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Abstract

Background Upadacitinib, a Janus kinase inhibitor, has demonstrated efficacy and an acceptable safety profile
in patients with ankylosing spondylitis (AS) in the phase Ill SELECT-AXIS programs. We report the 1-year efficacy
and safety in patients with AS and an inadequate response to biologic disease-modifying antirheumatic drugs
(bDMARD-IR) from the SELECT-AXIS 2 study.

Methods Patients> 18 years with active AS who met the modified New York criteria for AS and were bDMARD-IR
received double-blind upadacitinib 15 mg once daily (QD) or placebo for 14 weeks. Patients who completed 14 weeks
could enter an open-label extension and receive upadacitinib 15 mg QD for up to 2 years. Efficacy endpoints included
the percentage of patients achieving > 40% improvement in Assessment of SpondyloArthritis international Society
response (ASAS40), Ankylosing Spondylitis Disease Activity Score (ASDAS) low disease activity (LDA), and ASDAS
inactive disease (ID); and change from baseline in total and nocturnal back pain, and Bath Ankylosing Spondylitis
Functional Index (BASFI). Subgroup analyses (bDMARD lack of efficacy versus intolerance, and prior tumor necrosis
factor inhibitor [TNFi] versus interleukin-17 inhibitor [IL-17i] exposure) were conducted. Binary and continuous effi-
cacy endpoints were assessed using non-responder imputation with multiple imputation (NRI-MI) and as observed
(AO) analyses; and mixed-effects model repeated measures (MMRM) and AO, respectively. Safety was assessed based
on adverse events. Data through week 52 are reported.

Results Of 420 randomized patients, 366 (continuous upadacitinib: n=181; placebo to upadacitinib: n=185)
completed 52 weeks of treatment. At week 52, in the continuous upadacitinib and placebo to upadacitinib groups,
ASAS40, ASDAS LDA, and ASDAS ID were achieved by 66% and 65%, 57% and 55%, and 26% and 25% (all NRI-

MI); and change from baseline in total back pain, nocturnal back pain, and BASFI was -4.5 and -4.3, -4.6 and -4.4,
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and -3.6 and -3.5 (all MMRM), respectively. No new safety risks were identified. Subgroup analyses were consistent

with the overall study population.

Conclusions Upadacitinib 15 mg QD demonstrated sustained improvement up to 52 weeks in bDMARD-IR patients
with AS. Efficacy was generally similar in patients with lack of efficacy versus intolerance to bDMARDs and prior TNFi

versus IL-17i exposure.
Trial registration NCT02049138.

Keywords Ankylosing spondylitis, Janus kinase inhibitor, Open-label extension, Upadacitinib, Biologic, Tumor

necrosis factor, Inadequate response, Refractory

Background

Axial spondyloarthritis (axSpA), a chronic, inflamma-
tory rheumatic disease affecting the axial skeleton, is
associated with back pain, spinal stiffness, peripheral
articular and extra-musculoskeletal manifestations, and
reduced quality of life [1-3]. The two main subgroups
of axSpA are non-radiographic axSpA (nr-axSpA) and
radiographic axSpA (r-axSpA), also known as ankylosing
spondylitis (AS), in which definitive radiographic damage
to the sacroiliac joints has already developed [2, 4]. The
term r-axSpA has recently been introduced to reflect the
fact that nr-axSpA and r-axSpA/AS are part of the same
disease spectrum and are similar in terms of symptoms,
disease burden, comorbidities, and treatment approach
[4, 5]. AS and r-axSpA are synonymous within a clinical
setting, and the term AS is retained in this manuscript
for consistency with the study protocol and previously
published data.

Treatment with a biologic disease-modifying antirheu-
matic drug (bDMARD), such as a tumor necrosis factor
inhibitor (TNFi) or an interleukin-17 inhibitor (IL-17i),
is recommended in patients with AS who have persis-
tently high disease activity despite treatment with non-
steroidal anti-inflammatory drugs (NSAIDs) [5, 6]. Many
patients, however, do not achieve adequate response with
their first bDMARD [7-10]. Recently, treatment with
a Janus kinase (JAK) inhibitor was added to the 2022
Assessment of SpondyloArthritis international Society
(ASAS)—European Alliance of Associations for Rheu-
matology (EULAR) recommendations as an option for
patients who have intolerance or inadequate response
(IR) to NSAIDs [5]. Recommendations also advise that
patients who have an IR to their first bDMARD should
switch to another bDMARD or a JAK inhibitor [5, 6].

The efficacy and safety of upadacitinib, an oral JAK
inhibitor, has been evaluated in patients with axSpA in
SELECT-AXIS 1 and SELECT-AXIS 2. In SELECT-AXIS
1, sustained efficacy over 2 years was observed with
upadacitinib 15 mg once daily (QD) in bDMARD-naive
patients with active AS and an IR to NSAIDs, with a
safety profile consistent with previous upadacitinib stud-
ies in rheumatoid arthritis and psoriatic arthritis [11-16].

