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Abstract
Objective

This study aims to evaluate the efficacy and safety of JAK inhibitors (JAKi) in a monocentric cohort of adult patients 
with juvenile idiopathic arthritis (JIA). 

Methods
Patients attending a rheumatology transition clinic were retrospectively included in case of: i) JIA diagnosis according 

to current classification criteria (1); ii) age ≥18 years and iii) treatment with JAKi for at least 3 months. 

Results
Seventeen adult patients with JIA were treated with JAKi (as first JAKi, 9 patients (52.9%) received tofacitinib and 

8 (47.1%) baricitinib). At 3 months after JAKi initiation, 8 patients (47%) achieved a response and 4 patients (23.5%) 
achieved disease remission (3 patients with baricitinib and 1 with tofacitinib, 37.5% vs. 16.7%, p=0.294). None of 

those with systemic JIA and enthesitis-related arthritis obtained remission; the remission rate at 3 months was higher, 
although not significantly, in the oligoarticular subset compared to the polyarticular subset (37.5% vs. 20%). Patients 

with ≤1 active joint involvement at JAKi start had a higher remission rate (50% vs. 22.2%). Subjects who achieved 
remission on JAKi had a significantly lower pre-treatment DAS28-CRP compared to those with still active disease 

(p=0.010, Mann-Whitney U=4). A pre-treatment DAS28-CRP <3.76 predicted response to JAKi with 100% sensitivity 
and 84.6% specificity (p=0.023). The remission rate was lower among patients who had been treated with ≥2 biological 

drugs before JAKi start (9% vs. 66.7%; p=0.05). One patient in concomitant treatment with leflunomide developed 
severe arterial hypertension. 

Conclusion
JAKi may represent an effective and safe treatment option for adult JIA patients with low/moderate disease activity, 

particularly in case of oligoarticular involvement.
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Introduction
The therapeutic approach to patients 
with juvenile idiopathic arthritis (JIA) 
aims at preventing joint damage and 
the resulting irreversible functional 
impairment (1). Disease course may be 
highly polymorphic, but almost invari-
ably patients with JIA, the most com-
mon rheumatic condition presenting in 
childhood, require treatment to achieve 
clinical remission, such as systemic 
and intraarticular corticosteroids, con-
ventional disease-modifying anti-rheu-
matic drugs (cDMARDs,) or the more 
recent biologic drugs, each targeting a 
single cytokine (bDMARDs) (2). Even 
though the introduction of bDMARDs 
revolutionised JIA treatment, in at least 
half of the cases childhood-onset arthri-
tis can persist into adulthood (3). In the 
course of a longstanding disease jour-
ney from early childhood to advanced 
age, there still exist several criticisms 
in the management of adults with JIA, 
despite the enriched therapeutic ar-
mamentarium (4). Some patients have 
drug-resistant arthritis with primary 
therapeutic failures, others secondar-
ily cease to respond, while additional 
subjects experience side effects or de-
velop contraindications to available 
drugs (5). These criticisms well ex-
plain why the quest for novel pharma-
cological targets has been constantly 
pursued: emerging mechanisms of ac-
tion might enable clinical remission in 
higher rates of patients, with minimi-
sation of personal disease burden and 
consistent socioeconomic advantages. 
Pharmacological compounds targeting 
Janus kinase (JAK), a family of 4 cy-
toplasmic tyrosine kinases that mediate 
intracellular signal transduction upon 
recruitment by more than 50 cytokines 
receptors, are among the most recently 
marketed in rheumatology. These JAK 
inhibitors (JAKi) act as competitive 
antagonists of the ATP-binding site of 
different JAK, leading to the suppres-
sion of downstream STAT (JAK-signal 
transducer and activator of transcrip-
tion) cascade thus resulting in im-
munomodulatory effects (6). To date, 
5 JAKi, orally available small mole-
cules categorised as targeted synthetic 
DMARDs (tsDMARDs), have gained 
approval by different agencies for the 

treatment of rheumatologic conditions: 
baricitinib, filgotinib, peficitinib, to-
facitinib, and upadacitinib, each with 
a peculiar selectivity for the 4 kinases 
(7). While evidence of JAKi efficacy 
in children with JIA has been steadily 
growing, with even a trial demonstrat-
ing the efficacy of tofacitinib in polyar-
ticular course JIA, very scarce data are 
available about the use of JAKi in adult 
patients with longstanding JIA (8).
The aim of this study was thus to evalu-
ate the efficacy and safety of baricitinib 
and tofacitinib in a monocentric cohort 
of adult patients with JIA. 

