Int J Clin Exp Med 2015;8(1):800-808
www.ijcem.com /ISSN:1940-5901/1JCEM0002532

Original Article

Efficacy and safety of cangrelor for
patients with coronary artery disease:

a meta-analysis of four randomized trials

Yong Tang, Ya-Chen Zhang, Yu Chen, Yin Xiang

Division of Cardiology, Xinhua Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, China

Received September 15, 2014, Accepted December 1, 2014; Epub January 15, 2015; Published January 30,
2015

Abstract: Background: The efficacy and safety of new intravenous P2Y12 inhibitor (cangrelor) for patients with
coronary artery disease (CAD) remain unclear. Methods and Results: Trials were identified in PubMed, Web of Sci-
ence, Embase, and Cochrane Database searches. We included four randomized, placebo-controlled reports in the
meta-analysis. The database consisted of 36, 081 patients on cangrelor compared with clopidogrel or placebo.
Major adverse cardiac events (MACE) were defined as the primary efficacy endpoint and major or severe bleeding at
48 hours was defined as the primary safety endpoint. Cangrelor significantly decreased risk of MACE (OR: 0.87, P =
0.002) and stent thrombosis (OR: 0.53, P < 0.001). However, at the same time, an increase in TIMI minor bleeding
(OR: 1.49, P = 0.04) and in GUSTO moderate bleeding (OR: 1.43, P = 0.04) were observed by cangrelor. Conclu-
sions: Intravenous administration of cangrelor is benefit to reduce risk of MACE and stent thrombosis in patients
with CAD excepting for increased minor bleeding events.
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Introduction

Dual antiplatelet therapy with clopidogrel and
aspirin has been the standard antiplatelet ther-
apy for acute coronary syndromes (ACSs) since
2001 [1], given its clear superiority in reducing
myocardial infarction (Ml),composite risk for
death and stent thrombosis in comparison to
aspirin alone [2, 3]. Clopidogrel, an irreversible
antagonist of the P2Y12 adenosine-diphos-
phate (ADP) platelet receptor, has a highly vari-
able effect on platelet inhibition [4]. Though
increased loading doses is an alternative
choice [5], recent papers have indicated that
doubling dose of clopidogrel has no evident
benefit on mortality in patients with percutane-
ous coronary intervention [6, 7].

Emerging P2Y12 inhibitors, such as prasugrel,
ticagrelor, cangrelor and elinogrel, have faster
onset of action and are more potent than clopi-
dogrel, showing better antiplatelet effects for
coronary artery disease (CAD) patients.
According to individual properties, new P2Y12
inhibitors can be classified as intravenous
drugs (cangrelor and elinogrel) and oral (ticagre-

lor and prasugrel). Some studies have indicated
the superior antiplatelet effects of new oral
P2Y12 inhibitors compared with clopidogrel [8,
9]. However, the benefit of the new intravenous
P2Y12 inhibitor (cangrelor) still remains unclear.
So the goal of this study is to synthesize the
available prospective data to help evaluate the
impact of cangrelor on risk of ischemic and
bleeding events in patients with CAD.

Methods
Search strategy

We conducted PubMed, Web of Science,
Embase, and Cochrane Database searches
(until March 2014) using medical subject head-
ing and keyword terms included the following
terms: (cangrelor) AND (acute coronary syn-
dromes OR myocardial infarction OR angina OR
coronary artery disease OR percutaneous coro-
nary intervention OR PCI). No language restric-
tions were applied. Randomized controlled tri-
als (RCT), cohort studies, case series and case
control studies were included. Review articles,
meeting abstracts, individual case reports and
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editorials were excluded. Literatures were
reviewed by two researchers (Tang and Chen)
independently of each other.

Study selection and data extraction

Studies were extracted if they met the following
criteria: 1) RCT enrolling patients with CAD or
ACS; 2) studies compare cangrelor with clopi-
dogrel; 3) the study supplied data on ischemic
and bleeding events. Two researchers (Tang
and Chen) extracted data independently. In
case of disagreements, a third investigator
(Zhang) made a decision by discussion. Data
extraction included: study name, publication
year, population, the length of follow-up, char-
acteristics of participants, efficacy and safety
outcomes.

