EXPERT REVIEW

Looking back into the future: desirudin in acute coronary
syndromes and coronary stenting

Pascal Vranckx!, MD; Marco Valgimigli?, MD, PhD; Patrick Serruys**, MD , PhD, FESC

1. Department of Cardiac Intensive Care and Interventional Cardiology, Hartcentrum Hasselt, Hasselt, Belgium;
2. Cardiovascular Institute, University of Ferrara, Ferrara, Italy; 3. Erasmus Medical Center Rotterdam, Rotterdam, The

Netherlands

KEYWORDS

« desirudin

- iprivask

- revasc

- acute coronary
syndrome
percutaneous
coronary
intervention

« direct thrombin
inhibitors

Abstract

Although percutaneous coronary intervention (PCI) is a highly effective modality for the management of
acute coronary syndromes, it can potentiate the existing prothrombotic state around lesion areas and lead to
ischaemic complications. Adjunctive pharmacologic treatment with heparin reduces the risk of ischaemic
events, but the utility of heparin is limited by its unpredictable pharmacodynamic effects and its inability to
modulate fibrin-bound thrombin. Additionally, a potential risk of heparin-induced thrombocytopenia is asso-
ciated with heparin use. Direct thrombin inhibitors (DTIs) have emerged as potential alternatives to heparin
in patients undergoing PCI. Bivalirudin is a DTI indicated for use in PCI. Results from various studies have
suggested clinical benefit associated with the use of bivalirudin, driven primarily by the reduction in bleeding
risks compared with the standard treatment regimens. Of concern, however, is a significant increase in acute
stent thrombosis with bivalirudin monotherapy compared with heparin plus GPIIb/IlIa inhibitors following
primary PCI for ST-segment elevation myocardial infarction (STEMI). Desirudin is a highly potent DTI with
greater binding affinity than bivalirudin for thrombin. This report provides a comparative overview of the

pharmacology and clinical utility of desirudin and bivalirudin in the setting of PCI.
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Introduction

The majority of acute coronary syndromes (ACS) are caused by
intracoronary thrombus superimposed on disrupted atherosclerotic
plaque'. Platelets adhere to subendothelial proteins exposed at sites
of plaque disruption where they become activated, release vasoac-
tive and procoagulant substances, and aggregate®. The magnitude of
the thrombotic process triggered upon plaque disruption is modu-
lated by different elements that determine plaque and blood throm-
bogenicity. Exposure of tissue factor in the atherosclerotic plaque to
flowing blood leads to increased thrombin generation, resulting in
platelet- and fibrin-rich thrombus formation®. Such platelet aggre-
gates can occur in response to spontaneous disruption of a vulner-
able plaque, but they can also develop during percutaneous coronary
intervention (PCI) in response to high-pressure balloon inflations
and deployment of coronary stents“.

Modulation of thrombotic and coagulation potential is a key fac-
tor in improving early (<30 days) clinical outcomes and in prevent-
ing complications in patients undergoing PCI**. There is clear
evidence that anticoagulation in addition to platelet inhibition is
effective and the combination of the two therapies is more effective
than either treatment alone®®. To minimise the risk of ischaemic
complications during and shortly after PCI, many adjunctive
antithrombotic regimens targeting thrombin generation and/or
activity have been investigated and are currently in use™.

Unfractionated heparin (UFH) has been widely used as the stand-
ard anticoagulant during PCI for more than two decades®. Heparin
exerts its anticoagulant effect indirectly by binding to antithrombin,
thereby dramatically enhancing the ability of antithrombin to
inhibit coagulation system enzymes, particularly thrombin and fac-
tor Xa'’. Yet there are several important disadvantages associated
with the use of UFH. Due to its unpredictable, nonlinear pharma-
cokinetics, UFH exhibits a variable anticoagulant effect, variable
binding to blood proteins and the vessel wall, and sensitivity to the
inhibitory effects of platelet factor-4'%!'". Further, the heparin-
antithrombin complex is not very effective in neutralising clot-
bound thrombin and, in some patients, heparin causes an

immunologic thrombocytopenia (i.e., heparin-induced thrombocy-

topenia [HIT]), which can result in immune-mediated thrombo-
sis'®. These limitations of heparin have spurred the development
of anticoagulants with different mechanisms of action, with the
goal of improving outcomes and safety for patients undergoing
PCL

