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In general, what is “estimand” for a comparative 

study?

● ICH E9 (R1): INTERNATIONAL COUNCIL FOR HARMONISATION OF TECHNICAL 

REQUIREMENTS FOR PHARMACEUTICALS FOR HUMAN USE 

● ADDENDUM ON ESTIMANDS AND SENSITIVITY ANALYSIS IN CLINICAL TRIALS TO THE 

GUIDELINE ON STATISTICAL PRINCIPLES FOR CLINICAL TRIALS

● It is a collective word consisting of: 
● Study patient population

● Study endpoints

● Summary measure for the treatment effect or difference (clinically interpretable; robust/model 

free)



COVID-19 studies (for in-hosp patients) have 

relatively short follow-up 

● 28-30 days

● For mortality, 60 or 90 days of follow-up

● Critical care medicine



Selection of endpoints

● Binary (yes or no for an event), say, on Day 14 or 28

● Continuous (e.g., the duration of a clinical event; time to an event, positive or 

desirable event for COVID-19 trials)

● Ordinal categorical outcome via the clinical stages (unique for COVID-19 

disease trials)



How to summarize a single group-specific endpoint 

profile?

● Mean

● Median

● Event rate

● Hazard  (force of mortality); intensity rate



How to summarize between-group-difference

● Mean difference/ratio

● Median difference/ratio

● Event rate different/ratio

● Hazard ratio



Most COVID-19 trials based on Ordinal Categorical Outcome

1. Deceased.

2. Hospitalized, requiring invasive mechanical ventilation. 

3. Hospitalized, requiring high-flow oxygen. 

4. Hospitalized, requiring low-flow oxygen.

5. Hospitalized, not requiring oxygen but attentive care. 

6. Hospitalized, not requiring attentive care. 

7. Not hospitalized. 



Gilead Remdesivir Study (NEJM)

Treatment: 5-day vs. 10-day Remdesivir. 

Primary endpoint: Ordinal categorical outcome on day 14. 



Gilead Remdesivir Clinical Status Data



Issues?

● Do not know how to summarize individual group-specific endpoint profile

● Assigning a numerical value for each category is artificial

● How to summarize the treatment difference (using ordinal odds model; the 

common odds ratio)



Gilead Remdesivir Clinical Status Data



Gilead Remdesivir Analysis in NEJM

● Even if the model is plausible, a common odds ratio is difficult to interpret without a 

corresponding  “event” probability. Moreover, an average of odds ratios is no longer an 

odds ratio (since odds ratio is not a probability measure). 

● Since the proportional odds assumption was not met, a Wilcoxon test (P=0.14) was 

performed, but no corresponding point estimator of treatment efficacy was reported.

● How do we obtain a summary for measuring the size of the treatment difference via the 

ordinal categorical outcome? Pr (A > B) ? 

● Lesson we learn: the prespecified analysis should be interpretable and model-free.



Adaptive COVID-19 treatment trial (ACTT-1) (NEJM)

Treatment: Remdesivir vs. placebo.

Primary endpoint: Time to recovery/improvement based on the ordinal 

outcome (reaching Category 6 or 7).



Possible patterns of observations for ACTT-1



Issues?

● Patients died before recovery/improvement (competing risk)

● Time to recovery is not well defined for these patients

● Recovery rate on Day 28 is Ok (multinomial rates) 

● Gain from shortening the time to recovery is interesting



ACTT-1 Cumulative Recovery Curves for survivors



ACTT-1 Study

● Compared Remdesivir with Placebo among patients hospitalized with confirmed 

COVID-19. 

● Primary endpoint was time to recovery across 28 days. However, some patients 

died before recovery. Thus, the time to recovery was competing with time to 

death. 

● Prespecified a hazard ratio (rate ratio) analysis, which is difficult to interpret (Fine 

and Gray). The HR was 1.32, which does not mean patients receiving Remdesivir

were 32% more likely to recover. 

● Need a clinically interpretable summary to quantify the treatment effect.



Hazard ratio under competing risks

● The distribution of time to improvement does not reach “one” at the end, it is a 

sub-distribution.

● We define hazard ratio for two sub-distributions.

● More difficult to interpret than the case without competing risks

● It is difficult to design a short-term trial using hazard ratio with number of 

events.



ACTT-1 Analysis

● The higher the cumulative recovery curve, the better the treatment. A model-free 

and interpretable alternative is the area under the cumulative incidence curve. 

This is the mean time-span post recovery within the 28 days of follow-up.

● For example, a patient who recovered on Day 15 had a post recovery time span 

was 28 – 15 = 13 days; the longer, the better. A patient died during hosp, the time 

span post-recovery is 0.

● Graphically, the  average post recovery time-span is the area under the 

cumulative recovery curve.



