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Summary
Background In patients with acute myocardial infarction receiving potent antiplatelet therapy, the bleeding risk 
remains high during the maintenance phase. We sought data on a uniform unguided de-escalation strategy of dual 
antiplatelet therapy (DAPT) from ticagrelor to clopidogrel after acute myocardial infarction.

Methods In this open-label, assessor-masked, multicentre, non-inferiority, randomised trial (TALOS-AMI), patients at 
32 institutes in South Korea with acute myocardial infarction receiving aspirin and ticagrelor without major ischaemic 
or bleeding events during the first month after index percutaneous coronary intervention (PCI) were randomly 
assigned in a 1:1 ratio to a de-escalation (clopidogrel plus aspirin) or active control (ticagrelor plus aspirin) group. 
Unguided de-escalation without a loading dose of clopidogrel was adopted when switching from ticagrelor to 
clopidogrel. The primary endpoint was a composite of cardiovascular death, myocardial infarction, stroke, or bleeding 
type 2, 3, or 5 according to Bleeding Academic Research Consortium (BARC) criteria from 1 to 12 months. A 
non-inferiority test was done to assess the safety and efficacy of de-escalation DAPT compared with standard 
treatment. The hazard ratio (HR) for de-escalation versus active control group in a stratified Cox proportional hazards 
model was assessed for non-inferiority by means of an HR margin of 1·34, which equates to an absolute difference 
of 3·0% in the intention-to-treat population and, if significant, a superiority test was done subsequently. To ensure 
statistical robustness, additional analyses were also done in the per-protocol population. This trial is registered at 
ClinicalTrials.gov, NCT02018055.

Findings From Feb 26, 2014, to Dec 31, 2018, from 2901 patients screened, 2697 patients were randomly assigned: 
1349 patients to de-escalation and 1348 to active control groups. At 12 months, the primary endpoints occurred in 
59 (4·6%) in the de-escalation group and 104 (8·2%) patients in the active control group (pnon-inferiority<0·001; HR 0·55 
[95% CI 0·40–0·76], psuperiority=0·0001). There was no significant difference in composite of cardiovascular death, 
myocardial infarction, or stroke between de-escalation (2·1%) and the active control group (3·1%; HR 0·69; 95% CI 
0·42–1·14, p=0·15). Composite of BARC 2, 3, or 5 bleeding occurred less frequently in the de-escalation group 
(3·0% vs 5·6%, HR 0·52; 95% CI 0·35–0·77, p=0·0012).

Interpretation In stabilised patients with acute myocardial infarction after index PCI, a uniform unguided 
de-escalation strategy significantly reduced the risk of net clinical events up to 12 months, mainly by reducing the 
bleeding events.
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Introduction
In acute myocardial infarction, adequate platelet 
inhibition is essential to reduce the risk of recurrent 
thrombotic events. Thus, the current guidelines prefer
entially recommend the use of potent P2Y12 inhibitors 
(such as ticagrelor or prasugrel) over clopidogrel in 
patients with acute myocardial infarction undergoing 
percutaneous coronary intervention (PCI).1 However, 

along with the strong antiplatelet efficacy, a higher risk 
of bleeding was observed for potent P2Y12 inhibitors 
compared with clopidogrel in pivotal ran domised 
trials.2,3 Although the ischaemic benefit was consistent 
throughout the first year after an index event, the benefit 
of ticagrelor and prasugrel over clopidogrel for reducing 
thrombotic risk was prominent in the early period 
(<30 days) after acute coronary syndrome when the risk 
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of ischaemic complications was the highest,4,5 whereas 
most bleeding events occurred predominantly during the 
maintenance period of treatment.6,7 These findings have 
resulted in the development of a stepwise deescalation 
of dual antiplatelet treatment (DAPT) that makes use of a 
potent P2Y12 inhibitor only in the acute phase of treatment 
and the less potent clopidogrel during the chronic phase 
of treatment.8 Although data regarding guided de
escalation of antiplatelet therapy to optimise treatment 
outcomes in the acute phase in patients with acute 
coronary syndrome undergoing PCI are supported by 
several largescale clinical trials,8,9 and a systematic 
review and metaanalysis,10 data regarding unguided de
escalating DAPT switching from potent P2Y12 inhibitors 
to clopidogrel after the acute phase in patients with acute 
myocardial infarction are based on a small study with 

important limitations and registry data.11,12 However, de
escalation commonly occurs in clinical practice owing to 
a perceived high bleeding risk, sideeffects, and for 
economic reasons, without the guidance of the platelet 
function test (PFT) or genotyping.12–14 Moreover, the 
improved performance of current generation drug
eluting stents compared with earlier generation drug
eluting stents sets the stage for investigating various 
deescalating antiplatelet strategies.

The Ticagrelor versus Clopidogrel in Stabilized Patients 
with acute myocardial infarction (TALOSAMI) trial 
investigated the hypothesis that deescalation of DAPT 
with clopidogrel would be noninferior to ticagrelor
based DAPT in terms of net clinical benefit in stabilised 
patients who did not have major ischaemic or bleeding 
events during the first month after an index acute 

Research in context

Evidence before this study
The current guidelines recommend the use of potent P2Y12 
receptor inhibitors over clopidogrel for up to 1 year in patients 
with acute myocardial infarction undergoing percutaneous 
coronary intervention (PCI). Although the ischaemic risk is 
greater in the early phase, the bleeding risk remains high during 
the maintenance phase of acute myocardial infarction. These 
findings have resulted in the development of a stepwise 
de-escalation of dual antiplatelet therapy (DAPT) by means of a 
potent P2Y12 inhibitor only in the acute phase and the less 
potent clopidogrel during the chronic phase of treatment. 
We searched PubMed on May 1, 2021, for articles published in 
English, with the search terms “dual antiplatelet therapy”, 
“antiplatelet treatment de-escalation”, “switching antiplatelet 
therapy”, “acute coronary syndrome”, and “percutaneous 
coronary intervention”. Our search identified only a few 
relevant randomised, clinical trials that investigated this issue. 
Unlike ticagrelor monotherapy trials such as TWILIGHT and 
TICO, and a study using reduced dose of prasugrel, the HOST-
REDUCE-POLYTECH-ACS trial, multiple options of de-escalation 
dual antiplatelet therapy exist: unguided, platelet function test-
guided, and CYP2C19 genotype-guided. In the TROPICAL-ACS 
study, the de-escalation strategy of switching to clopidogrel 
guided by platelet function test was non-inferior to prasugrel-
based DAPT in terms of net clinical benefit. However, the 
complexity of the testing and protocols are impractical in 
clinical practice. The POPular Genetics trial adopting CYP2C19 
genotype-guided strategy for selection of an appropriate P2Y12 

inhibitor showed a lower incidence of bleeding but has similar 
weakness to that of the TROPICAL-ACS study. Although data on 
the unguided de-escalation DAPT switching from potent P2Y12 
inhibitors to clopidogrel are scarce, unguided de-escalation 
commonly occurs in clinical practice.

