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Abstract
Background and Objective Adult-onset Still’s disease (AOSD) is an idiopathic systemic inflammatory disease of unknown 
aetiology. Some patients exhibit resistance to conventional treatment during long-term therapy. Janus kinase inhibitors (JAK-
inibs) may contribute to the improvement in AOSD symptoms via the JAK–signal transducer and activator of transcription 
(STAT) pathway. We aimed to explore the efficacy and safety of baricitinib in patients with refractory AOSD.
Methods Patients were enrolled if they fulfilled the Yamaguchi AOSD classification criteria in China between 2020 and 
2022. All patients were recognized as having refractory AOSD and were treated with oral baricitinib at a dosage of 4 mg 
once daily. A systemic score and prednisone dosage were used to evaluate the efficacy of baricitinib at months 1, 3, and 6 
and at the last follow-up visit. The safety profiles were recorded and analysed at every assessment.
Results Seven female patients with refractory AOSD received baricitinib. The median age was 31 (IQR 10) years. Treatment 
was terminated in one patient due to progressive macrophage activation syndrome (MAS). Others continued baricitinib treat-
ment until the last assessment. The systemic score decreased significantly at 3 months (p = 0.0216), 6 months (p = 0.0007), 
and the last follow-up visit (p = 0.0007) compared with baseline. One month after the initiation of baricitinib, the rates of 
improvement in fever, rash, sore throat, and myalgia symptoms were 71.4% (5/7), 40% (2/5), 80% (4/5), and 66.7% (2/3), 
respectively. Five patients remained symptom-free at the last follow-up visit. In most patients, their laboratory values had 
returned to normal by the last follow-up visit. A significant reduction in the levels of C-reactive protein (CRP) (p = 0.0165) 
and ferritin (p = 0.0047) was observed at the last visit compared with baseline. The daily prednisolone dosage significantly 
decreased from 35.7 ± 15.1 mg/day at baseline to 8.8 ± 4.4 mg/day by month 6 (p = 0.0256), and it was 5.8 ± 4.7 mg/day 
at the last assessment (p = 0.0030). Leukopenia due to MAS was noted in one patient. Except for mild abnormalities in lipid 
parameters, no other severe adverse events occurred during follow-up.
Conclusions Our findings suggest that baricitinib therapy could provide rapid and durable clinical and laboratory improve-
ment in patients with refractory AOSD. Treatment seemed to be well tolerated by these patients. The long-term efficacy 
and safety of baricitinib therapy for AOSD should be assessed further in prospective controlled clinical trials in the future.
Trial Registration Trial registration number (TRN): ChiCTR2200061599. Date of registration: 29 June 2022 (retrospectively 
registered).
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IL  Interleukin
TNF  Tumour necrosis factor
IFN  Interferon
WBC  White cell count
PLT  Platelet
ESR  Erythrocyte sedimentation 

rate
HDL-C  High-density lipoprotein 

cholesterol
LDL-C  Low-density lipoprotein 

cholesterol
AEs  Adverse events
SAEs  Serious adverse events
SD  Standard deviation
T-SPOT  T-SPOT.TB
PCT  Procalcitonin
TCZ  Tocilizumab
PLEX  Plasma exchange
IVIG  Intravenous immunoglobulin
HLH  Hemophagocytic 

lymphohistiocytosis
MPNs  Myeloproliferative 

neoplasms
GVHD  Graft-vs-host-disease 

(GVHD)
TEs  Thromboembolic events
CT  Computer tomography
MRI  Magnetic resonance imaging
PET  Positron emission 

tomography
Infectious aetiology  T-SPOT, PCT, viral serol-

ogy, blood culture
Diseases mimicking AOSD  Infection, malignancy, other 

autoimmune diseases and 
inflammatory diseases

DEX  Dexamethasone
MTX  Methotrexate
Pred  Prednisone
CsA  Cyclosporine A
CR  Complete remission
PR  Partial remission
HCQ  Hydroxychloroquine
AZA  Azathioprine
LEF  Leflunomide
VP16  Etoposide

Key Points 

Inhibitors of the JAK-STAT pathway can control various 
proinflammatory cytokines.

Baricitinib is increasingly being used to treat auto-
inflammatory diseases.

Additional clinical studies are needed to confirm the 
therapeutic effect of baricitinib in adult-onset Still’s 
disease.

1 Introduction

Adult-onset Still’s disease (AOSD) is a rare autoinflamma-
tory disease with multisystemic involvement characterized 
by spiking fever, salmon-pink rash, arthralgia or arthritis, 
neutrophilic leucocytosis and hyperferritinaemia [1, 2]. It 
was first described by George Still in 1897 [3]. The annual 
incidences of AOSD have been reported to be 0.16 and 0.62 
per 100,000 persons worldwide [4–6], 3.9 per 100,000 indi-
viduals in Japan and 6.77 per 100,000 individuals in Turkey 
[4, 7].

