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Mortality historically has been the primary outcome of choice for acute and critical care clinical
trials. However, undue reliance on mortality can limit the scope of trials that can be performed.
Large sample sizes are usually needed for trials powered for a mortality outcome, and focusing
solely on mortality fails to recognize the importance that reducing morbidity can have on patients’
lives. The COVID-19 pandemic has highlighted the need for rapid, efficient trials to rigorously
evaluate new therapies for hospitalized patients with acute lung injury. Oxygen-free days (OFDs)
is a novel outcome for clinical trials that is a composite of mortality and duration of new supple-
mental oxygen use. It is designed to characterize recovery from acute lung injury in populations
with a high prevalence of nhew hypoxemia and supplemental oxygen use. In these populations,
OFDs captures two patient-centered consequences of acute lung injury: mortality and hypoxemic
lung dysfunction. Powerto detect differencesin OFDs typically is greaterthan that forotherclinical
trial outcomes, such as mortality and ventilator-free days. OFDs is the primary outcome for the
Fourth Accelerating COVID-19 Therapeutic Interventions and Vaccines (ACTIV-4) Host Tissue
platform, which evaluates novel therapies targeting the host response to COVID-19 among adults
hospitalized with COVID-19 and new hypoxemia. This article outlines the rationale for use of OFDs
as an outcome for clinical trials, proposes a standardized method for defining and analyzing OFDs,

and provides a framework for sample size calculations using the OFD outcome.

CHEST 2022; 162(4):804-814

KEY WORDS: acute lung injury; COVID-19; oxygen; respiratory failure

ABBREVIATIONS: ACTIV-4 = Fourth Accelerating COVID-19 Therapeutic
Interventions and Vaccines; OFD = oxygen-free days; PassITON = Passive
Immunity Trial for Our Nation; WHO = World Health Organization

AFFILIATIONS: From the Department of Medicine (A. M. and M. N.
G.), Montefiore Medical Center, The Bronx, NY; the Department of
Biostatistics (M. S. S., L. W., and C. J. L.), the Vanderbilt Institute for
Clinical and Translational Research (M. M. J., G.R.B.,S. P. C., and W.
H. S.), the Department of Medicine (G. R. B. and M. W. S); and the
Department of Emergency Medicine (S. P. C. and W. H. S.), Vanderbilt
University Medical Center; the Department of Medicine (K. W. G. and
D. C. F.), Wake Forest University, Winston-Salem, NC; the Depart-
ment of Medicine (M. H.), University of New Mexico, Albuquerque,
NM; the National Heart, Lung, and Blood Institute (Y. R. and J. T.),
National Institutes of Health, Bethesda, MD; the Department of
Emergency Medicine (L. H. M.) and the Department of Medicine (M.
d.W.), Virginia Commonwealth University, Richmond, VA; the

804 Special Features

Department of Medicine (K. H.), University of Cincinnati, Cincinnati,
OH; the Department of Medicine (B. T. T.), Massachusetts General
Hospital, Boston, MA; the Department of Emergency Medicine (A. A.
G.), the Department of Anesthesiology (D. J. D.), University of Colo-
rado School of Medicine, Aurora, CO; the Department of Medicine (S.
M. B.) and the Office of Research (S. M. B.), Intermountain Medical
Center, Murray, UT; the ARDS Foundation (E. R.), Northbrook, IL;
and the Veterans Affairs Tennessee Valley Healthcare System, Geri-
atric Research, Education and Clinical Center (GRECC) (S. P. C.),
Nashville, TN.

CORRESPONDENCE TO: Wesley H. Self, MD; email: wesley.self@vumec.
()rg

Copyright © 2022 American College of Chest Physicians. Published by
Elsevier Inc. All rights reserved.

