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For survival analysis in comparative coronavirus disease 2019
trials, the routinely used hazard ratio may not provide a mean-
ingful summary of the treatment effect. The mean survival time
difference/ratio is an intuitive, assumption-free alternative.
However, for short-term studies, landmark mortality rate differ-
ences/ratios are more clinically relevant and should be formally
analyzed and reported.
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In comparing a new therapy with standard care with respect
to patient survival, 2 endpoints are routinely considered. The
first is a binary indicator of whether the patient has survived
across a specific time window, such as 28 days, and is utilized
to estimate, for example, the difference in 28-day mortality
rates. The second, the observed survival time, can be used to
quantify how much the new treatment is expected to prolong
a patient’s survival across the 28 days of follow-up. These 2 ap-
proaches address different questions, and their statistical and/or
clinical implications regarding the treatment effect may not be
exchangeable. For short-term studies in critical care medicine,
analyzing 28-day mortality rates seems more relevant.

As an example, in the recent Randomized Evaluation of
COVID-19 Therapy (RECOVERY) trial, 2104 and 4321 patients
were randomly assigned to dexamethasone and standard care [1].
The primary goal was to investigate whether patients would benefit
from dexamethasone with respect to 28-day mortality. The study
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size was determined to provide 90% power, at a = .01, for detecting
a 4% decrease in mortality from 20% for standard care to 16% for
dexamethasone. However, in the published report [1], the effect of
treatment on survival among all participants was assessed using
the hazard ratio (HR) only. The observed age-adjusted HR was 0.83
(95% confidence interval [CI], .75-.93]; P =.0009). The 28-day
mortality rates reported in Figure 3 of [1] were 22.9% (482/2104)
and 25.7% (1110/4321), but no formal assessment of the mortality
rate difference among all patients was provided. The question is
whether an HR alone provides sufficient clinical and statistical ev-
idence to conclude that dexamethasone improved 28-day survival.

An HR of 0.83 is difficult to interpret clinically since hazard,
which is the “force of mortality,” is not a probability measure
like risk. One cannot claim, for example, that dexametha-
sone reduced the risk of death by 17% across the study period.
Moreover, it is not clear how to assess the survival benefit from a
ratio alone; that is, without a reference hazard curve for standard
care. Last, the validity of using the HR to assess the treatment ef-
fect depends on a strong proportional hazards assumption: that
the ratio of the hazards from the dexamethasone and standard
care groups is constant across time. Although for very short-
term studies the HR may approximate the mortality rate ratio at
the end of follow-up, the accuracy of such an approximation is
not guaranteed, and this approximation is definitely not needed
given that the mortality rate ratio may be directly estimated
using survival rates from the Kaplan-Meier curves.

To explore whether additional survival time analysis would as-
sist in interpreting the treatment effect, we scanned the survival
curves in Figure 2A of the original paper [1] to reconstruct [2]
the individual patient-level survival times. The corresponding
Kaplan-Meier curves are presented in Figure 1A. The upper
survival curve for dexamethasone is above the lower curve for
standard care across the entire 28 days of follow-up, visually
indicating that dexamethasone was superior to standard care.

The HR for Figure 1A, not adjusted for age [1], was 0.87
(95% CI, .78-.97; P = .0089). Although we cannot evaluate the
original data, a standard Schoenfeld residual lack-of-fit test ap-
plied to the reconstructed data suggests that the proportional
hazards assumption may not have held. Consequently, the HR
does not have obvious clinical meaning for quantifying the
treatment effect [3]. On the other hand, the higher the Kaplan-
Meier curve, the better the treatment. Thus, the area under the
Kaplan-Meier curve in Figure 1B or 1Cis a reasonable summary
of the survival profile over time, with a larger area indicating a
more effective treatment. Moreover, the areas under the curve
in Figures 1B and 1C have clinically meaningful interpreta-
tion as the mean survival times across the 28 days of follow-up
[4, 5]. These were 23.8 and 23.1 days for dexamethasone and
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Figure 1. A, Reconstructed overall survival curves from the Randomized Evaluation of COVID-19 Therapy (RECOVERY) trial among all patients. Band C, 28-day mean sur-

vival times in the standard care and dexamethasone arms as the area under the Kaplan-Meier curve (AUC).

