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ABSTRACT
Objectives  To evaluate the efficacy and safety of 
upadacitinib, a Janus kinase inhibitor, in patients with 
active ankylosing spondylitis (AS) with an inadequate 
response (IR) to biological disease-modifying 
antirheumatic drugs (bDMARDs).
Methods  Adults with active AS who met modified New 
York criteria and had an IR to one or two bDMARDs 
(tumour necrosis factor or interleukin-17 inhibitors) 
were randomised 1:1 to oral upadacitinib 15 mg once 
daily or placebo. The primary endpoint was Assessment 
of SpondyloArthritis international Society 40 (ASAS40) 
response at week 14. Sequentially tested secondary 
endpoints included Ankylosing Spondylitis Disease 
Activity score, Spondyloarthritis Research Consortium 
of Canada MRI spine inflammation score, total back 
pain, nocturnal back pain, Bath Ankylosing Spondylitis 
Functional Index, Bath Ankylosing Spondylitis Metrology 
Index and Maastricht Ankylosing Spondylitis Enthesitis 
Score. Results are reported from the 14-week double-
blind treatment period.
Results  A total of 420 patients with active AS were 
randomised (upadacitinib 15 mg, n=211; placebo, 
n=209). Significantly more patients achieved the primary 
endpoint of ASAS40 at week 14 with upadacitinib 
vs placebo (45% vs 18%; p<0.0001). Statistically 
significant improvements were observed with 
upadacitinib vs placebo for all multiplicity-controlled 
secondary endpoints (p<0.0001). Adverse events were 
reported for 41% of upadacitinib-treated and 37% of 
placebo-treated patients through week 14. No events 
of malignancy, major adverse cardiovascular events, 
venous thromboembolism or deaths were reported with 
upadacitinib.
Conclusion  Upadacitinib 15 mg was significantly more 
effective than placebo over 14 weeks of treatment in 
bDMARD-IR patients with active AS. No new safety risks 
were identified with upadacitinib.
Trial registration number  NCT04169373.

INTRODUCTION
Axial spondyloarthritis (axSpA) is a chronic 
inflammatory condition that encompasses non-
radiographic axSpA and radiographic axSpA, also 
known as ankylosing spondylitis (AS).1–3 AxSpA 
is characterised by inflammatory back pain4–6 

and other symptoms including spinal mobility 
or functional impairments, peripheral and extra-
musculoskeletal manifestations, diminished quality 
of life and loss of work productivity.1 6–9

Non-steroidal anti-inflammatory drugs (NSAIDs) 
are the first-line pharmacological therapy for 
axSpA.10 11 Treatment with a biological disease-
modifying antirheumatic drug (bDMARD), such 
as a tumour necrosis factor inhibitor (TNFi) or an 
interleukin-17 inhibitor (IL-17i), is recommended 
in patients who do not sufficiently respond to 
NSAIDs. However, many patients do not achieve 
desired treatment goals, including low disease 
activity, with bDMARD therapy.12–15 Overall, 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Advanced treatment options for ankylosing 
spondylitis (AS) are mainly limited to biological 
disease-modifying antirheumatic drugs 
(bDMARDs), such as tumour necrosis factor 
inhibitors (TNFi) and interleukin-17 inhibitors 
(IL-17i).

	⇒ Janus kinase inhibitors (JAKi-) have recently 
emerged as alternative, oral treatment options 
for active AS based on clinical trials conducted 
in AS bDMARD-naïve patients.

WHAT THIS STUDY ADDS
	⇒ The SELECT-AXIS 2 AS bDMARD-inadequate 
response (IR) study is the first clinical trial to 
evaluate the efficacy and safety of a JAKi in an 
active AS bDMARD-IR population, including 
patients with an IR to IL-17i.

	⇒ Upadacitinib 15 mg significantly improved 
the signs and symptoms of active AS and was 
well tolerated for 14 weeks of treatment in 
bDMARD-IR patients, consistent with results 
observed in the upadacitinib AS bDMARD-naïve 
study.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Upadacitinib 15 mg offers an effective 
treatment option for bDMARD-naïve and 
bDMARD-IR patients with active AS.
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treatment options for axSpA remain limited compared with other 
rheumatic diseases such as rheumatoid arthritis (RA) or psoriatic 
arthritis (PsA), also given that conventional synthetic DMARDs 
or long-term corticosteroids are ineffective for treating axial 
symptoms.10 11 Growing evidence supports the benefit of Janus 
kinase inhibitors (JAKi) as an effective oral therapy for the treat-
ment of active AS.16–20

Upadacitinib 15 mg once daily, an oral JAKi, demonstrated 
sustained efficacy and was well tolerated for up to 2 years in 
bDMARD-naïve patients with AS in the SELECT-AXIS 1 
trial.21–23 To date, no dedicated studies of JAKi treatment in an 
AS population with an inadequate response (IR) to bDMARD 
therapy have been conducted. SELECT-AXIS 2 was designed to 
evaluate the efficacy and safety of upadacitinib 15 mg once daily 
vs placebo in a bDMARD-IR AS population, including patients 
with an IR to IL-17i.

