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Efficacy and safety of baricitinib plus standard of care for the
treatment of critically ill hospitalised adults with COVID-19
on invasive mechanical ventilation or extracorporeal
membrane oxygenation: an exploratory, randomised,
placebo-controlled trial

E Wesley Ely, Athimalaipet V Ramanan, Cynthia E Kartman, Stephanie de Bono, Ran Liao, Maria Lucia B Piruzeli, Jason D Goldman,
José Francisco Kerr Saraiva, Sujatro Chakladar, Vincent C Marconi, on behalf of the COV-BARRIER Study Group*

Summary

Background The oral, selective Janus kinase 1/2 inhibitor baricitinib has shown efficacy in studies of hospitalised
adults with COVID-19. COV-BARRIER (NCT04421027) was a multinational, phase 3, randomised, double-blind,
placebo-controlled trial of baricitinib in patients with confirmed SARS-CoV-2 infection. We aimed to evaluate the
efficacy and safety of baricitinib plus standard of care in critically ill hospitalised adults with COVID-19 requiring
invasive mechanical ventilation or extracorporeal membrane oxygenation.

Methods This exploratory trial followed the study design of COV-BARRIER in a critically ill cohort not included in
the main phase 3 trial. The study was conducted across 18 hospitals in Argentina, Brazil, Mexico, and the USA.
Participants (aged =18 years) hospitalised with laboratory-confirmed SARS-CoV-2 infection on baseline invasive
mechanical ventilation or extracorporeal membrane oxygenation were randomly assigned (1:1) to baricitinib
(4 mg) or placebo once daily for up to 14 days in combination with standard of care. Participants, study staff, and
investigators were masked to study group assignment. Prespecified endpoints included all-cause mortality through
days 28 and 60, number of ventilator-free days, duration of hospitalisation, and time to recovery through day 28.
The efficacy analysis was done in the intention-to-treat population and the safety analysis was done in the safety
population. This trial is registered with ClinicalTrials.gov, NCT04421027.

Findings Between Dec 23, 2020, and April 10, 2021, 101 participants were enrolled into the exploratory trial and assigned
to baricitinib (n=51) or placebo (n=50) plus standard of care. Standard of care included baseline systemic corticosteroid
use in 87 (86%) participants. Treatment with baricitinib significantly reduced 28-day all-cause mortality compared with
placebo (20 [39%] of 51 participants died in the baricitinib group vs 29 [58%)] of 50 in the placebo group; hazard ratio
[HR] 0-54 [95% CI 0-31-0- 96]; p=0-030; 46% relative reduction; absolute risk reduction 19%). A significant reduction in
60-day mortality was also observed in the baricitinib group compared with the placebo group (23 [45%)] events vs 31 [62%);
HR 0-56 [95% CI 0-33-0-97]; p=0-027; 44% relative reduction; absolute risk reduction 17%). In every six baricitinib-
treated participants, one additional death was prevented compared with placebo at days 28 and 60. The number of
ventilator-free days did not differ significantly between treatment groups (mean 8-1 days [SD 10-2] in the baricitinib
group vs 5-5 days [8-4] in the placebo group; p=0-21). The mean duration of hospitalisation in baricitinib-treated
participants was not significantly shorter than in placebo-treated participants (23-7 days [SD 7-1] vs 26-1 days [3-9];
p=0-050). The rates of infections, blood clots, and adverse cardiovascular events were similar between treatment groups.

Interpretation In critically ill hospitalised patients with COVID-19 who were receiving invasive mechanical ventilation or
extracorporeal membrane oxygenation, treatment with baricitinib compared with placebo (in combination with standard
of care, including corticosteroids) reduced mortality, which is consistent with the mortality reduction observed in less
severely ill patients in the hospitalised primary COV-BARRIER study population. However, this was an exploratory trial
with a relatively small sample size; therefore, further phase 3 trials are needed to confirm these findings.

Funding Eli Lilly and Company.

Copyright © 2022 Elsevier Ltd. All rights reserved.
Introduction

Patients who require hospitalisation due to infection with

SARS-CoV-2 will often experience an intense hyper-
inflammatory state that can lead to multiple organ

dysfunction, including acute respiratory distress
syndrome, septic shock, and death.* There have been
many treatment advances in therapeutics for patients
hospitalised with COVID-19, such as remdesivir,
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Research in context

Evidence before this study

To evaluate studies assessing the efficacy and safety of
interventions in patients with COVID-19 requiring invasive
mechanical ventilation (IMV), we searched PubMed using the
terms "COVID-19”, “SARS-CoV-2", “treatment”, “critical illness”,
“invasive mechanical ventilation”, “baricitinib”, and “JAK
inhibitor” for articles in English, published from Feb 1, 2020, to
Dec 1, 2020, regardless of article type. We also reviewed the
National Institutes of Health and Infectious Diseases Society of
America COVID-19 guidelines and reviewed similar terms on
ClinicalTrials.gov. At the time of implementation of this
exploratory trial in a critically ill population following the
COV-BARRIER study design, there had been only one open-label
study of dexamethasone that showed mortality benefit in
hospitalised patients with COVID-19 requiring IMV. Small studies
of interleukin (IL)-6 inhibitors had shown no effect and larger
trials were ongoing. Guidelines recommended use of
dexamethasone with or without remdesivir and recommended
against the use of IL-6 inhibitors, except in clinical trials.

