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Long-term (180-Day) Outcomes in Critically Il Patients With COVID-19

in the REMAP-CAP Randomized Clinical Trial

Writing Committee for the REMAP-CAP Investigators

IMPORTANCE The longer-term effects of therapies for the treatment of critically ill patients
with COVID-19 are unknown.

OBJECTIVE To determine the effect of multiple interventions for critically ill adults with
COVID-19 on longer-term outcomes.

DESIGN, SETTING, AND PARTICIPANTS Prespecified secondary analysis of an ongoing adaptive
platform trial (REMAP-CAP) testing interventions within multiple therapeutic domains in
which 4869 critically ill adult patients with COVID-19 were enrolled between March 9, 2020,
and June 22, 2021, from 197 sites in 14 countries. The final 180-day follow-up was completed
on March 2,2022.

INTERVENTIONS Patients were randomized to receive 1or more interventions within 6
treatment domains: immune modulators (n = 2274), convalescent plasma (n = 2011),
antiplatelet therapy (n = 1557), anticoagulation (n = 1033), antivirals (n = 726), and
corticosteroids (n = 401).

MAIN OUTCOMES AND MEASURES The main outcome was survival through day 180, analyzed
using a bayesian piecewise exponential model. A hazard ratio (HR) less than 1represented
improved survival (superiority), while an HR greater than 1represented worsened survival
(harm); futility was represented by a relative improvement less than 20% in outcome, shown
by an HR greater than 0.83.

RESULTS Among 4869 randomized patients (mean age, 59.3 years; 1537 [32.1%] women),
4107 (84.3%) had known vital status and 2590 (63.1%) were alive at day 180. IL-6 receptor
antagonists had a greater than 99.9% probability of improving 6-month survival (adjusted
HR, 0.74 [95% credible interval {Crl}, 0.61-0.90]) and antiplatelet agents had a 95%
probability of improving 6-month survival (adjusted HR, 0.85 [95% Crl, 0.71-1.03]) compared
with the control, while the probability of trial-defined statistical futility (HR >0.83) was high
for therapeutic anticoagulation (99.9%; HR, 1.13 [95% Crl, 0.93-1.42]), convalescent plasma
(99.2%; HR, 0.99 [95% Crl, 0.86-1.14]), and lopinavir-ritonavir (96.6%; HR, 1.06 [95% Crl,
0.82-1.38]) and the probabilities of harm from hydroxychloroquine (96.9%; HR, 1.51[95% Crl,
0.98-2.29]) and the combination of lopinavir-ritonavir and hydroxychloroquine (96.8%; HR,
1.61[95% Crl, 0.97-2.671) were high. The corticosteroid domain was stopped early prior to
reaching a predefined statistical trigger; there was a 57.1% to 61.6% probability of improving
6-month survival across varying hydrocortisone dosing strategies.

CONCLUSIONS AND RELEVANCE Among critically ill patients with COVID-19 randomized to
receive 1or more therapeutic interventions, treatment with an IL-6 receptor antagonist had a
greater than 99.9% probability of improved 180-day mortality compared with patients
randomized to the control, and treatment with an antiplatelet had a 95.0% probability of
improved 180-day mortality compared with patients randomized to the control. Overall,
when considered with previously reported short-term results, the findings indicate that initial
in-hospital treatment effects were consistent for most therapies through 6 months.
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andomized clinical trials in critically ill patients,
including those with COVID-19, typically assess
short-term outcomes, such as organ failure or 28-day
mortality, with fewer published trials assessing whether
treatments affect long-term survival and patient-centered
outcomes, such as disability and health-related quality of
life (HRQoL). Longer-term survival free of major disability
with an acceptable HRQoL may be more important to
patients than short-term survival.»> The World Health Orga-
nization and others have called for additional research
on the effect of initial therapeutic interventions on longer-
term outcomes.>
The Randomized Embedded Multifactorial Adaptive Plat-
form for Community Acquired Pneumonia (REMAP-CAP)
trial is an ongoing international, multicenter, randomized
platform trial evaluating multiple treatments for patients
with severe pneumonia in both pandemic and nonpandemic
settings (NCT02735707) (Supplement 1).% To date, the trial has
reported results for 6 treatment domains for patients with
COVID-19: corticosteroids, antiviral agents, immune modulators,
immunoglobulin, anticoagulation, and antiplatelet therapy.>°
The trial primary outcome for patients with COVID-19 is the
composite of hospital survival and organ support provision up
to 21 days. The trial reported benefit on this primary outcome
for IL-6 receptor antagonists (immune modulators), but not for
antiviral agents, anakinra (immune modulator), convalescent
plasma (immunoglobulin), therapeutic anticoagulation (in
critically ill patients), or antiplatelet therapies.®'© The
corticosteroid domain was closed early on the basis of external
evidence, but a moderate probability of benefit was observed.®
Whether these initial treatment effects translate into effects on
longer-term survival, disability, and HRQoL is unknown. The
objective of this study was to report on the effects of these
treatments on prespecified longer-term outcomes, including
mortality, disability, and HRQoL, at 6 months for patients
randomized to receive 1 or more treatments in the reported
domains in the trial.

