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Abstract

Aims: We sought to determine the feasibility of conducting percutaneous coronary intervention (PCI) in

KEYWORDS

« acute coronary high-risk acute coronary syndrome (ACS) patients utilising the REG1 system consisting of pegnivacogin, an

syndrome
e anticoagulation
e factor IXa

aptameric factor IXa inhibitor, and its controlling agent anivamersen.

Methods and results: In RADAR, ACS patients were randomised to pegnivacogin 1 mg/kg with 25%,
50%, 75%, or 100% anivamersen reversal or unfractionated heparin. Of the 640 patients randomised, 388
(61%) underwent PCI. Major modified ACUITY 30-day bleeding rates were 18% (25% reversal), 12% (50%
reversal), 9% (75% reversal), and 7% (100% reversal), compared with 11% with heparin. The corresponding
total bleeding rates were 68%, 39%, 35%, 34%, and 38% (heparin). Ischaemic events were less frequent in
those receiving pegnivacogin versus heparin (4.4% vs. 7.3%, p=0.3). Thirty-day urgent TVR (1.1% vs. 0.9%,
p=1.0), myocardial infarction (4.0% vs. 6.4%, p=0.3), and angiographic complication (11.2% and 10.8%,
p=0.9) rates were similar with pegnivacogin and heparin. There were no incidences of clot formation on

guidewires or catheters.

Conclusions: High-level factor IXa inhibition in ACS patients undergoing PCI, with at least 50% reversal,
has a favourable bleeding profile and appears effective at suppressing ischaemic events and thrombotic com-
plications. Larger phase trials in PCI are warranted. Clinical Trials Registration: ClinicalTrials.gov
NCT00932100.
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Introduction

Anticoagulant therapy is vital to the safe conduct of percutaneous
coronary interventions (PCI); however, attempts to increase effec-
tiveness have been limited by bleeding'. While the impact of ischae-
mic events, including peri-PCI infarction, has long been
appreciated?, the importance of bleeding on long-term outcomes*
has also received increasing attention. One approach to achieving
effective anticoagulation while mitigating bleeding is to use an
anticoagulant regimen that can be actively reversed, permitting
anticoagulant therapy to be tailored to the clinical circumstances
and changing needs of an individual patient.

The REGI anticoagulation system consists of pegnivacogin,
a single-stranded RNA factor [Xa inhibitor, and its reversal agent,
anivamersen, which binds to and inactivates pegnivacogin via
Watson-Crick base pairing’, and represents the first use of a factor
IXa inhibitor in this clinical context.

RADAR (a randomised, partially blinded, multicentre, active-
controlled, dose-ranging study assessing the safety, efficacy, and
pharmacodynamics of the REG1 anticoagulation system in patients
with acute coronary syndromes) suggested the feasibility of using
pegnivacogin 1 mg/kg with at least 50% anivamersen reversal in
patients with acute coronary syndromes (ACS) undergoing cathe-
terisation®. However, the safety of conducting PCI with this antico-
agulation strategy has not been thoroughly investigated. A phase 2a
study demonstrated the safe conduct of low-risk PCI in a limited
number of cases’; however, the RADAR study represented the first
significant experience with factor IXa inhibition using REG1 in
patients undergoing PCI°.

Editorial, see page 425

The objectives of RADAR-PCI are to determine the safety of
pegnivacogin/REG1 compared with heparin on bleeding, proce-
dural complications, and ischaemic events in patients with ACS
undergoing PCI.

Methods

STUDY POPULATION AND DESIGN

The design® and overall results of RADAR have been published®.
RADAR was a phase 2b, international, adaptive-design, partially
blinded, dose-ranging clinical trial. Patients were enrolled at 67 cen-
tres in the United States, Poland, Germany, Canada, France, and
The Netherlands between September 2009 and November 2010.
The protocol was approved by institutional review boards or ethics
committees at each institution and all patients provided written

informed consent prior to participation.

