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Summary 
Background Baricitinib is an oral selective Janus kinase 1/2 inhibitor with known anti-inflammatory properties. This 
study evaluates the efficacy and safety of baricitinib in combination with standard of care for the treatment of 
hospitalised adults with COVID-19.

Methods In this phase 3, double-blind, randomised, placebo-controlled trial, participants were enrolled from 
101 centres across 12 countries in Asia, Europe, North America, and South America. Hospitalised adults with 
COVID-19 receiving standard of care were randomly assigned (1:1) to receive once-daily baricitinib (4 mg) or 
matched placebo for up to 14 days. Standard of care included systemic corticosteroids, such as dexamethasone, and 
antivirals, including remdesivir. The composite primary endpoint was the proportion who progressed to high-flow 
oxygen, non-invasive ventilation, invasive mechanical ventilation, or death by day 28, assessed in the intention-to-
treat population. All-cause mortality by day 28 was a key secondary endpoint, and all-cause mortality by day 60 was 
an exploratory endpoint; both were assessed in the intention-to-treat population. Safety analyses were done in the 
safety population defined as all randomly allocated participants who received at least one dose of study drug and 
who were not lost to follow-up before the first post-baseline visit. This study is registered with ClinicalTrials.gov, 
NCT04421027.

Findings Between June 11, 2020, and Jan 15, 2021, 1525 participants were randomly assigned to the baricitinib 
group (n=764) or the placebo group (n=761). 1204 (79·3%) of 1518 participants with available data were receiving 
systemic corticosteroids at baseline, of whom 1099 (91·3%) were on dexamethasone; 287 (18·9%) participants were 
receiving remdesivir. Overall, 27·8% of participants receiving baricitinib and 30·5% receiving placebo progressed to 
meet the primary endpoint (odds ratio 0·85 [95% CI 0·67 to 1·08], p=0·18), with an absolute risk difference 
of –2·7 percentage points (95% CI –7·3 to 1·9). The 28-day all-cause mortality was 8% (n=62) for baricitinib and 13% 
(n=100) for placebo (hazard ratio [HR] 0·57 [95% CI 0·41–0·78]; nominal p=0·0018), a 38·2% relative reduction in 
mortality; one additional death was prevented per 20 baricitinib-treated participants. The 60-day all-cause mortality 
was 10% (n=79) for baricitinib and 15% (n=116) for placebo (HR 0·62 [95% CI 0·47–0·83]; p=0·0050). The frequencies 
of serious adverse events (110 [15%] of 750 in the baricitinib group vs 135 [18%] of 752 in the placebo group), serious 
infections (64 [9%] vs 74 [10%]), and venous thromboembolic events (20 [3%] vs 19 [3%]) were similar between the 
two groups.

Interpretation Although there was no significant reduction in the frequency of disease progression overall, treatment 
with baricitinib in addition to standard of care (including dexamethasone) had a similar safety profile to that of 
standard of care alone, and was associated with reduced mortality in hospitalised adults with COVID-19.

Funding Eli Lilly and Company.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction 
Hospitalised patients with SARS-CoV-2 infection often 
develop an intense hyperinflammatory state that can 
lead to multiple organ dysfunction, including acute 
respiratory distress syndrome, septic shock, and 
death.1–4 Despite treatment advances with remdesivir, 
dexamethasone, and tocilizumab, reducing mortality 

among hospitalised patients remains a crucial unmet 
need.5–8

Baricitinib is a selective Janus kinase (JAK)1/JAK2 
inhibitor9–11 with a known anti-inflammatory profile in 
patients with autoimmune diseases.12–14 In February, 2020, 
baricitinib was identified by an artificial intelligence 
platform as a potential intervention for the treatment of 
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COVID-19 because of its known anticytokine properties 
and potential for targeting host proteins for its antiviral 
mechanism.15,16 The biochemical inhibitory effects of 
baricitinib on human Numb-associated kinases (AAK1, 
BIKE, and GAK) responsible for SARS-CoV-2 viral 
propagation were subsequently confirmed.17 Baricitinib 
was also shown to reduce multiple cytokines and 
biomarkers implicated in COVID-19 pathophysiology.18–20 
Following the publication of these findings, several 
observational studies including small cohorts of hos
pitalised patients with COVID-19 (including older adults) 
were done and provided the first evidence of clinical 
improvement associated with baricitinib treatment.21–24

The Adaptive COVID-19 Treatment Trial 2 (ACTT-2)— 
a US National Institutes of Health-sponsored, double-
blind, randomised, placebo-controlled, phase 3 trial in 
hospitalised adults with COVID-19—found that treat
ment with baricitinib plus remdesivir was superior to 

treatment with remdesivir alone in reducing time to 
recovery (rate ratio 1·16 [95% CI 1·01–1·32], p=0·03) and 
was associated with fewer serious adverse events, 
although 28-day mortality did not differ significantly 
between groups (5·1% with baricitinib and remdesivir vs 
7·8% with remdesivir).6 The US Food and Drug 
Administration issued an emergency use authorisation 
for baricitinib in hospitalised patients with COVID-19 
who required oxygen supplementation,25 addressing an 
unmet need in the treatment of COVID-19.26 Globally, 
however, evaluations of new treatment options to reduce 
mortality in hospitalised patients with COVID-19 are still 
urgently needed to reduce the high frequency of deaths 
that persists despite improvements in standards of care.

The COV-BARRIER study was designed to evaluate the 
efficacy and safety of baricitinib in combination with 
standard of care, including dexamethasone, for the 
treatment of hospitalised adults with COVID-19. To the 

Research in context

Evidence before this study
We searched PubMed using the terms “COVID-19”, 
“SARS-CoV-2”, “treatment”, “baricitinib”, and “JAK inhibitor” for 
articles in English, published until April 31, 2020, regardless of 
article type. We considered previous and current clinical trials of 
investigational medications in COVID-19, as well as previous 
clinical trials of the Janus kinase (JAK)1 and JAK2 inhibitor 
baricitinib conducted before this study. At the time the 
COV-BARRIER study was designed, there were no approved 
therapies for the treatment of COVID-19. Management of 
COVID-19 was supportive, and few phase 3 randomised placebo-
controlled studies had been completed. Some phase 2 and 3 data 
on the antimalarial hydroxychloroquine and protease inhibitor 
lopinavir–ritonavir were available, and trials investigating the use 
of the antiviral remdesivir were ongoing. Baricitinib was 
identified as a potential intervention for COVID-19 due to its 
mechanism of action as a JAK1 and JAK2 inhibitor, its known 
anticytokine properties, and a potential antiviral mechanism via 
targeting host proteins. Additionally, early case series evaluating 
the efficacy and safety of baricitinib in populations of 
hospitalised patients supported further evaluation of baricitinib 
as a potential treatment option for hospitalised patients with 
COVID-19. While the COV-BARRIER study was enrolling, ACTT-2, 
a phase 3 study evaluating baricitinib plus remdesivir, 
was completed and showed that baricitinib in combination with 
remdesivir improved time to recovery and other outcomes.

