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Abstract
Objective

To describe use and treatment persistence for Janus kinase inhibitors (JAKi) in rheumatoid arthritis (RA) by line of 
therapy, and the mechanism of action for the drug switched to after JAKi discontinuation. 

Methods
This was a retrospective, observational analysis using the OPAL dataset, a large collection of deidentified electronic 
medical records from 112 rheumatologists around Australia. Adult patients with RA were included if they initiated 

tofacitinib (TOF), baricitinib (BARI) or upadacitinib (UPA) between 1 October 2015 and 30 September 2021. 
Data were summarised using descriptive statistics. Kaplan-Meier survival was used to analyse treatment persistence.  

Results
5,900 patients initiated JAKi within the study window (TOF n=3,662, BARI n=1,875, UPA n=1,814). Median persistence 
was similar across JAKi within each line of therapy where there was sufficient follow-up, and almost 3 years for first-line: 

34.9 months (95% CI 30.8, 40.7; n=1,408) for TOF, 33.6 months (95% CI 25.7, not reached; n=545) for BARI. 
While JAKi to JAKi switching occurred across all lines of therapy, switches to a tumour necrosis factor inhibitor (TNFi) 

were more frequent after first- or second-line JAKi. JAKi monotherapy use at baseline increased with line of therapy, 
and was highest at follow-up after switching to another JAKi. ‘Lack of efficacy’ was the most common reason for 

discontinuing JAKi.

Conclusion
In this large analysis of Australian real-world practice separated by line of therapy, treatment persistence for JAKi 
was high overall subject to differential follow-up, but declined in later lines. JAKi to JAKi switching was observed 

across all lines of therapy. 
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Introduction
Janus kinase inhibitors (JAKi) have 
been a major development for the treat-
ment of rheumatoid arthritis (RA) due 
to their ability to block multiple cy-
tokine pathways involved in disease 
pathogenesis (1). Several of these mol-
ecules have become available for RA 
globally and in Australia, three differ-
ent JAKi are available for RA: tofaci-
tinib (TOF), baricitinib (BARI) and 
upadacitinib (UPA), available since Oc-
tober 2015, September 2018 and May 
2020, respectively. These drugs target 
different receptor-associated tyrosine 
kinases of the JAK family, resulting in 
different cytokine modulation profiles 
(2). There is now a growing interest in 
understanding how different JAKi are 
being used in the real-world setting.
A deeper understanding of the underly-
ing pathogenesis of RA, coupled with 
the personalised tailoring of treatment 
decisions according to patient charac-
teristics, represents crucial focal points 
in the advancement of RA management 
(3, 4). There are multiple studies sup-
porting switching for patients with RA 
who have not responded to tumour ne-
crosis factor inhibitor (TNFi), either to 
another TNFi or an agent with a differ-
ent mechanism of action (MOA) (5, 6). 
At present there are limited data on the 
choice of next agent for patients who 
discontinue JAKi. At present there are 
limited data to inform these choices. 
Recent real-world data, especially from 
the large JAK-pot study, on how JAKi 
have been used and outcomes after dis-
continuation and switching from JAKi 
have been important for understanding 
how JAKi contribute to treatment op-
tions for RA (7-12). 
The Australian setting is useful for 
learning about the real-world use of 
different biologic or targeted synthetic 
disease-modifying anti-rheumatic drug 
(b/tsDMARD) classes because there 
are no restrictions on the order in which 
these classes can be prescribed. Once 
a patient with moderate to severe RA 
qualifies for government subsidisa-
tion of a b/tsDMARD, their rheuma-
tologist can prescribe any approved b/
tsDMARD according to clinical need. 
Patients can then be switched to another 
agent within the same or other class at 

the rheumatologist’s discretion. In the 
context of this study, this means that 
in Australia JAKi can be prescribed as 
the first b/tsDMARD received by a pa-
tient as well as in later lines of therapy, 
and cycling between JAKi as well as 
switching to and from agents with other 
MOA can occur. 
The Optimising Patient outcomes in 
Australian rheumatoLogy (OPAL) data-
set is a collection of electronic medical 
records (EMR) from a large number 
of patients around Australia, including 
54,900 patients with RA (13). The ob-
jectives of this study were to describe 
the uptake, use and persistence of JAKi 
in the OPAL dataset, separated by line 
of therapy, and to describe the therapeu-
tic approaches taken when JAKi were 
discontinued. 