METHODS
Study design
SELECT-AXIS 2 (NCT04169373) was conducted using a master 
protocol (details provided in online supplemental methods). 
The AS bDMARD-IR study includes a 35-day screening period 
followed by a 14-week, randomised, double-blind, parallel-
group, placebo-controlled treatment period and a 90-week 
open-label extension period (figure  1). Here, we present the 
primary 14-week results from the AS bDMARD-IR study.

Patient and public involvement
Patients or the public were not involved in the design, conduct, 
reporting, or dissemination plans of this research.

Patients
Eligible patients were adults (aged ≥18 years) who had an AS 
diagnosis and fulfilled modified New York criteria based on 
central reading of sacroiliac joint radiographs. Patients had active 
disease at the screening and baseline visits defined as a Bath 
Ankylosing Spondylitis Disease Activity Index (BASDAI) score 
and a patient’s assessment of total back pain score of ≥4 on a 
0–10 scale, an IR to ≥2 NSAIDs or intolerance to or contraindi-
cation for NSAIDs, and an IR to bDMARD therapy. In this study, 
an IR to bDMARD therapy was defined as patients who discon-
tinued bDMARD therapy (TNFi or IL-17i) due to lack of efficacy 
(after ≥12 weeks of treatment at an adequate dose) based on the 
investigators’ assessment or intolerance (irrespective of treatment 

duration). Prior exposure to two bDMARDs was allowed for no 
more than 30% of patients; among patients with prior exposure 
to two bDMARDs, a lack of efficacy to one bDMARD and intol-
erance to another was permitted, but a patient could not have a 
lack of efficacy to two bDMARDs. Patients receiving concomi-
tant oral corticosteroids or NSAIDs must have been on a stable 
dose for at least 14 days prior to the baseline visit, while those 
receiving concomitant conventional synthetic DMARDs were 
required to be on a stable dose for at least 28 days prior to the 
baseline visit. Patients who were previously exposed to a JAKi 
or had total spinal ankylosis, which for the purpose of this study 
was defined as bridging syndesmophytes (fusion) in a total sum 
of ≥5 C2–T1 or T12–S1 spine segments, were excluded.

Randomisation and masking
Patients were randomised (1:1) to receive either blinded oral 
upadacitinib 15 mg once daily or placebo for 14 weeks using 
interactive response technology. Dose selection for upadaci-
tinib 15 mg once daily was based on favourable results from the 
SELECT-AXIS 1 AS bDMARD-naïve study, including exposure-
response analyses.21 24 Randomisation was stratified by screening 
high-sensitivity C-reactive protein (hsCRP; ≤ or > upper limit 
of normal of 2.87 mg/L), class of prior bDMARD use (one TNFi, 
one IL-17i or two bDMARDs) and geographical region. The 
sponsor, investigators, study site personnel and the patients were 
blinded to the treatment assignments.

Procedures
Study visits occurred at baseline and weeks 1, 2, 4, 8, 12 and 14. 
MRI of the spine and sacroiliac joints was performed during the 
screening period prior to or at the baseline visit and week 14 
visit. MRIs were independently assessed by two readers blinded 
to treatment allocation and imaging time points. Discrepancies 
between the readers were resolved through adjudication by 
a third reader if scoring differences exceeded a certain mean 
absolute difference threshold (details provided in online supple-
mental methods).21 The average scores of the two readers or the 
average of the two closest scores of the three readers in adjudi-
cated cases were used to calculate MRI spine and sacroiliac joint 
inflammation scores. Radiographs of the sacroiliac joints were 
obtained during the screening period and centrally read (modi-
fied New York criteria) for eligibility purposes by two readers 
and an adjudicator in case of discrepancy; additionally, radio-
graphs of the spine were obtained.