Methods

Trial Design and Oversight

The design of REMAP-CAP has been reported previously.
In brief, patients are assessed for eligibility and potentially
randomized to receive 1 or more interventions across mul-
tiple treatment domains. Domains encompass therapeutic
areas and contain 2 or more interventions (including con-
trol). The trial enrolls both critically ill and non-critically ill
patients in separate severity states and distinct group-
specific effects are estimated. This report includes only criti-
cally ill patients because follow-up beyond 90 days in the
REMAP-CAP trial does not include non-critically ill patients.
The trial was approved by relevant regional ethics commit-
tees and conducted in accordance with Good Clinical Practice
guidelines and the principles of the Declaration of Helsinki.
Written or verbal informed consent, in accordance with
local legislation, was obtained from patients or their substi-
tute decision-maker.
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Key Points

Question What is the effect of treatment for critically ill patients
with COVID-19 on longer-term mortality, disability, and
health-related quality of life?

Findings In this bayesian adaptive randomized clinical platform
trial that included 4869 critically ill patients with COVID-19, the
probability was high that IL-6 receptor antagonists and antiplatelet
agents improved survival at 6 months (posterior probabilities of
superiority of >99.9% and 95.0%, respectively). Long-term
outcomes were not improved with therapeutic anticoagulation
(11.5%), convalescent plasma (54.7%), or lopinavir-ritonavir
(31.9%) and were worsened with hydroxychloroquine (posterior
probability of harm, 96.8%). Corticosteroids did not improve
long-term outcomes, although enrollment had been terminated
early in response to external evidence.

Meaning Among critically ill patients with COVID-19 randomized
to receive 1or more therapeutic interventions, there was a high
likelihood of improved 180-day mortality among patients treated
with IL-6 receptor antagonists and antiplatelet agents.

Participants

Adult patients (=18 years) admitted to an intensive care unit (ICU)
with clinically suspected or microbiologically confirmed
COVID-19 who were receiving respiratory or cardiovascular or-
gan support were eligible for enrollment. Patients had to be en-
rolled within 48 hours of admission to the ICU. Exclusion cri-
teria along with additional inclusion and exclusion criteria for
each domain are shown in eTable 1 in Supplement 2.%1° Pa-
tients were enrolled from 197 sites in 14 countries (eTable 2 in
Supplement 2). In view of racial and ethnic differences in out-
comes during the pandemic, this trial collected self-reported race
and ethnicity information from either the participants or their
surrogates via fixed categories appropriate to their region where
ethical approval allowed. Collection of race and ethnicity data
was not approved in Asia, Canada, and continental Europe.

Randomization

Patients were randomized via a centralized computer pro-
gram with randomization ratios dependent on response-
adaptive randomization and the number of interventions avail-
able at each site. The interventions within each domain,
including timing and doses, have been reported previously.>°
In brief, patients in the corticosteroid domain were random-
ized to receive a fixed 7-day course of intravenous hydrocor-
tisone, a shock-dependent course, or no corticosteroid; pa-
tients in the immune modulation domain were randomized to
receive tocilizumab, sarilumab (both IL-6 receptor antago-
nists), anakinra (an IL-1 receptor antagonist), interferon beta-
1a, or no immune modulator; patients in the antiviral domain
were randomized to receive lopinavir-ritonavir, hydroxychlo-
roquine, the combination of both therapies, or no antiviral; pa-
tients in the immunoglobulin domain were randomized tore-
ceive 2 units of high-titer ABO-compatible convalescent
plasma, delayed convalescent plasma (given if clinical dete-
rioration occurs [only available in the US]), or no convales-
cent plasma; patients in the anticoagulation domain were ran-
domized to receive therapeutic-dose anticoagulation with
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heparin or pharmacologic thromboprophylaxis in accordance
with local usual care; and patients in the antiplatelet domain
were randomized to receive aspirin, a P2Y12 inhibitor (clopido-
grel, prasugrel, or ticagrelor), or no antiplatelet therapy. Pa-
tients could be randomized to receive additional interventions
within other domains, depending on domains active at the site,
patient eligibility, and consent (see http://www.remapcap.org).*
Other aspects of care were provided per each site’s standard
of care.