Added value of this study
The Ticagrelor versus Clopidogrel in Stabilized Patients with 
Acute Myocardial Infarction (TALOS-AMI) trial investigated the 
hypothesis that de-escalation DAPT with clopidogrel might be 

non-inferior to ticagrelor-based antiplatelet therapy in stabilised 
patients with acute myocardial infarction. In 2697 patients with 
acute myocardial infarction who had no major ischaemic or 
bleeding events and tolerated aspirin plus ticagrelor therapy 
during the first month after an index PCI, a uniform unguided 
de-escalation antiplatelet therapy switching from ticagrelor to 
clopidogrel was superior to the ticagrelor-based continuing 
DAPT in terms of net clinical benefit (a composite of 
cardiovascular death, myocardial infarction, stroke, and bleeding 
type 2, 3, or 5 according to Bleeding Academic Research 
Consortium (BARC) criteria from 1 to 12 months after the index 
PCI. The de-escalation strategy was associated with a 45% lower 
risk of net clinical benefits for the next 11 months than the 
ticagrelor-based dual antiplatelet strategy. The absolute risk 
reduction was 3·6%, which was mainly caused by a significant 
decrease in bleeding risk. Additionally, a composite of BARC 3 or 
5 bleeding occurred less frequently in the de-escalation group 
but was marginally significant. Even a composite of ischaemic 
events and serious bleeding such as BARC bleeding type 3 or 5 
showed a significant difference between the two groups. In this 
study, the incidence of primary ischaemic events from 1 to 12 
months after an index event were similar to those of other de-
escalation trials including the TROPICAL-ACS, TWILIGHT-ACS, 
POPular Genetics, and TWILIGHT trials, which might indicate the 
safety of a uniform unguided de-escalation antiplatelet strategy 
in stabilised patients with uncomplicated acute myocardial 
infarction.

Implications of all the available evidence
In stabilised patients with acute myocardial infarction who had 
no major ischaemic or bleeding events and tolerated aspirin 
plus ticagrelor therapy during the first month after an index PCI, 
a uniform unguided de-escalation antiplatelet strategy 
switching from ticagrelor to clopidogrel was superior to the 
ticagrelor-based DAPT strategy at preventing net adverse 
clinical events, including the thrombotic composite and 
clinically relevant bleeding.
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myocardial infarction.15 If the noninferiority is met, this 
kind of deescalating antiplatelet strategy might possibly 
offer improved safety, better compliance, or reduced 
economic burden in the stabilised acute myocardial 
infarction population. Owing to the paucity of clinical 
evidence for the routine use of PFT and genotyping in 
stabilised patients with acute myocardial infarction,16 and 
considering the situation that unguided deescalation 
was not uncommon in clinical practice,12,13,17 we adopted 
and tested a uniform unguided deescalation antiplatelet 
strategy at the time of randomisation.

Methods
Study design
The TALOSAMI trial was an investigatorinitiated, 
prospective, openlabel, multicentre, noninferiority, 
assessormasked, parallel group, randomised trial. 
Patients were enrolled at 32 institutes in South Korea. The 
trial rationale and design have been described previously.15 
In brief, we assumed that adoption of potent P2Y12 
inhibitorbased DAPT in the first month and then 
deescalating DAPT thereafter would balance ischaemic 
and bleeding risks in patients with acute myocardial 
infarction. Accordingly, we designed a noninferiority test 
to prove the similarity of the safety and efficacy of this 
deescalation strategy to that of current guidelines. The 
College of Medicine of the Catholic University of Korea, 
Korea designed and sponsored the trial. The steering 
committee was responsible for doing the trial, integrity of 
data analysis, and reporting of the results. The protocol 
was approved by the institutional review board at each 
participating institute and all participants provided written 
informed consent. The present trial complied with the 
principles of the Declaration of Helsinki. An independent 
data and safety monitoring board provided external 
oversight to ensure the safety of the study participants. All 
events were adjudicated by an inde pendent clinical event 
adjudication committee (CEAC) whose members were 
unaware of the trial group assignments. Members of the 
CEAC received medical records of adverse events after 
removal of any reference to the treatment group. All 
authors vouch for the adherence of the trial to the protocol 
and the accuracy and completeness of the data. The 
committee members, all participating centres, and 
investigators are listed in the appendix (p 4).

Participants
Patients with biomarkerpositive acute myocardial 
infarction who underwent successful PCI by means of 
current generation drugeluting stents and tolerated 
aspirin and ticagrelor treatment during an index 
admission were selected as candidates for this study. Only 
patients who provided informed consent were screened 
for completing the aspirin and ticagrelor treatment 
without major adverse ischaemic (myocardial infarction, 
stroke, or unplanned revascularisation) or bleeding 
events (defined in the exclusion criteria) during 1 month 

after acute myocardial infarction. Patients received 
guidelinedirected medical therapy including statin or 
renin–angiotensin system blockade. The selected patients 
were randomly assigned to aspirin plus ticagrelor or 
aspirin plus clopidogrel groups until 12 months. The key 
exclusion criteria included cardio genic shock, active 
bleeding of any major organs, bleeding diathesis or 
coagulopathy, gastrointestinal or genitourinary bleeding, 
and haemoptysis within 2 months. In addition, patients 
who had history of intra cranial bleeding, intracranial 
aneurysm, arteriovenous malformation, or neoplasm 
were excluded. Detailed inclusion and exclusion criteria 
are presented in the appendix (p 14).

