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Abstract
Background  To assess the drug survival and change of disease activity using a second Janus kinase inhibitor (JAKi) 
after failure to a JAKi and subsequent biologic disease-modifying anti-rheumatic drugs (bDMARDs) in patients with 
difficult-to-treat rheumatoid arthritis (RA).

Methods  This retrospective cohort study included 32 patients with difficult-to-treat RA who failed to a JAKi and 
subsequently to one or more bDMARDs and then switched to a second JAKi. To assess drug survival, electronic 
medical records of each patient were reviewed. Data on whether the second JAKi was discontinued, and the reasons 
for discontinuation were collected. The change of disease activity was assessed by analyzing changes in tender joint 
count (TJC), swollen joint count (SJC), patient’s global assessment of disease activity on a visual-analogue scale (VAS), 
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), Disease Activity Score for 28 joints with ESR (DAS28-
ESR), and DAS28-CRP from baseline to that at six months from initiation of the second JAKi.

Results  Overall, discontinuation of the second JAKi occurred in 20 (62.5%) patients. Primary failure, secondary failure, 
adverse events, and insurance coverage issues were the reasons for discontinuation in 9 (45.0%), 5 (25.0%), 2 (10.0%), 
and 4 (20.0%) patients, respectively. The estimated 2-year drug survival rate was 39.3%. In terms of change of disease 
activity, the second JAKi significantly improved TJC (p < 0.001), SJC (p < 0.001), VAS (p < 0.001), CRP (p = 0.026), DAS28-
ESR (p < 0.001), and DAS28-CRP (p < 0.001) at 6-month compared with that at the baseline.
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Background
Rheumatoid arthritis (RA) is an autoimmune disease 
characterized by synovitis leading to progressive joint 
damage [1]. Disease-modifying anti-rheumatic drugs 
(DMARDs), including conventional synthetic DMARDs 
(csDMARDs), biologic DMARDs (bDMARDs), and tar-
geted synthetic DMARDs (tsDMARDs), are used for 
the treatment of RA [2, 3]. Of the DMARDs used in the 
treatment of RA, Janus kinase inhibitors (JAKis), cat-
egorized as tsDMARDs, are the most recently approved 
medication [4]. Clinical trials involving patients with RA 
have shown that JAKis with or without methotrexate 
have rapid and robust effects that are equivalent or even 
superior to that of bDMARDs [5–11]. Despite their effi-
cacy, a fraction of patients with RA still fail to respond to 
JAKis and do not achieve low disease activity or remis-
sion [12, 13]. The European League Against Rheumatism 
(EULAR) recommendation states that, switching to a 
bDMARD or another tsDMARD in these patients should 
be considered [2]. However, there are limited data about 
the use of other JAKis after failure to respond to one 
JAKi. Only one recent retrospective study has shown that 
switching from one JAKi to another sequentially could 
be safe and effective [14]. However, as only patients with 
back to back use of different JAKis were included in that 
study [14], a clinical question remains as to whether the 
observed effectiveness of the second JAKi after failure to 
a first JAKi still applies to patients with difficult-to-treat 
RA who failed to a JAKi and subsequently to one or more 
bDMARDs.

Here, we aimed to evaluate the drug survival and 
change of disease activity using a second JAKi, in patients 
with difficult-to-treat RA who failed to a JAKi and subse-
quent bDMARDs.

Methods
Patients
Patients with RA who failed to a JAKi and have been 
switched to one or more bDMARDs and then to 
another JAKi at two tertiary referral hospitals in Seoul, 
South Korea, between August 2015 and June 2021 were 
included. All patients included fulfilled the 2010 Ameri-
can College of Rheumatology/EULAR classification cri-
teria for RA [15]. At the time of initiation of the second 
JAKi, all patients met the definition of “difficult-to-treat 
RA” [16] which includes: (i) failure to ≥ 2 b/tsDMARDs 
with different mechanisms of action after failure to csD-
MARDs, (ii) signs suggestive of active/progressive disease 
(e.g. Disease Activity Score for 28 joints [DAS28] > 3.2), 