The phase III, randomized, placebo-controlled, double-
blind SELECT-AXIS 2 master protocol (NCT04169373)
consists of two standalone studies in axSpA: a study in
patients with nr-axSpA and another study in patients
with AS and an IR to bDMARDs. The primary results
from the bDMARD-IR AS study showed a significantly
greater proportion of patients in the upadacitinib 15 mg
QD group achieving the primary endpoint of>40%
improvement in ASAS response (ASAS40) versus pla-
cebo at week 14 (45% vs 18%; p <0.0001), with statistically
significant improvements observed with upadacitinib
versus placebo for all multiplicity-controlled secondary
endpoints, including disease activity, inflammation by
magnetic resonance imaging, pain, function, quality of
life, spinal mobility, and enthesitis [17]. Rates of adverse
events (AEs) were generally similar between treatment
groups (except for more frequent serious AEs, infec-
tions, hepatic disorders, and neutropenia occurring with
upadacitinib 15 mg QD compared with placebo) and
there were no malignancies, major adverse cardiovas-
cular events (MACEs), venous thromboembolic events
(VTEs), or deaths reported with upadacitinib.

We report here the 1-year efficacy and safety from the
SELECT-AXIS 2 bDMARD-IR AS study.

Materials and methods

Study design

Methods have been previously reported [17]. Briefly,
patients in the initial double-blind period were rand-
omized 1:1 to receive either oral upadacitinib 15 mg QD
or placebo for 14 weeks. Patients from either treatment
group who completed this double-blind period were eli-
gible to enter an open-label extension and receive upa-
dacitinib 15 mg QD for an additional 90 weeks, for a
total treatment duration of 2 years. Here we report data
through 52 weeks of the study.

Patients

The study enrolled adult patients (aged >18 years) with
AS who met the modified New York criteria based on
central reading of sacroiliac joint radiographs and had
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active disease, defined as a Bath Ankylosing Spondy-
litis Disease Activity Index (BASDAI) score of >4 and
a patient’s assessment of total back pain score of>4
(numeric rating scale 0-10). Patients had to have an IR
to>2 NSAIDs and an IR to bDMARDs, defined as either
a lack of efficacy (after>12 weeks of treatment at an
adequate dose as assessed by the investigator) or intoler-
ance (regardless of treatment duration). Prior exposure
to two bDMARD:s (lack of efficacy to one bDMARD and
intolerance to the other, but not lack of efficacy to both
bDMARDs) was allowed for <30% of patients. Patients
receiving stable doses of concomitant oral corticoster-
oids, NSAIDs, and conventional synthetic disease-mod-
ifying antirheumatic drugs at baseline were eligible. Prior
exposure to a JAK inhibitor was not permitted.

Efficacy endpoints

The following endpoints were assessed through week 52:
the percentage of patients achieving ASAS40 response,
AS Disease Activity Score (ASDAS) using C-reactive
protein low disease activity (LDA;<2.1), ASDAS inac-
tive disease (ID;<1.3),>50% improvement in BASDAI
(BASDAI50),>20% improvement in ASAS response
(ASAS20), ASAS partial remission (PR; absolute score
of <2 units for each of the four domains of ASAS40);
change from baseline in linear Bath Ankylosing Spon-
dylitis Metrology Index (BASMI), Maastricht Ankylos-
ing Spondylitis Enthesitis Score (MASES), ASAS Health
Index (HI), Ankylosing Spondylitis Quality of Life
(ASQoL), patient’s assessment of total back pain and
nocturnal back pain (numeric rating scale 0-10), and
Bath Ankylosing Spondylitis Functional Index (BASFI).
Additional efficacy endpoints are listed in Supplementary
Table 2.

Safety endpoints

Safety was assessed by treatment-emergent AEs (TEAEs),
serious AEs, AEs leading to discontinuation, prespeci-
fied AEs of special interest, and laboratory parameters.
TEAEs were defined as AEs with an onset date on or after
the first dose of study drug and up to 30 days after the
last dose of study drug. The toxicity grading scale is based
on National Cancer Institute Common Toxicity Criteria
for Adverse Events version 4.03.

Statistical analysis
Efficacy analyses were performed at 52 weeks on all ran-
domized patients who received>1 dose of study drug.
No statistical comparisons were performed between the
treatment groups (continuous upadacitinib versus pla-
cebo to upadacitinib).

For binary efficacy endpoints, non-responder imputa-
tion with multiple imputation (NRI-MI) and as observed
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(AO) analyses are presented. In the NRI-MI analy-
sis, patients who prematurely discontinued study drug
(including those who did not enter open-label extension)
or were rescued were considered non-responders; MI
was used to handle missing data due to COVID-19.

For continuous efficacy endpoints, estimated change
from baseline from mixed-effects model repeated meas-
ures (MMRM) and AO data are reported. MMRM
included the categorical fixed effects of treatment,
visit, and treatment-by-visit interaction as fixed factors
and baseline value as covariate, and stratification fac-
tor of screening high-sensitivity C-reactive protein level
(< upper limit of normal [ULN] vs > ULN).

To better understand the efficacy of upadacitinib in
clinically relevant subgroups, post hoc analyses for effi-
cacy endpoints at week 52 were performed in subgroups
of patients who had discontinued a prior bDMARD
due to lack of efficacy versus intolerance, and patients
with prior TNFi exposure versus prior IL-17i exposure,
respectively.

The safety analysis set included all patients who
received >1 dose of upadacitinib 15 mg QD at any point
in the study. Safety outcomes were assessed up to the cut-
off date of May 19, 2022. Exposure-adjusted event rates
(events per 100 patient-years [E/100 PY]) are reported.

