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ABSTRACT
Balancing ischaemic and bleeding risks in high-
risk populations undergoing percutaneous coronary 
interventions has become an everyday dilemma for 
clinicians. It is particularly difficult to make decisions 
concerning combinations and duration of antiplatelet 
regimens in women given the poor representation of 
women in trials that have shaped current practice. 
Several contemporary landmark trials have recently 
been presented at the American College of Cardiology. 
The trials included the Harmonising Optimal Strategy 
for Treatment of coronary artery diseases-EXtended 
Antiplatelet Monotherapy, Ticagrelor With Aspirin or Alone 
in High-Risk Patients After Coronary Intervention and the 
TicAgrelor versus CLOpidogrel in Stabilised Patients With 
Acute Myocardial Infarction. In this article, we summarise 
the main findings of these trials and include the The 
Polymer-free Drug-Coated Coronary Stents in Patients at 
High Bleeding Risk (LEADERS FREE) in search for evidence 
based best practices for women patients. Although 
some of these trials had prespecified a subanalysis of 
sex differences, women constituted only 17%–30% of 
participants making sex-specific analyses challenging. 
Data suggest that women benefit from de-escalation to 
both ticagrelor and clopidogrel monotherapy. However, 
given the increased bleeding risks observed in women 
further randomised controlled trials are necessary to 
determine the most appropriate combination and duration 
of dual antiplatelet therapy as well as maintenance single 
antiplatelet therapy.

INTRODUCTION
Current standard antiplatelet therapy after 
percutaneous coronary intervention (PCI) 
comprises of dual antiplatelet therapy 
(DAPT), aspirin plus a P2Y12 inhibitor, for 
6–12 months depending on clinical presenta-
tion, followed by lifelong single antiplatelet 
therapy (SAPT), typically low-dose aspirin.1 2 
These recommendations are based on trials 
in which, for the most part, women were 
underrepresented leading to difficulties with 
generalisability of the results.

Antiplatelet regimens during and post-PCI 
involve balancing the risk of ischaemic 
versus bleeding complications both of which 
increase morbidity and mortality.3–6 Histori-
cally, the focus of many trials has been on the 
reduction of ischaemic risk with bleeding risk 

playing a secondary role. Several contempo-
rary trials have explored adequately balancing 
both ischaemic and bleeding risks, with 
potent antiplatelet agents. STOP-DAPT-27 
and SMART CHOICE,8 suggest an abbrevi-
ated DAPT regimen that included clopido-
grel is noninferior to an extended regimen 
with respect to bleeding with no increase in 
ischaemic events. These trials were predom-
inantly in low-risk Asian patients, guided by 
intracoronary imaging. More importantly, 
women constituted only 21%–27% of the 
cohort making it difficult to conduct any sex-
specific analyses.

There has been interest in targeting anti-
platelet therapy based on platelet reactivity. 
In the GRAVITAS (Gauging Responsiveness 
with A VerifyNow assay—Impact on Throm-
bosis And Safety) study, those with high 
residual platelet activity after PCI with drug-
eluting stent (DES) were randomised to 
standard (75 mg) versus high-dose (150 mg) 
clopidogrel with no significant differences in 
the primary ischaemic endpoint or moderate 
or severe bleeding.9 Interestingly, in the 
double-dose versus standard-dose clopido-
grel and high-dose versus low-dose aspirin in 
individuals undergoing PCI for acute coro-
nary syndromes (CURRENT OASIS 7) study, 
there was a significant interaction with PCI. 
Despite no differences in the overall popula-
tion10 in those undergoing PCI the composite 
primary endpoint of cardiovascular death, 
myocardial infarction (MI) or stroke at 30 
days, was significantly lower in the double-
dose clopidogrel cohort.11 Although not truly 
randomised cohorts, as the antiplatelet allo-
cation was determined prior to PCI, there 
was also a reduction in stent thrombosis (ST) 
in the double dose clopidogrel group. This 
reduction in ischaemic risk came at the cost 
of increased major bleeding.