A few AOSD patients have life-threatening complica-
tions, such as macrophage activation syndrome (MAS), 
fulminant hepatitis, disseminated intravascular coagulation 
(DIC), or thrombotic microangiopathy (TMA), which should 
be urgently considered and managed. The mortality rates 
of AOSD have been reported to be between 2.6% and 5.5% 
[8]. Glucocorticoids (GC), nonsteroidal anti-inflammatory 
drugs (NSAIDs), and conventional synthetic disease-mod-
ifying anti-rheumatic drugs (csDMARDs) are regarded as 
conventional therapies for AOSD. However, the disease can-
not be controlled by these traditional approaches in at least 
30–40% of patients [9, 10].

Research into the pathogenic mechanisms of AOSD has 
progressed over the past two decades. The proinflamma-
tory cytokines released by innate immune cells, namely, 
interleukin (IL)-1, IL-6, IL-8, IL-17, IL-18, IL-23, tumour 
necrosis factor (TNF)-α, interferon (IFN)-γ, and macrophage 
inhibitory factors, can trigger a cytokine storm, thereby con-
tributing to the initiation of AOSD [11–13]. Recently, the 
treatment efficacy of cytokine inhibitors targeting IL-1 and 
IL-6 has been determined in AOSD patients [10]. New evi-
dence has been reported that Janus kinase (JAK) inhibitor 
(JAKinib) therapy is an option for patients with refractory 
AOSD, especially for those dependent on medium- to high-
dose corticosteroids, as JAKinib therapy evidently reduced 
corticosteroid use [14].
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Baricitinib, a JAK1/2 inhibitor, has been successfully 
used to treat severe inflammatory conditions. Although only 
sporadic cases have been reported thus far, as a crucial inhib-
itor of a variety of proinflammatory cytokines, baricitinib 
has shown excellent effectiveness in AOSD patients who 
have a low response to conventional and biological treatment 
[15]. Herein, we sought to report the efficacy and safety pro-
file of baricitinib for patients with refractory AOSD. We 
further sought to evaluate the long-term clinical effects and 
therapeutic role of baricitinib, to address its applicability in 
clinical practice.

2  Methods

This was a prospective, single-centre, open-label, single-
arm study of AOSD patients. The trial was a pilot study for 
a ‘proof-of-concept’ of the clinical efficacy and safety of 
baricitinib in refractory AOSD.

2.1  Patients Characteristics

Patients with AOSD were eligible for enrolment in the 
Department of Rheumatology and Immunology of Tianjin 
Medical University General Hospital if they fulfilled the 
Yamaguchi AOSD classification criteria [16] between 2020 
and 2022. Before diagnosis or during a relapse episode, all 
patients underwent careful laboratory and radiologic screen-
ing to exclude some diseases mimicking AOSD, including 
infections, malignancy, autoimmune diseases, and other 
autoinflammatory disorders. All patients were diagnosed 
as having refractory AOSD as defined previously [17, 18].

Demographic and clinical information were obtained 
from all patients including sex, age, disease duration, and 
relevant investigations, as well as clinical AOSD-related 
characteristics. Enrolled patients were administered barici-
tinib 4 mg in tablet form once daily with background treat-
ment. The follow-up duration was between 2 and 18 months.

2.2  Outcome Assessments

After starting baricitinib treatment, patients were closely 
monitored via clinical and laboratory assessments to evalu-
ate the efficacy and safety of baricitinib at monthly visits.

The primary endpoints of the study were evaluated based 
on clinical and laboratory effects of baricitinib on refractory 
AOSD. Effective treatment was considered when all initial 
clinical manifestations and abnormal laboratory results had 
resolved, while ineffective treatment was considered when 
two or more clinical manifestations or abnormal laboratory 
tests persisted [19]. AOSD severity was measured by a mod-
ified Pouchot’s systemic score [20]. Patients were excluded if 
a major clinical event or a change in the therapeutic approach 

occurred within the first 2 consecutive weeks of baricitinib 
treatment. Secondary endpoints included corticosteroid-
sparing effects during follow-up. The parameters used to 
verify the efficacy of baricitinib were the systemic score 
and prednisone dosage. These parameters were evaluated at 
baseline, at months 1, 3, and 6, and at the last follow-up visit.

2.3  Safety Assessments

Safety was determined by obtaining information on adverse 
events (AEs), serious adverse events (SAEs), and relevant 
laboratory changes, which were recorded at every visit, 
including white blood cell (WBC) count, neutrophil percent-
age, platelet count, erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), ferritin, plasma D-dimer, cho-
lesterol, triglyceride, high-density lipoprotein cholesterol 
(HDL-C), and low-density lipoprotein cholesterol (LDL-C).

2.4  Statistical Analysis

All data analyses were performed using GraphPad Prism 
(version 9.0.0, GraphPad Software Inc., USA). Data such 
as demographic, clinical, and other disease-related varia-
bles are expressed as frequencies (percentages when appro-
priate) for categorical variables and the mean, standard 
deviation (SD), median, and interquartile range (IQR) for 
quantitative variables. After assessing normality with the 
Kolmogorov–Smirnov test, pairwise comparisons of quali-
tative data were performed using nonparametric ANOVA 
(Kruskal–Wallis test followed by Dunn’s multiple compari-
sons post-hoc test) by calculating the 95% confidence inter-
val. Differences were considered to be significant at a level 
of p < 0.05 in all instances.