Results

Patient disposition and baseline characteristics

Of the 420 patients randomized in the double-blind treat-
ment period, 409 entered the open-label extension phase
at week 14 (continuous upadacitinib: n=206; placebo to
upadacitinib: #=203). Of these, 181 (88%) and 185 (91%)
patients in the continuous upadacitinib and placebo to
upadacitinib groups, respectively, completed 52 weeks of
treatment (Fig. 1).

Patient demographics and baseline disease characteris-
tics have been reported previously [17]. Treatment arms
were generally well balanced and reflective of an active
AS bDMARD-IR population in both arms. Among this
bDMARD-IR population, the majority of patients failed
their prior bDMARD(s) due to lack of efficacy. In addi-
tion, the majority of patients had been exposed to TNFis,
with around 20% having prior IL-17i exposure (Supple-
mentary Table 1).

Efficacy

The percentage of patients who achieved the primary effi-
cacy endpoint of ASAS40 response at week 14 (NRI-MI:
45%) continued to increase with continuous upadacitinib
treatment through 52 weeks (NRI-MIL: 66%; Fig. 2A).
Patients who switched from placebo to upadacitinib
at week 14 showed a rapid initial response and reached
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1352 patients screened for eligibility in SELECT-AXIS 22

618 failed screening®

Main reasons for screen failure:

»  Eligibility criteria: 562°
= AS bDMARD-IR study-specific criteria: 215
= nr-axSpA study-specific criteria: 307
= Common criteria: 132

+  COVID-19 logistical restrictions: 1

+  COVID-19 infection: 1

*  Withdrew consent: 28

*  Lost to follow-up: 8

+  Other: 18°

—>| 314 eligible and entered nr-axSpA study?

420 eligible and entered AS bDMARD-IR study

209 randomized to placebo | | 211 randomized to upadacitinib 15 mg once daily
6 discontinued study drug® 5 discontinued study drug®
* 3 adverse events *  2other
* 1 withdrew consent + 1 COVID-19 logistical restriction
* 1 lost to follow-up * 1 lost to follow-up
* 1 lack of efficacy * 1 lack of efficacy
203 completed week 14 on placebo | | 206 completed week 14 on upadacitinib 15 mg once daily

Entered period 2 on study drug

n=409
203 switched from placebo to upadacitinib 15 mg once daily | | 206 continued on upadacitinib 15 mg once daily
17 discontinued study drug® 23 discontinued study drug®
* 3 adverse events * 1 adverse event
¢ 4 withdrew consent * 5 withdrew consent
*  2lost to follow-up * 0O lost to follow-up
* 7 lack of efficacy * 10 lack of efficacy
« 0 COVID-19 infection 0 COVID-19 infection
* 0 COVID-19 logistical restrictions + 0 COVID-19 logistical restrictions
* 1 other + 7 other
185 completed week 52 on upadacitinib 15 mg once daily | | 181 completed week 52 on upadacitinib 15 mg once daily

Fig. 1 Patient disposition through week 52. ®Patients were screened between November 26, 2019 and May 20, 2021 for the SELECT-AXIS 2
master protocol, which used a common screening platform to assign patients to either the AS bDMARD-IR study or the nr-axSpA study. “Patients
could have multiple criteria or multiple reasons for screening failure. “Other reasons included imaging, site, or system issues. “Patients did not fail
screening. *Primary reason for discontinuation provided. AS ankylosing spondylitis, E(OMARD biologic disease-modifying antirheumatic drug, IR
inadequate response, nr-axSpA non-radiographic axial spondyloarthritis

similar ASAS40 response rates to those of the continuous The percentage of patients who achieved ASDAS LDA
upadacitinib group between weeks 32 and 40, which was  and ID generally followed a similar pattern, with con-
maintained through week 52 (NRI-MI: 65%). tinued improvements through week 52 for both the

continuous upadacitinib group (NRI-MI: 57% and 26%,
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respectively) and the placebo to upadacitinib group (NRI-
MI: 55% and 25%, respectively; Fig. 2B and 2C). Other
disease activity outcomes, including ASAS20 response,
ASAS PR, and BASDAI50, followed similar trends (Sup-
plementary Fig. 1). Response rates based on AO analy-
ses were numerically higher than NRI-MI but followed
a similar trend as noted for ASAS40, ASDAS LDA, and
ASDAS ID (Fig. 2). Similar trends were also observed
at week 52 in rates of ASDAS major improvement and
ASDAS clinically important improvement in the con-
tinuous upadacitinib and placebo to upadacitinib groups,
respectively (Supplementary Table 2).

Improvements observed at week 14 were maintained
in the continuous upadacitinib group through week 52,
and similar improvements were achieved in the placebo
to upadacitinib group at week 52, for change from base-
line in total back pain, nocturnal back pain, and func-
tion, respectively (Fig. 3A—C). Similarly, improvements
in mobility (BASMI), enthesitis (MASES), and quality of
life (ASQoL and ASAS HI) were observed in both treat-
ment groups (Supplementary Fig. 2). AO results followed
a similar trend to the MMRM results for these endpoints.
Improvements were also observed in duration and sever-
ity of morning stiffness, patient global assessment of pain,
patient global assessment of disease activity, and Func-
tional Assessment of Chronic Illness Therapy—Fatigue
(FACIT-F) (Supplementary Table 2).