One approach to overcoming some of the limitations of UFH
took its cue from the European leech, Hirudo medicinalis, which
produces hirudin, a direct thrombin inhibitor (DTI). Direct throm-
bin inhibitors comprise a class of anticoagulants that bind directly
to thrombin and block its interaction with its substrates'>!>. While
UFH has the potential to induce platelet aggregation, DTIs indi-
rectly inhibit platelet activity'®'*'". Potential advantages associated
with the use of DTIs compared with heparin include increased effi-
cacy via the ability to bind to and inhibit fibrin-bound
thrombin!>1318,

Several DTIs are currently approved for use by the European
Medicines Agency (EMEA), namely the bivalent DTIs desirudin,
lepirudin, and bivalirudin, along with the univalent DTIs arga-
troban and dabigatran (Table 1)"°%°. Results from a recent meta-
analysis of data from nearly 36,000 patients in 12 clinical trials
indicated that DTIs were more effective than heparin in reducing
death or myocardial infarction (MI) in patients with ACS, particu-
larly in patients undergoing early PCI®.

Bivalirudin (Angiox®, The Medicines Company, Parsippany, NJ,
USA) is currently the most widely investigated DTI in patients
undergoing PCI**%. When used in place of heparin plus planned
glycoprotein IIb/Illa (GPIIb/Illa) inhibitors, it has consistently
demonstrated a reduction in protocol-defined major and minor
bleeding**. Major periprocedural bleeding has been identified as
an important predictor of increased mortality’®3%*. Whether this
apparent relationship between bleeding and risk of death is a cause-
and-effect relationship or merely an association based on shared
risk factors remains unclear. In the Harmonising Outcomes With
Revascularization and Stents in Acute Myocardial Infarction
(HORIZONS-AMI) trial, bivalirudin with provisional GPIIb/Illa
inhibitors significantly reduced all-cause and cardiac mortality at

30 days and at 12 months compared with heparin and planned

Table 1. Main properties and pharmacokinetic characteristics of currently approved direct thrombin inhibitors's-%.

. . . Dabigatran
Desirudin Bivalirudin Lepirudin Argatroban g
etexilate
Route of administration — Fixed BID IV bolus 1V bolus 1V bolus Orally
and dosing SC dosing followed followed followed administered
— Single IV bolus (ongoing by continuous by continuous by continuous capsules taken
head-to-head trial vs. IV infusion IV infusion IV infusion once daily
bivalirudin)
Plasma half-life ~60 minutes ~25 minutes ~80 minutes ~45 minutes ~12-17 hours
Thrombin binding Bivalent Bivalent Bivalent Univalent Univalent
Ki 1013 M 10° M 104 M 108 M 10° M
Primary route of metabolism Renal (80%) and renal (20%) | Enzymatic Renal Hepatic Renal
and clearance
aPTT: activated partial thromboplastin time; BID: twice daily; IV: intravenous; SC: subcutaneous
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GPIIb/IIIa inhibitors; however, these reductions occurred at the
cost of a significant increase in stent thrombosis immediately fol-
lowing the acute intervention (first 24 hours). There are residual
concerns about increased stent thrombosis in patients with ST seg-
ment elevation myocardial infarction (STEMI) undergoing primary
angioplasty and cost issues associated with bivalirudin. The other
DTI that has already been tested in PCI, desirudin administered as
an IV bolus, may provide a valuable alternative.

Desirudin (Revasc®, Canyon Pharmaceuticals, Hunt Valley, MD,
USA) is a selective and potent thrombin inhibitor that is currently
approved for prophylaxis of deep venous thrombosis in patients
undergoing orthopaedic surgery*. Results from completed studies
showed that intravenous (IV) desirudin, with or without subcutane-
ous desirudin, reduced ischaemic events compared with heparin in
patients undergoing PCI*'*, More studies are under way to further
investigate the clinical utility of desirudin in this patient population.
In this technical report, we examine the pharmacologic basis for
considering desirudin over bivalirudin in patients undergoing PCI.
The framework for further clinical evaluation of this issue is

presented.