3  Results

3.1  Patient Characteristics

Seven female patients newly diagnosed with refractory 
AOSD who received baricitinib 4 mg once daily were 
included in the study. Patients were between 17 and 50 
years old, with a median age of 31 (IQR 10) years. Every 
patient underwent baseline investigations to exclude infec-
tion, malignancy, other inflammatory diseases, connective 
tissue diseases, and pregnancy. Infectious aetiology testing 
included T-SPOT.TB (T-SPOT), procalcitonin (PCT), viral 
serology, and blood culture were performed. The median 
disease duration before baricitinib initiation was 11 (IQR 
72) months. The clinical AOSD-related characteristics 
included fever (n = 7, 100%), abnormal liver function 
(n = 6, 85.7%), rash (n = 5, 71.4%), sore throat (n = 5, 
71.4%), polyarthritis (n = 4, 57.1%), lymphadenopathy 
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(n = 5, 71.4%), myalgia (n = 3, 42.9%), splenomegaly 
(n = 3, 42.9%), hepatomegaly (n = 2, 28.6%), arthralgia 
(n = 1, 14.3%), serositis (n = 1, 14.3%), abdominal pain 
(n = 1, 14.3%), and MAS (n = 1, 14.3%). The baseline 
demographic information, clinical characteristics, and dif-
ferential diagnostic investigations are shown in Table 1.

Table 2 provides details about treatment history and 
baseline treatments at the initiation of baricitinib therapy. 
Patients had been previously administered GC (n = 7, 
100%), cDMARDs (n =  6, 85.8%), NSAIDs (n =  2, 
28.6%), and interleukin-6 (IL-6) receptor monoclonal 
antibody (tocilizumab, TCZ) (n = 1, 14.3%). Two severe 
patients received combination therapy with methylpred-
nisolone pulse (500 mg once daily for 3 days [QD *3d]), 
plasma exchange (PLEX, once every other day *3 times), 
and intravenous immunoglobulin (IVIG, 20 g/d *3d) at 
baseline.

All patients received oral baricitinib at a dosage of 4 mg 
once daily. The use of concomitant medications (gluco-
corticoids, NSAIDs, and cDMARDs) was consistent from 
the initiation time. Six patients continued baricitinib treat-
ment from initiation to the last assessment. Three patients 
decreased the dosage of baricitinib to 2 mg once daily after 
1 year of treatment and maintained complete remission 
until the last visit. One patient terminated baricitinib after 
2 months due to progressive MAS. The details regarding 
the above data are presented in Table 2.

3.2  Changes in Clinical Characteristics

At the 1-month follow-up, the symptoms of polyarthri-
tis, arthralgia, serositis, and abdominal pain had quickly 
resolved, achieving complete control (100%). In addition, the 
rates of improvement in fever, abnormal liver function, rash, 
sore throat, lymphadenopathy, myalgia, and hepatomegaly 
were 71.4% (5/7), 50% (3/6), 40% (2/5), 80% (4/5), 60% 
(3/5), 66.7% (2/3), and 50% (1/2), respectively. No treatment 
response was observed regarding splenomegaly during the 
first month of therapy. At 3 months of follow-up, most symp-
toms had disappeared, except fever and lymphadenopathy. 
Five patients remained symptom free from 6 months to the 
last follow-up visit. One patient still had lymphadenopathy 
at the last visit (8 months). One patient relapsed when the 
dosage of prednisone was reduced to 10 mg/day at the 4- 
and 5-month visits. This patient recovered and maintained 
remission after the prednisone dosage was again increased 
to 15 mg/day at the 6-month assessment.

3.3  Changes in Inflammatory Markers

The median levels of inflammatory markers ESR, CRP, and 
serum ferritin were 45 mm/h (IQR 9), 56.9 mg/L (IQR 75.8), 
and 5666 ± 3803 mg/mL (IQR 6623), respectively, at treat-
ment initiation (Fig. 1). At the 6-month assessment, serum 
ferritin decreased to 154 mg/mL (IQR 1061), indicating a 
significant decrease (p = 0.0253) from baseline (Fig. 2). A 

Table 1  Baseline demographics, clinical characteristics, and differential diagnostic investigations

AOSD adult-onset Still’s disease, CT computer tomography, MAS macrophage activation syndrome, MRI magnetic resonance imaging, PCT pro-
calcitonin, PET positron emission tomography
a Infectious aetiology: T-SPOT.TB, PCT, viral serology, blood culture
b  Diseases mimicking AOSD: infection, malignancy, other autoimmune diseases and inflammatory diseases

No. Sex Age Disease 
duration
(months)

Clinical characteristics Differential diagnostic investigations Diseases 
mimicking 
 AOSDb