In the subgroups of patients who had discontinued
prior bDMARD treatment due to lack of efficacy ver-
sus intolerance, as well as the subgroups of patients who
had prior treatment with TNFis versus IL-17is, simi-
lar response rates were observed for ASAS40 and other
endpoints at week 52 in both the continuous upadaci-
tinib and placebo to upadacitinib groups (Supplementary
Tables 3 and 4). These results were consistent with the
overall study population.

Safety
Safety was assessed through the cut-off date of May
19, 2022 in 414 patients (534.4 PY) who received >1
dose of upadacitinib 15 mg QD. The median exposure
to upadacitinib was 487 days and 330 (80%) patients
had > 12 months’ exposure.

Overall, the rate of TEAEs was 164.1 E/100 PY, with the
most common being COVID-19, nasopharyngitis, and

(See figure on next page.)
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upper respiratory tract infection (Table 1). The rates of
serious AEs and AEs leading to discontinuation of study
drug were 9.9 E/100 PY and 3.0 E/100 PY, respectively,
and there was one death due to polytrauma (Table 1). No
pattern of AEs leading to discontinuation was observed.
The most common serious AEs were COVID-19 pneu-
monia and COVID-19. None of the serious COVID-19
events led to discontinuation of study drug.

Serious infection and herpes zoster rates were 4.5 E/100
PY and 3.6 E/100 PY, respectively, and there were no cases
of opportunistic infection or active tuberculosis. Four-
teen of the 24 reported serious infections were COVID-19
events. None of the treatment-emergent serious infections
led to discontinuation of study drug. The case of dissemi-
nated herpes zoster occurred in a 62-year-old Japanese
male with risk factors (history of diabetes and chicken
pox, and not receiving the herpes zoster vaccination) dur-
ing the open-label extension period, which resulted in the
patient requiring hospitalization; upadacitinib treatment
was interrupted and restarted upon improvement. There
was also one non-serious event of post-herpetic neuralgia,
which led to treatment discontinuation. All other herpes
zoster events were of mild or moderate severity, non-seri-
ous, and involved one dermatome only.

There was one case of colon cancer with metastases to
the liver in a 58-year-old patient with a 20-year history
of smoking one pack of cigarettes per day. The patient
discontinued upadacitinib treatment. Two cases of non-
melanoma skin cancer, both of basal cell carcinoma,
occurred on sun-exposed areas of the skin; one was a
relapse in a patient with prior history of cutaneous basal
cell carcinoma.

One case of adjudicated MACE occurred, which was
a serious, non-fatal hemorrhagic stroke in a 47-year-
old male patient with a history of smoking. Upadaci-
tinib treatment was temporarily interrupted. Two VTEs
were reported: one deep vein thrombosis occurring in a
59-year-old white male with risk factors including obe-
sity, age>40 years, and prolonged immobilization due
to hip pain; and one pulmonary embolism occurring in a
30-year-old white female with risk factors including oral
contraceptive use, sedentary lifestyle, and being over-
weight. Study drug was discontinued in both cases.

The rate of hepatic disorders was 8.8 E/100 PY, with the
majority of events being mild alanine aminotransferase

Fig. 2 ASAS40 (a), ASDAS LDA (b), and ASDAS ID (c) responses over time. Patients initially randomized to receive placebo received open-label
upadacitinib beginning at week 14. NRI-MI (NRI incorporating Ml to handle missing data due to COVID-19) and AO analyses were used. AO

as observed, ASAS40>40% improvement in Assessment of SpondyloArthritis international Society response, ASDAS Ankylosing Spondylitis Disease
Activity Score, Cl confidence interval, ID inactive disease, LDA low disease activity, M/ multiple imputation, NRI non-responder imputation, QD

once daily, W week
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Table 1 Treatment-emergent AEs

Exposure-adjusted event rates, E (E/100  Any upadacitinib 15 mg

PY) QD? (n=414; PY=534.4)
Any AE 877 (164.1)
Serious AE 53(9.9)
AE leading to discontinuation of study drug 16 (3.0)
Any COVID-19-related AE 81(15.2)
Any death® 1(02)
Infection 301 (56.3)
Serious infection 24 (4.5)
Opportunistic infection® 0
Herpes zoster 19 (3.6)
Active tuberculosis 0
Malignancy other than NMSC® 1(0.2)
NMSC 2(04)
Adjudicated MACE' 1(0.2)
Adjudicated VTE? 2(04)
Adjudicated gastrointestinal perforation 0
Renal dysfunction” 1(0.2)
Anemia 112.0)
Lymphopenia 3(0.6)
Neutropenia 19 (3.6)
Hepatic disorder 47 (8.8)
Uveitis' 7(1.3)
Inflammatory bowel diseasel 1(0.2)
Psoriasis 2(04)

@ All patients who received > 1 dose of upadacitinib 15 mg QD.
b One patient died due to polytrauma.

€ Excluding tuberculosis and herpes zoster.

9 One serious AE of herpes zoster.

€ One severe AE of colon neoplasm with liver metastases.

fMACE defined as cardiovascular death (includes acute myocardial infarction,
sudden cardiac death, heart failure, cardiovascular procedure-related death,
death due to cardiovascular hemorrhage, fatal stroke, pulmonary embolism,
and other cardiovascular causes), non-fatal myocardial infarction, and non-fatal
stroke. One AE of basal ganglia hemorrhage.

9IVTE included fatal and non-fatal deep vein thrombosis and pulmonary
embolism. One serious AE of pulmonary embolism. One non-serious AE of deep
vein thrombosis; study drug was discontinued.