Patients and methods 
Patients were consecutively included 
in this retrospective cohort study in 
case of: i) JIA diagnosis formulated 
according to ILAR criteria (9); ii) age 
>18 years; iii) persistence of disease 
activity into adulthood and iv) treat-
ment with JAKi for at least 3 months. 
Patients were recruited at the outpatient 
transition clinic in the rheumatology 
department of ASST G. Pini - CTO in 
Milan, Italy; at our institution, the tran-
sition clinic follows patients with pae-
diatric-onset rheumatic diseases from 
the transition into adult care onwards. 
Patients were further classified in dis-
ease categories according to ILAR 
criteria: oligoarticular, polyarticular, 
enthesitis-related arthritis (ERA), pso-
riatic and systemic JIA (9). Disease ac-
tivity was assessed using Disease Ac-
tivity Score (DAS) based on 28 joint 
(DAS28-CRP). DAS28-CRP is calcu-
lated from four components: number 
of tender joints (TJC), number of swol-
len joints (SJC), visual analogue scale 
(VAS) score of the patient’s global 
health (GH), and C reactive protein 
(CRP, mg/dL) using the following for-
mula: DAS28-CRP = 0.56*√(TJC28) 
+0.28*√(SJC28)+0.014*GH+0.36*ln 
(CRP+1)+0.96 (10). DAS28-CRP was 
assessed at JAKi initiation and discon-
tinuation and at 3, 6 and 12 months 
during medical visits. Disease activ-
ity status was defined upon DAS28-
CRP scores as follows: remission 
(DAS28-CRP<2.6), low (2.6≤DAS28-
CRP<3.2), moderate (3.2≥DAS28-
CRP≤5.1) and high disease activity 
(DAS28-CRP>5.1). Response to JAKi 
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was defined as a DAS28-CRP change 
of at least 0.6. Disease flares were de-
fined as an increase in DAS28-CRP 
above 1.2 (11).
A complete ophthalmological evalu-
ation, including best-corrected visual 
acuity (BCVA) assessment on standard 
ETDRS letters, slit-lamp biomicrosco-
py, intraocular pressure (IOP) assess-
ment and dilated fundus evaluation, 
was performed at baseline and during 
follow-up visits. Fluorescein angiog-
raphy, indocyanine green angiography 
and optical coherence tomography 
(OCT) were performed when appropri-
ate in case of posterior pole involve-
ment. Uveitis response to JAKi was de-
fined as a two-step decrease in inflam-
mation score (anterior chamber cells) 
or a decrease to zero between baseline 
and 3 months of treatment, according 
to SUN criteria (12). Partial response 
was defined as a one-step improvement 
in inflammation score.
Erythrocyte sedimentation rate (ESR) 
was assessed by Wintrobe method and 
values above 12 mm/hour were re-
garded as increased; CRP was tested 
by colorimetric-enzymatic assay with 
a cut-off level at 0.5 mg/dL. Anti-nu-
clear antibodies (ANA) were tested in 

serum samples at indirect immunofluo-
rescence on HEp-2 cells and positivity 
was defined at a titre ≥1:80. 
If clinically required, accurate assess-
ment of joint disease activity was per-
formed by musculoskeletal ultra sound 
using a dedicated device (13).
Data were extracted from a local reg-
istry of patients with inflammatory 
arthritides (authorisation 150/2002; 
Gaetano Pini Institute Ethics Commit-
tee); patients provided written informed 
consent.

Sample size
To estimate the size of patients repre-
sentative of subjects with active JIA 
in adulthood, the following formula 
was applied: n = (Z2 x P x (1 - P))/e2, 
where: Z = value from standard nor-
mal distribution corresponding to de-
sired confidence level (Z=1.96 for 
95% CI); P is expected true propor-
tion; e is desired precision (half de-
sired confidence interval [CI] width). 
The following values were considered: 
e=0.05; p=0.25. According to the data 
from a large Canadian cohort, approxi-
mately one quarter of patients with JIA 
reaches adulthood with active disease 
despite treatment (14). We considered 

n=3731, given that JIA has an incidence 
of 6.34/100.000 per year in Italy of 
60:100.000, with an overall Italian pop-
ulation of 58.851.000. It follows n=16 
with an apparent precision of 0.01.

Statistical analysis
Continuous data were expressed as 
median (interquartile range [IQR]) and 
categorical data as percentages. The as-
sociation between categorical variables 
was assessed by chi-squared or Fisher 
exact tests as appropriate; Mann-Whit-
ney test was applied to compare con-
tinuous variables between subgroups 
of patients. Wilcoxon signed rank test 
was applied to evaluate clinical vari-
ables before and after JAKi treatment; 
Mc Nemar’s test was performed to 
compare disease activity status before 
and after JAKi treatment. DAS28-CRP 
scores over follow-up were compared 
within the same subject by Friedman’s 
test. Univariate logistic regression 
analyses were performed. ROC curves 
were drawn to identify the DAS28-
CRP value with the highest predictive 
role for response and remission upon 
JAKi treatment. Univariate survival 
analysis was performed with Kaplan-
Meier method; differences between 

Table I. Demographics and clinical features at initiation of first JAKi of included subjects stratified upon disease subset.

