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Clinical trials of cardiovascular therapeutics have been criticized for under-representation of 

older adults with frailty and multiple chronic conditions. Major strides have been made in 

recent years to increase representation of this population, as exemplified by clinical trials of 

transcatheter aortic valve replacement (TAVR).1,2 While more high-quality evidence is being 

generated to guide treatment in older adults, the challenge remains to interpret treatment 

effect in a manner that is informative and intuitive to clinical communities. This is 

particularly important for frail older adults with limited life expectancy in whom the 

expected benefit may be too small or remote to justify the risk of treatment-related adverse 

events. Most cardiovascular trials conventionally report treatment effect in terms of relative 

risk reduction (e.g., hazard ratio [HR]) and absolute risk reduction (or equivalently, number 

needed to treat [NNT]) for deaths or cardiovascular events at a specific time point. Recently, 

restricted mean survival time (RMST) has been proposed as an alternative measure of 

treatment effect that offers some advantages in design, analysis, and interpretation over the 

conventional measures.3–5 In this viewpoint, we explain how different measures of treatment 

effect are interpreted for evidence-based communication and their caveats using the 5-year 

follow-up data from the Placement of Aortic Transcatheter Valves (PARTNER) trials as an 

example.1,2

The HR compares the hazard (“instantaneous rate”) of a clinical event in treatment group 

with that in control group. It is usually estimated from a Cox proportional hazards model 

under the assumption that the hazard in treatment group remains proportional to the hazard 

in control group at any point during the study period (i.e., proportional hazards assumption). 

In PARTNER B trial that compared TAVR with medical treatment (Table),1 a HR of 0.50 
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means that the hazard of death in TAVR patients is always 50% lower than that in patients 

receiving medical treatment throughout the 5 years. In PARTNER A trial that compared 

TAVR and surgical aortic valve replacement (SAVR), however, the hazard in the first 30 

days was greater in SAVR patients and then became similar to that in TAVR patients. In this 

situation, the ratio of the two hazards is not constant and interpretation of the 5-year HR is 

unclear. Moreover, the meaning of HR is not intuitive to clinical communities since HR 

cannot be interpreted as risk ratio at each time point. When the event rate is very low or the 

follow-up time is very short, HR is numerically similar to risk ratio. As a ratio measure by 

itself, it is difficult to appreciate the magnitude of treatment effect based on HR without 

knowing the hazard in control group. Presenting HR alone tends to influence patients to 

accept treatment compared with presenting absolute risk difference.6

The median survival time difference can enhance intuitive interpretation of treatment effect. 

In PARTNER B trial, the median survival time for TAVR patients was 19 months longer than 

that for medically treated patients (Table). While this interpretation is intuitive, the median 

survival time is insensitive to outliers, such as patients who die shortly after TAVR or those 

who survive a long time. In addition, the estimation procedure for the median survival time 

difference can be unstable, as evidenced by wide 95% confidence intervals (CIs). The 95% 

CI of the median survival time difference from PARTNER A trial indicates that the median 

survival time of TAVR patients could be 4-month shorter to 13-month longer than that of 

SAVR patients, which does not exclude a clinically meaningful difference. Moreover, when 

the cumulative incidence of the event is less than 50%, the median survival time cannot be 

estimated from the study.

Absolute risk difference is another alternative measure that can be used to improve 

interpretability of treatment effect.6 Because it is estimated based on cumulative numbers of 

events at a given time, it is agnostic to whether the events have occurred earlier or later 

during the study period. This information may be important in some older patients in whom 

delaying events by a certain amount of time can be meaningful. The NNT is derived from 

absolute risk difference (Table). The estimate from the PARTNER B trial suggests that 5 

patients need to be treated with TAVR rather than medical treatment to prevent a death in 5 

years. Although it may sound intuitive to clinicians, NNT may be difficult for patients to 

appreciate.6 When the absolute risk difference is not statistically significant as observed in 

the PARTNER A trial, NNT cannot be interpreted easily and, therefore, is often omitted 

from the published report.

RMST is a well-established, yet underutilized measure that can be interpreted as the average 

event-free survival time up to a pre-specified, clinically important time point.3–5 It is 

equivalent to the area under the Kaplan-Meier curve from the beginning of the study through 

that time point. The RMST difference means gain or loss in the event-free survival time due 

to treatment vs. control during this period. The PARTNER B trial showed that TAVR 

patients lived, on average, 13 additional months in 5 years than medically treated patients 

(Table). In PARTNER A trial, no statistically significant difference was found in the 5-year 

RMST between TAVR and SAVR. The 95% CI suggests that TAVR patients may live 3 

fewer months to 5 more months in 5 years than SAVR patients. As such, summarizing the 

treatment effect and its 95% CI using the average survival time can be more easily 
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understood by clinical communities. In addition, RMST difference is valid and interpretable 

whether or not the proportional hazards assumption is violated. Since RMST difference is 

based on all patients’ exposure times as opposed to HR which depends on the number of 

events (regardless of exposure times), it is as powerful as log-rank test or HR-based test 

when the proportional hazards assumption is valid, and can be more powerful when the 

assumption is violated.4 This advantage may allow clinical trialists to design non-inferiority 

studies of cardiovascular treatments with a smaller number of patients.

Effective communication of treatment effect from clinical trials is a prerequisite for shared 

treatment decision-making. RMST, a robust measure that represents the average event-free 

survival time in a pre-specified period, may provide useful information on treatment effect 

that complements conventional measures of relative and absolute risk reductions. Further 

research is needed to evaluate whether RMST improves patients’ understanding and 

influence treatment decision.
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