distal embolization is expected to
be influenced by ischemia time, the data on
this issue are still contrasting (22).

e No-Reflow Phenomenon

In addition to distal embolization and
mechanical ~ compression,  considerable
interest has been focused in the last decades
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on inflammation and spasm of the
microcirculation as major determinants of
no-reflow phenomenon. Soon after infarct-
related artery  (IRA)  recanalization,
neutrophil activation and accumulation in
the damaged myocardium has been
demonstrated (23).
¢ Ischemia Time and Early Reperfusion

Primary angioplasty is able to restore
TIMI 3 flow independently from the time of
treatment; this cannot abrogate the
deleterious effects of ischemia time on
myocardial necrosis and perfusion. The
impact of ischemia time on infarct size has
been demonstrated in several studies using
nuclear techniques or cardiac magnetic
resonance imaging (MRI), definitively
supporting the clear impact of ischemia time
on infarct size and outcome even in patients
undergoing mechanical reperfusion (24).
Timing of GPI administration

Current  European  Society  of
Cardiology guidelines on ACS patients
without ST segment elevation myocardial
infarction (NSTEMI) no longer consider
routinely upstream use of GPI. At present
they restricted its use in active ongoing
ischemia among high risk patients or when
double antiplatelet therapy is unfeasible and
PCI are mentioned only by the following
statements: “GPIIb/llla inhibitors during
PCl should be considered for bailout
situations or thrombotic complications,
Class (lla); It is not recommended to
administer GPIIb/Illa inhibitors in patients
in whom coronary anatomy is not known,
Class (I11)”. However, it is reasonable to use
GPIl in patients undergoing PCI based on
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angiographic results such as presence of a
thrombus or troponin elevation, previous
treatment with P2Y12 inhibitors, patient age
and bleeding risk. It is also reasonable to
combine GPI with dual antiplatelet therapy
in patients undergoing high risk PCI and
without high bleeding risk. In association
with novel anticoagulant drugs such as
bivalirudin, GPl are not recommended
because of worse outcome (5).

In STEMI, the above mentioned
guidelines, declare that the role of GPI
during primary PCIl and the era of novel
antiplatelet drugs, particularly prasugrel and
ticagrelor, is not well defined. It is
reasonable to use them in STEMI, similar to
NSTEMI, as bailout therapy when there is
angiographic evidence of a large thrombus,
slow-flow or no reflow or other particular
cases. However, GPI are not recommended
when bivalirudin is used (25).

As a consequence, in STEMI patients,
periprocedural antithrombotic medication in
primary PCI stepped down GPI from I to Il
class of recommendation, whose level of
evidence was judged A for abciximab and B
for high double bolus dose eptifibatide or
high bolus dose tirofiban. Intra-venous route
should remain the standard strategy,
although intra-coronary administration may
be considered (26).

Alternative
administration

protocols of GPI

e Bolus only and abbreviated infusion

The recommendation of long duration
infusion of GPI (12-24 h) was based on trial
data predating the era of stents and dual
antiplatelet. As thienopyridine loading is
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expected to achieve adequate antiplatelet
activity within 30 min to few hours
particularly with the newer and potent
antiplatelet, it may be reasonable to limit the
use GP Ilb-1lla inhibitor in the bolus only or
bolus and short duration infusion (27).

e Intracoronary injection of bolus doses

Intracoronary injection (IC) of GPI
resulted in higher receptor occupancy rates
and better thrombus resolution in
experimental models. Improved epicardial
and myocardial perfusion were found and
were also associated with less adverse
events. In the major AIDA-STEMI trial,
2065 STEMI patents undergoing PCI were
randomly assigned to receive abciximab by
an 1V infusion or directly into the infarct
related coronary artery through guiding
catheter. The primary composite outcome of
death, new MI, new heart failure at 90 days,
was not different between two groups.
However, the IC administration was
associated with reduced incidence of heart
failure (28).

In the MRI sub study; there was no
significant difference in the infarct size
between the groups (29). In the INFUSE
AMI study, the selective infusion of IC
abciximab through a specialized perfusion
catheter was associated with statistically
significant 2% reduction in the infarct size
by MRI (30). Further, in a registry of 104
patients  evaluated by intracoronary
administration of GPIl bolus doses was
associated with reduction of thrombus
burden and improved flow following PCI
(31). A study by Sengottuvelu and Ravi
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Sekar (32) also has shown similar outcomes
in STEMI patients undergoing primary PCI.

Platelet GP I1b/Il1a inhibition in ACS
during PCI

The goals of any reperfusion strategy
in ACS are fast restoration of both epicardial
blood flow and myocardial microcirculation.
One possible mechanism by which GP
[1b/111a antagonists exert their beneficial
effects is by reducing platelet aggregation
and micro-embolization downstream during
mechanical  reperfusion and thereby
preserving the microcirculation. The role of
periprocedural GP I1Ib/Illa inhibition in the
setting of PCIl was established by several
randomized, placebo-controlled trials
enrolling over 30,000 patients. As
adjunctive therapy for PCI, the primary
objective of the randomized trials with
intravenous GP lIb/Illa inhibitors was to
reduce a 30-day ischemic composite end
point, namely, death, myocardial infarction
(M1) and urgent revascularization. The most
compelling support for platelet GP Ilb/llla
inhibition  therapy comes from the
abciximab trials. They have demonstrated a
clinically important reduction in early
ischemic events, sustained beneficial effects
at long-term follow-up, and benefits that
extends similarly to all interventional
devices, lesion complexities and patient
acuities (33).

