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ABSTRACT
Objectives  To analyse the effectiveness and safety 
of baricitinib for severe COVID-19 in cytokine storm 
syndrome based on its potential role as an anti-
inflammatory immunomodulator and inhibitor of viral 
endocytosis.
Methods  This was an observational retrospective study 
of hospitalised patients treated with baricitinib for severe 
COVID-19. Outcomes were clinical improvement on an 
ordinal scale of 1–8 on day 1 of baricitinib compared 
with day 14 (where 8=death and 1=not hospitalised 
with no limitations of activities), overall survival, time to 
recovery since baricitinib treatment started (days until 
hospital discharge) and laboratory parameters related 
to COVID-19 poor prognosis. Adverse events related 
to baricitinib during the admission period were also 
reported.
Results  Forty-three patients (70% men, mean age 
70 years (IQR 54–79)) treated with baricitinib daily for 
6 days (IQR 5–7) were included. Thirty-six patients were 
treated with corticosteroids (84%). Clinical improvement 
was 3 points (IQR 1–4) in patients on an ordinal scale 
of 4–6, overall survival was 100% at day 30 and day 
60 with a mean time to recovery of 12 days (IQR 9–25) 
from start of baricitinib treatment. No adverse events of 
interest were found and all poor prognosis risk factors 
improved at day 14: interleukin-6, C-reactive protein, 
ferritin, lymphocytes, platelets and D-dimers.
Conclusions  Patients treated with baricitinib for 
severe COVID-19 showed improvements in clinical and 
analytical values without relevant adverse events and 
100% overall survival. Clinical randomised trials are 
needed to confirm the clinical benefit of baricitinib.

INTRODUCTION
A novel coronavirus causing severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) first 
emerged in Wuhan, China in December 2019 as 
the cause of a respiratory illness designated corona-
virus disease 2019 (COVID-19). By 10 June 2021 
COVID-19 had led to more than 174 061 995 cases 
and 3 758 560 deaths.1

Although most infections are self-limiting, about 
15% of infected adults develop severe pneumonia. 
Older patients and those with pre-existing respi-
ratory or cardiovascular conditions are at greater 
risk for severe complications including severe pneu-
monia, acute respiratory distress syndrome (ARDS), 
multiple organ failure and death.2 Several thera-
peutic agents have been evaluated for the treatment 

of COVID-19 and its complications.3 Corticoste-
roids are the cornerstone of treatment of COVID-
19,4 and tocilizumab has also been found to have 
clinical benefit.5 6 More limited improvement was 
observed with remdesivir in the early stage of 
treatment.7

Among the complications of COVID-19, cyto-
kine storm is considered a major cause of multiple 
organ failure and ARDS.8 Therefore, effectively 
suppressing the cytokine storm is important to 
prevent severe COVID-19 complications and to 
reduce mortality.

Baricitinib is an immunomodulatory agent used 
for the treatment of moderate to severe rheumatoid 
arthritis in adults by means of a selective and revers-
ible inhibition of Janus-associated kinases (JAKs) 
JAK1 and JAK2. JAKs are enzymes that transduce 
the signalling of a number of cytokines and growth 
factors involved in haematopoiesis, inflammation 
and immune function.9–11 These two kinases initiate 
signal transduction started by binding of interleukin 
(IL)-6 to its receptor and are also involved in signal 
transduction of other cytokines including tumour 
necrosis factor α and IL-10. They may therefore 
have a potential role in reducing systemic inflamma-
tion and lung damage. Baricitinib may also reduce 
receptor-mediated viral endocytosis by inhibiting 
AAK1 kinase.12 Based on the preclinical data, baric-
itinib has been used off-label as a COVID-19 treat-
ment in hospitalised patients, but it is necessary to 
generate evidence in the context of clinical practice.