Rationale for desirudin in the management of
patients undergoing PCI

Desirudin, a recombinant 65 amino-acid protein, has a binding
affinity for thrombin greater than 10,000 times that of bivalirudin
(desirudin, ki=10-13 moles; bivalirudin ki=10-9 moles)***’. The
mean terminal half-life of desirudin when given as an IV bolus is
approximately 60 minutes?>#-4, allowing bolus-only administra-
tion in PCI, without the need for a continuous infusion. Desirudin
has low allergic/immunogenic potential, even with repeated
exposure*’,

A high binding affinity for thrombin, rapid onset of action, and
a modestly longer half-life compared with bivalirudin are charac-
teristics that make desirudin well suited for use in patients undergo-
ing PCI. These pharmacologic properties may be especially
advantageous in high-risk patient populations with a high thrombin
load.

Furthermore, the current cost of desirudin is approximately one
third of the cost of bivalirudin per procedure®. As the use of desiru-
din is expected to involve simpler administration regimens with no
need for monitoring, the pharmacoeconomic considerations may be
even more favourable for the use of desirudin compared with biva-

lirudin, provided clinical outcomes are comparable.

Overview of desirudin PCI trials

Several key interventional trials have investigated the use of desiru-
din in patients undergoing PCI (Table 3). These studies were con-
ducted during the early to mid-1990s when postprocedural
anticoagulation was common and adjunctive use of GP Ilb/Illa
inhibitors or thienopyridines was not**. Van den Bos and col-
leagues*' conducted a phase II trial in 113 patients with stable
angina randomised to desirudin 20 mg bolus followed by continu-
ous infusion at a rate of 0.16 mg/kg/hr, or to UFH 10,000 U admin-

Utility of desirudin in PCI and ACS

istered as a bolus and continued at a rate of 12 U/kg/hr for 24 hours.
The incidence of MI and/or emergency coronary bypass surgery
was higher in the UFH group compared with the desirudin group
(10.3% vs. 1.4%, respectively; RR, 7.6; 95% CI, 0.9-65.6). At
24 hours post procedure, complete perfusion was present in all
patients in the desirudin group compared with 91% in the UFH
group, and ST-segment displacement was present in 4% of the
patients treated with desirudin compared with 11% of UFH-treated
patients*!.

The Hirudin with Heparin in the Prevention of Restenosis after
Coronary Angioplasty (HELVETICA) trial was a pivotal, multicen-
tre, randomised, double-blind trial that randomised 1,154 patients
with unstable angina undergoing PCI to either: (1) desirudin 40 mg
IV bolus plus 0.2 mg/kg/h infusion for 24 hours; (2) desirudin
40 mg IV bolus plus 0.2 mg/kg/h infusion for 24 hours, followed by
desirudin 40 mg subcutaneously twice daily for three days; or (3)
UFH 10,000 U IV bolus plus 15 U/kg/h for 24 hours (Table 3)*.
The primary efficacy outcome was event-free survival (absence of
death, nonfatal MI, coronary artery bypass graft [CABG] surgery,
use of bailout procedures such as stenting, or second angioplasty at
previously dilated sites) at 30 weeks after angioplasty. Other clini-
cal end points included incidence of early cardiac events and meas-
ures of safety, tolerability, and luminal renarrowing. The study
investigators reported that desirudin was as effective as UFH in
event-free survival at 30 weeks. Importantly, desirudin was associ-
ated with a significantly reduced incidence of early clinical events
(within 96 hours of PCI) compared with UFH (RR in combined
hirudin groups, 0.61; 95% CI, 0.41-0.90; p=.023) (Table 2). This
benefit was particularly pronounced in the most unstable patients
(those with Braunwald class III angina; RR in combined hirudin
groups, 0.41; 95% CI, 0.21-0.78; p=.006). There were no signifi-
cant differences observed between the treatment groups in the inci-
dence of major or minor bleeding events.

Table 2. Incidence of clinical events for the intent-to-treat patient
population (HELVETICA Trial). Reprinted with permission from
Serruys 1995.42

Desirudin-1* | Desirudin-2" Heparin*

(n=381) (n=3178) (n=382)
n (%) n (%) n (%)

Events at 96 hours

Death 0 0 2 (0.5)
MI 13 (3.4) 9 (2.4) 16 (4.2
CABG 6 (1.6) 3 (0.8) 9 (2.4)
Re-PTCA 12 (3.1) 8 (2.1) 18 (4.7)
Any event 30 (7.9) 21 (5.6) 42 (11.0)

