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HIGHLIGHTS

® Ticagrelor has reduced acute and long-term mortality in patients with coronary artery disease.

® Recent data have suggested that the advantages of ticagrelor could be extended to non-coronary atherothrombotic disease.

® We provide the most comprehensive meta-analysis on the impact of ticagrelor vs. traditional antiplatelet regimens in atherotrombotic disease.
® Among 10 randomized clinical trials, ticagrelor is associated with a significant reduction in mortality and recurrent cardiovascular events.

® Ticagrelor therapy was associated with a significant increase in major bleeding complications.

ARTICLE INFO ABSTRACT

Keywords: Background and aims: More potent antithrombotic strategies have significantly reduced the rate of recurrent is-
Ticagrelor chemic events in cardiovascular disease. Ticagrelor, in particular, has significantly improved the outcome in pa-
Athrothrombosis tients with acute coronary syndromes, offering potential benefits also in terms of survival. In addition, more recent
Mortality

data have suggested that the advantages of ticagrelor could be extended also to non-coronary atherothrombotic
disease, although with contrasting results, especially for mortality reduction. The aim of the present meta-analysis
was to investigate the safety and effectiveness of a newer antiplatelet strategy with ticagrelor as compared to
traditional antiplatelet regimens in patients with coronary or non-coronary atherothrombotic disease.

Methods: Literature and main scientific session abstracts were searched for studies comparing a ticagrelor-based
antiplatelet regimen vs. different antiplatelet agents in the secondary prevention of cardiac, cerebral or vascular
atherothrombotic events. The primary efficacy endpoint was mortality, primary safety endpoint was the oc-
currence of major bleedings. Secondary endpoints were myocardial infarction and stroke.

Results: We included 10 randomized clinical trials, for a total population of 73,121 patients, 54.9% randomized
to ticagrelor. At a mean follow-up of 13.4 * 12.6 months, a newer antiplatelet strategy based on ticagrelor was
associated with a significant reduction in mortality as compared to a traditional therapy (OR
[95%CI] = 0.92[0.86,0.99]1, p=0.02; phet = 0.14), however, such benefits were more evident in patients with
coronary artery disease, while not in non-coronary trials, with a significant interaction between patients’ setting
and the prognostic impact of ticagrelor (p int = 0.03). A similar result was achieved for cardiovascular mortality,
recurrent myocardial infarction, while for the risk of stroke, the largest advantages were observed in patients
with a previous cerebrovascular accident. Major bleeding events were increased in ticagrelor treated patients
(OR [95%CI] = 1.11 [1.02, 1.20], p=0.01; phet = 0.0003), although not affecting overall mortality, as con-
firmed by meta-regression analysis.

Conclusions: Based on the current meta-analysis, a newer antiplatelet strategy based on ticagrelor is associated
with a significant reduction in mortality and recurrent cardiovascular events, as compared to a traditional treat-
ment, among patients treated for coronary disease but not among those with non-coronary atherothrombotic
disease. However, ticagrelor therapy was associated with a significant increase in major bleeding complications.

Meta-analysis
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1. Introduction

Atherosclerotic disease is still the leading cause of mortality
worldwide. Despite the great improvement in percutaneous re-
vascularization, the outcome is still unsatisfactory in high-risk sub-
groups of patients [1-3]. Antiplatelet drugs represent the key point in
the secondary prevention of recurrent cardiac, cerebral or peripheral
vascular ischemic events among patients with ascertained athero-
sclerotic disease [4,5]. Despite the largest data in the field are derived
from trials on coronary artery disease (CAD), and mainly from the
settings of acute coronary syndromes or percutaneous coronary inter-
vention (PCI) [6,7], where dual antiplatelet therapy (DAPT) pharma-
cological platelet blockade is generally required, recent evidence has
emerged of a potential benefit from a more aggressive antiplatelet
therapy even among patients with non-coronary atherosclerotic disease
[8]. Moreover, whereas acetylsalicylic acid and clopidogrel have re-
presented for several decades the most preferred combination for dual
antiplatelet therapy, the recent introduction of more potent antith-
rombotic drugs, allowing the achievement of a deeper, more prompt
and predictable platelet inhibition, have provided significant anti-is-
chemic and outcome benefits [9-11], thus paving the way to different
antiplatelet strategies, including various pharmacological combina-
tions, dosing and duration [9], whose clinical implications are still
largely unexplored.

