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Introduction

In patients with acute coronary syndrome
(ACS), dual antiplatelet therapy (DAPT) with
ticagrelor 90 mg twice daily (b.i.d.) on top of acetyl-
salicylic acid (ASA) is recommended for 12 months
to reduce adverse thrombotic events. In subjects
at high ischemic risk who have tolerated DAPT
without a bleeding complication, continuation of
ticagrelor 60 mg b.i.d. for longer than 12 months
may be considered [1].

Increased ischemic risk occurs in the early
period after ACS, with elevated rates of clinical
events clustering during the first month, which
is reflective of elevated platelet reactivity [2]. On
the other hand, bleeding risk increases in a step-
wise fashion after cumulative administration of an
antiplatelet agent. It is related to the duration and
dose of the antiplatelet treatment, and the majority
of bleeding events occur after 30 days following
ACS [2]. This means that the ischemic compo-
nent should be targeted with potent antiplatelet
strategies in the earliest phase after ACS, whereas
de-escalation of the antiplatelet therapy could be
justified after clinical stabilization occurs.

Pharmacodynamic data show that a reduction
of ticagrelor bioavailability by ~30% significantly
decreases its antiplatelet effect in patients with
acute myocardial infarction (MI), but not in sta-
ble subjects with prior MI [3, 4]. Still, in patients
> 1 year after MI the equivalent pharmacodynamic
effects of ticagrelor 90 mg b.i.d. and 60 mg b.i.d.
provide comparable clinical efficacy, with a better
tolerability of treatment observed with a lower dose
[3, 5]. Recently, it was demonstrated that ticagrelor
60 mg b.i.d. also provides a similar antiplatelet effect
to 90 mg b.i.d. already 1 month after MI [6].

In the TWILIGHT study, high-risk patients
who had undergone percutaneous coronary in-
tervention (PCI) and were treated with ticagrelor
90 mg b.i.d. monotherapy following 3 months
of standard DAPT, experienced fewer bleeding
events than patients receiving ticagrelor with ASA,
without ischemic harm over a period of 1 year [7].

It was hypothesized herein, that the reduc-
tion of ticagrelor maintenance dose to 60 mg b.i.d.
1 month after ACS, followed by ASA withdrawal
at 3 months after ACS will result in improved
safety and tolerability of treatment with pre-
served anti-ischemic benefit [8]. The aim of the
Evaluation of safety and efficacy of two ticagrelor-
based de-escalation antiplatelet strategies in acute
coronary syndrome — a randomized clinical trial
(ELECTRA-SIRIO 2) is to assess the influence of

early ticagrelor dose reduction with or without dis-
continuation of ASA on clinically relevant bleeding
and maintenance of anti-ischemic efficacy after ACS.

Methods

Study design and population

The ELECTRA-SIRIO 2 study is a phase III,
randomized, multicenter, double-blind, investiga-
tor-initiated clinical trial with a 12 month follow-up.
The study population will include 4500 patients
admitted to the study centers due to ACS, includ-
ing ST-segment elevation myocardial infarction
(STEMI), non-ST-segment elevation myocardial
infarction (NSTEMI) and unstable angina (UA).
The diagnosis of STEMI and NSTEMI will be
made according to the Fourth Universal Definition
of Myocardial Infarction [9], and UA will be diag-
nosed according to the 2020 European Society of
Cardiology (ESC) guidelines for the management
of non-ST-segment elevation ACS (NSTE-ACS)
[10]. STEMI patients will have to be qualified for
the primary PCI to be eligible for the inclusion. To
be enrolled into the study, patients with NSTE-ACS
(NSTEMI or UA) will have to fulfill at least one of
the following criteria: 1) > 60 years old; 2) previ-
ous MI or coronary artery by-pass grafting;
3) > 50% stenosis in > 2 coronary arteries; 4) previ-
ous ischemic stroke or transient ischaemic attack;
5) > 50% carotid stenosis or cerebral revasculari-
zation; 6) diabetes mellitus; 7) peripheral artery
disease; 8) chronic kidney disease with glomerular
filtration rate (GFR) < 60 mL/min. The exclusion
criteria include, among others, indications for
oral anticoagulation therapy and end stage kidney
disease with GFR < 15 mL/min or on dialysis.
Supplementary Appendix contains the complete
list of inclusion and exclusion criteria.