 O-JIA P-JIA ERA S-JIA Whole cohort p-value
 (n=8) (n=5) (n=2) (n=2) (n=17) 

Age at JIA onset, median (IQR) 4.5  (9) 13 (6) 15 (1) 10  (6) 10 (13) 0.323
Age at JIA diagnosis, median (IQR) 4.5  (10) 14  (8) 15  (1) 10  (6) 11  (13) 0.385
Age at starting treatment with JAKi, median (IQR) 28.8  (6.7) 26  (12) 40.8  (1.8) 37  (10) 31  (13.6) 0.338
Gender, F % (n) 75%  (6) 100%  (5) 100%  (2) 50%  (1) 83.4%  (14) 0.356
ANA positivity, % (n) 75%  (6) 60%  (3) 50%  (1) /  58.8%  (10) N.C.
Uveitis, % (n) 50%  (4) 20%  (1) /  /  29.4  (5) N.C.
Comorbidities, % (n) 50%  (4) 40%  (2) /  /  35.2  (6) N.C.
Disease duration at JAKi start in years, median (IQR) 27.1  (11.2) 18  (3) 26.25  (1.2) 28  (4) 25  (11.3)  0.622
DAS28-CRP at starting treatment with JAKi, median (IQR) 3.76  (1.07) 5  (1) 4.86  (0.25) 3.0  (1) 4  (1.57) 0.275
Active joints at starting treatment with JAKi, median (IQR) 1.5  (2) 2  (3) 2.5  (1) 1  (2) 2  (1) 0.282
Pre-JAKi cDMARDs, median (IQR) 1  (1.0) 1.0  (1.0) 1.0  (1.0) 0  (0.0) 1  (1.0) 0.215
Pre-JAKi bDMARDs, median (IQR) 2.5  (2.25) 3  (2) 5  (1) 2  (2) 2  (2) 0.195
Ongoing MTX, % (n) 12.5%  (1) 60%  (3) 50%  (1) 50%  (1) 35.2  (6) 0.316
  Median dose (IQR) 15 mg/wk 10 mg/wk 7.5 mg/wk 7.5 mg/wk 15 mg/wk 
Ongoing LEF, % (n) 25%  (2) 20%  (1) /  /  17.6%  (3)  N.C.
Ongoing oral glucocorticoids, % (n) /  40%  (2) 100%  (2) /  23.5%  (4) N.C.
  Median dose (IQR)   10 mg/day 5 mg/day   11.25 mg/day 

ANA: anti-nuclear antibodies; bDMARD: disease-modifying anti-rheumatic drugs; cDMARD: conventional disease-modifying anti-rheumatic drug; ERA: 
enthesitis-related arthritis; F: female; n: number; IQR: interquartile range; JIA: juvenile idiopathic arthritis; JAKi: janus kinase inhibitor; LEF: leflunomide; 
MTX: methotrexate; N.C.: not calculated; O-JIA: oligoarticular juvenile idiopathic arthritis; P-JIA: polyarticular juvenile idiopathic arthritis; PsA: psoriatic 
arthritis; S-JIA: systemic juvenile idiopathic arthritis; wk: week.
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survival curves were evaluated by log-
rank. p-values <0.05 were regarded as 
significant. Statistical analysis was per-
formed using Prism v. 6.

Results
From February 2018 to December 
2022, 17 patients fulfilling inclusion 
criteria were initiated on JAKi and 
thus were included in this study. Of 
these, 7 patients (41.2%) were treated 
with tofacitinib 5 mg twice daily (Xel-
janz®, Pfizer, NY, USA) while 8 sub-
jects (47.1%) received baricitinib 4 
mg daily (Olumiant®, Eli-Lilly/Incyte, 
EN, USA); two subjects received both 
agents sequentially. The demographics 
and clinical features at initiation of first 
JAKi of included subjects stratified 
upon disease subset are detailed in Ta-
ble I. Most patients had oligoarticular 
JIA (47%) and half of the patients had 
persistent oligoarticular form; polyar-
ticular JIA represented the second most 
prevalent disease subset (29%) with 
only one subject being rheumatoid 
factor (RF) positive. All patients had 
longstanding JIA, with median disease 
duration of 25 years; most patients (12, 
70.6%) had moderate/high disease ac-
tivity at the time of initiating JAKi.
Nine patients (52.9%) received JAKi 
in association with a cDMARD; 2 pa-
tients with polyarticular JIA were also 
treated with oral corticosteroids. Most 
patients had a refractory disease, as 12 
subjects (70.6%) had been treated with 
at least 2 different bDMARDs and 6 
(35.3%) had switched 4 or more bio-
logicals. 

Response to JAKi at 3 months
The introduction of JAKi did not allow 
dose tapering in any of the 4 patients 
on glucocorticoids; 3 patients required 
intra-articular knee injection of ster-
oids over JAKi treatment due to active 
arthritis. In six patients (35.4%), JAKi 
allowed a better disease control lead-
ing to a shift in disease activity status; 
in 10 subjects (58.8%), disease activity 
remained stable whereas in a single pa-
tient (5.8%) disease activity increased 
leading to a shift in disease activity sta-
tus. Overall, disease activity status did 
not change significantly with the intro-
duction of JAKi (p=0.130). DAS28-