and (iii) management of signs and/or symptoms per-
ceived as problematic by the rheumatologist and/or the 
patient. Usual care was applied to the patients. All JAKis 
were used in full doses: tofacitinib, 5 mg twice a day; bar-
icitinib, 4 mg once a day; and upadacitinib, 15 mg once 
a day. In all cases, the switch from bDMARD to JAKi 
was made directly without washout period. Patients 
were retrospectively reviewed from the date of initia-
tion of the second JAKi to the date of discontinuation of 
that JAKi, or December 31, 2021, or the last follow-up 
date, whichever came first. This study was approved by 
the Institutional Review Board (IRB) of Gangnam Sev-
erance Hospital (IRB No: 3-2021-0446) and Asan Medi-
cal Center in Seoul, South Korea (IRB No: 2014 − 0237). 
Requirement of informed consent was waived due to the 
retrospective nature of the study.

Outcomes
The outcome of primary interest was drug survival of the 
second JAKi. To assess drug survival of the second JAKi, 
the electronic medical records of each patient were ret-
rospectively reviewed and whether that JAKi was discon-
tinued was determined. Patients who discontinued their 
JAKis owing to primary failure, secondary failure, adverse 
events, and insurance coverage issues were detected. 
Primary failure was defined as DAS28 with erythrocyte 
sedimentation rate (DAS28-ESR) ≤ 3.2 not achieved atsix 
months of treatment. Secondary failure was defined as 
loss of this condition thereafter. We also assessed change 
of disease activity between baseline and 6-month as 
a secondary outcome. Change of disease activity was 
assessed by change from baseline to that at six months 
from the initiation of the second JAKi in the following 
covariates: tender joint count (TJC), swollen joint count 
(SJC), patient’s global assessment of disease activity on a 
visual-analogue scale (VAS) ranging from 0 to 100, ESR, 
C-reactive protein (CRP), DAS28-ESR, and DAS28-CRP.

Covariates
The following covariates at the time of initiation of the 
second JAKi were collected: age, sex, disease duration, 
positivity for rheumatoid factor and anti-cyclic citrul-
linated peptide antibody, erosion on x-ray, number of 
bDMARDs used prior to the first JAKi, the first JAKi 
used, duration of exposure to the first JAKi, reason for 
discontinuation of the first JAKi, number of bDMARDs 
used between JAKis, time interval between the use of 
JAKis, the second JAKi that was initiated, and the use of 
methotrexate and glucocorticoid.

Conclusions  Second JAKi could be a therapeutic option in patients with difficult-to-treat RA who have failed to a 
JAKi and subsequent bDMARDs.
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Statistical analysis
The sample size needed to achieve a power of 80% and 
a significance level of 5% (two-sided) for detecting an 
effect size of 0.6 on disease activity indices (TJC, SJC, 
VAS, ESR, CRP, DAS28-ESR, and DAS28-CRP) between 
pairs (baseline and 6-month assessment) was calculated. 
The effect size refers to the mean of the paired differences 
divided by the standard deviation of paired differences. 
The calculated sample size was 25 pairs. Continuous 
variables were represented by their median value (inter-
quartile range [IQR]), and categorical variables were 
represented as numbers (%). Kaplan-Meier analysis was 
conducted to visualize drug survival of the second JAKi. 
Wilcoxon signed rank test was used to compare the dif-
ferences in TJC, SJC, VAS, ESR, CRP, DAS28-ESR, and 
DAS28-CRP at baseline and at six months of the sec-
ond JAKi treatment. Patients who discontinued the JAKi 
before 6-month owing to adverse events or insurance 
coverage issues were excluded in this analysis. A p value 

of < 0.05 was considered statistically significant. All anal-
yses were conducted using the SPSS software (version 
25.0; IBM Corporation, Armonk, NY, USA), and graphi-
cal representations were generated using GraphPad 
Prism (version 7.0; GraphPad Software Inc., San Diego, 
CA, USA).

Results
Patient characteristics
A total of 32 patients with RA who failed to a JAKi and 
were switched to one or more bDMARDs and then 
to another JAKi were included. The median age of the 
patients was 56.5 (IQR: 48.3, 61.0) years, and 93.8% of the 
patients were female. Tofacitinib and baricitinib were the 
JAKis previously used in 30 (93.8%) and 2 (6.3%) patients, 
respectively. The median number of bDMARDs used 
between the first and second JAKi was 1.0 (IQR: 1.0, 2.0). 
Tofacitinib, baricitinib, and upadacitinib were the second 
JAKi in 2 (6.3%), 29 (90.6%), and 1 (3.1%) patient, respec-
tively. During the use of the second JAKi, methotrexate 
was concomitantly used in 22 (68.8%) patients. In these 
22 patients, methotrexate was used at a stable dose with a 
median dose of 10.0 (9.4–13.1) mg/week. Detailed char-
acteristics of the patients at the initiation of the second 
JAKi are summarized in Table 1.

