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Abstract

Background The efficacy and safety of upadacitinib in patients with ankylosing spondylitis (AS) and inadequate
response/intolerance to biologic disease-modifying antirheumatic drugs (bDMARD-IR) were evaluated through 1 year
in the SELECT-AXIS 2 study. Here, we assess 2-year efficacy, safety, and imaging outcomes in SELECT-AXIS 2.

Methods Patients who received continuous upadacitinib, and those who switched from placebo to upadacitinib at
week 14, could enter the open-label extension (OLE). Efficacy endpoints included Assessment of SpondyloArthritis
international Society (ASAS) and Axial Spondyloarthritis Disease Activity Score (ASDAS) responses, and changes
from baseline in measures of disease activity, back pain, function, and quality of life. Radiographic progression was
evaluated using the modified Stoke Ankylosing Spondylitis Spinal Score (mSASSS). As observed (AO) and AO with
non-responder imputation (AO-NRI) analyses were used for binary endpoints; AO with mixed-effects model for
repeated measures (AO-MMRM) for continuous endpoints; and AO-analysis of covariance for mSASSS. Treatment-
emergent adverse events (TEAEs) in patients receiving > 1 upadacitinib dose through week 104 are presented as
events (E)/100 patient-years (PY). Subgroup analyses were performed by prior tumor necrosis factor/interleukin-17
inhibitor exposure and bDMARD lack of efficacy/intolerance.

Results Of 420 patients who entered the bDMARD-IR AS study, 409 entered the OLE, and 331 (continuous
upadacitinib, n=163; placebo to upadacitinib, n=168) completed week 104. Improvements in efficacy measures
were sustained through the OLE, with similar response rates between the continuous upadacitinib and placebo to
upadacitinib groups at week 104. At week 104, 64.9% and 61.7% of patients, respectively, had achieved ASAS 40%
response (AO-NRI). Mean changes from baseline were similar between the two groups at week 104 across measures
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(ASDAS: -2.1 and -2.0; total back pain: -4.9 and -4.6, respectively; AO-MMRM). Over 93.0% of patients showed no
radiographic progression (MSASSS mean change from baseline < 2) at week 104. The overall TEAE rate was 165.2 E/100
PY, with low rates of major adverse cardiovascular and venous thromboembolic events (0.3 E/100 PY each).

Conclusions Upadacitinib efficacy, including very low rates of radiographic progression, was demonstrated through
104 weeks in treatment-refractory patients with active AS. Treatment was well tolerated, with no newly identified

safety signals.
Trial registration NCT04169373.

Keywords Ankylosing spondylitis, Radiographic axial spondyloarthritis, Biologic DMARD, Inadequate response, Open-

label extension, Refractory, Upadacitinib

Introduction

Axial spondyloarthritis (axSpA) predominantly affects
the spine and sacroiliac joints (SIJs), with patients expe-
riencing chronic back pain, spinal stiffness, and skeletal/
postural changes, as well as peripheral (i.e., arthritis,
enthesitis, dactylitis) and extra-musculoskeletal (i.e.,
uveitis, inflammatory bowel disease [IBD], psoriasis)
manifestations, and reduced quality of life (QoL) [1—4].
AxSpA is subdivided into radiographic axSpA (r-axSpA;
historically referred to as ankylosing spondylitis [AS]),
characterized by definitive radiographic SIJ damage; and
non-radiographic axSpA (nr-axSpA), which may be an
earlier manifestation of a disease continuum, in which
patients may progress to demonstrate detectable radio-
graphic findings [1, 5]. “r-axSpA” and “AS” are considered
clinically synonymous and can be used interchangeably
[6]; “AS” is used throughout this article for consistency
with previously published papers on this trial [7, 8].

The primary goal of axSpA treatment is to control
symptoms and underlying inflammation, prevent pro-
gressive structural damage, and maximize long-term
health-related QoL; however, treatment options for
axSpA are more limited compared with other rheumatic
diseases [5, 9, 10]. Current guidelines recommend treat-
ment with a biologic disease-modifying antirheumatic
drug (b(DMARD) (tumor necrosis factor [TNF] inhibitor
or interleukin [IL]-17 inhibitor) or a Janus kinase (JAK)
inhibitor for patients with persistently high disease activ-
ity [5]; however, not all patients respond favorably to
these drugs [11—-19]. Switching to another bDMARD or
JAK inhibitor is recommended in patients with intoler-
ance or insufficient response to previous therapy [5, 9, 11,
20].