Among new antiplatelet agents, the most widely addressed, so far, is
ticagrelor, a directly active reversible antagonist of the P2Y12 receptor,
not requiring metabolic activation and therefore providing a fast-onset
and potent blockade of the adenosine-diphosphate mediated platelet
aggregation. Several trials have documented the prognostic benefits of
ticagrelor in CAD, both as acute or long-term therapy [12,13], therefore
representing the only antiplatelet agent to have offered a reduction in
mortality in these patients. However, such findings were not consistent
in different trials, and especially in patients with non-coronary vascular
disease [14,15]. Moreover, a potential raise in major bleeding compli-
cations has emerged in certain trials with ticagrelor [7,14].

Therefore, the aim of the present meta-analysis was to compre-
hensively evaluate the safety and efficacy of a newer antiplatelet
therapy with ticagrelor as compared to a traditional antiplatelet re-
gimen in patients with coronary or non-coronary atherothrombotic
disease.

575 records identified by
litterature search

l
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2. Materials and methods
2.1. Eligibility and search strategy

The literature was scanned by formal searches of electronic data-
bases (MEDLINE, Cochrane and EMBASE) for clinical studies and the
scientific session abstracts, searched on the TCT (www.tctmd.com),
EuroPCR (www.europcr.com), ACC (www.acc.org), AHA (www.aha.
org), and ESC (www.escardio.org) websites, for oral presentations and/
or expert slide presentations from January 2007 to September 2018.

”

The following key words were used: “ticagrelor”, “randomized trial”,
“mortality”; “outcome”.

No language restrictions were enforced. Inclusion criteria were: 1)
studies with randomized allocation to different antiplatelet regimens,
comprising the allocation to ticagrelor (as single or dual therapy) as
experimental strategy; 2) availability of complete clinical and outcome
data after discharge. Exclusion criteria were: 1) follow-up data in less
than 90% of patients, 2) ongoing studies or irretrievable data; 3) use of
a new antiplatelet agent (ticagrelor or prasugrel) in the control arm.

2.2. Data extraction and validity assessment

Data were independently abstracted by two investigators (MV,
GDL). In case of incomplete or unclear data, the authors were con-
tacted. Disagreements were resolved by consensus. Data were managed
according to the intention-to-treat principle. Data on cardiovascular
mortality were collected if data on overall mortality were not available.

2.3. Outcome measures

Primary efficacy endpoint was overall mortality. Primary safety
endpoint was the rate of major bleeding complications (according to
protocol definition).

Secondary endpoints were: 1) cardiovascular mortality, 2) recurrent
myocardial infarction, and, 3) stroke.

2.4. Data analysis

Statistical analysis was performed using the Review Manager 5.3
freeware package, SPSS 23.0 statistical package. Odds ratio (OR) and

408 citations excluded after removal of duplicates, not full-lenght articles or no
outcome assessment

167 full-lenght articles assessed

for elegibility

10 randomized trials
included in final
meta-analysis

- 4 studies excluded for pharmacological
strategy

33 studies excluded as not original-
data/meta-analysis

- 120 studies excluded after
inclusion/exclusion criteria assessment

(outcome endpoints, randomized design, treatment
completion >90% of study population)