Methods
Data source
OPAL Rheumatology is a consortium 
of rheumatologists who all use a spe-
cific EMR called Audit4 (Software 4 
Specialists, Pty Ltd), which has been 
customised for rheumatology (13). Dei-
dentified clinical data captured at the 
point-of-care are extracted from all par-
ticipating sites on a quarterly basis and 
aggregated to create the OPAL dataset 
(14). At present 112 rheumatologists 
(approximately one third of Australian 
rheumatologists) practising in 43 pre-
dominantly private community-based 
clinics around Australia are contribut-
ing their clinical records to this initia-
tive. Patients consent to the use of their 
deidentified data for research via an opt-
out consent model. In accordance with 
the Declaration of Helsinki, the Univer-
sity of New South Wales Human Re-
search Ethics Committee has approved 
the use of deidentified data captured 
during routine care in the OPAL dataset 
for research purposes (HC17799), and 
this specific protocol (HC210612). 
Eligible patients with moderate to se-
vere RA can access government subsi-
disation for any approved b/tsDMARD. 
The study window for this analysis was 
1 October 2015 until 30 September 
2021, to reflect the earliest dates when 
JAKi became available in Australia. 
However, it is important to note that the 
different JAKi have been available for 
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different amounts of time in Australia: 
October 2015 for TOF, September 2018 
for BARI and May 2020 for UPA. This 
limits the amount of possible follow-
up time for the later drugs, especially 
for UPA, and has implications for the 
interpretation of this study. Our analy-
sis did not adjust for these differences 
in available follow-up time. However, 
a sensitivity analysis was performed in 
which only treatment switches that oc-
curred after 2020 were included. 

Data extracted for this study included 
demographics, disease history, comor-
bidities, prescribed medications, and 
pathology and disease activity meas-
ures at baseline, switch and follow-up. 
These included swollen joint count-28 
(SJC28), tender joint count-28 (TJC28), 
C-reactive protein (CRP), the patient 
global score and the Disease Activity 
Score-28 with CRP (DAS28CRP). As a 
requirement for government reimburse-
ment, disease activity is assessed at 

baseline, then 3 months follow-up and 
6-monthly intervals thereafter. Follow-
up timepoints of 3 months and 9 months 
were used in this analysis for the de-
scription of b/tsDMARD monotherapy 
status at follow-up. 

Participants
Adult patients diagnosed with RA 
(ICD10 M05 or M06) were eligible for 
inclusion in this study if they initiated a 
JAKi drug (TOF, BARI or UPA) within 

Fig. 1. Persistence on JAKi treatment for patients with RA who initiated BARI, TOF or UPA as (A) first-line, (B) second-line or (C) third-line or later. 
Dashed lines indicate median drug survival, i.e. time to 50% of patients stopping treatment. Maximum observation periods were 72 months for TOF, 37 
months for BARI and 17 months for UPA.
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the study window. Patients who had 
died or who were aged over 95 years 
were excluded in compliance with the 
overarching ethics for research using 
the OPAL dataset (HC17799). Patients 
were not excluded if they had missing 
data on any baseline characteristics. 

Data management and definitions
To minimise the impact of missing out-
comes data at baseline, if disease activ-
ity was not recorded at baseline, then the 
closest date on which disease activity 
was assessed within 1 month prior or 
1.5 months after baseline was used in-
stead. In practice, 87.5% of these dates 

on which disease activity was recorded 
were the baseline date, and 96.0% of 
them were within 2 weeks either side of 
baseline (Suppl. Fig. S1). While disease 
activity was reported at baseline in this 
manner, disease activity at follow-up 
was not described due to high propor-
tions of missing data. Prescribed medi-
cations included conventional synthetic 
(cs)DMARDs (methotrexate, hydroxy-
chloroquine, leflunomide or sulfasala-
zine) and b/tsDMARDs. In this analy-
sis, monotherapy refers to b/tsDMARD 
monotherapy and combination therapy 
refers to a b/tsDMARD received in com-
bination with at least one csDMARD.

Line of therapy was defined with ref-
erence to b/tsDMARD therapy, such 
that first-line means first-recorded b/ts-
DMARD and so on. This definition was 
not restricted to only the b/tsDMARDs 
received within the study window, and 
so b/tsDMARDs initiated prior to the 
study window still counted as lines of 
therapy. Consequently, a small propor-
tion of the patients had a prior JAKi that 
was initiated before 1 October 2015, be-
fore their first JAKi initiated within the 
study window. 
A treatment switch was defined as a b/ts-
DMARD initiated subsequent to an ear-
lier b/tsDMARD regardless of any time 

Table I. Baseline characteristics for patients who initiated a JAKi as first-line, second-line or third-line or later.

Featurea Category Line 1 Line 2 Line 3+

  TOF BARI UPA TOF BARI UPA TOF BARI UPA
  (n=1,408)  (n=545)  (n=459)  (n=997)  (n=481)  (n=517)  (n=1,257)  (n=849)  (n=838)

Age, years (median, - 61 [52–70];  62 [51–70]; 60 [50.5–69]; 61 [52–69], 62 [52–70], 61 [51–70], 59 [50–68]; 60 [51–70]; 61 [53–69];
IQR; range); 100%,   17–88 18–89 22–88 19–90 17–90 18–92 19–89 20–90 
100%, 100% Gender Female 1035 391 315 748 366 390 1037 681 663 
(n, %); 98.8%, 98.9%,   (74.0%)  (72.7%)  (70.8%)  (75.7%)  (77.1%)  (76.5%)  (82.8%)  (80.8%)  (80%)
99.4%  Male 364  147 130 240 109 120 216 162 166
  (26.0%)  (27.3%)  (29.2%)  (24.3%)  (22.9%)  (23.5%)  (17.2%)  (19.2%)  (20%)