Drug survival
The median observation duration (i.e. duration of expo-
sure to the second JAKi) was 13.5 (IQR: 6.3, 23.8) months. 
Overall, 20 patients (62.5%) discontinued treatment with 
the second JAKi. The median time of discontinuation of 
the second JAKi was after 9.0 (IQR: 4.5, 13.8) months of 
treatment. Among the 20 patients who discontinued the 
second JAKi, primary failure, secondary failure, adverse 
events, and insurance coverage issues were the reasons 
for the discontinuation in 9 (45.0%), 5 (25.0%), 2 (10.0%), 
and 4 (20.0%) patients, respectively (Table 2). Excluding 
the 4 patients who discontinued the JAKi due to insur-
ance coverage issue, a total of 4 patients discontinued 

Table 1  Patient characteristics at the initiation of second JAK 
inhibitor
Characteristics N = 32
Age, years, median (IQR) 56.5 (48.3, 61.0)
Female, n (%) 30 (93.8)
Disease duration, years, median (IQR) 13.5 (8.4, 21.5)
RF positive, n (%) 26 (81.3)
Anti-CCP Ab positive, n (%)a 23 (85.2)
Erosion on x-ray, n (%) 26 (81.3)
Number of bDMARDs prior to the first JAKi, median 
(IQR)

1.0 (0.0, 2.0)

First JAKi, n (%)
Tofacitinib 30 (93.8)
Baricitinib 2 (6.3)
Duration of first JAKi exposure, months, median (IQR) 8.0 (3.5, 17.0)
Reason for discontinuation of first JAKi, n (%)
Primary failure 16 (50.0)
Secondary failure 6 (18.8)
Adverse events 10 (31.3)
Number of bDMARDs between JAKis, median (IQR) 1.0 (1.0, 2.0)
Interval between JAKis, months, median (IQR) 10.0 (3.0, 22.0)
Second JAKi, n (%)
Tofacitinib 2 (6.3)
Baricitinib 29 (90.6)
Upadacitinib 1 (3.1)
Concomitant medication
Methotrexate, n (%) 22 (68.8)
Methotrexate dose, mg/week, median (IQR) 10.0 (9.4–13.1)
Glucocorticoid, mg/dayb, median (IQR) 5.0 (0.0, 5.0)
aPatients (n = 5) with missing data excluded
bmg/day of prednisolone or its equivalent

JAKi, Janus kinase inhibitor; RF, Rheumatoid factor; Anti-CCP Ab, Anti-cyclic 
citrullinated peptide antibody; bDMARDs, biologic disease-modifying anti-
rheumatic drugs; TJC, Tender joint count; SJC, Swollen joint count; VAS, Visual 
analogue scale; ESR, Erythrocyte sedimentation rate; CRP, C-reactive protein; 
DAS28-ESR, Disease activity score 28 - erythrocyte sedimentation rate

Table 2  Drug survival of the second JAK inhibitor
N = 32

Duration of the second JAKi exposure, months, median (IQR) 13.5 
(4.5, 
23.8)

Discontinuation of the second JAKi, n (%) 20 
(62.5)

Time to discontinuation of the second JAKi, months, median 
(IQR)

9.0 (3.3, 
13.8)

Reasons for discontinuation of the second JAKi, n (%)
Primary failure 9 (45.0)
Secondary failure 5 (25.0)
Adverse events 2 (10.0)
Insurance coverage issues 4 (20.0)
JAKi, Janus kinase inhibitor
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the JAKi within 6-month of treatment. Of the 4 patients, 
3 patients discontinued due to primary failure, and 1 
patient discontinued due to adverse event (severe nau-
sea). When patients who discontinued the second JAKi 
due to insurance coverage issues were excluded, the esti-
mated drug survival rates at 6-month, 1-year, and 2-year 
were 85.7%, 70.5%, and 39.3%, respectively (Fig. 1).