Various trials including Harmonising 
Outcomes With Revascularisation and 
Stents in Acute Myocardial Infarction and 
Treatment with ADP receptor inhibitors-
longitudinal assessment of treatment patterns 
and events after acute coronary syndrome 
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have demonstrated that women have a higher bleeding 
risk than men.12 13 The known increased bleeding risk 
in women as well as conflicting results in clinical trials 
complicate decision making in women and potentially 
lead to underutilisation of appropriate percutaneous and 
medical therapy.14 15 Furthermore, the optimal DAPT 
regimen in women, undergoing complex coronary inter-
ventions and the optimal chronic SAPT post-PCI remain 
unclear. In this review, we examine the sex-based analyses 
of contemporary antiplatelet therapy studies. Figure  1 
provides a summary of the design and results of the most 
relevant and contemporary trials on antiplatelet therapy.

CONTEMPORARY ANTIPLATELET THERAPY TRIALS
LEADERS FREE Trial
The Polymer-free Drug-Coated Coronary Stents in 
Patients at High Bleeding Risk (LEADERS FREE) trial 
randomised patients with HBR to PCI with a bare metal 
stent (BMS) or a polymer-free biolimus A9-eluting drug-
coated stent (DCS) with 1 month of DAPT.16 A secondary 
sex-based analysis of the LEADERS FREE aimed to assess 
2 years outcomes of HBR patients undergoing PCI.17 The 
protocol mandated 30 days of DAPT with aspirin and a 

P2Y12 inhibitor, preferably clopidogrel, followed by SAPT, 
preferably with aspirin. Patients in whom a vitamin K 
antagonist (VKA) was prescribed received either triple 
therapy or clopidogrel and the VKA for the first 30 
days. The primary efficacy endpoint was clinically driven 
target lesion revascularisation (TLR) and the primary 
safety endpoint was a composite of cardiac death, MI or 
ST. Bleeding was assessed using the Bleeding Academic 
Research Consortium (BARC) scale.

A total of 2432 patients with a mean age of 75 years 
were included in the trial, similar to most coronary inter-
vention trials, less than a third of participants in this trial 
were women 30.3% (738) women and 69.7% (1694) men. 
Women were older (78±8 years vs 75±9 years, p<0.001) 
with a higher prevalence of chronic kidney disease 
(CKD) (CrCL <40 mL/min 24.1% vs 16.9%, p<0.001). In 
this study, the characteristics for HBR were different in 
men and women with women more likely to be consid-
ered HBR due to their age, renal function or haemo-
globin level, while men were more likely to be considered 
HBR due to indications for oral anticoagulation (37.8% 
vs 32.4%, p=0.01), planned major surgery within the 
next 12 months (17.8% vs 13.1%, p=0.005), malignant 

Figure 1  A summary of the most relevant and contemporary antiplatelet trials. AMI, acute myocardial infarction; ACS, acute 
coronary syndrome; BARC, Bleeding Academic Research Consortium; BMS, bare metal stent; DCS, drug-coated stent; DES, 
drug-eluting stent; HBR, High Bleeding Risk; HOST EXAM, Harmonising Optimal Strategy for Treatment of coronary artery 
diseases-EXtended Antiplatelet Monotherapy; MI, myocardial infarction; PCI, percutaneous coronary interventions; RCT, 
randomised controlled trial; TALOS, TicAgrelor versus CLOpidogrel in Stabilised; TWILIGHT, Ticagrelor With Aspirin or Alone in 
High-Risk Patients After Coronary Intervention.
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neoplasm (11.0% vs 7.0%, p=0.002) or hospitalisation for 
bleeding (3.7% vs 2.2%, p=0.05).

The primary efficacy and safety endpoints were 
similar in men and women with the DCS superior to 
BMS. Overall, 1 month of DAPT followed by SAPT with 
aspirin in patients undergoing PCI with appropriate stent 
platforms appears to be safe with regard to ischaemic 
outcomes up to 2 years follow-up. Importantly, there 
were no differences in ischaemic outcomes in women 
at HBR undergoing PCI compared with men suggesting 
that clinically indicated PCI should not be withheld from 
women with HBR. Similarly, TLR was improved with DCS 
compared with BMS therefore BMS does not appear to 
have a role in PCI in women where appropriate DCS are 
available.