1 F 24 11 Fever, rash, sore throat, polyarthritis, lymphad-
enopathy, abdominal pain, serositis, abnormal 
liver function

Body CT images, biomarker, infectious 
 aetiologya, MRI of brain—no abnormalities, 
lymph node biopsy—no abnormalities

N

2 F 50 3 Fever, rash, sore throat, myalgia, polyarthritis, 
splenomegaly abnormal liver function, hepato-
megaly

PET/CT, biomarker, infectious  aetiologya N

3 F 17 1 Fever, rash, sore throat, myalgia, arthralgia, lym-
phadenopathy, abnormal liver function

Body CT images, biomarker, infectious aetiology N

4 F 31 120 Fever, rash, myalgia, lymphadenopathy, spleno-
megaly, abnormal liver function

Body CT images, biomarker, infectious aetiology N

5 F 33 44 Fever, rash, sore throat, polyarthritis Body CT images, biomarker, infectious aetiology N
6 F 26 8 Fever, polyarthritis, lymphadenopathy, abnormal 

liver function
Body CT images, biomarker, infectious aetiol-

ogy, lymph node biopsy—no abnormalities
N

7 F 34 75 Fever, sore throat, lymphadenopathy, spleno-
megaly, hepatomegaly, MAS, abnormal liver 
function

PET/CT, biomarker, infectious  aetiologya, bone 
marrow examination—phenomenon of active 
phagocytosis

N



113Efficacy of Baricitinib in Refractory Still’s Disease

Ta
bl

e 
2 

 T
re

at
m

en
ts

 u
se

d 
be

fo
re

 a
nd

 a
fte

r b
ar

ic
iti

ni
b 

in
iti

at
io

n,
 e

ffi
ca

cy
 a

nd
 a

dv
er

se
 e

ve
nt

s

AZ
A 

az
at

hi
op

rin
e,

 C
R 

co
m

pl
et

e 
re

m
is

si
on

, C
sA

 c
yc

lo
sp

or
in

e 
A

, D
EX

 d
ex

am
et

ha
so

ne
, G

C
 g

lu
co

co
rti

co
id

s, 
H
C
Q

 h
yd

ro
xy

ch
lo

ro
qu

in
e,

 I
VI
G

 in
tra

ve
no

us
 im

m
un

og
lo

bu
lin

, L
EF

 le
flu

no
m

id
e,

 
M
TX

 m
et

ho
tre

xa
te

, N
SA

ID
s n

on
ste

ro
id

al
 a

nt
i-i

nfl
am

m
at

or
y 

dr
ug

s, 
PL

EX
 p

la
sm

a 
ex

ch
an

ge
, P

R 
pa

rti
al

 re
m

is
si

on
, P

re
d 

pr
ed

ni
so

ne
, Q

D
 e

ve
ry

 d
ay

, T
C
Z 

to
ci

liz
um

ab
, V

P1
6 

et
op

os
id

e

N
O

Pr
ev

io
us

 tr
ea

tm
en

ts
Tr

ea
tm

en
ts

 b
ef

or
e 

ba
ric

iti
ni

b 
in

iti
at

io
n

Tr
ea

tm
en

ts
 a

fte
r 

ba
ric

iti
ni

b 
in

iti
at

io
n

Fo
llo

w
-

up
 

(m
on

th
s)

C
lin

ic
al

 e
va

lu
at

io
n

C
R

 a
nd

 P
R

 ti
m

e 
w

ith
 

ba
ric

iti
ni

b 
(m

on
th

s)
Pr

es
en

t p
re

d 
do

se
 (m

g/
da

y)

Pr
es

en
t t

re
at

m
en

ts
A

dv
er

se
 e

ve
nt

s

1
G

C
, D

EX
, M

TX
, 

TC
Z

M
et

hy
lp

re
dn

is
ol

on
e 

pu
ls

e 
50

0 
m

g 
Q

D
*3

d,
 P

LE
X

 
(o

nc
e 

ev
er

y 
ot

he
r 

da
y*

3)
, I

V
IG

 
(2

0 
g/

d*
3d

), 
Pr

ed
 

70
 m

g/
d 

+
 C

sA
 

3 
m

g/
kg

/d

Pr
ed

 5
0 

m
g/

d
+

 C
sA

 3
 m

g/
kg

/d
+

 b
ar

ic
iti

ni
b 

4 
m

g/
d

18
Eff

ec
tiv

e
3 

(C
R

)
2.