Outcome Measures
The main outcome for this prespecified secondary analysis of
longer-term outcomes was all-cause mortality within 6 months
(180 days after randomization), a prespecified secondary out-
come in the REMAP-CAP core protocol. This was modeled as a
time-to-event outcome for this analysis. Additional secondary
outcomes were prespecified in the core protocol and included
day 90 mortality, HRQoL at 180 days measured using the 5-level
EuroQol-5 Dimension (EQ-5D-5L) utility score and visual ana-
log scale (VAS) score, and disability at 180 days measured using
the 12-item World Health Organization Disability Assessment
Schedule (WHODAS) 2.0. The EQ-5D-5L is a preference-based
HRQoL instrument comprised of 5 dimensions: mobility,
self-care, usual activities, pain/discomfort, and anxiety/
depression. The EQ-5D-5L utility score is calculated from the
individual response to each item and ranges from -0.593 (score
of Ois equivalent to death) to 1.00 (full health), with higher val-
ues indicating better health states."! An EQ-5D-5L utility score
of 0 was imputed for all patients known or imputed to be de-
ceased at 180 days. For the EQ VAS, respondents are asked to
indicate their present health state on a VAS ranging from the
worst imaginable health state (score of O) to the best imagin-
able health state (score of 100).'%'* The EQ-5D-5L utility score
and EQ VAS score have no established minimal clinically im-
portant differences among critically ill patients. The WHODAS
2.0 covers 6 domains of functioning, with scores for each item
ranging from O (no difficulty) to 4 (extreme difficulty) and a total
score ranging from O to 48, with higher scores representing
greater disability.' The total score is divided by 48 and multi-
plied by 100 to convert to a percentage of maximum disability,
with the percent score used to determine 5 mutually exclusive
disability categories (from no disability to complete disability).'
The minimal clinically important difference for the WHODAS
in critically ill patients is 10%.'®

Ninety-day mortality was collected at all sites, whereas 180-
day outcomes were collected only by a subset (174/197 [88.3%])
of sites. The decision to participate in the collection of longer-
term outcomes was made regionally or locally reflecting fund-
ing, regulatory approval, and site resource availability. In the
UK, the large numbers of recruited participants from January
5, 2021, to February 25, 2021, exceeded the capacity for ex-
tended follow-up of all patients within the required time win-
dow. Accordingly, at the time, a subset of participants was ran-
domly selected not to be followed up. Overall, 587 of 787
survivors (74.6%) enrolled during this period were followed
up through 6 months.

Survival status was assessed at 90 and 180 days and was
determined using medical records or contact with the partici-
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pant, their next of kin, or other health care professional. When
a participant died, the date of death was recorded. Day 180
HRQoL and disability in survivors were collected by central trial
staff or site staff by telephone with the patient or a proxy when
the patient was not available. EQ-5D-5L utility scores were cal-
culated using the crosswalk link function and the individual
responses to the EQ-5D-5L descriptive system, using the UK
time trade off value set. EQ-5D-5L and WHODAS scores were
only included when the questionnaire was completed within
the 12 weeks following day 180 (additional details in eMethods
in Supplement 2).

Statistical Analysis

This study reports the analysis of longer-term secondary out-
comes prespecified in the REMAP-CAP trial core protocol
(Supplement 1). The analysis plan for evaluating these out-
comes was finalized in a statistical analysis plan (Supple-
ment 1) on March 10, 2022, prior to unblinding the 180-day out-
comes. All patients were analyzed in the groups to which they
were originally randomized. The full analysis set included all
critically ill patients with suspected or proven COVID-19 ran-
domized to an intervention in 1 or more of the 6 domains that
have been closed and reported, excluding patients who with-
drew consent. For consistency with the original analyses,>°
the P2Y12 inhibitor and aspirin groups are reported as a pooled
antiplatelet group and the tocilizumab and sarilumab groups
arereported as a pooled IL-6 receptor antagonist group, given
that both sets of interventions reached the prespecified defi-
nition of equivalence on organ support-free days in the origi-
nal analysis. Due to the low number of patients randomized,
the interferon beta-1a group within the immune modulation
domain and the delayed convalescent plasma intervention
within the immunoglobulin domain were not analyzed.

