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A B S T R A C T

To evaluate the efficacy and safety of a new treatment for COVID-19 vs. standard care, certain key endpoints are related to the duration of a specific event, such as
hospitalization, ICU stay, or receipt of supplemental oxygen. However, since patients may die in the hospital during study follow-up, using, for example, the duration
of hospitalization to assess treatment efficacy can be misleading. If the treatment tends to prolong patients' survival compared with standard care, patients in the new
treatment group may spend more time in hospital. This can lead to a “survival bias” issue, where a treatment that is effective for preventing death appears to prolong
an undesirable outcome. On the other hand, by using hospital-free survival time as the endpoint, we can circumvent the survival bias issue. In this article, we use
reconstructed data from a recent, large clinical trial for COVID-19 to illustrate the advantages of this approach. For the analysis of ICU stay or oxygen usage, where
the initiating event is potentially an outcome of treatment, standard survival analysis techniques may not be appropriate. We also discuss issues with analyzing the
durations of such events.

1. Introduction

When assessing a new treatment vs. standard care in comparative
clinical trials for COVID-19, certain key secondary endpoints are related
to the duration of specific, undesirable events over the study period.
Examples include the durations of supplemental oxygen usage, invasive
mechanical ventilation, hospitalization, and ICU stay [1–4]. Heur-
istically, the longer the duration, the worse the study therapy. However,
since death is a possible study outcome, if a patient dies early in the
study, their length of hospital stay is rather short. On the other hand, if
a patient survives longer, they may spend more time in the hospital.
Therefore, if the new treatment tends to provide a survival benefit over
standard care, treatment efficacy as evaluated by the duration of, for
example, hospitalization, can be misleading. This “survival bias” can
make a treatment that prolongs survival appear to be less effective or
worse than standard care. Common strategies for mitigating this bias
may not be appropriate. For example, one may consider the durations
of hospitalization among survivors only, or one may impute the dura-
tions of hospitalization for patients who die to an arbitrarily large
value. However, neither of these strategies will provide a fair

comparison if the mortality rates of the two arms differ appreciably. In
this paper, we present a valid and clinically meaningful alternative
based on the mean event-free survival time.

To illustrate this bias and present alternative endpoints, Fig. 1
shows 4 possible observation patterns for a typical COVID-19 study
monitoring the duration of hospitalization. For case 1, the patient was
discharged alive from the hospital on day 7. Across the 28 days of
follow-up, their duration of hospital-free survival was 21 days. For case
2, the patient died after 14 days in hospital. Although the duration of
hospitalization was 14 days, their duration of hospital-free survival was
0 days. For case 3, the patient was censored after 21 days in hospital,
due for example to late entry into the study. Their duration of hospital-
free survival is less than 7 days. Lastly, for case 4, the patient remained
in hospital across the 28 days of follow-up. Their duration of hospital-
free survival was 0 days. It is important to note that although the length
of hospitalization may be misleading as an endpoint in the presence of
death, the hospital-free survival time is a clinically interpretable end-
point that is not subject to the survival bias issue.
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2. Example

We now use a recent large clinical trial, ACTT-1 [1], to illustrate the
advantages of using the event-free survival time for assessing treatment
efficacy. Adaptive COVID-19 Treatment Trial (ACTT-1) is an ongoing,
double-blinded, randomized, placebo-controlled trial of remdesivir
versus placebo among patients hospitalized with COVID-19. Across the
28 days of follow-up, patient health was classified on an 8-point ordinal
scale, spanning from category 1, discharge from hospital with no lim-
itation of activities, to category 8, death. The primary endpoint was
time-to recovery, defined as the first time during follow-up on which
the patient reached categories 1, 2, or 3. Patients in these categories
were either no longer hospitalized, or hospitalized but no longer re-
quiring supplemental oxygen or attentive medical care (e.g., remained

hospitalized for infection-control reasons). There were 538 and 521
patients assigned to remdesivir and placebo, respectively. Although not
yet reported, key secondary endpoints discussed in the trial protocol
included the durations of hospitalization, supplemental oxygen, and
mechanical ventilation [5].