Change of disease activity
Change of disease activity using the second JAKi at six 
months of treatment is shown in Table  3; Fig.  2. Com-
pared with the baseline, TJC (10.0 [IQR: 6.0, 18.0] vs. 0.0 
[IQR: 0.0, 2.0], p < 0.001), SJC (6.0 [IQR: 4.0, 12.0] vs. 0.0 
[IQR: 0.0, 0.0], p < 0.001), VAS (85.0 [IQR: 80.0, 90.0] vs. 
30.0 [IQR: 30.0, 30.0], p < 0.001), CRP (1.01 [IQR: 0.10, 
2.68] mg/dL vs. 0.38 [IQR: 0.13, 1.23] mg/dL, p = 0.026), 
DAS28-ESR (5.84 [IQR: 5.41, 6.30] vs. 3.28 [IQR: 2.81, 
3.89], p < 0.001), and DAS28-CRP (5.48 [IQR: 4.75, 5.94] 
vs. 2.34 [IQR: 1.78, 3.10], p < 0.001) were significantly 
lower at six months of treatment with the second JAKi. 
On the other hand, ESR (52.0 [IQR: 12.0, 69.0] mm/h vs. 
30.0 [IQR: 24.0, 46.0] mm/h, p = 0.100) at baseline and at 
six months of the second JAKi treatment did not differ 
significantly.

Discussion
In this study, we showed that in patients with difficult-to-
treat RA who failed to bDMARDs after failure to a JAKi, 
a second JAKi has a drug survival rate of up to 40% at 
2-year. Given that all patients included had difficult-to-
treat RA, the drug survival rate was acceptable, suggest-
ing that the second JAKi is a potential therapeutic option 
available to patients with difficult-to-treat RA who failed 
to a JAKi and one or more subsequent bDMARDs.

In vitro kinase assays have demonstrated that differ-
ent JAKis have different JAK selectivity. Tofacitinib is a 
potent inhibitor of JAK1 and JAK3 and is less specific 
to JAK2 and tyrosine kinase 2 (TYK2); baricitinib is a 
selective JAK1 and JAK2 inhibitor with moderate activ-
ity against TYK2 and less activity against JAK3; and 
upadacitinib is a selective JAK1 inhibitor [17–19]. Con-
sidering that distinct cytokine signaling pathways are 
mediated by varying JAK complexes, different JAKis with 
different JAK selectivity, may have different effects in the 
treatment of RA [20]. This could be a rationale for using 
another JAKi in patients with RA who have previously 
failed to a JAKi. Indeed, a previous study has reported 
sequential use of second JAKi after failure to a first 
JAKi as an efficacious option in patients with RA [14]. 
Our data add to the previous study that a second JAKi 
could also be considered as a therapeutic option when a 
patient with RA has failed to a JAKi and to subsequent 
bDMARDs.

Regarding drug survival, the estimated 2-year drug sur-
vival rate of the second JAKi was 39.3%. This drug sur-
vival rate is relatively low compared with a previous post 
hoc analysis evaluating drug survival of JAKi (tofacitinib, 
in particular) in patients with RA that reported an esti-
mated 2-year drug survival rate of 75.5% [21]. This is not 
surprising considering that all patients included in our 
study fall into the definition of difficult-to-treat RA [16] at 
the time of initiation of the second JAKi. As we included 
only the patients with RA who failed to a JAKi and one 
or more subsequent bDMARDs, all patients received 
at least two ts/bDMARDs prior to the second JAKi. In 
contrast, the mean number of bDMARDs used by the 
patients included in the previous post hoc analysis prior 
to the use of tofacitinib was 1.6 [21]. Therefore, although 
the drug retention rate of the second JAKi in our study 
seems relatively low, it could be interpreted that as much 
as 40% of patients with difficult-to-treat RA who previ-
ously failed to a JAKi still have chance to improve upon 

Table 3  Change of disease activity using the second JAK 
inhibitor at 6-month

Baseline 6-month P 
valuea

Number of patients 
at assessment, n 
(%)