Recorded disease  - 1.1 [0.3–3.5]; 1.3 [0.5–4.4]; 1.8 [0.7–4.5]; 2.7 [1.3–5.7]; 3.3 [1.8–7.5]; 3.3 [1.8–7.5]; 5.2 [3–6.8]; 6.3 [3.4–9.1]; 7 [4.0–10.2];
duration, years   0–11.5 0–12.4 0–13.5 0–11.7 0–14.6 0–14.6 0–15.2 0–14 0–15.9
(median, IQR; range); 
100%, 100%, 100%                  

JAKi initiated as Monotherapy 337  118 116 387 209 259 530 386 530
monotherapy or in  (23.9%)  (21.7%)  (25.3%)  (38.8%)  (43.5%)  (50.1%)  (42.2%)  (45.5%)  (57.4%)
combination with a  Combination 1,071 427 343 610 272 258 727 463 357
csDMARD (n, %);   (76.1%)  (78.3%)  (74.7%)  (61.2%)  (56.5%)  (49.9%)  (57.8%)  (54.5%)  (42.6%)
100%, 100%, 100%b Combination  827 346 259 496 203 198 598 373 277
 including MTXc  (77.2%)  (81.0%)  (75.5%)  (81.3%)  (74.6%)  (76.7%)  (82.3%)  (80.6%)  (77.6%)

Pre-existing comorbi- Renal disease 19 6 9 27 11 14 17 17 22
dities (n, %); 29.8%,  (1.3%)  (1.1%)  (2.0%)  (2.7%)  (2.3%)  (2.7%)  (1.4%)  (2.0%)  (2.6%) 
37.0%, 30.5%d Cardiac disease 44 20 16  51 33 33 39 41 42
  (3.1%) (3.7%)  (3.5%)  (5.1%)  (6.9%)  (6.4%)  (3.1%)  (4.8%)  (5.0%)
 Hypertension 207  77 67 217 123 151 200 152 182
  (14.7%)  (14.1%)  (14.6%)  (21.8%)  (25.6%)  (29.2%)  (15.9%)  (17.9%)  (21.7%)
 Venous thrombo- 17 3 3 17 7 7 14 5 12
     embolism  (1.2%)  (0.6%)  (0.7%)  (1.7%)  (1.5%)  (1.4%)  (1.1%)  (0.6%)  (1.4%)
 All cancer 124 62 39 196 127 120 173 135 154
  (8.8%)  (11.4%)  (8.5%)  (19.7%)  (26.4%)  (23.2%)  (13.8%)  (15.9%)  (18.4%)
 Historical shingles 22 14 6 51 26 31 32 31 52
  (1.6%)  (2.6%)  (1.3%)  (5.1%)  (5.4%)  (6.0%)  (2.5%)  (3.7%)  (6.2%)

DAS28CRP (median, - 5.3 [4.2–6.2];  5.1 [4.4–6.1]; 5.6 [4.4–6.4; 3.4 [2.5–4.7]; 3.5 [2.3–4.6]; 3.2 [1.9–4.3]; 3.6 [2.7–4.8]; 3.6 [2.4–4.8]; 3 [2.1–4];
IQR; range); 33.3%,   1.2–8.1 1.2–8.3 1.2–7.9 1.2–7.8 1.2–7.5 1.2–7.7 1.3–8 1.2–8 1.1–7.6
39.4%, 42.3%e                 

DAS28CRP (n, %);  Remission 39 9 16 107 65 74 115 105 128
33.3%, 39.4%, 42.3%e   (9.2%)  (5.0%)  (8.1%)  (27.9%)  (31.2%)  (37.9%)  (22.2%)  (27.2%)  (37.5%)
 Low 14  1 2 62 22 21 74 48 58
  (3.3%)  (0.6%)  (1.0%)  (16.2%)  (10.6%)  (10.8%)  (14.3%)  (12.4%)  (17.0%)
 Moderate 136 73 56 140 85 75 225 162 118
  (31.9%)  (40.8%)  (28.4%)  (36.6%)  (40.9%)  (38.5%)  (43.4%)  (42.0%)  (34.6%)
 High 237 96 123 74 36 25 104 71 37
  (55.6%)  (53.6%)  (62.4%)  (19.3%)  (17.3%)  (12.8%)  (20.1%)  (18.4%)  (10.9%)

aPercentages in this column indicate data completeness for first-line, second-line and third-line or later, respectively
bCombination therapy defined as methotrexate, hydroxychloroquine, leflunomide or sulfasalazine concomitantly prescribed at the time of first JAKi prescription
cPercentages of patients receiving a JAKi in combination with methotrexate (MTX) out of total patients receiving a JAKi in combination with any of methotrexate, hydroxy-
chloroquine, leflunomide or sulfasalazine
dPercentage reflects the number of patients with any pre-existing complications recorded at baseline, which are likely to be under-recorded
ePercentages of missing DAS28CRP for each JAKi by line of therapy were: 30.3%, 32.8% and 42.9% for TOF, BARI and UPA, respectively, in line 1; 38.4%, 43.2% and 
37.7% for TOF, BARI and UPA, respectively, in line 2; and 41.2%, 45.5% and 40.7% for TOF, BARI and UPA, respectively, in line 3+
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Fig. 2. MOA of b/tsDMARD switched to for patients who initiated a JAKi. 
Switches from (A) first-line, (B) second-line or (C) third-line or later. (D) MOA for second-line and third-line b/tsDMARD switched to for 386 patients 
who initiated JAKi as first-line and had two subsequent switches (depicted across x-axis and using colour, respectively). Within each panel the frequency on 
the y axis refers to the absolute number of patients. Maximum observation periods were 72 months for TOF, 37 months for BARI and 17 months for UPA. 

