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Review

Ord Platelet Glycoprotein I1b/l11aReceptor Inhibitors—Part 1|
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Summary: Although the hypothesis of benefit from pro-
longed oral I1b/l11ainhibition was appealing, the large Phase
I triadls have uniformly shown there was no improvement in
outcome. In addition, therewas an increased mortdity seenin
patientstreated with the oral 11b/l11ainhibitor. Thislatter find-
ing is not adequately explained, but is likely amultifactorial
problem of thisstrategy of platelet inhibition. Thetriasfound
thet, even with noimprovement in efficacy, therewasincreased
bleeding, meaning that for chronic therapy with 11b/111ainhibi-
tion there does not appear to be atherapeutic window. Accord-
ingly, chronicora 11b/I11ainhibition appearsto have beenwell
tested but has not worked. Fortunately, there are severa other
ord antiplatelet agentsavailablethat have shown beneficid re-
aults, including clopidogrd . In addition, other newer classesof
antiplatelet agentsarein earlier stages of development. Thus,
agents targeted more “ upstream” in platelet activation path-
ways may offer amore tolerable and efficacious approach to
long-term antiplatel et therapy.

Key words: platelets, acute coronary syndromes, myocardial
infarction, unstable angina, antiplatelet therapy, prognosis,
angioplasty

Introduction

With the numerous positive trial swith glycoprotein (GP)
l1b/Iainhibitors givenintravenously,! it was hoped that one
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could extend the benefit of GPI1b/111ainhibitiontolong-term
treatment. Part | of this article reviewed the pharmacol ogy
andinitial dose-ranging experienceof thevariousoral l1b/ll1a
inhibitors.

LargePhaselll Trials

There have been six Phase |1 trials conducted with oral
[1b/111areceptor blockers, al with very disappointing results.
Newby et al. have summarized the results of thefirst four tri-
als2 the Orbofiban in Patients with Unstable Coronary Syn-
dromes—Thrombolysisin Myocardia Infarction 16 (OPUS-
TIMI 16) tria 2 the Evaluation of oral Xemilofiban In Con-
trolling Thrombotic Events (EXCITE) Trid,* and the two
Sibrafiban versus aspirinto Yield Maximum Protection from
ischemic Heart events post-acute cOroNary SYndromes
(SYMPHONY) trials.> 6 A fifth trial, Blockade for the GP
I1b/11laReceptor to Avoid Vascular Occlusion (BRAVO), was
stopped prematurely because of an increasein mortality, but
the full results of this study have not been released. A sixth
study (Periphera arterid disease Utilization of Roxifiban for
the Prevention Of i Schemic Events [PURPOSE]) with roxi-
fiban” was al so terminated early because of excessbleeding.

Thefirst Phaselll trid of anord I1/111ainhibitor in patients
with acute coronary syndromeswasthe OPUS-TIMI 16trial.
Thistrial involved 10,288 patients randomized at 888 hospi-
talsin 28 countries worldwide.3 The inclusion criteria were
onset within thelast 72 h of an acute coronary syndrome de-
fined as rest ischemic pain lasting at least 5 min associated
with either e ectrocardiographic (ECG) changes, positive car-
diac enzymes, or aprior history of vascular disease. Mgjor ex-
cluson criteriaincluded rend insufficiency (creatinine>1.6
mg/dl or an estimated cregtinine clearance of <40 cc/min), in-
creased bleeding risk, or need for warfarin.

Eligible patients were treated with 150-162 mg of aspirin
and wererandomized, in double-blind fashion, to one of two
dosing strategiesof orbofiban giventwicedaily, or placebo. In
one dose, orbofiban was given 50 mg twice daily throughout
thetrial (50/50 group), inthe other, the 50 mg twicedaily dose
was given for the first 30 days (the highest risk period), and
then the dosewasreduced to 30 mg twicedaily (50/30 group).
Other medicd andinterventiond therapy wasat thediscretion
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of thetreating physician. Petientswereseen at 14 and 30 days
and every 3months. The primary endpoint wasacomposite of
death, myocardia infarction (MI), recurrent ischemialeading
to rehospitalization or urgent revascul arization, or stroke. The
planned sample size was to be 12,000 patients, but the trial
was stopped prematurely after an unexpected finding of in-
creased mortality at 30 days was observed in one of the or-
bofiban groups.