The primary analysis was performed using a bayesian
piecewise exponential model. The underlying hazard rate
was piecewise constant for each 15-day period up to day 90
and the 90-day period from day 90 to day 180. The prior dis-
tribution for each hazard rate was a y distribution with 1 day
of exposure and a mean equal to the total exposure (in days)
divided by the total number of events. The primary model
estimated treatment effects (log hazard ratios [HRs]) for each
intervention relative to control within each domain with
standard normal priors. The primary model included vari-
ables for each domain with each domain treatment as a cat-
egory (with control interventions from each domain set as
the referent) and was adjusted for location (site nested within
country), patient age (categorized into 6 groups), sex, and
time-period (2-week epochs). The posterior distributions of
the interventions’ HRs were summarized with medians, 95%
credible intervals (CrIs), and the probability that an interven-
tion was superior to the control for that domain (ie, HR <1.0).
Harm was defined as the probability the HR was greater than
1. Futility was defined as the probability that there was not
more than a 20% relative improvement in outcome (HR
>0.83). A prespecified interaction was modeled between anti-
platelet therapy (pooled P2Y12 inhibitor and aspirin group) in
the antiplatelet domain and therapeutic-dose heparin in the
anticoagulation domain. Statistical thresholds based on
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posterior probabilities for superiority and harm were used for
the primary outcome to determine trial stopping rules, but
were not used to guide interpretation of other findings;
rather, effect sizes along with posterior probabilities are pre-
sented for all analyses.

Ninety-day mortality was analyzed with a bayesian logis-
tic regression model. The EQ-5D-5L utility score was ana-
lyzed with a 2-part/mixture model including 2 components: a
continuous distribution of EQ-5D-5L utility scores for
patients who survived to day 180 and a point mass at O for
patients who died before day 180. The posterior distributions
of the mean difference between treatment and control for
EQ-5D-5L utility scores were summarized with medians, 95%
Crls, and the probability that an intervention was superior to
the control for that domain (ie, a mean difference less than
0). Treatment effects were estimated for all patients, along
with estimates for survivors only. The EQ VAS score was
reported using descriptive statistics only. The WHODAS dis-
ability category was analyzed with a 2-part/mixture model
including 2 components: an ordinal model of disability cat-
egory for patients who survived to day 180 and the worst cat-
egory of “death” for patients who died before day 180. Simi-
larly, the posterior distributions of the interventions' odds
ratio (OR) for WHODAS 2.0 disability category for survivors
were summarized with medians, 95% Crls, and the probabil-
ity that an intervention was superior to the control for that
domain (ie, OR <1). The EQ-5D-5L utility score and WHODAS
category were multiply imputed as a function of the patient’s
covariates for patients censored alive before day 180 or miss-
ing the HRQoL outcome. Sampling was from all patients
enrolled in the timeframe and the sampling probability was
independent of treatment assignment. The relationship
between shorter- and longer-term end points was assessed
by plotting the organ support-free days OR vs 180-day mor-
tality HR for each intervention and reporting the coefficient
of determination (R?).

Sensitivity analyses for the main outcome included ex-
cluding patients with negative SARS-CoV-2 test results, re-
moving adjustments for assignments in other domains, and
estimating independent effects of the 2 IL-6 receptor antago-
nist interventions and the 2 antiplatelet interventions. For sec-
ondary outcomes, sensitivity analyses included no imputa-
tion of missing EQ-5D-5L utility and WHODAS scores. Post hoc
sensitivity analyses were conducted to evaluate the main out-
come model and robustness to model assumptions, includ-
ing the assumption of proportional hazards for treatment ef-
fects, the assumption of a parametric distribution of survival
times (piecewise exponential), and the use of prior distribu-
tions in the bayesian framework (Model Evaluation Report in
Supplement 2).

Two subgroup analyses were performed stratifying treat-
ment effects on 180-day mortality based on the binary cat-
egories of receipt of invasive mechanical ventilation at base-
line and preexisting immunosuppression. Further details of
all analyses are provided in the statistical analysis plan in
Supplement 1. Data management and summaries were cre-
ated using R, version 3.6.0, with the primary analysis com-
puted in R, version 4.1.2, using the rstan package, version
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2.21.1 (R Foundation). Additional data management and
analyses were performed in SQL 2016 and Stata, version 17.0.

. |
Results

Enrollment and Participant Characteristics

A total of 4869 patients were enrolled from March 9, 2020,
through June 24, 2021, to at least 1 of the 6 reported domains
in the trial. Seventy-eight patients withdrew consent, result-
ing in 4791 patients being included in the analysis of longer-
term outcomes (Figure 1). Of these patients, 473 were random-
ized at 19 sites that only participated in the 90-day follow-up,
including all sites in Nepal, India, and the US. Details of re-
cruitment and follow-up by country of enrollment are shown
in eTable 2 in Supplement 2. The final 180-day follow up was
completed on March 2, 2022. The baseline characteristics of
the included patients are shown in Table. Baseline character-
istics by intervention within each domain are shown in
eTables 3 to 8 in Supplement 2.