Outcomes
The primary endpoint was Assessment in SpondyloArthritis 
international Society 40 (ASAS40) response at week 14.25 
Multiplicity-controlled secondary endpoints assessed at week 
14 included changes from baseline in Ankylosing Spondylitis 
Disease Activity Score based on CRP (ASDAS (CRP))26 and Spon-
dyloarthritis Research Consortium of Canada (SPARCC) MRI 
spine inflammation score,27 BASDAI50, ASAS20, ASDAS inac-
tive disease (ID; score <1.3), ASDAS low disease activity (LDA; 
score  <2.1),26 ASAS partial remission (absolute score of  ≤2 
units for each of the four domains of ASAS40), and changes 
from baseline in the following outcomes: patient’s assessment of 
total back pain, patient’s assessment of nocturnal back pain, Bath 
Ankylosing Spondylitis Functional Index (BASFI), Ankylosing 
Spondylitis Quality of Life (ASQoL), ASAS Health Index, Linear 
Bath Ankylosing Spondylitis Metrology Index (BASMI) and 
Maastricht Ankylosing Spondylitis Enthesitis Score (MASES) 
(online supplemental figure 1). Other efficacy endpoints 

Figure 1  Study design. Study design of the AS bDMARD-IR study 
of the SELECT-AXIS 2 master protocol is illustrated. *Patients in 
remission at week 104 could enter a remission-withdrawal period until 
flare or week 152. AS, ankylosing spondylitis; ASAS40, Assessment of 
SpondyloArthritis international Society 40 response; bDMARD, biological 
disease-modifying antirheumatic drug; IR, inadequate response; QD, 
once daily; SI, sacroiliac.
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included ASDAS major improvement (≥2 point-decrease from 
baseline), ASDAS clinically important improvement (≥1.1 point-
decrease from baseline), and changes from baseline in ASAS and 
ASDAS components,25 SPARCC MRI sacroiliac joint inflamma-
tion score,28 tender/swollen joint counts and the six questions of 
the BASDAI.

Safety outcomes were reported with an onset of up to week 14 
and included treatment-emergent adverse events (TEAEs) and 
laboratory assessments. TEAEs were defined as adverse events 
(AEs) with an onset after the first dose of study drug and prior 
to the week 14 dose date or up to 30 days after the last dose of 
study drug if discontinued prematurely before week 14.

Statistical analysis
A planned sample size of 386 patients was estimated to 
provide  ≥90% power for testing the superiority of upadaci-
tinib to placebo for the primary endpoint of ASAS40 at week 
14. The assumed response rates were 24% for upadacitinib and 
6% for placebo.12 21 29 Power and sample size estimations were 
calculated using a two-sided significance level of 0.05 based on 
a 10% dropout rate. Efficacy analyses were performed based on 
randomised treatment using the full analysis set, which included 
all randomised patients who received at least one dose of study 
drug. The primary endpoint was also analysed in the per-protocol 
population. Safety analyses were conducted using the safety anal-
ysis set based on actual treatment received in patients who had 
at least one dose of study drug. For binary efficacy endpoints, 
response rates were compared between treatment groups using 
the Cochran-Mantel-Haenszel test, adjusting for the stratifica-
tion factor of screening hsCRP level. Non-responder imputation 
incorporating multiple imputation (NRI-MI) was used to handle 
missing data and intercurrent events. Patients who prematurely 
discontinued the study drug were treated as non-responders. 

Missing data due to COVID-19 infection or logistical restric-
tion were handled by MI. Additional missing data due to other 
reasons were categorised as non-responders for study visits. 
For continuous efficacy endpoints, mean changes from base-
line were compared between treatment groups using a mixed-
effect model for repeated measures or the analysis of covariance 
method. A sequential multiple testing procedure was conducted 
for all primary and multiplicity-controlled secondary endpoints, 
controlling the overall type I error rate at the two-sided signif-
icance level of 0.05 (online supplemental figure 1). Post hoc 
subgroup analyses were performed for the primary endpoint by 
the number (one or two) and type of previous bDMARDs (TNFi 
vs IL-17i) used.

RESULTS
Patient disposition and baseline characteristics
A total of 420 patients from 119 sites in 22 countries were 
enrolled in the AS bDMARD-IR study and randomly assigned 
to receive upadacitinib 15 mg once daily (n=211) or placebo 
(n=209) (figure 2, online supplemental table 1). Of these 420 
patients, 206 (98%) on upadacitinib and 203 (97%) on placebo 
completed the 14-week double-blind treatment period. The 
most common primary reasons for premature discontinuation of 
study drug were AEs in the placebo group (n=3; 1%) and other 
reasons in the upadacitinib group (n=2; 1%).

Demographic and baseline disease characteristics were gener-
ally balanced between treatment groups and reflective of an 
active AS bDMARD-IR population (table 1). Most patients had 
prior exposure to one TNFi (74%) followed by one IL-17i (13%), 
two TNFi (8%), one TNFi and one IL-17i (5%) and two IL-17i 
(0.5%); 77% of patients discontinued prior bDMARD therapy 
because of lack of efficacy and 30% because of intolerance. 