The hypothesis is that the use of baricitinib as an 
immunomodulatory treatment is associated with 
a lower risk of progression or death from severe 
COVID-19 and would improve the clinical and 
analytical results of patients without causing rele-
vant adverse events. Therefore, the objective is to 
evaluate the effectiveness and safety of baricitinib 
for the treatment of severe COVID-19 in pretreated 
hospitalised patients during the first wave of the 
pandemic.

METHODS
Design
This was an observational retrospective multidisci-
plinary study carried out at La Fe University and 
Polytechnic Hospital, a tertiary hospital in Valencia, 
Spain. The inclusion period was between 15 March 
and 30 April 2020 . All participants signed informed 
consent and ethical approval was obtained from the 
institutional review board of the hospital. The study 
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was performed in accordance with the principles of the Declara-
tion of Helsinki and the International Conference on Harmon-
isation – Good Clinical Practice guidelines and the protocol is 
available online.

Participants
Inclusion criteria were the following: age ≥18 years, diagnosis 
of severe COVID-19 and treatment for at least 3 days with baric-
itinib. The institution created a protocol that defined severe 
COVID-19 as respiratory distress confirmed by polymerase 
chain reaction (PCR) assay of nasal or pharyngeal swab speci-
mens with any of the following requirements: chest imaging with 
multilobe or bilateral infiltrate, >30 breaths/min, oxygen satura-
tion ≤92% in ambient air or partial pressure of arterial oxygen 
(PaO2)/fraction of inspired oxygen (FIO2) <300. The following 
poor prognostic factors were also considered: lymphocytes 
<1000 cells/mm3, D-dimers >1000 ng/mL, C-reactive protein 
>100 mg/L, lactate dehydrogenase >300 UI/L or IL-6 >40 pg/
mL.

Procedures
The suggested regimen was off-label use of oral baricitinib 4 mg 
daily for 5–7 days, according to Spanish regulations. Any other 
treatment or technique for COVID-19 and its complications was 
allowed.

The data obtained included age, gender, length of stay, medi-
cation administration data, historical and current medication 
lists, comorbidities, oxygen therapy, ventilatory support data 
and laboratory test results. Initial severity was assessed with clas-
sical pneumonia scores (Pneumonia Severity Index and CURB65 
score).8 The analytical parameters measured were creatinine and 
parameters related to poor prognosis: IL-6, C-reactive protein, 
ferritin, lymphocytes, platelets and D-dimers. Data were 
collected from the hospital’s electronic prescription programme 
and electronic medical records, combining manual and auto-
matic processing.

Outcomes
The primary outcome was the clinical recovery on an 8-category 
ordinal scale used in other COVID-19 clinical trials. It was defined 
as the difference in clinical status by the 8-category ordinal scale 
in patients treated with baricitinib on day 1 compared with day 
15. The categories are as follows: 1, not hospitalised, no limita-
tions of activities; 2, not hospitalised, limitation of activities, 
home oxygen requirement, or both; 3, hospitalised, not requiring 
supplemental oxygen and no longer requiring ongoing medical 
care (used if hospitalisation was extended for infection control 
reasons); 4, hospitalised, not requiring supplemental oxygen but 
requiring ongoing medical care (COVID-19-related or other 
medical conditions); 5, hospitalised, requiring any supplemental 
oxygen; 6, hospitalised, requiring non-invasive ventilation or use 
of high-flow oxygen devices; 7, hospitalised, receiving invasive 
mechanical ventilation or extracorporeal membrane oxygen-
ation; and 8, death.

Time to recovery was defined as the day a patient reaches cate-
gories 1 or 2 on the 8-category ordinal scale since day 1. Overall 
survival rates at days 30 and 60 were also measured. Analytical 
improvement was measured as the difference in analytical values 
of poor prognostic factors at day 15.

Safety was measured as any adverse event collected from 
the information in the electronic medical records, such as 
upper respiratory tract infections, reactivation of latent infec-
tions (varicella zoster virus, tuberculosis, hepatitis B virus or 

Epstein–Barr virus), or if statistically significant increases in 
creatinine occurred at day 15.