lag between these two b/tsDMARDs, 
as any switch was considered clinical-
ly relevant. In practice, almost 90% of 
subsequent b/tsDMARDs were initiated 
on the same date on which the prior b/

tsDMARD was stopped. When the date 
on which a medication was initiated or 
ceased was not recorded by the rheu-
matologist, then automatic date-stamps 
generated by the Audit4 EMR software 

for every prescription were used to in-
fer when b/tsDMARD and csDMARD 
were initiated or ceased. csDMARD 
stop dates were missing more frequently 
than b/tsDMARD start or stop dates. 
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Statistical analysis
All analyses were performed using R 
version 4.0.2 (15). Data were summa-
rised using descriptive statistics: counts 
and percentages for categorical data, 
median, interquartile range (IQR) and 
full range for continuous data. Treat-
ment persistence was analysed using 
non-parametric Kaplan-Meier survival 
analysis and the ‘survival’ package in R 
(16-18). Median survival (time to 50% 
of patients stopping treatment) and 25th 
centile (time to 25% of patients stopping 
treatment) are reported, along with 95% 
confidence intervals (CI). In this analysis 
of drug survival, patients were right-cen-
sored if they were lost to follow-up or 
if they had not experienced a treatment 
cessation event by the end of the study 
period and were recorded as currently 
on JAKi. Less than 10% of patients 
were lost to follow-up. Where estimates 
or upper 95% CI are reported as “not 
reached” (NR), this is because insuffi-
cient patients have stopped treatment for 
these to have been estimated and reflects 
the differing durations of follow-up time 
available for the three drugs. 
As this was a descriptive analysis, for-
mal statistical hypothesis testing was 

not performed and adjustments were not 
made for covariates in analysis of drug 
survival. Patients with missing data 
were not excluded in order to maintain 
a representative cohort and avoid selec-
tion bias. Percentages of complete data 
are reported for all variables. 

Results
Uptake and persistence for JAKi 
across different lines of therapy
Of the 54,900 patients with RA in the 
OPAL dataset, 12,211 were prescribed 
at least one b/tsDMARD within the 
study window (Suppl. Fig. S2). A large 
number of patients initiated at least one 
JAKi drug during this period (n=5,900). 
Notably, 2,412 patients initiated a JAKi 
as their first-line b/tsDMARD, includ-
ing 1,408 initiations of TOF, 545 ini-
tiations of BARI and 459 initiations of 
UPA (Fig. 1). Of the 1,995 and 2,944 
patients who initiated a JAKi as their 
second-line or third-line or later b/tsD-
MARD, 997 and 1,257 initiated TOF, 
481 and 849 initiated BARI, and 517 
and 838 initiated UPA, respectively. The 
maximum observation periods were 72 
months for TOF, 37 months for BARI 
and 17 months for UPA, which are the 

consequences of the different dates 
when these agents were introduced to 
the Australian market. Patients who ini-
tiated JAKi had similar characteristics 
and disease activity scores at baseline 
within each line of therapy (Table I). 
The ICD10 codes used to define the pre-
existing conditions as listed in Table I 
are given in Supplementary Table S1. 
Within each line of therapy group, per-
sistence on treatment was similar over-
all across the three JAKi where there 
was sufficient follow-up (Fig. 1, Suppl. 
Table S2). Patients who initiated JAKi 
as first-line had the most months of 
treatment persistence. Among patients 
who initiated a JAKi as first-line, medi-
an drug survival was 34.9 months (95% 
CI 30.8, 40.7; n=1,408) for TOF and 
33.6 months (95% CI 25.7, NR; n=545) 
for BARI. When JAKi were used in 
second-line, persistence reduced to 21.4 
months (95% CI 18.2, 24.8; n=997) for 
TOF and 24.8 months (95% CI 20.1, 
NR; n=481) for BARI. There were in-
sufficient patients who initiated UPA as 
first-line or second-line and insufficient 
follow-up to estimate median survival. 
Median drug survival was also similar 
when JAKi was used as third-line or 

Table II. Characteristics of patients at time of switch for patients who switched from JAKi at first-line, second-line, or third-line or later. 