Endpoints and definitions

The primary efficacy end point was major
adverse cardiac events (MACE). We also exam-
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ined all-cause death, myocardial infarction (Ml)
and stent thrombosis. Ml was defined accord-
ing to American College of Cardiology/American
Heart Association definitions [10, 11] or the
universal definition of Ml [12]. Definitions of
stent thrombosis were refereed to Academic
Research Consortium definitions [13]. The pri-
mary safety end point for this meta-analysis
was the rate of major bleeding defined by TIMI
or GUSTO criteria [14]. All endpoints were
checked at the points of 48 hours after PCI pro-
cedure in every study.

Quality assessment

The quality assessment of enrolled studies was
performed by risk of bias in line with the
Cochrane  Collaboration  methods  [15].
Specifically, sources of sequence generation,
incomplete outcome data, selective outcome
reporting, allocation concealment, masking of
outcome assessors, and other bias were
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Table 1. Main features of included studies
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) ) - Major

Study year n Population PCl  Follow-up Intervention Reference LD/MD MACEs definitions bleejjing

Bhatt 2009 5362 NSTEMI: 60% UA: 35% 99% 30days  Cangrelor IV 30 ug/kg bolus, 4 ug/kg/min 2-4 h, then Placebo + clopidogrel 600 mg at Death/MI/IDR TIMI

SCAD: 5% clopidogrel then clopidogrel 600 mg the end of PCI

Harrington 2009 8877 STEMI: 11% NSTEMI: 49% 100% 30 days Cangrelor IV 30 mg/kg bolus and 4 mg/kg/min 2 h Placebo + clopidogrel 600 mg Death/MI/IDR TIMI
UA: 25% SCAD: 15% 30 min before PCI

Leonardi 2012 10900 STEMI: 0% NSTEMI: 57%  100% 48 h Cangrelor IV 30 mg/kg bolus and 4 mg/kg/min 2-4 h  Placebo + clopidogrel 600 mg at Death/MI/IDR TIMI
UA: 31% SCAD: 12% the end of PCI

Bhatt 2103 10942  STEMI: 18% NSTEMI: 26% 100% 48 h Cangrelor IV 30 mg/kg bolus and 4 mg/kg/min 2-4 h  Clopidogrel 600 or 300 mg LD Death/MI/IDR/ST TIMI

SCAD: 56%

PCI, percutaneous coronary intervention; NSTEMI, none ST elevation myocardial infarction; STEMI, ST elevation myocardial infarction; UA, unstable angina; SCAD, stable coronary artery disease; LD, loading dose; MD, maintenance dose;
MACCE, major adverse cardiac and cerebrovascular events; IV: intravenous; MI: myocardical infarction; IDR, ischemia-driven revascularization; ST, stent thrombosis; TIMI, thrombolysis in myocardial infarction criteria.
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assessed in detail. Two independent reviewers
(Tang, Chen) carried out the quality assess-
ment, and any disagreements were settled by
consensus or adjudicated by a third reviewer
(Zhang).

Statistical analysis

Review Manager 5.2 (Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration,
Denmark) was used for analysis. The measure
of treatment effect for each study was the odds
ratio (OR) with 95% confidence interval (Cl).
Heterogeneity was quantified by using the I
statistic: low, moderate and high represented I
values of 25, 50 and 75%, respectively. In case
of high heterogeneity, sensitivity analyses were
conducted by removing each study individually
to explore possible reasons and to compare the
influence of various exclusion criteria on overall
risk estimate. In addition, subgroup analysis
was conducted if significant heterogeneity was
identified. A two-tailed P value < 0.05 was con-
sidered statistically significant for each test.

Results

The search strategy revealed 374 potentially
eligible study reports. Totally, 216 irrelevant
citations and 152 duplicates were excluded by
evaluating title and abstract. When abstracts
for inclusion and exclusion criteria were
reviewed, there were 6 studies requiring further
review. Among these, 2 studies were missed for
not getting necessary data by communicating
with authors. Finally, 4 RCTs were selected in
the meta-analysis referring to the review pro-
cess in Figure 1 [10, 11, 16, 17]. The database
consisted of 36,081 patients on cangrelor
compared with clopidogrel or placebo. Clo-
pidogrel loading doses ranged from 300 mg to
600 mg. The endpoints were observed at 48
hours after randomization. Characteristics of
the trials included in the analysis are shown in
Table 1.