Added value of this study
This was the first phase 3 study to evaluate baricitinib in 
addition to the current standard of care, and included patients 
receiving antivirals, anticoagulants, and corticosteroids. After 
the earliest publication of the RECOVERY study in June, 2020, 
the treatment of hospitalised patients with COVID-19 changed 
with the adoption of dexamethasone as the standard of care. 
As a result of its design, COV-BARRIER became the first trial to 

evaluate the benefit and risk of baricitinib when added to the 
most current standard of care (dexamethasone) in these 
patients. This was a randomised, double-blind, placebo-
controlled trial conducted globally in regions with high 
COVID-19 hospitalisation rates. The reduction in the composite 
primary endpoint of progression to non-invasive ventilation, 
high-flow oxygen, invasive mechanical ventilation, or death for 
baricitinib plus standard of care (including dexamethasone) 
compared with placebo plus standard of care was not 
statistically significant. However, analysis of a prespecified key 
secondary endpoint showed that treatment with baricitinib 
reduced 28-day all-cause mortality by 38·2% compared with 
placebo (HR 0·57 [95% CI 0·41–0·78], nominal p=0·0018), 
with one additional death prevented per 20 baricitinib-treated 
participants. The reduction of all-cause mortality with 
baricitinib was maintained up to day 60 in an exploratory 
analysis. The frequency of serious adverse events, serious 
infections, and venous thromboembolic events was similar 
between the baricitinib and placebo groups.

Implications of all the available evidence
In this phase 3 trial, baricitinib administered in addition to 
standard of care (which predominantly included 
dexamethasone) did not reduce the incidence of a composite 
endpoint of disease progression, but showed a strong effect on 
reduction of mortality by 28 days, an effect which was 
maintained up to 60 days. In the ACTT-2 study, baricitinib 
further reduced time to recovery above the background use of 
remdesivir. Taken together, these findings suggest that 
baricitinib has synergistic effects with other standard-of-care 
treatment modalities, including remdesivir and 
dexamethasone. Based on all available evidence, baricitinib is a 
potentially effective oral treatment option to decrease 
mortality in hospitalised patients with COVID-19.
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best of our knowledge, this study is the first double-blind, 
placebo-controlled trial to evaluate mortality by day 60.

Methods 
Study design and participants 
This multicentre, randomised, double-blind, placebo-
controlled, parallel-group, phase 3 trial included 
101 centres from 12 countries in Asia, Europe, North 
America, and South America. Eligible participants were 
at least 18 years of age, were hospitalised with laboratory-
confirmed SARS-CoV-2 infection, had evidence of 
pneumonia or active and symptomatic COVID-19, and 
had at least one elevated inflammatory marker (C-reactive 
protein, D-dimer, lactate dehydrogenase, or ferritin). 
Participants were excluded if, at study entry, they required 
invasive mechanical ventilation (National Institute of 
Allergy and Infectious Disease Ordinal Scale [NIAID-OS] 
score 7); were receiving immunosuppressants (high-dose 
corticosteroids, biologics, T-cell-targeted or B-cell-tar
geted therapies, interferon, or JAK inhibitors); had ever 
received convalescent plasma or intravenous immuno
globulin for COVID-19; or had neutropenia (absolute 
neutrophil count <1000 cells per µL), lymphopenia 
(absolute lymphocyte count <200 cells per µL), alanine 
aminotransferase (ALT) or aspartate aminotransferase 
concentration greater than five times the upper limit of 
normal, or an estimated glomerular filtration rate (eGFR) 
of less than 30 mL/min per 1·73 m². Full inclusion and 
exclusion criteria are provided in appendix 6 (pp 6–8).

Following the disclosure of results from the ACTT-2 
study showing that disease progression was unlikely 
in participants without baseline oxygen support, the 
COV-BARRIER protocol was amended on Oct 20, 2020, 
to limit enrolment to participants who required baseline 
oxygen support (NIAID-OS score 5 or 6).

The trial protocol and statistical analysis plan are 
available in appendix 6 (pp 33–350). The COV-BARRIER 
study was done in accordance with ethical principles of 
the Declaration of Helsinki and Good Clinical Practice 
guidelines. All sites received approval from the authorised 
institutional review board. All participants (or their legally 
authorised representatives) provided written informed 
consent.

Randomisation and masking 
Participants were enrolled by study investigators (or a 
designee). Randomisation was facilitated by a computer-
generated random sequence using an interactive 
web-response system, and was permitted by a study 
investigator or designee to allocate participants 1:1 to the 
baricitinib group or the placebo group. Participants were 
stratified according to the following baseline factors: 
disease severity (NIAID-OS 4, 5, or 6), age (<65 or 
≥65 years), region (Europe, USA, or the rest of the world), 
and use of  corticosteroids for primary study condition 
(yes or no). Participants, study staff, and investigators 
were masked to the study assignment. An independent, 

external data monitoring committee oversaw the study 
and evaluated unblinded interim data for efficacy, futility, 
and safety. An independent, blinded, clinical event 
committee adjudicated potential venous thromboembolic 
events and deaths.

Procedures 
All participants received standard of care in keeping 
with local clinical practice for COVID-19 management, 
which could include corticosteroids, antivirals, or both. 
Dexamethasone use was permitted as described in the 
RECOVERY trial,7 but higher corticosteroid doses 
(>20 mg per day [or prednisone equivalent] administered 
for >14 consecutive days in the month before study 
entry) were not permitted, unless indicated per standard 
of care for a concurrent condition, such as asthma, 
chronic obstructive pulmonary disease, or adrenal 
insufficiency. Prophylaxis for venous thromboembolic 
events per local practice was required for all participants 
unless there was a major contraindication, such as an 
active bleeding event or history of heparin-induced 
thrombosis.