Main Outcome

Of the 4318 patients randomized at sites participating in 180-
day follow-up, 180-day mortality status was available for 4107
patients (95.1%). Patients with known 180-day mortality sta-
tus differed from those with unknown status; patients with un-
known status were younger, had higher frequencies of non-
invasive ventilation receipt at baseline, had lower frequencies
ofinvasive mechanical ventilation and vasopressor use at base-
line, had lower Acute Physiology and Chronic Health Evalua-
tion II scores, and were less likely to have prevalent asthma
or chronic obstructive pulmonary disease, immunosuppres-
sive disease, or be receiving chronic immunosuppressive
therapy (eTable 9 in Supplement 2). Of patients with known
180-day mortality status, 1517 (36.9%) died (Figure 2 and
Figure 3). Of patients who died by day 180, a total of 91 of
1516 deaths (6.0%) occurred between hospital discharge and
day 180. The pooled IL-6 receptor antagonists and antiplate-
let treatment groups each had a high probability of benefit
(>99.9% and 95.0%, respectively) compared with their con-
trol groups. The probability of benefit for fixed-dose cortico-
steroids and shock-dependent corticosteroids compared with
no corticosteroids was 61.6% and 57.1%, respectively. The prob-
ability of trial-defined statistical futility was high for thera-
peuticanticoagulation (in critically ill patients) (99.9%; HR, 1.13
[95% Crl, 0.93-1.42]), convalescent plasma (99.2%; HR,
0.99 [95% CrI, 0.86-1.14]), and lopinavir-ritonavir (96.6%;
HR, 1.06 [95% CrI, 0.82-1.38]). Hydroxychloroquine and its
combination with lopinavir-ritonavir had a high probability of
harm (96.9%; HR, 1.51 [95% CrlI, 0.98-2.29] for hydroxychlo-
roquine and 99.5%; HR, 1.61 [95% CrI, 0.97-2.67] for combi-
nation) (Figure 3 and eFigure 1 in Supplement 2). Results of
the sensitivity analyses for patients with negative COVID-19
test results and in domain-specific populations were
consistent with the primary analysis (eTables 10-12 and eFig-
ure 2 in Supplement 2). Post hoc sensitivity analyses showed
the results were robust to model assumptions, including
the proportional hazards assumption (eFigures 3-4 and
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Figure 1. Cohort Development in an Analysis of Longer-term Follow-up of Critically Ill Participants in the REMAP-CAP COVID-19 Clinical Trial
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300 Unable to contact patient 299 Unable to contact patient
289 Missed/outside time window 289 Missed/outside time window
209 Unknown 264 Unknown
202 Other 228 WHODAS incomplete
174 Not followed-up due to capacity constraints (UK) 202 Other
45 Language or competency barrier 174 Not followed-up due to capacity constraints (UK)
42 Site not participating in EQ-5D-5L follow-up 55 Site not participating in WHODAS follow-up
26 EQ-5D-5L incomplete 45 Language or competency barrier
989 Completed EQ-5D-5L [« L] 720 Completed WHODAS
[
v v v v v v

475 Completed EQ-5D-5L¢

486 Completed EQ VASA

320 Completed WHODAS®
inimmune modulation
domain

390 Completed EQ-5D-5L¢

395 Completed EQ VASA

267 Completed WHODAS®
inimmunoglobin
domain

258 Completed EQ-5D-5L¢

263 Completed EQ VASA

192 Completed WHODAS®
antiplatelet domain

240 Completed EQ-5D-5L¢

243 Completed EQ VASY

174 Completed WHODAS®
in anticoagulation
domain

178 Completed EQ-5D-5L¢

188 Completed EQ VASY

138 Completed WHODAS®
in antiviral domain

82 Completed EQ-5D-5L¢

84 Completed EQ VASY

74 Completed WHODAS®
in corticosteroid
domain

@ An additional 910 non-critically ill patients were enrolled in domains.

b Additional 42 patients with unknown vital status at 90 d were from sites not
participating in 180-d follow-up.

€ Quality of life on the EQ-5D-5L; scores from -0.593 to 1.00 (full health).
dSelf-reported present health state, ranging from O (worst) to 100 (best).
€ Covers 6 domains of functioning; O (no difficulty) to 4 (extreme difficulty).
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Table. Baseline Characteristics of Patients in 1or More Domains Included
in the Analysis of Mortality at 180 Days®

Table. Baseline Characteristics of Patients in 1or More Domains Included
in the Analysis of Mortality at 180 Days? (continued)

Characteristic No./total No. (%)

Characteristic No./total No. (%)

No. 4791

Age, median (IQR) [No.], y 60 (51-68) [n = 4790]
Male sex 3253/4790 (67.9)
Female sex 1537/4790 (32.1)

Race and ethnicity?