Randomisation and masking
All participants received a loading dose of ticagrelor 
(180 mg), and the patients naive to aspirin received a 
loading dose of aspirin (250–325 mg) before index PCI, 
and then were administered ticagrelor 90 mg twice a day 
and aspirin 100 mg daily thereafter for 30 days. 
At 30 ± 7 days after an index PCI, eligible patients were 
randomly assigned in a 1:1 ratio to continue ticagrelor 
(active control group) or switched to clopidogrel 75 mg 
daily (deescalation group) by oral route with the 
continuation of aspirin by an interactive webbased 
response system (IWRS Medical Excellence, South 
Korea). The randomisation sequence was created by an 
independent statistician using SAS 9.3 (SAS Institute, 
Cary, NC, USA) and stratified by study centre and type of 
acute myocardial infarction (STsegment elevation 
myocardial infarction [STEMI] or nonSTsegment 
elevation myocardial infarction [NSTEMI]), with a 
1:1 allocation by means of hidden random block size.

Procedures
In the deescalation group, when switching from 
ticagrelor to clopidogrel, patients took 75 mg clopidogrel 
without the loading dose at the time of the next scheduled 
dose after the final dose of ticagrelor (eg, approximately 
12 h from the last dose of ticagrelor). The steering 
committee decided this switching strategy of no loading 
dose on the basis of the hypothesis that our study 
population would be stable at the time of random 
assignment (30 days after index PCI) and deescalation 
without the loading dose of clopidogrel commonly occurs 
in clinical practice.11–14,17 The safety monitoring process for 
the switching protocol from ticagrelor to clopidogrel is 
detailed in the appendix (pp 16−17). After random assign
ment, patients continued the allocated medication for 
11 months. Patients were scheduled to visit at 3, 6, and 
12 months after the index PCI (11 months after 
randomisation). During the followup, the patients filled 
in a questionnaire regarding the occurrence of dyspnoea 
and any signs of bleeding and were monitored for any 
clinical events. The investigators followedup the patients 
as necessary, either by office visits or by telephone contact. 
Drug adherence was assessed with manual pill counting.
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Outcomes
The primary endpoint was a net adverse clinical event, 
which is a composite of cardiovascular death, myocardial 
infarction, stroke, and bleeding type 2, 3, or 5 according 
to the Bleeding Academic Research Consortium (BARC) 
criteria,18 from 1 to 12 months after an index PCI. The 
main secondary endpoints included a composite of 
cardiovascular death, myocardial infarction, and stroke; a 
composite of BARC bleeding type 2, 3, or 5; and a 
composite of cardiovascular death, myocardial infarction, 

stroke, and BARC bleeding type 3 or 5 between 1 and 
12 months after the index PCI. Other secondary endpoints 
were individual components of the primary and main 
secondary endpoints, allcause death, ischaemiadriven 
revascularisation, and stent thrombosis. Detailed defin
itions of all outcomes are provided in the appendix (p 22).

Statistical analysis
The sample size was selected on the basis of the combined 
occurrence rate of ischaemic and bleeding events 
between 1 and 12 months after acute myocardial 
infarction. On the basis of the results in the Study of 
Platelet Inhibition and Patient Outcomes (PLATO) trial,3 
we assumed that the expected event rate of the primary 
endpoint from 1 to 12 months after the index PCI 
was 9·35% in the active control group and 9·59% in the 
deescalation group. Assuming an absolute difference in 
the event rate of the primary endpoint of 3·0% (which 
was equivalent to a 32% increase in the estimated event 
rate of the active control group) between groups, the 
noninferiority margin by the hazard ratio (HR) was 
calculated as 1·34 (ln[1−0·1235]/ln[1−0·0935]). Then, the 
sample size was calculated with a onesided α of 0·05 and 
a power of 80% (PASS 13, NCSS, Kaysville, UT, USA). 
After considering a rate of loss to followup of 10%, we 
calculated that at least 1295 patients per group and a total 
of 2590 patients would be needed to show noninferiority. 
Additional information on the sample size calculation of 
the present study is described in the appendix (p 23).

Primary analysis of the primary endpoint was done 
in the intentiontotreat population with the use of 
a noninferiority test by means of a stratified Cox 
proportional hazards model. The HR for deescalation 
versus active control group in a stratified Cox proportional 
hazards model was assessed for noninferiority by means 
of an HR margin of 1·34. If the upper limit of the 
onesided 95% CI of the HR was less than the prespecified 
noninferiority margin, the deescalation group therapy 
was considered noninferior to the active control group 
therapy. If the requirement for noninferiority was met, 
its superiority was subsequently tested. Cumulative 

Figure 1: Study design and groups
The figure shows patients with acute myocardial infarction with successful percutaneous coronary intervention randomly assigned to acute control group or 
de-escalation group after 1 month of aspirin and ticagrelor. In the de-escalation group, patients received unguided de-escalation antiplatelet therapy. 
PCI=percutaneous coronary intervention.
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Figure 2: Trial profile

2901 patients screened 

1349 patients assigned to aspirin plus 
clopidogrel
1208 received allocated treatment

31 stopped medication 
62 received aspirin plus ticagrelor 

(crossover)
48 used different regimen 

1306 (96·8%) completed follow-up at 
12 months

1312 (97·2%) vital status available at 
12 months

1349 included in intention-to-treat 
analysis

2697 enrolled 

204 screening failure

22 withdrew consent
21 lost to follow-up

1348 patients assigned to aspirin plus 
ticagrelor
1172 received allocated treatment

30 stopped medication 
24 received aspirin plus 

clopidogrel (crossover)   
22 used different regimen 

1299 (96·3%) completed follow-up at 
12 months 

1315 (97·5%) vital status available at 
12 months 

1348 included in intention-to-treat 
analysis

16 withdrew consent
33 lost to follow-up
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event rates for the primary and secondary endpoints 
were estimated by the KaplanMeier method and com
pared by logrank tests. HR and 95% CI were calculated 
with stratified Cox hazard regression analysis for primary 
and secondary endpoints. The stratification factor was 
the presence of STEMI. The proportional hazards 
assumption was confirmed by the Schoenfeld residuals 
and supremum tests. We did not detect any substantial 
violations. To ensure statistical robustness, additional 
analyses were also done in the perprotocol and astreated 
populations. A sensitivity analysis was done including a 
complete case, a best case, and a worst case for the 
patients who were lost to followup or withdrawn from 
the trial. Continuous variables are presented as the 
mean (SD) and were compared by means of Student’s 
t test. Categorical variables are presented as frequencies 
(percentage) and were compared by means of the χ² test 
or Fisher’s exact test. Prespecified subgroup analyses 
included clinical presentation of acute myocardial 
infarction, sex, age, diabetes, left ventricular ejection 
fraction of less than 40%, estimated glomerular filtration 
rate, stent length, and multivessel treatment. A test for 
interaction was used to establish whether the relative 

effects of study treatments vary significantly between 
subgroups. No imputation was used to infer missing 
values. Those with missing primary and secondary 
endpoint data were censored at the time of withdrawal of 
consent or loss to followup. The analysis was done with 
SAS (version 9.4). This trial is registered at ClinicalTrials.
gov, NCT02018055.