ELIGIBILITY CRITERIA

Eligible patients were required to have a minimum of 10 minutes of
ischaemic symptoms within 72 hours of enrolment associated with
(1) dynamic ST-segment changes, (2) elevated troponin I or T or
CK(-MB), or (3) a history of coronary artery disease by angiogra-
phy. In addition, patients had to have planned cardiac catheterisation
via femoral arterial access within 24 hours of randomisation, and
underwent PCI at the discretion of the investigator. Major exclusion

criteria included: (1) ST-segment elevation myocardial infarction
(MI); (2) weight >120 kg; (3) prior use of low molecular weight hep-
arin within three days or of warfarin, bivalirudin, fibrinolytic agents,
or glycoprotein IIb/Illa inhibitors within seven days; (4) planned
use of >7 Fr sheaths, intra-aortic balloon pump, or other support
devices; or (5) an inability to take aspirin or a thienopyridine.

RANDOMISATION AND STUDY INTERVENTION

Using a central interactive voice response system, patients were
randomised 3:1 to open-label pegnivacogin with sheath removal
10 minutes post procedure, or heparin with sheath removal per
standard of care. Aspirin and thienopyridine pretreatment were rec-
ommended. Glycoprotein IIb/Illa inhibitors were recommended
in patients assigned to heparin. A primary goal of RADAR was to
determine the degree of anivamersen-mediated reversal required for
safe sheath removal post femoral cardiac catheterisation. Patients
randomised to pegnivacogin received 1 mg/kg over one minute
intravenously pre-procedure, and were randomised, in a 2:1:1:2
ratio, to a blinded post-procedure dose of anivamersen of 0.075,
0.2, 0.4, or 1 mg/kg to achieve 25%, 50%, 75%, or 100% rever-
sal of pegnivacogin®!®. Additional anivamersen (1 mg/kg) could
be administered if haemostasis was not achieved after 20 minutes.
Manual sheath removal was performed using a standardised proce-
dure either immediately post procedure/reversal (REG1 patients) or
according to local practice (heparin patients), with guidance to sites
to remove the sheath when anticoagulation status in the heparin arm
allowed safe sheath removal. Vascular closure devices were used at

the same time points.

ENDPOINT DEFINITIONS

The composite ischaemic endpoint was death, non-fatal MI, urgent
target vessel revascularisation, or recurrent ischaemia in the target
vessel distribution through 30 days. Specific procedural complica-
tions, including abrupt or threatened coronary artery closure, distal
embolisation, clot formation on catheters or wires, no reflow, or any
other thrombotic complication, as well as the presence of thrombus
on initial angiography, were recorded at the time of catheterisation
and specifically queried at the time of PCI. Bleeding was deter-
mined using a modified ACUITY scale®. All bleeding and ischae-
mic events were monitored through 30 days and were adjudicated
using original source documents by an independent clinical events
committee blinded to study treatment.

STATISTICAL METHODS

Analyses were performed at the Duke Clinical Research Institute
(Durham, NC, USA) with full access to the trial database. All anal-
yses were performed on an intention-to-treat basis. Baseline, treat-
ment, and complication characteristics are described as frequencies
and percentages for categorical variables and median (25%, 75" per-
centiles), median (range), or mean (standard deviation) for contin-
uous variables. Odds ratios (ORs) and 95% confidence intervals
(CIs) were provided for the ischaemic event composite (com-
paring REG1 with heparin) and for bleeding events (comparing



REG1-100% reversal with heparin and REG1-100% reversal with
REG1-25% reversal). Statistical testing for these comparisons was
performed using Fisher’s mid-p test. Comparisons of demographic
data, treatment characteristics and angiographic complications used
the likelihood ratio chi-square test or Fisher’s exact test, as appro-
priate, for categorical variables and Wilcoxon rank-sum test for
continuous variables. All analyses were performed using SAS ver-
sion 9.2 (SAS Institute Inc., Cary, NC, USA).

Results

BASELINE CLINICAL AND DEMOGRAPHIC CHARACTERISTICS
Of 640 patients enrolled in RADAR, 388 (61%) underwent PCI
(Figure 1). The baseline characteristics were well balanced between
treatment arms (Table 1) and reflected those of the overall RADAR
population. Enrolment in the pegnivacogin with 25% reversal arm
was stopped after the first data and safety monitoring board meeting
per protocol due to excess bleeding®.