Since the paper presented no results for the length of hospitalization
endpoint, we considered a similar endpoint, the time patients spent in
hospital receiving attentive medical care, to demonstrate the appro-
priate analysis of event-free survival data. This undesirable endpoint is
complementary to the study's primary endpoint of time to recovery. To
this end, we scanned the cumulative recovery rate curves in Fig. 2A and
also the survival curves in Supplementary Fig. S3 of the original paper
[1,6]. The reconstructed data consist of the patient's duration of the
above undesirable event (hospitalized and receiving supplemental
oxygen or ongoing medical care). As illustrated in our Fig. 1, the pa-
tient's observed duration of the undesirable event ended upon recovery,
death, or censoring. There were 44 and 60 deaths and 132 and 169
censorings during follow-up for remdesivir and placebo. To analyze the
reconstructed data, Fig. 2A presents the cumulative incidence curves for
the proportion of patients not requiring attentive hospital care (in-
cluding deceased patients). The areas above the cumulative incidence
curves (Figs. 2B & C) represent the mean times, up to day 28, that
patients spent in hospital receiving attentive care [7–10]. These were
13.4 days for placebo, and 12.0 days for remdesivir. The difference was
1.4 days (95% CI, 0.19 to 2.6 days; P = 0.024) in favor of remdesivir.
That is, on average, patients receiving placebo spent an additional
1.4 days hospitalized and receiving oxygen or medical care across the
28 days of follow-up. Note that, in this case, the length of hospital stay
was truncated by death. Since there were more deaths in the standard

Fig. 1. Possible patterns for the duration of hospitalization in trials for COVID-
19.

Fig. 2. (A) Cumulative incidence curves for the proportion of patients not requiring attentive care. (B & C) Mean time spent in hospital receiving attentive care via the
area above the cumulative incidence curve.
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care arm, this analysis penalizes remdesivir.
Now, to analyze the event-free survival times across the 28 days of

follow-up, Fig. 3A presents the cumulative incidence curves for the
proportion of patients surviving and not receiving attentive care. In
contrast to Fig. 2A, these curves are constructed while treating death as
a competing risk [11–13]. That is, patients who die were removed from
the risk set and no longer eligible to experience recovery. The areas
below these cumulative incidence curves (Figs. 3B & C) represent the
mean event-free survival times up to day 28 [14]. These were 11.9 days
for placebo, and 14.2 days for remdesivir. The difference was 2.2 days
(95% CI, 0.89 to 3.52 days; P < 0.001) in favor of remdesivir. Thus, on
average, patients receiving remdesivir survived event-free for an addi-
tional 2.2 days across the 28 days of follow-up. Note that the difference
in mean event-free survival is highly statistically significant in favor of
remdesivir in contrast to the moderately significant difference obtained
using the duration of the need for medical attention. This may reflect
the fact that remdesivir numerically prolonged patients' survival [14].

3. Discussions

Shortening the duration of hospitalization is not equivalent to ex-
tending the duration of hospital-free survival. A harmful treatment may
shorten the duration of hospitalization by increasing the mortality rate
without increasing the recovery rate. Such a treatment would reduce
the duration of hospital-free survival. Conversely, a beneficial treat-
ment may extend the duration of hospital-free either by reducing the
mortality rate or by increasing the recovery rate. Only in the absence of
death is reducing the hospital stay equivalent to extending the duration
of hospital-free survival. However, if the mortality rates of the two arms

are similar, then comparing the durations of hospitalization may be
appropriate.

When dealing with, for example, the duration of ICU stay or oxygen
utilization, the data are more complex than those from the endpoint
discussed above since patients may enter the ICU during the study. This
complexity extends to other cases where initiation of the event of in-
terest does not necessarily start when the patient enters the study [15].
Fig. 4 provides various possible patterns with respect to the ICU end-
point. For example, in case 4, the patient was in ICU from day 7 to 14.
For case 5, the patient died during the ICU stay. The ICU-free survival
days are given on the right-hand side of Fig. 4. The complexity of such
data arises because entry into the ICU is likely dependent on the

Fig. 3. (A) Cumulative incidence curves for the proportion of patients surviving and not requiring attentive care. (B & C) Mean event-free survival as the area under
the cumulative incidence curve.

Fig. 4. Possible patterns for the duration of ICU stay.
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patient's eventual outcome, such as hospital discharge or death.
Therefore, like case 6, the censoring was not independent of the ICU-
free survival time and one cannot analyze the duration of ICU stay or
ICU-free survival time via standard survival analysis methods. Further
statistical research is needed to delineate the analytic procedures
needed to obtain valid inference on the average ICU-free survival time.

Note that if there are no censored observations before Day 28, then
the analysis of ICU-stay is straightforward. In future trials for COVID-
19, the trial size may be larger and the length of study follow-up may be
longer. Therefore, at the interim analysis, there are likely to be a sizable
number of censored observations, and one is likely to encounter the
same challenges faced in the ACTT-1 trial.

In conclusion, the conventional approach to analyzing the duration
of an undesirable clinical event may not be appropriate. On the other
hand, a simple conversion of this endpoint to the event-free survival
counterpart is clinically interpretable and leads to a fair assessment of
treatment efficacy.
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