Asian 504/3557 (14.2)
Black 160/3557 (4.5)
White 2665/3557 (74.9)
Mixed 69/3557 (1.9)

Other®
Confirmed SARS-CoV2 infection®
BMI, median (IQR)
APACHE Il score, median (IQR)¢
Preexisting conditions®

159/3557 (4.5)

4139/4764 (86.9)
30.5(26.6-35.8) [n = 4317]
13 (8-19) [n = 4673]
Diabetes 1404/4788 (29.3)

Respiratory diseasex 1067/4788 (22.3)

Asthma/COPD 897/4788 (18.7)

Other 218/4788 (4.6)
Kidney disease 370/4427 (8.4)
Severe cardiovascular disease 376/4703 (8.0)
Immunosuppressive disease 190/4788 (4.0)

Chronic immunosuppressive therapy 175/4788 (3.7)
Time to enrolment, median (IQR)

From hospital admission, d 1.7 (0.9-3.3)
From ICU admission, h 16.7 (9.1-22.5)

Acute respiratory support, No. (%)

None/supplemental oxygen only 7(0.2)
High-flow nasal cannula 1198 (25.0)
Noninvasive ventilation only 1848 (38.6)
Invasive mechanical ventilation 1746 (36.4)
ECMO 4/4729 (0.1)
Vasopressor support 1005 (21.0)

(continued)

Model Evaluation Report in Supplement 2). Across interven-
tions there was a strong association (R? = 0.84) between the ORs
for the composite of in-hospital mortality and organ support-
free days to day 21 (primary outcome in the trial) and the recip-
rocals of 180-day mortality HRs (eFigure 5 in Supplement 2).

Secondary Outcomes

The ORs for 90-day mortality are shown in eTable 13 and eFig-
ure 6 in Supplement 2. Results were consistent with the 180-
day mortality analysis.

Of the 2589 survivors at sites participating in follow-up,
the EQ VAS was available for 1009 patients (39.0%), the EQ-
5D-5L utility score was available for 989 patients (38.2%), and
the WHODAS 2.0 score was available for 720 patients (27.8%)
(Figure 1). Patients without EQ-5D-5L utility and WHODAS
scores differed from those with scores available; patients miss-
ing scores were younger, received less high-flow nasal oxy-
gen and more noninvasive and invasive ventilation, and were

JAMA January 3,2023 Volume 329, Number 1

Acute physiology and laboratory values,
median (IQR)"

Pao,/Fio, 116 (89-158) [n = 4368]
117 (65-192) [n = 3585]
0.8 (0.7-1.1) [n = 4681]
1.3(1.0-1.8) [n = 4205]
245 (183-314) [n = 4626]

0.5(0.4-0.8) [n = 4443]

C-reactive protein, pg/mL
Creatinine, mg/dL
Lactate, mmol/L
Platelets, x10°/L
Bilirubin, mg/dL

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;

BMI, body mass index (calculated as weight in kilograms divided by height in
meters squared); COPD, chronic obstructive pulmonary disease; ECMO,
extracorporeal membrane oxygenation; Fio,, fraction of inspired oxygen; Pao,,
partial pressure of oxygen.

@ Baseline characteristics by intervention in each of the six domains can be
found in eTables 3-8 in Supplement 1. Percentages may not sum to 100
because of rounding.

bSelf-reported via fixed categories. Data collection was not approved in Asia,
Canada, and continental Europe. “Other” includes “other ethnic group” and
those who declined to respond or were not asked by registration personnel.

€ SARS-CoV2 infection was confirmed by respiratory tract polymerase chain
reaction test.

9 Measures the severity of illness based on age, medical history, and
physiological variables. Scores range from O to 71; higher numbers represent
greater risk of death. The median score of 12 is typical for patients with
COVID-19 admitted to intensive care units (ICUs).

¢ Kidney disease was determined from the most recent stable serum creatinine
level prior to this hospital admission, except in patients who were receiving
dialysis. Abnormal kidney function was defined as a creatinine level of 130
pmol/L or greater (1.5 mg/dL) for men or 100 pmol/L or greater (1.1 mg/dL) for
women not previously receiving dialysis. Cardiovascular disease was defined
as New York Heart Association class IV symptoms. Immunosuppression was
defined by the receipt of recent chemotherapy, radiation, high-dose or
long-term steroid treatment, or presence of immunosuppressive disease.

f Laboratory results available when captured for clinical care. Although specific
laboratory cut-offs may vary, ranges for the following variables are generally
considered normal: Pao,/Fio, ratio =400; creatinine <1.2 mg/dL; platelets
=150 x10°/L; and bilirubin <1.2 mg/dL.

less likely to have immunosuppressive disease or be receiv-
ing chronicimmunosuppressive therapy (eTables 14 and 15 in
Supplement 2).