Featurea Category Line 1 Line 2 Line 3+

  TOF BARI UPA TOF BARI UPA TOF BARI UPA
  (n=625)  (n=174)  (n=57)  (n=543)  (n=186)  (n=85)  (n=707)  (n=388) (n=169)

JAKi as monotherapy or in Monotherapy 235  62 13 235 95 43 315 174 101
combination therapy status at   (37.6%)  (35.6%)  (22.8%)  (43.3%)  (51.1%)  (50.6%)  (44.6%)  (44.8%)  (59.8%)
time of JAKi switch (n, %); Combination 390 112 44  308 91 42 392 214 68
100%, 100%, 100%b  (62.4%)  (64.4%)  (77.2%)  (56.7%)  (48.9%)  (49.4%)  (55.4%)  (55.2%)  (40.2%) 
 Combination  316 88 34 257 78 37 342 194 54
    including MTXc  (81.0%)  (78.6%)  (77.3%)  (83.4%)  (85.7%)  (88.1%)  (87.2%)  (90.7%)  (79.4%)

Reason for discontinuation  Lack of efficacy 139 53 16 154 58 22 197 107 39
JAKi (n, %); 68.8%, 77.1%,  (33.3%)  (41.1%)  (39.0%)  (36.9%)  (38.7%)  (35.5%)  (33.3%)  (34.0%)  (29.5%) 
82.0%d Completed treatment/no  101 35 8 90 27 11 144 68 44
    longer requirede  (24.2%)  (27.1%)  (19.5%)  (21.6%)  (18.0%)  (17.7%)  (24.4%)  (21.6%)  (33.3%)
 Better alternative 93 18 3 98 31 9 122 69 9
  (22.2%)  (14.0%)  (7.3%)  (23.5%)  (20.7%)  (14.5%)  (20.6%)  (22.0%)  (6.8%)
 Adverse reaction 64 18  12 52 30 16 84 56 38
  (15.3%)  (14.0%)  (29.3%)  (12.5%)  (20.0%)  (25.8%)  (14.2%)  (17.8%)  (28.8%)
 Contraindication 6  2 0 4 1 1 3 3 0
  (1.4%)  (1.6%)  (0%)  (1.0%)  (0.7%)  (1.6%)  (0.5%)  (1.0%)  (0%)
 Patient non-adherence 4 2 0 5 2 1 8 2 0
  (1.0%)  (1.6%)  (0%)  (1.2%)  (1.3%)  (1.6%)  (1.4%)  (0.6%)  (0%)
 Other 11 1 2 14 1 2 33 10 2
  (2.6%)  (0.8%)  (4.9%)  (3.4%)  (0.7%)  (0.3.2%)  (5.6%)  (3.2%)  (1.5%)

aPercentages in this column indicate data completeness for first-line, second-line and third-line or later, respectively
bCombination therapy defined as methotrexate, hydroxychloroquine, leflunomide or sulfasalazine concomitantly prescribed at the time of first JAKi prescription
cPercentages of patients receiving a JAKi in combination with methotrexate (MTX) out of total patients receiving a JAKi in combination with any of methotrexate, hy-
droxychloroquine, leflunomide or sulfasalazine
dDenominator for the percentages of each category is out of those that discontinued
eNot believed that ‘Completed treatment/no longer required’ means drug-free remission in this context.
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later: 21.1 months (95% CI 18.5, 24.4; 
n=1,257) for TOF, 20.5 months (95% CI 
17.5, 21.8; n=849) for BARI, and 18.8 
(95% CI 18.8, NR; n=838) for UPA. 

MOA of b/tsDMARDs switched 
to from JAKi
The majority of patients who initiated 
a JAKi remained on this agent through-
out the study window (Fig. 2). The 

different proportions of patients who 
did not switch and remained on treat-
ment across the three JAKi are likely 
to reflect the different amounts of time 
these drugs have been available.
The rate of switching increased slightly 
with line of therapy, with 856 (35.5%) 
of first-line JAKi, 814 (40.8%) of sec-
ond-line JAKi and 1,264 (42.9%) of 
third-line or later JAKi switching to a 

subsequent b/tsDMARD (Fig. 2). High-
er proportions of patients who switched 
from first-line or second-line JAKi 
were switched to a TNFi. For example, 
45–70% of patients were switched from 
first-line JAKi to a TNFi and around 
40% were switched from second-line 
JAKi to a TNFi, while around 16–-44% 
and 24–33% of switches from first-line 
and second-line JAKi, respectively, 