DOTI: https://doi.org/10.1016/j.chest.2022.04.145

[ 16244 CHEST OCTOBER 2022 |


mailto:wesley.self@vumc.org
mailto:wesley.self@vumc.org
https://doi.org/10.1016/j.chest.2022.04.145
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chest.2022.04.145&domain=pdf

Mortality historically has been the primary outcome of
choice for efficacy trials evaluating interventions for
acute respiratory failure and other severe acute medical
conditions." Although decreasing the incidence of
mortality clearly is an important and patient-centered
goal, the selection of mortality as a primary outcome has
limitations, including the following: (1) the potential for
missing an important efficacy signal for reduced
morbidity; (2) the large sample sizes needed for adequate
power to detect important differences in mortality; and
(3) the fact that interventions under study may impact
only specific pathways toward death, whereas acutely ill
patients often have many potential causes of death that
may not be attributable to the intervention.”’

Days alive and free of a supportive therapy (“free-day”
outcomes) provide an alternative to mortality as a
primary outcome in clinical trials of therapies targeted at
ARDS, sepsis, and other severe illnesses.”"” Free-day
outcomes combine mortality with clinically relevant
morbidities (eg, days receiving ventilator support,® days
receiving vasopressor support,” days in the hospital®),
creating composite outcomes reflective of both
morbidity and mortality. Free-day outcomes typically
are analyzed as ordinal variables and can permit trials
with smaller sample sizes to identify clinically
meaningful differences in patient outcomes.

The COVID-19 pandemic has revealed a further need
for patient-centered outcomes that facilitate efficient
rapid trials of promising therapies for patients with
acute lung injury. Because of its widespread morbidity
and mortality, the COVID-19 pandemic requires rapid
identification of efficacious therapies and equally rapid
abandonment of therapies with a low likelihood of
efficacy. Thus, the pandemic demands both efficiency
and rigor in clinical trial design. Using patient-centered,
nonmortal primary outcomes is one method of
improving clinical trial efficiency. Although several
nonmortal outcomes for COVID-19 trials have been
used, including time to recovery,” clinical status scores,
and sustained recovery,'"'* none has been adopted
universally.

Most patients admitted to the hospital with COVID-19
experience mild to moderate lung injury, are treated
with supplemental oxygen via nasal cannula on hospital
wards, and do not progress to invasive mechanical
ventilation or death."”'® In this setting, wherein death,
invasive mechanical ventilation, and other organ
support therapies are rare, a composite outcome that
includes death and oxygen use may capture the key

disease-related acute mortality and morbidity of interest.
Oxygen-free days (OFDs), a composite ordinal outcome
that includes mortality and duration of supplemental
oxygen use, has been used as a key outcome measure in
trials of COVID-19'""" and other acute diseases.'®
OFDs also serves as the primary outcome in a new
platform trial evaluating host response therapies among
adults hospitalized with COVID-19-associated lung
injury: the Fourth Accelerating COVID-19 Therapeutic
Interventions and Vaccines (ACTIV-4) Host Tissue
platform (ClinicalTrials.gov Identifier: NCT04924660).
In this article, we discuss the rationale for selecting
OFDs as the primary outcome in the ACTIV-4 Host
Tissue platform, propose a standard definition for
OFDs, outline an approach to analyzing OFDs, and
demonstrate sample size calculations for OFDs using
data from a recently completed COVID-19 trial."”

Rationale for OFDs as an Important Outcome
Measure

The OFDs outcome is modeled after the ventilator-free
days outcome, a composite of duration of invasive
mechanical ventilation and death. Ventilator-free days
is an established outcome measure in trials of critically
ill patients receiving invasive mechanical

1922 Ventilator-free days was developed
based on the notion that trials powered only on
mortality frequently require very large sample sizes
(or often a sacrifice in scientific rigor) and that
therapies that reduce the duration of mechanical
ventilation can produce meaningful improvements in

ventilation.

