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Abstract

Background Baricitinib has shown efficacy in hospitalized patients with COVID-19, but no placebo-controlled trials
have focused specifically on severe/critical COVID, including vaccinated participants.

Methods Bari-SolidAct is a phase-3, multicentre, randomised, double-blind, placebo-controlled trial, enrolling
participants from June 3, 2021 to March 7, 2022, stopped prematurely for external evidence. Patients with severe/
critical COVID-19 were randomised to Baricitinib 4 mg once daily or placebo, added to standard of care. The primary
endpoint was all-cause mortality within 60 days. Participants were remotely followed to day 90 for safety and patient
related outcome measures.

Results Two hundred ninety-nine patients were screened, 284 randomised, and 275 received study drug or placebo
and were included in the modified intent-to-treat analyses (139 receiving baricitinib and 136 placebo). Median age
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was 60 (IQR 49-69) years, 77% were male and 35% had received at least one dose of SARS-CoV2 vaccine. There were
21 deaths at day 60 in each group, 15.1% in the baricitinib group and 15.4% in the placebo group (adjusted absolute
difference and 95% Cl — 0.1% [— 8-3 to 8-0]). In sensitivity analysis censoring observations after drug discontinuation
or rescue therapy (tocilizumab/increased steroid dose), proportions of death were 5.8% versus 8.8% (—3.2% [—9.0 to
2.71), respectively. There were 148 serious adverse events in 46 participants (33.1%) receiving baricitinib and 155 in 51
participants (37.5%) receiving placebo. In subgroup analyses, there was a potential interaction between vaccination
status and treatment allocation on 60-day mortality. In a subsequent post hoc analysis there was a significant interac-
tion between vaccination status and treatment allocation on the occurrence of serious adverse events, with more
respiratory complications and severe infections in vaccinated participants treated with baricitinib. Vaccinated partici-
pants were on average 11 years older, with more comorbidities.

Conclusion This clinical trial was prematurely stopped for external evidence and therefore underpowered to con-

clude on a potential survival benefit of baricitinib in severe/critical COVID-19. We observed a possible safety signal in
vaccinated participants, who were older with more comorbidities. Although based on a post-hoc analysis, these find-
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ings warrant further investigation in other trials and real-world studies.
Trial registration Bari-SolidAct is registered at NCT04891133 (registered May 18, 2021) and EUClinicalTrials.eu

(2022-500385-99-00).
Keywords COVID-19, Vaccination, Safety, Baricitinib

Background

Baricitinib is an oral Janus kinase (JAK) 1/2 inhibitor,
approved by the European Medicines Agency (EMA)
for several chronic autoimmune diseases [1]. Early in the
pandemic, baricitinib was suggested as COVID-19 ther-
apy through anti-inflammatory effects by inhibiting the
JAK-pathway and antiviral properties by inhibiting recep-
tor-mediated endocytosis [2].

Five randomised controlled trials (RCTs) of barici-
tinib in COVID-19 have been published with promising
results, although study design and effect estimates have
varied [3, 4]. The ACTT2-trial met the primary endpoint
of reduction in time to recovery with baricitinib plus
remdesivir compared with remdesivir alone, although
only a minority of the participants received glucocorti-
coids [5]. The ACTT4-trial comparing remdesivir and
baricitinib with remdesivir and dexamethasone found no
difference in mechanical ventilation-free survival by day
29. However, dexamethasone was associated with more
adverse, treatment-related, and severe/life-threatening
adverse events [6].

The manufacturer-sponsored double-blind, placebo-
controlled COV-BARRIER trial investigated barici-
tinib or placebo added to standard of care (SoC), with
approximately 80% receiving systemic corticosteroids.
The trial failed to show a difference in the primary end-
point, occurrence of disease progression to high-flow
oxygen/non-invasive ventilation, invasive mechanical
ventilation, or death by day 28. However, a significant
decrease of 28-day mortality in baricitinib recipients
was observed, particularly in severe disease [7]. A

subsequent addendum that included 101 critically ill
patients on invasive mechanical ventilation or extra-
corporeal membrane oxygenation (ECMO), showed a
marked reduction in 28-day all-cause mortality from
58% in the placebo group to 39% in the baricitinib
group [8]. In the open-label RECOVERY trial, a mod-
est, yet significant effect on mortality was reported,
with 28-day mortality reduced from 14% in the control
group to 12% in the baricitinib group [9]. Finally in the
pragmatic PANCOVID-trial, 28-day survival was not
significantly different in participants treated with baric-
itinib added to SoC versus SoC alone, although its small
sample size precluded a definitive conclusion [10].

EU-SolidAct is a pan-European multicentre, adap-
tive platform trial, with its first sub-study Bari-SolidAct
investigating baricitinib in patients with severe/criti-
cal COVID-19. The primary objective was to evaluate
the effect of baricitinib vs. placebo, given in addition to
SoC, on the occurrence of death within 60 days.