Fig. 3. JAKi monotherapy or JAKi/csDMARD combination therapy status for patients who switched from JAKi to another JAKi, TNFi or other bDMARD. 
Switches from JAKi initiated as (A) first-line, (B) second-line, and (C) third-line or later. Within each panel the frequency on the y axis refers to the absolute 
number of patients.
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were to another JAKi (Fig. 2A-2B). 
By contrast, JAKi to JAKi switch-
ing at later lines of therapy was more 
frequent, with approximately 40% of 
switches being to another JAKi (Fig. 
2C). Non-TNFi bDMARDs were more 
frequently used in later lines of therapy. 
When analysis was restricted to treat-
ment switches that occurred after 2020 
when UPA became available, there 
were higher proportions of switching 
from TOF and BARI to JAKi rather 
than TNFi (Suppl. Table S3). 
Treatment switches were also described 
for patients who switched from first-line 
JAKi to two subsequent b/tsDMARDs. 
For example, there were 386 patients 
who switched from a first-line JAKi to 
a second- and third-line b/tsDMARD. 
Of these patients who had first- and sec-
ond-line JAKi, interestingly 38 (40.0%) 
switched to a third JAKi and 44 (46.3%) 
switched to a TNFi (Fig. 2D).
Over 60% of patients who switched 
from first-line JAKi were receiving 
JAKi in combination with at least one 
csDMARD at the time of switch. The 
proportion of patients who were on b/
tsDMARD monotherapy at the time 
of switch was higher for patients who 
switched from JAKi at later lines of 
therapy (Table II). For patients who 
were receiving a csDMARD in com-
bination with JAKi, most of these cs-
DMARDs were methotrexate. The 
proportion of patients on b/tsDMARD 
monotherapy consistently increased 
at the 3- and 9-month follow-up time-
points after switch, irrespective of the 
MOA of the subsequent b/tsDMARD 
(Fig. 3). Interestingly, when patients 
switched from one JAKi to another 
JAKi, a higher proportion were on 
monotherapy at follow-up across all 
lines of therapy. For example, 43.1% 
of patients who switched from first-line 
JAKi to another JAKi were on mono-
therapy at switch and many patients 
discontinued csDMARDs afterwards 
(50.0% and 68.5% at 3 and 9 months 
after switch) (Fig. 3A). 
The reason for discontinuing treatment 
was documented by the rheumatologist 
in the patient’s EMR at the time of the 
decision from a pre-defined menu. Lack 
of efficacy’ was the most frequently re-
corded reason for switching from JAKi 

across all lines of therapy (Table II).     
A small proportion of patients initiating 
a JAKi experienced an adverse reaction 
prompting treatment cessation.

Switching patterns after 
first-prescribed JAKi
Among the 5,900 patients with RA who 
initiated JAKi, the first JAKi that pa-
tients were prescribed was frequently 
also their first-line b/tsDMARD (Fig. 
4A). For patients who switched from 
another bDMARD to their first JAKi, 
approximately 60% of these switches 
were from a TNFi (Fig. 4B). Similar to 

the findings for switches from first-line 
JAKi, a large proportion of switches 
from first-prescribed JAKi were to a 
TNFi, but there were also high levels 
of switching to another JAKi from pa-
tients’ first JAKi (Fig. 4C). 
Of the patients who initiated a JAKi, 
1,113 patients had two subsequent b/ts-
DMARDs after their first JAKi. Within 
these patients, 276 (24.8%) received a 
second JAKi and of these, 114 (41.3%) 
went on to a third JAKi drug, indicating 
JAKi to JAKi to JAKi switching (Fig. 
4D). For patients who were switched 
to a TNFi after their first JAKi and re-

Fig. 4. Switching patterns for patients who initiated their first JAKi. 
A: Line of therapy for first prescribed JAKi. 
B: MOA of b/tsDMARD switched from, to first prescribed JAKi. A small proportion of patients initi-
ated another JAKi prior to the beginning of the study window. 
C: MOA of b/tsDMARD switched to, from first prescribed JAKi. 
D: MOA of first and second agents switched to, after first prescribed JAKi (depicted across x-axis and 
using colour, respectively). Within each panel the frequency on the y axis refers to the absolute number 
of patients.
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ceived a subsequent b/tsDMARD, the 
highest proportion of these switches 
was to a non-TNFi bDMARD (n=220, 
44.7%). 

Discussion
Our analysis of the OPAL dataset 
shows that there has been high up-
take of JAKi for RA in the Australian 
setting, including as first-line b/tsD-
MARD, and the baseline characteristics 
of patients initiating JAKi are similar. 
The strength of this study is the large 
number of patients (5,900) who initi-
ated a JAKi within a single country 
and regulatory setting. Large numbers 
enabled all analyses to be separated 
by line of therapy. Although follow-
up time was not equivalent, treatment 
persistence was broadly similar across 
TOF, BARI and UPA within each line 
of therapy. Among patients who ceased 
JAKi, there were many who switched to 
another JAKi across all lines of therapy, 
and especially at later lines. Interest-
ingly, this included a group of patients 
who cycled only between three differ-
ent JAKi. Lack of efficacy was the most 
frequent reason for ceasing JAKi. 
Most patients who switched from a 
JAKi had received JAKi in combina-
tion with a csDMARD at the time of 
switching, but the proportion of patients 
no longer requiring concomitant cs-
DMARDs increased at follow-up. Ad-
ditionally, higher proportions of patients 
who switched from JAKi to another 
JAKi were on monotherapy at switch, 
and higher proportions of patients who 
switched to another JAKi ceased con-
comitant csDMARDs at follow-up. 
However, there are multiple possible 
explanations for the cessation of csD-
MARDs after switching. These include 
better disease control but also side ef-
fects from the csDMARD, patient pref-
erence or clinician perception of effica-
cy of JAKi when used as monotherapy.
This study supports the results from 
other real-world studies of JAKi, most 
notably the European multi-country 
JAK-pot collaboration, which showed 
treatment retention was similar for JAKi 
and other bDMARD classes compared 
to TNFi in an analysis that included 
7,686 JAKi treatment courses (7). A 
subsequent analysis from the JAK-pot 