Figure 2  Patient disposition. *Patients were screened between 26 November 2019 and 20 May 2021, for the SELECT-AXIS 2 master protocol, which 
used a common screening platform to assign patients either to the AS bDMARD-IR study or nr-axSpA study. †Patients could have multiple criteria or 
multiple reasons for screening failure. Details of screen failure due to study eligibility criteria are presented in online supplemental table 1). ‡Other 
reasons included imaging, site, or system issues. §Patients did not fail screening (master protocol details provided in online supplemental methods). 
¶Primary reason for discontinuation provided. AS, ankylosing spondylitis; bDMARD, biological disease-modifying antirheumatic drug; IR, inadequate 
response; nr-axSpA, non-radiographic axial spondyloarthritis; QD, once daily.
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Table 1  Demographic and baseline disease characteristics
Characteristic Placebo (n=209) Upadacitinib 15 mg once daily (n=211)

Sex  �   �

 � Male 158 (76%) 153 (73%)

 � Female 51 (24%) 58 (27%)

Age, years 42.2 (11.8) 42.6 (12.4)

Body mass index, kg/m2 26.4 (5.0) 27.2 (5.7)

Race  �   �

 � White 169 (81%) 168 (80%)

 � Asian 37 (18%) 42 (20%)

 � African American 3 (1%) 1 (0.5%)

Region  �   �

 � North America 25 (12%) 25 (12%)

 � South/Central America 14 (7%) 13 (6%)

 � Western Europe 25 (12%) 16 (8%)

 � Eastern Europe 98 (47%) 109 (52%)

 � Asia* 34 (16%) 41 (19%)

 � Other† 13 (6%) 7 (3%)

HLA-B27 positive 168 (81%) 180 (85%)

Time since AS diagnosis, years 7.5 (7.5) 7.9 (7.5)

Time of AS symptoms, years 12.6 (9.3) 12.9 (9.1)

Baseline medication use  �   �

 � NSAIDs 163 (78%) 163 (77%)

 � Oral corticosteroids 18 (9%) 27 (13%)

 � csDMARDs 62 (30%) 68 (32%)

Prior bDMARD use‡  �   �

 � One TNFi 158 (76%) 154 (73%)

 � Two TNFi 14 (7%) 19 (9%)

 � One IL-17i 24 (11%) 29 (14%)

 � Two IL-17i 1 (0.5%) 1 (0.5%)

 � One TNFi and one IL-17i 11 (5%) 8 (4%)

Total back pain (0–10 NRS)§ 7.4 (1.4) 7.5 (1.5)

Nocturnal back pain (0–10 NRS)¶ 7.2 (1.5) 7.1 (1.8)

Patient Global Assessment of Disease Activity (0–10 NRS) 7.2 (1.4) 7.4 (1.5)

Morning stiffness (0–10 NRS)** 6.8 (1.6) 6.9 (1.8)

ASDAS (CRP) 3.9 (0.8) 3.9 (0.8)

BASDAI score 6.8 (1.3) 6.8 (1.3)

BASFI score 6.2 (1.9) 6.3 (2.0)

BASMI score 3.9 (1.6) 3.9 (1.6)

Enthesitis 162 (78%) 148 (70%)

MASES score†† 4.2 (3.1) 4.9 (3.0)

SPARCC MRI spine score‡‡ 8.8 (12.5) 10.7 (15.4)

SPARCC MRI sacroiliac joint score‡‡ 5.6 (10.6) 5.0 (10.8)

hsCRP at screening, mg/L 14.5 (17.8) 15.8 (17.7)

hsCRP >ULN (2.87 mg/L) at screening 163 (78%) 165 (78%)

ASQoL§§ 11.5 (4.4) 11.6 (4.4)

ASAS Health Index¶ 8.9 (3.7) 9.4 (3.5)

History of uveitis 15 (7%) 21 (10%)

History of IBD 5 (2%) 7 (3%)

History of psoriasis¶¶ 7 (3%) 7 (3%)