PROCEDURAL CHARACTERISTICS
Among patients undergoing PCI, 99.3% of patients in the pegni-
vacogin arms and all patients in the heparin arm received assigned
therapy (Table 2). PCI was performed a median of 10.1 (25%, 75"
percentile: 8.4, 11.2) and 9.8 (7.0, 10.9) hours after randomisation in
REGT1 and heparin patients, respectively. Use of thienopyridines was
high and similar in the pegnivacogin and heparin arms, with prasug-
rel utilised in a minority of patients (Table 2) and more frequently in
the heparin arm. Treatment arms were similar in numbers and types
of lesions treated as well as other procedural characteristics.

Use of glycoprotein IIb/I1a inhibitors was low in both arms, but
modestly higher in heparin patients (23.4 vs. 14.8%) where its use
was recommended. Glycoprotein IIb/Illa inhibitors were started

prior to catheterisation in one patient in each arm, and after the

Table 1. Demographic data of PCI patients.

Total REG1

RADAR-PCI cohort

Heparin

(N=27T) | (N=117) | PVl
Age, median (25", 75%), yrs 64.0 (56.1,72.3)|62.4 (55.3, 71.7)| 0.28
Range 33.7,85.5 37.5,83.4
Male 207 (74.7%) 78(70.3%) | 0.37
Race White 264 (95.3%) | 104(93.7%) 0.52

Black 7(2.5%) 5 (4.5%)

Other 6 (2.2%) 2 (1.8%)
Hispanic/Latino 4(1.4%) 1(0.9%) 1.0
Non-Hispanic/Latino 273 (98.6%) | 110(99.1%)

Past Congestive HF 27(9.7%) 6 (5.4%) 0.15
mgfo'fya' M 128(46.2%) | 58(523%) | 0.8

Previous PCI 126 (45.5%) 47 (42.3%) | 0.57

Previous CABG 44 (15.9%) 12(10.8%) | 0.19

mzr;;”s"’” eQUIINg 1 910 (75.8%) |84/111(757%)| 098

Diabetes 86 (31.0%) 31 (27.9%) 0.54

Renal insufficiency 21(7.6%) 8(7.2%) 0.90

Stroke 11 (4.0%) 3(2.7%) 0.77

Current tobacco use 78 (28.2%) 39 (35.1%) 0.18
Enrolment 3nge’zéciof'segmem 68(245%) | 32(288%) | 039

Coed toponin L L0 | 148(53.4%) | 68(613%) | 016

Documented history of CAD| 146 (52.7%) 51 (45.9%) 0.23

PCI: percutaneous coronary intervention

Data are presented as no. (%) unless otherwise indicated. CABG: coronary artery bypass
grafting; CAD: coronary artery disease; HF: heart failure; MI: myocardial infarction;

initiation of catheterisation in 37 (13.6%) and 24 (21.6%) patients
randomised to pegnivacogin and heparin, respectively. Among

patients assigned to heparin, meantstandard deviation and median
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Figure 1. RADAR-PCI study diagram.
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Table 2. Treatment characteristics.
‘ REG1 ‘ Heparin ‘p-value

Treatment with study drug 274 (99.3%) | 110 (100%) 1.0

Aspirin (maintenance) 269 (97.1%) | 107 (96.4%) | 0.75

Table 3. Angiographic findings and ischaemic endpoints from
index catheterisation.
REG1 Heparin | p-value
PCI complications

Values presented as percentages unless otherwise indicated. LAD: left anterior descending;
LCx: left circumflex; RCA: right coronary artery; SD: standard deviation

(25", 75™) local activated clotting time values were 216+181 and
193 (143, 999) pre-procedure and 21945 and 223 (183, 255) post-
procedure, respectively.

Outcomes

PROCEDURAL COMPLICATIONS

The incidence of angiographic complications (Table 3), including
mechanical and thrombotic issues, was similar in REG1 and hepa-
rin-treated patients (11.2 vs. 10.8%, p=0.9). Thrombus was noted
on initial angiography in 6.9% and 7.2% of REG1 and heparin sub-
jects, respectively. Thrombus formation during index PCI was
noted in three (1.1%) REGI1 patients and one (0.9%) heparin
patient. No periprocedural thrombus formation on guidewires or
catheters was observed in any patient, and no REGI patients
required transition from pegnivacogin to heparin. The rates of other
thrombotic or potentially thrombotic complications (abrupt closure,