In the overall cohort, the median (IQR) EQ-5D-5L utility
score in survivors was 0.74 (0.55-0.88) (n = 989). The me-
dian (IQR) EQ VAS score was 75 (50-85) (n = 1009). The per-
centages of patients reporting problems in each domain and
the EQ VAS scores are shown in eTables 16 and 17 in Supple-
ment 2. Among survivors, the adjusted mean difference in the
EQ-5D-5L utility score in the pooled antiplatelet group was 0.08
(95% Crl, 0.00-0.15) units higher compared with the control,
with a posterior probability of superiority of 97.4%; among all
patients (survivors and nonsurvivors), the adjusted mean dif-
ference was 0.08 (95% CrI, 0.02-0.13), with a probability of su-
periority of 99.6% (Figure 4). Among all patients, the ad-
justed mean difference in the pooled IL-6 receptor antagonists
was 0.08 (95% Crl, 0.02-0.13) units higher compared with the
control, with a posterior probability of 99.5%. The mean EQ-
5D-5L utility score in the lopinavir-ritonavir group was lower
than the control group, with a posterior probability of harm
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Figure 2. Kaplan-Meier Curves for Mortality Through 180 Days
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The probability of superiority of each active intervention to control for 180-day mortality is reported from the fully adjusted bayesian model (adjusting for other
treatments from other domains, site, time, sex, and age). Censored participants are indicated with vertical tick marks. Crl indicates credible interval.

of 98.7% among survivors and 98.4% among all patients. The
mean difference in EQ-5D-5L utility scores between each re-
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maining intervention and their control group are shown in
Figure 4 and eFigure 7 in Supplement 2.
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Disability in survivors is shown in eTables 18 and 19 in
Supplement 2. A total of 273 of 720 survivors (37.9%) had mod-
erate, severe, or complete disability at day 180. The 95% Crls
for the ORs for WHODAS disability category were wide, with
intervals crossing 1 for all interventions (eFigure 8 in Supple-
ment 2). Among these interventions, pooled IL-6 receptor an-
tagonists had a 92.6% probability and anakinra had 90.8%
probability of reducing disability, and lopinavir-ritonavir had
a 91.7% probability of worsening disability.

Results for the sensitivity analyses of the EQ-5D-5L util-
ity score and WHODAS 2.0 score without imputation for miss-
ing scores were consistent with the imputed analysis
(eTables 20 and 21 in Supplement 2).

Subgroup Analyses

Treatment effects on 180-day mortality did not meaningfully
vary by invasive mechanical ventilation status at baseline
(eTables 22 and 23 and eFigure 9 in Supplement 2). In pa-
tients with immunodeficiency at baseline, therapeutic anti-
coagulation had a posterior probability of worsened 180-day
mortality of 98.8% and antiplatelet therapy had a posterior
probability of worsened 180-day mortality of 92.4% (eTable 24
and 25 and eFigure 10 in Supplement 2).

|
Discussion

In this prespecified secondary analysis of a bayesian adaptive
randomized clinical platform trial that included 4791 criti-
cally ill patients with COVID-19, there was a greater than 99.9%
probability that IL-6 receptor antagonists and a 95.0% prob-
ability that antiplatelet agents improved survival through 6
months. In contrast, survival was not improved with thera-
peutic anticoagulation, convalescent plasma, or lopinavir-
ritonavir, and the probability that survival was worsened with
hydroxychloroquine alone or in combination with lopinavir-
ritonavir was 96.8%. Corticosteroids did not confer a high prob-
ability of improved longer-term survival, but enrollment in this
domain was closed early in response to external evidence that
may limit statistical power to detect any potential effect. Al-
though the majority of deaths occurred early, 6% of all deaths
occurred between hospital discharge and day 180.
Interventions are delivered in critically ill patients with the
goal of increasing long-term survival as well as improving
HRQoL and functional status in survivors. However most clini-
cal trials in critically ill patients have evaluated shorter-term
outcomes, many of which may not be patient-centered.!”
Longer-term trajectories after critical illness, including acute
respiratory distress syndrome and sepsis, are characterized by
frequent rehospitalization, sustained impairments in HRQoL
and functional status, an excess hazard of mortality, and ex-
acerbation of chronic comorbidities that may persist for years
after initial hospitalization.'®-2® Patients who initially survive
face later mortality and morbidity hazards that may offset po-
tential benefits of treatment. Accordingly, the effect of many
treatments administered in the ICU on long-term outcomes
after critical illness—including COVID-19—remain uncertain.
Although the REMAP-CAP trial evaluated a hospital-based pri-
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mary outcome reflecting survival to discharge and, in survi-
vors, receipt of ICU-level organ support, the protocol in-
cluded the collection of longer-term (6-month) outcomes
reflecting survival, HRQoL, and disability. Overall, there was
a strong correlation between the trial primary outcome and
6-month outcomes.