All participants will receive loading doses of
180 mg ticagrelor and 300 mg ASA. Patients loaded
with clopidogrel before the study inclusion will be
re-loaded with 180 mg ticagrelor upon enrolment.
Participants will be randomized in a 1:1:1 ratio into
the following arms: low-dose ticagrelor with ASA
(LDTA), low-dose ticagrelor with placebo (LDTP),
and standard-dose ticagrelor with ASA (SDTA),
the latter being the control arm. During the first
month after ACS patients from all three groups
will receive a standard DAPT with ticagrelor
90 mg b.i.d and 100 mg ASA once daily. Patients
assigned to the control group (SDTA) will continue
this treatment for 12 months. Patients allocated
to the experimental arms (LDTA and LDTP) will
receive reduced maintenance dose of ticagrelor
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Figure 1. Design of the trial; ASA — acetylsalicylic acid; ACS — acute coronary syndrome; FU — follow-up.

60 mg b.i.d. and 100 mg ASA q.d starting after
the first month following ACS. Patients from
the LDTA arm will continue this treatment until
12 months after ACS, while patients from the LDTP
arm will additionally discontinue ASA 3 months
after ACS and continue on ticagrelor 60 mg b.i.d.
monotherapy until 12 months after ACS. All par-
ticipants are expected to undergo 5 out-patient
follow-up visits as depicted in Figure 1.

All study participants will be provided with
blinded packages containing the antiplatelet medi-
cations (ticagrelor 60 mg or 90 mg, and ASA 100 mg
or placebo) according to the randomized allocation.
The dispended medications will be free of charge
and will be sufficient to cover the whole period
(12 months) of each patient in the study.

Each patient will provide written informed con-
sent to participate in the study. The study will be con-
ducted in accordance with the Good Clinical Practice
guidelines and with the regulations contained in the
Declaration of Helsinki. The trial was approved by the
appropriate Ethics Committee to conduct the study
(study approval reference number KB 379/2020).
ClinicalTrials.gov Identifier: NCT04718025.

Treatment protocol and concomitant
medications

Apart from the investigated strategies, en-
rolled patients will be treated according to the
current ESC guidelines, however cholesterol-
-lowering treatment with high doses of statins will
only be allowed (> 40 mg atorvastatin or > 20 mg
rosuvastatin), unless contraindicated, and the ad-
dition of ezetimibe will be recommended. Use of

stents with ultra-thin or thin struts will be highly
recommended during PCI in order to decrease the
thrombotic risk related to stent implantation [11].

Study endpoints

The primary safety composite endpoint is the
first occurrence of type 2, 3 or 5 bleeding according
to the Bleeding Academic Research Consortium
(BARC) criteria. The primary efficacy endpoint
is the composite of time to death from any cause,
first nonfatal MI, or first nonfatal stroke. The key
secondary endpoint, net clinical effect, was defined
as composite of death from any cause, nonfatal
MI, or nonfatal stroke, and the first occurrence
of BARC type 2, 3, or 5 bleeding. Remaining sec-
ondary endpoints include: death from any cause,
cardiovascular death, MI, ischemic stroke, definite
or probable stent thrombosis, dyspnea, BARC type
3 or 5 bleeding, Thrombolysis in Myocardial Infarc-
tion (TIMI) major or minor bleeding, Global Use
of Strategies to Open Occluded Coronary Arteries
(GUSTO) moderate or severe or life-threatening
bleeding, International Society on Thrombosis and
Hemostasis (ISTH) major bleeding.