(
(
Any thienopyridine 273(98.6%) | 106(95.5%) | 0.13 Thrombus present on angiography 19(6.9%) | 8(7.2%) 0.90
Prasugrel 31 (11.2%) 21 (18.9%) | 0.05 Thrombus noted during PCI 8(2.9%) 0 0.11
Clopidogrel 253 (91.3%) | 92(82.9%) | 0.02 Thrombus formation during PCI 3(1.1%) | 1(0.9%)
Loading dose of thienopyridine 201 (72.6%) | 74(66.7%) | 0.25 Major dissection 2(0.7%) 1(0.9%) 1.0
Loading dose of clopidogrel 182 (65.7%) | 64(57.7%) | 0.14 Abrupt closure 0 1(0.9%) 0.29
Glycoprotein IIb/Illa inhibitors 41(14.8%) | 26(23.4%) | 0.05 Distal embolisation 1(0.4%) | 1(0.9%) 0.49
Eptifibatide 26 (9.4%) 14 (12.6%) | 0.35 Side branch occlusion 0 1(0.9%) 0.29
Abciximah 3(1.1%) 9(8.1%) 0.0009 Clot formation on wire 0 0
Tirofiban 8(2.9%) 2(1.8%) 0.73 No reflow 10 (3.6%) 2 (1.8%) 0.52
Other 4 (1.4%) 1(0.9%) 1.0 Failure to cross 3(1.1%) 1(0.9%) 1.0
Vascular closure device 32(134%) | 17(18.3%) | 0.27 Failure to dilate 2(0.7%) | 1(0.9%) 1.0
Time to catheterisation, median (range) |10.0 (0.9, 32.9)| 9.7 (2.1,33.2) | 0.15 Other 8(2.9%) 4(3.6%) 0.72
Number of lesions, mean (SD) 4(0.7) 1.3(0.6) 0.30 All findings 31(11.2%) | 12 (10.8%) 0.90
Target vessel (%) | Left main 3(1%) 0 0.56
LAD 106 (38.7%) | 31(28.2%) | 0.05 Periprocedural MI (<24 hrs) 6 (2.2%) 5(4.5%) 0.31
LCx 87(31.8%) | 35(31.8%) | 0.99 30-day urgent TVR 3(1.1%) 1(0.9%) 1.0
RCA 102 (37.2%) | 46(41.8%) | 0.40 30-day MI 11(4.0%) | 7(64%) 0.33
Native coronary (%) 264 (96.4%) | 102 (92.7%) | 0.14 30-day death 0 0
Saphenous vein graft (%) 13(4.7%) 6(5.5%) 0.77 Values presented as no. (%). MI: myocardial infarction; PCI: percutaneous coronary
- intervention; TVR: target vessel revascularisation
V!orst lesion grade | A 100 (37.3%) 35(32.7%) | 0.40
" J el [ AR ) O distal embolisation, no reflow) were low. Periprocedural MI (occur-
¢ 72(263%) | 30(28.0%) | 082 ring within 24 hours of PCI) occurred in 2.2% (REG1) and 4.5%
Worst pre-stenosis mean, (SD) 88.9(11.4%) | 89.8(10.2) 0.51 (heparin) of subjects.
Innote(rl//e)ntion type, | Thrombectomy 2(0.7%) 2(18%) | 033 Thirty-day ischaemic events were similar in the two treatment
e Any stent 246 (90.1%) | 97 (88.2%) | 0.58 arms. Notably, there were no deaths, MI occurred in 4.0% and 6.4%
Bare metal stent | 134 (48.4%) | 50 (45.1%) | 0.5 of REGI and heparin patients, and urgent target vessel revascularisa-
Drug-eluting stent | 116 (41.9%) | 50 (45.1%) | 0.57 tion through 30 days was rare and similar in both arms (1.1% [REG1]

vs. 0.9% [heparin]); this was not related to the degree of pegniva-
cogin reversal, with one event in the 25%, 75%, and 100% reversal
groups. The composite of 30-day death, non-fatal MI, urgent target
vessel revascularisation, or recurrent ischaemia in the target vessel
distribution was numerically but not statistically lower in patients

assigned to pegnivacogin compared with heparin (Figure 2).