" One serious AE of acute kidney injury; study drug dose remained unchanged.

" One serious event of recurrent uveitis and one serious event of iridocyclitis in a
patient with a history of uveitis. One new serious AE of uveitis. One new serious
AE of iridocyclitis.

J One grade 2 event of Crohn’s disease.

AE adverse event, E events, MACE major adverse cardiovascular event, NMSC
non-melanoma skin cancer, PY patient-years, QD once daily, VTE venous
thromboembolic event

or aspartate aminotransferase elevations. There were no
cases of Hy’s law observed [18]. One case of acute kid-
ney injury was reported in a 52-year-old Asian male.
The event was serious, but study drug dose remained
unchanged.

There were seven events of uveitis. One patient with
a history of uveitis had one event of recurrent uveitis
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during double-blind treatment and one event of iridocy-
clitis during open-label treatment; both events were seri-
ous. One patient had a serious AE of uveitis occurring
during open-label treatment, which led to interruption
of study drug. One patient had a serious AE of iridocy-
clitis during open-label treatment, but study drug dose
remained unchanged. All of the other events were con-
sidered mild or moderate. None of these events resulted
in permanent study drug discontinuation.

One case of inflammatory bowel disease was reported
in a patient newly diagnosed with Crohn’s disease, and
without a history of inflammatory bowel disease, on day
7 of receiving upadacitinib in the double-blind period.

Mean levels of hemoglobin, lymphocytes, and neutro-
phils remained relatively stable over 52 weeks, with grade
3 changes reported in 1, 3, and 7 patients, respectively
(Supplementary Table 5).

Discussion

This study reported the efficacy and safety of upadaci-
tinib 15 mg QD in patients with AS who had an IR to
bDMARDs (including TNFi or IL-17i therapy) through
52 weeks. The responses that were observed in the initial
double-blind period of the study [17] further improved
after week 14 and were sustained through 52 weeks in the
open-label extension. These 1-year data demonstrated
consistent improvement and maintenance of response
with upadacitinib treatment in treatment-refractory
patients with AS across a wide range of clinically relevant
domains encompassing disease activity, pain, function,
enthesitis, and quality of life, whether using NRI-MI/
MMRM analyses or AO. In addition, patients who were
randomized to placebo and then switched to upadaci-
tinib at week 14 showed a rapid response, followed by a
similar magnitude of response compared with the con-
tinuous upadacitinib group at week 52.

The results of this study are in line with other stud-
ies where maintenance of efficacy over 1 year or longer
has been observed in patients with AS treated with
TNFi or IL-17i therapy, or another JAK inhibitor [10,
19-21]. Notably, most other studies were conducted in
mixed bDMARD-naive and bDMARD-IR populations,
whereas our study was conducted entirely in bDMARD-
IR patients. Compared with the only other bDMARD-
IR phase III trial in which the entire AS population had
prior exposure to a bDMARD (a study of ixekizumab in
patients with an IR to TNFis), response rates for ASAS40
at week 52 and other endpoints such as ASDAS LDA
were numerically higher in the upadacitinib trial com-
pared with the ixekizumab trial (ASAS40 at week 52: 66%
for upadacitinib vs 34% for ixekizumab) [21]. However,
this was not a head-to-head comparison and should be
interpreted with caution.
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The efficacy outcomes in this 1-year analysis in
bDMARD-IR patients with AS are also consistent
with previous reports for the SELECT-AXIS 1 study in
bDMARD-naive patients with AS and NSAID-IR [12].
Overall, similar proportions of patients treated with
upadacitinib 15 mg achieved clinical efficacy outcomes
in this analysis of bDMARD-IR patients with AS com-
pared with the SELECT-AXIS 1 study in bDMARD-naive
patients with AS and NSAID-IR at week 52 [12]. It should
be noted, however, that cross-study comparisons should
be interpreted with caution.

Efficacy outcomes at week 52 were generally simi-
lar across subgroups of patients who had discontinued
prior bDMARD treatment due to lack of efficacy versus
intolerance, and prior TNFi versus IL-17i exposure, and
were consistent with the overall LDMARD-IR population
reported in this study. Numerically lower responses were
observed for some endpoints in the prior IL-17i exposure
subgroup, but this subgroup had a limited number of
patients so additional studies would be needed to further
evaluate this.

Treatment with upadacitinib was generally well tol-
erated throughout the study. No new safety risks were
identified compared with the known safety profile of upa-
dacitinib [12, 17]. Rates of serious infections, herpes zos-
ter, and neutropenia were reported at <5.0 E/100 PY, and
malignancies, MACEs, and VTEs were uncommon in
this population (0.2, 0.2, and 0.4 E/100 PY, respectively).
These rates are numerically lower than those seen in
1-year studies of upadacitinib 15 mg QD in patients with
rheumatoid arthritis and psoriatic arthritis; however,
those studies included older patient populations [11, 13].
There were no cases of opportunistic infection or active
tuberculosis. Rates of AEs leading to discontinuation of
study drug were also low. Given the timing of the study
during the early stages of the global pandemic, COVID-
19 was the leading reason for study drug discontinuation
(four cases of COVID-19, 10 cases of COVID-19 pneu-
monia, specifically).