Interventions were packaged in identical bottles con
taining tablets of either 2 mg baricitinib or matching 
placebo. The baricitinib intervention consisted of 
baricitinib at a dose of 4 mg/day; however, 2 mg/day was 
given if the patient had a baseline eGFR of 30 to less than 
60 mL/min/1·73 m². Baricitinib or placebo tablets were 
administered orally (or crushed for nasogastric tube 
delivery) and given daily for up to 14 days or until 
discharge from hospital, whichever occurred first. The 
date and time of each dose administered was recorded in 
the source documents and the case report form, and the 
site investigator (or designee) was responsible for 
assessing study drug compliance.

For efficacy and health outcomes, baseline measure
ments were defined as the last non-missing assessment 
recorded on or before the first administration of study 
drug at study day 1 (randomisation).

Participants followed the study visit schedule per 
the protocol, which included a study visit at day 28 for 
assessment of the primary endpoint. Efficacy and safety 
were evaluated for all participants up to day 28, and all-
cause mortality was also evaluated in participants with 
non-missing baseline and at least one post-baseline 
observation up to day 60. Participants had a follow-up 
visit approximately 28 days after receiving their last dose 
of study drug.

Outcomes 
The composite primary endpoint was the proportion 
of participants who progressed to high-flow oxygen 
or non-invasive ventilation (NIAID-OS score 6), invasive 
mechanical ventilation or extracorporeal membrane 
oxygenation (NIAID-OS score 7), or death (NIAID-OS 
score 8) by day 28, in the baricitinib group compared 
with the placebo group. All-cause mortality by day 28 
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was a prespecified key secondary endpoint, and 
all-cause mortality by day 60 was a prespecified 
exploratory endpoint. The primary, intention-to-treat 
analysis was done in two populations: population 1 
(comprising all randomised participants) and pop
ulation 2 (the subpopulation of participants who, at 
baseline, required oxygen supplementation and were 
not receiving systemic corticosteroids for COVID-19).

Prespecified key secondary outcomes also included the 
following and were evaluated from days 1 to 28, unless 
otherwise specified: all-cause mortality; proportion of 
participants with at least a one-point improvement on 
the NIAID-OS or discharge from hospital at days 4, 7, 10, 
and 14; number of ventilator-free days; time to recovery 
(NIAID-OS scores 1–3); overall improvement on the 
NIAID-OS, evaluated at days 4, 7, 10, and 14; duration of 
hospitalisation; and proportion of participants with a 
change in oxygen saturation from less than 94% to 
94% or higher between baseline and days 4, 7, 10, and 14. 
All other prespecified secondary outcomes and select 

exploratory outcomes, including assessment of pharma
cokinetics evaluating baricitinib in participants who 
progressed to mechanical ventilation (intubation), are 
described in appendix 6 (pp 9, 11–12). Adverse events 
were recorded on days 1–28, coded by the Medical 
Dictionary for Regulatory Activities (version 23.1).

Statistical analysis 
The first version of the protocol specified a sample size of 
400 participants. Over the course of the study (and all 
before unmasking), the sample size was formally 
increased in protocol amendments to incorporate 
information and data available from other COVID-19 
studies. In the final amendment to the protocol, an 
additional primary endpoint based on population 2 was 
added and the sample size was updated to 1400. Power 
was calculated for the primary endpoint to succeed in at 
least one of the two primary populations, and the study 
included the possibility of increasing the sample size 
using an unblinded sample size re-estimation27 of 
the primary endpoint, as assessed during an interim 
analysis evaluated by an external data monitoring 
committee (completed in January, 2021, with no changes 
recommended). Power calculations assumed that 75% of 
the total α was allocated to population 1, and that 60% of 
the participants were taking systemic corticosteroids at 
baseline. Two scenarios were considered. In the first, both 
population 1 and population 2 had a true treatment effect 
size of 7·5% (power 81%). In the second, population 1 had 
a true effect size of 4% and population 2 had an assumed 
effect size of 7·5% (power 54%). In the final (pre-
unmasking) version of the statistical analysis plan, the 
total α was amended to be allocated 99% to population 1, 
recognising that population 2 was much smaller than 
previously anticipated and unlikely to succeed.

To control the overall family-wise type I error rate at a 
two-sided α level of 0·05, a graphical testing procedure 
was used to test the primary and key secondary endpoint 
results in a hierarchical manner. For example, in order 
for the first key secondary analysis in the hierarchy (the 
proportion of participants with ≥1-point improvement on 
the NIAID-OS or live discharge from hospital at day 14) 
to be considered multiplicity-controlled significant, it 
was necessary to achieve statistical significance in the 
population 1 primary endpoint analysis. Each subsequent 
test relied on succeeding in the preceding test in the 
hierarchy (appendix 6 p 14). In this report we use the 
term “nominal p value” when referring to key secondary 
endpoints for which p values were direct from the 
prespecified statistical models and were unadjusted for 
multiplicity.

Efficacy data were analysed in the intention-to-treat 
population, defined as all randomly allocated participants. 
Logistic regression was used for dichotomous endpoints, 
proportional odds models were used for ordinal endpoints, 
ANOVA was used for continuous endpoints, and mixed-
effects models of repeated measures were used to assess 

Figure 1: Trial profile
*159 deaths were reported by day 28; an additional three deaths occurred after the treatment period disposition 
but within 28 days.

1630 participants screened for eligibility

105 excluded
93 screening not passed

1 died
1 site terminated by sponsor
9 withdrawal by participant
1 other

1525 randomly allocated

750 received at least one dose of baricitinib and not
lost to follow-up before first post-baseline visit
(included in safety population)

106 discontinued during double-blind
treatment period
61 died*
20 lost to follow-up
12 withdrawal by participant

3 adverse events
1 physician’s decision
9 other

644 completed 28-day double-blind treatment
period

764 allocated to baricitinib group (included in
intention-to-treat population)

14 received no doses of baricitinib or lost 
to follow-up before first post-baseline
visit 

752 received at least one dose of placebo and not
lost to follow-up before first post-baseline visit
(included in safety population)

148 discontinued during double-blind
treatment period
98 died*
22 lost to follow-up

7 withdrawal by participant
5 adverse events
1 physician’s decision

15 other

604 completed 28-day double-blind treatment
period

761 allocated to placebo group (included in
intention-to-treat population)

9 received no doses of placebo or lost to
follow-up before first post-baseline
visit
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continuous endpoints over time. Log-rank tests and hazard 
ratios (HRs) from Cox proportional hazard models were 
used for time-to-event analyses. These statistical models 
were adjusted for treatment and baseline stratification 
factors. Prespecified subgroup analyses for the primary 
and selected key secondary endpoints evaluated treatment 
effect across the following subgroups: baseline severity 
(NIAID-OS score 4, 5, or 6), baseline systemic corticosteroid 
use (yes or no), baseline remdesivir use (yes or no), 
geographical region (Europe, USA, or the rest of the 
world), sex, disease duration at baseline (<7 days or 
≥7 days), and age at baseline (<65 years or ≥65 years).