CRP scores at 3 months of JAKi ini-
tiation were significantly lower com-
pared to those registered at baseline 
(median at baseline 3.99 [IQR 1.8], 
after 3 months of JAKi treatment 3.52 
[IQR 3.74]; p=0.041, median change 
-0.55 [IQR -2.54]). Conversely, the 
number of active joints, ESR and CRP 
values did not change significantly af-
ter the introduction of JAKi (p=0.143, 
p=0.132 and p=0.148, respectively).
At 3 months, a response to JAKi was 
registered in 8 patients (47%, Table II) 
while disease flared in a single patient; 
8 subjects (47%) reached a low disease 
activity. The response rate at 3 months 
was higher – although not significantly 
– for baricitinib: 5 patients achieving 
remission had been treated with ba-
ricitinib and 3 with tofacitinib (62.5% 
vs. 33.3%, p=0.229). None of the pa-
tients with ERA responded to JAKi at 
3 months; the response rate was simi-

lar in the remaining subsets (50% in 
oligoarticular and systemic JIA, 60% 
in the polyarticular subset; p=0.931). 
All but one of the 4 patients with oli-
goarticular JIA responding to JAKi 
had the persistent form. Although age 
at disease onset and disease duration 
were similar between patients achiev-
ing response and those not (p=0.761 
and p=0.941), patients responding to 
JAKi were significantly younger at JIA 
onset than subjects without response at 
3 months. Concomitant treatment with 
methotrexate, leflunomide or both did 
not significantly affect the response rate 
(response rate in treated vs. untreated 
patients 37.5% and 33.3%, p=0.857; 
25% and 11.1%, p=0.453 and 62.5% 
vs. 44.4%, p=0.456, respectively). 
There was no difference in the num-
ber of bDMARDs received before 
JAKi between subjects with response 
and those without (p=0.334). Patients 

Table II. Demographics and clinical features of included subjects stratified upon response 
at 3 months of treatment with JAKi.

 Response No response p-value
 (n=8) (n=9) 

Age at JIA onset, median (IQR) 10  (6.75) 14  (14) 0.009
Age at JIA diagnosis, median (IQR) 10  (7.75) 14  (14) 0.035
Age at starting treatment with JAKi, median (IQR) 29  (15.34) 30.5  (12.15) 0.865
Gender, F % (n) 87.5%  (7) 77.8%  (7) 0.600
ANA positivity, % (n) 62.5%  (5) 55.6%  (5) 0.772
Uveitis, % (n) 12.5%  (1) 44.4%  (4) 0.149
Comorbidities, % (n) 37.5%  (3) 44.4%  (4) 0.772
Disease duration at starting JAKi treatment (years), 22.1  (10.09) 25.4  (13.49) 0.470 
   median (IQR) 
DAS28-CRP at starting treatment with JAKi, 3.45  (1.16) 4.7  (0.99)  0.594
   median (IQR)  
Active joints at starting treatment with JAKi,  1.5  (1.25) 2.0  (0) 0.931
   median (IQR) 
Pre-JAKi bDMARDs, median (IQR) 2.5  (3.25) 3  (1.0) 0.610
Ongoing MTX, % (n) 37.5%  (3) 33.3%  (3) 0.999
Median dose (IQR) 15 mg/wk 10 mg/wk 
Ongoing LEF, % (n) 25%  (2) 11.1%  (1) 0.999
 20 mg/day 20 mg/day 
Ongoing oral glucocorticoids, % (n) 12.5%  (1) 11.1%  (3) N.C.
Median dose (IQR) 
Duration of treatment with JAKi (days) 722.5  (895) 99  (119) <0.001 
   median (IQR) 
Active joints at 3 months of JAKi, median (IQR)  0  (1) 1  (2) 0.150

ANA: anti-nuclear antibodies; bDMARD: disease-modifying anti-rheumatic drugs; cDMARD: con-
ventional disease-modifying anti-rheumatic drug; ERA: enthesitis-related arthritis; F: female; IQR: 
interquartile range; JIA: juvenile idiopathic arthritis; JAKi: janus kinase inhibitor; LEF: leflunomide; 
MTX: methotrexate; N.C.: not calculated; n: number; O-JIA: oligoarticular juvenile idiopathic arthri-
tis; P-JIA: polyarticular juvenile idiopathic arthritis; PsA: psoriatic arthritis; S-JIA: systemic juvenile 
idiopathic arthritis; wk: week.
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with 2 or more active joint involve-
ment at JAKi start had a significantly 
lower response rate (77.8% vs. 12.5%; 
p=0.007, χ2=7.24). Patients with large 
joint involvement were more prone to 
respond to JAKi treatment (p=0.029), 
while no difference in the response rate 
emerged in case of small joint involve-
ment (p=0.149). Subjects who respond-
ed to JAKi had a significantly lower 
pre-treatment DAS28-CRP compared 
to those who did not (median DAS28-
CRP (IQR) 3.43 (1.5) and 4.70 (1.8), 
respectively; p=0.020, Mann-Whitney 
U=12). A pre-treatment DAS28-CRP 
<3.79 predicted response to JAKi with 
75% sensitivity and 88.9% specificity 
(AUC 0.83, p=0.020, 95% CI 0.61–
1.05). Starting JAKi treatment in case 
of DAS28-CRP below 3.79 conferred 
an odds ratio (OR) for response at 3 
months of 13.3 (95% CI 1.7–166.5, 
p=0.027). 