Methods

Study design and participants

EU-SolidAct is an investigator-initiated, randomised
adaptive platform trial for COVID-19 and emerging infec-
tious diseases. Data capture is modular depending on
epidemic waves and available resources. Bari-SolidAct is
a double-blind, randomized placebo-controlled phase 3
trial investigating baricitinib for severe or critical COVID-
19. The Master protocol (EU-SolidAct) and subprotocol
(Bari-SolidAct) are available on euclinicaltrials.eu.
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Participants

Eligible participants were adults (> 18 years), with SARS-
CoV2 infection confirmed by a polymerase chain reaction
(PCR) no more than 9 days old, admitted to hospital with
severe/critical COVID-19, defined as one of the follow-
ing: (1) SpO2<90% on room air, (2) SpO2 90-94% with a
downwards trend and/or signs of respiratory distress, (3)
need of oxygen by non-invasive ventilation (NIV)/contin-
uous positive airway pressure (CPAP), high-flow oxygen
or non-rebreather mask, or iv) need of mechanical venti-
lation or ECMO.

Key exclusion criteria were suspected serious infec-
tion besides COVID-19, recent or recurrent thrombo-
embolism, neutropenia, severe lymphopenia, severe renal
dysfunction, pregnancy, breastfeeding, known hyper-
sensitivity to constituents of study drugs, and immuno-
suppressive drugs including JAK inhibitors, except up to
4 days treatment with corticosteroids for COVID-19.

During the trial, amendments of eligibility criteria
included a stricter cut-off for excluding patients with
renal dysfunction (from eGFR<15 to eGFR<30 mL/
min/1.73 m?) for consistency with other baricitinib
protocols. All participants had eGFR above 30 mL/
min/1.73 m? at inclusion. Further amendments in the
protocol specific for inclusion of immunocompro-
mized participants with signs of hyperinflammation are
reported in the Additional file 1: Online Appendix, as this
part of the trial is still open for inclusion. Immunocom-
promized patients included before the decision to stop
inclusion of immunocompetent patients from March
7th 2022 are included in this report, while those enrolled
after March 7 are not. This amendment also increased
the maximum time from PCR-confirmed SARS-CoV2
test to trial inclusion from 9 to 14 days, and maximum
days with COVID-19 symptoms from 14 to 21.

Ethical considerations

The trial was conducted in accordance with ICH E6 (R2)
Good Clinical Practice and the ethical principles of the
Declaration of Helsinki. Informed consent by the study
participant or legally authorised representative was
given prior to inclusion in the study. This is an interna-
tional trial conducted in several European countries, with
approval from ethics committees and national competent
authority in each country. The trial has been transferred
to CTIS and is now accepted under the Clinical Trial
Regulation (CTR), euclinicaltrials.eu (EU CT number
2022-500385-99-00). EU-SolidAct/Bari-SolidAct is also
registered at www.clinicaltrials.gov (NCT04891133).

Randomisation and masking
Eligible patients were randomly allocated to baricitinib
or matching placebo in an equal ratio, stratified by study
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centre and disease severity at baseline. An independent
unblinded statistician used a computer-generated ran-
domisation list with a permuted block size of 6 to assign
participants to treatment groups and was the only person
who knew the block size. All treatment assignments were
securely stored on a server with restricted access. Partici-
pants, care providers and study personnel were masked
to treatment assignment. Baricitinib and matching pla-
cebo were provided by Eli Lilly and Company, and drugs
were stored, labelled, and shipped to the sites by a phar-
maceutical logistics company.

Procedures

The participants were randomly assigned to one of the
following groups: (1) 4 mg baricitinib once daily, or (2)
matching placebo. Baricitinib or placebo were admin-
istered up to 14 days, and permanently stopped if the
patient was discharged from hospital. Baricitinib and pla-
cebo were administered orally or by feeding tube. Dur-
ing the study, SoC changed in many countries as a result
of updated World Health Organisation (WHO) guide-
lines recommending tocilizumab for severe and critical
COVID-19 [11]. Tocilizumab was prohibited at inclusion
in the trial but was allowed as rescue therapy in case of
clinical progression.

Participants were assessed for study data, including
outcomes and adverse events on days 1 (day of inclu-
sion), 3, 5, 8 and every 7 days if still hospitalised, thereaf-
ter until day 90, and at discharge or early discontinuation.
Participants were remotely followed up after hospital dis-
charge until day 90. At day 90, participants were asked to
answer patient reported outcome measures (PROM) pro-
vided via an electronic link. Viral loads and SARS-CoV2
serology were measured centrally from samples of serum
and naso/oropharyngeal swabs collected at eligible sites
at pre-defined time points during hospitalisation, see
Additional file 1: Online Appendix for methods.