Safety analyses included all randomly allocated 
participants who received at least one dose of study drug 
and who were not lost to follow-up before the first 

post-baseline visit. Adverse events were inclusive of the 
28-day treatment period. Statistical tests of treatment 
effects were done at a two-sided significance level of 0·05, 
unless otherwise stated (ie, for the graphical multiple 
testing strategy). Statistical analyses were done with SAS 
(version 9.4 or higher) or R. Further details are described 
in appendix 6 (pp 9–10).

This trial is registered with ClinicalTrials.gov, 
NCT04421027.

Role of the funding source 
COV-BARRIER was designed jointly by consultant 
experts and representatives of the sponsor, Eli Lilly and 
Company. Data were collected by investigators and 
analysed by the sponsor. All authors participated in the 
interpretation of the data analysis, draft, and final 
manuscript review, and provided critical comment, 
including the decision to submit the manuscript for 
publication with medical writing support provided by the 
sponsor. The authors had full access to the data and 
authors from the sponsor verified the veracity, accuracy, 
and completeness of the data and analyses as well as the 
fidelity of this report to the protocol.

Results 
Between June 11, 2020, and Jan 15, 2021, 1630 participants 
were screened for eligibility and 1525 (93·6%) were 
randomly allocated to receive either 4 mg baricitinib once 

Baricitinib 
group (n=764)

Placebo group 
(n=761)

Age, years

Mean (SD) 57·8 (14·3) 57·5 (13·8)

<65 508/764 (66%) 518/761 (68%)

≥65 256/764 (34%) 243/761 (32%)

Sex

Male 490/764 (64%) 473/761 (62%)

Female 274/764 (36%) 288/761 (38%)

Race

American Indian or Alaskan 
Native*

148/752 (20%) 168/741 (23%)

Asian 80/752 (11%) 94/741 (13%)

Black or African American 39/752 (5%) 36/741 (5%)

Native Hawaiian or other 
Pacific Islander

3/752 (<1%) 2/741 (<1%)

White 480/752 (64%) 440/741 (59%)

Multiple 2/752 (<1%) 1/741 (<1%)

Ethnicity†

Hispanic or Latino 54/162 (33%) 46/158 (29%)

Not Hispanic or Latino 92/162 (57%) 94/158 (59%)

Not reported 16/162 (10%) 18/158 (11%)

Region and country

Europe 73/764 (10%) 70/761 (9%)

Germany 9/764 (1%) 11/761 (1%)

Italy 15/764 (2%) 10/761 (1%)

Spain 45/764 (6%) 42/761 (6%)

UK 4/764 (1%) 7/761 (1%)

USA (including Puerto Rico) 162/764 (21%) 158/761 (21%)

Rest of world 529/764 (69%) 533/761 (70%)

Argentina 107/764 (14%) 101/761 (13%)

Brazil 172/764 (23%) 165/761 (22%)

India 19/764 (2%) 31/761 (4%)

Japan 19/764 (2%) 19/761 (2%)

South Korea 16/764 (2%) 20/761 (3%)

Mexico 138/764 (18%) 143/761 (19%)

Russia 58/764 (8%) 54/761 (7%)

Body-mass index (kg/m²) 30·4 (6·4) 30·6 (6·6)

(Table 1 continues in next column)

Baricitinib 
group (n=764)

Placebo group 
(n=761)

(Continued from previous column)

Duration of disease symptoms before enrolment, days

<7 137/762 (18%) 116/756 (15%)

≥7 625/762 (82%) 640/756 (85%)

Score on NIAID-OS

4 (hospitalised, not requiring 
supplemental oxygen)

89/762 (12%) 97/756 (13%)

5 (hospitalised, requiring 
supplemental oxygen)

490/762 (64%) 472/756 (62%)

6 (hospitalised, receiving 
non-invasive ventilation or 
high-flow oxygen)

183/762 (24%) 187/756 (25%)

Concomitant medications of interest

Remdesivir 140/762 (18%) 147/756 (19%)

Systemic corticosteroids 612/762 (80%) 592/756 (78%)

Dexamethasone 566/612 (92%) 533/592 (90%)

Pre-existing comorbidities of interest

Obesity 250/764 (33%) 253/761 (33%)

Diabetes (types 1 and 2) 224/764 (29%) 233/761 (31%)

Chronic respiratory disease 34/764 (4%) 36/761 (5%)

Hypertension 365/764 (48%) 366/761 (48%)

Data are mean (SD) or n/N (%). NIAID-OS=National Institute of Allergy and 
Infectious Disease Ordinal Scale. *Includes participants from Mexico and Latin 
America. †Reporting required in the USA only. 

Table 1: Baseline demographics and clinical characteristics
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daily plus standard of care (n=764) or placebo plus standard 
of care (n=761). 23 (1·5%) participants received no dose of 
either baricitinib or placebo or were lost to follow-up before 
the first post-baseline follow-up visit and were therefore 
excluded from the safety analyses. Of the remaining 
1502 participants, 1248 (83·1%) completed the 28-day 
treatment period and 254 (16·9%) discontinued the 
treatment during this period, of whom 159 (62·6%) died 
(figure 1). No randomly allocated participants were 

excluded from the intention-to-treat population; however, 
some participants were excluded from specific analyses 
because of the various information requirements of the 
different statistical methods as outlined in appendix 6 (p 20).