standard care. The difference of 0.7 days (95% CI, .3-1.2 days;
P =.002) significantly favored dexamethasone. This time-
scale summary of the treatment difference is more interpret-
able than the HR and requires no modeling assumptions for
its validity. However, it is unclear whether the highly statis-
tically significant gain of 0.7 days in mean survival time with
dexamethasone is clinically meaningful, or adds any relevant
information beyond the 28-day mortality rate difference of 2.8
percentage points (95% CI, .6%-5%; P = .02), which was not
reported in the publication [1]. Note that the 28-day mortality
rates of 22.9% for dexamethasone and 25.7% for standard care
can easily be estimated from the corresponding Kaplan-Meier
curves. Statistical inferences regarding the mortality rate dif-
ference/ratio can be performed by obtaining the variance es-
timates directly from the Kaplan-Meier curves, and without
relying on either parametric or semiparametric assumptions,
as in Cox regression.

As another example from RECOVERY, with reconstructed
data, among patients requiring mechanical ventilation, the
HR, unadjusted for age, was 0.67 (95% CI, .54-.84; P < .001),

which is again difficult to interpret. The 28-day mean survival
times were 22.7 and 20.7 days for dexamethasone and standard
care, respectively, with a highly significant difference of 2.0 days
(95% CI, .8-3.2 days; P <.001) in favor of dexamethasone. In
this case, the mortality rates on day 28 were 29.3% and 41.4%,
with an absolute difference of 12.1 percentage points (95% CI,
5.9-18; P <.001). Although all 3 comparisons are statistically
significant, it is unclear whether the 33% relative reduction in
hazard or the 2.0-day delay in mortality add any clinically rele-
vant information beyond the clearly important 12.1 percentage
point reduction in 28-day mortality. This example demonstrates
that survival time analysis may obscure or underemphasize a
clinically meaningful 28-day mortality rate benefit.

The HR is routinely used for assessing the treatment differ-
ence in survival analysis generally. Using the mean survival time
difference across a specific time window may assist us to inter-
pret the treatment difference in a more intuitive manner. One of
the reasons for using survival time as an endpoint is to increase
the statistical power for detecting a treatment benefit. However,
the power gain is not always guaranteed [6], and an overall
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difference between the 2 survival curves does not necessarily
imply a mortality rate difference at a clinically meaningful time
point. For short-term studies in critical care medicine, using
the mortality difference at a specified time seems more clini-
cally relevant. While the test based on mean survival time could
be more powerful than those based on mortality difference/
ratio at a single time point, the mean survival time difference
in a short-term study tends to be very small. If the treatment
only improves survival time without reducing mortality, then
the small gain in mean survival time may not be clinically im-
portant. Therefore, the mortality rate difference/ratio is a pre-
ferred summary for the treatment effect in short-term studies,
regardless of the power of the associated tests. RECOVERY is
not unique in relying on the HR for quantifying the survival
benefit. For instance, Adaptive COVID-19 Treatment Trial 1
(ACTT-1) quantified 14-day mortality using the HR only, with
no comparisons of mortality rates presented in the published
report [7]. It seems there is a misconception that the HR and the
risk ratio are exchangeable for short-term studies.

In conclusion, for short-term mortality studies, reporting
formal statistical analysis of the mortality rate difference/ratio,
either at a prespecified timepoint or at the end of the study pe-
riod, is warranted. It is not sufficient to claim statistical or clin-
ical evidence of a survival benefit on the basis of, for example,
an HR or mean survival time difference alone. Since there is
no single summary measure that can capture the entire sur-
vival profile, various summaries of the treatment effect should
be considered simultaneously, with the emphasis on directly
comparing mortality rates. More importantly, any summary

measure, such as the difference/ratio of mortality rates, needs
to be accompanied by the individual summaries of the patients’
survival in each treatment arm. A single group contrast, such as
the HR alone, does not provide sufficient information to eval-
uate the treatment difference; the hazard rates from the indi-
vidual treatment arms are needed for context.
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