Fig. 1. Flow diagram of the systematic overview process.
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95% confidence intervals (95%CI) were used as summary statistics. The
pooled odds ratio was calculated by using a fixed effect model (Mantel-
Haensel). The Breslow-Day test was used to examine the statistical
evidence of heterogeneity across the studies (p < 0.1). Potential pub-
lication bias was examined by constructing a “funnel plot”, in which
sample size was plotted against odds ratios (for the primary endpoint).
The study quality was evaluated by the same two investigators ac-
cording to a score, that was expressed on ordinal scale, allocating 1
point for the presence of each of the following: 1) statement of objec-
tives, 2) explicit inclusion and exclusion criteria, 3) description of in-
tervention, 4) objective means of follow-up, 5) description of adverse
events, 6) power analysis, 7) description of statistical methods, 8)
multicenter design, 9) discussion of withdrawals, and, 10) details on
medical therapy.

A pre-specified subgroup analysis was conducted separating pa-
tients with coronary and non-coronary atherothombotic disease. In case
of different ticagrelor-based strategies or dosing were present, data
were considered as the pooling of the data of the ticagrelor-treated
patients.

A random-effect meta-regression analysis was carried out to eval-
uate the relationship between the survival benefits of Ticagrelor and
patients’ risk profile (defined as the Log ODDS for the event in the
control group) or the difference in bleeding complication (defined as
the Log ODDS Ratio for major bleedings).

The study was performed in compliance with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines [17].

3. Results
3.1. Eligible studies

A total of 575 studies were screened for inclusion in our meta-
analysis, as shown in the flow-chart for the selection process in Fig. 1.
Two trials were excluded since comparing a ticagrelor-based anti-
platelet regimen with another new antiplatelet drug [18,19], and two
trials since using ticagrelor also in the control arm [20,21]. Two trials
were excluded since providing only in-hospital follow-up [22,23].

Finally, 10 studies [13-16,24-29] were included in our meta-ana-
lysis, with an overall population of 73,121 patients. Among them,
40,174 (54.9%) were randomized to a ticagrelor-based antiplatelet
strategy, while 32,947 patients to a different antiplatelet regimen. Two
trials [15,16] were performed in the setting of non-coronary athero-
thrombotic disease, while 8 trials included patients with CAD, of which
5 studies were conducted in the setting of ACS, while 3 studies
[14,28,29] enrolled subjects with stable CAD, especially those under-
going bypass grafting (CABG) in 2 trials [28,29].
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ticagrelor and acetylsalicylic acid (ASA) in 7 trials [13,14,24-28], ti-
cagrelor alone in 2 trials [15,16] while one trial [29] allowed the use of
ticagrelor both in single therapy or in association with ASA. In the
control arm, antiplatelet therapy comprised DAPT with ASA and clo-
pidogrel in 5 trials, ASA alone in 4 trials [14,15,28,29] and clopidogrel
alone in one trial [16]. Ticagrelor daily dose was 180 mg, whereas 1
trial tested a reduced 120 mg-dose in one treatment arm [14].

Study characteristics of included trials are shown in Table 1. Mean
follow-up was 13.4 + 12.6 months, (median 12 months) ranging from
1 month [27] to 36 months [14,16].

Table 2 displays the characteristics of enrolled patients, with a mean
age of 63.7 + 2.4 years, 73.8% males, 29.4% diabetics and 49.5% with
ACS.

3.2. Clinical outcome

3.2.1. Primary efficacy endpoint

Data on mortality were available in 73,101 patients (99.9% of total
population). Two trials provided only cardiovascular mortality [28,29].
A total of 3375 patients (4.6%) had died at follow-up, with a significant
lower rate of events in ticagrelor treated patients (4.4% (1781/40,164)
vs. 4.8% (1594/32937), OR[95%CI] = 0.92[0.86,0.99], p=0.02;
phet = 0.14, Fig. 2).