health.”*’ Duration of mechanical ventilation alone
without considering death would ignore the competing
risk of death; patients who die rapidly have a short
duration of mechanical ventilation, yet should not be
considered to have a favorable outcome. By considering
death and duration of mechanical ventilation together,
the ventilator-free day outcome enables a comparison
of duration of mechanical ventilation while accounting
for the competing risk of death and maintenance of an
accurate order of illness severity. The use of OFDs
extends these concepts into a larger, less severely ill
population of patients treated in the hospital with any
form of supplemental oxygen, ranging from oxygen
therapy by nasal cannula to invasive mechanical
ventilation. Trials particularly well suited for use of
OFDs as the primary outcome include those evaluating
therapies for severe acute respiratory infections, such as
COVID-19, influenza, and community-acquired
pneumonia.
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Previous work has emphasized that clinical trial
outcomes should be the following: (1) important to the
patient; (2) potentially modifiable by the intervention
under investigation; and (3) reliably measurable.”* In
this section, we review how the OFDs outcome meets
these criteria.

Is a Reduction in the Duration of Supplemental
Oxygen Therapy Important to Patients?

The 2019 Critical Care Trialists Workshop brought
together key stakeholders for critical care clinical trial
design, including patients, family members, physicians,
trialists, statisticians, and regulators. A key take-away
from the Critical Care Trialists Workshop was “a shared
desire expressed, particularly from regulators and
patient representatives, to incorporate patient-centered
outcomes other than mortality, reflecting patients’
quality of life (i.e., the challenge of surviving critical
illness) in future trials.””> Ongoing need for oxygen
support, both in the hospital and after discharge,
represents a burden on patients and reflects important
elements of recovery and the challenge of surviving a
severe acute illness. Patients who chronically use
supplemental oxygen at home have described it as highly
burdensome.”*** Although the burden of home oxygen
therapy after acute illness has not been characterized
comprehensively, during development of the ACTIV-4
Host Tissue platform, investigators elicited input about
the patient’s perspective of supplemental oxygen use
through discussions with ARDS survivors in the ARDS
Foundation (ardsglobal.org). Key input about
supplemental oxygen use from these patients highlighted
chronic discomfort and nasal dryness that interfered
with sleep and physical therapy, difficulty managing and
transporting supplemental oxygen equipment, and being
perceived by others as sick. A common experience
reported by survivors of COVID-19 who are newly
dependent on supplemental oxygen was a perpetual fear
that they will die if their oxygen devices stop working.”

Eileen Rubin, a survivor of ARDS and president of the
ARDS Foundation, recounted her own experiences and
thoughts regarding supplemental oxygen use during
recovery from acute illness. Her statements, which are
displayed in the e-Appendix 1, emphasize the physical,
mental, and financial burden that prolonged
supplemental oxygen use can have on patients.

Can OFDs Be Modified by the Interventions Being
Evaluated?

For OFDs to be an optimal trial outcome, the control
group must experience a substantial burden of

supplemental oxygen use in the 28 days after
randomization and the therapies under investigation
must target mechanistic pathways expected to lessen or
resolve hypoxemia.

In the ACTIV-4 Host Tissue platform, all enrolled
patients are hospitalized with COVID-19 and hypoxemia
(saturation of peripheral oxygen < 92% on room air for
patients without chronic supplemental oxygen use or a
supplemental oxygen flow rate higher than baseline for
patients receiving chronic oxygen therapy). Thus, nearly
all trial participants are receiving supplemental oxygen
therapy at randomization. In this context, OFDs measures
the time to lung recovery (defined as liberation from
supplemental oxygen therapy) among patients with
COVID-19-associated hypoxemia, with an appropriate
penalty for mortality. Therefore, interventions hastening
lung recovery should increase the number of OFDs. OFDs
is highly applicable to all patients enrolled in ACTIV-4
Host Tissue. In contrast, ventilator-free days likely would
fail to capture a substantial amount of lung recovery
because most patients with COVID-19 hospitalized with
hypoxemia never progress to invasive mechanical
ventilation.'® Lung injury treated with noninvasive
oxygen (eg, nasal cannula) would be completely missed by
a ventilator-free day outcome, and practice differences in
intubation threshold may introduce noise to the outcome
without reflecting recovery. Further, the distribution of
ventilator-free days would be highly bimodal, with a peak
at -1 day for mortality and at 28 days for patients who
never progressed to invasive mechanical ventilation. By
contrast, as detailed herein, the distribution of OFDs is
highly dispersed across the entire continuum from -1 to
28 days.