Upadacitinib, an oral reversible JAK inhibitor, has
shown efficacy and an acceptable safety profile in patients
with AS in the SELECT-AXIS 1 and 2 studies, including
in patients with inadequate response (IR) to a bDMARD
through 1 year in SELECT-AXIS 2 [7, 8, 21]. In this
study, upadacitinib 15 mg once daily demonstrated sus-
tained improvement up to week 52 in bDMARD-IR
patients with active AS, with similar efficacy observed
between patients on continuous upadacitinib and those

who switched from placebo to upadacitinib after week
14. Treatment was well tolerated, consistent with the
known safety profile of upadacitinib, with no new safety
risks identified through week 52 [7]. Here, we present the
final analysis of the open-label extension (OLE) phase of
SELECT-AXIS 2, undertaken to evaluate 2-year efficacy,
safety, and radiographic progression in bDMARD-IR
patients with active AS treated with upadacitinib.

Methods

Study design

SELECT-AXIS 2 (NCT04169373) is a global, phase 3,
multicenter trial that comprises two independent stud-
ies for patients with active axSpA, including bDMARD-
IR AS and nr-axSpA. The bDMARD-IR AS study design
has been described previously [7, 8]. Here, we present
data through week 104 of the OLE of the bDMARD-IR
AS study. The study is being conducted according to the
International Council for Harmonization guidelines,
local regulations and guidelines governing clinical study
conduct, and the Declaration of Helsinki. All patients
provided written informed consent, and the study proto-
col and consent forms were approved by an institutional
review board or independent ethics committee at each
study site.

Patients

Patient characteristics have been described previously
[7, 8]. Briefly, patients were aged>18 years, had a diag-
nosis of AS and fulfilled the modified New York crite-
ria based on central reading of SIJ radiographs obtained
at screening [22], and had active disease at baseline
(defined as Bath Ankylosing Spondylitis Disease Activ-
ity Index [BASDAI] score=4 and patient’s assessment
of total back pain score of 24 on a 0—10 numeric rating
scale [NRS]). Eligible patients were required to have: IR
to at least two non-steroidal anti-inflammatory drugs
(NSAIDs) (or intolerance/contraindication to NSAIDs);
IR to prior bDMARD therapy (defined as discontinu-
ation of TNF inhibitor or IL-17 inhibitor therapy due
to lack of efficacy [after 212 weeks of treatment at an
adequate dose] based on the investigators’ assessment;
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or intolerance to bDMARDs [irrespective of treat-
ment duration]). Patients on a stable dose of concomi-
tant oral corticosteroids or NSAIDs for at least 14 days
prior to the baseline visit, or concomitant conventional
synthetic DMARDs (csDMARDs) for at least 28 days
prior to the baseline visit, were considered eligible. Prior
exposure to two bDMARDs was permitted for up to
30% of patients; among patients with prior exposure to
two bDMARD:s, lack of efficacy to one and intolerance
to another bDMARD was permitted; lack of efficacy to
two bDMARDs was not permitted. Patients previously
exposed to any JAK inhibitor were excluded. Patients
with total spinal ankylosis (defined as fusion of 25 C2-T1
or T12-S1 spinal segments) were also excluded.

Study treatment

Patients were randomized 1:1 in a blinded manner to
receive either oral upadacitinib 15 mg once daily or pla-
cebo for 14 weeks, after which all patients in the placebo
group were switched to upadacitinib 15 mg once daily.

Efficacy

Efficacy endpoints assessed through week 104 included:
Assessment of SpondyloArthritis international Soci-
ety (ASAS) responses, including proportion of patients
achieving relative improvement of >40% in three out
of the four ASAS domains without worsening in the
remaining domain (ASAS40; primary efficacy endpoint
at week 14), relative improvement of >220% in three out
of the four ASAS domains without worsening in the
remaining domain (ASAS20), and ASAS partial remis-
sion (ASAS PR; absolute score of <2 units for each of the
four ASAS domains); Axial Spondyloarthritis Disease
Activity Score (ASDAS) responses, including proportion
of patients achieving ASDAS low disease activity (LDA;
< 2.1), ASDAS inactive disease (ID; < 1.3), ASDAS major
improvement (ML = 2.0-point decrease from baseline),
and ASDAS clinically important improvement (CIL; >
1.1-point decrease from baseline); proportion of patients
achieving>50% improvement in BASDAI (BASDAI50);
change from baseline in patient’s assessment of total back
pain and nocturnal back pain; and change from baseline
in measures of function (Bath Ankylosing Spondylitis
Functional Index [BASFI]), mobility (linear Bath Anky-
losing Spondylitis Metrology Index [BASMI]), enthesi-
tis (Maastricht Ankylosing Spondylitis Enthesitis Score
[MASES] in patients with enthesitis [i.e., MASES>0] at
baseline), QoL (ASAS Health Index [HI] and Ankylos-
ing Spondylitis QoL [ASQoL] score), and inflammation
(high-sensitivity C-reactive protein [hsCRP]).