However, such benefits were more evident in patients with coronary
artery disease (4.1% (1085/26645) vs. 4.7% (901/19372), OR
[95%CI] = 0.86[0.79,0.95], p=0.002; phet = 0.31) while not in non-
coronary trials (5.2% (696/13519) vs. 5.1% (693/13565), OR
[95%CI] = 1.01[0.90,1.13], p=0.88, phet = 0.36, p int = 0.03).

By the use of meta-regression analysis, the benefits of the new an-
tiplatelet therapy were not affected by patients’ risk profile (r = 0.041[-
0.047,0.128], p=0.36) or the differential risk of major bleeding com-
plications between the two treatment arms (r = —0.195, [-0.99,0.61],
p=0.63), Fig. 3. However, larger benefits in mortality with ticagrelor
were observed among younger patients (p=0.002), as shown in
Supplementary Table 3.

3.3. Secondary endpoints

3.3.1. Cardiovascular mortality

Data on cardiovascular mortality were available in 73,101 patients
(99.9%); among them, 2277 (3.1%) experienced an event, with a lower
CV mortality with the new as compared with the traditional antiplatelet
regimen (2.9% (1179/40,164) vs. 3.3% (1098/32,937), OR
[95%CI] = 0.90 [0.83,0.98], p = 0.02, phet = 0.17, Supplementary
Fig. 4. Similar results were obtained in cardiovascular trials (2.9%
(775/26645) vs. 3.7% (720/19372), OR[95%CI] = 0.72 [0.74,0.91],
p=0.0002, phet = 0.78), but not in non-coronary disease (2.99%(404/

Antiplatelet agents used for the ticagrelor-based regimen were 13519) vs. 2.8% (378/13565), OR[95%CI] = 1.08 [0.93, 1.24],
Table 2
Clinical features of patients in included studies.
Study DISPERSE-2 PEGASUS TIMI 54 PHILO PLATO TANG et al. TREAT SAW et al. ZHAO et al. EUCLID SOCRATES
Patients, n (new/standard 334/327 14095/7067 401/400 9333/9291 210/210 1913/1886 35/35 334/166 6930/6955 6589/6510
therapy)
Follow-up (months) 3 36 12 12 6 1 12 12 36 4
Bleeding definition TIMI TIMI non CABG related, =~ PLATO TIMI TIMI PLATO - TIMI PLATO
PLATO defined
Age (mean) 64/62 65.4/65.2 67/66 62/62 64.4/64.2 59/58.8 61.7/62.5 63.4/64 66/66 65.8/65.9
Male gender (%) 63.8 76.3 76.5 71.8 72 77.1 87.2 82.7 72 58.5
Diabetes mellitus(%) 249 32.3 34.6 25 25 16.8 30 42.7 38.5 24.4
Hypertension (%) - 77.5 74.3 65.5 59.5 56.4 77.2 74.6 78.2 73.7
Acute coronary syndromes  53.4 52 37.6 100 100 0 0 - -

(%)
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Overall mortality
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Ticagrelor Control Odds Ratio Odds Ratio
Study Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coronary artery disease ———
DISPERSE-2 7 334 4 327 0.2% ] 0'94 [0.82, 1‘08]
PEGASUS TIMI-54 615 14095 326 7067 25.9% LI 1'44 {0'54' 3-81}
PHILO 10 401 7 400 0.4% -1 - 0.78[0.68, 0.89]
PLATO 399 9333 506 9291 30.3% x* 0.66 [0.18, 2.37]
Saw et al.* 4 200 6 200 0.4% 0'99 [0'66‘ 1'47]
Tang et al. 49 1913 49 1886 3.0% 4 . 0'32 0'01' 8.23
TREAT 0 35 1 35 0.1% ) ¥ 0'25 EO'OZ, 2'741
Zhao et al*. 1 334 2 166 0.2% 4 ’ R
0.86 [0.79, 0.95;
Subtotal (95% Cl) 1085 26645 901 19372 60.5% ’ [ 1
Heterogeneity: Chi? =8.29, df =7 (P = 0.31); 1= 16%
Test for overall effect: Z = 3.13 (P = 0.002)
Non coronary atherothrombotic disease
0.991[0.88, 1.11
EUCLIDS 628 6930 635 6955 35.9% L] 118 [0 83, 1 67]
SOCRATES 68 6589 58 6610 3.6% ™ 1810.83,1.67]
1.01[0.90, 1.13
Subtotal (95% Cl) 696 13519 693 13565 39.5% ’ [ 1
Heterogeneity: Chi? = 0.83, df =1 (P =0.36); I?= 0%
Test for overall effect: Z=0.15 (P = 0.88)
0.92 [0.86, 0.99
Total (95% ClI) 1781 40164 1594 32937 100.0% ’ ! ’ ]
Heterogeneity: Chi? = 13.57, df = 9 (P = 0.14); I = 34%
1 | | 1 1 ]
. - - T T T T T 1
Test for overall effect: Z=2.29 (P = 0.02) 01 02 05 1 2 5 10