In this meta-analysis, all the included studies
were double-blind, and almost all of the candi-
dates received PCIl procedure. Results were
reported in Figures 2, 3. There was no signifi-
cant heterogeneity for the analyses of MACE,
all-cause death, stent thrombosis, and major or
minor bleeding endpoints (P > 0.1, and I? <
50%). No significant differences were observed
in all-cause death (P = 0.08), MI (P = 0.13), TIMI
major bleeding (P = 0.99) and GUSTO severe
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bleeding (P = 0.49) between cangrelor group
and clopidogrel group. There was a 13%
decrease in MACE (OR: 0.87, 95% Cl: 0.79-
0.95, P = 0.002), and 47% decrease in stent
thrombosis (OR: 0.53, 95% Cl: 0.39-0.72, P <
0.01), along with a significant increase in TIMI
minor bleeding (OR: 1.49, 95% Cl: 1.02-2.17, P
= 0.004) and GUSTO moderate bleeding (OR:
1.43, 95% Cl: 1.02-2.00, P = 0.004).

Discussion

This meta-analysis systematically addresses
the question that whether new intravenous
P2Y12 inhibitor (cangrelor) is associated with
decreased efficacy or safety end points. The
main findings could be summarized as follows:
1) Comparing with clopidogrel, administration
of cangrelor leads to a significant reduction in
the incidence of major ischemic events (MACE,
stent thrombosis and Q-wave MI) in patients
with CAD. 2) Cangrelor significantly increases
risk of minor bleeding in comparison with
clopidogrel.

Although dual antiplatelet therapy is the corner-
stone of treating CAD patients, responsiveness
to clopidogrel varies obviously among individu-
als [18, 19]. Recent articles cannot reach an
agreement about whether high-dose clopido-
grel is benefit to reduce the risk of ischemic
events in patients, without increasing rate of
bleeding complications [5-7]. Some articles
supported that high-dose clopidogrel inhibits
platelet function effectively along with other
effects, such as improving endothelial nitric
oxide bioavailability and diminishing biomark-
ers of oxidant stress, and retarding the progres-
sion of established lesions and promotion of
cell apoptosis [20, 21]. However, recent papers
pointed that double dose of clopidogrel has no
obvious benefit on mortality with standard dose
of clopidogrel in patients [6, 7], and it did not
reduce the incidence of major ischemic events,
and it has no benefit effect on survival [22]. So,
more rapid and stronger inhibition of platelet
aggregation is necessary for emerging anti-
platelet agents, with the expectation of further
improving outcomes for patients with CAD.

The new P2Y12 inhibitor drugs with both intra-
venous (cangrelor and elinogrel) and oral (pra-
sugrel and ticagrelor) formulations, have faster
onset of action and greater potency than clopi-
dogrel. Prasugrel is a kind of thienopyridine oral
pro-drug, which can be changed into an irre-
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All-cause death Experimental Control 0dds Ratio 0Odds Ratio
_Study or Subgroup _ Events _ Total Events Total Weight M.H, Fixed, 95% Cl M-H, Fixed, 95% CI
Bhatt 2009 6 2654 18 2641 281%  0.33(0.13,0.83) R
Bhatt 2013 18 5470 18 5469 28.0% 1.00[0.52,1.92) ——
Harrington 2009 8 3888 5 3865 7.8% 1.59 [0.52, 4.87) o
Leonardi 2012 14 6543 23 6506 36.0% 0.60(0.31,1.18) —&
Total (95% Cl) 18556 18481 100.0%  0.72[0.49, 1.05] @
Total events 46 64 . . . .
Heterogeneity. Chi*= 5,90, df= 3 (P = 0.12), F= 49% 0.01 01 1 10 100
Test for overall efiect: Z=1.73 (P = 0.08) Favours [experimental] Favours [control]
Stent thrombosis _ ) _
Experimental Control 0Odds Ratio Odds Ratio
Study or Subgroup _ Events _ Total Events Total Weight M-H, Fixed, 95% CI M.H, Fixed, 95% CI
Bhatt 2009 5 2654 16 2641 13.4% 0.31[0.11, 0.85) ——
Bhatt 2013 41 5470 B9 5468 57.3% 0.59 [0.40, 0.87) : 2
Harrington 2009 7 3889 11 3865 9.2%  0.63(0.24,1.63) e
Leonardi 2012 11 5100 24 5067 201% 0.45(0.22,093) =
Total (95% Cl) 17113 17042 100.0%  0.53[0.39,0.72] L 2
Total events 64 120
Heterogeneity: Chi*=1.71, df= 3 (P = 0.63); F= 0% =0 o1 0= ] 1:0 100:

Test for overall effect: Z= 4.08 (P < 0.0001)

Favours [experimental] Favours [control)

C
_ Experimental Control Odds Ratio 0Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bhatt 2009 177 2654 191 2641 21.8% 0.92(0.74,1.13]
Bhatt 2013 207 5470 255 5469 29.9% 0.80 [0.67, 0.97]
Harrington 2009 278 3889 256 3865 29.1% 1.09 (0.91,1.29]
Leonardi 2012 144 5100 161 5067 19.2% 0.89 (0.70,1.11)
Total (95% CI) 17113 17042 100.0%  0.93[0.84, 1.02]
Total events 806 863 ’ , , ,
Heterogeneity: Chi*= 5.46, df=3 (P =0.14), F= 45% '0.01 UT1 1' 1r0 100‘
b Testfor overall effect Z=1.52 (P =0.13) Favours [experimental] Favours [control)
MACE Experimental Control Odds Ratio Odds Ratio
Study or Subgroup _ Events  Total Events Total Weight M.H, Fixed, 95% Cl M-H, Fixed, 95% ClI
Bhatt 2009 190 2654 226 2641 20.6% 0.82[0.67,1.01)
Bhatt 2013 257 5470 322 5469 301% 0.79[0.67,0.93] b
Harrington 2009 297 3889 287 3865 26.1% 1.03(0.87,1.22)
Leonardi 2012 202 6543 244 6506 23.2% 0.82 [0.68, 0.99)
Total (95% Cl) 18556 18481 100.0%  0.87 [0.79, 0.95] '
Total events 946 1079
Heterogeneity: Chi*= 5.89, df= 3 (P = 0.12), F= 49% 500 3 0=1 . 1"0 p 004

Test for overall effect: Z=3.14 (P = 0.002)

Favours [experimental] Favours [control]

Figure 2. Effects of new intravenous P2Y12 inhibitor compared with clopidogrel on efficacy events in patients with

CAD.

versible P2Y12 receptor inhibitor, while ticagre-
lor is a kind of oral, direct acting, and reversible
P2Y12 inhibitor. Previous researches revealed
that both drugs showed superior antiplatelet
effects compared with standard or higher
doses of clopidogrel, with features of inhibiting
platelet aggregation more rapidly and consis-
tently [9, 23, 24]. However, to our knowledge,
few meta-analysis systematically evaluates the
impact of new intravenous P2Y12 inhibitor
(cangrelor) on risk of ischemic and bleeding
events in patients with CAD. Cangrelor is an
intravenous, direct-acting and reversible P2Y12
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inhibitor. And elinogrel, which can be adminis-
tration by either intravenously or orally, is a
direct-acting, competitive and reversible inhibi-
tor of the P2Y12 receptor. These features may
offer specific theoretical advantages on safety
and efficacy. In our meta-analysis, 13% signifi-
cantly decrease in MACE and 47% significantly
decrease in stent thrombosis were observed
with cangrelor compared with clopidogrel.

New intravenous P2Y12 inhibitor could
decrease the primary end point including MACE
and stent thrombosis, and there was no differ-
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A
TIMI major bleeding . i i

Experimental Control Odds Ratio Odds Ratio

Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Bhatt 2009 4 2662 9 2650 32.2% 0.44[0.14,1.44) ——r

Bhatt 2013 5 5529 5 5527 17.9% 1.00[0.29, 3.45] —_—

Harrington 2009 19 4374 14 4365 49.9% 1.36[0.68, 2.71]

Total (95% CI) 12565 12542 100.0%  1.00[0.59, 1.69]

Total events 28 28

Heterogeneity: Chi*= 2,59, df= 2 (P =0.27); F= 23%
Test for overall effect. Z= 0.01 (P = 0.99)

B
TIMI minor bleeding

100

001 01 1 10
Favours [experimental] Favours [control]