A 0R=0.6, 95% Cl: 0.2-1.7, p=0.3 B OR=0.4, 95% Cl: 0.1-1.2, p=0.06
€8 13 €8 4 1.2
Fo Fs
e £
88 44 58
~8 84 29
= =g
£& 7 & 7
© 3 © 3
38 38
REG1 Heparin REG1 Heparin

Figure 2. Incidence of the composite ischaemic endpoint (death,
non-fatal MI, urgent target vessel revascularisation, or recurrent
ischaemia in the target vessel distribution). A) Incidence at 30 days.
B) Incidence through hospital discharge.



BLEEDING

Bleeding was substantial in the 25% reversal arm prior to discon-
tinuation of enrolment (Figure 3), but similar among the other peg-
nivacogin arms and in patients randomised to heparin. There was
a stepwise trend between total and major modified ACUITY bleed-
ing with degree of reversal. Additional open-label anivamersen was
required in 27.3%, 4.5%, 4.3%, and 2.6% in the 25%, 50%, 75%,
and 100% reversal arms, respectively, mirroring rates of major
bleeding. Although RADAR was not powered to compare bleeding
rates statistically in this cohort, there was a lower rate of total bleed-
ing at 30 days with REG1 and 100% reversal compared with REG1
and 25% reversal (p=0.003) (Figure 3). Excluding major bleeding
events defined solely on the basis of the presence of a 5 cm haema-
toma, a component of ACUITY but not many other bleeding scales,
resulted in similar results (bleeding in 13.6%, 4.5%, 4.2%, and
3.5% in the 25%, 50%, 75%, and 100% reversal arms, respectively,
and 5.5% in the heparin arm).

We also assessed the impact of glycoprotein IIb/II1a inhibitor use
on bleeding in both REGI-treated and heparin-treated patients.
Bleeding was increased to a similar degree in all groups when gly-
coprotein IIb/ITa inhibition was instituted (Table 4).

0R=0.2, 95% Cl. 0.1-0.7, p<0.003

68.2
9 60| 0R=0.9, 95% Cl: 0.5-1.5, p=0.53
= 1

8- 38.8 35.2 34.2 i
20 BEZ 11.9 85 20 10.9

REGI-25%  REGI-50%  REGI-75%  REGI-100% - Heparin
OR=02, 95% CI: 0.1-0.5, p=0.002
80 I
68.2
604 OR=0.6, 95% Cl: 0.3-1.1, p=0.1
g 38.2 36.9
S a0 - :
3 324 26.7
2, B s2
1138 a ” 10.8

REG1-25%

REG1-50% REG1-75%  REG1-100% Heparin
Figure 3. The number and incidence of total and major modified
ACUITY-defined bleeding. A) Incidence of bleeding at 30 days.

B) Incidence of bleeding through hospital discharge.

RADAR-PCI cohort

Discussion

This analysis of patients undergoing PCI in the RADAR trial dem-
onstrates that pegnivacogin-mediated factor IXa inhibition as sole
anticoagulant appears adequate for the safe conduct of PCI in an
ACS population, with no evidence that partial or complete reversal
of anticoagulation post procedure was associated with an increased
risk of stent thrombosis.

ISCHAEMIC EVENTS

RADAR-PCI confirmed the feasibility of using pegnivacogin cou-
pled with post-procedural reversal to suppress ischaemic events
effectively during and in the early post-procedural time period, as
assessed by investigator-reported thrombus on initial angiography
and intraprocedural clot formation.

Approaches to the development of better anticoagulants which
favourably affect both ischaemic and bleeding events include tar-
geting novel steps in the coagulation process or use of high-potency
therapeutics with short half-lives. Coagulation factor [Xa is a more
important determinant of thrombin generation than factor Xa or
thrombin, plays a vital role in both initiation and propagation of
coagulation, and is present at lower and more stable levels than
other downstream targets''"”. In addition, factor IX is directly acti-
vated in response to contact with foreign surfaces, thus inhibition of
factor 1Xa may be particularly attractive to suppress catheter-
related ischaemic complications.

RADAR-PCI suggests that these considerations may translate
into clinical utility. While the current study is too small to make
definitive conclusions, it is reassuring that catheter-related compli-
cations noted with other strategies, notably factor Xa inhibition'3,
were not observed in this study. Reassuringly, given the subjective
nature of thrombus identification on angiography and the open-
label randomisation between REG1 and heparin, both local assess-
ment of thrombus at angiography as well as centrally adjudicated
objective endpoints were consistent. These observations suggest
that factor IXa inhibition is an attractive potential target'* for effec-
tive procedural anticoagulation.