There were no reported double-blind, placebo-controlled, phase 3
trials that included corticosteroids as part of standard of care
investigating the efficacy and safety of novel treatments in the
National Institute of Allergy and Infectious Disease (NIAID)
ordinal scale score 7 population (NIAID-OS 7; hospitalised and on
IMV or extracorporeal membrane oxygenation [ECMOY]).

Baricitinib’s mechanism of action as a Janus kinase 1/2 inhibitor
was identified as a potential intervention for the treatment of
COVID-19, given its known anticytokine properties and
potential antiviral mechanism of targeting host proteins that
mediate viral endocytosis.

Data from the NIAID-funded ACTT-2 trial showed that
baricitinib, when added to remdesivir, improved time to
recovery and other outcomes, including mortality compared
with placebo plus remdesivir. In participants requiring IMV
(NIAID-0S 7) at baseline, there was no significant difference in
the proportion of participants who had improvement in NIAID-
OS at day 15 after receiving baricitinib plus remdesivir compared
with those who received placebo plus remdesivir (odds ratio 1-7
[95% CI 0-8-3-4]). We designed COV-BARRIER, a phase 3,
multinational, double-blind, randomised, placebo-controlled
trial, to evaluate the efficacy and safety of baricitinib in
combination with standard of care (including corticosteroids)
for the treatment of hospitalised adults with COVID-19 who did
not require mechanical ventilation (ie, NIAID-OS 4-6). There was
asignificant reduction in the prespecified secondary endpoint of
mortality by day 28 in the baricitinib group compared with the

dexamethasone, tocilizumab, and baricitinib.”® Globally,
however, there remains a crucial and urgent need to
evaluate new treatment options to reduce mortality in
hospitalised patients with COVID-19, because of the
persisting high occurrence of deaths despite these

placebo group (HR 0-57 [95% Cl 0-41-0-78], corresponding to a
43% relative reduction; p=0-0018); one additional death was
prevented per 20 baricitinib-treated participants. In the more
severely ill NIAID-OS 6 subgroup, one additional death was
prevented per nine baricitinib-treated participants (HR 0-52
[95% CI 0-33-0-80], corresponding to a 48% relative reduction;
p=0-0065). We therefore implemented an exploratory study,
which followed the COV-BARRIER trial design, to evaluate
baricitinib in the critically ill NIAID-OS 7 population.

Added value of this study

This exploratory trial, though in a small sample, was the first
randomised controlled trial to our knowledge to evaluate
baricitinib in addition to the current standard of care, including
antivirals, anticoagulants, and corticosteroids, in patients who
were receiving IMV or ECMO at enrolment. This was a
multinational, randomised, double-blind, placebo-controlled trial
in regions with high COVID-19 hospitalisation rates. Treatment
with baricitinib reduced 28-day all-cause mortality compared
with placebo (HR 0-54 [95% CI 0-31-0-96]; p=0-030),
corresponding to a 46% relative reduction and absolute
reduction of 19%, and reduced 60-day all-cause mortality

(0-56 [0-33-0-97]; p=0-027), corresponding to a 44% relative
reduction and absolute reduction of 17%; overall, one additional
death was prevented per six baricitinib-treated participants.

No significant differences between groups were observed for
number of ventilator-free days, duration of hospitalisation, and
time to recovery. The frequencies of serious adverse events,
serious infections, and venous thromboembolic events were
similar between baricitinib and placebo groups, respectively.

The COV-BARRIER primary trial results plus these exploratory
trial data in a smaller group of patients on mechanical
ventilation or ECMO provide important information in the
context of other large, phase 3, randomised trials in patients
on invasive mechanical ventilation at baseline. The RECOVERY
study reported mortality of 29-3% following treatment with
dexamethasone compared with 41-4% for usual care (rate
ratio of 0-64, corresponding to a 36% relative reduction) and
49% mortality in participants who received tocilizumab
compared with 51% for usual care (0-93, corresponding to a
7% relative reduction). The ACTT-2 study reported 28-day
mortality of 23-1% in the baricitinib plus remdesivir group and
22-6% in the placebo plus remdesivir group in this critically ill
patient population; however, the primary outcome of ACTT-2
was time to recovery, and the study was not powered to detect a
change in mortality.

(Continues on next page)

improvements in standard of care. For example, WHO
reports that there have been more than 5535000
COVID-19 deaths reported globally since the beginning
of the SARS-CoV-2 pandemic in 2020." Mortality remains
particularly high among critically ill patients who require
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Implications of all the available evidence

In this exploratory trial, baricitinib in addition to standard of
care (which predominantly included corticosteroids) had a
significant effect on all-cause mortality reduction at 28 days in
critically ill hospitalised patients with COVID-19; an effect which
was maintained at 60 days. These data were similar to those
seen in the COV-BARRIER primary study population of
hospitalised patients, which excluded patients who required IMV
or ECMO at enrolment. These findings suggest that baricitinib has

invasive mechanical ventilation (IMV) or extracorporeal
membrane oxygenation (ECMO), which are the primary
means of treatment in patients with severe COVID-19,
with an estimated case fatality rate of 45% in this
population.” In the platform RECOVERY trial,” mortality
was 29-3% in patients on IMV at baseline randomly
assigned to dexamethasone versus 41-4% in those
assigned to usual care (rate ratio [RR] 0-64 [95% CI
0-51-0-81], corresponding to a 36% relative reduction in
mortality). Similarly, mortality was 49% in participants on
IMV at baseline who were randomly assigned to
tocilizumab versus 51% in those assigned to usual care
(RR 0-93 [95% CI 0-74-1-18]; not significant, corres-
ponding to a 7% relative reduction in mortality).* Notably,
in the tocilizumab study, benefits in mortality across the
whole study population were only seen in those who had
concomitant use of corticosteroids. Thus, interventions to
reduce mortality in critically ill patients with COVID-19
remain a crucial unmet medical need.