Role of the funding source
The funders of this study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
From Feb 26, 2014, to Dec 31, 2018, a total of 2901 patients 
with acute myocardial infarction who provided informed 
consent were screened after successful PCI. Of these, 
204 patients were excluded before random assignment, 
and 2697 patients were randomly assigned to receive 
either clopidogrel plus aspirin (deescalation group) or 
ticagrelor plus aspirin (active control group) at 1 month 
after index PCI (figure 1). Of the 1349 patients assigned to 
the deescalation group, 1208 received the allocated 
treatment during the study period: 31 stopped antiplatelet 
medication, 62 received ticagrelor plus aspirin, and 
48 used other antiplatelet regimens. Of the 1348 patients 

De-escalation 
group (n=1349)

Active control group 
(n=1348)

Age, years 60·1 (11·3) 59·9 (11·4)

≥75 157 (11·6%) 164 (12·2%)

Female sex 217 (16·1%) 237 (17·6%)

Male sex 1132 (83·9%) 1111 (82·4%)

Body-mass index*, kg/m² 24·6 (3·1) 24·5 (3·1)

Cardiovascular risk factors

Hypertension 655 (48·6%) 663 (49·2%)

Diabetes 362 (26·8%) 369 (27·4%)

Diabetes treated with 
insulin

28 (2·1%) 28 (2·1%)

Dyslipidaemia 563 (41·7%) 556 (41·2%)

Current smoker 670 (49·7%) 674 (50·0%)

Impaired renal function† 160 (12·1%) 145 (10·9%)

Past medical history

Previous percutaneous 
coronary intervention

61 (4·5%) 60 (4·5%)

Previous coronary artery 
bypass graft

3 (0·2%) 1 (0·1%)

Previous cerebrovascular 
accident

53 (3·9%) 50 (3·7%)

Clinical presentation

STEMI 734 (54·4%) 721 (53·5%)

NSTEMI 615 (45·6%) 627 (46·5%)

Left ventricular ejection 
fraction <40%

103/1325 (7·8%) 93/1304 (7·1%)

Data are n (%) or mean SD. NSTEMI=non-ST-segment elevation myocardial 
infarction. STEMI=ST-segment elevation myocardial infarction. *The body-mass 
index is the weight in kilograms divided by the square of the height in metres. 
†Impaired renal function was defined as an estimated glomerular filtration rate of 
less than 60 mL/min per 1·73 m² of body-surface area at presentation.

Table 1: Baseline characteristics 

De-escalation group 
(n=1349)

Active control group 
(n=1348)

Access site

Radial 666 (49·4%) 686 (51·0%)

Femoral 667 (49·4%) 644 (47·8%)

Glycoprotein IIb–IIIa 
inhibitor

322 (23·9%) 322 (23·9%)

Infarct related artery (culprit)

Left main coronary artery 21 (1·6%) 24 (1·8%)

Left anterior descending 
artery

685 (50·8%) 634 (47·1%)

Left circumflex artery 202 (15·0%) 264 (19·6%)

Right coronary artery 440 (32·6%) 424 (31·5%)

Number of treated vessels 1·3 (0·6) 1·3 (0·6)

Multivessel treatment

2 vessels 300 (22·2%) 322 (23·9%)

3 vessels 71 (5·3%) 61 (4·5%)

Number of stents for 
infarct-related artery

1·2 (0·4) 1·2 (0·4)

Total stent length of 
infarct-related artery, mm

29·8 (13·2) 29·6 (13·8)

Stent diameter of infarct-
related artery, mm

3·2 (0·4) 3·2 (0·5)

Optical coherence 
tomography

47 (3·5%) 35 (2·7%)

Intravascular 
ultrasonography

333 (24·9%) 307 (23·1%)

*Data are n (%) or mean (SD). 

Table 2: Procedural characteristics of the intention-to-treat population
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assigned to the active control group, 1172 received the 
allocated treatment during the study period: 30 stopped 
antiplatelet medications, 24 patients received clopidogrel 
plus aspirin, and 22 used different antiplatelet regimens 
(figure 2). The first patient was randomly assigned on 
Feb 26, 2014, and the last on Dec 31, 2018. Ascertainment 
of the primary endpoint was complete in 2605 (96·5%) of 
2697 patients who underwent random assignment, and 
data on vital status were obtained for 2627 (97·4%) 
patients (figure 2). 

Demographic, clinical, and procedural data were 
similar between the two groups; among the enrolled 
patients, the mean age was 60 years (SD 11·4), 
454 (16·8%) were female, 731 (27·1%) had diabetes, 
1318 (48·9%) had hypertension, and 1455 (53·9%) 
presented with STEMI (table 1). Lesion and procedural 
characteristics were also similar between the two 
groups; PCI was done by radial access in 1352 (50·1%), 
left anterior descending artery was an infarctrelated 
artery in 1319 (48·9%), and multivessel treatment was 
done in 754 (28·0%) enrolled patients. Detailed 
procedural characteristics are shown in table 2. 

Adherence to the study medication after random 
assignment was similar in both groups (97·3% vs 98·4% 
at 12 months after index PCI; appendix p 32). Within 
2 weeks after switching (ran domisation) from ticagrelor 
to clopidogrel without a loading dose, there were no 
deaths or stent thrombosis, except one case of nontarget 
lesion myocardial infarction (not stent thrombosis) 
reported 5 days after switching to clopidogrel. In the 
active control group, there were no ischaemic events 
during the 2 weeks after randomisation.

At 12 months, the primary endpoint (composite of 
cardiovascular death, myocardial infarction, stroke, and 
BARC bleeding type 2, 3, or 5) occurred in 59 (4·6%) in 
the deescalation group and 104 (8·2%) patients in the 
active control group (pnoninferiority<0·001; HR 0·55 [95% CI 
0·40–0·76], psuperiority=0·0001). The requirements for 
both noninferiority and superiority were met in the 
intentiontotreat population as well as in the perprotocol 
and astreated populations (appendix p 33). The Kaplan
Meier curves for the primary outcome are presented in 
figure 3A.