Test for subgroup differences: Chi? = 4.52, df = 1 (P = 0.03),
2=77.9%

Favours Ticagrelor

Favours Control

Fig. 2. Ticagrelor versus traditional antiplatelet agents in mortality, with odds ratios and 95% confidence intervals (CI).
The size of the data markers (squares) is approximately proportional to the statistical weight of each trial.

p=0.32, phet = 0.68, p int = 0.003).

3.3.2. Myocardial infarction

Data on recurrent myocardial infarction were available in 73,101
patients (99.9%), of whom 2015 (3.9%) experienced an event. A sig-
nificant reduction in the risk of non-fatal myocardial infarction was
observed in the ticagrelor as compared to the traditional antiplatelet
strategy arm (3.7% (480/40,164) vs. 4.1% (1335/32,937), OR
[95%CI] = 0.89 [0.82, 0.96], p=0.002; phet = 0.21; Supplementary
Fig. 5, mainly driven by trials conducted in CAD patients (4.2% (1106/
26,645) vs. 5.1% (980/19372), OR[95%CI] = 0.83 [0.76, 0.91],
p < 0.0001; phet = 0.80), whereas a null effect was observed in pa-
tients with peripheral or cerebrovascular disease (2.8% (374/13,519)
vs. 2.6% (355/13,565), OR[95%CI] = 1.06 [0.91, 1.23], p=0.044,
phet = 0.68, p int = 0.006).

3.3.3. Stroke

Data on stroke were available in 73,101 patients (99.9%). A total of
947 (1.3%) experienced such an event. The risk of cerebrovascular
events was significantly reduced with the newer antithrombotic
strategy (1.2% (497/40,164) vs. 1.4% (450/32,937), OR
[95%CI] = 0.88 [0.77, 11, p=0.05; phet = 0.12; Supplementary Fig. 6.
The results were mainly driven by a significant benefit in stroke in
patients with a previous non-coronary atherothrombotic event (1.1%
(149/13,519) vs. 1.3% (186/13,565), OR[95%CI] = 0.80 [0.64, 1.00],
p=0.04; phet = 0.38), while a similar trend was observed in CAD trials
(1.3% (348/26,645) vs. 1.4% (264/19,372), OR[95%CI] = 0.92 [0.79,
1.09], p=0.34; phet = 0.09, p int = 0.30).

3.3.4. Major bleedings
Data on major bleedings were available in 72,678 patients (99.4%).
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A major bleeding event was documented in 2020 patients (2.8%). TIMI
(Thrombolysis in Myocardial Infarction) Major definition was used in 5
studies [11,13,19,21,24], whereas 4 studies provided data on PLATO
defined major bleedings [10-12,20,25], while in one study definition
was not available [29].