Statistical analysis
The Wilcoxon rank-sum test was used for data that were not 
normally distributed and the Student’s t-test was used for 
continuous variables to assess the differences in means of the 
two groups. The graphical and statistical tests suggested that 
the proportional hazard assumption was not violated. Statistical 
analyses were performed using SPSS software version 25 (SPSS, 
Chicago, Illinois, USA). The significance for all statistical anal-
yses was defined as p<0.05.

RESULTS
Characteristics of the cohort
Of 49 patients with severe COVID-19 admitted to the hospital 
during the study period and to whom baricitinib was prescribed, 
a total of six patients were excluded due to having received baric-
itinib for ≤2 days (figure 1). Four of the six patients received 
baricitinib for 1 day and two received it for 2 days. The reasons 
for discontinuation of baricitinib were as follows: three due to 
clinical improvement, two due to death and one due to initiation 
of palliative care with subsequent death. These three deaths were 
attributed to severe COVID-19 without being related to adverse 
events of baricitinib.

The distribution of the patients’ baseline characteristics on day 
1 of treatment with baricitinib is shown in table 1 according to 
age group, gender, days of treatment with baricitinib, medication 
during admission, comorbidities, initial 8-category ordinal scale 
and laboratory tests at day 1 of baricitinib. Other specific treat-
ments used in our cohort were chloroquine or hydroxychloro-
quine (98%), corticosteroids (84%), lopinavir/ritonavir (21%), 
tocilizumab (19%) and others (table  1). Tocilizumab was not 
administered concomitantly with baricitinib in any case.

Study outcomes
Among the 43 patients included in the analysis, the median clin-
ical improvement was 3 points (IQR 1–4) on the clinical scale 
(6 points (IQR 5–6) on day 1 vs 2 points (IQR 2–4) at day 15), 
which was a statistically significant difference (p<0.01). In 
table 2 the clinical improvement ratings from the perspective of 
the measured baseline score at day 1 are summarised. Twenty-six 
patients (60%) were discharged on day 15 of baricitinib treat-
ment. Mean time to recovery was 12 days (IQR 9–25) from the 
start of baricitinib treatment and the overall survival was 100% 
at day 30 and at day 60 (all 43 patients were discharged from 
hospital due to clinical improvement). Seven (16%) patients 
required admission to the intensive care unit (ICU) during admis-
sion (three (43%) received baricitinib before the ICU admission 
and four (57%) started baricitinib on leaving the ICU) with a 
median length of stay of 13 days (IQR 11.5–18).

Figure 1  Study flowchart
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All the analytical parameters related to poor prognosis of 
COVID-19 improved with statistically significant differences 
(p<0.05): IL-6, –50.7 pg/mL (IQR −19.0 to −97.6); PCR, 
−86.4 mg/L (IQR −24.1 to −144.1); ferritin −159.0 ng/mL 
(IQR −18.0 to −438.0); lymphocytes, +0.41×103/mm3 (IQR 
−0.09 to +1.11); platelets, +51.0×103/mm3 (IQR −57 to 
+168); and D-dimers −347 ng/mL (IQR −866 to +20).

With regard to safety, no adverse events of interest associated 
with baricitinib (eg, respiratory tract infections, reactivation of 
latent infections) or significant differences in creatinine values 
were found during the admission period.

DISCUSSION
Baricitinib has been used off-label for COVID-19 since commu-
nications which proposed using it for its double mechanism of 
action—first as an immunomodulator interfering in the release 
of cytokines and second as an antiviral preventing the endocy-
tosis of the virus by inhibition of AP2-associated protein kinase 1 
(AAK1) and binding to cyclin G-associated kinase (GAK).

A retrospective non-randomised controlled study of 113 
patients in the baricitinib arm with moderate COVID-1913 
found a significantly lower mortality rate at 2 weeks, fewer 
ICU admissions and a higher discharge percentage at weeks 1 
and 2 from the start of baricitinib treatment compared with the 
control group. A recent meta-analysis,14 including data from 
seven studies, estimated a significant decrease in the relative risk 
of death with baricitinib of 0.44 (0.31 to 0.63; p<0.001), which 
is in accordance with the results of our cohort.