With regard to bleeding outcomes, overall there were 
similar rates of BARC types 3–5 major bleeding at 2 years, 
however, women experienced more BARC 3–5 bleeding 
at 30 days compared with men, likely reflecting the lower 
rates of radial access in women compared with men. 
In both sexes, BARC types 2–5 bleeding was lower with 
radial access compared with femoral. However, even 
when radial access was used in women they had increased 
rates of access site bleeding compared with men; radial 
access in women had similar rates of BARC 2–5 bleeding 
as femoral access in men. Major bleeding, both vascular 
and non-vascular, was associated with increased 2-year 
mortality in both sexes, therefore, bleeding avoidance 
strategies during PCI are critical in all patients particu-
larly women.

Harmonising Optimal Strategy for Treatment of coronary 
artery diseases-EXtended Antiplatelet Monotherapy trial
The Harmonising Optimal Strategy for Treatment of 
coronary artery diseases-EXtended Antiplatelet Mono-
therapy study was an investigator-initiated, multicentre, 
prospective, randomised, open-label trial conducted 
at 37 sites in South Korea.18 The population included 
patients>20 years of age who had been maintained on 
DAPT with aspirin plus any P2Y12 inhibitor for 6–18 
months following PCI with a DES. Patients with ischaemic 
or bleeding events were excluded from randomisation. 
Importantly, there were no restrictions based on the 
index PCI such as diagnosis or indication, lesion location 
or length or number of lesions or vessels treated. Patients 
were randomised in a 1:1 fashion to receive either clopi-
dogrel 75 mg daily or aspirin 100 mg daily. Follow-up was 
at 12 and 24 months postrandomisation. The primary 
endpoint was a composite of all-cause mortality, non-fatal 
MI, stroke, readmission for acute coronary syndrome 
(ACS) and major bleeding (defined as BARC type 3 or 
greater) within the 24-month follow-up period. Hazards 
modelling was performed for prespecified subgroup 
analysis including sex.

A total of 5438 patients with a mean age of 63.5 years 
were successfully randomised. Of this population, only 
25.5% (n=1384) were female. The median time from 
PCI to randomisation was 382 days. During the 24-month 

follow-up period, the primary endpoint occurred in 152 
patients (5.7%) in the clopidogrel group versus 207 
patients (7.7%) in the aspirin group (p=0.0035), with an 
absolute risk reduction of 2.0%. This was largely driven 
by reduction in the thrombotic composite endpoint 
(p=0.003) and major bleeding (p=0.035) in favour of 
the clopidogrel group. Interestingly, the incidence of all-
cause mortality was similar between the two groups (1.9% 
in the clopidogrel group vs 1.3% in the aspirin group, 
p=0.101).

Regarding the subgroup analysis according to sex, 
a trend towards benefit with respect to the primary 
endpoint was seen in the clopidogrel group among 
female patients though the benefit did not reach statis-
tical significance (p=0.275) due to overall low number of 
female participants. However, post hoc analysis showed 
no statistically significant interaction between treatment 
effect and sex (p=0.63). A similar trend was seen with 
regards to composite thrombotic events and any bleeding 
events among females, but again these results did not 
reach statistical significance (p=0.060 for thrombotic 
events, p=0.522 for major bleeding). While the trend 
towards benefit of clopidogrel monotherapy over aspirin 
in women is hypothesis generating, ultimately the overall 
benefit in women remains unproven. Although sex was 
a prespecified subgroup analysis, the lack of sex stratifi-
cation at randomisation and additional details regarding 
comorbidities and individual clinical details within this 
group makes interpretation of these results more chal-
lenging. Furthermore, patients with prior ischaemic or 
bleeding events were excluded from this trial.

Of particular, interest is the secondary endpoint of 
any bleeding, which arguably proved least impressive in 
the female population. While results trended towards 
benefit in the clopidogrel monotherapy group, this result 
did not approach statistical significance (p=0.522). As 
demonstrated in prior studies, bleeding among women 
is of particular concern and more data are needed with 
regard to this risk in the female patient population.19 20 
Finally, this study was conducted in South Korea, and the 
included population was almost exclusively east Asian 
patients. The lack of diversity among study participants 
may limit the ability to extrapolate results on a broader 
scale.