32 (100.0) 27 (84.4) N/A

TJC 10.0 (6.0, 18.0) 0.0 (0.0, 2.0) < 0.001
SJC 6.0 (4.0, 12.0) 0.0 (0.0, 0.0) < 0.001
VAS 85.0 (80.0, 90.0) 30.0 (30.0, 30.0) < 0.001
ESR, mm/h 52.0 (12.0, 69.0) 30.0 (24.0, 46.0) 0.100
CRP, mg/dL 1.01 (0.10, 2.68) 0.38 (0.13, 1.23) 0.026
DAS28-ESR 5.84 (5.41, 6.30) 3.28 (2.81, 3.89) < 0.001
DAS28-CRP 5.48 (4.75, 5.94) 2.34 (1.78, 3.10) < 0.001
aThe P value of Wilcoxon signed rank test, which included 27 patients who had 
their disease activity assessed at both baseline and 6-month

JAK, Janus kinase; TJC, Tender joint count; SJC, Swollen joint count; VAS, Visual 
analogue scale; ESR, Erythrocyte sedimentation rate; CRP, C-reactive protein; 
DAS28, Disease activity score 28

Fig. 1  Drug survival rate of another JAK inhibitor after failure to a JAKi and 
subsequent bDMARD(s). JAK, Janus kinase; bDMARD, biologic disease-
modifying anti-rheumatic drug
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treatment with another JAKi. Moreover, in our coun-
try, as per the national insurance reimbursement policy, 
patients with RA using JAKi or bDMARD are mandated 
to get their disease activity assessed every 6-month. Only 
if the effectiveness observed at the first 6-month of use 
is maintained thereafter can the JAKi or bDMARDs be 
used persistently. Given these circumstances, we pre-
sume that drug survival could be considered as a proxy of 
drug effectiveness in our study population.

The use of the second JAKi was effective at 6-month 
in terms of improving TJC, SJC, VAS, CRP, and DAS28. 
Given that all patients included had difficult-to-treat 
RA, the effect of the second JAKi on the change of dis-
ease activity observed at 6-month is encouraging. How-
ever, as shown in Fig. 2, the degree of change in disease 
activity parameters varied among patients. For instance, 
ΔDAS28-ESR (i.e. change of DAS28-ESR from base-
line to at six months of use of the second JAKi) was as 
large as -4.79 in one patient, whereas in another patient 
DAS28-ESR was rather higher at six months of treat-
ment (ΔDAS28-ESR = 0.15). An important clinical ques-
tion arises as to whether there is a subgroup of patients 
that responds better than the others. In particular, given 
that all patients failed to a JAKi previously, we sought 

whether the reason for discontinuation of the previous 
JAKi is associated with the effectiveness or drug survival 
of the second JAKi. When ΔDAS28-ESR was compared 
according to the reasons for discontinuation of the previ-
ous JAKi, no significant difference was observed among 
groups (p = 0.486, data not shown in the Results). In addi-
tion, the drug survival rate of the second JAKi also did 
not differ among patients who discontinued treatment 
with the previous JAKi for different reasons (p = 0.423, 
data not shown in the Results). Moreover, as shown in 
Table 4, no association was observed between the reason 
for discontinuation of the previous JAKi and the outcome 
of the second JAKi, indicating that the reason for the dis-
continuation of the previous JAKi does not necessarily 
mean that the second JAKi will be discontinued for the 
same reason. For instance, of the 16 patients who discon-
tinued treatment with the previous JAKi owing to pri-
mary failure, excluding one patient who discontinued the 
second JAKi of insurance coverage issue, four patients 
experienced primary failure with the second JAKi, three 
patients experienced secondary failure with the second 
JAKi, one patient experienced adverse event with the 
second JAKi, and the other seven patients were main-
tained on the second JAKi as it was effective (Table  4). 

Fig. 2  Changes in disease activity parameters between baseline and at six months from the initiation of a second JAK inhibitor. (A) TJC, (B) SJC, (C) VAS, 
(D) ESR, (E) CRP, (F) DAS28-ESR, and (G) DAS28-CRP. JAK, Janus kinase; TJC, Tender joint count; SJC, Swollen joint count; VAS, Visual analogue scale; ESR, 
Erythrocyte sedimentation rate; CRP, C-reactive protein; DAS28, Disease activity score
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Therefore, the so-called class effect does not seem to 
apply to JAKis, and switching to another JAKi after fail-
ure to a JAKi and subsequent bDMARDs, could be con-
sidered regardless of the reasons for the discontinuation 
of the previous JAKi.