The first three therapies being evaluated on the ACTIV-
4 Host Tissue platform are TXA-127 (Constant
Therapeutics),”” TRV-027 (Trevena),”' and fostamatinib
(Rigel Pharmaceuticals).’” These therapies are compared
with placebo in a randomized, blinded platform trial.
Each of these therapies is hypothesized to improve lung
function for patients with COVID-19 and hypoxemia.
Thus, the measurement of OFDs should capture the key
beneficial effects hypothesized to occur with each
therapy. A separate protocol and statistical analysis plan
will be published with additional details of the therapies
under investigation.

Can OFDs Be Measured Reliably and Accurately in
Clinical Trials?

As detailed in the next section, the data needed to
calculate OFDs are captured reliably via medical record
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abstraction and simple questions posed to patients
during follow-up visits after discharge. Thus, OFDs can
be ascertained with standard methods routinely used in
clinical trials and without the need for in-person visits
after discharge.

Standardizing the Definition of OFDs

No universally accepted definition for OFDs exists. To
facilitate comparisons across trials, a standardized
definition for OFDs will be important. In this section, we
outline the definition of OFDs being used in the ACTIV-
4 Host Tissue platform as a paradigm for how the
measurement of OFDs may be standardized.

OFDs is a composite ordinal outcome incorporating
death and duration of supplemental oxygen use onto the
same scale, with death coded as the worst possible
outcome. A follow-up period of 28 days for ascertaining
OFDs is being used in the ACTIV-4 Host Tissue
platform based on precedent in the field for measuring
morbidity and mortality in acute care trials*** and
recent data from COVID-19 studies demonstrating that
approximately 75% of patients hospitalized with
COVID-19 treated with new oxygen therapy have died
or been liberated from oxygen by day 28."” However, the
duration of follow-up can be modified to fit priorities.
For example, it may be preferable to extend the follow-
up period to 60 or 90 days for trials of patients with
more persistent acute lung injury or those evaluating
patients with chronic lung disease.

Using a 28-day follow-up period, OFDs is calculated as
the number of calendar days during the first 28 days
after randomization during which the patient was alive
and not receiving new supplemental oxygen therapy
(OFDs = 28 minus the number of days of supplemental
oxygen therapy for survivors). Patients who were not
treated chronically with oxygen before the acute illness
are coded as receiving supplemental oxygen therapy
whenever they are receiving any of the following at any
oxygen flow rate: oxygen by nasal cannula, oxygen by
face mask, high-flow nasal cannula, noninvasive
ventilation (except as a treatment for sleep apnea only),
invasive mechanical ventilation, or extracorporeal
membrane oxygenation. The day of randomization is
day 0. Starting with calendar day 1 (the day after
randomization) and continuing for 28 days, oxygen use
is ascertained daily, with any duration of oxygen use on
a calendar day designating that day as an oxygen use day
(ie, not an OFD). OFDs is calculated using a first-on-
last-off methodology. All days between the first

initiation of oxygen use and the last liberation from
oxygen use are classified as oxygen use days. As an
example, if a patient is weaned off oxygen for a day but
then is reinitiated on oxygen the next day, the single day
without oxygen use between 2 days with oxygen use is
not considered an OFD. This first-on-last-off approach
is used so that the outcome captures the final liberation
of supplemental oxygen therapy, which is considered
more clinically meaningful than transient pauses in

oxygen therapy.

Patients who chronically used supplemental oxygen
before the acute illness are considered oxygen free when
they return to the same level of oxygen support they had
been using before the acute illness. For example, a
patient who chronically used supplemental oxygen at 4
L/min via nasal cannula before the acute illness and then
escalated oxygen use during the illness would be
considered oxygen free when the patient returned to
oxygen support via nasal cannula at 4 L/min or less.