CABG: coronary artery bypass graft; MI: myocardial infarction; PTCA:
percutaneous transluminal coronary angioplasty; *Desirudin-1: 40 mg
intravenous bolus +0.2 mg/kg/h intravenous infusion for 24 hours;
TDesirudin-2: 40 mg intravenous bolus +0.2 mg/kg/h intravenous
infusion for 24 hours followed by the subcutaneous administration of
desirudin 40 mg bid for 3 consecutive days; *Heparin: 10,000 U
intravenous bolus +15 1U/kg/h for 24 hours.

monline

m
=
=
=
=
=
(1]
P
(1]
=
=
o
=
N
o
—
—
}l
N
(-]
w
N
[=2]
©




m
=
=
=
=
-
(1]
2
(1]
=
=
o
=
N
o
—
—
~
N
[}
w
N
(2]
©

Table 3. Summary of desirudin trials in patients undergoing percutaneous coronary intervention*'-435°,

Design and

Treatments

Efficacy endpoints

Safety endpoints

randomised trial in
patients with
unstable angina and

desirudin 40 mg IV
bolus + desirudin
0.2 mg/kg/h IV

heparin 10,000 U
+ heparin 15 1U/kg/h
24-h IV infusion

at 30 wk
post-angioplasty?
— Desirudin: Group A,

population Desirudin Heparin

van den Bos Double-blind, — IV bolus: 20 mg — IV bolus: Myocardial infarction Major bleeding®
19934 randomised trial — Continuous IV 10,000 IU and/or emergency — Desirudin: 5%

in patients with infusion: — Continuous IV coronary bypass — Heparin: 0%

unstable angina 0.16 mg/kg/h infusion: surgery within 24 h

undergoing PCI 12 IU/kg/h following PTCA

(N=113) — Desirudin: 1.4%

— Heparin: 10.3%

HELVETICA*? Double-blind, Group A: Group C: Event-free survival Major bleeding®

— Desirudin:
Group A, 7.7%
Group B, 5.5%

investigating ACS
patients with or
without fibrinolytic
therapy
(N=1410)4350

Death or nonfatal Ml

or reinfarction within 6 mo

— Desirudin: 9.5%

— Heparin: 12.3%

— No significant differences
between the groups
(p=.08)

Death or nonfatal Ml or

reinfarction within 48 h

— Desirudin: 2.2%

— Heparin: 3.9%

— No significant differences
between the groups
(p=.06)

coronary stenosis infusion for 24 h + placebo 68%; Group B, 63.5% — Heparin:
warranting + desirudin 40 mg — Heparin: Group C, Group C, 6.2%
PCI (N=1154) SC BID for 3 d 67.3% — No significant
— No significant differences

Group B: differences among between the

desirudin 40 mg IV the 3 groups (p=.61) 3 groups

bolus + desirudin

0.2 mg/kg/h IV Any event within 96 h Minor bleeding

infusion for 24 h of treatment initiation® — Desirudin:

+ placebo — Desirudin: Group A, Group A, 15.1%

5.6%; Group B, 7.9% Group B, 13.1%

— Heparin: Group C, 11.0% | — Heparin:

— Significant reduction Group C, 11.3%
with desirudin (groups A — No significant
and B) vs. heparin differences
(p=.023) between the

3 groups

Roe 20014 Post hoc subgroup — Bolus: 0.1 mg/kg — Bolus: 5,000 U Death or nonfatal Ml or In-hospital bleeding

comparison analysis (<15 mg total) — Continuous IV reinfarction within 30 d — Desirudin: 9.7%
of PCI patients in — Continuous IV infusion: — Desirudin: 6.8% — Heparin: 7.5%
GUSTO llb, infusion: 1,000 U/h — Heparin: 9.6% — No significant
a prospective, 0.1 mg/kg/h for 3-5 d%° — No significant differences differences
randomised, (<15 mg/h total) between the groups between
multicentre, for 3-5 d%° (p=.06) the groups
double-blind study (p=.14)

ACS: acute coronary syndromes; 1V: intravenous; PCI: percutaneous coronary intervention; PTCA: percutaneous transluminal coronary angioplasty;
a. Absence of death and MI, and no further coronary interventions required; b. Incidence of death, MI, or further coronary interventions ; c. Overt

requiring transfusion of >2 units of blood.

bleeding, resulting in decreased haemoglobin level >2 g/dL, requiring transfusion of >2 units whole blood or packed cells; or intracranial or
retroperitoneal bleeding or bleeding occurring in a major joint; d. Any intracranial and retroperitoneal bleeding, as well as bleeding at any other site