The following limitations should be noted in our study. 
First, we lack data on other disease activity parameters 
including Clinical Disease Activity Index and Simplified 
Disease Activity Index. Second, the observation dura-
tion was relatively short and the number of patients 
small to make a robust conclusion. Third, this study 
was retrospective in design. As this was a retrospective 
study, glucocorticoid was not used in a predefined stan-
dardized protocol. Fourth, as this was a study based on 
an electronic medical record review, information on 
adverse events and treatment discontinuation may have 
been underreported. Further prospective randomized 

controlled trials with larger sample size and longer fol-
low-up are needed to confirm our observations.

Conclusions
In summary, we found that switching to another JAKi in 
patients with difficult-to-treat RA who failed to a JAKi 
and subsequent bDMARDs has an estimated 2-year drug 
survival rate of approximately 40%, which is acceptable 
given the refractoriness of the study population. Further-
more, the second JAKi was effective in improving disease 
activity at six months of treatment. Therefore, another 
JAKi could be considered as a therapeutic option when 
patients with difficult-to-treat RA have failed to a JAKi 
and subsequent bDMARDs.

Abbreviations
RA	� rheumatoid arthritis
DMARDs	� disease-modifying anti-rheumatic drugs

Table 4  Reasons for discontinuation of first and second JAK inhibitors
Patients (Age/Sex) First JAKi Second JAKi

Drug Reasons for discontinuation Drug Reasons for discontinuation
#1 (63/F) Tofacitinib Primary failure Baricitinib Secondary failure
#2 (62/F) Tofacitinib Primary failure Baricitinib Secondary failure
#3 (48/F) Tofacitinib Primary failure Baricitinib Adverse event
#4 (45/F) Tofacitinib Primary failure Upadacitinib N/Aa

#5 (40/F) Tofacitinib Secondary failure Baricitinib Primary failure
#6 (61/F) Tofacitinib Secondary failure Baricitinib Primary failure
#7 (58/F) Tofacitinib Primary failure Baricitinib Primary failure
#8 (66/M) Tofacitinib Secondary failure Baricitinib Secondary failure
#9 (49/F) Tofacitinib Primary failure Baricitinib Primary failure
#10 (56/F) Tofacitinib Primary failure Baricitinib Primary failure
#11 (59/F) Tofacitinib Primary failure Baricitinib Primary failure
#12 (60/M) Tofacitinib Primary failure Baricitinib Secondary failure
#13 (68/F) Tofacitinib Secondary failure Baricitinib Adverse event
#14 (55/F) Tofacitinib Secondary failure Baricitinib Insurance coverage issue
#15 (35/F) Tofacitinib Primary failure Baricitinib Insurance coverage issue
#16 (50/F) Tofacitinib Primary failure Baricitinib N/Aa

#17 (49/F) Tofacitinib Primary failure Baricitinib N/Aa

#18 (49/F) Tofacitinib Primary failure Baricitinib N/Aa

#19 (58/F) Tofacitinib Primary failure Baricitinib N/Aa

#20 (35/F) Tofacitinib Secondary failure Baricitinib N/Aa

#21 (58/F) Tofacitinib Primary failure Baricitinib N/Aa

#22 (65/F) Tofacitinib Primary failure Baricitinib N/Aa

#23 (40/F) Tofacitinib Adverse event Baricitinib Primary failure
#24 (57/F) Tofacitinib Adverse event Baricitinib Secondary failure
#25 (56/F) Tofacitinib Adverse event Baricitinib Primary failure
#26 (35/F) Tofacitinib Adverse event Baricitinib Primary failure
#27 (68/F) Tofacitinib Adverse event Baricitinib Insurance coverage issue
#28 (34/F) Baricitinib Adverse event Tofacitinib Insurance coverage issue
#29 (54/F) Tofacitinib Adverse event Baricitinib N/Aa

#30 (57/F) Tofacitinib Adverse event Baricitinib N/Aa

#31 (62/F) Tofacitinib Adverse event Baricitinib N/Aa

#32 (61/F) Baricitinib Adverse event Tofacitinib N/Aa

aNot applicable because the JAKi was continued

JAKi, Janus kinase inhibitor
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bDMARDs	� biologic disease-modifying anti-rheumatic drugs
tsDMARDs	� targeted synthetic disease-modifying anti-rheumatic drugs
JAKis	� janus kinase inhibitors
EULAR	� European League Against Rheumatism
DAS28	� Disease Activity Score for 28 joints
IRB	� Institutional Review Board
DAS28-ESR	� Disease Activity Score for 28 joints with erythrocyte 

sedimentation rate
TJC	� tender joint count
SJC	� swollen joint count
VAS	� visual-analogue scale
CRP	� C-reactive protein
IQR	� interquartile range
TYK2	� tyrosine kinase 2

Acknowledgements
Not applicable.

