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Background. To determine the effectiveness of baricitinib in patients with coronavirus disease 2019 (COVID-19), investigate whether
baricitinib prevents the need for invasive mechanical ventilation and identify patient subgroups that would benefit from baricitinib.

Methods. This observational matched-cohort study was conducted by the Japan COVID-19 Task Force, a nationwide multicenter
consortium. Patients with COVID-19 aged >18 years were identified from 70 hospitals in Japan. Among patients with confirmed
COVID-19 from February 2020 to September 2021, those receiving baricitinib were propensity-score matched with controls.

Results. Among 3309 patients, 144 propensity score-matched pairs were identified. Thirteen (9.0%) patients in the baricitinib group
and 27 (18.8%) in the control group required invasive mechanical ventilation during the disease course (odds ratio, 0.43). Although the
baricitinib group had more severe disease, there were no significant differences in the intensive care unit admission rates (odds ratio,
1.16) and mortality rates (odds ratio, 0.74) between groups. In subgroup analyses, baricitinib was associated with a significant reduction
in the need for invasive mechanical ventilation in patients requiring oxygen support (odds ratio, 0.28), with rapid shadow spread on
chest radiography (odds ratio, 0.11), or treated with remdesivir (odds ratio, 0.27), systemic corticosteroids (odds ratio, 0.31), or
anticoagulants (odds ratio, 0.17).

Conclusions.  Baricitinib is effective at preventing the need for invasive mechanical ventilation in patients with COVID-19.
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Coronavirus disease 2019 (COVID-19) can be fatal, causing se-
vere pneumonia and a cytokine storm [1], and has become a so-
cial crisis with many deaths worldwide. This pandemic has
continued even after the widespread administration of vac-
cines, and it is essential to develop treatment methods for pa-
tients with severe disease to prepare for future surges in the
national epidemic.

A characteristic feature of treatment for severe COVID-19 is the
use of drugs against the host immune response combined with an-
tiviral therapy [2]. The effectiveness of systemic corticosteroids for
inflammation-induced lung injury has been widely recognized in
the RECOVERY clinical trial [3]. In addition, other drugs targeting
many proinflammatory cytokines and their signaling pathways
have been widely studied internationally. Recently, 2 randomized
control trials in patients hospitalized with COVID-19 showed
the efficacy of baricitinib (BARI), a Janus kinase 1/2 inhibitor dis-
covered by artificial intelligence [4]. The ACTT-2 trial demonstrat-
ed that BARI combined with remdesivir treatment reduced the
recovery time, especially among patients with high-flow oxygen
or noninvasive ventilation [5]. The COV-BARRIER trial reported
that BARI treatment resulted in lower 28-day mortality than the
standard treatment, without an increase in venous thromboembo-
lism [6]. Therefore, BARI combined with remdesivir treatment for
hospitalized patients with COVID-19 requiring oxygen support
was approved by the US Food and Drug Administration in
November 2020, followed by Japan in April 2021. Therefore,
BARI is widely recognized as an anti-inflammatory treatment op-
tion in combination with systemic corticosteroids for patients with
severe COVID-19.

The Japan COVID-19 Task Force was established as a nation-
wide multicenter consortium in Japan to overcome COVID-19
by collecting and analyzing clinical information and specimens
from patients with COVID-19 in more than 100 institutions na-
tionwide since February 2020. The Task Force has been working
to elucidate the genetic characteristics of the Japanese population
affected by COVID-19 [7] and reported their clinical characteris-
tics, including the low mortality rate of Japanese patients [8]. To
our knowledge, only a few large-scale studies have compared mor-
tality in patients with COVID-19 treated with BARI versus other
treatments using a real-world database, with a recent single-center
report from Japan [9]. This study aimed to determine the effective-
ness of BARI in preventing invasive mechanical ventilation (IMV)
support and to identify patients who would benefit from BARI
treatment using a real-world nationwide COVID-19 database.