Baseline demographics and disease characteristics 
were similar between study groups (table 1). The mean 
age of the participants was 57·6 years (SD 14·1) and 
963 (63·1%) participants were male. The greatest 
proportions of participants were enrolled in Brazil 
(337 [22·1%] participants), the USA (320 [21·0%]), 
Mexico (281 [18·4%]), and Argentina (208 [13·6%]), and 
the remaining participants were enrolled across several 
European countries as well as India, Japan, Korea, and 
Russia. Of 1493 participants with available data on race, 
920 (61·6%) were White, 316 (21·2%) were American 
Indian or Alaskan Native, 174 (11·7%) were Asian, 
75 (5·0%) were Black or African American (including 
33 [10·3%] of 320 US participants), five (0·3%) were of 
Native Hawaiian or other Pacific Islander races, and 
three (0·2%) were of multiple races.

Of 1518 participants with available data, 1265 (83·3%) 
had symptoms for at least 7 days before enrolment. 
Baseline NIAID-OS scores (indicating clinical status) 
were 4 for 186 (12·3%) participants, 5 for 962 (63·4%) 
participants, and 6 for 370 (24·4%) participants. 
1204 (79·3%) participants were receiving systemic cortico
steroids at baseline, of whom 1099 (91·3%) were on 
dexamethasone. 287 (18·9%) participants were receiving 
remdesivir, of whom 263 (91·6%) were also receiving 
corticosteroids (table 1; appendix 6 p 21).

1520 (99·7%) of 1525 participants had at least 
one pre-existing comorbidity of interest (table 1). Median 
baseline C-reactive protein concentration was elevated 

Baricitinib 
group (n=764)

Placebo group 
(n=761)

Baricitinib vs placebo

Point estimate (95% CI) p value*

Primary outcome

Progression to high-flow oxygen, non-invasive ventilation, invasive mechanical ventilation (including 
ECMO), or death, by day 28†

Population 1‡ 27·8% 30·5% OR 0·85 (0·67 to 1·08) 0·18

Population 2§ 28·9% 27·1% OR 1·12 (0·58 to 2·16) 0·73

Key secondary outcomes

All-cause mortality 62/764 (8%) 100/761 (13%) HR 0·57 (0·41 to 0·78) 0·0018

Likelihood of overall improvement on the NIAID-OS‡¶

Day 4 ·· ·· OR 1·21 (1·00 to 1·47) 0·046

Day 7 ·· ·· OR 1·25 (1·04 to 1·49) 0·017

Day 10 ·· ·· OR 1·17 (0·97 to 1·41) 0·092

Day 14 ·· ·· OR 1·28 (1·05 to 1·56) 0·017

≥1-point improvement on NIAID-OS or live discharge from hospital†‡

Day 4 25·2% 21·1% OR 1·26 (0·98 to 1·61) 0·067

Day 7 49·8% 45·8% OR 1·18 (0·95 to 1·46) 0·13

Day 10 65·0% 63·5% OR 1·07 (0·86 to 1·34) 0·54

Day 14 75·6% 72·3% OR 1·21 (0·95 to 1·55) 0·13

Median time to recovery 
(NIAID-OS), days

10·0 
(9·0 to 11·0)

11·0 
(10·0 to 12·0)

RR 1·11 (0·99 to 1·24) 0·15

Number of ventilator-free days‡ 24·5 (0·39) 23·7 (0·39) LSMD 0·75 (–0·0 to 1·5) 0·059

Duration of hospitalisation‡ 12·9 (0·40) 13·7 (0·40) LSMD –0·76 (–1·6 to 0·0) 0·063

Change from baseline in oxygen saturation from <94% to ≥94%

Day 4 133/282 (47%) 119/282 (42%) OR 1·20 (0·86 to 1·69) 0·29

Day 7 146/282 (52%) 146/282 (52%) OR 0·97 (0·69 to 1·37) 0·88

Day 10 160/282 (57%) 148/282 (52%) OR 1·15 (0·81 to 1·63) 0·43

Day 14 166/282 (59%) 166/282 (59%) OR 0·95 (0·66 to 1·37) 0·79

Group data are %, n/N (%), median (95% CI), or least squares mean (SE). Population 1 includes all randomised 
participants. Population 2 includes participants who, at baseline, required oxygen supplementation and were not 
receiving dexamethasone or other systemic corticosteroids for the primary study condition. Data were assessed from 
days 1 to 28, unless otherwise indicated. Dichotomous endpoints were analysed with a logistic regression model. 
Ordinal efficacy endpoints were analysed with a proportional odds model. Continuous endpoints were analysed by 
ANOVA. All of these analyses had baseline randomisation factors and treatment group in the model, except in cases 
where the factor was redundant in the model (eg, for population 2, baseline corticosteroid use [yes or no] could not be 
included in the model because no participants in this population were on corticosteroids at baseline). For time-to-
event endpoints, p values were calculated using an unstratified log-rank test. The HR (and corresponding 95% CI) 
was calculated using a Cox proportional hazards model. ECMO=extracorporeal membrane oxygenation. OR=odds ratio. 
HR=hazard ratio. NIAID-OS=National Institute of Allergy and Infectious Disease Ordinal Scale. RR=rate ratio. 
LSMD=least squares mean difference. *Because the primary outcome was not statistically significant in the prespecified 
hierarchical graphical testing procedure, none of the key secondary outcomes could be considered statistically 
significant using this same procedure; therefore, nominal, non-multiplicity-controlled  p values are shown for all 
secondary outcomes. †Percentages were calculated with a multiple imputation method, which does not support a 
meaningful reporting of n because it is an average of 100 imputed datasets. ‡Multiple imputation included N=756 for 
placebo and N=762 for baricitinib. §Multiple imputation included N=109 for placebo and N=96 for baricitinib. 
¶Results are represented for the overall OR compared with placebo because this was derived from each individual 
contributing NIAID-OS scores (1–8) at each timepoint. 

Table 2: Primary and key secondary outcomes in the intention-to-treat population

Figure 2: Kaplan-Meier estimates of 28-day and 60-day all-cause mortality, 
and distribution of participants with each NIAID-OS score over time 

(A–F) 28-day all-cause mortality in population 1, the overall population 
(A); population 2, comprising participants who, at baseline, required oxygen 
supplementation and were not receiving dexamethasone or other systemic 

corticosteroids for the primary study condition (B); populations with baseline 
NIAID-OS scores of 5 (C) or 6 (D); and populations with (E) and without 

(F) baseline systemic corticosteroid use. The number at risk at day 27 represents 
the number of participants with available data at day 28. (G) 60-day all-cause 

mortality in population 1. The number at risk and number censored before day 
28 differ slightly between panels A and G because the day 60 database contained 

further information on eight participants who were censored at the day 28 
database lock but were known to be alive at the day 60 database lock. 