Sub-group analyses

Prespecified subanalyses will be performed
according to: 1) diabetes mellitus; 2) chronic kidney
disease (GFR < 60 mL/min/1.73 m®); 3) gender;
4) age; 5) type of ACS; 6) administration of morphine
during the index event; 7) presence or absence of
multivessel disease. Additionally, impact of the
following characteristics on the clinical outcomes
will be evaluated: 1) complexity of coronary revas-
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cularization; 2) lipid-lowering treatment; 3) results
in the MEDMOTION project (Suppl. Appendix).

Safety monitoring

The trial will be overseen by the international
Steering Committee, clinical events committee,
and data and safety monitoring board (DSMB). The
safety of the tested antiplatelet strategies, all clinical
events, and any deviations to the study protocol will
be periodically monitored based on electronic medi-
cal documentation by an independent DSMB. Based
on the safety data, the DSMB may recommend
modifications to the protocol, suspension or termi-
nation of the study. All final decisions regarding trial
modifications rest with the Steering Committee.

Statistical analysis

Sample size and power calculation were based on
a superiority assumption for the primary safety end-
point for LDTP vs. SDTA arm. Assuming a bleeding
incidence of 7.1% at 1 year with standard dose ticagre-
lor plus ASA (rate reported in the TWILIGHT study [7]),
a sample size of 1178 patients per arm is required to
provide 95% power to detect 40% lower incidence
of the primary safety composite endpoint in LDTP
vs. SDTA group (43.6% relative reduction observed
in ticagrelor monotherapy arm of the TWILIGHT
trial), with a type I error rate of 0.05.

The primary efficacy endpoint (composite
of death from any cause, nonfatal MI, or nonfatal
stroke) will be evaluated with the use of a prespeci-
fied noninferiority hypothesis (LDTP vs. SDTA).
Under the assumption of an incidence of 10.2%
(occurrence rate reported for this endpoint in the
PLATO study at 1 year in the SDTA, a sample size
of 1204 patients per arm is needed to provide 90%
power to rule out an absolute difference in risk of
1.6 percentage points, with a one-sided type I er-
ror rate of 0.025 (assumption made for the sample
size calculations made in the TWILIGHT study).

Enrolment of a total of 4500 patients (1500 in
each arm) is planned to compensate the potential
drop-out from the study up to 20%. This broad
margin has been chosen as the time between ran-
domization and actual onset of the investigated
strategies is 1 and 3 months for experimental
LDTA and LDTP strategies, respectively, which
may increase the risk of drop-out before the begin-
ning of the allocated regimen.

Discussion

The primary hypothesis of the ELECTRA-
-SIRIO 2 study is that monotherapy with low-dose

ticagrelor in ACS patients will lead to a significant
reduction of clinically relevant bleeding compared
with standard-dose ticagrelor with ASA. The ad-
ditional study arm including DAPT with low-dose
ticagrelor is intended to differentiate the impact of
decreasing the ticagrelor dosage versus eliminating
ASA from the antiplatelet treatment.

During the first month after ACS, increased
platelet reactivity goes in pair with increased rate
of adverse ischemic events. Therefore, DAPT
with ticagrelor 90 mg b.i.d. is necessary to obtain
adequate platelet inhibition and prevent thrombotic
events during the initial phase of ACS treatment.
Occurrence of thrombotic complications decreases
over time, and reaches a stable level approximately
1 month after ACS which is related to reduced
baseline platelet activation and potentially may
allow treatment de-escalation [2].

A sub-study of the PEGASUS-TIMI 54 trial
showed that in stable patients > 1 year after MI,
ticagrelor 60 mg b.i.d. provides similar platelet
inhibition as 90 mg b.i.d., explaining comparable
clinical efficacy of both doses in this setting [3, 5].
Recently, it was reported that the same pharma-
codynamic effects of low-dose vs. standard-dose
ticagrelor already after 1 month following ACS. In
the ELECTRA pilot study, there were no differ-
ences between the two regimens with regard to
on-ticagrelor platelet inhibition, and the number
of patients with optimal platelet reactivity was
identical between the arms [6].