Additional efficacy endpoints included mean change
from baseline in fatigue/tiredness (BASDAI Ques-
tion 1; NRS 0-10), morning stiffness severity and dura-
tion (BASDAI Questions 5 and 6; NRS 0-10), patient’s
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global assessment of pain (NRS 0-10), patient’s global
assessment of disease activity (NRS 0-10), Functional
Assessment of Chronic Illness Therapy-Fatigue (FACIT-
F), tender joint count out of 68 joints, and swollen joint
count out of 66 joints.

Radiologic endpoints included: proportion of patients
with no radiographic progression (defined as change
from baseline in modified Stoke Ankylosing Spondylitis
Spinal Score [mMSASSS] <2) at week 104; and change from
baseline in mSASSS and in SpondyloArthritis Research
Consortium of Canada (SPARCC) scores of the spine [23]
and SIJs [24]. Conventional radiographs of the spine and
pelvis were taken at baseline and at week 104. Magnetic
resonance imaging (MRI) of the spine and SIJs was per-
formed at baseline, week 14, and week 104. For the imag-
ing analysis, baseline, week 14, and week 104 images were
read together in a single reading session. Each MRI or
conventional radiograph was independently assessed by
two primary readers blinded to the treatment arm, time
point, patient- and site-identifying information. Adjudi-
cation by a third reader was employed to resolve discrep-
ancies between the primary readers. Adjudication was
triggered by differences between the primary readers’
change scores that exceeded a defined threshold based
on mean absolute differences [25, 26]. For the reading of
baseline and week 14 MRIs, the adjudication trigger was
214 for MRI of the spine and =8 for MRI of the SIJs. For
the reading of baseline and week 104 MRIs, the adjudi-
cation trigger was >15 for MRI of the spine and >9 for
MRI of the SIJs. For change from baseline in mSASSS,
the adjudication trigger was a difference of 25 mSASSS
points for a given patient. Change from baseline was cal-
culated using the average scores of two primary readers
or, for adjudicated cases, the average of the two closest
scores of the three readings (primary readers and adju-
dicator). The two closest scores were selected based on
change from baseline at the week 104 visit. Cumulative
probability plots were also generated to illustrate changes
in SPARCC scores and mSASSS at week 104 by treatment
group. The probability of progression was modeled as a
function of change from baseline to week 104 in imaging
scores using an ordinal logistic regression model.

Safety

Safety was assessed through week 104 by reporting of
treatment-emergent adverse events (TEAEs), defined
as any adverse event (AE) with an onset date after the
first dose and <30 days after the last dose of the study
drug, including patients who switched from placebo
to upadacitinib at week 14. TEAEs, including serious
AEs (SAEs), AEs leading to discontinuation of the study
drug, and AEs of special interest (AESIs), are presented
as exposure-adjusted event rates (EAERs; events/100
patient-years [E/100 PY]) and exposure-adjusted
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incidence rates (EAIRs; n/100 PY). Blinded evaluation
of all major adverse cardiovascular events (MACE) and
venous thromboembolic events (VTE) was completed by
an independent cardiovascular adjudication committee.
Laboratory assessments, including hemoglobin, lympho-
cyte count, neutrophil count, and serum levels of alanine
transaminase (ALT), aspartate transaminase (AST), and
creatinine, were conducted through week 104 and are
presented as the number and proportion of patients with
potentially clinically significant values at week 104 (grade
3 or 4 based on the National Cancer Institute Common
Terminology Criteria for AEs, version 4.0) [27].

Statistical analysis

For binary efficacy endpoints, as observed (AO) and AO
with non-responder imputation (AO-NRI) analyses are
presented. AO-NRI uses all observed data regardless of
premature discontinuation of study drug or use of rescue
therapy, with patients with missing data categorized as
non-responders.