There was no significant difference in the composite of 
cardiovascular death, myocardial infarction, and stroke 
between the deescalation and active control groups 
(27 [2·1%] vs 38 [3·1%]; HR 0·69, 95% CI 0·42–1·14, 
p=0·15; table 3, figure 3B). By contrast, a composite of 
BARC bleeding type 2, 3, or 5 occurred significantly less 
frequently in the deescalation group than in the active 
control group (38 [3·0%] vs 71 [5·6%]; HR 0·52, 95% CI 
0·35–0·77, p=0·0012; table 3, figure 3C). Further more, a 
composite of BARC bleeding type 3 or 5 occurred less 
frequently in the deescalation group than in the active 
control group, which was marginally significant (15 [1·2%] 
vs 28 [2·3%]; HR 0·53, 95% CI 0·28–0·99; p=0·048). 
Even a composite of cardiovascular death, myocardial 
infarction, stroke, and BARC bleeding 3 or 5 occurred 
significantly less frequently in the deescalation group 
compared with the active control group (36 [2·8%] vs 
61 [4·9%]; HR 0·58, 95% CI 0·38–0·87; p=0·0086; 
table 3, figure 3D). In the individual outcomes, there was 
no significant difference in cardiovascular death, death 
from any cause, myocardial infarction, stroke, ischaemia
driven revascularisation, or stent thrombosis between the 
two groups (appendix p 34). Landmark analysis was done 
at 6 months from an index PCI (5 months from 
randomisation) and 6 months to 12 months in terms of 
composite of BARC 2, 3, or 5 bleeding. Bleeding events 
occurred less frequently within the first 6 months in 
the deescalation group (HR 0·37, 95% CI 0·27–0·69, 
p=0·0004) but the difference was mitigated after 6 months 
(appendix p 48)

The HRs for the primary endpoint were consistent 
across the prespecified subgroups (figure 4). Sensitivity 
analyses done for the patients who were lost to followup 
and withdrew consent exhibited consistent results 
regardless of the imputation methods, confirming the 
robustness of the primary analysis (appendix p 29).

Figure 3: Kaplan-Meier estimates
Estimates for the primary endpoints—a composite of CV death, MI, stroke, and BARC bleeding type 2, 3, or 5 from 
1 to 12 months after PCI (A), the key secondary endpoints: composite of CV death, MI, or stroke (B), composite of 
BARC bleeding type 2, 3, or 5 (C), and composite of CV death, MI, stroke, and BARC bleeding type 3, or 5 (D). 
The hazard ratio shown is for the de-escalation versus active control group. CV=cardiovascular. MI=myocardial 
infarction. BARC=Bleeding Academic Research Consortium. PCI=percutaneous coronary intervention.
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Discussion
The TALOSAMI trial is the first largescale randomised, 
controlled trial investigating the efficacy and safety of a 
uniform, unguided deescalation from ticagrelor to 
clopidogrel in stabilised patients with acute myocardial 
infarction without major ischaemic or bleeding events 
during the first month after an index PCI. Key findings 
from the current study are that the adoption of an 
unguided deescalation DAPT strategy of switching from 
ticagrelor to clopidogrel 1 month after a myocardial 
infarction was noninferior and even superior to the 
ticagrelorbased continuing standard DAPT. The uniform, 
unguided deescalation DAPT strategy was associated 
with 45% lower risk of net clinical benefits for the next 
11 months than the ticagrelorbased DAPT strategy. The 
absolute risk reduction was 3·6%, which was mainly 
attributed to a significant decrease in bleeding risk.

Unguided deescalation of DAPT from potent P2Y12 
inhibitors to clopidogrel after the acute phase in patients 
with acute myocardial infarction commonly occurs in 
clinical practice despite the absence of largescale 
randomised trial data.12–14,17 The potential reasons for the 
deescalation from potent P2Y12 inhibitors to clopidogrel 
are concerns regarding bleeding during potent P2Y12 
inhibitor treatment, medication costs,14 and sideeffects, 
such as dyspnoea in the case of ticagrelor.13 Various 
approaches to finding an optimal strategy for balancing 
ischaemic and bleeding risks in patients with acute 
coronary syndrome have been tested, including early
stage potent P2Y12 inhibitor monotherapy,19,20 dose 
reduction of a potent P2Y12 inhibitor,21 and guided8,9 or 
unguided11 switching from potent P2Y12 inhibitors 
to clopidogrel. Although a direct comparison among 
these approaches might be difficult owing to substantial 
differences in the study design, population, and 
definitions of bleeding and ischaemic events, the unique 
characteristics of our study design and population need to 
be addressed. First, we adopted a uniform, unguided de
escalation antiplatelet treatment strategy without the 
guidance of PFT or CYP2C19 genotyping and showed its 
superiority to continuing the standard DAPT. Second, our 
study population was based on acute myocardial 
infarction and included a larger proportion of patients 
with STEMI who are usually younger and have fewer 
comorbidities and fewer multivessel diseases than 
patients with nonST elevationacute coronary syndrome,22 
similar to the population of the TROPICALACS trial in 
which patients with STEMI showed a greater benefit 
from DAPT deescalation than patients with NSTEMI.8 
Third, the randomisation was done beyond the acute 
phase of acute myocardial infarction in uncomplicated 
patients without major ischaemic or bleeding events who 
tolerated aspirin plus ticagrelor treatment for 1 month 
after an index PCI. This kind of randomisation is well 
reflected in the ischaemic event incidence rate of our 
study population. The overall incidences of the primary 
endpoint events of the active control group in our trial 

were slightly lower than the estimated rates inferred from 
the PLATO trial (8·2% vs 9·35% in the active control 
group).3 This was primarily driven by fewer ischaemic 
events than expected (observed vs estimated rate, 
3·1% vs 5·28% in the active control group). The observed 
incidence of bleeding events was close to the estimated 
event rate (5·6% vs 4·07% in the active control group). 
There are several plausible explanations for a lowerthan
expected incidence of the primary endpoint events. 