Remission at 3 months 
of JAKi treatment
At 3 months, 4 patients (23.5%) 
achieved disease remission on JAKi 
(Table III). No difference between the 
2 agents emerged in terms of remission 
rate: 3 patients achieving remission 
had been treated with baricitinib and 
1 with tofacitinib (37.5% vs. 16.7%, 
p=0.294). None of the patients with 
systemic JIA and ERA obtained remis-
sion; the remission rate at 3 months 
was higher, although not significantly, 
in the oligoarticular subset compared 
to the polyarticular subset (37.5% vs. 
20%; p=1.0). All the 3 patients with 
oligoarticular JIA achieving remission 
had the persistent form. Disease dura-
tion and age at JAKi start were simi-
lar between patients achieving remis-
sion and those with still active disease 
(p=0.999 and p=0.785, respectively). 
Patients whose disease manifested be-

tween 5 and 10 years of age had a sig-
nificantly lower probability of achiev-
ing remission on JAKi than subjects 
with age at onset below 5 or above 
10 years (15.4% vs. 100%, p=0.015, 
χ2=8.355). Concomitant treatment with 
methotrexate, leflunomide or both did 
not significantly affect the remission 
rate (remission rate in treated versus 
untreated patients 37.5% and 16.7%, 
p=1.0; 50 and 27.3%, p=1.0 and 50% 
vs. 22.2%, p=0.584, respectively). 
The remission rate was lower among 
patients who had been treated with 2 
or more bDMARDs before JAKi start 
(9% vs. 66.7%; p=0.052; Fig. 1). Pa-
tients that had failed treatment with 
any of the agents targeting tumour 
necrosis factor-α (anti-TNF-α) had a 
significantly lower chance of achieving 
remission with JAKi (75% vs. 7.6%, 
p=0.005, χ2=7.702). No additional dif-
ference in the remission rate emerged 
between patients categorised upon pre-
vious treatment failure. Patients with 

Fig. 2. Pre-treatment DAS28-CRP levels in pa-
tients obtaining remission and those not obtain-
ing remission after 3 months of treatment with 
JAKi.

Fig. 1. Number of previous biological DMARDs 
in patients obtaining remission and those not ob-
taining remission after 3 months of treatment 
with JAKi.

Table III. Demographics and clinical features of included subjects stratified upon remis-
sion at 3 months of treatment with JAKi.

 Remission No remission p-value
 (n=4) (n=13) 

Age at JIA onset, median (IQR) 11.5  7.5) 10  (14) 0.583
Age at JIA diagnosis, median (IQR) 12.5  (9) 10  (14) 0.425
Age at starting treatment with JAKi, median (IQR) 28.8  (20.9) 30.5  (14.4) 0.785
Gender, F % (n) 75%  (3) 84.6%  (11) 0.659
ANA positivity, % (n) 25%  (1) 61.5%  (8) 0.200
Uveitis, % (n) 25%  (1) 30.8%  (4) 0.824
Comorbidities, % (n) 25%  (1) 85.7%  (6) 0.452
Disease duration at starting JAKi treatment 24.2  (15.5) 25.1  (12.5) 0.999 
   (years), median (IQR) 
DAS28-CRP at starting treatment with JAKi, 2.79  (1.53) 4.54  (1.09) 0.022 
   median (IQR)  
Active joints at starting treatment with JAKi, 1.5  (1.75) 2.0  (1.5) 0.397 
   median (IQR) 
Pre-JAKi bDMARDs, median (IQR) 0  (1.5) 3  (1.5) 0.008
Ongoing MTX, % (n) 25%  (1) 38.5%  (5) 0.999
Median dose (IQR) 15 mg/wk 10 mg/wk 
Ongoing LEF, % (n) 25%  (1) 15.4%  (2) 0.999
 20 mg/day 20 mg/day 
Ongoing oral glucocorticoids, % (n) -  30.8%  (4) N.C.
Median dose (IQR)   11.25 mg/day 
Duration of treatment with JAKi (days) 723.0  (1111.2) 208.0  (166.5) 0.060 
   median (IQR) 
Active joints at JAKi discontinuation, median (IQR)  0  (0) 2  (2) 0.048

ANA: anti-nuclear antibodies; bDMARD: disease-modifying anti-rheumatic drugs; cDMARD: con-
ventional disease-modifying anti-rheumatic drug; ERA: enthesitis-related arthritis; F: female; IQR: 
interquartile range; JIA: juvenile idiopathic arthritis; JAKi: janus kinase inhibitor; LEF: leflunomide; 
MTX: methotrexate; N.C.: not calculated; n: number; O-JIA: oligoarticular juvenile idiopathic arthri-
tis; P-JIA: polyarticular juvenile idiopathic arthritis; PsA: psoriatic arthritis; S-JIA: systemic juvenile 
idiopathic arthritis; wk: week.
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2 or more active joint involvement at 
JAKi start had a lower remission rate 
(50% vs. 22.2%; p=0.584). No differ-
ence in the remission rate emerged upon 
the involved joints at JAKi start and the 
articular disease pattern (large versus 
small joint involvement p=0.371). Sub-
jects who achieved remission on JAKi 
had a significantly lower pre-treatment 
DAS28-CRP compared to those with 
still active disease (median DAS28-
CRP (IQR) 2.17 (0.5) and 4.54 (1.1), 
respectively; p=0.010, Mann-Whitney 
U=4; Fig. 2). A pre-treatment DAS28-
CRP <3.76 predicted remission with 
JAKi with 100% sensitivity and 84.6% 
specificity (AUC 0.88, p=0.023, 95% 
CI 0.71–1.05). Starting JAKi treatment 
in case of DAS28-CRP below 3.76 con-
ferred an OR for remission at 3 months 
of 22 (95% CI 1.5–314.5, p=0.009). 
Patients with oligoarticular JIA, those 
with DAS28-CRP <3.76 at JAKi start 
and those who had tried less than 2 bD-
MARDs displayed a similar retention 
in treatment compared to the remaining 
included subjects (p=0.386, p=0.235 
and p=0.866, respectively). 