In addition, REG1 for the first time allows precise and immedi-
ate partial or complete post-procedural reversal of anticoagulation,
perhaps mitigating the risk of high-level (>99%)'* intraprocedural
factor inhibition through the use of a controlling strategy to titrate
actively the level of anticoagulation to which the patient is exposed.
The optimal level of immediate post-procedural anticoagulation has

Table 4. Incidence of 30-day ACUITY and ACUITY major bleeding by glycoprotein IIb/llla inhibitor use.

6Pl 25% Reversal 50% Reversal 75% Reversal 100% Reversal Heparin

use

Yes 8/9 2/9 2/4 0/4 1/9 10/15 2/15 11/24 3/23
(89%) (22%) (50%) (0%) (33%) (11%) (67%) (13%) (46%) (13%)

No 7/13 2/13 24/63 8/63 22162 6/62 29/99 6/99 31/87 9/87
(54%) (15%) (38%) (13%) (36%) (8%) (29%) (6%) (36%) (10%)

GPI: glycoprotein inhibitor
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yet to be defined, but a higher incidence of acute stent thrombosis
has been observed with other short half-lived agents'>. We observed
no evidence that immediate post-procedural reversal resulted in
acute thrombotic events or stent thrombosis, as evidenced by the
need for urgent target vessel revascularisation. While RADAR was
not powered to assess adequately such rare events, it is notable
that pegnivacogin reversal has not been associated with increased

thrombin generation'®.

BLEEDING

Analysis of bleeding demonstrates that at least 50% pegnivacogin
reversal is required to allow early removal of femoral sheaths.
While not powered to detect differences in bleeding between indi-
vidual reversal arms, we observed a stepwise relationship between
total and major bleeding and degree of reversal, demonstrating that
acute post-procedural reversal of anticoagulation may impact on
bleeding. Notably, this is consistent with prior observations demon-
strating a clear relationship between the degree of anticoagulation
and bleeding, while the relationship with ischaemic events is less
clear'”. This relationship and rate of bleeding mirrors that observed
in the RADAR trial in REG1-treated patients, in which full-dose
anticoagulation was administered prior to catheterisation in all
patients. In contrast, the incidence of bleeding in heparin-treated
patients increased from 31.3% (RADAR) to 37.8% (RADAR-PCI),
probably due to the exposure to additional and higher doses of hep-
arin in those subjects treated with PCI.

Comparison of events between REG1-treated and heparin-treated
subjects is subject to the bias inherent in open-label comparisons.
RADAR-PCI suggests that REG1-mediated near complete factor
IXa inhibition coupled with >50% reversal results in no increase in
bleeding. Indeed, the observed rate of major bleeding in the 100%

immediate reversal arm was decreased by >50% relative to heparin.

CONCOMITANT MEDICATION USE

Patients in the REG1 arms were to be treated with glycoprotein I1b/
IIIa inhibitors only if periprocedural findings warranted (bail-out
indications). In contrast, glycoprotein IIb/Illa inhibition was rec-
ommended in heparin-treated patients due to the acute nature of
presentation required for entry into the study. At the time RADAR
was designed, glycoprotein IIb/Illa inhibitors were still recom-
mended in addition to heparin for ACS/NSTEMI patients. In con-
trast, REG1 was designed to utilise a pegnivacogin dose which
uniformly achieves near complete (>99.5%) factor IXa inhibi-
tion”!, providing maximal anticoagulation.

In practice, the use of parenteral glycoprotein IIb/Illa inhibitors
was confined to a minority of heparin patients, mirroring current
clinical practice, which reflected the decreasing use of GP IIb/Illa
inhibitors in North America after publication of ACUITY, the
increasing awareness of bleeding complications associated with GP
IIb/IIa inhibitor use, the increasing use of upfront thienopyridines,
and the (by comparison) low use of these agents in some countries
represented in RADAR. In REG1-treated patients, where glycopro-
tein IIb/Ila inhibitors were to be used only if angiographically

indicated, their use was similar to that which has been reported in
other studies with similar indications'*!3?°, Their use in RADAR-
PCI may have been affected by the unblinded randomisation
between REG1 and heparin and unfamiliarity with a novel antico-
agulant, with a resulting lower threshold for implementation of
additional antithrombotic therapy.