In the era of balloon angioplasty, the
addition of GPIIb/llla inhibitors to the
armamentarium of antiplatelet agents
represented a significant therapeutic advance
compared with therapy with aspirin plus
unfractionated heparin. GPIIb/I1la inhibitors
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inhibit the final pathway of platelet
aggregation by competing with von
Willebrand factor and fibrinogen for
GPlIb/llla receptor binding. GPIIb/Illa
inhibitors provide fast and potent antiplatelet
effects. Compared with cangrelor, these
agents inhibit the platelet response to all
agonists and are therefore more potent
antiplatelet agents than cangrelor. GPIIb/Illa
inhibitors provide rapid and nearly complete
platelet aggregation inhibition, overcoming
the delayed and poor platelet inhibition
induced by a clopidogrel loading dose. The
benefits of pretreatment with GPIlIb/Illa
inhibitors were noted in high-risk patients in
early clinical trials that showed a significant
reduction in MI and urgent revascularization
before and after angioplasty. GPIIb/Illa
inhibitor therapy has been associated with a
reduction in adverse cardiovascular events,
including MI, at the expense of increased
bleeding and thrombocytopenia (34).
Contradicting evidence was shown in
the benefit of routine use of GPIlIb/llla
inhibitors. In a meta-analysis of 10,123
patients undergoing primary PCI, nonfatal
MI at 30 days was reduced from 8.3 t0 5.1%
with use of GPIIb/Illa inhibitors at the
expense of a significant increase in the risk
of minor bleeding and thrombocytopenia.
The increase in major bleeding events was
not significant. The reduction in nonfatal Ml
was irrespective of thienopyridine pre-
treatment, and upon meta-regression, the
benefits of GPIIb/Illa inhibitors were
consistent in earlier versus more recent
clinical trials. There were no differences in
30-day or 1-year mortality rates. With the
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introduction of more potent adenosine
diphosphate-receptor blockers, the
incremental value of GPIIb/Illa inhibitors in
reducing periprocedural MI remains to be
determined. Currently, the administration of
GPIIb/llla inhibitors is an accepted
treatment option for patients undergoing
primary PCl and patients with visible
thrombus burden (35).

Another approach in administering
GPIIb/llla  inhibitors is through the
intracoronary route of delivery. This
approach can lead to a higher local
concentration of antiplatelet agent aiding in
higher receptor occupancy with disruption
of platelet crosslinking and augmenting
thrombus resolution to a greater extent (36).
Intracoronary GPIIb/Illa inhibitor therapy
may also limit the risk of myocardial
damage from thromboembolism in the
microvasculature. Intracoronary
administration of GPIIb/Illa inhibitor has
been tested in several small studies and
shown to be safe and associated with some
benefits when compared with intravenous
administration, but these results have not
been confirmed in large-scale clinical
trials(37).

Strategies employing shorter
GPIIb/Ila inhibitor infusions and use of a
transradial approach may provide greater
degrees of net benefit. Earlier trials of
GPIIb/Illa inhibitors employed 18-24 hour
infusions, and these durations of therapy
were associated with greater bleeding than
their comparator arms that included use of
bivalirudin (38).
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GPlIb/llla inhibitors have the greatest
role in the treatment of high-risk patients
and those with high-risk PCI angiographic
features (visible thrombus and high-risk
anatomy) who have low risk of bleeding.*
Currently, the American College of
Cardiology and American Heart Association
guidelines  provide a  Class lla
recommendation for GPIIb/llla inhibitors at
the time of primary PCI (abciximab, double-
bolus eptifibatide, or high-bolus-dose
tirofiban) in selected patients with STEMI
receiving unfractionated heparin (with or
without stenting or clopidogrel
pretreatment), and a Class Ilb indication for
intracoronary Abciximab (39).

The ideal parenteral antiplatelet agent
would provide immediate and robust
periprocedural ischemic benefit without
attendant excess bleeding risk. GPIlIb/llla
inhibitors have been associated with reduced
thrombotic events after PCI compared with
heparin and bivalirudin therapy alone, but
their routine use, notably with prolonged
infusion durations, has been associated with
increased severe bleeding complications and
potentially increased PCl-related costs (40).
Provisional use of GPIlIb/Illa inhibitors,
shortened GPIlIb/Illa inhibitor infusion
duration, novel delivery systems, and
augmented use of radial access will likely
improve the net clinical benefit of GPI1Ib/llla
inhibitors. Moreover, the effect of inhibition
of all agonist-induced pathways of platelet
aggregation by  GPIIb/llla inhibitors
compared with cangrelor may provide
greater protection from ischemic events.
Furthermore, recent advances in the overall

15889



Rationale of Eptifibatide as a Glycoprotein llb-llla Inhibitor in STEMI

quality in periprocedural care that have led
to stepwise improvements in PCI outcomes
will potentially influence the risk-benefit
profile of GPIIb/Illa inhibitors. At present,

there are no randomized clinical

trials

comparing the utility of cangrelor and
GPIIb/Illa inhibitors. GPIIb/llla inhibitor
use is expected to continue in bailout/rescue
scenarios, but the introduction and uptake of
cangrelor may also limit their use in clinical
practice (41).
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