METHODS

Study Design and Settings

This observational matched-cohort study used a prospectively
collected database. The Japan COVID-19 Task Force collected
clinical information on patients with COVID-19 from 70 hospi-
tals nationwide in Japan [7, 8]. All patients in this study provided

informed consent, and the study was approved by the ethics
committee of the Keio University School of Medicine
(20200061) and related research institutions. A Consolidated
Standards of Reporting Trials flow diagram of the patient selec-
tion process is shown in Figure 1. In total, 3309 Japanese patients
with COVID-19 aged >18 years who were enrolled between
February 2020 and September 2021 were selected for analysis.
We initially classified the overall analysis population into 2
groups: those treated with and without BARI, and we evaluated
the clinical characteristics of each group. For patients treated
with BARI, we assessed its specific use, outcomes, and frequen-
cy of adverse events. The clinical characteristics of the
BARI-treated and non-BARI-treated groups were compared
using propensity score matching (PSM). The primary outcome
was set as the requirement for IMV support during the disease
course because the mortality rate and intensive care unit (ICU)
admission rate have already been reported to be low in the
Japanese database [8], and secondary outcomes included mor-
tality rate, ICU admission rate, and worst disease severity. To
clarify the population in which treatment with BARI had a fa-
vorable effect, a subgroup analysis was performed, and the odds
ratio (OR) for requiring IMV support was calculated in each
subgroup. As previously reported [8, 10], the worst disease se-
verity was established as follows: critical - patients requiring
support using high-flow oxygen devices, IMV, extracorporeal
membrane oxygenation, or death; severe - patients requiring
support using low-flow oxygen devices; mild - symptomatic pa-
tients not requiring oxygen support; and asymptomatic -
asymptomatic patients not requiring oxygen support.

Data Collection

The following clinical information was collected: demographics,
comorbidities, clinical symptoms and signs, laboratory test data, ra-
diographic imaging, oxygen support, treatment, and outcome. For
patients using BARI, information on drug use was also collected,
including dosing, duration of administration, and adverse effects.
Symptoms and signs included those reported on referral or admis-
sion and those observed during hospitalization. Laboratory and ra-
diographic data were collected within 48 hours of the initial visit or
admission. The rapid spread of the shadow on chest radiography
was defined as the enlargement of findings to more than 50% of
the entire lung field within 48 hours of referral. Treatment included
medications for COVID-19, such as favipiravir, remdesivir, antico-
agulant, tocilizumab, and systemic corticosteroids. Missing or ab-
sent patient background data were noted as unknown.

Statistical Analysis

Continuous variables were compared using the unpaired t test,
and categorical variables were compared using the y* test. P val-
ues were 2-tailed, and P < .05 was considered statistically sig-
nificant. The propensity score was calculated using a logistic
regression model including age [11], sex [11], body mass index
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Figure 1.

Flowchart of patients included in the analysis. BARI, baricitinib; COVID-19, coronavirus disease 2019.

[12], oxygen support at baseline, medical history (hypertension
[13], diabetes mellitus [14], hyperuricemia [15], cardiovascular dis-
ease [16], malignancy [17], autoimmune disease [18], chronic ob-
structive pulmonary disease [19], asthma, chronic liver disease, and
chronic kidney disease) [20], and duration from onset to hospital-
ization, some of which are known risk factors for severe
COVID-19. Propensity-matched cohorts of the BARI group and
control group (standard therapy without BARI) were derived
and compared using a 1:1 ratio with greedy matching on the pro-
pensity score, with a caliper of 0.2 standard deviations of the pro-
pensity score logit with no replacement. We examined
standardized differences and variance ratios to determine whether
the matched cohort had balanced patient characteristics. Logistic
regression was performed to estimate ORs with 95% confidence in-
tervals (CIs) for the analysis of outcomes and subgroups after
matching. All statistical analyses were conducted using the JMP
16 program and SAS version 9.4 (SAS Institute, Inc., Cary, NC).
Visualization was performed using GraphPad Prism 8
(GraphPad Software, San Diego, CA) and the R package ggalluvial.

RESULTS

Domestic Epidemic Waves of Coronavirus Disease 2019 in Japan and the
Number of Included Patients Treated With Bari

Supplementary Figure 1 shows the number of patients treated
with BARI in this study and the number of new patients with

COVID-19 and the number of cases of critical disease in
Japan. Japan experienced 5 domestic epidemic waves in the
past (April and August 2020 and January, May, and August
2021), with the fifth wave in 2021 showing an outstanding
number of new patients. Data from 164 patients treated with
BARI were collected after December 2020, and most of the pa-
tients were from the fourth and fifth waves after approval of the
domestic indication.