Outcomes

The primary endpoint was occurrence of death within
60 days (measured on day 61 after inclusion). Second-
ary endpoints were: (1) disease progression on the
WHO progression scale within 28 days, (2) time from
randomisation to sustained recovery defined as being
home and without new complications within 14 days
after discharge, (3) time from randomisation to first
hospital discharge within 90 days, (4) modified WHO
score (mild, moderate, severe or critical disease) on
day 14 and 28, (5) occurrence of serious adverse events
leading to study treatment discontinuation or death,
(6) viral clearance assessed by SARS-CoV-2 PCR in
naso/oropharyngeal specimens, (7) markers of sys-
temic inflammation (CRP, ferritin, LDH, D-dimer,
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procalcitonin) during hospitalisation, and (8) PROM by
Oslo COVID-19 QLQ-PW80 sub-scale scores (consist-
ing of 80 items with recall timeframe the last 7 days) at
day 90 [12].

Statistical analysis

Based on mortality rates in the DisCoVeRy [13] and
NOR-Solidarity [14] trials, in addition to publicly avail-
able statistics from France, we assumed a 60-day mortal-
ity probability of 15% in the placebo group, and 10% in
the baricitinib group. To show a difference between the
treatment groups with a 5% significance level and a 90%
power, we calculated that 924 evaluable participants were
needed in each group. We planned to randomise 1900
participants in total to account for expected drop-out of
2.7%.

No formal interim analysis for efficacy was planned.
Safety assessment by an independent Data Monitoring
Committee (DMC) was planned after prespecified num-
ber of enrolled participants. Due to external evidence
provided by the RECOVERY trial [9], and updated WHO
guidelines recommending baricitinib for severe/critical
COVID-19 [15], the trial steering committee decided to
stop enrolling immunocompetent participants from 7th
March 2022, as the present trial was not expected to alter
the overall accumulated evidence. This decision was sup-
ported by the chair and statistician of the DMC.

Efficacy and safety analyses were performed on the
modified intent to treat analysis set, consisting of all
randomised participants who received at least one dose
of study drug. A sensitivity analysis was performed by
censoring post-discontinuation or post-rescue observa-
tions for participants who discontinued the study inter-
vention and/or received rescue treatment (tocilizumab or
increased dose of systemic corticosteroids).

We analysed the primary endpoint with the Cochran—
Mantel-Haenszel test stratified by country/group of
neighbouring countries, as the sample size did not allow
use of the stratification factors of randomisation (centres
and disease severity). For comparison with prior barici-
tinib trials, a post hoc analysis of death up to day-28 was
performed, using the same approach. Kaplan—Meier
curves up to day 61 (60 days after inclusion) were plotted.

Additional information of analysis of secondary end-
points including safety are available in the Additional
file 1: Online Appendix. The statistical analysis plan
(Additional file 1: Online Appendix) was finalised and
signed prior to database lock and opening of the ran-
domisation list. All p values are 2-sided, with a signifi-
cance level of 0.05. The analyses were performed using
SAS version 9.4 (SAS Institute), and Stata SE version 13
(StataCorp).
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Role of the funding source

The European Commission funded this research, but
had no role in design, analysis, interpretation of data, or
approval of the manuscript.

Results

Participant flow and recruitment

The study flowchart is shown in Fig. 1. The participants
were recruited between June 3, 2021 and March 7, 2022
at 39 sites (hospital wards and intensive care units, ICUs)
in Austria, Belgium, France, Germany, Ireland, Italy,
Luxembourg, Norway, Portugal, and Spain (Additional
file 1: Table S1). The trial was stopped before reaching the
planned sample size due to evidence from the RECOV-
ERY trial indicating survival benefit of baricitinib in the
trial population [9]. In total, 299 patients were screened,
284 randomised, 9 participants did not receive any study
drug or placebo, and 275 participants were included in
both efficacy and safety analyses (139 in the baricitinib
group and 136 in placebo).

Baseline characteristics

Median age was 60 (IQR 49-69) years, 77% were male,
72% had at least one comorbidity, 35% had received
at least one dose of SARS-CoV2 vaccine, and 14% had
critical disease (mechanical ventilation or ECMO) at
inclusion. Systemic corticosteroids were used by 95% of
participants, remdesivir by 3% and thromboprophylaxis
by 90% (Table 1).

Efficacy endpoints

Efficacy results are reported in Table 2. There were 21
deaths in each group, leading to a proportion of death at
day 60 of 15.1% in the baricitinib group and 15.4% in the
placebo group (adjusted absolute difference and 95% con-
fidence intervals (—0.1% [—8.3 to 8.0]), while at day 28
the corresponding figures were 10.1% and 13.2% respec-
tively (—2.9% [—10.1 to 4.3]). Corresponding Kaplan—
Meier plots are shown in Fig. 2A. Figure 2B shows
Kaplan—Meier plots of sensitivity analysis when censor-
ing post-discontinuation (6 in the baricitinib group vs 2
in placebo) and post-rescue therapy access observations
(49 in the baricitinib group versus 52 in placebo), with
proportion of death at day 60 being 5.8% versus 8.8%
(—3.2% [—9.0 to 2.7]), respectively.