dataset, which included 365 patients 
who switched from JAKi to JAKi and 
1,635 patients who switched from JAKi 
to a bDMARD, indicated that cycling to 
another JAKi may lead to longer treat-
ment persistence (8). Our analysis using 
the OPAL dataset also includes a large 
number of patients treated using JAKi 
and shows that JAKi cycling is occur-
ring frequently and across all lines of 
therapy. Our study with analyses sepa-
rated by line of therapy is a valuable 
contribution supporting and extending 
the JAK-pot analyses. Further real-
world data will continue to inform the 
selection of the best next therapy fol-
lowing JAKi discontinuation. 
Our finding that treatment persistence 
was broadly similar across the differ-
ent JAKi within each line of therapy is 
consistent with an analysis from Japan 
showing similar treatment discontinua-
tion rates for TOF, BARI and the non-
TNFi bDMARD sarilumab (19). Other 
studies have reported similar, or slightly 
longer, treatment persistence for JAKi 
compared to TNFi or other bDMARDs 
(9, 10). One Canadian study has report-
ed slightly reduced persistence for TOF 
compared to bDMARDs (11). Although 
our study was not designed to compare 
persistence of JAKi against other drug 
classes, the estimated median persis-
tence from our analysis is numerically 
consistent with these other studies. 
As a retrospective analysis of observa-
tional data, there are important limita-
tions that affect the interpretation of this 
study. Firstly, the differing durations 
of availability of the three JAKi drugs 
means that follow-up was restricted for 
UPA in particular and also BARI, which 
meant there was less time in which a 
treatment discontinuation event could 
occur for these drugs. We made a lim-
ited attempt to address these differing 
durations of follow-up by analysing the 
subgroup of patients who switched b/
tsDMARD after 2020 (Suppl. Table 
S2). Secondly, patients were not ran-
domly assigned to treatment groups 
and this real-world study was designed 
to be descriptive. For this reason, and 
the differing durations of availability, 
no comparisons are made between the 
three JAKi. Thirdly, there are missing 
data in this dataset, most notably a high 

percentage of disease activity measures 
were missing at baseline, and some 
missing disease activity measures were 
imputed using disease activity recorded 
at timepoints close to baseline. It is also 
possible that comorbidities are under-
recorded. While we sought to exploit 
prescription date-stamps in the EMR 
software to complete missing medica-
tion start and stop dates, we acknowl-
edge that these inferred dates may dif-
fer from the true missing dates. 
A limitation of this study’s design was 
that it was not set up to address safety. 
There was limited follow-up for these 
patients and the reasons for discon-
tinuing JAKi treatment reported in the 
OPAL dataset are not independently 
adjudicated. In addition, one of the rea-
sons for discontinuation as listed in the 
EMR is ‘Completed treatment/no long-
er required’. We have reasons to believe 
that in this context this option does not 
mean the patient is in drug-free remis-
sion. Additional reasons, including 
drug free remission; have since been in-
cluded in the software to provide better 
clarity for future studies. A very small 
percentage of patients (<10%) initiated 
a JAKi as a 1st line treatment with a 
DASCRP score corresponding with re-
mission. This is most likely capturing 
patients who had received prior biolog-
ic or targeted synthetic treatment prior 
to transferring care to a rheumatologist 
participating in OPAL. Relatively high-
er risks of major cardiovascular events 
(MACE), VTE and malignancy have 
been observed for TOF versus TNFi 
in the randomised ORAL Surveillance 
trial. (20). Additional studies will fa-
cilitate a better understanding of these 
risks for all JAKi (21, 22). 
In conclusion, we have shown high lev-
els of TOF, BARI and UPA use across 
different lines of therapy for RA in 
Australia, with median treatment per-
sistence for JAKi being high and long-
est when JAKi was used as first-line. 
While switches from JAKi to a TNFi 
were typically the most common after 
switching from JAKi in earlier lines 
of therapy, switching from one JAKi 
to another JAKi was also frequent. Pa-
tients who switched from JAKi to JAKi 
appeared to have higher rates of mono-
therapy at follow-up. 



1772 Clinical and Experimental Rheumatology 2024

JAKi switch patterns in RA / S. Ciciriello et al.

Acknowledgements
The authors acknowledge the members 
of OPAL Rheumatology Ltd and their 
patients for providing clinical data for 
this study, and Software4Specialists Pty 
Ltd for providing the Audit4 platform. 

References
  1. NASH P, KERSCHBAUMER A, DÖRNER T et 

al.: Points to consider for the treatment of 
immune-mediated inflammatory diseases with 
Janus kinase inhibitors: a consensus statement. 
Ann Rheum Dis 2021; 80: 71-87. https://

 doi.org/10.1136/annrheumdis-2020-218398
  2. McINNES IB, BYERS NL, HIGGS RE et al.: 

Comparison of baricitinib, upadacitinib, and 
tofacitinib mediated regulation of cytokine 
signaling in human leukocyte subpopula-
tions. Arthritis Res Ther 2019; 21: 1-10. 
https://doi.org/10.1186/s13075-019-1964-1

  3. PETRELLI F, MARIANI FM, ALUNNO A, 
PUXEDDU I: Pathogenesis of rheumatoid 
arthritis: one year in review 2022. Clin Exp 
Rheumatol 2022; 40: 475-82