Sequential treatment with JAKi
Two patients with a hardly treatable 
articular disease, refractory to cD-
MARDs and several bDMARDs, were 
sequentially treated with both JAKi. A 
female patient with ERA, who experi-
enced primary failure with etanercept, 

infliximab, golimumab, certolizumab, 
rituximab and abatacept, received first 
baricitinib in association with pred-
nisone 12.5 mg daily; after 90 days, she 
was switched to tofacitinib and metho-
trexate 10 mg weekly combo. Disease 
activity increased with both agents 
(DAS28-CRP from 5.11 at baseline to 
5.48 after 3 months of treatment with 
baricitinib and from 3.32 at baseline to 
5.64 after 3 months of treatment with 
tofacitinib). A male patient with oli-
goarticular JIA, who later on developed 
also Crohn’s disease, had been unsuc-
cessfully treated with etanercept, inf-
liximab, golimumab, certolizumab and 
adalimumab. He received as first JAKi 
tofacitinib, which was replaced by ba-
ricitinib after 335 days of treatment. 
Disease activity remained stable with 
both JAKi, with a DAS28-CRP of 4.98. 
He also had uveitis, which was clini-
cally inactive before and throughout 
treatment with the 2 JAKi. 
Both patients discontinued even the 
second line JAKi, another pharmaco-
logical tool (sarilumab) was introduced 
without achieving disease control.

Beyond the joints
Five patients also presented JIA-uveitis, 
as detailed in Table IV. At JAKi start, 
uveitis was active in 3 cases (60%); all 
patients with active uveitis achieved 
complete treatment response after 3 
months of JAKi treatment. One subject 

(Patient 5) required systemic steroids 
during the follow-up, but all patients 
(3/3, 100%) discontinued topical corti-
costeroid therapy at the 3-month visit. 
No uveitis relapses were observed dur-
ing follow-up and no ocular side ef-
fects or new-onset complications were 
observed during the treatment period. 
One female patient with ERA had skin 
psoriasis, which was under good con-
trol at the time of tofacitinib initiation, 
preventing any conclusion.
Comorbidities underpinned by an au-
toimmune aetiology were registered in 
2 subjects (11.8%). These 2 patients, 
all with disease resistance to at least 
3 bDMARDs, received JAKi (tofaci-
tinib in 1 case, tofacitinib and barici-
tinib sequential treatment in another 
case) without any clinical benefit on 
joint involvement. The optimal disease 
control of hidradenitis suppurativa at 
JAKi start in one female patient, with 
oligoarticular JIA persisted through-
out treatment course with tofacitinib. 
Similarly, Crohn’s disease remained 
under remission during treatment first 
with tofacitinib and then baricitinib in 
a male patient with oligoarticular JIA.

Response to JAKi beyond 
3 months of treatment
Ten patients discontinued JAKi at 3 
months due to primary failure while 7 
subjects (41.2%) persisted on treatment 
with JAKi beyond 3 months: 3 subjects 

Table IV. Demographic features and treatment regimen of included patients with uveitis during treatment with JAKi. 

Patient, sex, Age at  Age at Uveitis Uveitis n. of Active JAKi Systemic cDMARD         AC cells            Topical   Follow-
diagnosis JIA onset uveitis  features complications bDMARD uveitis  steroid during               steroid  up time
 (years) onset  at JAKi before at JAKi  during treatment               (drops)  on JAKi
  (years)  start JAKi start    treatment  with     (days)
        with JAKi JAKi B A B A  
    
1, M, O-JIA 1.85 2.24 Bilateral - Band keratopathy 4 Yes Tofacitinib, No No 2+ 0 4 0 335
   panuveitis - Cataract   Baricitinib
    - Posterior synechiae 
       
2, F, O-JIA 0.95 1.20 Bilateral  - Band keratopathy 3 Yes Baricitinib No No 3+ 0 4 0 153
   anterior uveitis - Posterior synechiae 
       
3, F, O-JIA 9.69 9.69 Bilateral  - Band keratopathy 2 No Baricitinib No MTX 0 0 0 0 1552
   panuveitis - Cataract 
       
4, F, O-JIA 1.75 1.75 Bilateral  - Band keratopathy  1 No Tofacitinib No No 0 0 0 0 92
   anterior uveitis - Posterior synechiae 
       
5, F, RF- P-JIA 0.19 1.52 Bilateral  - Band keratopathy 5 Yes Baricitinib Yes MTX 2+ 0 4 0 208
   anterior uveitis - Posterior synechiae 