The rate of the primary composite endpoint of death, Ml,
recurrent ischemialeading to urgent revascularization or re-
hospitdization, or stroke a 30 days was 10.7% for placebo
versus 9.5% for orbofiban (p = 0.05).2 Mortdlity at 30 days
waslow, 1.4%, in the placebo group, but higher, 2.3%, inthe
50/30 group, and 1.6% in the 50/50 group. Kaplan-Meier
event ratesto 300 dayswere 20.5% for placebo, 20.2% inthe
50/30 group, and 19.5% in the 50/50 group (p = NS) (Fig. 6;
for Figs. 1-5, see Part 1). Mortadlity through 10 months was
3.7%for the placebo group versus 5.1% in the 50/30 group (p

First generation oral lIb/llla inhibitors
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= 0.008), and 4.5% in the 50/50 group (p = 0.11) (Fig. 7).
Therewasahigher rate of major hemorrhage with orbofiban:
it occurredin 2.0%, 3.7% (p = 0.0004), and 4.5% (p< 0.0001)
of patientsin the placebo, 50/30, and 50/50 groups, respective-
ly. The rate of thrombocytopeniawas low, 0.6%, but signifi-
cantly higher than placebo (0.1%0), p< 0.001.

Exploratory substudieswere anayzed to try to understand
theincreased mortality. Two substudiesfrom OPUS-TIMI 16
found that orbofibanled toincreasesin measuresof platel et ac-
tivation, notably P sdlectin and fibrinogen binding (Fig. 8).8:°
These data are consistent with other observations with other
agents, which induced an apparent prothrombotic effect with
increasesin measures of platelet activation and in platel et ag-
gregation when drug levelswerelow?0 (seed so below).

EXCITE Trial

TheEXCITE trid studied xemilofibanin 7,232 patientsun-
dergoing percutaneous coronary intervention (PCl) with either
balloon angioplasty or stenting without adjunctiveintravenous
[1b/Iainhibition. Petientswererandomizedin adouble-blind
fashionto receive one of two doses of xemilofiban, or placebo:
all patientstreated with xemilofiban received afirst dose of 20
mg 30 to 90 min prior to PCI, followed by either 10 or 20 mg
threetimesdaily for 6 months. 1t

The primary endpoint wasdesth, MI, or urgent revascular-
ization through 6 months. Thisoccurred in 13.6% of patients
in the placebo group, 14.1% of patientsin the xemilofiban 10
mg group, and in 12.6% of patientsin thexemilofiban 20 mg
group (p = NS).11 There were dightly fewer periprocedura
MIsover thefirst 48 hfollowing PCI, but thisbenefit was not
sustained at 30 daysor 6 months.11 Mortality at 6 monthswas
1.0%for placebo, 1.6% for the 10 mg xemil ofiban dosegroup,
and 1.1%for the20 mg dosegroup.1: Mgor bleedingwassig-
nificantly more common in the patients treated with xemilo-
fiban.11 Thus, xemilofiban did not significantly reducecardiac
eventsin thispatient popul ation.

ADP-induced activation of platelets
from patients treated with orbofiban
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Fic.8 OPUS-TIMI 16 Substudy: Increasesin measuresof platelet
activation following treatment with the ord Ilb/Illa inhibitor or-
bofiban. Adapted from Ref. No. 8 with permission. ADP = adeno-
sinediphosphate.
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SYMPHONY |

Following the Phase I tria of sibrafiban (TIMI 12),12 the
firss SYMPHONY trid wasalargedouble-blind, aspirin-con-
trolled tria of two regimens of sibrafiban for thetreatment of
patients stabilized following an acute coronary syndrome> A
total of 9,233 patientswith either acute M1 or high-risk unsta-
ble angina (with ST deviation of =0.5 mm), who were clini-
caly stablefor at least 12 h, wererandomized to receiveeither
aspirin (80 mg twice daily) or one of two doses of sibrafiban
(without aspirin) every 12 hfor atotal of 3months. Thedoseof
sibrafibanwaseither 3, 4.5, or 6 mg based on body weight and
rend function. The primary endpoint was a composite of
desth, M1, and savererecurrent ischemia

Therewas no differencein the primary endpoint between
aspirin (9.8%), low-dose sibrafiban (10.1%), and high-dose
sibrafiban (10.1%).5 Theindividual components of the end-
point were also not different between the groups. Therewas
a higher rate of mgjor bleeding with sibrafiban at both the
high (5.7%) and low (5.2%) doses compared with aspirin
(3.9%).5 In conclusion, sibrafiban without aspirinwasnot su-
perior to aspirin for prevention of cardiac events following
acute coronary syndromes.