  4. GARAFFONI C, ADINOLFI A, BORTOLUZZI A 
et al.: Novel insights into the management of 
rheumatoid arthritis: one year in review 2022. 
Clin Exp Rheumatol 2022; 40: 1247-57. 

 https://
 doi.org/10.55563/clinexprheumatol/1sjgyr
  5. WELLS AF, CURTIS JR, BETTS KA et al.:       

Systematic literature review and meta-analy-
sis of tumor necrosis factor-alpha experienced 
rheumatoid arthritis. Clin Ther 2017; 39: 
1680-94.e2. https://

 doi.org/10.1016/j.clinthera.2017.06.013
  6. GOTTENBERG J-E, MOREL J, PERRODEAU 

E et al.: Comparative effectiveness of rituxi-

mab, abatacept, and tocilizumab in adults with 
rheumatoid arthritis and inadequate response 
to TNF inhibitors: prospective cohort study. 
BMJ 2019; 364: l67. 

 https://doi.org/10.1136/bmj.l67
  7. LAUPER K, IUDICI M, MONGIN D et al.:       

Effectiveness of TNF-inhibitors, abatacept, 
IL6-inhibitors and JAK-inhibitors in 31 846 
patients with rheumatoid arthritis in 19 reg-
isters from the ‘JAK-pot’ collaboration. Ann 
Rheum Dis 2022; 81: 1358-66. https://

 doi.org/10.1136/annrheumdis-2022-222586
  8. POMBO-SUAREZ M, SANCHEZ-PIEDRA C, 

GÓMEZ-REINO J et al.: After JAK inhibitor 
failure: to cycle or to switch, that is the ques-
tion – data from the JAK-pot collaboration of 
registries. Ann Rheum Dis 2023; 82(2): 175-
81. https://doi.org/10.1136/ard-2022-222835

  9. SHOUVAL A, LIDAR M, REITBLAT T et al.: 
Real-world effectiveness of tofacitinib in 
patients with rheumatoid arthritis: a prospec-
tive observational study. Clin Exp Rheumatol 
2021; 39: 1378-84

10. FINCKH A, TELLENBACH C, HERZOG L et 
al.: Comparative effectiveness of antitumour 
necrosis factor agents, biologics with an al-
ternative mode of action and tofacitinib in an 
observational cohort of patients with rheu-
matoid arthritis in Switzerland. RMD Open 
2020; 6: e001174. https://

 doi.org/10.1136/rmdopen-2020-001174
11. FISHER A, HUDSON M, PLATT RW, DOR-

MUTH CR: Tofacitinib persistence in patients 
with rheumatoid arthritis: a retrospective co-
hort study. J Rheumatol 2021; 48(1):16-24. 
https://doi.org/10.3899/jrheum.191252

12. BIRD P, LITTLEJOHN G, BUTCHER B et al.: 
Real-world evaluation of effectiveness, per-
sistence, and usage patterns of monotherapy 
and combination therapy tofacitinib in treat-
ment of rheumatoid arthritis in Australia. 

Clin Rheumatol 2022; 41: 53-62. 
 https://doi.org/10.1007/s10067-021-05853-x
13. LITTLEJOHN GO, TYMMS KE, SMITH T, 

GRIFFITHS HT: Using big data from real-
world Australian rheumatology encounters to 
enhance clinical care and research. Clin Exp 
Rheumatol 2020; 38: 874-80

14.  LITTLEJOHN GO, TYMMS KE, SMITH T, 
GRIFFITHS HT: Using big data from real-
world Australian rheumatology encounters to 
enhance clinical care and research. Clin Exp 
Rheumatol 2020; 38: 874-80.

15. TEAM RC: R: A Language and environment 
for statistical computing, 2020.

16. THERNEAU TM, GRAMBSCH PM: Modeling 
survival data: extending the Cox model. 
2000, Springer, New York.

17. THERNEAU TM: A package for survival anal-
ysis in R.

18.  KASSAMBARA A, KOSINSKI M, BIECEK P: 
Survminer: Drawing Survival Curves using 
“ggplot2”, 2021.

19. EBINA K, HIRANO T, MAEDA Y et al.: Drug 
retention of sarilumab, baricitinib, and tofac-
itinib in patients with rheumatoid arthritis: 
the ANSWER cohort study. Clin Rheumatol 
2021; 40: 2673-80. 

 https://doi.org/10.1007/s10067-021-05609-7
20. YTTERBERG SR, BHATT DL, MIKULS TR et 

al.: Cardiovascular and cancer risk with to-
facitinib in rheumatoid arthritis. New Engl J 
Med 2022; 386: 316-26. 

 https://doi.org/10.1056/nejmoa2109927
21. HOISNARD L, PINA VEGAS L, DRAY-SPIRA 

R et al.: Risk of major adverse cardiovascu-
lar and venous thromboembolism events in 
patients with rheumatoid arthritis exposed 
to JAK inhibitors versus adalimumab: a na-
tionwide cohort study. Ann Rheum Dis 2023; 
82(2): 182-88. 

 https://doi.org/10.1136/ard-2022-222824