5
Pr

ed
 2

.5
 m

g/
d

C
sA

 1
 m

g/
kg

/d
+

 b
ar

ic
iti

ni
b 

2 
m

g/
d

N

2
G

C
, M

TX
Pr

ed
 3

0 
m

g/
d

+
 M

TX
 1

5 
m

g/
W

Pr
ed

 3
0 

m
g/

d
+

 M
TX

 1
5 

m
g/

W
+

 b
ar

ic
iti

ni
b 

4 
m

g/
d

8
Pa

rti
al

ly
 e

ffe
ct

iv
e

5 
(P

R
)

10
Pr

ed
 1

0 
m

g/
d

+
 M

TX
 1

5 
m

g/
W

 
+

 b
ar

ic
iti

ni
b 

4 
m

g/
d

A
bn

or
m

al
 li

pi
d 

pa
ra

m
-

et
er

s

3
G

C
, N

SA
ID

s
Pr

ed
 6

0 
m

g/
d

+
 N

SA
ID

s
Pr

ed
 5

0 
m

g/
d 

+
 N

SA
ID

s
+

 b
ar

ic
iti

ni
b 

4 
m

g/
d

12
Eff

ec
tiv

e
2 

(C
R

)
5

Pr
ed

 5
 m

g/
d

+
 b

ar
ic

iti
ni

b 
4 

m
g/

d
A

bn
or

m
al

 li
pi

d 
pa

ra
m

-
et

er
s

4
G

C
, M

TX
, H

C
Q

, 
A

ZA
A

ZA
 1

00
 m

g/
d

+
 N

SA
ID

s
Pr

ed
 3

0 
m

g/
d

+
 C

sA
 3

 m
g/

kg
/d

 
+

 b
ar

ic
iti

ni
b 

4 
m

g/
d

16
Eff

ec
tiv

e
4 

(C
R

)
5

Pr
ed

 5
 m

g/
d

+
 b

ar
ic

iti
ni

b 
2 

m
g/

d
N

5
G

C
, L

EF
Pr

ed
 3

0 
m

g/
d

Pr
ed

 3
0 

m
g/

d
+

 C
sA

 2
 m

g/
kg

/d
 

+
 N

SA
ID

s
+

 b
ar

ic
iti

ni
b 

4 
m

g/
d

13
Eff

ec
tiv

e
1 

(C
R

)
12

.5
Pr

ed
 1

2.
5 

m
g/

d
+

 C
sA

 2
 m

g/
kg

/d
+

 b
ar

ic
iti

ni
b 

4 
m

g/
d

N

6
G

C
, M

TX
Pr

ed
 1

0 
m

g/
d

+
 M

TX
 1

5 
m

g/
W

Pr
ed

 1
0 

m
g/

d
+

 M
TX

 1
5 

m
g/

W
 

+
 b

ar
ic

iti
ni

b 
4 

m
g/

d

15
Eff

ec
tiv

e
4 

(C
R

)
0

M
TX

 1
5 

m
g/

W
+

 b
ar

ic
iti

ni
b 

2 
m

g/
d

N

7
G

C
, D

EX
, C

sA
M

et
hy

lp
re

dn
is

ol
on

e 
pu

ls
e 

50
0 

m
g 

Q
D

*3
d,

 P
LE

X
 

(o
nc

e 
ev

er
y 

ot
he

r 
da

y*
3)

Pr
ed

 6
0 

m
g/

d 
+

 C
sA

 
3 

m
g/

kg
/d

, I
V

IG
 

(2
0 

g/
d*

3d
)

Pr
ed

 5
0 

m
g/

d
+

 C
sA

 5
 m

g/
kg

/d
 

+
 b

ar
ic

iti
ni

b 
4 

m
g/

d

2
In

eff
ec

tiv
e

N (tr
ea

tm
en

ts
 a

fte
r 

ba
ric

iti
ni

b 
w

er
e 

sto
pp

ed
: P

re
d 

+
 V

P1
6 

+
 ru

xo
li-

tin
ib

 +
 C

sA
)

17
.5

Pr
ed

 1
7.

5 
m

g/
d

+
 ru

xo
lit

in
ib

 
20

 m
g/

d
+

 C
sA

 2
 m

g/
kg

/d

Le
uk

op
en

ia
, a

bn
or

m
al

 
lip

id
 p

ar
am

et
er

s



114 Z. Sun et al.

Fig. 1  The variations in baricitinib on the ESR (a), CRP (b), and ferritin (c) values that were measured in the study. A significant reduction in 
the levels of CRP and ferritin was observed during the assessment. CRP C-reactive protein, ESR erythrocyte sedimentation rate

Fig. 2  The statistical significance of the inflammatory parameters, 
systemic score, and Pred dosage. The statistical results for CRP (a), 
ferritin (b), modified Pouchot’s systemic score (c), and Pred dosage 
(d) during baricitinib treatment in the study are shown. Error bars 

represent the IQR for the median CRP value, ferritin level, modi-
fied Pouchot’s systemic score, and SD for the mean for Pred dosage. 
CRP C-reactive protein, IQR interquartile range, Pred prednisone, SD 
standard deviation
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significant reduction in the levels of CRP (median 5.0, IQR 
3, p = 0.0165) and ferritin (median 70, IQR 795, p = 0.0047) 
was observed at the last assessment (Fig. 2). In addition, 
serum IL-6 was assessed in patient 1 due to TCZ therapy, 
and the level of IL-6 was 25.6 pg/mL (normal ≤5.9 pg/mL) 
before TCZ was administered and 1000.0 pg/mL after one 
intravenous dose of TCZ. It should be emphasized that unu-
sual changes in WBC count, neutrophil percentage, ESR, 
CRP, and lipid parameters were found in one patient due 
to MAS.