Continuous efficacy endpoints are presented as change
from baseline estimated from mixed-effects model for
repeated measures (MMRM; based on AO data), and AO
data (without imputation). Data on radiographic pro-
gression by mSASSS are presented as least-squares (LS)
mean change from baseline (AO-analysis of covariance
[ANCOVA]).

The safety analysis set included all patients who
received>1 dose of upadacitinib 15 mg once daily at any
point in the study up to their week 104 visit. Laboratory
data were assessed in patients who received>1 dose of
upadacitinib 15 mg once daily at any point in the study
up to their week 104 visit and had both baseline and post-
baseline values available.

Post hoc analyses for efficacy endpoints at week 104
were performed in subgroups of patients with prior
exposure to a TNF inhibitor or an IL-17 inhibitor, and in
those who discontinued prior bDMARD therapy due to
lack of efficacy or intolerance.

Results

Patient disposition and baseline characteristics

Of 420 patients who entered the bDMARD-IR AS study
(n=211 initially randomized to upadacitinib 15 mg once
daily and #=209 initially randomized to placebo), 409
patients entered the OLE period on study drug (206/211
who completed week 14 on upadacitinib 15 mg once
daily [continuous upadacitinib group], and 203/209 who
completed week 14 on placebo and switched to upadaci-
tinib 15 mg once daily [placebo to upadacitinib group]).
In total, 331 (78.8%) patients completed 104 weeks of
treatment (n=163 and #=168 in the continuous upa-
dacitinib and placebo to upadacitinib groups, respec-
tively) (Fig. 1). A total of 78 patients discontinued the
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study drug in the OLE period (n=43 [20.4%] in the con-
tinuous upadacitinib and =35 [16.7%] in the placebo to
upadacitinib groups). The most common primary reason
for discontinuation in both groups was lack of efficacy
(continuous upadacitinib: #=12; placebo to upadacitinib:
n=14), followed by withdrawal of consent (continuous
upadacitinib: n=12; placebo to upadacitinib: n=7), and
AEs (continuous upadacitinib: n=6; placebo to upadaci-
tinib: n=7) (Fig. 1).

Patient demographics and baseline disease character-
istics have been reported previously, and were generally
well balanced between the two study arms [7, 8]. The
majority of patients had received prior TNF inhibitor
therapy (continuous upadacitinib group: n=181 [85.8%];
placebo to upadacitinib group: n=183 [87.6%]) compared
with IL-17 inhibitor therapy (continuous upadacitinib
group: n=38 [18.0%]; placebo to upadacitinib group:
n=36 [17.2%]). The most commonly reported cause of
prior bDMARD failure in both groups was lack of effi-
cacy (continuous upadacitinib group: n=166 [78.7%];
placebo to upadacitinib group: n=159 [76.1%]).

Similar proportions of patients in the two groups were
receiving concomitant medications at week 104: in total,
81.7% of patients were receiving concomitant NSAIDs,
33.6% were receiving concomitant csDMARDs, 15.7%
were receiving concomitant oral corticosteroids, and
12.9% were receiving concomitant opioids.

Efficacy

The proportion of patients in the continuous upadaci-
tinib group achieving ASAS40 response increased
further from 44.5% at week 14 to 64.9% at week 104 (AO-
NRI; Fig. 2). The proportion of patients in the placebo to
upadacitinib group achieving ASAS40 increased steeply
from 18.2% at week 14 to 56.0% at week 24 (AO-NRI) fol-
lowing switch to upadacitinib, and continued to increase
through week 104. At week 104, a similar proportion
of patients in the placebo to upadacitinib group had
achieved ASAS40 (61.7%) as in the continuous upadaci-
tinib group (AO-NRI Fig. 2). ASAS20 results followed a
similar pattern, with the proportion of patients achieving
ASAS20 in the continuous upadacitinib group increasing
from 65.4% at week 14 to 72.5% at week 104, and the pro-
portion of patients in the placebo to upadacitinib group
increasing from 38.3% at week 14 to 75.6% at week 104
(AO-NRI; Fig. 2).