The main limitations of this study are the lack of a
comparator arm and the open-label nature of the study
during the extension period. Defining a patient as hav-
ing an IR due to a lack of efficacy or an intolerance to
a bDMARD was based solely on the discretion of the
investigators, although this is in line with the approach
used in other studies [7, 22]. The lack of an established
definition of IR may explain potential patient selection
variability, which may have influenced the magnitude of
treatment responses. The small patient numbers in some
of the subgroups analyzed—in particular, the prior IL-17i
exposure subgroup—was also a limitation. Although this
analysis covered a period of 1 year, further results from
this ongoing extension study will provide more data and

Page 9 of 11

determine whether the maintenance of response extends
through 2 years, as observed in SELECT-AXIS 1 [15].

Conclusions

Upadacitinib 15 mg QD demonstrated sustained
improvement up to week 52 in bDMARD-IR patients
with active AS during open-label treatment. Similar effi-
cacy was observed at week 52 in patients on continu-
ous upadacitinib and those who switched from placebo
to upadacitinib 15 mg QD at week 14. Treatment with
upadacitinib 15 mg QD was generally safe and well toler-
ated, with no new safety risks identified compared with
the known safety profile of upadacitinib. The efficacy of
upadacitinib 15 mg QD was generally similar across sub-
groups of patients who had discontinued prior bDMARD
treatment due to lack of efficacy versus intolerance, and
prior TNFi versus IL-17i exposure, and consistent with
the overall SELECT-AXIS 2 bDMARD-IR AS population.
These data suggest that upadacitinib is an effective treat-
ment for bDMARD-IR patients with AS up to 1 year of
treatment.

Abbreviations

A Change

AE Adverse event

ALT Alanine aminotransferase

AO As observed

AS Ankylosing spondylitis

ASAS Assessment of SpondyloArthritis international Society

ASAS20 >20% Improvement in Assessment of SpondyloArthritis interna-
tional Society response

ASAS40 >40% Improvement in Assessment of SpondyloArthritis interna-
tional Society response

ASDAS Ankylosing Spondylitis Disease Activity Score

ASQolL Ankylosing Spondylitis Quality of Life

axSpA Axial spondyloarthritis

BASDAI Bath Ankylosing Spondylitis Disease Activity Index

BASDAIS0  >50% improvement in Bath Ankylosing Spondylitis Disease
Activity Index

BASFI Bath Ankylosing Spondylitis Functional Index

BASMI Bath Ankylosing Spondylitis Metrology Index

bDMARD  Biologic disease-modifying antirheumatic drug

a Confidence interval

E Events

FACIT-F Functional Assessment of Chronic Iliness Therapy—Fatigue

HI Health Index

D Inactive disease

IL-17i Interleukin-17 inhibitor

IR Inadequate response

JAK Janus kinase

LDA Low disease activity

MACE Major adverse cardiovascular event

MASES Maastricht Ankylosing Spondylitis Enthesitis Score
MiI Multiple imputation

MMRM Mixed-effects model repeated measures
NMSC Non-melanoma skin cancer

nr-axSpA Non-radiographic axial spondyloarthritis
NRI Non-responder imputation

NSAID Non-steroidal anti-inflammatory drug
PR Partial remission

PY Patient-years

Qb Once daily
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r-axSpA Radiographic axial spondyloarthritis
SD Standard deviation

TNFi Tumor necrosis factor inhibitor

ULN Upper limit of normal

VTE Venous thromboembolic event

w Week

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/5s13075-023-03128-1.

[ Additional file 1. }

Acknowledgements

AbbVie and the authors thank the participants, study sites, and investigators
who participated in this clinical trial. Medical writing support was provided by
Laura Chalmers, PhD, of 2 the Nth (Cheshire, UK), and was funded by AbbVie.

Authors’ contributions

DvdH and JS contributed to the study design. AD contributed to the study
design and was an investigator in the study. RDI and XB were investigators

in the study. AS and PW were involved in the execution of the study. I-HS
was involved in the design and execution of the study. XB and YL conducted
the statistical analyses. All authors analyzed and interpreted the data and
contributed to the critical revision of the manuscript. All named authors met
the International Committee of Medical Journal Editors criteria for authorship
for this article, take responsibility for the integrity of the work as a whole, and
have given their approval for this version to be published.

Funding

AbbVie funded this trial and participated in the trial design, research, analysis,
data collection, interpretation of data, and the review and approval of the
publication. All authors had access to relevant data and participated in the
drafting, review, and approval of this publication. No honoraria or payments
were made for authorship.

Availability of data and materials

AbbVie is committed to responsible data sharing regarding the clinical trials
we sponsor. This includes access to anonymized, individual, and trial-level data
(analysis datasets), as well as other information (e.g., protocols and clinical
study reports), provided the trials are not part of an ongoing or planned regu-
latory submission. This includes requests for clinical trial data for unlicensed
products and indications. These clinical trial data can be requested by any
qualified researchers who engage in rigorous, independent scientific research,
and will be provided following review and approval of a research proposal and
statistical analysis plan, and execution of a Data Sharing Agreement.

Data requests can be submitted at any time and the data will be accessible
for 12 months, with possible extensions considered. For more information on
the process, or to submit a request, visit https.//www.abbvie.com/our-scien
ce/clinical-trials/clinical-trials-data-and-information-sharing/data-and-infor
mation-sharing-with-qualified-researchers.html.

Declarations

Ethics approval and consent to participate

The study was conducted according to the International Council for Har-
monisation guidelines, local regulations and guidelines governing clinical
study conduct, and the Declaration of Helsinki. All patients provided written
informed consent, and the study protocol and consent forms were approved
by an institutional review board or independent ethics committee at each
study site.