In February, 2020, baricitinib (a selective Janus kinase
[JAK]1/JAK2 inhibitor)** was identified as a potential
intervention for the treatment of COVID-19 by the
artificial intelligence platform Benevolent AI, given its
known anti-inflammatory profile in patients with
autoimmune diseases® and potential for targeting host
proteins for its antiviral mechanism.®” Several obser-
vational studies, in small cohorts of hospitalised patients
with COVID-19 (including older patients), have provided
evidence of clinical improvement associated with
baricitinib treatment.®* Other medications of the JAK
inhibitor class have also shown clinical benefit in treating
COVID-19 when combined with standard of care in
phase 2 and phase 3 studies.”*

ACTT-2, a National Institute of Allergy and Infectious
Disease (NIAID)-funded, multinational, double-blind,
randomised, placebo-controlled, phase 3 trial in hospi-
talised adults with COVID-19, found that baricitinib plus
remdesivir was superior to remdesivir in reducing time to
recovery (RR for recovery 1.16 [95% CI 1-01-1-32];
p=0-03). 28-day mortality was 5-1% in participants treated
with baricitinib plus remdesivir versus 7-8% in those who
received placebo plus remdesivir (hazard ratio [HR] 0-65
[95% CI 0-39-1-09]); an endpoint for which the study was
not powered. There were fewer serious adverse events in
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additional benefits when given in combination with other
standard-of-care treatment modalities, including remdesivir and
dexamethasone. On the basis of the available evidence, baricitinib
might present a novel treatment option to decrease all-cause
mortality in hospitalised, critically ill patients with COVID-19,
even when started late in the disease process (ie, after steroids,
mechanical ventilation, and ECMO have already been
implemented). However, further phase 3 studies in this
population are required to confirm these findings.

the participants who received baricitinib plus remdesivir
than in those who received placebo plus remdesivir. In
111 participants enrolled with baseline use of IMV or
ECMO, there were no significant differences in time to
recovery, 28-day mortality, or other secondary outcomes
between treatment groups.

COV-BARRIER® was a phase 3, multinational,
double-blind, randomised, placebo-controlled trial
designed to evaluate the efficacy and safety of baricitinib
in combination with standard of care, which could
include corticosteroids, for the treatment of hospitalised
adults with COVID-19 who did not require mechanical
ventilation (ie, NIAID ordinal scale [NIAID-OS]
score 4-6). Although there was no difference between
groups in the primary endpoint of reduction of disease
progression, a significant reduction in 28-day all-cause
mortality was found between the baricitinib and
placebo groups (HR 0-57 [95% CI 0-41-0-78];
p=0-0018), corresponding to a 43% relative reduction in
the baricitinib group.” In the more severely ill subgroup
who required high-flow oxygen or non-invasive
ventilation (NIAID-OS 6), the difference in 28-day
all-cause mortality between baricitinib and placebo
groups resulted in a HR of 0-52 (95% CI 0-33-0-80;
p=0-0065), corresponding to a 48% relative reduction
in the baricitinib group. The number needed to treat to
prevent one additional death was nine patients in this
more severely ill subgroup (NIAID-OS 6), compared
with one death prevented per 20 baricitinib-treated
participants in the overall primary COV-BARRIER
study population (NIAID-OS 4-6).

The US Food and Drug Administration (FDA) issued an
Emergency Use Authorization (EUA) for the use of
baricitinib to treat COVID-19 in hospitalised adults and
paediatric patients aged 2 years or older requiring
supplemental oxygen, non-invasive mechanical ventilation
or IMV, or ECMO.* The EUA was first issued in
November, 2020, on the basis of ACTT-2 results and later
updated in July, 2021, based on COV-BARRIER NIAID-OS
4-6 results. In October, 2020, the FDA requested further
evaluation of baricitinib for the treatment of critically ill
adult patients with COVID-19 requiring IMV or ECMO.
We aimed to evaluate the efficacy and safety of baricitinib
in combination with standard of care for the treatment of
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critically ill hospitalised adults with COVID-19 requiring
IMV or ECMO.

Methods
Study design and participants
This exploratory trial followed the phase 3 COV-BARRIER
study design in critically ill patients with baseline IMV or
ECMO. In this multicentre, randomised, double-blind,
placebo-controlled, parallel-group trial, participants were
enrolled across 18 centres in four countries (Argentina,
Brazil, Mexico, and the USA). A detailed description of
the parent study design has been published previously."
Eligible patients were those aged 18 years or older, who
had been hospitalised with laboratory-confirmed SARS-
CoV-2 infection, with use of IMV or ECMO at study entry
and randomisation, evidence of pneumonia or clinical
symptoms of COVID-19, and indicators of progression
risk with at least one elevated inflammatory marker
greater than the upper limit of normal range based on the
local laboratory result (C-reactive protein, D-dimer, lactate
dehydrogenase, or ferritin). Dexamethasone use was
permitted as described in the RECOVERY trial, but
patients were excluded if they were receiving high-dose
corticosteroids (>20 mg per day [or prednisone equivalent]
for =14 consecutive days in the month before study entry,
unless indicated per standard of care for a concurrent
condition, such as asthma, chronic obstructive pulmonary
disease, or adrenal insufficiency), immunosuppressants,