SYMPHONY 1

Thesecond SY MPHONY tria, whichwasterminated pre-
meaturely when the SYMPHONY 1 results were available,
compared the combination of low-dose sibrafiban plus as-
pirin versus high-dose sibrafiban (without aspirin) versusas-
pirin alonein 6,671 patients with stabilized acute coronary
syndromes.® With an average follow-up of 90 days, death,
MI, or severerecurrent ischemiawas not different among the
three groups. 10.5% inthe high-dose sibrafiban group, 9.2%
inthelow-dose sibrafiban plus aspirin group, versus 9.3%in
the group receiving aspirin alone® In this trial (but not in
SYMPHONY 1), mortality was significantly higher in the
high-dose sibrafiban group: 2.4 versus 1.7%in thelow-dose
sibrafiban plus aspirin group versus 1.3% for placebo. Re-
current Ml followed a similar pattern: 6.9% for high-dose
sibrafiban, 5.3% for low-dose plus aspirin, and 5.3% for as-
pirin aone. Mgor bleeding was more common in the two
sibrafiban groups: 4.6% in the high-dose group, and higher
till for the combination of low-dose sibrafiban plus aspirin
(5.7%) versus4.0% for aspirin.

BRAVO

Lotrafiban wasevd uated inthe Blockadefor the GPI1b/111a
Receptor to Avoid Vascular Occlusion (BRAVO) trid, in
whichdl patientsreceived aspirin and wererandomizedtolo-
trafiban or placebo. The BRAVO study differed from theother
studiesof ora GPI1b/I11ablockersinthat it wasthefirst trid to
include neurological patients. Of gpproximately 9,200 en-
rolled, 60% had an acute coronary syndromeand 40% suffered
ether anischemic strokeor trangentischemic attack (TIA).

Thetria was stopped early by the data and safety monitor-
ing committee after aninterim analysisdemonstrated that lo-
trafiban was associated with an increased mortality compared
with placebo (2.7 vs. 2.0%, p = 0.022).13 Furthermore, lotra-
fiban was associated with increased rates of seriousthrombo-
cytopenia (2.2 vs. 0.5%, p<0.0001) and magor bleeding (4.2
vs. 1.3%, p<0.0001).

Roxifiban

Roxifiban hasmany characterigticsthat digtinguishitinthe
class of ord lIb/lllainhibitors, with features that appear to
overcome the pharmacologic deficiencies of the reversible
ord l1b/lllainhibitors(Fig. 2; seePart ). Mostimportant, rox-
ifiban bindstightly to platel et receptorsand is s ow to dissoci-
ate 117 The half-life of dissociation is 7 min, more than 40
times longer than the “short-acting” molecules such astiro-
fiban (approximately 10-20 5).16 Roxifiban'stight binding is
similar to that of abciximab, which also hasalong half-life of
dissociation.16 This prolonged antiplatel et effect would avoid
the possibility of “on-off” proaggregatory effects of thedrug
binding to the b/l 1ainhibitor,1® which may explain some of
the findings from previoustrialswith ord I11b/l11ainhibitors.
Indeed, experimental models have shown that roxifiban has
superior antithrombotic effects compared with other “short-
acting” 11b/l11ainhibitors* Withitslong-half life, roxifibanis
administered oncedaily. Withitshigh potency, the oral doses
needed are only 0.5-1.5mg oncedaily. It hasavery stablean-
tiplatelet effect over time (i.e., alow peak-to-trough level of
platelet inhibition) and blood level sdo not appear to be affect-
ed significantly by rena function. Thus, withitslong half-life
and low “pesk to trough” levels of platelet inhibition, it hasa
very stableantiplatelet effect over time. It has shown promise
inalarge phasell trid of patients with stabilized acute coro-
nary syndromes.18