De-escalation 
group 
(n=1349)

Active control 
group (n=1348)

Hazard ratio 
(95% CI)

p  value†

Primary endpoints 

Composite of cardiovascular 
death, mycocardial infarction, 
stroke, and BARC bleeding 
type 2, 3, or 5

59 (4·6%) 104 (8·2%) 0·55 (0·40–0·76) pnon-inferiority<0·001 
psuperiority=0·0001

Secondary endpoints

Main secondary endpoints

Composite of cardiovascular 
death, myocardial 
infarction, or stroke

27 (2·1%) 38 (3·1%) 0·69 (0·42–1·14) 0·15

Composite of BARC 
bleeding type 2, 3, or 5

38 (3·0%) 71 (5·6%) 0·52 (0·35–0·77) 0·0012

Composite of BARC 
bleeding type 3 or 5

15 (1·2%) 28 (2·3%) 0·53 (0·28-0·99) 0·046

BARC bleeding type 2 27 (2·1%) 50 (3·9%) 0·53 (0·33–0·85) 0·0080

BARC bleeding type 3 15 (1·2%) 28 (2·3%) 0·53 (0·28–0·99) 0·046

BARC bleeding type 5 1 (<1%) 0 2·95 (0·03–271·44) 0·64

Composite of cardiovascular 
death, myocardial 
infarction, stroke, and BARC 
bleeding type 3 or 5

36 (2·8%) 61 (4·9%) 0·58 (0·38–0·87) 0·0086

Other secondary endpoints

All-cause death 11 (0·9%) 10 (0·8%) 1·07 (0·45–2·52) 0·88

Cardiovascular death 6 (0·5%) 6 (0·5%) 0·98 (0·32–3·03) 0·97

Myocardial infarction

Any myocardial infarction 12 (1·0%) 20 (1·6%) 0·59 (0·29–1·21) 0·15

Spontaneous 9 (0·7%) 14 (1·1%) 0·64 (0·28–1·47) 0·29

Periprocedural 3 (0·2%) 6 (0·5%) 0·52 (0·13–2·06) 0·35

Target vessel myocardial 
infarction

7 (0·6%) 8 (0·7%) 0·86 (0·31–2·36) 0·76

Stroke 9 (0·7%) 13 (1·0%) 0·69 (0·29–1·61) 0·39

Ischaemia-driven revascularisation (percutaneous coronary intervention or coronary artery bypass graft)

Target lesion 
revascularisation

14 (1·1%) 9 (0·7%) 1·48 (0·64–3·42) 0·36

Target vessel 
revascularisation

17 (1·4%) 17 (1·4%) 0·97 (0·50–1·90) 0·93

Any revascularisation 32 (2·6%) 39 (3·2%) 0·80 (0·50–1·27) 0·34

Stent thrombosis 3 (0·2%) 3 (0·2%) 0·97 (0·20–4·80) 0·97

Data are n (Kaplan-Meier estimates, %). BARC=Bleeding Academic Research Consortium. *The intention-to-treat 
population included all patients in the trial who were randomly assigned. Percentages indicate patients who had an 
event at 335 days after randomisation (365 days after the index percutaneous coronary intervention). †The primary 
endpoint was analysed by non-inferiority test. After the primary endpoints passed non-inferiority test, a superiority 
test was done. Absolute difference was −3·6 percentage points. The primary endpoints met both the non-inferiority 
and superiority test. p value was calculated using the Com-Nougue approach Z statistic with SE estimated by 
Greenwood’s formula.

Table 3: Primary and secondary outcomes (intention-to-treat population)*
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Randomisation, not at the time of an index PCI, but after 
1 month, might partly explain the lower incidence of 
ischaemic events. Since we enrolled stabilised patients 
with acute myocardial infarction who had no major 
ischaemic or bleeding complications during 1 month 
after an index PCI, the early ischaemic events within 
30 days after the index PCI were not included in the 
analysis. However, the incidence of ischaemic 
outcomes 1–12 months after an index event in the active 
control group of this trial was similar to those of other de
escalation trials. The event rates of a composite of 
cardiovascular death, myocardial infarction, or stroke 
from 1 to 12 months in the standard treatment group 
which used potent P2Y12 inhibitors were 3·1% in the 
TALOSAMI trial, 2·1% in the TROPICALACS8 trial 
(rates were estimated from KaplanMeier survival curves 
of the published article under the corresponding 
author’s permission), and 1·1% in the HOSTREDUCE
POLYTECHACS trial21 (directly adopted from the original 
article). In the TWILIGHTACS population, the incidence 
of a composite of cardiovascular death, myocardial 
infarction, or stroke from randomisation 3–12 months 
after an index event was 3·3% (provided by the authors). 
Notably, any type of deescalation strategies in these trials 
did not increase ischaemic events. The coronary stent 

performance (current generation drugeluting stents 
were predominantly used in our study), procedural skills, 
and equipment have evolved over the study period 
compared with the time when the PLATO study was 
done. In the PLATO study,3 only 60% of the population 
underwent PCI, 40% of patients with PCI received bare
metal stent, and older generation drugeluting stents 
were implanted. The frequent use of intravascular 
imaging at the time of the procedure which is associated 
with high quality of stent deployment is another plausible 
explanation. Given these specific characteristics, our 
results should be carefully applied to realworld patients 
with acute myocardial infarction, and thus the 
uncomplicated, stabilised, and ticagrelortolerated 
population of patients with acute myocardial infarction 
would be good candidates for unguided deescalation 
therapy with aspirin plus clopidogrel.

With regard to deescalation of DAPT in patients with 
acute coronary syndrome, the current guidelines only offer 
the option to deescalate in patients who are deemed 
unsuitable for potent platelet inhibition.1 In clinical 
practice, deescalation from potent P2Y12 inhibitors to 
clopidogrel might be done without guidance based on 
clinical judgement11–14 or with guidance based on PFT8 or 
CYP2C19 genotyping9 in patients with acute coronary 