107 patients screened for eligibility |

6 excluded
{5 screening failure
1 patient decision to withdraw

A 4

| 101 enrolled and randomly assigned |

v v

50 assigned to placebo plus
standard of care
49 received at least one dose
1 randomised but not dosed

51 assigned to baricitinib plus
standard of care
50 received at least one dose
1 randomised but not dosed

v v

27 completed the 28-day double- 19 completed the 28-day double-
blind treatment period blind treatment period
22 discontinued during the double- 30 discontinued during the double-
blind treatment period blind treatment period
18 due to death 28 due to death
4 other* 1 lost to follow-up
1 withdrawal by participant

Figure 1: Trial profile

One participant in the baricitinib plus standard of care group did not have a
recorded treatment period disposition form, so the treatment period disposition
was missing. *Four participants discontinued from the trial after transfer to
another hospital; they were included in the intention-to-treat population, with
all available information used to inform the mortality and safety analyses.
Specifically, three participants died after transfer and time of death was used in
the mortality analysis. One participant was alive at follow-up and censored at
the last available visit.

biologics, T-cell or B-cell-targeted therapies, interferon
(IFN), or JAK inhibitors; had received convalescent
plasma or intravenous immunoglobulin for COVID-19;
or had suspected serious active bacterial, fungal, or other
infection, or untreated tuberculosis infection.

COV-BARRIER was conducted in accordance with
ethical principles of the Declaration of Helsinki and
Good Clinical Practice guidelines. The institutional
review board or independent ethics committee at each
study centre approved the study. All participants (or
legally authorised representatives) provided written
informed consent to participate.

Randomisation and masking

Participants who met all criteria for enrolment were
randomly assigned (1:1) to receive baricitinib 4 mg or
matched placebo, in combination with standard of care.
Randomisation was facilitated by a computer-generated
random sequence using an interactive web-response
system and was performed by a study investigator or
designee. Participants were stratified at randomisation
according to geographical region (Europe, USA, or the rest
of the world). Participants, study staff, and investigators
were masked to the study group assignment. An
independent, external data monitoring committee oversaw
the study. An independent, masked, clinical event
committee adjudicated potential venous thromboembolic
events and deaths.

Procedures

Baricitinib 4 mg or matched placebo was crushed for
nasogastric tube delivery (or given orally when feasible)
and given once daily for up to 14 days or until discharge
from hospital, whichever occurred first. Participants
assigned to baricitinib with baseline estimated glomerular
filtration rate (eGFR) of 30 to less than 60 mL/min
per 1-73 m2received baricitinib 2 mg or matched placebo.
If eGFR decreased to 30 to less than 60 mL/min per
1-73 m2after randomisation, patients received baricitinib
2 mg until eGFR returned to 60 mL/min per 1-73 m?2
or greater.

All participants received standard of care in keeping
with local clinical practice for COVID-19 management,
which could include concomitant medications such as
corticosteroids, antivirals, and other treatments, including
vasopressors. Prophylaxis for venous thromboembolic
events per local practice was required for all participants
unless contraindicated. Use of renal replacement therapy
was collected, as was National Early Warning Score
(NEWS), a physiological score of illness severity in
hospitalised patients.” NEWS is determined from
Six parameters: respiration rate, oxygen saturation,
temperature, systolic blood pressure, heart rate, and level
of consciousness.

For efficacy and health outcomes, baseline measure-
ments were defined as the last non-missing assessment
recorded at or before the first study drug administration
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on day 1. Efficacy and safety were evaluated for all
participants up to day 28; all-cause mortality was also
evaluated up to day 60. Participants had a follow-up visit
28 days after receiving their last dose of study drug.
Investigators evaluated and determined the intensity of
the adverse event (mild, moderate, or severe) on the basis
of their clinical assessment of the intensity of the event
and criteria guidance as provided in the protocol.

Outcomes

The prespecified key endpoints for this exploratory trial
were all-cause mortality at day 28 and day 60; number of
ventilator-free days; overall improvement (assessed by
odds of improvement in clinical status) on NIAID-OS,
evaluated at days 4, 7, 10, 14, and 28; proportion of
participants with at least 1-point improvement on the
NIAID-OS or live discharge from hospital at days 4, 7, 10,
14, and 28; duration of hospitalisation; and time to
recovery through day 28. As the cohort reported here was
an addition to the parent trial study design, all endpoints
are considered exploratory.

Statistical analysis

The sample size for this exploratory trial was
approximately 50 participants per treatment group,
which was selected to match the number of participants
enrolled in the ACTT-2 study who required IMV or
ECMO at baseline. This number was deemed a sufficient
sample size to evaluate participants treated with
baricitinib in addition to standard of care in a randomised
controlled study in hospitalised adults receiving IMV or
ECMO at baseline. No formal sample size calculation
was done as this was an exploratory trial.