A similar pattern was observed for additional efficacy
measures, including the proportion of patients achieving
ASDAS LDA, ASDAS ID (Fig. 2), ASAS PR, BASDAI50
(Supplementary Fig. S1), ASDAS MI, and ASDAS CII
(Supplementary Table S1), with a comparable magnitude
of response between the continuous upadacitinib and
placebo to upadacitinib groups at week 104.
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[ 1352 screened for eligibility in SELECT-AXIS 2]

(" 618 failed screening due to: )
« Eligibility criteria: 562

* bDMARD-IR AS-specific: 215

* nr-axSpA-specific: 307

* Common: 132

COVID-19 logistic restrictions: 1

COVID-19 infection: 1

Withdrew consent: 28

Lost to f/u: 8

Other: 18 )

e o o o o

.
[ 314 eligible patients entered the nr-axSpA study ]

v

[ 420 eligible patients entered the bDMARD-IR AS study ]

Primary reasons for D/C: l > dl - Primary reasons for D/C:
6 (2.9%) . randomized to 5 (2.4%)

+ AEs: 3 (1.4%) [ 209 randomized to placebo ][ upadacitinib 15 mg QD + COVID-19 logistic

* Lost to f/u: 1 (0.5%) restrictions: 1 (0.5%)

« Lack of efficacy: 1 (0.5%) * Lostto f/u: 1 (0.5%)

« Withdrew consent: 1 (0.5%) ¥ \ X y| * Lack of efficacy: 1 (0.5%)

203 completed week 14 on placebo and 206 completed week 14 on « Other: 2 (0.9%)
switched to upadacitinib 15 mg QD upadacitinib 15 mg QD : :

I . T — [

~

(Primary reasons for D/C: ) [ 409 entered the open-label period on study drug ] (Primary reasons for D/C:
35 (16.7%) 43 (20.4%)

* Lack of efficacy: 14 (6.7%) Lack of efficacy: 12 (5.7%)

+ Withdrew consent: 7 (3.3%) Withdrew consent: 12 (5.7%)
* AEs: 7 (3.3%) AEs: 6 (2.8%)

* Lost to f/u: 3 (1.4%) Lost to f/u: 3 (1.4%)

* COVID-19 logistic COVID-19 logistic

restrictions: 0 restrictions: 0
* COVID-19 infection: 0 * COVID-19 infection: 0
\ Other: 4 (1.9%) ) \ Other: 10 (4.7%) Y,

v v
168 (80.4%) completed week 104 " 163 (77.3%) completed week 104
on upadacitinib 15 mg QD on upadacitinib 15 mg QD

Fig. 1 Patient disposition through week 104
AE adverse event, AS ankylosing spondylitis, b(DMARD biologic disease-modifying antirheumatic drug, D/C discontinuation, #/u follow-up, IR inadequate
response, nr-axSpA non-radiographic axial spondyloarthritis, QD once daily

Improvements (change from baseline) from week 14 mean) in mSASSS at week 104 was 0.1 (8.4) in the con-
to week 104 were also observed in pain assessment mea-  tinuous upadacitinib group and 0.2 (7.5) in the placebo
sures, including patient’s assessment of total back pain  to upadacitinib group (AO-ANCOVA) (Fig. 4). In the
and nocturnal back pain (Fig. 3), and patient’s global continuous upadacitinib group, the mean change from
assessment of pain (Supplementary Table S1). Similarly, baseline (baseline mean) in the MRI SPARCC score for
improvements from week 14 through week 104 were inflammation in the spine further decreased from -2.7
observed in measures of function (BASFI), mobility (9.8) at week 14 to -3.8 (10.0) at week 104, while the mean
(BASMI), enthesitis (MASES), QoL (ASQoL and ASAS change from baseline in the MRI SPARCC score for
HI), and inflammation (hsCRP) in both groups (Fig. 3  inflammation in the SIJs did not differ markedly between
and Supplementary Fig. S2). Additional efficacy results week 14 (-3.2 [5.7]) and week 104 (-3.1 [6.0]) (AO-
at week 104, including improvements in components of =~ MMRM). Patients in the placebo to upadacitinib group
the BASDAI questionnaire, patient’s global assessment of ~ showed a similar magnitude of response for both the spi-
disease activity, FACIT-F, and affected joint counts, are  nal and SIJ SPARCC scores (change from baseline of -4.6
summarized in Supplementary Table S1. and -4.0, respectively) at week 104 (Fig. 4). The cumula-