Finally, the GUSTO-IIb study randomised 12,142 patients with
ACS to 72 hours of therapy with either IV heparin or desirudin®.
Roe and colleagues conducted a subanalysis of 1,410 patients in
GUSTO-IIb who underwent PCI while on study drug, comparing
the incidence of MI and death between patients receiving desirudin
versus UFH*. They reported that desirudin was associated with a
trend toward a reduction in the primary endpoint (composite end-

monline

point of death or nonfatal MI) compared with UFH within 48 hours
post-PCI (2.2% vs. 3.9%; odds ratio [OR], 0.55; 95% CI, 0.29-1.03;
p=.06). Treatment with desirudin was also associated with a lower
risk than UFH of nonfatal MI at 30 days (4.9% vs. 7.6%, respec-
tively; OR, 0.63; 95% CI, 0.40-0.98; p=.04) and at six months
(6.7% vs. 9.7%; OR, 0.67; 95% ClI, 0.45-0.99; p=.04), with no sig-
nificant increase in procedure-related bleeding (2.8% for desirudin



vs. 2.3% for UFH; p=.53). The results from these studies in patients
undergoing PCI indicate that IV infusion of desirudin provides a
potentially valuable alternative to UFH in PCI.

Future development of desirudin in
contemporary PCI

An urgent or early invasive mechanical (reperfusion) strategy is
recommended in patients with ST segment elevation acute coronary
syndromes (STE-ACS) and with non-STE-ACS considered to be at
high risk for developing major myocardial necrosis, or in those at
risk for rapid progression to vessel occlusion. In patients with a
high thrombus burden, facilitation of coronary intervention with
potent “upstream” pharmacotherapy and thrombus debulking
devices appears promising. Desirudin may be well suited to this
interventional strategy because of its high affinity for thrombin,
(including clot-bound thrombin) and a balanced risk of major
bleeding, along with the practical advantages of a single-bolus only
administration and an economical price. Further research is focused
on the development of desirudin for contemporary PCI. Positive
results from these trials may result in establishing desirudin as the
anticoagulant of choice in PCI.

First, a dose-ranging study will evaluate two dosing levels of sin-
gle-bolus desirudin (30 mg or 45 mg) compared with standard regi-
mens of UFH or bivalirudin. The primary efficacy outcome measure
will include the 7-day combined incidence of death from any cause,
non-fatal MI, and urgent target vessel revascularisation (coronary
bypass surgery or PCI) due to myocardial ischaemia. In addition,
non-CABG major bleeding occurring up to 48 hours after PCI will
be assessed. Repeated blood sampling should allow for a detailed
study of the coagulation profile and drug pharmacodynamics. In
addition, secondary outcome measures will include area under the
curve for high-sensitivity troponin. It is anticipated that this sensi-
tive measure of myocardial damage may unmask important differ-
ences between the desirudin bolus regimens and bivalirudin. Our
hypothesis is that the optimal desirudin bolus dose will provide
superior ischaemic protection compared with bivalirudin owing to
its higher binding thrombin-binding affinity and modestly pro-
longed half-life!*?223262729  This study will aim to determine the
optimal bolus dose of desirudin, balanced against UFH or bivaliru-
din, to pursue in a phase III outcomes trial.

Conclusions
Establishment of optimal antithrombotic and anticoagulant proto-
cols remains a major goal for patients undergoing PCI, balancing
the risk of ischaemic and iatrogenic bleeding complications. The
short-acting nature of bivalirudin may contribute to a favourable
safety profile compared with UFH plus GPIIb/IIIa inhibitors, but it
may also limit its effectiveness in the prevention of acute stent
thrombosis following PCI. The relative safety profiles of currently
approved DTIs are unknown, as clinical studies involving direct
comparisons of these agents have not yet been conducted.
Desirudin may prove to be a valuable competitor to bivalirudin in
the management of patients undergoing PCI. Potential advantages

Utility of desirudin in PCI and ACS

of desirudin include ease of use, potential for increased efficacy
owing to its increased binding affinity for thrombin, a modestly
longer half-life, and its considerably lower costs. Because of these
advantages, desirudin has the potential to become the anticoagulant
of choice for the interventional community. Future studies will help
to further characterise the advantages of desirudin in patients under-
going PCL.
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