Author contributions
Conceptualization: Park MC, Kim YG. Data curation: Kwon OC, Choi W. Formal 
analysis: Kwon OC, Choi W, Park MC, Kim YG. Funding acquisition: Kim YG. 
Investigation: Kwon OC, Choi W, Park MC, Kim YG. Methodology: Ahn SM, 
Oh JS, Hong S, Lee CK, Yoo B. Software: Kwon OC, Choi W, Park MC, Kim YG. 
Validation: Ahn SM, Oh JS, Hong S, Lee CK, Yoo B. Visualization: Kwon OC, Choi 
W, Park MC, Kim YG. J. Writing - original draft: Kwon OC. Writing - review & 
editing: Kwon OC, Choi W, Park MC, Kim YG. All authors read and approved the 
final manuscript.

Funding
Y-G Kim received grants from the Asan Institute for Life Science, Asan 
Medical Center (2021IL0015) and the National Research Foundation of Korea 
(NRF-2021M3A9G1026605).

Data availability
All data generated or analyzed during this study are included in this article.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board (IRB) of Gangnam 
Severance Hospital (IRB No: 3-2021-0446) and Asan Medical Center in Seoul, 
South Korea (IRB No: 2014 − 0237). Requirement of informed consent was 
waived due to the retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
Not applicable.

Author details
1Division of Rheumatology, Department of Internal Medicine, Gangnam 
Severance Hospital, Yonsei University College of Medicine, 211 Eonjuro, 
Gangnam- gu, 06273 Seoul, Korea
2Division of Rheumatology, Department of Internal Medicine, College of 
Medicine, University of Ulsan, Asan Medical Center, 88 Olympic-ro 43-gil, 
Songpa-gu, 05505 Seoul, Korea
3Department of Biomedical Informatics, Asan Medical Center, Seoul, 
Korea

Received: 19 July 2023 / Accepted: 30 March 2024

References
1.	 Smolen JS, Aletaha D, McInnes IB. Rheumatoid arthritis. Lancet. 

2016;388(10055):2023–38.
2.	 Smolen JS, Landewé RBM, Bergstra SA, Kerschbaumer A, Sepriano A, Aletaha 

D, et al. EULAR recommendations for the management of rheumatoid 

arthritis with synthetic and biological disease-modifying antirheumatic 
drugs: 2022 update. Ann Rheum Dis. 2023;82(1):3–18.

3.	 Fraenkel L, Bathon JM, England BR, St Clair EW, Arayssi T, Carandang K, et 
al. 2021 American College of Rheumatology Guideline for the treatment of 
rheumatoid arthritis. Arthritis Rheumatol. 2021;73(7):1108–23.

4.	 Tanaka Y, Luo Y, O’Shea JJ, Nakayamada S. Janus kinase-targeting therapies 
in rheumatology: a mechanisms-based approach. Nat Rev Rheumatol. 
2022;18(3):133–45.

5.	 van der Heijde D, Tanaka Y, Fleischmann R, Keystone E, Kremer J, Zerbini C, 
et al. Tofacitinib (CP-690,550) in patients with rheumatoid arthritis receiving 
methotrexate: twelve-month data from a twenty-four-month phase III 
randomized radiographic study. Arthritis Rheum. 2013;65(3):559–70.

6.	 Taylor PC, Keystone EC, van der Heijde D, Weinblatt ME, Del Carmen Morales 
L, Reyes Gonzaga J, et al. Baricitinib versus Placebo or Adalimumab in Rheu-
matoid Arthritis. N Engl J Med. 2017;376(7):652–62.

7.	 Tanaka Y, Takeuchi T, Tanaka S, Kawakami A, Iwasaki M, Song YW, et al. Efficacy 
and safety of peficitinib (ASP015K) in patients with rheumatoid arthritis 
and an inadequate response to conventional DMARDs: a randomised, 
double-blind, placebo-controlled phase III trial (RAJ3). Ann Rheum Dis. 
2019;78(10):1320–32.