Efficacy was analysed in the intention-to-treat
population, defined as all participants who were assigned
to a treatment group. Participants who discontinued on
the day of randomisation with no baseline or post-baseline
NIAID-OS data were excluded. In participants who
discontinued study participation due to transfer to another
hospital, all available information was used to inform the
mortality and safety analyses, including date of death
when this was known to occur after transfer date. Log-rank
test and HR from Cox proportional hazard model were
used for time-to-event analyses. Logistic regression with
the last-observation-carried-forward methodology was
used for dichotomous endpoints, proportional odds
model was used for ordinal endpoints, and analysis of
variance model was used for continuous endpoints. These
statistical models were adjusted for treatment group,
baseline age group (<65 years vs =65 years), and
geographical region (USA vs the rest of the world).
Analysis of NIAID-OS outcomes at day 60 was performed
using descriptive statistics on observed values. Safety
analyses included all randomised participants who
received at least one dose of study drug and who did not
discontinue the study for the reason of lost to follow-up at
the first post-baseline visit. Adverse events were inclusive
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Baricitinib plus standard of
care group (n=51)

Placebo plus standard of
care group (n=50)

Age, years 58-4 (12-4)
Sex
Male 25 (49%)
Female 26 (51%)
Race
American Indian or Alaska Native* 15 (29%)
Asian 0
Black or African American 1(2%)
Multiple 2 (4%)
White 32 (63%)
Missing 1(2%)
Country
Argentina 12 (24%)
Brazil 15 (29%)
Mexico 14 (27%)
USA 10 (20%)
Body-mass index, kg/m* 343(7-8)
Duration of symptoms before enrolment
<7 days 2(4%)
>7 days 49 (96%)
Missing 0
Duration of hospitalisation before 4(2-7)
randomisation, days
Key concomitant medications at baseline
Remdesivir use 0
Corticosteroid use 43 (84%)
Pre-existing comorbid conditions of interestt
Obesity 28 (55%)
Diabetes (type 1 and type 2) 20 (39%)
Chronic respiratory disease 1(2%)
Hypertension 31 (61%)
Vasopressor use at baseline 32 (63%)
Renal replacement therapy use at baseline 0
ECMO use at baseline 2 (4%)
NEWSH 10-5 (2:0)
Inflammatory markers
C-reactive protein concentration, mg/L 1249
D-dimer concentration, mg/L 1.6
Lactate dehydrogenase concentration, U/L 4995
Ferritin concentration, pmol/L 26220

58.8 (15-2)

30 (60%)
20 (40%)

17 (34%)
1(2%)
102%)

30 (60%)
1(2%)

9 (18%)
14 (28%)
17 (34%)
10 (20%)

32:1(6-3)

2 (4%)
44 (88%)

29 (58%)
16 (32%)
2 (4%)
24 (48%)
31 (62%)

0
1(2%)
10-6 (2:0)

109-5
16
543-6
28369

Data are mean (SD), median (IQR), median, or n (%). ECMO=extracorporeal membrane oxygenation. NEWS=National
Early Warning Score. *Includes participants from Mexico and Latin America. tPatients with estimated glomerular
filtration rate <30 mL/min per 1.73 m? were excluded from study enrolment. tNEWS was used to detect and report
changes in illness severity in participants with acute illness; participants on mechanical ventilation or ECMO were
assigned a score of 3 for respiration rate regardless of the ventilator setting; participants on ECMO were assigned a
score of 3 for heart rate because they were on cardiopulmonary bypass; the aggregate score is reflective of the
participant’s status, with higher scores representing higher level of acuity; a score of 7 or greater reflects high clinical

risk for worsening acuity.

Table 1: Baseline characteristics

of the 28-day treatment period. Statistical tests of treatment
effects were performed at a two-sided significance level
of 0-05, unless otherwise stated; p values were not
adjusted for multiplicity. Statistical analyses were
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Baricitinib plus Placebo plus Baricitinib group p value
standard of care standard of care compared with
group (n=51) group (n=50) placebo (95% Cl)
All-cause mortality
Deaths* 20 (39%) 29 (58%) 0-54 (0-31t0 0-96) 0-030
Kaplan-Meier 40-6% (25-8t059:7)  59-0% (41-1to 77-7)
estimates (95% Cl)
Time to mortality, NA (24-0to NA) 17-0 (11-0 to NA)
days
Ventilator-free days, 81(102) 5.5(8-4) 236 (-138t0 6:09) 0-21

dayst

Likelihood of overall improvement on the NIAID-OS#

Day 4
Day 7
Day 10
Day 14
Day 21
Day 28

=1-point improvement on NIAID-OS or live discharge from hospitalt

Day 4
Day7
Day 10
Day 14
Day 21
Day 28

Duration of
hospitalisation, dayst

RecoverySq
Participants recovered

Kaplan-Meier
estimates (95% Cl)

Time to recovery, days

Data are n (%), mean (SD), or median (95% Cl) unless otherwise stated. Data were assessed from days 1 to 28, unless
otherwise indicated. For dichotomous endpoints, a logistic regression model was used. For ordinal efficacy endpoints,
a proportional odds model was used. For continuous endpoints, an analysis of variance was used. All of these analyses
had age, geographical region, and treatment group in the model. For time-to-event endpoints, the p value was
calculated using an unstratified log-rank test. Hazard ratios were calculated using a Cox proportional hazards model.

p values are for comparisons of between the baricitinib group and the placebo group. All endpoints are exploratory due
to the nature of the study. NA=not available. NIAID-OS=National Institute of Allergy and Infectious Disease ordinal
scale. *Comparison is hazard ratio. fComparisons are least square mean difference. +Comparisons are odds ratio.
SRecovery was defined as clinical status of 1, 2, or 3 in the 8-point NIAID-OS (ie, not hospitalised or no longer requiring
medical care). flComparison is rate ratio.