None of the secondary efficacy endpoints (disease
progression, sustained recovery, time to first hospital
discharge) showed statistically significant differences
between the treatment groups (Table 2). As shown in
Additional file 1: Table S2, there were no significant
differences for any of the PROM subscale scores (Oslo
COVID-19 QLQ-PW80), and medians were below 10
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Assessed for eligibility (n=299)

Excluded (n=15)

mg daily (n=1)

Not meeting inclusion criteria (n=6)
- ALT or AST >5 times ULN (n=2)
- Have received high dose steroids corresponding to prednisolon > 20

J| - Have received neutralizing antibodies for COVID-19 (n=1)

- PCR confirmation of SARS-CoV-2 infection more than 9 days old (n=1)

- Have received Dexa 6 mg QD for more than 4 days prior to screening
and have recent changes in immunosuppressive therapy (n=1)

Declined to participate (n=7)

Consent issue (n=1)

Immunocompromised included after 07 Mar 2022 (n=1)

Randomised (n=284)

A

Allocation

I Allocated to Baricitinib group (n=142)

I I Allocated to Placebo group (n=142)

Did not receive Baricitinib (n=3)
- Withdrawal of consent (n=3)

A

Did not receive Placebo (n=6)

- Investigator decision (n=1)

- Not meeting inclusion
criteria (n=2)

- Withdrawal of consent (n=3)

Received Baricitinib (n=139)
- Immunodeficiency (n=2)

Received Placebo (n=136)
- Immunodeficiency (n=2)

}

}

Follow-up

Discontinued study from baseline to day 61 (n=6)
- Investigator decision (n=3)
- Withdrawal of consent (n=3)

Discontinued study from baseline to day 61 (n=2)
- Investigator decision (n=2)

!

!

Analysis

Analysed on an mITT basis at day 61 (n=139)
Death (n=21)

Rescue medicine (n=49)

- Changes in steroids dose (n=37)

- Tocilizumab (n=5)

- Changesin steroids dose + Tocilizumab (n=7)

Analysed on an mITT basis at day 61 (n=136)
Death (n=21)

Rescue medicine (n=52)

- Changes in steroids dose (n=42)

- Tocilizumab (n=7)

- Changes in steroids dose + Tocilizumab (n=3)

| Follow-up |

|

!

Discontinued study from day 61 to day 91 (n=1)
- Lost to follow-up (n=1)

Discontinued study from day 61 to day 91 (n=1)
- Withdrawal of consent (n=1)

!

!

Analysis

Analysed on an mITT basis at day 91 (n=139)
Death (n=22)

Rescue medicine (n=50)

- Changes in steroids dose (n=38)

- Tocilizumab (n=5)

- Changes in steroids dose + Tocilizumab (n=7)

Analysed on an mITT basis at day 91 (n=136)
Death (n=21)

Rescue medicine (n=53)

- Changes in steroids dose (n=42)

- Tocilizumab (n=7)

- Changes in steroids dose + Tocilizumab (n=4)

ULN, upper limit of normal; Dexa, dexamethasone.

Fig. 1 Study Flowchart
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Table 1 Baseline demographics and clinical characteristics

All Baricitinib Placebo

(n=275) (n=139) (n=136)
Age (years), median (IQR) 60 (49-69) 59 (49-68) 60 (50-70)
n/N (%)
<60 137/275 (49.8) 70/139 (50.4) 67/136 (49.3)
>60 138/275 (50.2) 69/139 (49.6) 69/136 (50.7)
Gender, n/N (%)
Male 211/275 (76.7) 112/139 (80.6) 99/136 (72.8)
Female 64/275 (23.3) 27/139 (19.4) 37/136 (27.2)
Country, n/N (%)
Austria 6/275 (2.2) 2/139 (1.4) 4/136 (2.9)
Belgium 8/275 (2.9) 2/139 (1.4) 6/136 (4.4)
France 89/275 (32.4) 48/139 (34.5) 41/136 (30.1)
Ireland 9/275 (3.3) 5/139 (3.6) 4/136 (2.9)
[taly 24/275 (8.7) 12/139 (8.6) 12/136 (8.8)
Luxembourg 1/275 (0.4) 1/139(0.7) 0/136 (0.0)
Norway 123/275 (44.7) 61/139 (43.9) 62/136 (45.6)
Portugal 3/275(1.1) 2/139(1.4) 1/136(0.7)
Spain 12/275 (4.4) 6/139 (4.3) 6/136 (4.4)
Comorbidities, n/N (%)
Obesity (BMI> 30 kg/m?) 99/257 (38.5) 53/127 (41.7) 46/130 (35.4)
Diabetes 61/274(22.3) 36/139 (25.9) 25/135(18.5)
Hypertension 85/274 (31.0) 44/139 (31.7) 41/135(304)
Chronic obstructive pulmonary disease 14/274 (5.1) 9/139 (6.5) 5/135(3.7)
Chronic cardiac disease 52/274 (19.0) 24/139(17.3) 28/135(20.7)
Chronic kidney disease 11/274 (4.0) 6/139 (4.3) 5/135(3.7)
Chronic liver disease 5/274 (1.8) 3/139(2.2) 2/135(1.5)
Cancer 10/274 (3.6) 4/139 (2.9) 6/135 (4.4)
Autoimmune disease 12/274 (4.4) 3/139(2.2) 9/135 (6.7)
Immunodeficiency 4/274 (15) 2/139 (1.4) 2/135 (1.5)
Any comorbidities, n/N (%) 199/275 (72.4) 107/139 (77.0) 92/136 (67.6)
Days from first confirmed SARS-CoV-2 PCR to randomisation, median (IQR) 6 (3-9) 6 (3-8) 7 (3-10)
Days from symptoms onset to randomisation, median (IQR) 9(7-11) 9(7-11) 10 (8-12)