Capturing oxygen use both in the hospital and after
hospital discharge up to day 28 is important to
characterize morbidity after discharge. OFDs is an all-
location outcome and not limited to the index
hospitalization. Ascertaining oxygen use while the
patient is in the hospital typically is straightforward by
reviewing medical records. Ascertaining oxygen use after
discharge can be achieved through periodic contacts
with the patient or surrogate via telephone calls, text
messaging, survey links, conference calls, or e-mail
communication. In the ACTIV-4 Host Tissue platform,
patients and surrogates are contacted after hospital
discharge on days 1, 3, 7, 14, 21, and 28 using the
standardized script detailed in Figure 1. Using this
script, oxygen use on each calendar day up to day 28 can
be coded based on knowing when a patient last used new
supplemental oxygen.

For the calculation of OFDs, a patient who dies before
day 28 (either in the hospital or after discharge) is coded
as having -1 OFD regardless of the number of days of
oxygen use before death. Hence, OFDs is an ordinal
outcome with 30 possible levels (range, -1 to 28). The
ordinal levels are ordered so that lower numbers indicate
a worse outcome (Table 1). However, the difference
between levels is not implied to be equal across the scale.
For example, the clinical difference between death (-1
OFD) and 0 OFDs is not the same as the difference
between 10 OFDs and 11 OFDs. After their original
introduction into clinical trials, free-day outcomes often
coded death as 0. More recently, and consistent with
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since hospital discharge?

Did the patient use oxygen at home at any time ’

No |

Yes

|

!

Patient is off oxygen. Reassess
oxygen use at next visit to evaluate if

Is the patient still using oxygen at least
some every day?

oxygen was restarted before next
visit.

No

Yes

!

!

On what day did the patient last use
oxygen?

Patient remains on oxygen.
Reassess oxygen use at next

4

visit to evaluate if oxygen
was stopped before next
visit.

Record date of

last oxygen use

A

Patient is off oxygen. Reassess
oxygen use at next visit to evaluate if
oxygen was restarted before next

visit.

Figure 1 - Standardized script used in the Fourth Accelerating COVID-19 Therapeutic Interventions and Vaccines Host Tissue Platform to ascertain
oxygen use after hospital discharge for the calculation of oxygen-free days for patients not receiving oxygen at baseline (before the acute illness). For
patients who did use oxygen at baseline, similar questions are asked to ascertain oxygen use above baseline. These questions are asked by telephone, text
message, or another telecommunication method during study visits after the patient has been discharged from the hospital. Answers to these questions
are used to understand if the patient used oxygen after hospital discharge, and if so, when the final liberation from oxygen occurred.

the approach outlined herein, investigators have been
coding death as -1 to distinguish death from organ
support for the full follow-up period.””**** This is
especially important for the OFD, where ongoing
oxygen need at the end of the follow-up period is likely
to be a far preferable option to death. As with all
composite outcomes, it is important to report results for
each component of OFDs—duration of oxygen use in
survivors and 28-day mortality—to present trial findings
clearly.

Comparison of OFDs With Other Clinical
Trial Outcomes

During the COVID-19 pandemic, several outcomes for
trials evaluating in-hospital therapies have been
advanced as investigators have sought to capture the key
patient-centered concepts that may be amenable to new
therapies. The World Health Organization (WHO)
COVID-19 Clinical Progression ordinal scale has been
used as a primary outcome in several trials.”* This scale,
initially conceived to track the progress of patients with
COVID-19 through the health care system, has a

number of strengths and is a recommended outcome
measure for respiratory failure in COVID-19 core
outcome sets.”” It comprises mortality and levels of
respiratory support. It is broadly applicable to the full
range of COVID-19 disease severity, is relatively simple
to measure, and can be abstracted easily from medical
records. However, the WHO Clinical Progression scale
has limitations. Although the scale may be measured
serially and analyzed with longitudinal models, it
typically is used to measure clinical status at a discrete
cross-sectional point in time, such as at 14 or 28 days
after randomization. This is not consistent with how
lungs recover from acute injury, which is usually a
gradual process that occurs over weeks. One advantage
of OFDs is that this measure captures lung recovery over
the entire 28-day follow-up period, enabling a more
detailed characterization of lung recovery over time.
Comparison of OFDs and the eight-level WHO
COVID-19 ordinal scale is shown in Table 2.