On the other hand, antiplatelet treatment is
burdened with non-negligible side effects, greatly
related to bleeding, that often may require medi-
cal attention or lead to discontinuation of treat-
ment (e.g., rate of premature discontinuation of
antiplatelet treatment in the PLATO study was
22-23%) [2]. Premature discontinuation of anti-
platelet therapy, especially in invasively-treated
patients, may lead to detrimental cardiovascular
and thrombotic events, such as recurrent ACS
or stent thrombosis. Several strategies aiming to
enhance safety of antiplatelet treatment, without
reducing its efficacy, have been evaluated so far.

Platelet function testing-guided de-escalation
from prasugrel to clopidogrel was shown to be
non-inferior to standard treatment with prasugrel
at 1 year after PCI in terms of net clinical benefit.
However, with this approach 39% of patients
required a switch-back to prasugrel due to com-
monly observed insufficient platelet inhibition
[12]. In another study, DAPT downgrading from
prasugrel/ticagrelor to clopidogrel 1 month after
ACS was associated with a net clinical benefit
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driven by a reduction in bleeding complications,
with unchanged risk of recurrent ischemic events
[13]. Nonetheless, the SCOPE registry reported
switching from novel P2Y12 receptor inhibitors
to clopidogrel as an independent predictor of net
adverse cerebrovascular events [14].

An interesting approach to decrease bleeding
complications was evaluated in the TWILIGHT
study. This trial has shown that switching from
DAPT with ticagrelor 90 mg b.i.d. and ASA to
ticagrelor 90 mg b.i.d. monotherapy at 3 months
after ACS leads to a significant reduction in
bleeding, with maintained antithrombotic ef-
fectiveness [7].

The antiplatelet de-escalation strategies pro-
posed in the current trial (LDTA and LDTP) are
expected to essentially decrease the incidence of
clinically significant bleeding events during the
first year after ACS without increasing the rates of
thrombotic events. In contrast to the platelet func-
tion testing-guided de-escalation strategies, the
concept proposed in the ELECTRA-SIRIO 2 study
does not require platelet reactivity assessment,
making this step-down approach more feasible for
wide application in clinical practice [8]. Discontinu-
ation of ASA, as investigated in the TWILIGHT
study, resulted in reduction in clinically relevant
bleeding episodes, including fatal bleeds, by 43% [7].
It can be assumed that lowering the daily dose of
ticagrelor may only further decrease the rate of
bleeding episodes.

Additionally, due to the expected dose-depend-
ent reduction in therapy-related adverse effects,
including dyspnea or bradycardia, an improved
adherence to the treatment may be anticipated. In
the PEGASUS-TIMI 54 trial dyspnea occurred less
frequently in patients who received the lower dose
of ticagrelor compared with those treated with the
standard dose (16% vs. 19%) [5]. This also might
be of importance as early termination of ticagrelor
leaves ACS patients unprotected against ischemic
consequences.

The TWILIGHT trial proved that monotherapy
with a standard ticagrelor dose in high-risk stable
patients is safer, but still equally effective, com-
pared with ticagrelor-based DAPT. On the other
hand, the ELECTRA pilot study showed the same
level of platelet inhibition with standard and re-
duced ticagrelor doses in stable patients already
1 month after PCI for ACS [6]. To date, de-
escalation of antiplatelet therapy in ACS patients
based on decreasing the dose of ticagrelor with or
without discontinuation of ASA has never been
tested in a large randomized clinical trial. The de-

sign of the ELECTRA-SIRIO 2 trial includes both
these strategies aiming to document reduction of
clinically relevant bleeding, without compromising
clinical efficacy in terms of prevention of adverse
cardiovascular events.
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