There was broad variation in 6-month HRQoL and disabil-
ity scores. The majority of survivors reported favorable HRQoL
and functional status, although approximately 1in 3 patients
had at least moderate disability that persisted through 6
months (although participants’ baseline disability was not
known). IL-6 receptor antagonists, which improved organ sup-
port-free days, also had a greater than 99.9% probability of
improving survival over 6 months compared with no im-
mune modulator. Furthermore, among survivors, there was
an 87.0% probability of improved HRQoL and 92.6% probabil-
ity of reduced disability, suggesting that improvement in
survival was not occurring at the expense of poor-quality sur-
vival. Although antiplatelet agents did not improve the out-
come of organ support-free days, they showed a 92.3% prob-
ability of improved 90-day survival, 95.0% probability of
improved 180-day survival, and a 97.4% probability of im-
proved HRQoL in survivors at 6 months. When death and
HRQoL were evaluated as a composite outcome, the probabil-
ity of superiority was 99.6%.

Although there was a 93% probability that fixed-dose hy-
drocortisone improved organ support-free days, no early or late
effect on survival was observed. Other treatments that did not
improve organ support-free days, including therapeutic anti-
coagulation, convalescent plasma, lopinavir-ritonavir, and hy-
droxychloroquine, were similarly ineffective in improving
longer-term outcomes. Overall, there was a strong correla-
tion between organ support-free days and longer-term out-
comes in critically ill patients with COVID-19.

To the best of our knowledge, this is the largest trial that
hasreported on the effect of treatments for COVID-19 on longer-
term mortality, HRQoL, and disability in critically ill patients.
The HRQoL and disability outcomes in this trial are similar to
observational cohort reports of critically ill survivors of
COVID-19%%26 and similar to both observational and trial co-
horts of critically ill patients prior to the pandemic.24-27-28 Al-
though there does not appear to be large effects of ICU-based
treatments on either HRQOL or disability, it is encouraging that
overall increases in longer-term survival are not accompa-
nied by a decrement in HRQoL or increased disability. There
isatheoretical risk that a treatment that saves lives among criti-
cally ill patients may convert nonsurvivors to survivors who
have poor quality of survival. A recent systematic review evalu-
ating HRQoL in randomized trials reporting a survival benefit
in critically ill patients found that only 2.9% of studies that re-
ported a significant reduction in mortality also reported on
HRQoL.?° Of those trials reporting HRQoL, results were incon-
sistent, with 2 studies reporting improvements in both sur-
vival and HRQoL, 3 reporting no difference in HRQoL in
survivors, and 2 reporting lower HRQoL in survivors.?° The pre-
sent study demonstrates that the improved survival associ-
ated with IL-6 receptor antagonists and antiplatelet agents does
notresultin alower HRQoL in survivors. Given the global effect
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of COVID-19, small differences in mortality or other patient-
centered outcomes, such as HRQoL and disability, can result
in important clinical and health economic benefits at the popu-
lation level, particularly in a global pandemic.

Limitations

This study has several limitations. First, the trial used an open-
label design, although the mortality outcome is at alower risk
forbias. Second, the collection of outcomes beyond day 90 was
not mandated, although 6-month survival status was avail-
able for 85.7% of patients. Not all regions and sites collected
HRQoL and disability outcomes and there was a substantial
amount of missing data for these outcomes. Bayesian mul-
tiple imputation techniques were used to account for missing
data, and sensitivity analyses without imputation did not
meaningfully change the results. Third, HRQoL and disabil-
ity scores could not be collected at baseline while patients were
critically ill, and therefore this trial could not assure balance
across randomization groups or evaluate change in score over
time. As such, it is possible that differences in HRQoL or dis-
ability may have been due to imbalances in these measures at
baseline, although randomization and temporal and site ad-

Original Investigation Research

justment in the models would have been expected to balance
these across the treatment groups. Fourth, the results relate
to the effectiveness of interventions on prior variants of
COVID-19 and prior to widespread availability of vaccination,
and the effectiveness on newer variants and vaccinated pa-
tients is unknown. Further study is needed to determine
whether the observed effects are sustained through different
waves of the pandemic.

. |
Conclusions

Among critically ill patients with COVID-19 randomized to re-
ceive 1or more therapeuticintervention, treatment with an IL-6
receptor antagonist had a greater than 99.9% probability of im-
proved 180-day mortality compared with patients random-
ized to the control and treatment with an antiplatelet agent had
a 95.0% probability of improved 180-day mortality com-
pared with patients randomized to the control. Overall, when
considered with previously reported short-term results, the
findings indicate that initial in-hospital treatment effects were
consistent for most therapies.
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