Area Under the Cumulative Incidence Curve



Reanalysis of ACTT-1

● Across the 28 days of follow-up, patients receiving Remdesivir spent 14.1 days post-

recovery on average, while patients receiving placebo spent only 11.9 days post-

recovery on average. The difference of 2.2 days (95% CI, 0.89 to 3.52, P < 0.001) 

favors Remdesivir.

● The median recovery times were 12 and 16 days for Remdesivir and placebo arms, 

which are slightly different from the 11 and 15 days those reported in Beigel et al.5

The difference is 4 days (95% CI: 1.0 to 7.0, P = 0.003).

● Recovery rates were 74% and 70% for Remdesivir and placebo. The difference is 

4.7% (95% CI, -2.8% to 11.6%, P = 0.20). 



Lessons we learned from ACTT-1 trial

● Competing risk issue (accumulative incidence curves)

● Hazard ratio is difficult to interpret the treatment effect in the presence of 

competing risk.

● Need clinically interpretable estimand.



Dexamethasone study (NEJM)

● Binary endpoint (survived or not on Day 28)

● Survival time from Day 1 to 28



Issues?

● Which endpoint is more relevant?

● Survival rate on Day 28 or hazard ratio?



Overall Survival from Dexamethasone Study



28-day Mean Survival from Dexamethasone Study



How to Quantify a Survival Endpoint? Lessons we 

learned

● Unadjusted hazard ratio: 0.87 (95%, 0.78 to 0.97; P=0.0089).

● Difference in 28-day mean survival: 0.7 days (95% CI 0.3 to 1.2, P=0.002).

● Difference in 28-day OS: 2.8% (95% CI, 0.6% to 5%; P=0.02).

● Reporting the 28-day OS difference seems most clinically relevant. 



Adaptive COVID-19 Treatment Trial 3 (ACTT-3)

● ACTT-3 will evaluate the combination of interferon beta-1a and Remdesivir

compared to Remdesivir alone.

● Time to recovery (Day 1 through Day 29)
● Day of recovery is defined as the first day on which the subject satisfies one of the following three 

categories from the ordinal scale: 

● Hospitalized, not requiring supplemental oxygen and no longer requires ongoing medical 

care; 

● Not hospitalized, limitation on activities and/or requiring home oxygen; 

● Not hospitalized, no limitations on activities.



How to design the study with this endpoint?

● Endpoint: time to improvement

● Using hazard ratio or the improvement rate difference on Day 28?

● Maybe we can consider the time span post-recovery and use simple mean 

difference (say, 3 or 4 days) to figure out the sample size?



33 secondary endpoints 

● Duration of hospitalization (Day 1 through Day 29)

● Duration of invasive mechanical ventilation 

● Duration of new non-invasive ventilation or high flow oxygen use 

● Duration of new oxygen use 

● Duration of new ventilator or extracorporeal membrane oxygenation (ECMO) use

● Duration of non-invasive ventilation/high flow oxygen use

● Duration of oxygen use



Issues

● When patient died before the end of duration of an event, the duration time is 

not well defined.

● For example, ICU stay is not well defined.

● On the other hand, the ICU-free survival would be ok.



28-day Mean Hospitalization with Attentive Care or 

Oxygen Usage in ACTT-1



Overall Survival in ACTT-1 favored Remdesivir



Duration of Hospitalization in ACTT-1

● 28-day mean times spent hospitalized were 13.4 days for placebo and 12.0 

days for Remdesivir. 

● The difference of 1.4 days (95% CI, 0.19 to 2.6; P=0.024) favored 

Remdesivir.

● However, this comparison is unfair to the Remdesivir arm, in which overall 

survival was better.



Event-free Survival Time

● To account for differences in mortality between the two arms, we construct 

the cumulative incidence curves (CICs) for the proportion of patients surviving 

and not receiving attentive care. 
○ These are the same cumulative incidence curves discussed previously.

● The areas under the CICs are the 28-day mean event-free survival times. 

● These were 11.9 days for placebo, and 14.2 days for Remdesivir. The 

difference of 2.2 days (95% CI, 0.89 to 3.52; P<0.001) favored Remdesivir.



Lessons we learned about duration of an event as 

the endpoint

● One needs to reduce the “survival bias.”

● Consider the event-free survival would be clinically meaningful and avoid 

survival bias. 



Conclusions

● We need model-free and clinically interpretable summaries for the treatment 

difference. 

● For short term critical care studies, event rate difference may be more 

relevant for survival endpoint

● For non-fatal event (e.g., hosp discharge alive), to shorten the time may be 

clinically relevant.

● How to combine multiple outcomes (harm and efficacy) during the study at 

individual patient level as the combined study endpoint would be more 

relevant than separate ones? Most likely we need an ordinal categorical 

endpoint. How to analyze such data? 