Consent for publication
Not applicable.

Competing interests
XB has received grant/research support from AbbVie and Novartis; consult-
ing fees from AbbVie, BMS, Chugai, MSD, Novartis, Pfizer, and UCB; speakers’

Page 10 of 11

bureau fees from AbbVie, BMS, Celgene, Chugai, Merck, Novartis, Pfizer, and
UCB; and is an editorial board member of the Annals of Rheumatic Diseases.
DvdH has received consulting fees from AbbVie, Bayer, BMS, Galapagos,
Gilead, GSK, Janssen, Lilly, Novartis, Pfizer, and UCB Pharma; and is the director
of Imaging Rheumatology BV. JS has received grant/research support from
AbbVie, Merck, and UCB; has been a consultant for AbbVie, Merck, Novartis,
and UCB; and has served on the speakers'bureau for AbbVie, Merck, and
Novartis. RDI has received grant/research support from AbbVie, Amgen,
Janssen, and Novartis; and has been a consultant for AbbVie, Amgen, Janssen,
Lilly, Novartis, Pfizer, and Sandoz. HK has received grant/research support
from AbbVie, Asahi-Kasei, Boehringer Ingelheim, Chugai, Eisai, and Mitsubishi-
Tanabe; consulting fees from AbbVie, Janssen, Lilly, Novartis, Sanofi, and UCB;
and received speakers'bureau fees from AbbVie, Asahi-Kasei, BMS, Chugai,
Eisai, Janssen, Lilly, Mitsubishi-Tanabe, Novartis, and Pfizer. YL, XB, AS, and PW
are full-time, salaried employees of AbbVie Inc. and own AbbVie stock or stock
options. I-HS is a full-time, salaried employee of AbbVie, owns AbbVie stock
or stock options, and is an inventor on a patent application. AD has received
grant/research support from AbbVie, BMS, Celgene, GSK, Lilly, Novartis, Pfizer,
and UCB; and honoraria or consultation fees from AbbVie, Amgen, Aurinia,
BMS, Celgene, GSK, Janssen, Lilly, MoonLake, Novartis, Pfizer, and UCB.

Author details

'Rheumazentrum Ruhrgebiet Herne, Ruhr-University Bochum, Herne,
Germany. 2Rheumatology, Leiden University Medical Center, Leiden, The Neth-
erlands. >Gastroenterology, Infectious Diseases and Rheumatology, Charité
Universitdtsmedizin Berlin, Berlin, Germany. “Schroeder Arthritis Institute,
University Health Network, and University of Toronto, Toronto, ON, Canada.
*Internal Medicine, Toho University, Tokyo, Japan. ®AbbVie Inc, North Chicago,
IL, USA. "Division of Arthritis & Rheumatic Diseases, Oregon Health & Science
University, Portland, OR, USA.

Received: 17 April 2023 Accepted: 29 July 2023
Published online: 18 September 2023

References

1. de Winter JJ, van Mens LJ, van der Heijde D, Landewé R, Baeten DL. Preva-
lence of peripheral and extra-articular disease in ankylosing spondylitis
versus non-radiographic axial spondyloarthritis: a meta-analysis. Arthritis
Res Ther. 2016;18(1):196.

2. Navarro-Compan 'V, Sepriano A, El-Zorkany B, van der Heijde D. Axial
spondyloarthritis. Ann Rheum Dis. 2021;80(12):1511-21.

3. StrandV, Singh JA. Patient burden of axial spondyloarthritis. J Clin Rheu-
matol. 2017;23(7):383-91.

4. Sieper J, Poddubnyy D. Axial spondyloarthritis. Lancet.
2017;390(10089):73-84.

5. Ramiro S, Nikiphorou E, Sepriano A, Ortolan A, Webers C, Baraliakos X,
et al. ASAS-EULAR recommendations for the management of axial spon-
dyloarthritis: 2022 update. Ann Rheum Dis. 2023;82(1):19-34.

6. Ward MM, Deodhar A, Gensler LS, Dubreuil M, Yu D, Khan MA, et al. 2019
update of the American College of Rheumatology/Spondylitis Associa-
tion of America/Spondyloarthritis Research and Treatment Network
Recommendations for the treatment of ankylosing spondylitis and
nonradiographic axial spondyloarthritis. Arthritis Care Res (Hoboken).
2019;71(10):1285-99.

7. Deodhar A, Poddubnyy D, Pacheco-Tena C, Salvarani C, Lespessailles E,
Rahman P, et al. Efficacy and safety of ixekizumab in the treatment of
radiographic axial spondyloarthritis: sixteen-week results from a phase llI
randomized, double-blind, placebo-controlled trial in patients with prior
inadequate response to or intolerance of tumor necrosis factor inhibitors.
Arthritis Rheumatol. 2019;71(4):599-611.

8. @rnbjerg LM, Brahe CH, Askling J, Ciurea A, Mann H, Onen F, et al.
Treatment response and drug retention rates in 24 195 biologic-naive
patients with axial spondyloarthritis initiating TNFi treatment: routine
care data from 12 registries in the EuroSpA collaboration. Ann Rheum Dis.
2019;78(11):1536-44.

