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Motivating Example 1: COVID-19/ICU studies
Hospital data collected from 03/05/2020 to 07/17/2020 from 5 hospitals, the Johns

Hopkins Medicine System.

In COVID-19/ICU studies, both ”death” and ”recovery” are important endpoints. The

analysis of one single endpoint cannot reveal a complete story of the disease.
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Motivating Example 2: Oncology trials

▶ Novel interventions do not necessarily impact all components of a composite

endpoint equally.

▶ Improvements (treatment effect) in breast cancer-specific outcomes would be

”diluted” by the contribution of non-breast cancer deaths.
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Restricted mean times (COVID-19 Example)

▶ Restricted Mean Time Gained (RMGT): area under CIF of discharge∫ τ
0 F sub

1 (t)dt = E[{τ − T} × I(η = 1, T ≤ τ)]

▶ Restricted Mean Time Lost (RMLT): area under CIF of death∫ τ
0 F sub

2 (t)dt = E[{τ − T} × I(η = 2, T ≤ τ)]

▶ Mean time Hospitalized: Measurement for healthcare resource utilization

τ −
∫ τ
0 F sub

1 (t)dt−
∫ τ
0 F sub

2 (t)dt
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▶ Therefore we propose to use competing risks analysis and consider several

endpoints simultaneously so that researchers can characterize different aspects

of the disease progression at the same time and evaluate optimal treatments

in the setting of clinical trials.

▶ We aim to develop joint hypothesis testing methods for competing risks data

with two endpoints within restricted mean time analysis framework.
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Joint inference of RMGT and RMLT

Denote RMGT as µ1, RMLT as µ2, and they can be estimated using

Aalen-Johansen’s estimator as µ̂j =
∫ τ

0
F̂j(t).

The joint behaviors of the estimators are derived below:

Theorem
Under some regularity conditions,

√
n{µ̂1 − µ1, µ̂2 − µ2}T has an asymptotically

bivariate normal distribution with mean 0 and variance-covariance matrix Σ = (σij)

as n → ∞, where σij , i, j = 1, 2 can be found in the manuscript Appendix.
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In the clinical trials setting, let µ1k, µ2k denote RMTG and RMTL in group k,

k = 1, 2 for control and treatment, respectively. We have proposed two joint

hypothesis testing methods for

H0 : µ11 = µ12 and µ21 = µ22

▶ Chi-Square Joint Test

X2 =
(
µ̂11 − µ̂12, µ̂21 − µ̂22

)
Σ−1

c

(
µ̂11 − µ̂12

µ̂21 − µ̂22

)

▶ Maximum Joint Test

T ∗ = max(|Z1|, |Z2|)

in which Z1 and Z2 are standardized restricted mean differences.

We can also perform Z test for linear combinations of restricted means.
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Simulation studies

Monte Carlo simulations are used to evaluate the power of proposed test in clinical

trials setting.

▶ Scenario I: Positively correlated competing risks data to mimic cancer trials.

▶ Scenario II: Negatively correlated competing risks data to mimic COVID-19

setting.

▶ Sample size is set to be 100, 200, 300.

▶ Censoring is introduced by uniform distribution to achieve 20% rate.

▶ Compare the power of proposed joint tests and Z tests.
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ACTT-1 real data analysis

▶ Adaptive COVID-19 Treatment Trial (ACTT-1).

▶ A double-blind, randomized, placebo-controlled phase III trial.

▶ The aim is to evaluate intravenous remdesivir in adults who were hospitalized

with COVID-19 and had evidence of lower respiratory tract infection.

▶ We apply the proposed testing methods to see the benefits of using remdesivir.
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Conclusions and Discussion

▶ Joint asymptotic behaviors of restricted means in the competing risks settings

are developed.

▶ Joint testing statistics are constructed.

▶ Simulations and data applications show the validity of our proposed methods.

▶ We perform secondary analysis of ACTT-1 data obtained from NIH. The

diversity/equity is fully addressed in the design stage.

▶ Further topics can be joint modelling of cumulative incidence functions and

account for diversity/equity by incorporating covariates.
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Thank you!
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