n/N (%)

<7

8-13

>14

COVID-19 vaccination, number of injections, n/N (%)
O injection

> 1 injection

Unknown

WHO disease progression score, n/N (%)
6 (severe disease)

7-9 (critical disease)

Concomitant medications, n/N (%)
Remdesivir

Systemic corticosteroids
Anticoagulants

Biochemistry, median (IQR)
Lymphocyte count (10° cells/L)

N

74/275 (26.9)
187/275 (68.0)
14/275 (5.1)

175/275 (63.6)
96/275 (34.9)
4/275 (1.5)

236/275 (85.8)
39/275(14.2)

8/275(2.9)

261/275 (94.9)
250/275 (90.9)

268

40/139 (28.8)
94/139 (67.6)
5/139 (3.6)

87/139 (62.6)
49/139 (35.2)
3/139(22)

121/139(87.1)
18/139(12.9)

6/139(4.3)

133/139 (95.7)
130/139 (93.5)

135

34/136 (25.0)
93/136 (684)
9/136 (6.6)

88/136 (64.7)
47/136 (34.6)
1/136 (0.7)

115/136 (84.6)
21/136 (15.4)

2/136 (1.5)

128/136 (94.1)
120/136 (88.2)

133
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Table 1 (continued)
All Baricitinib Placebo
(n=275) (n=139) (n=136)
Median (IQR) 0.8 (0.5-1.1) 0.8(0.6-1.2) 0.7 (0.5-1.0)
Neutrophil count (1 0° cells/L)
N 268 135 133
Median (IQR) 6.0 (4.2-8.3) 6.0 (4.2-84) 6.0 (4.2-83)
C-reactive protein (mg/L)
N 268 134 134
Median (IQR) 87 (49-140) 77 (35-126) 95 (55-149)
Ferritin (ng/mL)
N 228 116 112
Median (IQR) 1121 (595-1887) 1039 (609-1887) 1206 (559-1883)
Lactate dehydrogenase (U/L)
N 235 120 115
Median (IQR) 404 (321-518) 397 (318-526) 436 (323-514)
Procalcitonin (ng/mL)
N 187 95 92
Median (IQR) 0.2 (0.1-0.3) 0.2 (0.1-04) 0.1(0.1-0.3)
D-dimer (ug/L FEU)
N 243 119 124
Median (IQR) 900 (600-1500) 844 (620-1360) 904 (594-1592)
SARS-CoV2 serostatus
N 124 65 59
Negative 46/124 (37.1) 21/65(32.3) 25/59 (42.4)
Positive 78/124 (62.9) 44/65 (67.7) 34/59 (57.6)
Nasopharyngeal viral load, (Log copies/10000 cells) median (IQR)*
N 124 65 59
Median (IQR) 3.2(2.1-45) 3.2(23-45) 3.2(1.8-4.5)
Viral load value <LOQ 18/124 (14.5) 9/65 (13.9) 9/59 (15.3)

SARS-CoV2 serostatus and nasopharyngeal viral load were done in participants with biobanked samples. SARS-CoV2 serostatus was based on the anti-RBD WT (BAU/

mL) value with a cut-off of 10

*Values below the limit of quantification (LOQ) were replaced by the LOQ value (LOQ=1)

for most of the domains (scores ranging from 0 to 100,
100 being the worse). Finally, none of the performed
analyses comparing changes in viral loads or systemic
inflammation markers were statistically significant, as
shown in Additional file 1: Table S3.

Subgroup analyses

As shown in Additional file 1: Figure S1, no signal of
interaction was detected for any of the pre-specified
subgroup analyses, except vaccination status (not vacci-
nated vs at least one dose of SARS-CoV2 vaccine), with
a proportion of death at day 60 of 8.0% (7/87) in the
baricitinib group versus 15.9% (14/88) in the placebo
group in unvaccinated participants, and 26.5% (13/49)
versus 14.9% (7/47) respectively in the vaccinated par-
ticipants (interaction p value =0.0573).