Status, Outcome, and Adverse Effects of Treatment With Bari

Supplementary Table 1 shows the specific use, frequency of
outcomes, and adverse events in patients treated with BARL
The median duration from disease onset to BARI administra-
tion was 8 days (95% CI, 6-10 days). Mortality within 28
days of BARI administration was limited to 2.4%. Of the 22 pa-
tients on IMV support, 20 patients (90.9%) were extubated, 1
patient could not be extubated, and 1 patient died 5 days after
extubation. Of the patients, 86.6% progressed from requiring
oxygen support to not requiring it within a median of 10
days (95% CI, 7-14 days) after BARI administration. The inci-
dence of bacterial pneumonia and bacteremia complications
was 3.0% and 1.8%, respectively. We observed only 1 patient
developing a small thrombosis in the jugular vein, but no pa-
tients developed venous thromboembolism or pulmonary em-

bolism after the administration of BARI. As for liver
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dysfunction, 13 of 17 patients already had elevated liver func-
tion at baseline.

Comparison of Clinical Characteristics of Patients With Coronavirus
Disease 2019 Treated With and Without Bari

Table 1 shows the clinical characteristics of 164 patients treated

with BARI and 3145 patients treated without BARI before and
after PSM. The worst disease severity in the entire population
was 17.5% for critical and 31.3% for severe, with an IMV sup-
port rate of 12.4%, ICU admission rate of 20.8%, and mortality
rate of 3.4%. In the BARI group, 97 patients (59.5%) required
oxygen support at baseline, which was significantly higher
than in the control group (OR, 4.13; 95% CI, 2.99-5.69). The
2 groups differed in several baseline characteristics; however,
the balance was satisfactory after matching.

Figure 2 shows the changes in the requirement for oxygen
support from baseline to worst during the disease course in
the propensity-matched cohort. The proportion of patients re-
quiring oxygen support during the course of the disease was
significantly higher in the BARI group (137 patients, 95.1%)
than in the control group (98 patients, 68.0%). Regarding the
primary outcome, 13 patients (9.0%) in the BARI group and
27 patients (18.8%) in the control group (OR, 0.43; 95% CI
.21-.87) required IMV support after matching (Table 1).
Regarding the secondary outcomes, there were no significant
differences in the ICU admission rate (OR, 1.16; 95% CI, .68-
1.97) and mortality rate (OR, 0.74; 95% CI, .16-3.39), although
the worst disease severity was more severe in the BARI group.
Before matching, the BARI-treated patients showed more sys-
temic and respiratory symptoms, such as fever (93.3%), fatigue
(80.9%), cough (84.7%), and shortness of breath (67.5%), and
some inflammatory markers, such as lactate dehydrogenase,
ferritin, Krebs von den Lungen-6, and C-reactive protein,
were significantly higher than those in the control group.
However, some clinical characteristics were not significantly
different between the 2 groups after PSM. On imaging tests,
there were still significantly more cases of bilateral ground-glass
opacity (OR, 2.15; 95% CI, 1.20-3.86) and rapid deterioration
(OR, 7.42; 95% CI, 3.87-14.2) in the BARI group after match-
ing. In the BARI group, more patients were administered re-
mdesivir (98.6%), systemic corticosteroids (91.7%), and
anticoagulants (65.7%).

Comparison of Clinical Characteristics Between Populations Requiring
and Not Requiring Invasive Mechanical Ventilation Support in Each
Treatment Group

Invasive mechanical ventilation-supported patients showed higher
Krebs von den Lungen-6 and C-reactive protein levels in both
treatment groups (Supplementary Table 2). We also observed a
higher frequency of rapid spread of the shadow (OR, 5.26; 95%
CI, 1.66-16.7) on chest radiographs in IMV-supported patients
in the control treatment group, whereas there were no significant
differences in the BARI group. Regarding other treatments, the

frequency of remdesivir, systemic corticosteroids, and anticoagu-
lant use was higher in IMV-supported patients only in the control
treatment group.

Subgroup Analysis of the Odds Ratio for the Primary Outcome

Figure 3 shows the evaluation of the OR for the primary out-
come, requiring IMV support, in each subgroup based on the
propensity score-matched population (OR> 1.0, favored
non-BARI [control] treatment; OR < 1.0, favored BARI treat-
ment). The subgroup of developing a demand for oxygen sup-
port during the disease course showed a low OR of 0.28 (95%
CI, .13-0.57). For the imaging variables, the subgroup with rap-
id spread of the shadow on chest radiography showed an OR of
0.11 (95% CI, .028-.41). As for concomitant medications, the
subgroups with the following 3 drugs all showed low ORs: re-
mdesivir, OR = 0.27 (95% ClI, .12-.58); systemic corticoste-
roids, OR = 0.31 (95% ClI, .15-.63); and anticoagulant, OR =
0.17 (95% CI, .073-.39).