Data are n (%) or mean (SD) unless noted otherwise.
*Patients were from China (n=32), Taiwan (n=21), Japan (n=12) and South Korea (n=10).
†Patients were from New Zealand (n=10), Australia (n=7) and Israel (n=3).
‡Categories for prior bDMARD use were mutually exclusive. One patient on placebo did not have prior bDMARD exposure.
§Total back pain was defined on a numerical rating scale (0–10) based on the question, ‘What is the amount of back pain that you experienced at any time during the last week?’.
¶Assessed n=208 in the placebo group.
**Morning stiffness was defined as the mean of questions 5 (severity of morning stiffness) and 6 (duration of morning stiffness) of the BASDAI.
††Assessed n=162 in the placebo group; and n=148 in the upadacitinib group with MASES >0 at baseline.
‡‡Assessed n=202 in the placebo group; and n=199 in the upadacitinib group with available baseline MRI data up to 3 days after the first dose of study drug.
§§Assessed n=208 in the placebo group; and n=210 in the upadacitinib group.
¶¶History of psoriasis was obtained based on 12 psoriasis-related preferred terms, including ‘psoriasis’.
AS, ankylosing spondylitis; ASDAS, Ankylosing Spondylitis Disease Activity Score; ASQoL, Ankylosing Spondylitis Quality of Life Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; 
BASMI, Bath Ankylosing Spondylitis Metrology Index; bDMARDs, biological disease-modifying antirheumatic drugs; CRP, C-reactive protein; csDMARDs, conventional synthetic DMARDs; HLA-B27, human leucocyte antigen B27; hsCRP, high-
sensitivity CRP; IBD, inflammatory bowel disease; IL-17i, interleukin-17 inhibitor; MASES, Maastricht Ankylosing Spondylitis Enthesitis Score; NRS, Numeric Rating Scale; NSAIDs, non-steroidal anti-inflammatory drugs; SPARCC, Spondyloarthritis 
Research Consortium of Canada; TNFi, tumour necrosis factor inhibitor; ULN, upper limit of normal.
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Approximately one-third of patients (31%) used conventional 
synthetic DMARDs at baseline.

Efficacy
The study met its primary and all multiplicity-controlled 
secondary endpoints at week 14 (figure 3; online supplemental 
table 2). A significantly higher proportion of patients achieved 
the primary endpoint of ASAS40 at week 14 in the upadacitinib 
group vs the placebo group (45% vs 18%; p<0.0001) with a 
treatment difference of 26% (95% CI 18% to 35%). A clear 
separation between treatment groups was observed for ASAS40 
starting at week 4 (nominal p≤0.05; figure  4). Consistent 

improvements were observed for the four ASAS components 
with greater improvement in the upadacitinib than the placebo 
group (nominal p≤0.05) from week 1 onwards for three of the 
four components and from week 4 onwards for BASFI (online 
supplemental figure 2). ASAS40 responses at week 14 were 
similar in the per-protocol analysis set (online supplemental 
figure 3). Greater ASAS40 treatment effects were also seen with 
upadacitinib vs placebo in the subgroups of patients treated with 
one (46% vs 20%) or two (36% vs 4%) prior bDMARDs; with 
previous exposure to TNFi (47% vs 22%) or IL-17i (37% vs 4%; 
online supplemental figure 4); and with baseline hsCRP of ≤ or 
> 2.78 mg/L (52% vs 15% and 42% vs 19%, respectively) and ≤ 
or > 5 mg/L (47% vs 15% and 44% vs 20%, respectively; online 
supplemental figure 5). ASAS40 response rates were consistent 
between Eastern European (50% vs 19%) and non-Eastern 
European patients (39% vs 17%) treated with upadacitinib 
vs placebo (online supplemental figure 6). Statistically signifi-
cant improvements in disease activity, function and pain were 
achieved among upadacitinib-treated vs placebo-treated patients 
at week 14, as measured by change from baseline in ASDAS, 
total and nocturnal back pain, and BASFI, and achievement of 
ASDAS ID, ASDAS LDA, BASDAI50, ASAS20 and ASAS partial 
remission (p<0.0001; figure  3 A, C, figure  5, online supple-
mental figures 2B, 7, 8A). Consistent responses were observed 
for other patient-reported pain, ASDAS-related measures and 
BASDAI (figure  5A and online supplemental figures 8B-10). 
Upadacitinib also improved objective signs of inflammation as 
measured by hsCRP and SPARCC MRI spine and sacroiliac joint 
inflammation scores (p<0.0001 vs placebo; figure  3B, online 
supplemental figures 10B and 11). Other clinically relevant 
domains significantly improved with upadacitinib treatment vs 
placebo at week 14, including quality of life (ASQoL and ASAS 
Health Index), spinal mobility (BASMI) and enthesitis (MASES) 
(p<0.0001; figure  3C, D). Additional efficacy endpoints, 
including change from baseline in tender/swollen joint counts at 
week 14, are presented in online supplemental table 3.