As expected, 30-day bleeding appeared higher with the addition
of glycoprotein IIb/Illa inhibition. Our analysis suggests that the
increase in bleeding risk was similar in heparin and REG1 patients,
suggesting that the addition of glycoprotein IIb/I1la inhibition does
not pose an excessive bleeding risk when used in conjunction with
pegnivacogin as compared with other anticoagulants; however,
determining the safety and efficacy of glycoprotein IIb/Illa use in
conjunction with factor IXa inhibition will require further analysis
in larger, more definitive studies.

Overall thienopyridine use and loading pre-procedure was simi-
lar between the REG1 and heparin groups. Interestingly, the use of
the more potent thienopyridine prasugrel was more frequent in hep-
arin-treated patients. The numbers of patients in this study are too
small to reach definitive conclusions; however, these observations
point to the potency of anticoagulation with pegnivacogin, which
compared favourably with heparin in relation to ischaemic events

despite the difference in thienopyridine selection.

COMPARISON WITH OTHER APPROACHES

Bivalirudin has generally been associated with ischaemic event
rates that are numerically, but not statistically, higher than those in
patients treated with heparin and glycoprotein IIb/IIla inhibition,
but with markedly lower bleeding rates??'. Whether a strategy of
high-level anticoagulation with near complete factor IXa inhibition
coupled with reversal is more effective in suppressing short-term
ischaemic complications while allowing early sheath removal with-
out compromising bleeding is currently being tested in the
REGULATE-PCI trial (NCT01848106). While heparin reversal
with protamine post PCI has been explored, the safety and utility of
this approach remain to be defined, and protamine has prothrom-
botic properties®. In contrast, anivamersen has no known biologi-

cal activity in the absence of pegnivacogin reversal.

Limitations

RADAR-PCI is a post-randomisation subgroup analysis of the
larger RADAR study and, as such, is underpowered for both bleed-
ing and ischaemic comparisons. Nonetheless, the consistency of the
findings with the RADAR study, together with confirmation of the
expected relationship between treatment reversal and bleeding, is
both convincing and encouraging. Although the number of ischae-
mic events is limited, we observed no concerns of thrombotic or
ischaemic complications in this first significant experience with
REGTI in PCI subjects.

The open-label randomisation between REG1 and heparin makes
comparing both bleeding and subjective ischaemic endpoints, espe-
cially angiographic findings, between these strategies subject to
potential bias. However, one might expect that greater sensitivity



would be applied to the assessment of events in patients receiving
open-label investigational therapy compared with a standard approach.
It is therefore reassuring that the identification of thrombus and other
angiographic complications remained low in pegnivacogin-treated
patients and that these rates compared favourably with heparin. It is
also reassuring that treatment characteristics (Table 2) remained well
balanced between the groups. Indeed, the more frequent use of prasu-
grel in heparin-treated patients might be expected to lower ischaemic
and thrombotic complications in this arm relative to REG1.

RADAR was designed in part to assess the dose of anivamersen
required to allow immediate post-procedure sheath removal, and
limited enrolment to femoral access. The applicability of these find-
ings to a broader patient population requires further study; however,
it is unlikely that ischaemic and thrombotic complications would be

significantly affected by changes in access approach.

Conclusions

In this still limited experience, REG1-mediated factor [Xa inhibi-
tion appears to be a safe and feasible anticoagulation strategy for
suppressing ischaemic and thrombotic complications during PCI in
a high-risk ACS population. When coupled with appropriate rever-
sal, REG1 allows early femoral sheath removal without compro-
mising bleeding. Additional studies of REG1 in larger and varied
patient populations undergoing interventions in which transient
high-level anticoagulation with rapid post-procedural reversal is
attractive are warranted.

Impact on daily practice

REGI is an investigational agent requiring further study. This
analysis suggests that REG1 anticoagulation may be highly
effective at suppressing ischaemic events during PCI while also
favourably impacting on bleeding complications. The unique
properties of the REG1 anticoagulation system may make it ideal
for use in a variety of invasive procedures including other percu-
taneous and surgical interventions that require high-level antico-
agulation and where reversal post-procedure may be particularly
attractive. The current analysis lays the foundation for the
REGULATE-PCI trial, which is defining the effectiveness of
REGTI anticoagulation during PCI.
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