Safety
The percentages of participants experiencing seri-
ous adverse events (SAEs) were similar in both groups:
46 (33.1%) participants with 148 SAEs reported in the
baricitinib group, including 41 related to study drug,
versus 51 (37.5%) participants with 155 SAEs in the pla-
cebo group, including 59 assessed as related to the study
drug before unblinding [adjusted incidence rate ratio
0.93 (0.74 to 1.17)] (Table 3). Adverse events of special
interest (AESIs) and disease-related events (DREs) were
reported in both groups with similar proportions (Addi-
tional file 1: Table S4).

The results of the efficacy subgroup analysis motivated
a post hoc analysis to examine the interaction between
vaccination status and treatment group on safety, iden-
tifying a significant interaction for SAE occurrence: the
proportion of participants that experienced SAEs was
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Table 2 Primary and secondary efficacy outcomes
Baricitinib group (N=139) Placebo group (N=136) Adjusted Adjusted OR P-value*
Absolute (95% CI)
difference
(95% CI)
Mortality
Number of deaths at day 61 21 21
Proportion (95% Cl) at day 61 15.1(9.6-22.2) 154 (9.8-22.6) —0.1(—83-80) 099 (0.50-1.95) 09733
Number of deaths at day 287 14 18
Proportion (95% Cl) at day 28™ 10.1 (5.6-16.3) 13.2(8.0-20.1) —29(—=10.1-43) 0.75(0.35-1.59) 04480
Disease progression
Number of progressions at day 28 25 27
Proportion (95% Cl) at day 28 18.0 (12.0-25.4) 19.9 (13.5-27.6) —12(=100-74) 092(0.49-1.72) 0.7943
Baricitinib group (N=139) Placebo group (N=136) Unadjusted sHR Adjusted sHRor OR p value*
orOR(95%Cl)  (95%Cl)
Sustained recovery
Number of recoveries at day 91 107 106
Cumulative incidence at day 91% 78.8 (72.6-85.4) 79.1 (72.9-85.8) 0.99 (0.76-1.28) 0.98 (0.75-1.28) 0.8604
(95% CI)
Hospital discharge
Number of discharges at day 91 111 107
Cumulative incidence at day 91% 83.8 (77.7-90.3) 79.8 (73.1-87.1) 1.14 (0.88-1.47) 1.14 (0.87-1.48) 0.3490
(95% Cl)
Ordinal scale at day 15 -n (%) 0.94 (0.60-1.48) 0.95 (0.60-1.50) 0.8296
Mild (WHO score 1-3) 81 (58.3) 74 (54.4)
Moderate (WHO score 4-5) 15(10.8) 18(13.2)
Severe (WHO score 6) 10(7.2) 8(5.9)
Critical (WHO score 7-9) 24 (17.2) 26 (19.1)
Death (WHO score 10) 25 (6.5) 10 (7.4)
Ordinal scale at day 29 - n (%) 1.13 (0.69-1.84) 1.14(0.70-1.87) 0.5986
Mild (WHO score 1-3) 96 (69.0) 89 (65.4)
Moderate (WHO score 4-5) 97 (7.9) 14 (10.3)
Severe (WHO score 6) 3(2.2) 4(3.0)
Critical (WHO score 7-9) 4(10.8) 11(8.1)
Death (WHO score 10) 14 (10.1) 18(13.2)

*p values were obtained using logistic regression or Fine & Gray method with adjustment on stratification factor or proportional odds model

* Post hoc analysis for comparison with other trials

25.3% in the baricitinib group versus 37.5% in the pla-
cebo group in unvaccinated participants and 46.9% ver-
sus 38.3% respectively in the vaccinated participants
(interaction p value=0.001). There was no significant
interaction with vaccination status regarding occur-
rence of serious AESIs or serious DREs (Additional file 1:
Table S5). The most frequent SAEs driving this difference
were increased occurrence of respiratory complications
and severe infections in vaccinated participants treated
with baricitinib. Vaccinated participants were on average
11 years older and had more comorbidities, in particular
diabetes mellitus, hypertension and chronic cardiac con-
ditions (Additional file 1: Table S6).

Discussion

In this randomised, double-blind, placebo-controlled
trial, no statistically significant difference was observed
on 60-day mortality in hospitalised patients with severe/
critical COVID-19 receiving SoC and either baricitinib or
placebo. Of note, the trial was stopped before reaching
planned sample size (n=275 analysed versus »=1900
planned) due to external evidence indicating survival
benefit of baricitinib in the trial population. The mor-
tality rate estimates at day 28 and day 60 are consistent
with prior studies, in particular the day 28 estimate of the
RECOVERY trial [5-10].
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Fig. 2 Kaplan—-Meier plot of the probability of death within 60 days
(measured at day 61 after inclusion), using the modified Intention
to Treat population (mITT), consisting of all randomised participants
who received at least one dose of study drug; A All observations
regardless of study intervention discontinuation and/or receipt of
rescue therapy; B Sensitivity analysis with participants censored at
date of rescue therapy or date of discontinuation