3.4  Changes in AOSD Severity Score

Measurements of efficacy in baricitinib treatment were per-
formed at months 1, 3, and 6 and the last follow-up visit. The 
median systemic score was 7 points (IQR 3) at baseline, 2 
points (IQR 3) at month 1, 0.5 points (IQR 2) at month 3, 
0 points (IQR 0.25) at month 6, and 0 points (IQR 0.25) at 
the last visit. When compared with the initiation of barici-
tinib, the systemic score decreased significantly at 3 months 
(p = 0.0216), 6 months (p = 0.0007), and the last follow-up 
visit (p = 0.0007), with no significance between the 1-month 
follow-up and the baseline (Fig. 2). Complete remission was 
achieved in three out of six patients at the 3-month visit 
and five out of six patients at the 6-month visit. One patient 
achieved partial remission at the last visit.

3.5  Changes in Corticosteroid Sparing

The effect of sparing corticosteroids with baricitinib was 
also investigated in this study. At the beginning of barici-
tinib administration, the mean corticosteroid equivalent to 
prednisolone dosage was 35.7 ± 15.1 mg/day (10–50). The 
average dose of prednisone was 27.5 ± 12.8 mg/day (7.5–40) 
at the 1-month visit and 13.8 ± 5.9 mg/day (5–20) at the 
3-month visit, while no significant difference was observed 
among the 1-month, 3-month and baseline assessments. The 
daily prednisolone dosage was 8.8 ± 4.4 mg/day (0.0–12.5; 
p = 0.0256) for the month-6 visit and 5.8 ± 4.7 mg/day 
(0–12.5; p = 0.0030) for the last visit, which was signifi-
cantly reduced compared with the baseline (Fig. 2). One 
patient stopped prednisolone at a 12-month visit and main-
tained remission thereafter.

3.6  Safety Assessments

None of the patients experienced severe adverse events dur-
ing follow-up.

Before baricitinib treatment, the WBC count, neutro-
phil percentage, and platelet count were 11.6 ± 6.1*109/L 
(4.4–21.3), 85.6 ± 6.0% (77.4–92.8), and 277.9 ± 125.4 
×  109/L (142–499) on average, respectively. The median 
plasma D-dimer level was 1886 ng/mL FEU (fibrinogen 

equivalent units) (IQR 2452). Despite temporary fluctua-
tions, these indicators gradually returned to normal values 
and stabilized in six out of seven patients (Fig. 3). No signifi-
cant difference was observed in the four parameters during 
the treatment visits compared with the baseline. Leukopenia 
was observed in one patient due to MAS. The neutrophil 
percentage mildly decreased and returned to normal in two 
patients.

From initiation to the last visit, the levels of cholesterol, 
triglycerides, HDL-C, and LDL-C remained stable in four 
out of seven patients (Fig. 4). Increasing cholesterol and tri-
glyceride levels were recorded at the 1-month visit for three 
patients independently. The cholesterol and triglyceride lev-
els continuously increased in one patient due to MAS, while 
they showed only mild elevation in the other two patients at 
the last visit. HDL-C increased slightly in two patients at the 
1-month and 3-month visits and decreased to normal at the 
last visit. In contrast, decreased HDL-C levels were found 
in one patient with MAS at the 1-month and 2-month visits. 
LDL-C was mildly elevated in two patients (Fig. 4). There 
was no significant variation in lipid parameters during the 
follow-up visits.

4  Discussion

AOSD is an idiopathic systemic inflammatory disease of 
unknown aetiology. With complicated and diverse clini-
cal representations, AOSD more commonly affects young 
adults, with a higher prevalence observed in women [21, 22]. 
Corticosteroids are considered to be the first-choice treat-
ment for the amelioration of symptoms in AOSD by non-
specifically suppressing inflammatory cytokines. However, 
corticosteroid dose dependence was common in patients 
with AOSD, which was induced by long-term treatment. 
Although a subset of patients will respond favourably to 
empirical treatment, long-term therapy with corticosteroids 
also brings about various side effects, such as infection and 
hypertension. Patients with refractory AOSD often have 
limited benefit and high rate of relapse, nevertheless, there 
is a relative paucity of literature focusing on therapy for 
refractory AOSD.

Treatment with cytokine-targeting biologics has been rec-
ommended in recent years for AOSD patients who are refrac-
tory to conventional corticosteroid and DMARD therapy [1, 
6]. Both the IL-1 inhibitors anakinra and canakinumab are 
currently approved for the treatment of AOSD [23]. Not-
withstanding, conventional therapy has remained the main 
choice for AOSD because anti-interleukin 1 (IL-1) agents 
are not currently available in mainland China. Based on the 
latest pathogenic and clinical studies, treatments that inhibit 
the JAK-STAT pathway may produce beneficial outcomes 
in patients with AOSD [14, 24–26]. Thus, we hypothesized 
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that baricitinib could play a pivotal role in the treatment of 
refractory AOSD.

