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Composite Endpoints

• Most contemporary CV trials use composite endpoints
– Lipid-lowering:  CV death, MI, stroke

– HF Trials: Death or HF hospitalization

– DES trials:  Target lesion failure (CV death, TV MI, TLR)

• Rationale for composite endpoints
– Improve statistical power and reduce sample size

– Avoid analytic challenges related to competing risks and multiple 
comparisons



Composite Endpoints- Drawbacks 

• Interpretation can be challenging or even misleading, particularly if 
endpoint components have differential clinical impact and the 
endpoint is driven by the “less severe” components

– Usual interpretation implies that all endpoint components carry the same 
“clinical weight”

– Alternative weighting schemes are conceptually attractive but difficult to 
implement

• Even greater challenge occurs if different endpoint components 
move in different directions



Best Case Scenario 

Stent + 
Abcix

Stent + 
Placebo

RR 
(95% CI)

Primary 
composite 5.3% 10.8% 0.48

Death 0.3% 0.6% 0.50

MI 4.5% 9.6% 0.47

U-TVR 1.3% 2.1% 0.62

Lancet 1998;352:87-92

Composite Endpoints

EPISTENT Trial

• 2399 pts undergoing PCI randomized to 
1 of 3 arms:

– Stent + placebo
– Stent + abciximab
– PTCA + abciximab

• Primary endpoint = 30-day composite of:
– Death
– MI
– Urgent TVR



Usual Scenario: Single Dominant Component 

• 120 pts with in-stent 
restenosis randomized to 
PTCA with or without 
gamma radiation

• Primary endpoint: cardiac 
death, Q-wave MI, or 
target vessel 
revascularization

Authors’ Conclusion

• “In patients with SVG in-stent restenosis, brachytherapy reduced the composite 
of cardiac death, Q-wave MI, or target vessel revascularization by 73%”

Brachy Control RR (95% CI)

Cardiac 
death 7% 7% 1.0 

(0.24-4.20)

Q-MI 2% 3% 0.49 
(0.42-5.57)

TVR 28% 62% 0.25 
(0.11-0.53)

Waksman R et al. N Engl J Med 2002;346:1194-9

Composite Endpoints



Impact of Endpoint Components 

• Systematic review of 114 
cardiovascular RCTs published in 
2002-3

• 56% of studies showed 
moderate/large gradient of clinical 
impact across endpoints

• 75% showed large differences in 
treatment effect across endpoint 
components (see figure)

Ferreira-Gonzalez I, et al.  BMJ 2007;334:786

Conclusions/Implications
“Clinicians and patients are best served when trialists 
restrict their use of composite endpoints to endpoints of 
similar importance to patients and contexts in which they 
anticipate that more important endpoints will contribute a 
large proportion of study events.  If they do not, they risk 
misleading their audience.”



Worst Case Scenario: Conflicting Endpoints 
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What does all this have to do with 
trials of antiplatelet and 

antithrombotic therapy in PCI/ACS?



Endpoints in Trials of PCI/ACS

Trial Intervention Ischemic 
Events

Bleeding 
Events

REPLACE-2 Bivalirudin vs. 
Heparin/GP2b3a ↑ ↓

TRITON/TIMI-38 Prasugrel vs. 
Clopidogrel ↓ ↑

DAPT Long vs. short DAPT ↓ ↑

COMPASS Low dose 
rivaroxaban ↓ ↑

• Key challenge is 
tradeoff between 
ischemic/thrombotic 
and bleeding 
events

• Are “net adverse 
events” (NAE) the 
solution?



Balancing Safety and Efficacy in PCI/ACS Trials

Approach #1

Net Adverse 
Events

Composite of death, 
MI, stroke,and

bleeding

Strengths

• Incorporates full spectrum of adverse outcomes (patient-
centered) 

Limitations

• Weights all endpoints the same

• Only helps with sample size if rx has directionally consistent 
effect on all endpoints

• Challenging to use in a non-inferiority design (why accept 
possibility of net harm?)



Balancing Safety and Efficacy in PCI/ACS Trials

Strengths

• Incorporates full spectrum of adverse outcomes (similar to 
traditional composite)

• Allows for more impactful endpoints to take precedence 
(death >> MI)

Limitations

• Interpretation challenging if components move in different 
directions

• Only informative for the “average patient” cannot easily 
adapt to different risk profiles

Approach #2

Ordinal 
Composite 
Endpoint



Balancing Safety and Efficacy in PCI/ACS Trials

Approach #3

Separate 
Endpoints for 
Efficacy and 

Safety

Strengths

• Incorporates full spectrum of adverse outcomes

• Can combine non-inferiority for one component and 
superiority for the other (e.g., TWILIGHT)

• Allows for explicit modeling of risk-benefit tradeoffs for 
specific patient profiles (personalized medicine)

Limitations

• Does not take advantage of improved power if both 
endpoints move in the same direction



Personalized PCI: Antiplatelet Therapy

• Used primary data from TRITON-TIMI 
38 to develop separate risk prediction 
models for ischemic and bleeding 
outcomes
– Ischemic:  Death or MI

– Bleeding: TIMI Major or 
Minor Bleed

• Model applied to each individual in the 
trial to provide personalized 
assessments of risk vs. benefit (as a 
function of patient preference)
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Clinical Impact: 
Bleed = MI

Salisbury AC, et al.  Circ CV Qual Outcomes 2013

45 y.o. man with DM, 
NSTEMI, radial access

66 y.o. woman with 
STEMI, femoral 

access



Individualizing Antiplatelet Therapy: 
DAPT Score

Yeh RW, et al. JAMA 2016

DAPT Score 
<2



Summary

• Despite several important limitations, composite endpoints for clinical 
trials are likely here to stay

• Use of net adverse events addresses some (but not all) concerns around 
composite endpoints

– Does not address concerns related to equal event rating

– Only helps to improve study power if a treatment has directionally consistent 
effects on both safety and efficacy

– Main value of NAE is providing a basic framework for balancing benefits and harms

• Novel approaches including ordinal composite endpoints and modeling 
heterogeneity of treatment benefit are likely to assume increasing 
importance for both regulatory and clinical decision-making in the future

Composite Endpoints
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