8.	 Fleischmann R, Pangan AL, Song IH, Mysler E, Bessette L, Peterfy C, et al. Upa-
dacitinib Versus Placebo or Adalimumab in patients with rheumatoid arthritis 
and an inadequate response to Methotrexate: results of a phase III, Double-
Blind, randomized controlled trial. Arthritis Rheumatol. 2019;71(11):1788–800.

9.	 Combe B, Kivitz A, Tanaka Y, van der Heijde D, Simon JA, Baraf HSB, et al. Fil-
gotinib versus placebo or adalimumab in patients with rheumatoid arthritis 
and inadequate response to methotrexate: a phase III randomised clinical 
trial. Ann Rheum Dis. 2021;80(7):848–58.

10.	 Rubbert-Roth A, Enejosa J, Pangan AL, Haraoui B, Rischmueller M, Khan N, et 
al. Trial of Upadacitinib or Abatacept in Rheumatoid Arthritis. N Engl J Med. 
2020;383(16):1511–21.

11.	 Smolen JS, Pangan AL, Emery P, Rigby W, Tanaka Y, Vargas JI, et al. Upa-
dacitinib as monotherapy in patients with active rheumatoid arthritis 
and inadequate response to methotrexate (SELECT-MONOTHERAPY): a 
randomised, placebo-controlled, double-blind phase 3 study. Lancet. 
2019;393(10188):2303–11.

12.	 Buch MH. Defining refractory rheumatoid arthritis. Ann Rheum Dis. 
2018;77(7):966–9.

13.	 Buch MH, Eyre S, McGonagle D. Persistent inflammatory and non-inflam-
matory mechanisms in refractory rheumatoid arthritis. Nat Rev Rheumatol. 
2021;17(1):17–33.

14.	 Retuerto M, Trujillo E, Valero C, Fernandez-Espartero C, Soleto CY, Garcia-Valle 
A, et al. Efficacy and safety of switching Jak inhibitors in rheumatoid arthritis: 
an observational study. Clin Exp Rheumatol. 2021;39(3):453–5.

15.	 Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO III, et al. 
2010 rheumatoid arthritis classification criteria: an American College of 
Rheumatology/European League against Rheumatism collaborative initiative. 
Arthritis Rheum. 2010;62(9):2569–81.

16.	 Nagy G, Roodenrijs NMT, Welsing PM, Kedves M, Hamar A, van der Goes MC, 
et al. EULAR definition of difficult-to-treat rheumatoid arthritis. Ann Rheum 
Dis. 2021;80(1):31–5.

17.	 O’Shea JJ, Kontzias A, Yamaoka K, Tanaka Y, Laurence A. Janus kinase inhibi-
tors in autoimmune diseases. Ann Rheum Dis. 2013;72(Suppl 2):ii111–5.

18.	 Tanaka Y. The JAK inhibitors: do they bring a paradigm shift for the manage-
ment of rheumatic diseases? Rheumatology (Oxford). 2019;58(Suppl 1):i1–3.

19.	 Choy EH. Clinical significance of Janus Kinase inhibitor selectivity. Rheumatol-
ogy (Oxford). 2019;58(6):953–62.

20.	 McInnes IB, Byers NL, Higgs RE, Lee J, Macias WL, Na S, et al. Comparison of 
baricitinib, upadacitinib, and tofacitinib mediated regulation of cytokine sig-
naling in human leukocyte subpopulations. Arthritis Res Ther. 2019;21(1):183.

21.	 Pope JE, Keystone E, Jamal S, Wang L, Fallon L, Woolcott J, et al. Persistence of 
Tofacitinib in the treatment of rheumatoid arthritis in Open-Label, Long-Term 
Extension studies up to 9.5 years. ACR Open Rheumatol. 2019;1(2):73–82.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Drug survival and change of disease activity using a second janus kinase inhibitor in patients with difficult-to-treat rheumatoid arthritis who failed to a janus kinase inhibitor and subsequent biologics
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Patients
	﻿Outcomes
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿Drug survival
	﻿Change of disease activity

	﻿Discussion
	﻿Conclusions
	﻿References