The concept of time to liberation from oxygen therapy
also has been used extensively within time-to-recovery
outcomes. For example, the primary outcome for the
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TABLE 1 | Interpretation of OFDs

Severity OFDs (d) Interpretation
More severe -1 Patient died before the end of day 28.
1 0 Patient survived through day 28 and received oxygen on days 1 and 28.
1 Patient survived through day 28 and was free of oxygen use for 1 d in the first 28 d after
randomization.
10 Patient survived through day 28 and was free of oxygen use for 10 d in the first 28 d after
randomization.
25 Patient survived through day 28 and was free of oxygen use for 25 d in the first 28 d after
randomization.
Less Severe 28 Patient survived through day 28 and was free of oxygen use on every calendar day from days 1
to 28.

OFD = oxygen-free day.

first Adaptive COVID-19 Treatment Trial (ACTT-1)
was time to recovery, defined as the time between
randomization and the earlier of hospital discharge or
discontinuation of oxygen therapy and other in-hospital
therapies for COVID-19.” Weaknesses of time to
recovery as an outcome include the competing risk of
death, which is not incorporated into the outcome, and
the truncation of outcome assessment at hospital
discharge. Limiting outcome ascertainment to the in-
hospital setting is particularly problematic for duration
of oxygen use in the COVID-19 pandemic because the
practice of discharging patients with supplemental
oxygen has been evolving throughout the pandemic.
OFDs builds on the concept of time to recovery, while
strengthening it by combining death and duration of
oxygen use into a composite outcome and measuring
oxygen use in all locations for 28 days.

Potential Disadvantages of OFDs

All clinical trial outcomes have potential disadvantages
and limitations. Several limitations of OFDs should be
considered. First, OFDs is an outcome designed for trials
evaluating patients with lung injury or at high risk of
lung injury and for therapies that impact lung function.
OFDs is unlikely to be a useful outcome in trials in which
a substantial proportion of the population is not treated
with oxygen therapy or in trials of interventions not
directly targeted at improving lung function. For
example, some future SARS-CoV-2 variants may not
result in significant enough lung injury to warrant
clinical trials of interventions aimed at treating acute
lung injury or use of OFDs as an outcome. Second, the
duration of supplemental oxygen use not only is
impacted by the patient’s lung function, but also by the
clinical practice of weaning oxygen therapy, which may

vary by provider and by time. Variation in oxygen
weaning practices could interfere with the ability of
OFDs to represent lung function accurately. Variations
in the practice of weaning oxygen may be exacerbated in
pandemic settings, during which factors such as hospital
strain or the availability of oxygen may result in
unusually early weaning of oxygen. Conversely, factors
such as the inability of patients to receive timely care
after hospital discharge may lead to fewer opportunities
to wean patients off oxygen and unusually long oxygen
use after hospital discharge. Concerns about variations in
oxygen weaning practices can be attenuated somewhat
through stratification of randomization by site. Third,
the output for OFDs does not have inherent meaning
that is immediately clinically interpretable. For example,
a difference of 2 OFDs between an intervention group
and a placebo group could represent an improvement in
mortality without an effect on the duration of oxygen
use, a 2-day reduction in the duration of oxygen use
among survivors without an effect on mortality, or
combined effects on both mortality and duration of
oxygen use. Reporting each component of the composite
OFD outcome is key to representing trial results fully in
the most interpretable way. Fourth, although unlikely, it
is possible for an intervention to result in higher
mortality and shorter duration of oxygen use among
survivors, such that OFDs demonstrates an overall
benefit, despite higher mortality in the intervention
group. To safeguard against such a scenario, investigators
can specify that OFDs will be used to support the efficacy
of an intervention only if mortality is not significantly
worse in the intervention group compared with the
control group.