6 (12%) 1(2%) 6-89 (07910 6038)  0-082

8 (16%) 5 (10%) 1.85(055t06:23) 032
13 (26%) 8 (16%) 1.80(0-67t04-86) 024
16 (31%) 13 (26%) 127 (0-53t0 3-04) 0-59
19 (37%) 15 (30%) 129(055t03-00) 056
23 (45%) 15 (30%) 180(078t0414) 017
237 (71) 26.1(3-9) -2.30 (-4-59t0 0-00)  0-050
19 (37%) 13 (26%) 157(077t0319) 016
38.7% (18-8t052:6)  27-0% (15:0 to 45-5)
NA (28.0 to NA) NA (NA to NA)

14-37 (1-79 t0 115-65)  0-012
2-87 (1-12to0 7:36) 0-028
2:08(0-96t04-49)  0-062
1.97(0-95t04-09)  0-068

0-040

(
2:16 (1-04 to 4-49)
1.82 (0-87t03-81) 011

Table 2: Efficacy outcomes in the intention-to-treat population by day 28

performed using SAS (version 9.4 or higher). This trial is
registered with ClinicalTrials.gov, NCT04421027.

Role of the funding source

The funder of the study had a role in study design, data
analysis, data interpretation, and writing of the report,
but had no role in data collection.

Results

Between Dec 23, 2020, and April 10, 2021, 101 participants
were enrolled into the exploratory trial and assigned to
receive baricitinib (n=51) or placebo (n=50) plus standard
of care. Two randomly assigned participants discontinued
from the trial before dosing and 99 participants received

at least one dose, of whom 46 (47%) completed the 28-day
double-blind treatment period (figure 1). 52 (53%) of
99 vparticipants discontinued during the treatment
period; 46 (88%) of these 52 discontinuations were due to
death. No randomly assigned participants were excluded
from the intention-to-treat population, including the four
participants who were discontinued from the trial after
transfer to another hospital. The status of these partici-
pants was recorded during the follow-up visit at day 60
and included in the mortality and safety analyses.

Baseline characteristics were Dbalanced between
treatment groups (table 1). The mean participant age was
58-6 years (SD 13-8); 55 (54%) of 101 participants were
male and 46 (46%) were female. At baseline, 87 (86%) of
101 participants were receiving systemic corticosteroids
and two (2%) were receiving remdesivir (table 1). All
101 (100%) participants had at least one pre-existing
comorbidity of interest. Venous thromboembolic event
prophylaxis was utilised as required; most participants
(79 [78%)] of 101) received enoxaparin. The median duration
of treatment exposure was 12-0 days (IQR 5-0-14-0) in the
placebo group and 11-0 days (7-0-14-0) in the baricitinib
group. One (2%) of 50 participants in the placebo group
and two (4%) of 51 in the baricitinib group were receiving
ECMO at baseline. Any use of ECMO, including partici-
pants who received ECMO after baseline, was observed in
two (4%) participants in the placebo group and three (6%)
in the baricitinib group.

Treatment with baricitinib significantly reduced all-
cause mortality by day 28 compared with placebo
(20 [39%)] of 51 participants died in the baricitinib group
vs 29 [58%)] of 50 in the placebo group; HR 0-54 [95% CI
0-31-0-96]; p=0-030), corresponding to a 46% relative
reduction. There was an absolute risk reduction of 19% in
the baricitinib group compared with placebo and, overall,
one additional death was prevented per six baricitinib-
treated participants (table 2, figure 2A). Between day 28
and day 60, five additional deaths occurred in the overall
population, with a similar number of deaths in the
baricitinib (n=3) and placebo (n=2) groups. All-cause
mortality at day 60 remained significantly lower in the
baricitinib group than in the placebo group (23 [45%] of
51 participants died in the baricitinib group vs 31[62%] of
50 in the placebo group; HR 0-56 [95% CI 0-33-0-97];
p=0-027), corresponding to a 44% relative reduction and
an absolute risk reduction of 17% (figure 2B).

There were no significant differences between groups
in most of the other key endpoints examined in this
exploratory trial, including number of ventilator-free
days (mean 8-1 days [SD 10-2] in the baricitinib group vs
5-5 days [8-4] in the placebo group; p=0-21); overall
improvement in NIAID-OS (likelihood of improvement
at day 28 odds ratio 1-82 [95% CI 0-87-3-81]; p=0-11);
proportion of participants who had at least a 1-point
improvement on NIAID-OS or hospital discharge by
day 28 (23 [45%)] of 51 patients in the baricitinib group vs
15 [30%] of 50 in the placebo group; p=0-17); and duration
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of hospitalisation (mean 23.7 days [SD 7-1] in the
baricitinib group vs 26-1 days [3-9] in the placebo group;
p=0-050; table 2). More patients recovered (reached
NIAID-OS 1, 2, or 3) by day 28 in the baricitinib group
than in the placebo group (19 [37%] of 51 patients vs
13 [26%)] of 50). There was no significant difference in the
proportion of participants who had recovered at day 60 in
the baricitinib group compared with the placebo group
(24 [47%] vs 16 [32%]; appendix p 14). Analyses of
outcomes by subgroup (baseline corticosteroid use,
baseline remdesivir use, and country) at day 28 and
day 60 are shown in the appendix (pp 5-14).