Figure 4: Subgroup analysis
Subgroup analysis of the primary endpoint in prespecified subgroups of the present study population. STEMI=ST-segment elevation myocardial infarction. 
NSTEMI=non-ST-segment elevation myocardial infarction. LVEF=left ventricular ejection fraction. eGFR=estimated glomerular filtration rate.
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syndrome. Although the unguided deescalation strategy 
has already been used by many physicians when treating 
patients with acute coronary syndrome with PCI, dedicated 
largescale trials on a uniform unguided DAPT de
escalation that reflect the realworld clinical situation are 
lacking, and the available data are contradictory.11,12 
Although PFT or genotypingguided deescalation anti
platelet therapy showed noninferiority to the standard 
DAPT with a potent P2Y12 inhibitor,8,9 these trials failed 
to provide strong evidence supporting the routine use of 
PFT or CYP2C19 genotyping in patients with acute 
coronary syndrome. Therefore, the expert consensus 
recommends that PFT or genotypeguided deescalation 
be considered only in specific clinical scenarios such as 
in cases of bleeding events, a high bleeding risk, and 
socioeconomic indications in patients with acute coronary 
syndrome.23 A systematic review and metaanalysis paper 
comparing the safety and efficacy of guided versus 
standard antiplatelet therapy showed that PFTguided or 
genotypingguided treatment approach (either escalation 
or deescalation) was associated with a reduction of 
ischaemic events and minor bleeding in patients under
going PCI.10 However, among 14 studies in this meta
analysis, only three clinical trials were on deescalation 
from a potent P2Y12 inhibitor to clopidogrel. Although the 
overall results of guided antiplatelet therapy were 
promising, its adoption into clinical practice has several 
hurdles, including lack of widespread availability of PFT or 
genotyping, resultvariability of PFT over time and across 
different devices, and an impractical approach for patient 
routines.24 Although the clinical usefulness of potent P2Y12 
inhibitor monotherapy following short DAPT in patients 
with acute coronary syndrome is emerging,19 few data exist 
on the comparison between potent P2Y12 inhibitor 
monotherapy and deescalating DAPT after the acute 
phase in patients with pure acute myocardial infarction. 
Current guidelines still recom mend continuing DAPT for 
at least 12 months in patients with acute myocardial 
infarction.16 In this regard, this TALOSAMI trial provides 
strong clinical evidence for the usefulness of a uniform, 
unguided DAPT deescalation strategy after the acute 
phase of acute myocardial infarction, which is more 
practical and feasible than a guided deescalation strategy 
or potent P2Y12 inhibitor monotherapy in clinical practice.

To our knowledge, this is the first largescale trial 
revealing the safety of switching from ticagrelor to 
clopidogrel without a clopidogrel loading dose in patients 
with acute myocardial infarction beyond the acute phase. 
The current clinical practice guidelines offer no clear 
recommendations on when and how to administer a 
loading dose when deescalating ticagrelor to clopidogrel. 
One expert consensus has given a recommendation 
based on pharmacodynamics studies.25 According to this, 
when deescalating ticagrelor to clopidogrel, a 600 mg 
loading dose at 24 h after the last dose of ticagrelor is 
recommended. However, data from registries showed 
that switching from potent P2Y12 inhibitors to clopidogrel 

without a loading dose both in the hospital13 and after 
hospital discharge was not uncommon,12,14,17 despite a 
potential ischaemic risk due to possible increased platelet 
activity when switching. In this study, we did not observe 
any clustering of thrombotic events during the early 
period of switching as mentioned in the results when 
ticagrelor was switched to clopidogrel without a loading 
dose in the deescalation group. It is well known that the 
prevalence of CYP2C19 lossoffunction alleles, which is 
associated with high ontreatment platelet reactivity, is 
significantly greater in east Asians than in the white 
population.26 Given this specific genetic profile, it is 
noteworthy that the occurrence of ischaemic events was 
very rare when switching from ticagrelor to clopidogrel 
without a loading dose after the acute phase in acute 
myocardial infarction. This can be partially explained by 
the stable condition of patients at the time of random 
assignment due to timedependent risk diminution after 
a successful PCI.11

This study was done only in South Korea and thus 
included only east Asian patients, which makes the 
generalisability of our results unclear. Caution is needed 
when extrapolating these results to regions outside 
South Korea. However, despite the higher prevalence of 
the CYP2C19 lossoffunction alleles in east Asians,26 this 
study showed the clinical safety of switching from 
ticagrelor to clopidogrel in this population, suggesting 
the potential of applying this deescalation strategy to 
patients with acute myocardial infarction of other 
ethnicities. In addition, reviewing studies undergoing 
unguided deescalation of switching from potent P2Y12 
inhibitors to clopidogrel in western Europeans might 
provide a possibility that this kind of strategy can be 
carefully applied to other ethnic populations as well. In 
the TOPIC trial, which was a small randomised trial 
done in France, and which showed similar results to 
those of our study, unguided deescalation to aspirin plus 
clopidogrel was associated with a reduction in bleeding 
complications without an increase in ischaemic events in 
patients who have been eventfree for the first month 
after an acute coronary syndrome on a combination of 
aspirin plus a potent P2Y12 inhibitor, although with 
important limitations.11 The TRANSLATEACS study also 
showed that inhospital or postdischarge (a median of 
50 days) switching from potent P2Y12 inhibitors to 
clopidogrel occurred in about 10% of patients with acute 
myocardial infarction, and was not associated with 
increased ischaemic or bleeding events.13,17 When de
escalating a P2Y12 inhibitor in the early period of just 
after an index event (<30 days), PFTguided or genotyping
guided deescalation strategy might be needed to reduce 
the potential risk of ischaemic events because the risk of 
thrombotic events during the acute period of acute 
myocardial infarction is very high. In this perspective, 
the TROPICALACS8 and POPularGenetics9 trials 
showed the usefulness of a guided deescalation strategy 
during the acute period of acute coronary syndrome. 
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Alternatively, after the acute period of acute myocardial 
infarction (>30 days), ischaemic risks decrease but 
bleeding risks increase over time. Hence, in the 
maintenance phase, the role of PFT or genotyping 
guidance might be insufficient for deescalating P2Y12 
inhibitors. In this regard, this study differs from other 
deescalation studies by randomly assigning stabilised 
patients with acute myocardial infarction at 30 days 
after an index PCI. Therefore, taken together, we 
cautiously speculate that adopting an unguided de
escalation strategy of P2Y12 inhibitor in stabilised and 
uncomplicated patients with acute myocardial infarction 
after acute phase might be a safe and feasible treatment 
strategy regardless of ethnicities. However, largescale 
ran domised trials enrolling other ethnicities are needed 
to confirm our findings in a noneast Asian population.