The number at risk at day 59 represents the number of participants with available 
data at day 60. For time-to-event endpoints, the p value for baricitinib versus 

placebo was calculated using an unstratified log-rank test, and HRs and 95% CIs 
were calculated using a Cox proportional hazards model. The treatment effect 

was adjusted by all baseline randomisation factors, except when redundant 
(ie, for baseline corticosteroid use in population 2). (H) Distribution of 

participants in each NIAID-OS category over time, among patients in the 
intention-to-treat population with available baseline NIAID-OS scores and at 

least one post-baseline NIAID-OS score, using last observation carried forward. 
An NIAID-OS score of 5 represents patients who are hospitalised and require 

supplemental oxygen, and a score of 6 represents patients who are hospitalised 
and receiving oxygen support via high-flow oxygen devices or non-invasive 

ventilation. HR=hazard ratio. NIAID-OS=National Institute of Allergy and 
Infectious Disease Ordinal Scale.
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(65·0 mg/L) and was similar in the baricitinib group 
(67·5 mg/L) and placebo group (62·0 mg/L). Select 
baseline demographics and clinical characteristics by 
baseline systemic corticosteroid use are presented in 
appendix 6 (p 22).

In population 1 (all randomly allocated participants), 
the proportion of patients who progressed to high-flow 
oxygen, non-invasive ventilation, invasive mechanical 
ventilation, or death by day 28 (the composite primary 
endpoint) was 27·8% in the baricitinib group and 
30·5% in the placebo group (odds ratio [OR] 0·85 
[95% CI 0·67–1·08], p=0·18; table 2). The absolute risk 
difference was –2·7 percentage points (95% CI 
–7·3 to 1·9). Of the 434 participants who progressed, 
95 (22%) progressed by day 1 (the day of randomisation) 
and 246 (57%) progressed by day 3 (appendix 6 p 23).

In population 2 (the subpopulation on oxygen and not 
receiving steroids at baseline), 28·9% participants in the 
baricitinib group and 27·1% in the placebo group 
met the composite primary endpoint (OR 1·12 [95% CI 
0·58–2·16], p=0·73; table 2). Because statistical signifi
cance was not found in the primary analysis for population 
1 per the prespecified graphical testing scheme, none of 

the key secondary endpoints were considered statistically 
significant after adjusting for multiplicity. Subsequent 
p values reported are nominal and non-multiplicity-
controlled.

In population 1, by day 28, 162 participants had died 
(62 [8%] of 764 in the baricitinib group and 100 [13%] of 
761 in the placebo group). 28-day all-cause mortality was 
38% lower in the baricitinib group than in the placebo 
group (HR 0·57 [95% CI 0·41–0·78], nominal p=0·0018; 
table 2; figures 2A, 3) and showed an absolute risk 
difference of –5·0 percentage points. Overall, one 
additional death was prevented per 20 baricitinib-treated 
participants.

In population 2, 28-day all-cause mortality was 5% 
(five of 96 participants) in the baricitinib group and 15% 
(16 of 109) in the placebo group, equating to a 65% 
relative reduction (HR 0·31 [95% CI 0·11–0·88], nominal 
p=0·030; figures 2B, 3).

Other key secondary outcomes are described in table 2 
and other secondary outcomes are described in appendix 
6 (p 11, 18, 27–29).

All-cause mortality by day 60 was evaluated in a 
prespecified exploratory analysis. Between days 28 and 

Figure 3: 28-day all-cause mortality by subgroup
HRs and 95% CIs were calculated with a Cox proportional hazards model. The treatment effect was adjusted by all baseline randomisation factors, except when 
redundant (eg, for age group [<65 or ≥65 years] in the age subgroup analyses). HR=hazard ratio. NIAID-OS=National Institute of Allergy and Infectious Disease 
Ordinal Scale. *Participants who, at baseline, required oxygen supplementation and were not receiving dexamethasone or other systemic corticosteroids for the 
primary study condition. 
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60, 33 additional deaths occurred in the overall population 
(17 in the baricitinib group and 16 in the placebo group). 
60-day mortality remained significantly lower in the 
baricitinib group (79 [10%] of 764 patients) than in the 
placebo group (116 [15%] of 761; HR 0·62 [95% CI 
0·47–0·83], p=0·0050; figure 2G), with an absolute risk 
difference of –4·9 percentage points, similar to that 
observed for 28-day mortality. Population 2 also showed 
reduced mortality by day 60 with baricitinib treatment 
(five [5%] of 96) compared with placebo (19 [18%] of 108; 
HR 0·27 [95% CI 0·10–0·75], p=0·0080; appendix 6 p 16).

Figure 2H shows the distribution of participants in 
each NIAID-OS category over time to day 28. The 
majority of patients were recovered (NIAID-OS score 1, 2 
or 3) in the baricitinib and placebo groups at day 28. 
Fewer participants died in the baricitinib treatment 
group by day 28 than in the placebo group.

The exploratory results of pharmacokinetic analyses in 
participants who progressed to mechanical ventilation 
(intubation) and received baricitinib as a solution of 
crushed tablets via nasopharyngeal tube are shown in 
appendix 6 (pp 11–12, 17). These pharmacokinetic data 
were consistent with those previously reported for 
baricitinib in other populations, such as in healthy 
participants in phase 1 studies (without baseline 
comorbidities) and participants with rheumatoid arthritis 
(appendix 6 pp 11–12, 17).

We did efficacy analyses across prespecified subgroups 
by baseline severity (NIAID-OS score), baseline systemic 
corticosteroid use (yes or no), baseline remdesivir use 
(yes or no), geographical region (Europe, USA, or the rest 
of the world), sex, disease duration at baseline (<7 days or 
≥7 days), and age at baseline (<65 years or ≥65 years). The 
results of the primary composite endpoint across 
subgroups by region are reported in appendix 6 (p 25); a 
numerical reduction in progression with baricitinib 
compared with placebo was observed for participants 
from the USA and the rest of the world but not for 
participants from Europe. Trends observed across all 
prespecified baseline NIAID-OS subgroups were similar 
to those observed in the overall population (ie, 
numerically but not significantly lower progression in 
the baricitinib group than in the placebo group; 
appendix 6 p 24).