There were 44 (88%) of 50 participants in the baricitinib
group and 47 (96%) of 49 in the placebo group with at least
one treatment-emergent adverse event; 25 (50%) and
35 (71%) had at least one serious adverse event (table 3).
The number of participants who discontinued study
treatment due to adverse events (14 [28%)] participants in
the baricitinib group vs 17 [35%] in the placebo group) and
the number of deaths due to adverse events (five [10%)] vs
three [6%)]) were similar in both groups. The number of
participants with treatment-emergent infections was
similar between treatment groups (35 [70%] participants
vs 35 [71%]). Serious infections were reported in 22 (44%)
participants who received baricitinib and 26 (53%) who
received placebo. There was a similar distribution of
positively adjudicated venous thromboembolic events in
both groups (three [6%] in the baricitinib group vs
three [6%)] in the placebo group; table 3, appendix p 15).

Discussion

This exploratory study that followed the COV-BARRIER
trial design evaluated the efficacy and safety of baricitinib
in critically ill hospitalised patients with COVID-19 who
were receiving IMV or ECMO at enrolment and was, to
our knowledge, the first study of its kind to evaluate
treatment specifically in this patient population with
corticosteroids as part of the standard of care. Treatment
with Dbaricitinib plus standard of care (including
corticosteroids) resulted in an absolute risk reduction of
17% in mortality at 60 days compared with placebo
(HR 0-56 [95% CI 0-33-0-97]; p=0-027), which
corresponds to a 44% relative reduction in mortality;
overall, one additional death was prevented for every
six baricitinib-treated participants at day 28 and day 60.
These results in this exploratory study population are
consistent with the reduction in mortality observed in
the less severely ill hospitalised patients in the primary
COV-BARRIER study population (NIAID-OS 4, 5, or 6),
in whom the HR was 0-57 (95% CI 0-41-0-78; p=0-018),
corresponding to a 43% relative reduction in mortality at
day 28 and an absolute risk reduction of 5% with
baricitinib versus placebo. Compared with placebo, there
was no evidence of an increased risk of infections,
serious infections, venous thromboembolic events, or
adverse cardiovascular events in participants treated with
baricitinib.
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Figure 2: Kaplan-Meier estimates of all-cause mortality by day 28 and by day 60

(A) 28-day all-cause mortality. (B) 60-day all-cause mortality. All-cause mortality includes deaths potentially
related with COVID-19 and deaths attributed to adverse events. The numbers at risk at days 27 and 59 represent
the numbers of participants with available data at days 28 and 60, respectively. The data in parentheses below the
curve represent the numbers of deaths that occurred during the interval until the next timepoint. HRs and 95% Cls
were calculated using a Cox proportional hazard regression model adjusted for treatment group, age (<65 years vs
265 years), and geographical region (USA vs the rest of the world); unstratified. p values were calculated from an

unstratified log-rank test. HR=hazard ratio.

Patients with severe COVID-19 can develop
dysregulation of inflammatory mediators, such as
cytokines IL-6, IL-10, tumour necrosis factor a, and IFN-y
and chemokines CXCL10 and monocyte chemoattract
protein 3.>** Baricitinib has been shown to downregulate
these inflammatory mediators implicated in COVID-19
pathophysiology in patients within 2 days after the start
of treatment, through anti-inflammatory action caused
by the selective inhibition of JAK1 and JAK2.*** A
macaque study of SARS-CoV-2 infection also found that
baricitinib treatment decreased cytokine and chemokine
production, reduced the infiltration of inflammatory cells
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Baricitinib plus Placebo plus
standard of care standard of care
group (n=50) group (n=49)
Treatment-emergent adverse 44 (88%) 47 (96%)
event”
Mild 3 (6%) 3 (6%)
Moderate 17 (34%) 11 (22%)
Severe 24 (48%) 33 (67%)
Death due to adverse eventt 5(10%) 3 (6%)
Serious adverse event 25 (50%) 35 (71%)
Discontinuation from study 14 (28%) 17 (35%)
treatment due to adverse
event (including death)
Treatment-emergent 35 (70%) 35 (71%)
infection
Serious infections 22 (44%) 26 (53%)
Herpes simplex virus 1(2%) 0
Opportunistic infectionst 0 2 (4%)
Venous thromboembolic 3(6%) 3(6%)
event§
Deep vein thrombosis 1(2%) 2 (4%)
Pulmonary embolism 2 (4%) 0
Other peripheral venous 1(2%) 1(2%)
thrombosis
Major adverse cardiovascular eventsq
Cardiovascular death 1(2%) (0]
Stroke 1(2%) 0
Data are n (%); nis number of participants. Data were assessed from days 1 to 28.
*Patients with multiple occurrences of the same event are counted under the
highest severity. tIncluded in the overall mortality together with deaths due to
disease progression. fIncludes Aspergillus infection (n=1) and fungal pneumonia
(n=1). SIncludes patients with at least one positively adjudicated treatment-
emergent venous thromboembolic event. §[Cardiovascular death event was
classified as cardiogenic shock; stroke event was classified as cerebral haemorrhage;
no myocardial infarction events were recorded in either treatment group.
Table 3: Adverse events in the safety population by day 28

to the lungs, and reduced lung pathology in baricitinib-
treated animals, without reducing innate antiviral type 1
IFN responses.”