The PURPOSE tria evaluated roxifiban plusaspirinversus
aspirin done in patients with moderate to severe periphera
arterial disease, defined as either claudication and ankle-
brachial index <0.60 or critical limbischemial® Patientswere
randomized to receivelong-term treatment with roxifiban (1.5
mg/day) plus aspirin, compared with aspirin aone (75-325
mg). The primary endpoint was a composite endpoint of
desth, nonfatd MI, or nonfatal stroke. After randomization of
355 patients during 6 months, the study was stopped because
of excesshleeding. The median level of inhibition of platelet
aggregation (IPA) was 81% for roxifiban and 10% for place-
bo.19 Death occurred in four (2.3%) patients on roxifiban and
two (1.1%) patientson placebo (p =NS); Ml occurredin one
(0.6%) versus three (1.7%) patients, respectively (p = NS).
Therateof severe/major bleeding during roxifiban usewasb.7
versus 1.1%, and was much higher than that observed in other
trialsof antithrombotic drugs. Thrombocytopeniaoccurredin
2.3% of roxifiban-treated patients.1®

Thus, thistria tested the hypothesized best approach for
efficacy—to haveahighlevel of inhibition, with asteady lev-
el of inhibition over the day. While there were numerically
fewer events in the roxifiban group, the number of patients
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and eventswas too small to tell whether this had afavorable
effect on efficacy or an adverse effect on mortality. However,
based on the high rate of major bleeding, it is clear that this
high level of inhibition was not tolerated by the patients.
Thus, long-term, high degrees of I1b/I11areceptor blockade
do not appear tolerable.

Other AgentsTested in Phasel and Il Trials

Two agentsto date have been eval uated asbothintravenous
and oral compounds, klerval,2° and (Ie)fradafiban.2! In the
TIMI 15B trid, atrangtionfrominitial intravenous (1V) treat-
ment to prolonged ora treatment with klerval was able to
achieveasmoothtrangtionintheleve of platelet inhibitionin
patientswith acute coronary syndromes. 2’ However, becalise
of low bioavailability, the development of thisdrug wasdis-
continued. L efradafiban (oral) and fradafiban (1V) await fur-
ther testing. L efradafiban hasbeentested in adose-ranging tri-
al, the Fibrinogen Receptor Occupancy STudy (FROST),2
with an intriguing trend toward benefit among patientswith a
positive troponin T,22 which parallels the findings seen with
intravenous l1b/111ainhibitors.23 24 This suggests that identi-
fication of theideal patientswith risk stratification methods
(clinicd factors, ST deviation, and cardiac markers) might as-
sist in targeting these agents to appropriate patients. Cromo-
fibanisanother agent with avery long half life (approximate-
ly 24 h) for which preliminary information has shown stable
levelsof platelet inhibition, but it has not been devel oped giv-
enthefailureof thisclassof drugs.

Meta-Analysisof Oral Glycoprotein I1b/lllalnhibitors

Two meta-analyses of thelargetrials have been published,
involving more than 33,000 patients from OPUS-TIMI 16,
EXCITE, and SYMPHONY | and1l. Thefirst revesled asta-
tistically significant increasein mortality with oral GP11b/111a
inhibitor therapy (oddsratio [OR] 1.37; 95% confidenceinter-
val [Cl] 1.13-1.66; p=0.001).% Thiseffect was seen regard-
less of whether aspirin was coadministered and/or regard-
lessof GPI1b/Ilainhibitor dose. Analysesof other endpoints
suggest that prolonged oral GPI1b/I1ainhibitor therapy isas-
sociated with no changein therate of MI (OR 1.04; 95% Cl
0.93-1.16; p=0.48), but an gpparent reductionintheneed for
urgent revascularization (OR 0.77; 95% Cl 0.66-0.87; p<
0.001). There was a clear increase in major bleeding (OR
1.74; 95% Cl 1.52-2.00; p<0.001).