Analyses of 28-day all-cause mortality in subgroups 
of population 1 (figures 2, 3) showed a numerical (but not 
significant) reduction in mortality with baricitinib 
compared with placebo in subgroups of patients with 
baseline NIAID-OS scores of 4 (figure 3) or 5 
(figures 2C, 3). However, in the subgroup of patients with 
a baseline NIAID-OS score of 6, 28-day mortality was 
significantly lower with baricitinib than with placebo 
(figures 2D, 3); in this subgroup, one additional death 
was prevented per nine baricitinib-treated participants. 
Baricitinib was also associated with a significant 
reduction in 28-day mortality in subgroups of participants 
with systemic corticosteroid treatment at baseline 

(figures 2E, 3), without systemic corticosteroid treatment 
at baseline (figures 2F, 3), or without remdesivir 
treatment at baseline (figure 3; appendix 6 p 15). Among 
the 287 participants with concomitant remdesivir 
treatment at baseline (263 [92%] of whom also received 
corticosteroids), a numerical (but not significant) 
reduction in mortality was observed (figure 3; appendix 6 
p 15). Significant reductions in 28-day mortality asso
ciated with baricitinib were also observed in participants 
younger than 65 years and those located in the rest of the 
world region, with numerical (but not significant) 
reductions observed in participants aged 65 years or 
older and those located in Europe or the USA (figure 3; 
appendix 6 p 26).

Baricitinib group 
(n=750)

Placebo group 
(n=752)

Treatment-emergent adverse event 334 (45%) 334 (44%)

Mild 133 (18%) 115 (15%)

Moderate 90 (12%) 89 (12%)

Severe 111 (15%) 130 (17%)

Death due to adverse event* 12 (2%) 31 (4%)

Serious adverse event 110 (15%) 135 (18%)

Discontinuation from study 
treatment due to adverse event 
(including death)

56 (7%) 70 (9%)

Treatment-emergent infection 119 (16%) 123 (16%)

Serious infections 64 (9%) 74 (10%)

Herpes simplex 1 (<1%) 4 (1%)

Herpes zoster 1 (<1%) 4 (1%)

Tuberculosis 1 (<1%) 0

Opportunistic infections 6 (1%) 7 (1%)

Candida infection 1 (<1%) 0

Eye infection, fungal 0 1 (<1%)

Fungal retinitis 1 (<1%) 0

Herpes zoster 1 (<1%) 3 (<1%)

Listeriosis 0 1 (<1%)

Oropharyngeal candidiasis 0 1 (<1%)

Pulmonary tuberculosis 1 (<1%) 0

Systemic Candida 2 (<1%) 0

Varicella zoster virus infection 0 1 (<1%)

Venous thromboembolic event† 20 (3%) 19 (3%)

Deep vein thrombosis 4 (1%) 2 (<1%)

Pulmonary embolism 13 (2%) 9 (1%)

Other peripheral venous 
thrombosis

8 (1%) 10 (1%)

Major adverse cardiovascular event 8 (1%) 9 (1%)

Cardiovascular death 1 (<1%) 3 (<1%)

Myocardial infarction 4 (1%) 4 (1%)

Stroke 4 (1%) 4 (1%)

Gastrointestinal perforation 0 0

Data are n (%). Data were assessed from days 1–28. *Included in overall mortality 
together with deaths due to disease progression. †Positively adjudicated by an 
independent external blinded clinical event committee.

Table 3: Adverse events in the safety population 
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In population 2, for participants with a baseline NIAID-
OS score of 5, 28-day mortality was numerically (but not 
significantly) lower (HR 0·45 [95% CI 0·13–1·54], 
nominal p=0·31) in the baricitinib group (four [5%] of 
79 patients) than in the placebo group (eight [9%] of 88). 
In participants with a baseline NIAID-OS score of 6, 
28-day mortality was significantly lower (HR 0·20 
[95% CI 0·02–1·62], nominal p=0·040) in the baricitinib 
group (one [6%] of 17) than in the placebo group 
(eight [38%] of 21).

With regard to the subgroup analyses of 60-day all-
cause mortality, the observed reduction with baricitinib 
was not significant in the NIAID-OS score 5 subgroup 
(34 [7%] of 490 in the baricitinib group vs 49 [10%] of 
472 in the placebo group; HR 0·70 [95% CI 0·45–1·09], 
p=0·071) but was statistically significant in the NIAID-
OS score 6 subgroup (42 [23%] of 183 vs 63 [34%] of 187; 
0·58 [0·39–0·86], p=0·014; appendix 6 p 16). Significant 
reductions in 60-day mortality were also observed with 
baricitinib compared with placebo in the subgroups of 
participants with systemic corticosteroid use at baseline 
(73 [12%] of 612 vs 95 [16%] of 593; 0·69 [0·51–0·94], 
p=0·044) and without systemic corticosteroid use at 
baseline (six [4%] of 150 vs 21 [13%] of 163; 0·30 
[0·12–0·75], p=0·0072; appendix 6 p 16).

334 (45%) of 750 participants in the baricitinib group 
and 334 (44%) of 752 in the placebo group had at least 
one treatment-emergent adverse event, and serious 
adverse events were observed in 110 (15%) participants in 
the baricitinib group and 135 (18%) in the placebo group 
(table 3). The most common serious adverse events are 
described in appendix 6 (p 30). The frequencies of deaths 
reported as being due to adverse events (ie, rather than 
disease progression, 12 [2%] participants in the baricitinib 
group vs 31 [4%] in the placebo group) and of 
discontinuation of study treatment due to adverse events 
(56 [7%] vs 70 [9%]) were numerically lower with 
baricitinib than placebo. Serious infections were reported 
in 64 (9%) baricitinib-treated participants and 74 (10%) 
placebo-treated participants (table 3). Among participants 
using corticosteroids at baseline, serious infections 
occurred at a similar frequency between groups (58 [10%] 
of 605 vs 63 [11%] of 590; appendix 6 p 31). There were 
similar distributions of positively adjudicated venous 
thromboembolic events (20 [3%] vs 19 [3%]) and major 
adverse cardiovascular events (eight [1%] vs nine [1%]) in 
the baricitinib and placebo groups and no reports of 
gastrointestinal perforations (table 3). Safety data are 
described further in table 3 and appendix 6 (pp 11, 31).