The combination of baricitinib with corticosteroids, in
particular dexamethasone, might have additive or indeed
synergistic effects on these inflammatory molecules for
the treatment of patients with COVID-19, as seen by the
greater improvement in outcomes when baricitinib and
other JAK inhibitors have been studied in combination
with standard of care including corticosteroids.* In the
guidelines for the therapeutic management of hospitalised
adults with COVID-19 published by the US National
Institutes of Health (NIH; as of Aug 25, 2021), baricitinib
is recommended in combination with dexamethasone for
the treatment of patients who are hospitalised and have
systemic inflammation and rapidly increasing oxygen
requirements.” Despite the advances in knowledge of
potential treatments for COVID-19, few interventions are
included in these guidelines, and options remain scarce
for patients who require IMV or ECMO. In a meta-analysis
of four trials, JAK inhibitors (baricitinib, ruxolitinib,

tofacitinib, and nezulcitinib) were reported to reduce
mortality risk in patients with COVID-19 by 43% and to
reduce risk of requiring IMV or ECMO by 36%;* this
analysis did not include data from COV-BARRIER, which,
to our knowledge, is the first randomised placebo-
controlled trial of an immunomodulatory agent to report a
reduction in COVID-19 mortality.” The different mortality
effect seen in critically ill patients (NIAID-OS 7) from
COV-BARRIER reported here compared with those in
ACTT-2° might be driven by the low use of corticosteroids
in ACTT-2, whereas in this trial the majority of participants
received baricitinib in combination with corticosteroids.

Although mortality was significantly reduced following
treatment with baricitinib, the overall 28-day all-cause
mortality for those on IMV or ECMO at baseline was
39% in participants who received baricitinib and 58% in
those who received placebo. Published literature
describes similar rates of mortality in this critically ill
patient population; in one large meta-analysis, the case
fatality rate of 45% was reported for the subgroup of
patients with COVID-19 requiring IMV, with higher
mortality rates in older patients (59% in those aged
51-60 years, which was similar to the population reported
here who had a mean age of 58-6 years [SD 13-8]) and in
early epicentres of COVID-19.” RECOVERY, the open-
label study that examined the efficacy of the anti-IL-6
antibody tocilizumab for the treatment of patients with
COVID-19, reported 28-day mortality of 49% in
participants who received tocilizumab while on IMV
versus 51% in those who received standard of care.* Some
variability in the mortality rates might arise from
differences in resource availability due to locations of
study sites (the RECOVERY trial was conducted
exclusively in the UK).

Although many of the key endpoints showed no
significant difference between the study groups in this
small exploratory trial, the point estimates appeared to
favour baricitinib over placebo for number of ventilator-
free days, time to recovery, improvement in NIAID-OS of
at least 1 point or discharge from hospital, and duration
of hospital stay. A larger trial is needed to understand if
there is a treatment effect of baricitinib on these
endpoints. A similar reduction in the hospital duration
of stay was seen in the RECOVERY adaptive platform
trial where median time to discharge was 12 days in the
dexamethasone group versus 13 days in the usual care
group, and 19 days in the tocilizumab group versus
greater than 28 days in the usual care group.’*

Despite the large effect size seen here, this exploratory
trial has some limitations, such as the small sample size
(which precludes definitive conclusions regarding other
clinical outcomes, such as resource utilisation or
duration of hospital stay). In addition, the intensity of
these participants’ hyperinflammatory state might
warrant longer durations of immunomodulation that
were not part of our study design. The authors recognise
expected heterogeneity in the management of the

www.thelancet.com/respiratory Vol 10 April 2022



Articles

critically ill patient population and potential variability
in access to care (including variability in the availability
of ECMO and IMV) in regions where the pandemic was
peaking. Although participants with baseline NIAID-OS
7 were evaluated in this exploratory trial following a
phase 3 study design, the authors acknowledge that the
sample size was similar to other phase 2 trials.

A further limitation is that the baseline measures
typically collected in critical care studies were not collected
in this exploratory study, which would have strengthened
the evaluation and interpretation of data in this critically ill
patient population. These measures include ventilator
settings (including fractional concentration of oxygen in
inspired air) and other data necessary to calculate critical
illness severity scores, which are typical in trials designed
for critically ill persons, which were not included due to
the constraints of conducting the trial during the pandemic
and due to following the trial design of the parent study for
the hospitalised COVID-19 population. However, further
available information to understand the baseline disease
severity is provided. Clinical status, NEWS, inflammatory
biomarkers, use of renal replacement therapy, and use of
vasopressors at baseline were collected and are shown.
These characteristics were similar between treatment
groups at baseline.

In conclusion, treatment with baricitinib plus standard
of care (including use of corticosteroids) in critically ill
patients with COVID-19 who were receiving IMV or
ECMO at enrolment resulted in reduction in all-cause
mortality at 28 days and 60 days compared with placebo
plus standard of care in this exploratory trial. These results
are consistent with the reduction in mortality observed in
the less severely ill hospitalised patients in the primary
COV-BARRIER study population and further support the
use of baricitinib in hospitalised adults with COVID-19.
Baricitinib, when used to treat critically ill patients with
COVID-19, might represent a novel option to reduce
mortality, even if the disease process has progressed to the
point of already receiving corticosteroids, IMV, and
ECMO. However, further well-designed, phase 3 trials are
necessary to provide additional data to support routine use
of baricitinib in the studied population.
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