In this study, we administered baricitinib to seven female 
patients, all of whom were refractory to traditional therapy. 
Their clinical AOSD-related characteristics have been 
described previously. Of note, one patient in this study pre-
sented severe abdominal pain after TCZ treatment. A promi-
nently increasing level of serum IL-6 was also observed at 
that time. Several studies have shown that the prevalence of 
abdominal pain, a serious complication of AOSD, is between 
1.9 and 13% [2, 27]. Although the underlying pathological 
process is not fully clear, abdominal pain symptoms may 
be induced by vasculitis secondary to high levels of IL-6 in 
AOSD patients. Accurate evaluations should be performed 
for high-risk patients.

Once-daily oral baricitinib at a dosage of 4 mg obviously 
contributed to clinical improvement in most patients in this 
study. Systemic symptoms rapidly alleviated after the initia-
tion of baricitinib, and symptoms of polyarthritis, arthralgia, 
serositis, and abdominal pain completely disappeared after 
1 month and remained stable for a long time. Arthralgia and 

arthritis are very common in patients with AOSD, with the 
prevalence of articular involvement reported to be approxi-
mately 40–100% [25]. The control of joint symptoms in 
patients with AOSD is usually more difficult than the control 
of systemic symptoms. Recently, Kacar et al. [15] described 
significant efficacy for articular items in refractory AOSD 
patients. On the other hand, Smolen et al. [28] demonstrated 
the long-term efficacy of baricitinib in patients with early 
and refractory rheumatoid arthritis. Both findings indicated 
that a JAK 1/2 inhibitor with baricitinib may be beneficial 
for joint involvement in patients with refractory AOSD. 
The majority of manifestations gradually resolved after 3 
months of treatment with baricitinib. Lymphadenopathy was 
observed in only one patient at the last assessment.

Regarding the laboratory assessments, serological test 
results showed significant normalization in almost all 
patients. Inflammatory markers such as CRP, ESR, and 
serum ferritin rapidly decreased from the initiation of barici-
tinib treatment. Transient leukopenia and abnormal varia-
tions in lipid parameters were found in one patient due to 
MAS. We also observed that the decrease in CRP did not 

Fig. 3  Serological assays from the laboratory were monitored. The 
trends of WBC (a), Neu (b), D-dimer (c), and PLT (d) values during 
baricitinib treatment are shown. Leukopenia was found due to MAS 

in patient 7. FEU fibrinogen equivalent units, MAS macrophage acti-
vation syndrome, PLT platelet, WBC white blood cell
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occur in parallel to the clinical improvement in one patient 
with AOSD-related MAS. These phenomena should be thor-
oughly investigated in the future.

In the present study, we identified the positive efficacy 
of baricitinib with a modified Pouchot’s systemic score in 
patients with refractory AOSD. The response to baricitinib 
treatment was rapid and sustained in most of our patients. 
The systemic score significantly decreased after 3 months 
of treatment with baricitinib. Three out of six patients had 
achieved complete resolution at the 3-month visit, and five 
patients had achieved complete remission at the last visit. 
Relapse of the disease only occurred in one patient when the 
dosage of glucocorticoids was tapered to 10 mg/day at the 
4-month visit. The patient recovered soon after the dosage 
was increased to 15 mg/day at the 6-month visit. Patient 7 
withdrew from the study as a result of AOSD-related MAS 
exacerbation.

JAKinibs are currently the second-/third-line medica-
tion for the treatment of AOSD. However, successful treat-
ment with baricitinib in AOSD patients who had failed 

conventional and biological agent therapies was recently 
reported by Kacar et al. [15] and Ladhari et al. [29]. In a 
previous study from China, Hu et al. [30] concluded that 
tofacitinib can contribute to disease remission/revolution in 
patients with refractory AOSD. Yoshida et al. [31] demon-
strated that baricitinib was the strongest inhibitor of IFN-γ-
mediated signalling pathways in innate immune cells. Both 
the literature and our study suggest that baricitinib could be 
used for the treatment of refractory AOSD.

Regarding secondary endpoints, the corticosteroid-
sparing effect was carefully estimated during the entire 
follow-up. Encouragingly, important variations emerged in 
our study. The prednisone dosage was apparently reduced 
during baricitinib therapy. In terms of the data, statistical 
significance was observed at the 3-month visit for the first 
time. Corticosteroids were continuously reduced in six 
patients until the last assessment. One patient stopped glu-
cocorticoids at the 12-month visit and maintained remis-
sion thereafter. Regarding the corticosteroid-sparing effect, 
a homologous result was observed with tofacitinib treatment 

Fig. 4  The changes in cholesterol (a), triglyceride (b), HDL-C (c), 
and LDL-C (d) values during follow-up. Extraordinary abnormalities 
in lipid parameters were observed in a patient with AOSD-correlated 

MAS. HDL-C high-density lipoprotein cholesterol, LDL-C low-den-
sity lipoprotein cholesterol
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for refractory AOSD [30]. Both of these studies illustrate the 
exceptional effectiveness of JAKinibs in terms of corticos-
teroid reduction. However, we noticed that some patients 
still needed long-term and low-dose corticosteroid treatment 
in these studies. Thus, further studies with a larger number 
of cases should be conducted to verify this activity.