However, the reasons for limiting the use of baricitinib have 
been based on its safety. Based on the experience of its use in 
the pathologies for which it is indicated, there is concern about 
the risk of developing reactivation of latent infections, further 
increasing the risk if we consider that patients with severe 
COVID-19 are mostly elderly and have a low lymphocyte 
count.15 16 Fortunately, the duration of baricitinib treatment 
that is proposed for COVID-19 is shorter than in rheumatologic 
diseases and there are case series that did not find any serious 
adverse events related to baricitinib.3 17 In fact, the patients in 

Table 1  Characteristics of patients on day 1 of receiving baricitinib

Characteristics
Patients
Baricitinib (n=43)

Age, n

 � <40 years 3 (7%)

 � 40–59 years 11 (26%)

 � 60–79 years 19 (44%)

 � ≥80 years 10 (23%)

Male gender, n 30 (70%)

Comorbidities, n

 � Dyslipidaemia 19 (44%)

 � Hypertension 22 (51%)

 � Heart disease 12 (28%)

 � Diabetes 11 (26%)

 � Respiratory disease 6 (14%)

 � Chronic renal insufficiency 2 (5%)

 � Cancer 1 (2%)

Days of treatment with baricitinib, median (IQR) 6 (5–7)

Initial 8-category ordinal scale, median (range)* 6 (6–4)

 � 6. Hospitalised, receiving non-invasive ventilation or 
high-flow oxygen devices

23 (53%)

 � 5. Hospitalised, requiring supplemental oxygen 12 (28%)

 � 4. Hospitalised, not requiring supplemental oxygen, 
requiring ongoing medical care (COVID-19-related or 
otherwise)

8 (19%)

 � 3. Hospitalised, not requiring supplemental oxygen 
and no longer requiring ongoing medical care (used 
if hospitalisation was extended for infection control 
reasons)

0 (0%)

 � 2. Not hospitalised, limitation of activities, home oxygen 
requirement, or both

0 (0%)

 � 1. Not hospitalised, no limitations of activities 0 (0%)

Laboratory tests, median (IQR)†

 � Serum creatinine (mg/dL; normal range 0.5–1.3) 0.9 (0.74–1.04)

  �  ≥1.3 4/43 (9%)

  �  <1.3 39/43 (91%)

 � Interleukin (IL)-6 (pg/mL; normal range 0–0.7) 53.0 (37.1–100.3)

  �  ≥7.0 34/39 (87%)

  �  <7.0 5/39 (13%)

 � C-reactive protein (mg/dL; normal range 0–5.0) 89.8 (36.0–149.6)

  �  ≥5.0 39/43 (91%)

  �  <5.0 4/43 (9%)

 � Serum ferritin (ng/mL; normal range 21.0–275.0) 716.0 (334.3–1261.8)

  �  ≥275.0 22/28 (79%)

  �  <275.0 6/28 (21%)

 � Lymphocyte count (×10 L; normal range 1.1–3.2) 1.09 (0.82–1.51)

  �  ≥1.1 21/43 (49%)

  �  <1.1 22/43 (51%)

 � Platelets (×109/L; normal range 100.0–350.0) 266.0 (217.0–336.0)

  �  ≥100 43/43 (100%)

  �  <100 0/43 (0%)

 � D-dimer (µg/L; normal range 0.0–1.5) 9.56 (4.5–16.9)

  �  ≥1.5 42/43 (98%)

  �  <1.5 1/43 (2%)

Medication during admission, n

 � Azithromycin 42 (98%)

 � Ceftriaxone 36 (84%)

 � Other antibiotic agent 19 (44%)

 � Chloroquine or hydroxychloroquine 42 (98%)

 � Low molecular weight heparins (LMWH) 37 (86%)

Continued

Characteristics
Patients
Baricitinib (n=43)

 � Corticosteroids 36 (84%)

 � Tocilizumab 8 (19%)