Safety
The rate of AEs during the 14-week double-blind treatment 
period was similar between the two treatment groups (41% with 
upadacitinib and 37% with placebo; table 2). Serious AEs were 
reported more frequently with upadacitinib (2.8%) than placebo 

Figure 3  Multiplicity-controlled and key secondary endpoints at week 
14. (A) ASAS20, ASAS40, ASAS PR and BASDAI50 responses at week 
14 based on NRI-MI analysis. (B) Change from baseline in SPARCC 
MRI spine and sacroiliac joint scores at week 14 based on ANCOVA 
analysis. SPARCC MRI was assessed in patients with available baseline 
MRI data up to 3 days after the first dose of study drug and available 
week 14 MRI data up to the first dose of study drug in the open-label 
period. (C) Additional multiplicity-controlled key secondary efficacy 
endpoints at week 14; ANCOVA analysis for BASMI and MMRM analysis 
for other endpoints. MASES was assessed in patients with baseline 
enthesitis. (D) Change from baseline in ASQoL and ASAS Health Index 
at week 14 based on MMRM analysis. ANCOVA/MMRM analyses are 
based on as observed data. All endpoints were multiplicity controlled 
and tested sequentially (online supplemental figure 1), except for 
SPARCC MRI sacroiliac joint score. Error bars show 95% CI. Significant 
in multiplicity-controlled analysis: ***p<0.0001. Without adjustment for 
multiplicity (nominal): ††† p<0.0001. ANCOVA, analysis of covariance; 
ASAS, Assessment of SpondyloArthritis international Society; ASAS20, 
Assessment of SpondyloArthritis international Society 20 response; 
ASAS40, Assessment of SpondyloArthritis international Society 40 
response; ASAS PR, Assessment of SpondyloArthritis international 
Society partial remission; ASDAS, Ankylosing Spondylitis Disease Activity 
Score; ASQoL, Ankylosing Spondylitis Quality of Life Score; BASDAI50, 
at least 50% improvement from baseline in Bath Ankylosing Spondylitis 
Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional 
Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; CRP, C-
reactive protein; MASES, Maastricht Ankylosing Spondylitis Enthesitis 
Score; MMRM, mixed-effect model for repeated measures; NRI-MI, non-
responder imputation incorporating multiple-imputation; QD, once daily; 
SPARCC, Spondyloarthritis Research Consortium of Canada.

Figure 4  ASAS40 response through week 14. NRI-MI analysis was 
used. Error bars show 95% CI. Significant in multiplicity-controlled 
analysis: ***p<0.0001. Without adjustment for multiplicity (nominal): 
†p<0.05; †††p<0.0001. ASAS40, Assessment of SpondyloArthritis 
international Society 40 response; NRI-MI, non-responder imputation 
incorporating multiple imputation; QD, once daily.
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(0.5%): one patient (0.5%) had acute cholangitis, and five 
(2.4%) patients had serious infections on upadacitinib (table 2). 
Four of the five serious infections on upadacitinib were COVID-
19-related infections; all patients had risk factors for more 
severe disease30 including older age, male sex, hypertension 
or obesity, and all events resolved. Overall, COVID-19-related 
AEs, including the serious infections reported above, occurred 
in 17 patients (5.7% on upadacitinib vs 2.4% on placebo; online 
supplemental table 4). None of the 17 affected patients had to 
discontinue study drug treatment prematurely, and none were 
vaccinated against COVID-19 except one patient on upadacitinib 
with a non-serious asymptomatic COVID-19 AE. A numerically 
higher proportion of patients from Eastern Europe (5.3%) than 
non-Eastern Europe (3.3%) had a COVID-19-related AE; the 
four serious COVID-19-related AEs were reported in patients 
from Eastern Europe (online supplemental table 5). No deaths, 
opportunistic infections, non-melanoma skin cancer, lymphoma, 
adjudicated gastrointestinal perforation, renal dysfunction, 
active tuberculosis or adjudicated major adverse cardiovas-
cular or venous thromboembolic events were reported through 

week 14 in either treatment group. Two non-serious events of 
herpes zoster (0.9%) on upadacitinib occurred in patients from 
Japan, were confined to a single dermatome, and did not lead 
to treatment discontinuation. One event of tonsil cancer (0.5%) 
was reported in a patient receiving placebo who was a former 
smoker, leading to discontinuation of study drug. No malig-
nancy was reported with upadacitinib. Uveitis occurred in four 
patients (one (0.5%) patient on upadacitinib with a history of 
uveitis; three (1.4%) patients on placebo with two with a history 
of uveitis). One AE of Crohn’s disease was reported in a patient 
(0.5%) without a history of inflammatory bowel disease (IBD) 
in the upadacitinib group; no events of IBD were reported in 

Figure 5  ASDAS responses at and through week 14. (A) Proportion 
of patients with ASDAS responses at week 14 was based on NRI-MI 
analysis. ASDAS low disease activity was defined as ASDAS (CRP) 
<2.1 and ASDAS inactive disease as ASDAS (CRP) <1.3. (B) Mean 
change from baseline in ASDAS (CRP) through week 14 was based 
on MMRM analysis, and the numbers of patients were as observed at 
each visit. Error bars show 95% CI. Significant in multiplicity-controlled 
analysis: ***p<0.0001. Without adjustment for multiplicity (nominal): 
†††p<0.0001. ASDAS, Ankylosing Spondylitis Disease Activity Score; 
CRP, C-reactive protein; MMRM, mixed-effect model for repeated 
measures; NRI-MI, non-responder imputation incorporating multiple-
imputation; QD, once daily.