JIA: juvenile idiopathic arthritis; O-JIA: oligoarticular juvenile idiopathic arthritis; RF: rheumatoid factor; P-JIA: polyarticular juvenile idiopathic arthritis; F: female; M: male; 
JAKi: janus kinase inhibitor; N: number; bDMARD: disease-modifying anti-rheumatic drugs; cDMARD: conventional disease-modifying anti-rheumatic drug; MTX: metho-
trexate; B: before JAKi treatment; A: after JAKi treatment; AC: anterior chamber.
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were on tofacitinib and 4 received ba-
ricitinib. At survival analysis, there was 
no difference in the retention in treat-
ment between the 2 agents (p=0.926). 
DAS28-CRP were evaluated quarterly 
in all 7 patients, with a median follow-
up of 1088 days (IQR 1195). To note, 
DAS28-CRP fluctuated significantly 
over follow-up (p=0.0009, Friedman 
statistics 18.79), and a significant de-
crease in disease activity was registered 
even after 12 months of treatment (me-
dian DAS28-CRP [IQR] at baseline 
3.13 [1.35], 1 at 3 months 1.00 [2.00], 
at 6 months 1.00 [1.00], at 12 months 
1.00 [0], at last visit 1.00 [1.00]). 
After JAKi failure, 8 patients were 
switched to a bDMARD, and primary 
failure was registered in 5 patients. Pa-
tients were mainly started on anti-IL-6 
agents (tocilizumab in 4 cases and sari-
lumab in 2 cases), with a single patient 
responding to tocilizumab. One subject 
was started on etanercept and one on 
secukinumab, in both cases a primary 
response was observed but the patient 
started on IL-17A inhibitor lost re-
sponse at 10 months. 

Safety profile of JAKi 
Over a median treatment with JAKi 
of 297 days (IQR 655.5), none of the 
patients experienced side effects as 
hypercholesterolaemia and thrombo-
embolic events during JAKi treatment. 
An overweight female patient with oli-
goarticular JIA developed, at the age of 
27 years, severe arterial hypertension 
while receiving tofacitinib and lefluno-
mide combo treatment; both pharma-
cological agents were promptly discon-
tinued and a progressive normalisation 
of blood pressure was observed. 

Discussion
To our knowledge, the present cohort 
study is the first report in literature de-
scribing the efficacy of first-generation 
JAKi in a neglected population as adult 
patients with JIA. Noteworthy, the in-
troduction of JAKi allowed obtaining 
remission in approximately a quarter 
of patients at 3 months. Such remission 
rate is not negligible, given that the pre-
sent cohort was composed of patients 
with longstanding refractory disease, 
with previous failure of 2 bDMARDs 

in median. Even though modern rheu-
matology aims at obtaining full control 
of articular and systemic inflammation 
leading to remission of disease activ-
ity, inadequate response is still an issue 
in JIA, as confirmed by available epi-
demiological data: approximately half 
of JIA patients have active disease de-
spite 2 or more sequential bDMARDs 
(15). To note, the remission rate in our 
JIA cohort was similar to the figures 
emerged after 3 months of treatment 
with tofacitinib in rheumatoid arthri-
tis (RA) across 5 clinical trials, where 
18–22% of patients achieved remission 
according to DAS28-CRP (16). 
JIA subsets, although unified by the 
onset of chronic arthritis, are under-
pinned by diverging pathophysiologic 
mechanisms that account for the differ-
ential treatment algorithms (17). In our 
cohort, JAKi exerted the highest thera-
peutic effect in JIA patients with per-
sistent oligoarticular subset followed 
by polyarticular JIA. Such finding is in 
partial agreement with the only avail-
able withdrawal phase 3 trial conducted 
on 184 patients, which showed that to-
facitinib represents an effective option 
for patients with polyarticular course 
JIA (extended oligoarthritis, polyar-
ticular JIA and systemic JIA without 
active systemic features) aged between 
2 and 18 years (18); unfortunately, no 
further subanalysis upon disease cat-
egories was performed. In our cohort, 
none of the patients with systemic JIA 
achieved disease remission with JAKi; 
some data can be extrapolated from a 
French national survey that included 2 
paediatric patients with systemic JIA 
who achieved clinical and biological 
disease remission at the latest follow-up 
(19). We observed JAKi treatment fail-
ure even in both patients with ERA, in 
partial agreement with an exploratory 
efficacy analysis in the PRINTO trial: 
among 16 enrolled patients with ERA, 
the flare rate at 44 weeks was 44% in 
the tofacitinib-treated arm versus 57% 
in those receiving placebo (18). Con-
versely, in patients with adult-onset 
spondyloarthritis, clinical trials have 
demonstrated the superior efficacy of 
JAKi over placebo in case of failure of 
first line treatments (20). Importantly, 
our data confirm the rapid and sustained 