 � Convalescent plasma 2 (5%)

 � Lopinavir/ritonavir 9 (21%)

 � Darunavir/cobicistat 1 (2%)

 � Famciclovir 1 (2%)

 � Colchicine 1 (2%)

Data are median (IQR), median (range), n (%) or n/N (%).
*Eight-category ordinal scale defined as follows: 1, not hospitalised, no limitations 
of activities; 2, not hospitalised, limitation of activities, home oxygen requirement, 
or both; 3, hospitalised, not requiring supplemental oxygen and no longer requiring 
ongoing medical care (used if hospitalisation was extended for infection control 
reasons); 4, hospitalised, not requiring supplemental oxygen but requiring ongoing 
medical care (COVID-19-related or other medical conditions); 5, hospitalised, 
requiring any supplemental oxygen; 6, hospitalised, requiring non-invasive 
ventilation or use of high-flow oxygen devices; 7, hospitalised, receiving invasive 
mechanical ventilation or extracorporeal membrane oxygenation; and 8, death. It 
was measured on day 1 of administration of baricitinib.
†Initial laboratory tests were measured as the closest value to day 1 of baricitinib 
with a margin of 96 hours prior.

Table 1  Continued
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our study were mostly elderly, 51% had lymphopenia and none 
of them developed relevant adverse events related to baricitinib.

In addition, a published uncontrolled retrospective case series 
of the use of baricitinib for moderate and severe COVID-19 
found that, of 15 patients with moderate to severe COVID-19, 
a short course of baricitinib in combination with hydroxychlo-
roquine was tolerated and temporally associated with recovery 
in 12 of the 15 patients.18 A retrospective non-randomised 
controlled study found only seven adverse events (6%) which 
did not require discontinuation of treatment in 113 patients 
treated with baricitinib for moderate COVID-19.13

The RECOVERY study was a randomised clinical trial which 
compared a range of possible treatments with usual care in patients 
hospitalised with COVID-19 receiving oxygen without invasive 
mechanical ventilation.4 This study considered dexamethasone 
as the backbone of COVID-19 therapy, showing lower 28-day 
mortality among those who were receiving either invasive mechan-
ical ventilation or oxygen alone, although no differences were 
observed in patients without respiratory support.

Remdesivir was recently authorised for use in COVID-19 
because a benefits and risks balance was shown to be positive 
in patients requiring supplemental oxygen. The clinical trial 
considered variables similar to our study to measure clinical 
benefit.19 The randomised controlled trial included 158 patients 
who on day 1 had the following characteristics: 65% corticoste-
roid therapy, 18% patients were in group 6 (hospital admission, 
requiring high-flow nasal cannula or non-invasive mechanical 
ventilation) and 82% were in group 5 (hospital admission, 
requiring supplemental oxygen). In our study, at day 1 of barici-
tinib treatment patients were classified as group 6 (53%), group 
5 (28%) and group 4 (19%). Group 4 patients had poor prog-
nostic factors. Overall survival at day 28 was 86% in the remde-
sivir group and 100% in our cohort. At 14 days after remdesivir, 
27% of patients had improved at least two points in the remde-
sivir group and 68% at 15 days in our patients. The combined 
use of remdesivir and baricitinib has recently been authorised 
for treating patients with COVID-19 requiring supplemental 

oxygen, invasive mechanical ventilation or extracorporeal 
membrane oxygenation based on a randomised controlled trial.20

Our study has some limitations. First, our cohort does not 
include controls, so it is not clear if the patients would have 
had these results without baricitinib. All patients received other 
treatments during admission, although only corticosteroids 
have shown a clinical benefit in COVID-194 21–23 and remde-
sivir in the early stage of treatment.7 In our cohort, no patient 
was treated with remdesivir, but 36 patients (84%) were treated 
with corticosteroids, making it difficult to separate both effects. 
Furthermore, 19% were also treated with tocilizumab, but simul-
taneously. Finally, some relevant covariables could inadvertently 
have not been included (such as PaO2/FIO2), probably related to 
the retrospective design.