As shown in Supplementary Fig. 7, the newer ticagrelor-based an-
tiplatelet regimen significantly increased the rate of major bleeding
events (3.5%, (1421/39,917) vs. 1.6% (1194/32,761), OR
[95%CI] = 1.11 [1.02, 1.20], p=0.01; phet = 0.0003) mainly in trials
including CAD patients (OR[95%CI] = 1.13 [1.04, 1.23], p=0.006;
phet = 0.0001 rather than non-coronary trials (OR[95%CI] = 0.98
[0.78, 1.24], p=0.88, phet = 0.38, p int = 0.27).

4. Discussion

The present study represents one of the most updated and com-
prehensive meta-analysis evaluating the prognostic impact of a newer
antiplatelet therapy, based on the more potent drug ticagrelor, as
compared to a standard antiplatelet treatment in patients with coronary
and non-coronary atherothrombotic disease.

We demonstrated that the introduction of this new drug is asso-
ciated with significant benefits in the reduction of recurrent ischemic
events and, despite being weighted by an increase in major bleeding
complications, the use of ticagrelor could lower mortality, ad especially
among patients with coronary artery disease (CAD).

Recent advances in the field of pharmacological antithrombotic
therapies, in fact, have significantly improved the outcomes of patients
with atherothrombotic disease, including coronary, cerebral or per-
ipheral vascular disorders [30-32].

Indeed, the largest trials have been conducted in the cardiovascular
field, and mainly in setting of acute coronary syndromes (ACS) or
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0,75 1 Standard therapy better

Ticagrelor better

Log odds ratio
s
8
1

r=0.041(-0.047,0.128), p=0.36

Mortality (Log ODDS control)

1,00
0,75 Standard therapy better
0,50
0,25
0,00
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Ticagrelor better

0,75

Log odds ratio
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1,25
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Fig. 3. Fixed-effect meta-regression analyses for the risk (OR) of mortality between new and traditional antiplatelet agents and patients' risk profile (A, upper graph)
or the difference in the risk of major bleeding complications (Log Odds Ratio, B, lower graph).
The size of the circle corresponds to its statistical weight.
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percutaneous coronary revascularization (PCI) [33,34,35], where a
prompt and potent platelet inhibition has been shown to favor the re-
storation of myocardial perfusion and prevent periprocedural compli-
cations and stent thrombosis. In fact, the recent introduction of new
oral antiplatelet agents, such as ticagrelor and prasugrel, allowing a
faster and more predictable onset of action and a greater degree of
platelet inhibition, have demonstrated large prognostic benefits in pa-
tients at high risk for thrombotic complications, such in the settings of
ACS [7,35].

In the PLATO trial [10], ticagrelor decreased the incidence of major
adverse cardiovascular events (MACE) and total mortality in patients
with ACS, being so far the only antiplatelet ADP-antagonist to achieve
such a survival benefit. Indeed, other newer oral antiplatelet agents,
such as prasugrel, did not show such a prognostic impact on survival,
among ACS patients, despite providing a similar degree of platelet in-
hibition or even a larger reduction in the relative risk of stent throm-
bosis (54% with prasugrel vs. 25% with ticagrelor). Several studies
comparing head-to-head prasugrel vs ticagrelor [18,19], showed si-
milar inhibition of platelet aggregation between the two drugs, sug-
gesting that the largest outcome benefits offered by ticagrelor could not
be dependent from its antiplatelet effect. In fact, the presence of addi-
tional pleiotropic effects, via the adenosine A2a pathway, have been
suggested with ticagrelor, [36,37] improving additionally micro-
circulatory function and tissue perfusion, thus resulting potentially ef-
fective both in coronary circulation and peripheral districts.

In addition, the outcome benefits with ticagrelor have recently
emerged even at distance after an acute coronary event. In fact, in the
PEGASUS-TIMI 54 trial [14], a single antiplatelet strategy with low-
dose (120 mg daily) ticagrelor was associated with a significantly re-
duced rate of cardiovascular death, myocardial infarction, or stroke,
despite at the expense of increasing the risk of major, but not fatal or
intracranial, bleeding events.