Importantly, OFDs is a better reflection of illness
duration as opposed to peak illness severity. For
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TABLE 2 | Comparison Between OFDs and the 8-Level WHO COVID-19 Clinical Progress Ordinal Scale*

WHO Scale
Category Category Description Notes for OFD Calculation
1 Not hospitalized without limitation in daily activity Classified as OFD
2 Not hospitalized with limitation in daily activity or Days with home oxygen use are classified as days with
home oxygen use supplemental oxygen use. Days at home with
limitations in daily activity, but with no home oxygen,
use are classified as OFDs.
3 Hospitalized not with supplemental oxygen Classified as OFD
4 Hospitalized with standard supplemental oxygen Classified as day with supplemental oxygen use
via nasal cannula or mask
5 Hospitalized with high-flow nasal cannula or Classified as day with supplemental oxygen use
noninvasive ventilation
6 Hospitalized with invasive mechanical ventilation Classified as day with supplemental oxygen use
without other organ support
7 Hospitalized with invasive mechanical ventilation Classified as day with supplemental oxygen use
and other organ support (including
vasopressors, RRT, or ECMO)
8 Death Death at any time before day 28 is coded as -1 OFDs

ECMO = extracorporeal membrane oxygenation; OFD = oxygen-free day; WHO = World Health Organization.

instance, a patient who is treated with invasive
mechanical ventilation and a total duration of oxygen
use of 14 days will have the same number of OFDs as a
patient who is treated with supplemental oxygen by
nasal cannula for 14 days, despite the first patient having
higher peak severity of illness. That OFDs does not fully
reflect illness severity has implications both for statistical
power (ie, some information is lost regarding the
potential impact of an intervention by not differentiating
the duration of different intensities of respiratory
support) and for the patient centeredness of the outcome
because individuals likely would prefer to avoid a period
of more invasive support even if the overall duration
were similar. Alternative outcomes that incorporate both
duration of oxygen support and illness severity using a
ranking system are technically possible; however, they
would be substantially more complex and could be
difficult to interpret from a clinical perspective.
Secondary outcomes assessing peak illness severity can
be used to complement OFDs and to attenuate the above
concerns.

Analyzing OFDs

In the ACTIV-4 Host Tissue platform, OFDs is
analyzed as an ordinal outcome with 30 possible levels
(range, -1 to 28 days). The number of OFDs in
intervention and control groups are summarized with
histograms, medians values, and interquartile ranges.
The primary analysis is conducted using a proportional
odds model comparing the distribution of OFDs in an

intervention group vs a concurrent placebo group. This
method is appropriate for ordinal outcomes like OFDs,
where the levels are ordered, but the relative
differences between levels are not defined. The
statistical model includes covariates for key baseline
characteristics, including age, sex, and WHO COVID-
19 ordinal score. The model produces an OR that
represents the covariate-adjusted effect of intervention
on the odds of more OFDs for a participant in the
active group compared with the placebo group. For
example, an adjusted OR of 1.2 means that a
participant has 20% greater odds in the intervention
group compared with the control group of having
more than x OFDs. The proportional odds assumption
means this interpretation applies for each possible
value of x. An adjusted OR of > 1.0 indicates a greater
number of OFDs (benefit) in the active group
compared with the placebo group. In the event that the
proportional odds assumption is violated, the
estimated ORs remain interpretable and reflect a global
assessment of treatment effectiveness. Alternative
methods, such as 0-1 inflated B-binomial regression,
also may be used for modeling the distribution of
OFDs. The method used to simulate treatment effects
using the proportional odds model is described in e-
Appendix 2 and e-Figure 1; this appendix includes R
script (R Foundation for Statistical Computing) for the
simulation.