In this study, patients treated with baricitinib for severe 
COVID-19 based on the established hospital therapeutic 
protocol showed statistically significant improvements in clinical 
outcomes and analytical parameters, with an overall survival rate 
of 100% and a median time to recovery of 12 days. Eighty-four 
patients were treated with concomitant corticosteroids during 
admission. Therefore, a synergistic response combining the inhi-
bition of viral endocytosis of baricitinib and immunomodulation 
and the complementary anti-inflammatory effect that is achieved 
by combining corticosteroids and baricitinib could explain the 
promising results obtained. Future studies combining remdesivir 
and baricitinib could confirm the relevant role of this drug in 
patients with most severe COVID-19.

CONCLUSIONS
Patients treated with baricitinib for severe COVID-19 showed 
improvement in clinical recovery, time to recovery and full overall 
survival at day 30. All the measured analytical parameters related 
to the poor prognosis of COVID-19 improved and no relevant 
adverse events were found during hospital admission. The results of 
the ongoing clinical trials of baricitinib will consolidate its efficacy 
and safety in severe COVID-19 and its conditions of use.

Table 2  Outcomes overall and according to score on the ordinal scale

Overall
(n=43)

Initial 8-category ordinal scale
(n=43)

6 5 4

Clinical improvement* 3 (1–4), p<0.01† 3 (2–4) 2 (1–2) 2 (1–2)

Overall survival at the end of the study period 43 (100) 23 (53) 12 (28) 8 (19)

Time to recovery in days* 12 (9–25) 20 (14–31) 18 (13–34) 23 (15–29)

Bariciinib-related adverse events 0 (0) 0 (0) 0 (0) 0 (0)

8-category ordinal scale at day 14 3 (2–4) 23 (53) 12 (28) 8 (19)

 � 1. Not hospitalised, no limitations of activities 6 (14) 3 (7) 1 (2) 2 (5)

 � 2. Not hospitalised, limitation of activities, home oxygen requirement, or both 20 (47) 10 (23) 7 (16) 3 (7)

 � 3. Hospitalised, not requiring supplemental oxygen and no longer requiring ongoing medical care (used 
if hospitalisation was extended for infection control reasons)

3 (7) 1 (2) 0 (0) 2 (5)

 � 4. Hospitalised, not requiring supplemental oxygen but requiring ongoing medical care (COVID-19-
related or other medical conditions)

8 (19) 3 (7) 4 (9) 1 (2)

 � 5. Hospitalised, requiring any supplemental oxygen 3 (7) 3 (7) 0 (0) 0 (0)

 � 6. Hospitalised, requiring non-invasive ventilation or use of high-flow oxygen devices 3 (7) 3 (7) 0 (0) 0 (0)

 � 7. Hospitalised, receiving invasive mechanical ventilation or extracorporeal membrane oxygenation 0 (0) 0 (0) 0 (0) 0 (0)

 � 8. Death 0 (0) 0 (0) 0 (0) 0 (0)

Days of treatment with baricitinib 6 (5–7) 6 (5.5–6) 6 (5–7) 5.5 (5–6.5)

Data are median (IQR) or n (%N).
*Clinical improvement was measured as the difference in the 8-category ordinal scale between day 14 and day 1 and time to recovery was defined as the day a patient reaches 
categories 1 or 2 on the 8-category ordinal scale since day 1.
†P values calculated with Wilcoxon rank-sum test.
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What this paper adds

What is already known on this subject
	► Baricitinib could be used in severe COVID-19 based on its 
potential role as an anti-inflammatory, immunomodulator 
and inhibitor of viral endocytosis

	► Poor real-world data are available in pretreated hospitalised 
patients.

What this study adds
	► None of the 43 patients died despite their poor prognosis
	► Patients showed improvements in clinical and analytical 
values at 14 days

	► No adverse events associated with baricitinib occurred
	► The combination of baricitinib plus corticosteroid was found 
to be safe
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