DISCUSSION

Our study showed the effectiveness of BARI treatment using
the largest real-world dataset, mostly in patients requiring ox-
ygen support, including during the course. Baricitinib was ap-
proved in Japan in April 2021, and, as shown in Figure 1, most
of the patients treated with BARI were extracted from the
fourth and fifth waves of the domestic epidemic wave. The
mortality rate was 3.4% in the control group and 3.0% in the
BARI group, which was not significantly different from that re-
ported in the Japanese database [21]. We observed that BARI
was administered to more patients who required oxygen sup-
port and had a rapid spread of shadows on chest radiography.
The COVID-19 disease course is divided into 2 stages: an early
viral stage and an immune response stage that leads to in-
creased inflammation and a cytokine storm, which is associated
with dyspnea [1, 22]. In this study, we confirmed that the me-
dian duration from onset to BARI administration was 8 days,
indicating that BARI has an anti-inflammatory effect in the lat-
ter stage. Similar to previous studies in Japan [23], the frequen-
cy of adverse events with BARI observed in this study was low,
suggesting no apparent safety concerns.

In this study, we observed that the IMV support rate was sig-
nificantly lower in the BARI group, despite more patients in the
BARI group requiring oxygen support during the disease course,
and confirmed that BARI clearly contributed to intubation
avoidance. Compared with ACTT-2 [5] and COV-BARRIER
[6], there were more patients without oxygen support at baseline,
especially a smaller proportion of patients requiring high-flow
oxygen support. Conversely, in this study, the BARI group
showed higher levels of lactate dehydrogenase, C-reactive pro-
tein, ferritin, and Krebs von den Lungen-6 than the control
group before PSM. Because these 4 inflammatory parameters
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Figure 2. Changes in the requirement for oxygen support during the disease course in the propensity-matched cohort. The number of patients requiring oxygen support at
baseline and at their worst during hospitalization: invasive mechanical ventilation (IMV), high-flow oxygen, low-flow oxygen, and no requirement of oxygen support. Although
the requirement for oxygen support at baseline was matched, the baricitinib (BARI) group showed lower rates of IMV induction than the control group.

Subgroup BARI Control Odds Ratio for IMV Support (95% CI) OR (95% CI)
Overall 131144 271144 0.43 (0.21-0.87)
Worst oxygen support
Demand of oxygen support (+) 131137 27/98 0.28 (0.13-0.57)
Demand of oxygen support (-) o7 0/46 NA
Chest X-ray findings
Bilateral consolidation (+) 8/63 13/48 0.39 (0.15-1.04)
Bilateral consolidation (-) 5/81 14/96 0.39 (0.13-1.12)
Rapid spread of the shadow (+) 6/62 714 0.11 (0.028-0.41)
Rapid spread of the shadow (-} bral 19/119 0.58 (0.23-1.45)
Chest CT findings
Bilateral consolidation (+) 10/73 18/64 0.41(0.17-0.96)
Bilateral consolidation (-) 1/59 u77 0.13 (0.016-1.06)
Concomitant Treatment
Remdesivir (+) 131142 19/69 0.27 (0.12-0.58)
Remdesivir (-) 0/2 8/73 NA
Systemic corticosteroid (+) 131132 26/99 0.31(0.15-0.63)
Systemic corticosteroid (-) 012 1/45 NA
Anticoagulant (+) 10/94 24/58 0.17 (0.073-0.39)
Anticoagulant (-) 3/49 2/85 2.71 (0.44-16.8)

0.0625 0125 02 05 1 Fl Il 8

Favored BARI Treatment Favored Control Treatment

Figure 3. Subgroup analysis of odds ratios for requiring invasive mechanical ventilation (IMV) based on the propensity-matched patient sample. Odds ratio (OR) >1.0,
favored non-baricitinib (BARI) treatment (control); OR <1.0, favored BARI treatment. Cl, confidence interval; CT, computed tomography; NA; not available.
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indicating severe disease were consistent with the inclusion cri-
teria in COV-BARRIER, it is likely that BARI was administered
to more patients with severe disease in the clinical setting. We
evaluated the characteristics of the BARI group based on PSM
after adjusting for oxygen demand at baseline. As shown in
Figure 2, the BARI group showed a significantly lower IMV sup-
port rate than the control group, although more patients re-
quired oxygen support during the disease course. We also
observed that the ICU admission rate remained equivalent in
the BARI and control groups; however, we believe that ICU ad-
mission rates do not reflect the disease severity of COVID-19.
One reason for this was that many institutions admitted patients
to ICU, even in mild cases, for infection control purposes.
Another reason is that patients supported by high-flow oxygen
devices are, in principle, admitted to ICU in Japan. In the sub-
group analysis, the effect of BARI in avoiding IMV support
was remarkable in the population requiring oxygen support dur-
ing the disease course, which is consistent with the highly effec-
tive BARI population observed in ACTT-2 and COV-BARRIER.
Although the ACTT-2 subanalysis did not clarify the effective-
ness of BARI in Asians, these favorable results indicate the effec-
tiveness of BARI in Japanese patients with COVID-19 with
oxygen demand, even considering the difference in the rate of
concomitant systemic corticosteroids treatment.