Discussion 
COV-BARRIER is the first international, multicentre, 
double-blind, randomised, placebo-controlled trial des
igned to evaluate the potential benefit and safety of 
baricitinib plus standard of care (which included systemic 
corticosteroids and remdesivir) for the treatment of 
hospitalised adults with COVID-19, and is the first to 

report 60-day outcomes in this population from a double-
blind, randomised, controlled trial. This study addresses 
an important knowledge gap related to the optimisation of 
treatment strategies for hospitalised patients with 
COVID-19. In this study, baricitinib plus standard of care 
(including dexamethasone) did not significantly reduce 
progression to increased oxygen support or death (the 
composite primary endpoint) when compared with 
placebo plus standard of care. However, the group of 
patients allocated to receive baricitinib did show absolute 
risk reductions of 5 percentage points in all-cause mortality 
at 28 days and 4·9 percentage points in all-cause mortality 
at 60 days, resulting in a number-needed-to-treat of 20 to 
yield one additional survivor at these two timepoints.

We also report the largest set of randomised, placebo-
controlled, safety data from hospitalised patients with 
COVID-19 treated with an immunomodulatory agent in 
addition to corticosteroids. The frequencies of treatment-
emergent adverse events, serious adverse events, 
infections, and venous thromboembolic events were 
similar between the baricitinib and placebo groups, and 
no new safety signals were detected. Notably, despite 
COVID-19 being considered a risk factor for thrombosis, 
treatment with baricitinib was not associated with 
increased venous thromboembolic events in this setting 
of short-term use. Additionally, baricitinib in combination 
with standard of care (predominantly corticosteroids) was 
not associated with an increase in infections, including 
serious infections or opportunistic infections, in this 
hospitalised patient population. This dataset provides 
clinically relevant safety information for the acute care 
of these patients in the context of administration of 
baricitinib with concomitant corticosteroids.

During the COV-BARRIER study, the standard of 
care changed significantly to include routine use of 
corticosteroids, and guidelines28,29 were updated following 
the disclosure of results from the open-label RECOVERY 
trial in June, 2020,30 in which a 10·9% relative reduc
tion in mortality was observed with dexamethasone 
(mortality 22·9%) compared with standard of care alone 
(25·7%; age-adjusted rate ratio 0·83 [95% CI 0·75–0·93], 
p<0·001).7 By comparison, treatment with baricitinib 
reduced 28-day all-cause mortality by 38·2% compared 
with placebo (HR 0·57 [95% CI 0·41–0·78], nominal 
p=0·0018). The RECOVERY trial also showed a relative 
risk reduction of 11·4% in 28-day mortality with the anti-
IL-6 receptor antibody tocilizumab (31%) versus standard 
of care (35%; HR 0·85 [95% CI 0·76–0·94], p=0·0028). 
This benefit was not maintained in the absence of 
corticosteroid use, but interpretation was limited by 
small numbers.8 In the ACTT-2 trial, the 28-day mortality 
was 5·1% with baricitinib plus remdesivir and 7·8% with 
remdesivir alone; however, the study was not powered to 
detect a difference in mortality between the groups and 
the use of corticosteroids was limited at baseline and 
during the trial.6 In COV-BARRIER, baricitinib plus 
standard of care showed a 38·2% relative reduction 
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in 28-day mortality compared with placebo plus standard 
of care and most included patients were being treated 
with dexamethasone at baseline. Reduction in mortality 
was also found in our subpopulation of participants who, 
at baseline, required oxygen supplementation and were 
not receiving dexamethasone or systemic corticosteroids 
for the primary study condition. The JAK inhibitors 
ruxolitinib and tofacitinib have also been associated with 
reductions in mortality in small, single-country, multi
centre, randomised controlled trials.31,32 To our knowledge, 
baricitinib showed the largest effect size on mortality of 
any COVID-19 treatment reported in other randomised 
trials in hospitalised patients, and showed a benefit in 
addition to the use of standard of care (corticosteroids) 
alone.5–8

The enrolment timeline of COV-BARRIER is also 
relevant considering the evolving standard of care 
and the heterogeneity of treatments across different 
geographical regions. All-cause mortality is the most 
relevant outcome in trials of patients hospitalised for 
COVID-19, and baricitinib plus standard of care showed 
a meaningful reduction in mortality compared with 
placebo plus standard of care, most notably for 
participants receiving high-flow oxygen or non-invasive 
ventilation.

Limitations of this study included the choice of disease 
progression, as measured by clinical status including 
oxygen support levels, as the primary outcome. As the 
primary endpoint did not achieve statistical significance, 
none of the key secondary endpoints were considered to 
have achieved statistical significance after adjusting for 
multiple comparisons. Nevertheless, both 28-day and 
60-day all-cause mortality were highly significant on 
the basis of nominal p value assessments, which were 
derived directly from the statistical models without any 
adjustment for multiplicity. Measuring progression on 
the basis of NIAID-OS reflects treatment decisions (such 
as the use of specific oxygen delivery devices) and might 
be influenced by the heterogeneity of clinical practice 
across different geographical regions. Another reason 
why a statistically significant outcome was not found 
for the composite primary endpoint that included 
progression is that patients with COVID-19 can undergo 
very rapid deterioration. Nearly 22% of COV-BARRIER 
participants progressed on the first day. It is unlikely that 
a treatment would act so quickly as to meaningfully 
reduce progression to higher oxygen needs within the 
first 24 h of treatment. Although baricitinib showed a 
consistent reduction in progression versus placebo in the 
three components of the composite primary endpoint, 
the difference was not statistically significant. By contrast, 
death is an objective and definitive patient outcome that 
does not change across geographical regions. Baricitinib 
might prevent death without a significant difference in 
the primary endpoint because death as an outcome 
integrates the multiorgan effects of COVID-19, which 
include but are not limited to pulmonary effects. The 

anti-inflammatory effects of baricitinib probably affect 
organ systems that are not evaluated by the NIAID-OS.20 
Additionally, the significantly lower mortality by day 60 
in the baricitinib group versus the placebo group 
confirms that the reduction in mortality with baricitinib 
persists. Future research on baricitinib in patients with 
COVID-19 should include assessment of the effect of 
baricitinib at higher doses or with a loading dose to 
prevent progression events.33

In summary, our results suggest that baricitinib 
reduces 28-day and 60-day mortality when used in 
addition to the current standard of care. The safety profile 
was similar between the baricitinib group and the 
placebo group. As such, baricitinib plus standard of care 
could be a treatment option to reduce overall deaths in 
the context of the global burden of mortality during the 
COVID-19 pandemic.
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