Ticagrelor With Aspirin or Alone in High-Risk Patients After 
Coronary Intervention Trial
The Ticagrelor With Aspirin or Alone in High-Risk 
Patients After Coronary Intervention (TWILIGHT) 
study was a multicentric investigator-initiated, placebo-
controlled randomised trial conducted in 187 sites 
worldwide21 At 3 months post-PCI, patients, at high risk 
for ischaemia or bleeding, adherent to DAPT with tica-
grelor and aspirin and no major adverse events were 
randomised to ticagrelor plus aspirin or ticagrelor plus 
placebo for 1 year. After the 12-month period mandated 
by the study protocol, the antiplatelet was assigned at the 
discretion of their treating physician with an additional 
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3 months of follow-up. The primary endpoint was BARC 
type 2, 3 or 5 bleeding. The primary ischaemic endpoint 
was a composite of death, MI (in accordance with the 
third universal definition) or stroke, revascularisation 
and ST.

A prespecified secondary analysis assessed outcomes by 
sex.22 A total of 7119 patients with a mean age of 63.9 years 
were included 23.9% of women. Women were older (65.5 
years vs 63.4 years), with a significantly higher prevalence 
of CKD (21.2% vs 14.7%) and anaemia. Fewer women 
had prior MI, PCI or coronary artery bypass grafting with 
similar angiographic features including chronic total 
occlusions or bifurcation stenting. The primary bleeding 
endpoint occurred more often in women than men, 
however, after multivariate adjustment, bleeding risk 
associated with female sex was not significant (adjusted 
HR, 1.20; 95% CI) suggesting bleeding risk was attribut-
able to baseline characteristics. The ischaemic endpoints 
were similar in both sexes.

Although sex was a prespecified subgroup of the 
TWILIGHT study, the total number of women enrolled 
was low and randomisation was not stratified by sex. 
Overall, the early withdrawal of aspirin and ticagrelor 
monotherapy appears beneficial in women, however, the 
increased bleeding risk needs further assessment. The 
population was high risk, therefore, the results cannot be 
extrapolated to lower risk women with stable disease.

TicAgrelor versus CLOpidogrel in Stabilised Patients With AMI 
trial
TicAgrelor versus CLOpidogrel in Stabilised Patients 
With Acute Myocardial Infarction (TALOS-AMI) a multi-
centre, randomised, open-label trial of 2697 undergoing 
PCI for AMI was presented at the American College of 
Cardiology Virtual Annual Scientific Session, ACC 2021 
16 May 2021. All patients received aspirin and ticagr-
elor for 1-month postsuccessful PCI. Patients with no 
adverse events at 1 month were randomised to aspirin 
100 mg plus clopidogrel 75 mg daily (de-escalation, 
n=1349) or a multicentre, randomised, open-label trial 
of 2697 undergoing PCI for AMI aspirin 100 mg plus 
ticagrelor 90 mg two times daily. The primary endpoint 
was a composite of cardiovascular death, MI, stroke, and 
BARC bleeding type 2, 3 or 5 from 1 to 12 months after 
the index PCI.

Overall, the primary endpoint occurred in 4.6% of the 
de-escalation arm and 8.2% of the Aspirin plus Ticagrelor 
arm (p<0.001 for both noninferiority and superiority) 
driven by a reduction in major bleeding with a numer-
ically lower rate of ischaemic endpoints with de-escala-
tion therapy. Overall, only 17% of the participants were 
female and given that the paper has not been published 
it is difficult to determine sex-based differences in de-es-
calation. TALOS AMI mirrors the results of the Euro-
pean single-centre TOPIC23 trial, which again showed 
reduced bleeding complications in the de-escalation arm, 
however, included <20% women.

CONCLUSION
Modern PCI DAPT regimens are complex requiring 
adequate balancing of both ischaemic and bleeding risks, 
several contemporary trials have addressed the bleeding 
and ischaemic risks of varying combinations and dura-
tions of potent antiplatelet agents. Despite the prespec-
ified substudies in several trials, women constituted 
17%–30% of participants making sex-specific analyses 
challenging. From the data available, it would appear that 
women benefit from de-escalation to both ticagrelor and 
clopidogrel monotherapy. Given the increased bleeding 
risks observed in women, further randomised controlled 
trials determining the most appropriate combination 
and duration of DAPT as well as maintenance SAPT are 
required.
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