Table 2  Safety outcomes through week 14

Placebo
(n=209)

Upadacitinib 15 mg 
once daily (n=211)

Any AE 77 (37%) 86 (41%)

Serious AE 1 (0.5%)* 6 (2.8%)†

Discontinuation of study drug due to AE 3 (1.4%)‡ 0

COVID-19-related AE§ 6 (2.9%) 12 (5.7%)

Death 0 0

Infection 27 (12.9%) 31 (14.7%)

 � Serious infection 0 5 (2.4%)¶

 � Opportunistic infection 0 0

 � Active tuberculosis 0 0

 � Herpes zoster 0 2 (0.9%)**

Malignancy 1 (0.5%) 0

 � Malignancy other than NMSC 1 (0.5%)* 0

 � NMSC 0 0

 � Lymphoma 0 0

Hepatic disorder 2 (1.0%) 6 (2.8%)††

Anaemia 1 (0.5%) 3 (1.4%)‡‡

Neutropenia 2 (1.0%) 6 (2.8%)§§

Lymphopenia 2 (1.0%) 1 (0.5%)¶¶

Renal dysfunction 0 0

Gastrointestinal perforation (adjudicated) 0 0

Major adverse cardiovascular events 
(adjudicated)

0 0

Venous thromboembolic events (adjudicated) 0 0

Uveitis 3 (1.4%)*** 1 (0.5%)†††

Inflammatory bowel disease 0 1 (0.5%)‡‡‡

Psoriasis§§§ 1 (0.5%) 0

Data are n (%).
*Tonsil cancer.
†COVID-19 (n=4), cholangitis (n=1) and uveitis (n=1).
‡One patient each with tonsil cancer, hip and back pain, inguinal hernia.
§As collected in the AE electronic case report form. An AE with the preferred term ‘urinary 
tract infection’ was incorrectly attributed to COVID-19 by the site. Therefore, five subjects in 
the placebo group had COVID-19-related AEs.
¶COVID-19 (n=4) and uveitis (n=1). All events resolved and were deemed by the 
investigators as having no reasonable possibility of being related to study drug.
**Two patients from Japan had non-serious herpes zoster confined to a single dermatome.
††ALT/AST elevations were transient, and study drug was not interrupted for patients 
receiving upadacitinib.
‡‡All anaemia events were non-serious and mild or moderate. Treatment with upadacitinib 
was interrupted in two patients in which events resolved with no treatment discontinuation.
§§All neutropenia events were non-serious: one was severe and five were mild or moderate. 
One patient interrupted upadacitinib but neutropenia resolved without study drug 
discontinuation.
¶¶Lymphopenia event was non-serious, mild, and did not lead to study drug interruption or 
discontinuation.
***Two patients had a history of uveitis.
†††One patient with a history of uveitis had recurrent uveitis that was considered as having 
no reasonable possibility of being related to study drug by the investigator.
‡‡‡One patient without a history of inflammatory bowel disease had a non-serious event of 
Crohn’s disease.
§§§AE of psoriasis was based on 12 psoriasis-related preferred terms, including ‘psoriasis’.
AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; NMSC, 
nonmelanoma skin cancer.
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the placebo group. An AE of psoriasis occurred in one patient 
(0.5%) without a history of psoriasis in the placebo group; no 
events were reported in the upadacitinib group.

Hepatic disorders in the upadacitinib group were mild or 
moderate transaminase elevations; none resulted in treatment 
discontinuation. Three patients had a grade 3 elevation in 
alanine aminotransferase (ALT; one patient (0.5%)) or aspartate 
aminotransferase (AST; two patients (0.9%)) levels with upadac-
itinib treatment. The patient with elevated ALT also experienced 
acute cholangitis as described above, concurrent with increased 
AST. No cases met the criteria of Hy’s law. During the 14-week 
double-blind treatment period, four patients temporarily inter-
rupted study drug per the study protocol (three due to ALT/AST 
elevations and one due to a decrease of haemoglobin). Adverse 
events of anaemia, neutropenia and lymphopenia were gener-
ally mild or moderate, non-serious and did not lead to discon-
tinuation of the study drug. Mean haemoglobin concentrations 
remained stable for both treatment groups, and changes in other 
laboratory values were generally transient (online supplemental 
figure 12). Five patients treated with upadacitinib had a grade 
three decrease in lymphocyte (0.5%) or neutrophil (1.9%) 
counts, which were not associated with serious infections.