effect of JAKi even in JIA: if changes 
in DAS28-CRP levels were registered 
as early as 3 months, a significant de-
crease in the same score was reported 
even at one year.
Although the homology within the JAK 
family challenges the selectivity of 
JAKi, in vitro studies have shown that 
baricitinib is more selective for JAK1 
and JAK2 (21, 22), whereas tofacitinib 
is considered as a pan-JAKi that pref-
erentially targets JAK1 and JAK3 with 
minor activity on JAK2 and TYK2 (21, 
23). To date, there is no evidence that 
such diverging behaviour might trans-
late into a differential therapeutic ef-
fect: comparative studies between JAKi 
are lacking, even though a propensity 
score-based analysis suggested a higher 
efficacy for baricitinib than tofacitinib 
in RA (24). Conversely, our data do not 
support a differential effect for barici-
tinib versus tofacitinib in adult patients 
with JAKi, both in the short and the 
long terms. In our JIA cohort, the con-
comitant treatment with cDMARDs, 
either methotrexate or leflunomide, did 
not affect the response to JAKi, consist-
ently with registrational trials that led 
to the licensing of these drugs in mono-
therapy as well as in association with 
cDMARDs (6). 
In the clinical approach to a hetero-
geneous disease as JIA, it is pivotal to 
profile the clinical features of patients 
with the highest chance of responding 
to a given therapeutic tool. Importantly, 
this study offers several insights into 
the decision process for JAKi prescrip-
tion to adult patients with JIA. First, 
JAKi were more effective in JIA pa-
tients with moderate disease activity, 
in particular in case of a DAS28-CRP 
below 3.76 according to ROC curve 
analysis. In addition, patients with pre-
vious failure to 2 or more bDMARDs 
(in particular if anti-TNF-α agents) had 
a lower beneficial effect with JAKi. 
These findings are in conflict with lit-
erature on RA, which supports the ef-
ficacy of JAKi even in severe RA, to an 
extent that was comparable – or even 
superior – to bDMARDs (6). Secondly, 
the therapeutic tailoring upon patient’s 
features should take into account that 
JAKi exert a notable therapeutic ef-
fect on uveitis. This is highly relevant, 
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as uveitis provides the most common 
and potentially serious extra-articular 
manifestation of JIA and still poses 
therapeutic challenges due to its recal-
citrant behaviour with potential visual 
complications. Novel agents allowing 
to control both sites of inflammation 
are highly warranted, as adalimumab 
is currently the only approved steroid-
sparing agent for the treatment of non-
infectious uveitis (25). Since the trial of 
tofacitinib in JIA excluded patients with 
active uveitis within 3 months from en-
rolment and recruited only one partici-
pant with a history of inactive uveitis, 
particular attention should be devoted 
to the data about JAKi in uveitis pre-
sented in this study, which add on the 
case reports already published by our 
group (18, 26). Together with some 
other case reports, this bulk of evidence 
prompted an open-label adalimumab 
active controlled phase 3 trial of ba-
ricitinib in JIA-uveitis or ANA-positive 
uveitis, which is currently recruiting 
(NCT04088409) (27-30).
Thirdly, comorbidities provide an addi-
tional key driver for therapeutic strat-
egy: two recent phase 2 studies support 
a clinical utility for JAKi in individu-
als with hidradenitis suppurativa (31) 
whereas clinical trials of tofacitinib in 
Crohn’s disease have been disappoint-
ing, with no differences in response or 
remission compared with placebo (6). 
We cannot comment on our experience 
since all comorbid diseases were under 
remission when our patients were start-
ed on JAKi, as well as psoriatic skin 
disease where available evidence sug-
gests JAKi efficacy (32).
The safety of JAKi has been matter of 
vibrant debate in RA, with particular 
focus on the risk of thromboembolic 
events, herpes zoster and malignancies 
following the warning by regulatory 
agencies (33-38). Consistently with the 
reassuring data from the PRINTO trial 
(18), in our cohort JAKi emerged as a 
safe therapeutic tool: the only regis-
tered adverse event was the onset of se-
vere arterial hypertension, possibly as-
cribed to the concomitant leflunomide 
treatment.
Limitations of this study include the 
retrospective design and limited sam-
ple size, which hampers the drawing 

of robust conclusions. The recruitment 
of subjects in a single third-level clinic 
might unveil a selection bias as patients 
with active recalcitrant disease are fol-
lowed up in this setting. The rate of 
withdrawal from JAKi was rather el-
evated at 3 months, and this precludes a 
complete analysis of the benefits. How-
ever, we believe our data add relevant 
insights into the efficacy and safety of 
JAKi in a clinical scenario that is sel-
dom a focus of research in adult rheu-
matology. Furthermore, disease activity 
was evaluated by the means of DAS28-
CRP, which has been recently identified 
as the most reliable clinimetric score 
among adults with JIA (39). DAS28-
CRP holds clinical significance even 
in the setting of longstanding systemic 
JIA, given that systemic manifestations 
tend to remit with time while the ar-
ticular involvement remains active (4). 
Half of the patients with oligoarticular 
JIA had extended disease, and the activ-
ity of uveitis was captured by means of 
inflammation score according to SUN 
criteria (12).
As a whole, this study supports JAKi as 
additional pharmacological options in a 
unique population of adult patients with 
JIA. While awaiting results from ongo-
ing clinical trials in paediatric popula-
tions (NCT04088396, NCT03773978 
and NCT03000439), JAKi might allow 
enabling a full control of JIA underlying 
inflammation with a favourable risk-
benefit balance even once the adult age 
is reached. Our data suggest that JAKi 
might be regarded as a suitable option 
in JIA patients with oligoarticular sub-
set and moderate disease activity, even 
though further studies are warranted 
to profile the patients with the highest 
chance of response to JAKi.
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