Therefore, newer antiplatelet strategies certainly pave the way to
different options of antiplatelet strategies, even as a single antiplatelet
regimen, and especially in selected subpopulations, as high bleeding-
risk patients.

The recent GLOBAL LEADERS trial [21], in fact, randomized pa-
tients undergoing percutaneous coronary intervention for ACS od stable
CAD to 1 month dual antiplatelet therapy followed by ticagrelor alone
for 23 months vs. the traditional 12 months of standard dual antiplatelet
therapy. The two strategies resulted comparable in terms of safety and
anti-ischemic prevention of recurrent events.

However, a similar escalation to more potent antithrombotic stra-
tegies has been observed also for non-coronary atherothrombotic dis-
ease.

In the CHANCE trial, a combination of clopidogrel and aspirin was
superior to aspirin alone in the prevention of recurrent stroke among
patients with a previous transient ischemic cerebral event (TIA) or
minor stroke, without increasing major bleedings. In peripheral artery
disease, a subgroup analysis of the CAPRIE trial [38] showed that clo-
pidogrel monotherapy was more effective than aspirin monotherapy in
reducing cardiovascular events. Moreover, in both the PLATO and PE-
GASUS trials [13,14], the presence of concomitant peripheral artery
disease was associated with an increased risk of ischemic events and
with a consistent benefit for ticagrelor in comparisons with the overall
trial populations.

However, only two trials have addressed, so far, the prognostic
impact of ticagrelor in secondary prevention among patients with non-
coronary atherothrombotic disease [15,16]. While cumulative data
showed a significant reduction in stroke, clear benefits were only ob-
served in the EUCLID trial, but not in the only trial strictly dedicated to
the evaluation of the recurrence of stroke (SOCRATES trial, [15]). This
issue certainly deserves further investigation in larger randomized
trials. In addition, despite patients with peripheral artery disease are
generally deemed at higher-risk as compared to coronary patients [39],
no impact of mortality was observed among these patients.
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The present study represents the most updated and comprehensive
meta-analysis including a large population of over 70000 patients with
coronary and non-coronary atherothrombotic disease. We showed that
a newer ticagrelor-based antiplatelet regimen is associated with a sig-
nificant reduction in mortality and major cardiovascular events, al-
though paying the fee of increasing bleedings. The increase in bleeding
complications was mainly driven by the PEGASUS trial [14], where a
prolonged DAPT with ticagrelor in combination with ASA was ad-
ministered for over 3 years after the acute cardiovascular event, and
especially driven by the subgroup of patients randomized to a full-dose
Ticagrelor. In fact, in the GLOBAL LEADERS [21], where the prolonged
treatment with ticagrelor was performed as a single antiplatelet re-
gimen, such treatment was not associated with an increase in hemor-
rhagic events at 2 years follow-up.

Nevertheless, the hemorrhagic complications did not affect overall
survival, as confirmed by our regression analysis. On the contrary, a
significant inverse association was observed between age and benefits
from Ticagrelor in terms of mortality, with a trend for CV mortality,
whereas such results were not affected by bleeding complications. In
fact, enhanced platelet reactivity associated with advanced age could
have conditioned the thrombotic risk and therefore the efficacy and
advantages of ticagrelor, as previously documented by our group in a
large cohort of elderly patients undergoing platelet function assessment
on DAPT [40].