Whereas Bari-SolidAct included only patients with
severe or critical COVID-19, other trials included mixed
populations of mild/moderate and severe disease or only
critical disease [5—10]. Background SoC, in particular
remdesivir and corticosteroids have varied between tri-
als but has not been associated with different treatment
effects in subgroup analyses. In contrast to prior double-
blind trials, tocilizumab was permitted as rescue therapy
in accordance with updated WHO guidelines [15], and
investigators were advised to stop baricitinib/placebo for
patients receiving rescue therapy to avoid potential triple
immunomodulation. This might have had an impact on
the primary analysis, and in sensitivity analyses censor-
ing post-rescue or post-discontinuation observations,
the point estimates at day 28 and day 60 are closer to the
point estimates of other trials (Fig. 2B).

Another notable difference between trial populations
is the vaccination coverage. Whereas, due to timing,
ACTT-2 and COV-BARRIER trials included no or very
few vaccinated participants (no data reported in pubica-
tions) [5, 7, 8], the proportion of vaccinated participants
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was similar in Bari-SolidAct (35%) and RECOVERY
(42%) [9]. In subgroup analysis, we found a signal sug-
gesting a potential interaction between vaccination sta-
tus and treatment allocation on mortality, with results
indicating better survival at day 60 in unvaccinated par-
ticipants treated with baricitinib while a potential oppo-
site effect was seen in vaccinated participants. In the
RECOVERY trial, no such interaction was identified [9],
although populations are not directly comparable, with
only severe/critical COVID-19 included in Bari-SolidAct.

In a subsequent post hoc analysis, there was a signifi-
cant interaction between vaccination status and occur-
rence of SAEs, mainly driven by increased occurrence
of respiratory complications and severe infections in
vaccinated participants treated with baricitinib. In the
placebo group, occurrence of SAEs was similar regard-
less of vaccination status. No safety signals including
pulmonary embolism and other adverse events of spe-
cial interest, were observed in the overall study popula-
tion. While subgroup analyses must be interpreted with
caution, we consider this result a potential safety signal
of baricitinib in vaccinated patients. Although we lack
a mechanistic explanation, vaccinated patients were
on average 11 years older with more cardiometabolic
comorbidities, and had lower levels of ferritin and LDH,
in line with a recent observational study of vaccinated
patients with breakthrough infections requiring hospi-
talization [16]. We hypothesise that the risk/benefit-ratio
of baricitinib might be different in patients with severe/
critical COVID-19 depending on SARS-CoV-2 immu-
nisation status, and that underlying host factors such
as comorbidities, older age and possibly the capacity to
mount an immune response [17] could contribute to
such differences.

Compared to other trials reporting 28-day mortality,
participants in Bari-SolidAct were followed up to day-
90 for efficacy, safety and patient reported outcomes.
Pooled data from the TICO-platform reported that 20%
of hospitalised patients had clinically significant post
discharge-events, underscoring the need for longer fol-
low-up [18]. Finally, Bari-SolidAct includes biobanking,
however we observed no between-group differences in
changes in viral load or inflammatory markers, despite
the hypothesized dual action of baricitinib on viral entry
and inflammatory responses [2, 19].

The main limitation of this trial is that due to its lim-
ited sample size, efficacy estimates are imprecise with
wide confidence intervals. We did not achieve our tar-
get sample size because of delay in trial approval in sev-
eral European countries [20], and because the trial was
stopped prematurely as evidence from the RECOVERY
trial indicated survival benefit of baricitinib in the trial
population [9]. In addition, evolving SoC during the
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Table 3 Serious adverse events through day 90
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Baricitinib (N=139) Placebo (N=136) Adjusted incidence  p value*
rate ratio (95% Cl)

Person-months (PM): 349 Person-Months (PM): 349

nofevents Nofpts(%) nofevents N of pts (%)
Serious adverse events (SAEs) 148 46 (33.1) 155 51(37.5) 0.93(0.74-1.17) 0.550
Respiratory, thoracic and mediastinal disorders 51 52
Acute respiratory distress syndrome 21 21
Pulmonary embolism 8 13
Respiratory failure 13 7
Pneumothorax 3 5
Hypoxia 1 2
Respiratory distress 0 2
Acute respiratory failure 1 0
Haemoptysis 1 0
Obstructive airways disorder 1 0
Pleural effusion 1 0
Pleuritic pain 1 0
Pneumonitis 0 1
Pulmonary hypertension 0 1
Infections and infestations 63 54
Pneumonia 26 25
Pneumonia bacterial 10 8
Septic shock 8 4
Bacteraemia 4 6
Bronchopulmonary aspergillosis 0 3
COVID-19 pneumonia 3 0
Sepsis 1 2
Cytomegalovirus infection reactivation 2 0
Fungaemia 2 0
Superinfection bacterial 1 1
Bacterial infection 1 0
Candida pneumonia 1 0
Device related bacteraemia 1 0
Disseminated aspergillosis 0 1
Hepatitis B reactivation 0 1
Herpes simplex 1 0
Infectious pleural effusion 0 1
Mediastinitis 1 0
Prostatitis Escherichia coli 0 1
Septic arthritis staphylococcal 0 1
Staphylococcal bacteraemia 1 0
General disorders and administration site conditions 8 5
Multiple organ dysfunction syndrome 6 5
Chest pain 1 0
Death 1 0
Renal and urinary disorders 10 13
Acute renal failure 7 4
Acute kidney injury 2 6
Renal failure 1 2
Chronic kidney disease 0 1
Blood and lymphatic system disorders 4
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Table 3 (continued)
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Baricitinib (N=139)