Experimental Control Odds Ratio 0Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-.H, Fixed, 95% Cl
Bhatt 2009 22 2662 16 2650 35.6% 1.37[0.72, 2.62) N L
Bhatt 2013 9 5529 3 5527 6.7% 3.00[0.81,11.10] T
Harrington 2009 36 4374 26 4365 57.7% 1.38[0.83, 2.30] -
Total (95% CI) 12565 12542 100.0%  1.49[1.02, 2.17] &
Total events 67 45 :

Heterogeneity. Chi*=1.25, df= 2 (P = 0.54);, F=0%
Test for overall effect: Z= 2.06 (P = 0.04)

001 01 1 10 100

Favours [experimental] Favours [control)

° GUSTO severe bleeding
Experimental Control 0Odds Ratio Odds Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bhatt 2009 9 2662 6 2650 26.1% 1.49[0.53,4.21]

Bhatt 2013 9 5529 6 5527 26.1% 1.50 [0.53, 4.22]

Harrington 2009 10 4374 11 4365 47.8% 0.91[0.38,2.14)

Total (95% Cl) 12565 12542 100.0%  1.22[0.70, 2.11]

Total events 28 23

Heterogeneity: Chi*= 0.76, df= 2 (P = 0.68), F= 0%

1

001 041 10

1 100
b Testfor overall effect: Z= 0.69 (P = 0.49) Favours [experimental] Favours [control]
GUSTO moderate bleeding

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Bhatt 2008 20 2662 12 2650 20.7% 1.66 [0.81, 3.41) g
Bhatt 2013 22 5529 12 5527 208% 1.84[091,3.71) ] Bt
Harrington 2009 41 4374 34 4365 585% 1.21 [0.76, 1.90] -
Total (95% CI) 12565 12542 100.0%  1.43[1.02,2.00] 4
Total events 83 58
Heterogeneity: Chi*=1.19, df= 2 (P = 0.55), F= 0% :u 1 041 110 100:

Test for overall effect: Z= 2.09 (P = 0.04)

Favours [experimental] Favours [control]

Figure 3. Effects of new intravenous P2Y12 inhibitor compared with clopidogrel on safety events in patients with

CAD.

ence in major bleeding event between new
intravenous P2Y12 inhibitors and clopidogrel.
One previous meta-analysis about comparing
cangrelor with clopidogrel or placebo for pre-
vention of thrombotic complications during
and after PCl, suggested that cangrelor re-
duced PCI periprocedural thrombotic complica-
tions at the expense of increased bleeding
[25]. Dissimilarly, our pooled analysis consist-
ed of 36,803 CAD patients, and we found
that new intravenous P2Y12 inhibitor was only
related to increase minor bleeding in patients
with CAD.
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It is well known that new oral P2Y12 antago-
nists (prasugrel and ticagrelor) provide more
rapid and consistent platelet inhibition than
clopidogrel, especially for patients with STEMI.
However, these oral agents still require hours to
reach effective function of platelet inhibition,
and moreover they are limited by the uncontrol-
lable bleeding profile [8, 26, 27]. While the plas-
ma half-life of cangrelor is approximately sev-
eral minutes, so platelet function can be
restored within 1 hour after stop of the infusion
[28]. Based on these points, our meta-analysis
supported that cangrelor is superior for clinical
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implications, in spite of further investigation
are still required.

There are several limitations in our systemic
review. Firstly, as with any meta-analysis, it is
limited by the follow-up period of the enrolled
trials and the sample sizes, along with other
substrate-modifying strategies. For example, in
this meta-analysis, the method of agents’
administration in each trial were not completely
consistent, and this may induce bias in results.
And there was disparity in the definition of
some outcome events among the enrolled tri-
als (myocardial infarction and MACE). Secondly,
in most of the included trials, it was hard to
delineate the two separate subtypes of stroke
clearly (hemorrhagic and ischemic), because of
a lack of clinical information in detail. So we did
not include this important indicator. Thirdly,
heterogeneity caused by different factors is an
unavoidable limitation. Fortunately, the hetero-
geneities of clinical outcomes in our meta-anal-
ysis can be identified, and did not influence our
overall conclusion.

Conclusions

In this updated analysis, new intravenous
P2Y12 inhibitor (cangrelor) is associated with a
reduced risk for MACE and stent thrombosis in
patients with CAD, at the expense of increased
minor bleeding.
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