Interestingly, patient 1 received TCZ therapy before 
baricitinib initiation in our study. This patient developed 
persistent fever, severe fatigue, abnormal liver function, 
and abdominal pain after one intravenous injection of TCZ. 
A methylprednisolone pulse dose, PLEX, and IVIG were 
administered immediately to address MAS-like manifesta-
tions. Subsequently, oral baricitinib was initiated in com-
bination with CsA, resulting in a dramatic improvement in 
symptoms and complete remission 1 month later. Recently, 
MAS-like manifestations induced by biological agents have 
been reported in AOSD [32, 33]. In some cases of AOSD, 
MAS is aggravated during TCZ therapy [34, 35]. The tran-
sient enhancement in target cytokines after initial inhibition 
and aberrant cytokine levels observed during therapy were 
presumed to be the main mechanisms of MAS associated 
with TCZ [36, 37]. As a selective JAK1/JAK2 inhibitor, 
baricitinib may strongly control the cytokine storm likely 
induced by TCZ. Successful treatment of this patient illus-
trated that baricitinib can play a positive role in refractory 
AOSD, especially in patients who have a poor or no response 
to TCZ. Clinicians should carefully consider whether AOSD 
patients have existing MAS risk factors before adding bio-
logical agents. Additional studies are required in the future 
to confirm these observations.

Notably, patient 7 exhibited MAS at the start of barici-
tinib treatment. Although the systemic score decreased from 
8 to 4, the patient continued to have severe fatigue, lymphad-
enopathy, splenomegaly, abnormal liver function, hepato-
megaly, and high-level serum ferritin at the 2-month assess-
ment. VP16 combined with ruxolitinib was subsequently 
administered, and fortunately, the patient achieved complete 
remission 3 months later. MAS is one of the most serious 
and potentially life-threatening complications of AOSD, 
with a reported mortality rate ranging between 20% and 42% 
[38, 39]. MAS is also known as a hemophagocytic syndrome 
and is considered to be a form of secondary hemophagocytic 
lymphohistiocytosis (HLH). HLH-like manifestations are 
often referred to as MAS [26]. Ruxolitinib, a JAK1/JAK2 
inhibitor, has already been approved for the treatment of 
myeloproliferative neoplasms (MPNs), steroid-refractory 
graft-vs-host disease (GVHD), and HLH [40, 41]. Recent 
studies have shown that ruxolitinib can reverse many HLH 
manifestations, including splenomegaly, cytopenia, hypercy-
tokinaemia, peripheral organ effects, and CNS inflammation, 
and can significantly prolong survival [25, 42]. We speculate 
that baricitinib, as a structural analogue of ruxolitinib, may 
exert positive effects on AOSD-associated MAS. Despite 

the ineffective result for this patient, more basic and clinical 
studies are needed.

Adverse events were closely monitored in this study. 
JAKinibs block the downstream signalling of a variety 
of cytokines relevant for several physiological functions. 
Therefore, the various adverse effects that can arise from 
JAKinib treatment are concerning. Very common adverse 
effects of baricitinib are upper respiratory tract infections 
and hypercholesterolaemia. There is a growing concern that 
patients treated with JAKinibs may experience an increased 
risk for thromboembolic events (TEs) and cytopenia. Dur-
ing the follow-up, TEs due to platelet count elevation were 
not observed in patients; leukopenia and hypercholesterol-
aemia were observed in one patient due to MAS. The neu-
trophil percentage decreased but returned to normal in two 
patients after 6 months of treatment, but discontinuation of 
baricitinib was not needed. None of the patients developed 
anaemia. Although no severe adverse events were observed 
in the present study, the safety of baricitinib as a long-term 
therapy should be carefully assessed.

There are still some limitations to our study. There was 
a sex bias in this study, as all the enrolled patients were 
female. Furthermore, there was no patient-administered 
baricitinib monotherapy and no rigorously randomized 
controlled trial in the current study. We wonder whether 
baricitinib monotherapy would have created beneficial 
effects for AOSD patients, but this question awaits fur-
ther research. In addition, further and broader studies with 
larger numbers of patients and longer duration of follow-
up are needed to support the present results.

5  Conclusions

Our findings suggest that baricitinib therapy could provide 
prompt and persistent clinical and laboratory improvement 
in patients with AOSD, especially in those who have a poor 
response to conventional and biological therapy. Baricitinib 
appeared to be well tolerated. The long-term efficacy and 
safety of baricitinib in AOSD patients should be fully estab-
lished in prospective controlled clinical trials in the future.
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