Placebo (N=136) Adjusted incidence  p value*

Person-months (PM): 349

rate ratio (95% Cl)
Person-Months (PM): 349

nofevents N of pts (%)

nofevents N of pts (%)

Anaemia

Bicytopenia

Thrombocytopenia

Cardiac disorders

Cardiac disorder

Cardiac failure

Acute coronary syndrome

Acute myocardial infarction
Bradycardia

Myocarditis / pericarditis

Injury, poisoning and procedural complications
Hand fracture

Nervous system disorders

Coma

Facial paralysis

Haemorrhage intracranial
Subarachnoid haemorrhage
Gastrointestinal disorders

lleus

Intestinal ischaemia

Rectal haemorrhage

Vascular disorders

Deep vein thrombosis

Circulatory collapse

Hypotension

Peripheral artery thrombosis
Congenital, familial and genetic disorders
Atrial septal defect

Investigations

Transaminases increased

Blood bilirubin increased

C-reactive protein increased
Musculoskeletal and connective tissue disorders
Spondylolisthesis

Drug-related SAEs

Respiratory, thoracic and mediastinal disorders
Pulmonary embolism

Respiratory failure

Acute respiratory distress syndrome
Acute respiratory failure
Obstructive airways disorder
Pneumonitis

Pneumothorax

Renal and urinary disorders

Acute kidney injury

Chronic kidney disease

Renal failure

N oL O O O

N A OO O O O O O NN O O — —= O O

o O = O M 1O O O

41 25(18.0)

- O N W O O —

2
1
1
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59 28 (20.6) 0.77 (0.52-1.16) 0213
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Table 3 (continued)
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Baricitinib (N=139)

Placebo (N=136) Adjusted incidence  p value*

Person-months (PM): 349

rate ratio (95% Cl)
Person-Months (PM): 349

n of events

N of pts (%)

nofevents N of pts (%)

Infections and infestations 22
Pneumonia 8
Pneumonia bacterial 5
Bacteraemia 0
Cytomegalovirus infection reactivation 2
Sepsis 1
Superinfection bacterial 1

Bacterial infection
Bronchopulmonary aspergillosis
COVID-19 pneumonia

Candida pneumonia

— O

Hepatitis B reactivation
Infectious pleural effusion
Mediastinitis

Prostatitis Escherichia coli
Septic arthritis staphylococcal

oSO O O —- O O —

Septic shock
Staphylococcal bacteraemia 1
General disorders and administration site conditions
Multiple organ dysfunction syndrome

Blood and lymphatic system disorders

Anaemia

Bicytopenia

Cardiac disorders

Acute coronary syndrome

Cardiac failure

N — O - O O O — —

Investigations

Transaminases increased
Blood bilirubin increased

- O

C-reactive protein increased

N

Vascular disorders
Deep vein thrombosis 1
Circulatory collapse 1
Peripheral artery thrombosis 0

23

9
3
3
0

—_ N W WO = = - 0O 0O = O —= —

0
8
7

1
0
2
1
0
1

“ p values were calculated using Poisson regression analysis that accounted for all events and different follow-up duration for each participant

* DRE term including 2 PTs, both under the same SOC

Of note, drug-related SAEs in the placebo arm were assessed as such by the investigator before the unblinding of the study

trial, in particular the introduction of tocilizumab, may
have had an impact on the primary analysis since many
participants had to discontinue intervention early due
to rescue therapy. Furthermore, the subgroup analysis
by vaccination status has low credibility according to
the ICEMAN criteria [21]. Our study also has obvious
strengths, in particular granular safety data, with rou-
tine registration of concomitant medication, safety lab

and detailed follow-up of serious adverse events up to
day-90.

Conclusions

In this prematurely stopped trial, we did not reach a con-
clusion for the primary endpoint due to lack of statisti-
cal power. In sensitivity analyses censoring observations
after rescue therapy with tocilizumab or increased dose of
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corticosteroids, the point estimate is comparable with pre-
vious trials. We observed a significant interaction between
vaccination status and treatment group on occurrence of
SAEs, although this is based on a post hoc analysis and
should be interpreted with caution. This potential safety
signal should be explored in other trials and real-world
studies, before influencing treatment decisions.
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