9. Rudwaleit M, Van den Bosch F, Kron M, Kary S, Kupper H. Effectiveness
and safety of adalimumab in patients with ankylosing spondylitis or pso-
riatic arthritis and history of anti-tumor necrosis factor therapy. Arthritis
Res Ther. 2010;12(3):R117.


https://doi.org/10.1186/s13075-023-03128-1
https://doi.org/10.1186/s13075-023-03128-1
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html

Baraliakos et al. Arthritis Research & Therapy ~ (2023) 25:172 Page 11 of 11

10. Sieper J, Landewé R, Rudwaleit M, van der Heijde D, Dougados M, Mease
PJ, et al. Effect of certolizumab pegol over ninety-six weeks in patients
with axial spondyloarthritis: results from a phase Il randomized trial.
Arthritis Rheumatol. 2015;67(3):668-77.

11. Cohen SB, van Vollenhoven RF, Winthrop KL, Zerbini CAF, Tanaka Y,
Bessette L, et al. Safety profile of upadacitinib in rheumatoid arthritis:
integrated analysis from the SELECT phase Il clinical programme. Ann
Rheum Dis. 2021;80(3):304-11.

12. Deodhar A, van der Heijde D, Sieper J, Van den Bosch F, Maksymowych
WP, Kim TH, et al. Safety and efficacy of upadacitinib in patients with
active ankylosing spondylitis and an inadequate response to nonsteroi-
dal antiinflammatory drug therapy: one-year results of a double-blind,
placebo-controlled study and open-label extension. Arthritis Rheumatol.
2022;74(1):70-80.

13. Mclnnes IB, Kato K, Magrey M, Merola JF, Kishimoto M, Pacheco-Tena C,
et al. Upadacitinib in patients with psoriatic arthritis and an inadequate
response to non-biological therapy: 56-week data from the phase 3
SELECT-PsA 1 study. RMD Open. 2021;7(3): €001838.

14. Mease PJ, Lertratanakul A, Papp KA, van den Bosch FE, Tsuji S, Dokoupi-
lova E, et al. Upadacitinib in patients with psoriatic arthritis and inad-
equate response to biologics: 56-week data from the randomized con-
trolled phase 3 SELECT-PsA 2 study. Rheumatol Ther. 2021;8(2):903-19.

15. van der Heijde D, Deodhar A, Maksymowych WP, Sieper J, Van den Bosch
F, Kim TH, et al. Upadacitinib in active ankylosing spondylitis: results of the
2-year, double-blind, placebo-controlled SELECT-AXIS 1 study and open-
label extension. RMD Open. 2022;8(2): e002280.

16. van der Heijde D, Song IH, Pangan AL, Deodhar A, van den Bosch F,
Maksymowych WP, et al. Efficacy and safety of upadacitinib in patients
with active ankylosing spondylitis (SELECT-AXIS 1): a multicentre,
randomised, double-blind, placebo-controlled, phase 2/3 trial. Lancet.
2019;394(10214):2108-17.

17. van der Heijde D, Baraliakos X, Sieper J, Deodhar A, Inman RD, Kameda H,
et al. Efficacy and safety of upadacitinib for active ankylosing spondylitis
refractory to biological therapy: a double-blind, randomised, placebo-
controlled phase 3 trial. Ann Rheum Dis. 2022;81(11):1515-23.

18. U.S.Food and Drug Administration. Guidance for industry drug-induced
liver injury: premarketing clinical evaluation. 2009. https://www.fda.gov/
media/116737/download. Accessed 28 Jun 2023.

19. Braun J, Baraliakos X, Deodhar A, Baeten D, Sieper J, Emery P, et al. Effect
of secukinumab on clinical and radiographic outcomes in ankylosing
spondylitis: 2-year results from the randomised phase Il MEASURE 1
study. Ann Rheum Dis. 2017,76(6):1070-7.

20. Deodhar A, Sliwinska-Stanczyk P, Xu H, Baraliakos X, Gensler LS, Fleishaker
D, et al. Tofacitinib for the treatment of ankylosing spondylitis: a phase
ll, randomised, double-blind, placebo-controlled study. Ann Rheum Dis.
2021;80(8):1004-13.

21. Dougados M, Wei JC, Landewé R, Sieper J, Baraliakos X, Van den Bosch F,
et al. Efficacy and safety of ixekizumab through 52 weeks in two phase
3, randomised, controlled clinical trials in patients with active radio-
graphic axial spondyloarthritis (COAST-V and COAST-W). Ann Rheum Dis.
2020;79(2):176-85.

22. Sieper J, Deodhar A, Marzo-Ortega H, Aelion JA, Blanco R, Jui-Cheng T,
et al. Secukinumab efficacy in anti-TNF-naive and anti-TNF-experienced
subjects with active ankylosing spondylitis: results from the MEASURE 2
Study. Ann Rheum Dis. 2017;76(3):571-92.

Publisher’s Note Ready to submit your research? Choose BMC and benefit from:
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.fda.gov/media/116737/download
https://www.fda.gov/media/116737/download

	Efficacy and safety of upadacitinib in patients with ankylosing spondylitis refractory to biologic therapy: 1-year results from the open-label extension of a phase III study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Materials and methods
	Study design
	Patients
	Efficacy endpoints
	Safety endpoints
	Statistical analysis

	Results
	Patient disposition and baseline characteristics
	Efficacy
	Safety

	Discussion
	Conclusions
	Anchor 21
	Acknowledgements
	References