DISCUSSION
SELECT-AXIS 2 is the first clinical trial dedicated to evaluating 
the efficacy and safety of a JAKi in an AS population that had 
a lack of efficacy or were intolerant to bDMARDs, including 
TNFi or IL-17i. The study met its primary endpoint of ASAS40 
response, and all ranked secondary endpoints at week 14, 
demonstrating the consistent benefit of upadacitinib 15 mg once 
daily relative to placebo for treating multiple clinically relevant 
domains and components of AS, including improvements in 
objective signs of axial inflammation. In addition, upadacitinib 
provided quick symptom relief as early as week 1.

Results of this study in a treatment-refractory AS patient 
population were consistent with and complementary to those of 
SELECT-AXIS 1, which evaluated upadacitinib in AS bDMARD-
naïve patients.21 The responses in our study were also overall 
in line with those reported for other compounds, including 
IL-17i.12 13 18 31 However, few placebo-controlled studies in 
bDMARD-IR AS patients are available. In addition, subgroup 
analyses showed consistent improvements in ASAS40 responses 
with upadacitinib treatment irrespective of CRP elevation at 
baseline and the number or type of previous bDMARDs used, 
although the number of patients exposed to IL-17i and two 
bDMARDs were small.

Overall, upadacitinib was well tolerated. As the study was 
conducted during the initial phase of the COVID-19 pandemic, 
the observed events reflect the prevalence of COVID-19 and 
the associated hospitalisation rate at the time the study was 
conducted.32 In this study, all COVID-19 events resolved and 
were considered to have no reasonable possibility of being related 
to upadacitinib as assessed by the investigators. Only one patient 
who experienced a COVID-19-related AE was vaccinated. 
Longer-term data from this trial will help to inform about the 
impact of upadacitinib treatment and vaccination status in the 
development of COVID-19-related AEs in the AS patient popula-
tion. Available data from other inflammatory arthritic conditions 
such as RA and PsA suggest that the rates of COVID-19 infec-
tion were lower or similar in patients treated with upadacitinib 
than adalimumab.33 Notably, JAK inhibition has been recognised 
as an option to treat severe COVID-19.34 The safety profile of 
upadacitinib in this bDMARD-IR AS population was generally 

consistent with that observed in SELECT-AXIS 121–23 and the 
RA35 and PsA36 37 programmes. Herpes zoster occurrence has 
been reported with JAKi therapy with a particularly increased 
rate in patients of Asian descent,35 38 39 which is aligned with the 
findings of this study. No deaths, opportunistic infections, malig-
nancy and adjudicated major adverse cardiovascular or venous 
thromboembolic events were reported with upadacitinib.

A few limitations of our study should be acknowledged. In 
the absence of an active comparator, data comparison with a 
similar AS bDMARD-IR population treated with another 
therapy should be made in the appropriate context. The deci-
sion to define a patient as having an IR due to a lack of efficacy 
or intolerance to a bDMARD was based solely on the discretion 
of the study investigators, which is also in line with the approach 
used in other studies.12 13 A lack of an established definition of 
an IR to therapy may explain potential patient selection vari-
ability, which may have influenced the magnitude of treatment 
responses.14 Rates of extra-musculoskeletal manifestations 
including uveitis or IBD in this study and SELECT-AXIS 1 were 
low overall,22 and upadacitinib has been shown to be effective in 
phase 3 IBD trials.40–43 However, few patients had a history of 
uveitis and IBD at baseline, and case report forms documenting 
efficacy in uveitis and IBD were not used.44 Therefore, addi-
tional data are needed to derive definitive conclusions about the 
efficacy of upadacitinib treatment on uveitis. Lastly, the ongoing 
long-term extension study will provide data on when upadaci-
tinib treatment reaches a therapeutic plateau in this treatment-
refractory AS population and whether there is similar efficacy in 
terms of maintenance of response through 2 years as observed in 
SELECT-AXIS 1.23

In summary, upadacitinib 15 mg once daily significantly 
improved the signs and symptoms of active AS in bDMARD-IR 
patients after 14 weeks of treatment compared with placebo. 
Treatment with upadacitinib was generally safe and well toler-
ated. No new safety risks were identified compared with the 
known safety profile of upadacitinib. These findings show that 
upadacitinib, which offers the convenience of an oral therapy,45 
may be an effective treatment option for patients with active AS, 
including those with treatment-refractory AS who have shown an 
IR based on lack of efficacy or intolerance to bDMARD therapy.
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