The current study has several limitations. First, this 
trial was openlabel and not placebocontrolled, which 
could have resulted in bias. However, all clinical events 
were assessed by an independent event adjudication 
committee, who were masked to the treatment 
allocations. Periodic monitoring was done in more than 
90% of the enrolled cases and regular investigator 
meetings were held to ensure site investigators’ 
adherence to the study protocol. The vital status of 
patients who were lost to followup was checked on the 
basis of national databases. The presence of masking in 
clinical trials might affect the compliance rate and 
percentages of patients lost to followup. However, this 
TALOSAMI trial showed similarly high compliance rate 
and low percentages of patients lost to followup between 
deescalation and active control groups. Accordingly, it is 
assumed that the openlabel design of this trial would not 
have a significant effect on the outcome. Second, the 
noninferiority margin of HR 1.34 seemed to be wide and 
a onesided α of 0·025 would be preferable in the non
inferiority trial. We chose the noninferiority margin in 
accordance with clinical judgement, the feasibility of 
study recruitment, and the noninferiority margin of 
available antithrombotic trials at the time of study design. 
The steering committee decided that the noninferiority 
margin in our study should be less than a 40% increase 
compared with the expected event rate of the control 
group on the basis of the noninferiority margin 
of two available contemporary trials of antiplatelet 
treatment.27,28 After considering clinically acceptable 
relevance and the feasibility of study recruitment, we 
finally selected the noninferiority margin for HR of 1·34, 
which was equivalent to an absolute difference of 3·0% 
and a 32% increase in the expected event rate. In the 
previous major trials on antithrombotic therapy, the 
noninferior margin was equivalent to a 20–60% increase 
in the expected event rate.27–30 In addition, published 
TROPICALACS (30%)8 and SMARTCHOICE (45%)31 
trials also adopted a relatively wide noninferiority 
margin. Hence, we think that the noninferiority margin 
of the current trial is not exceptionally wide but is within 

a similar range compared with that of the previous major 
trials. Furthermore, if we input the actual observed 
values of the present study, our results still meet 
noninferiority criteria (p<0·001) when we use a non
inferiority margin for HR of 1·11 (equivalent to an 
absolute difference of 1·0%) and a onesided α of 0·05; 
posthoc power is 96% when we use a noninferiority 
margin for HR of 1·34 (equivalent to an absolute 
difference of 3·0%) and a onesided α of 0·025. Of note, 
the results of our sensitivity analysis show that the worst
case analysis does not meet superiority, which suggests 
that the interpretation of our study needs caution, 
especially in patients at high cardiovascular risk. 
According to the Consolidated Standards of Reporting 
Trials statement of noninferiority and equivalence in 
trials,32 a onesided α of 0·05 is acceptable in non
inferiority clinical trials. Moreover, of the 110 CV 
noninferiority trials published in JAMA, The Lancet, or 
the New England Journal of Medicine from 1990 to 2016, 
the onesided α was 0·05 in 66 trials.33 Third, including 
less severe BARC type 2 bleeding in a net clinical 
outcome might bias results in favour of the deescalation 
group. Indeed, BARC type 2 bleeding might not have the 
same weight as death, myocardial infarction, or stroke. 
However, because BARC type 2 bleeding implies an 
actionable sign of haemorrhage requiring intervention or 
hospitalisation,18 this event can be associated with 
medication change and poor treatment compliance. 
Hence, although BARC 2 bleeding events might not be 
life threatening, they might have important effects on 
treatment adherence and this might translate into poor 
clinical outcomes and high healthcare costs.34 In 
addition, when compared with BARC 3 and higher 
bleeding, the predictive power of BARC 2 for 1year 
mortality after PCI was quite similar in the previous 
studies.35 Moreover, several trials of deescalating DAPT 
have also included BARC type 2 bleeding as a component 
of net clinical outcomes.8,11,21 Fourth, we did not do PFT or 
genotyping during the study conduct. Genotyping for 
clopidogrel metabolism as a prespecified subgroup 
analysis is scheduled for the investigation of the clinical 
effect of CYP2C19 lossoffunction alleles in stabilised 
patients with acute myocardial infarction. Fifth, we solely 
used ticagrelor for potent P2Y12 inhibition. Of note, the 
ISARREACT 5 study has shown a superiority of 
prasugrel over ticagrelor for patients with acute coronary 
syndrome with planned invasive management.36 For this 
reason, the European Society of Cardiology updated its 
NonSTsegment Elevationacute coronary syndrome 
2020 guidelines by adding a COR IIa LOE B recom
mendation to prefer prasugrel over ticagrelor for acute 
coronary syndrome treated with PCI.37 However, this 
study lacked a prasugreltreated group, and thus to what 
extent our findings can be extrapolated to prasugrel 
remains unclear. Sixth, in the subgroup analysis, whereas 
patients with single vessel treatment favoured a de
escalation strategy, those with multivessel treatment did 
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not show this trend, although interaction was not 
observed. However, patients with multivessel treatment 
amounted to only 371 (27·5%) in the deescalation and 
383 (28·4%) in the active control groups. Thus, the 
results of this TALOSAMI trial have a limitation in 
applying a deescalation strategy to patients with acute 
myocardial infarction with multivessel disease or 
complex lesions. In this regard, the deescalation of 
ticagrelor monotherapy in patients with acute coronary 
syndrome with multivessel PCI might be another 
promising option to balance ischaemic and bleeding 
risks in this population.38 Lastly, the reported DAPT 
adherence rates seemed rather high. Of the several 
methods to assess medication adherence, we chose the 
pill count method because it was easy to do and known to 
correlate with electronic medication monitors. However, 
it does not accurately capture the exact timing of 
medication and can be manipulated by patients.39 In 
addition, some patients did a telephone interview instead 
of an outpatient clinic visit. Therefore, medication 
adherence should be cautiously interpreted. However, 
those who well tolerated DAPT during the first month 
after acute myocardial infarction were enrolled in this 
study, which might contribute to high adherence rate in 
this study.

In conclusion, a uniform, unguided deescalation 
DAPT strategy switching from ticagrelor to clopidogrel in 
stabilised patients with acute myocardial infarction who 
had no major ischaemic or bleeding events during the 
first month after an index PCI was superior to the 
ticagrelorbased continuing DAPT strategy in terms of 
net clinical benefit, with a significant decrease in bleeding 
risk and no increase in ischaemic risk. However, findings 
from this study should be confined to uncomplicated, 
stabilised patients with acute myocardial infarction 
undergoing PCI. In patients with acute myocardial 
infarction with complex lesions, major adverse events in 
the acute phase, ticagrelor intolerance, or only medical 
treatment, this kind of deescalation strategy cannot be 
extrapolated.
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