Indeed, the positive effect of ticagrelor in the prevention of re-
current ischemic events were mainly observed in patients with CAD,
and were consistent both in patients with acute coronary syndrome and
in the stable setting [14,28,29]. In effect, different pathophysiological
basis of the atherothrombotic disease in coronary and non-coronary
patients could have represented the mechanism for our different ob-
servation. In fact, plaque rupture and acute platelet activation, that
represent the pillar determinants of ACS, are less common in peripheral
artery disease. On the contrary, non-atherosclerotic causes of cere-
brovascular events can also be observed, as in patients with atrial fi-
brillation or embolic events, therefore achieving more benefits from
anticoagulation rather than potent platelet inhibition. In fact, the recent
COMPASS trial showed the effectiveness of the antiXa rivaroxaban in
addition to ASA in secondary cardiovascular prevention, and especially
among PAD patients [41]. Moreover, in a similar meta-analysis in-
cluding 13 RCTs among patients with cerebral or cardiovascular risk
factors treated with ticagrelor, Malhotra et al. reported that ticagrelor
reduced the risk of incident strokes (HR adjusted = 0.87;
95%CI = 0.76-0.98; p = 0.03) and composite stroke/MI/CVD (HR ad-
justed = 0.88; 95%CI = 0.78-0.98; p = 0.02) among patients with
prior history of cerebral ischemic attack [42]. However, the present
analysis certainly encloses the largest population treated with ticagrelor
where cardiovascular endpoints were assessed, although reaching si-
milar conclusions as compared with from previous studies, still re-
sulting in smaller sample size despite the inclusion of non-randomized
data or heterogeneous antithrombotic therapies [43,44].

Nevertheless, coronary and non-coronary atherosclerotic disease
often coexist [45], thus requiring to attentively stratify this higher-
cardiovascular risk subset of patients, and especially among those un-
dergoing revascularization procedures, where advanced techniques and
newer devices require to outstretch the knowledge for use of anti-
platelet and concomitant medical therapies after revascularization,
therefore pointing at the need of new dedicated studies. Therefore, until
new data from larger randomized trials would become available, and
mainly in non-coronary disease and with the newer combinations of
ticagrelor-based regimens, a tailored approach, with case by case de-
cision should be still advocated, allowing to balance between the
thrombotic and hemorrhagic risk and improve the adherence to tica-
grelor therapy. In particular, an adequate patients’ information about
the potential appearance of dyspnea, and reassurance about its benign
features, may certainly contribute to further increase compliance to the
therapy.
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4.1. Study limitations

The first limitation of our study derives from the synthesis of dif-
ferent trials. Despite, no statistically significant heterogeneity was ob-
served in our ischemic endpoints, the different baseline risk profile, as
much as the combinations of antiplatelet regimens with single or dual
therapy and the variability in drugs dosing could have contributed to
the observed heterogeneity in bleedings. Indeed, despite low-dose ASA
dose was applied in DAPT in the majority of studies, 300 mg ASA was
allowed for up to 6 months in < 1% of the entire study population [13],
however, we do not expect that such a small difference could have
affected our long-term follow-up. Moreover, the definitions of major
bleeding differed among trials.

In addition, the most positive effects were observed in coronary
trials and were mainly driven by two larger trials, whereas the smaller
study population could certainly have conditioned the more contained
advantages in non-coronary patients. In addition, the modest number of
non-coronary events among post-ACS patients did not certainly em-
power the majority of included studies to draw any conclusion on the
impact of ticagrelor in the prevention of stroke. However, a similar
trend of benefit was observed in most of the studies included in our
meta-analysis and was consistent with the results of similar meta-ana-
lysis in literature [41].

Finally, the significant interaction between the type of athero-
thrombotic, coronary or non-coronary, disease, certainly points at the
importance of an adequate stratification of patients' risk profile.
However, since we had no access to individual patients’ data, we could
not identify the proportion of patients with concomitant CAD and
cerebral or peripheral vascular disease in all trials and neither we could
provide data on the net clinical benefit derived from the balance be-
tween thrombotic and haemorragic complications.

4.2. Conclusions

Based on the current meta-analysis, a newer antiplatelet strategy
based on ticagrelor is associated with a significant reduction in mor-
tality and recurrent cardiovascular events as compared to a traditional
treatment among patients treated for coronary disease but not among
those with non-coronary atherothrombotic disease. However, ticagrelor
therapy was associated with a significant increase in major bleeding
complications.
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