Because BARI was effective in avoiding IMV support in pa-
tients requiring oxygen support during the disease course, we
evaluated the characteristics of the patient groups that should
be actively treated with BARI. The subgroup analysis revealed
the expected patients and those with the rapid spread of the
shadow observed on chest radiography. We believe that BARI
is effective in cases of progressive pneumonia because Janus ki-
nase inhibitors nonselectively inhibit many cytokines. Patients
with severe COVID-19 present elevated levels of many cyto-
kines associated with the Janus kinase/signal transducer and ac-
tivator of the transcription pathway [24], which has been
shown to be associated with the demand for oxygen support
[25]. The results of this study support the possibility of identi-
fying a population in which early BARI administration pre-
vents more critical conditions simply by evaluating chest
radiographs in the clinical setting. Our subgroup analysis also
suggested that BARI treatment in combination with remdesi-
vir, systemic corticosteroids, and anticoagulants may be bene-
ficial, consistent with the COV-BARRIER and ACTT-2 studies.
The combination of BARI with corticosteroids has a favorable
anti-inflammatory effect in cases of severe disease that have al-
ready entered the immune response phase, as shown in previ-
ous studies [26, 27]. Thrombosis prophylaxis, including
concomitant use of anticoagulants, is a principle when BARI
is administered, and anticoagulants were used in almost all pa-
tients in the ACTT2 trial but in only 65.6% of the BARI-treated
patients in this study. Although the benefit of therapeutic hep-
arin for COVID-19 has been partially demonstrated [28, 29],

this study is the first to show the benefit of combining heparin
with BARI, which may be related to crosstalk between the im-
mune response and coagulation systems [30].

To eliminate potential bias, we applied PSM. First, we consid-
ered the selection bias in that the virulence of the infecting virus
strains was not evaluated. As reported previously [31], different
strains of viral variants have been observed in different epidemic
waves with variations in disease severity. In the present study, the
BARI group had the majority of the cases from April 2021 on-
ward and therefore contained most of the alpha and delta strains,
whereas the control group had fewer cases from this time period.
In addition, we should be aware of the differences in comedica-
tions between groups, which was a major bias in this study.
However, PSM allowed us to include patients in the control
group who had background factors that would have supported
treatment with first-line BARI treatment if the indications had
been approved. In the future, this analysis is expected to be per-
formed with more bias-free matching by increasing the target
population. Second, the mortality rate of the study population
was lower than that of other countries, and caution should be
exercised when interpreting comparisons with randomized
controlled trials. We considered the possibility that many
inpatients in our study would have been treated as outpatients
in other countries. However, the influence of the genetic back-
ground characteristics of the Japanese population should be
considered, and the Japan COVID-19 Task Force is still in the
process of genetic analysis. Third, although the present PSM
matched the patient background at referral, the medications
were not adjusted because they were intervention factors during
the course of the study. Differences in the use of antibiotics, re-
mdesivir, and systemic corticosteroids between both treatment
groups may have overestimated the effectiveness of BARI treat-
ment. With further case counts, we will evaluate the additive ef-
fectiveness of BARI on systemic corticosteroids in real-world
data. Another limitation was that the number of patients in
each subgroup was insufficient. We expect that our results will
be supplemented by a multicenter prospective study to collect
more patients treated with BARI.

CONCLUSIONS

We analyzed real-world data of patients with COVID-19 and,
together with subgroup analyses, succeeded in confirming the
effectiveness and safety of BARI in patients requiring oxygen
support during the disease course. Collecting reports on
BARI administration, including this study, will lead to the
standardization of treatment of severe COVID-19, and we be-
lieve that this effective treatment is expected to be a powerful
solution to the global medical crisis.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
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