A morerecent meta-andysishad similar findings and not-
edthat the adverse effect on mortaity wasremarkably consis-
tent acrosstheselargetria sdespite differencesin the patients
studied and thedesign of thetrials.2 Innoneof thestudieswas
any benefit seen on the composite endpoint of death, recur-
rent MI, or other recurrent ischemic events. However, another
unfortunate consi stency wasthat therewasahigher mortality
rate in patients receiving the oral llb/lllainhibitors, with a
30-35% increaseinthe OR evenwhenincluding the BRAVO
trial.226

Potential M echanismsfor Increased Mortality

Oneof theleading explanationsfor the poor outcomesand
increased mortality isvariagbility in the pharmacokineticsand
pharmacodynamics of the orally administered I1b/I1ainhib-
itors. Ashasbeen described inthe Phase Il dose-rangingtrials
inwhich platel et aggregation studieswereundertaken, thelev-
e of platelet inhibition varies widely from patient to patient
andwithinanindividua patient over thetimeof thedosingin-
terval 230 Thus, some patients may have levels of inhibition
and platel et aggregation aslow aszero, while othersmay have
levelsof inhibition approaching 100% (Fig. 3; seePart1). With
such variahility, it is not hard to understand why there would
belack of acons stent benefit in patientstrested with theseoral
agentsat thedosing strategiesused.

ProthromboticHypothesis

Another potential explanationisthat theora 11b/l11ainhib-
itorsmay have created aparadoxical prothrombotic tendency
and thusincreased therisk of recurrent thromboticevents. This
wasfirs seeninthe OPUS-TIMI 16 trid and confirmedinthe
second SYMPHONY study. In support of this hypothesis,
substudieswithin OPUS-TIMI 16 have documented increases
in P-sdectin and CD-63, both markers of platelet activation
(Fig. 8).8 3L In vitro studies by Peter et al. have shown that
binding of allb/lllareceptor blocker and then dissociation of
this blocker from the receptor can leave the l1b/l11areceptor
open for binding from fibrinogen, which then could lead to a
paradoxical increase in platelet aggregation following treet-
ment withallb/l1lareceptor blocker, especialy at timeswhen
thelevelswerelow (Fig. 9).10 Sincethevariability indosingis
so marked with the oral agents, this became avery attractive
hypothesisfor why increased thrombotic desthswere seenin
several of theoral lIb/Ilainhibitor trials. Itisnoteworthy that
this has not been seen for all agents; thus, thereis a potentia
that some agents, notably orbofiban, may lead to anincreased
propensity for this prothrombotic effect.

Newby et al. havelisted other explanationssuch asaproin-
flammatory effect,2 or other effects mediated by apoptosis,?
that may play arole in increasing adverse events with this
class of drugs. Recent studies have found a dose-dependent
increase in cagpase-3 expression and apoptosis when RGD
peptides, xemilofiban, or orbofiban wereincubated with car-
diomyocytes; this effect was not seen with eptifibatide or ab-
ciximab, suggesting that it is specific to the RGD peptides.®?
This appesars to be one potential explanation for increased
mortality outside the prothrombotic hypothesis. The bottom
lineisthat thisislikely amultifactorial problem.

Conclusion

Although the hypothesis of benefit from prolonged ord
[1b/111ainhibition was appedling, it appears that the balance
between efficacy and safety has|eft atherapeutic window that
is0. On one hand, efficacy was poor and mortality increased
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(asdid bleeding) when levels of platelet inhibition were low,
but when ahigher, steedy leve of inhibition wasachieved, ma-
jor bleeding was even higher, a unacceptable levels. Thus,
there does not appear to beawindow at al for long-term 11b/
[lainhibition. Accordingly, chronic oral I1b/lllainhibition
appearsto have been wdll tested but has not worked. One po-
tentia isthat theord I1b/111ainhibitors might beamoreinex-
pensive means of short-term therapy. However, giventheim-
portance of a high level of inhibition to achieve optimal
outcomes, theinherent variability of an ora drug might make
thisdifficult. Formal dosing studieswould haveto establisha
dosing strategy that achieves high and steady levels of inhibi-
tion. Fortunately, thereare several other ora antiplatelet agents
available that have shown promise, the most notable being
clopidogrel and the thienopyridines. Other classes of agents
that may offer a more tolerable and efficacious approach to
long-term anti platel et therapy area soin early devel opment.
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