The statistical design of the ACTIV-4 Host Tissue
platform was informed by OFDs observed in a recently
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Figure 2 - A, B, Histograms showing (A) oxygen-free days and (B) ventilator-free days among the first 698 participants in the Passive Immunity Trial
for Our Nation trial, a randomized trial of COVID-19 convalescent plasma vs placebo among adults hospitalized with COVID-19 and hypoxemia in

the United States.

completed trial of COVID-19 convalescent plasma called
Passive Immunity Trial for Our Nation (PassITON;
ClinicalTrials.gov Identifier: NCT04362176)."” PassITON
was a masked, randomized clinical trial comparing
COVID-19 convalescent plasma with placebo among
adults hospitalized with hypoxemia as a result of COVID-
19 in 25 US hospitals. Eligibility criteria were nearly
identical to those being used in the ACTTV-4 Host Tissue
platform. The distribution of OFDs among the first 698
patients enrolled in PassITON is shown in Figure 2A.
Median OFDs were 22 days, with an interquartile range
of 8 to 25 days. Approximately 17.6% of participants died

before day 28, and median OFDs among survivors were
23 days (interquartile range, 19-25 days).

Power to Detect Differences in OFDs

Although the minimum clinically important difference
in OFDs has not been described definitively, using a
detectable difference of about 2 OFDs for sample size
calculations is consistent with approaches used for other
*122 and expert
opinion on meaningful changes in duration of organ
support.”® Table 3 shows the relationship between
differences in OFDs in an intervention and control

free-day and time-to-recovery outcomes
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for at least 28 days (0 OFDs), and 8.4% of participants were weaned off oxygen before the day after randomization (28 OFDs). The table demonstrates the distribution of OFDs for hypothetical intervention groups

corresponding to various OR. OFD = oxygen-free day.

The data for the placebo group come from the Passive Immunity Trial for Our Nation."” In the placebo group, mean OFDs were 16.8 days, 17.6% of participants died, 4.6% of participants received supplemental oxygen

group and the OR generated from a proportional odds
model based on PassITON data. An OR of 1.55
corresponds to a mean difference of 2.3 OFDs (16.8
OFDs in the placebo group and 19.1 OFDs in the
intervention group), including a 5.5% absolute
reduction in mortality (17.6% mortality in the placebo
group and 12.1% mortality in the intervention group).

Power calculations for the ACTIV-4 Host Tissue
platform were conducted using these data from
PassITON. Enrollment of 300 participants in an
intervention group and 300 patients in a placebo group
(600 total participants) provides 85% power to detect
an OR of 1.55 for OFDs. Thus, each treatment arm in
the ACTIV-4 Host Tissue platform will target 300
participants per group. Detection of ORs of 1.40
(difference of 1.8 OFDs), 1.45 (difference of 2.0 OFDs),
and 1.50 (difference of 2.2 OFDs) with 85% power
would require 510, 392, and 346 participants per group,
respectively.

The power to detect clinically meaningful changes was
substantially higher for OFDs than for ventilator-free
days and mortality. The distribution of ventilator-free
days in PassITON is shown in Figure 2B,
demonstrating reduced variability and a higher
proportion of the population experiencing 28 free days
compared with OFDs. An OR of 1.55 in PassITON
corresponded to approximately a mean 2.1-day
improvement in ventilator-free days. A sample size of
300 participants per group provided 72% power to
detect an OR of 1.55 for ventilator-free days. For a 28-
day mortality dichotomous outcome, 300 participants
per group provided 47% power to detect a

5.5% absolute difference in mortality between the
intervention and control groups.

Summary

OFDs is an emerging clinical trials outcome that is a
composite of mortality and duration of new
supplemental oxygen use. This outcome is designed to
characterize recovery from acute lung injury in
populations with a high prevalence of supplemental
oxygen use and relatively low prevalence of invasive
mechanical ventilation. In these populations, OFDs
captures key patient-centered consequences of acute
lung injury (including mortality and clinically
meaningful lung dysfunction) and increases statistical
power to detect meaningful differences. OFDs is an
important addition to the set of outcome measures that
investigators can use to characterize a patient’s course
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of acute lung injury and for evaluating therapies aimed
at improving morbidity and mortality for these patients.
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