The majority of patients showed no radiographic pro- tive probability plots of change in imaging scores showed
gression through week 104, with 94.9% of patients in the  that both the spinal and SIJ SPARCC scores improved
continuous upadacitinib group and 93.8% of patients in  or remained stable in most patients, with minor differ-
the placebo to upadacitinib group showing a change from  ences between the two groups; mSASSS remained stable
baseline in mSASSS of <2 at week 104 (Supplementary in most patients, with no notable differences between the
Table S1). The LS mean change from baseline (baseline  two treatment groups (Supplementary Fig. S3).
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Fig. 2 Proportions of patients achieving ASAS40 (A), ASAS20 (B), ASDAS LDA (C), and ASDAS ID (D) responses through week 104 (AO-NRI and AO)
Patients who were initially randomized to placebo were switched to open-label upadacitinib at week 14

AO as observed, ASAS Assessment of SpondyloArthritis international Society, ASAS40>40% improvement in three out of the four ASAS domains without
worsening in the remaining domain, ASAS20>20% improvement in three out of the four ASAS domains without worsening in the remaining domain,
ASDAS Axial Spondyloarthritis Disease Activity Score, C/ confidence interval, /D inactive disease, LDA low disease activity, NRI non-responder imputation,
PBO placebo, QD once daily, UPA upadacitinib, W week
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Patient’s assessment of total back pain (NRS score 0—10)
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Patient’s assessment of nocturnal back pain (NRS score 0-10)
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Fig. 3 Mean change from baseline in total back pain (A), nocturnal back pain (B), BASFI (C), and hsCRP (D) through week 104 (AO-MMRM and AO)
Patients who were initially randomized to placebo were switched to open-label upadacitinib at week 14.

A change, AO as observed, BASFI Bath Ankylosing Spondylitis Functional Index, C/ confidence interval, hsCRP high-sensitivity C-reactive protein, MMRM
mixed-effects model for repeated measures, NRS numeric rating scale, PBO placebo, QD once daily, SD standard deviation, UPA upadacitinib, W week

On subgroup analysis by prior exposure to a TNF
inhibitor or IL-17 inhibitor and prior lack of efficacy or
intolerance to bDMARDs, responses were generally simi-
lar across endpoints compared with the overall popula-
tion (Supplementary Tables S2 and S3).

Safety

Safety through week 104 was assessed in a total of 414
patients (687.2 PY) who received>1 dose of upadacitinib,
with a mean exposure to upadacitinib of 606.3 days. The
overall EAER of any AE was 165.2 E/100 PY, the EAER
of SAEs was 8.7 E/100 PY, and the EAER of AEs leading
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Fig. 4 Mean change from baseline in imaging scores through week 104 (AO-MMRM and AO-ANCOVA)

2AO0-MMRM. PAO-ANCOVA. SPARCC scores were based on magnetic resonance imaging from baseline, week 14, and week 104 (2-year reading), and from
premature discontinuation visits or unscheduled visits that occurred after week 76 and prior to week 104. mSASSS was assessed in patients with available
X-rays of the spine from baseline and week 104, and from premature discontinuation visits that occurred after week 76 and prior to week 104

A change, ANCOVA analysis of covariance, AO as observed, BL baseline, LS least-squares, MMRM mixed-effects model for repeated measures, mSASSS
modified Stoke Ankylosing Spondylitis Spinal Score, PBO placebo, SIJ sacroiliac joint, SPARCC SpondyloArthritis Research Consortium of Canada, UPA

upadacitinib

to discontinuation of the study drug was 3.6 E/100 PY
(Fig. 5). One reported death (0.1 E/100 PY) occurred
before week 52 and was due to polytrauma [7]. EAIRs for
TEAEs through week 104 are summarized in Supplemen-
tary Figure S4.

The EAERs of serious infection and herpes zoster
infection were 3.6 and 3.8 E/100 PY, respectively (Fig. 5).
There was one serious case of herpes zoster (0.1 E/100
PY). There were no reported cases of opportunistic infec-
tion or active tuberculosis. The most commonly reported
SAEs were COVID-19 pneumonia (1.5 E/100 PY) and
COVID-19 (0.6 E/100 PY). A total of five SAEs in three
patients resulted in discontinuation of upadacitinib; six
SAEs that occurred in six patients were considered as
having a reasonable possibility of being related to upa-
dacitinib; and nine SAEs in six patients were considered
by the investigator to be life threatening, only one of
which (one case of pulmonary embolism) was considered
to have a reasonable possibility of being related to upa-
dacitinib (Supplementary Table S4).

The EAERs of malignancy (excluding non-melanoma
skin cancer), MACE, and VTE through week 104 were
0.3 E/100 PY each (Fig. 5). Details on these events are
provided in Supplementary Table S5.

There were nine events of uveitis (1.3 E/100 PY), three
of which were recurrent in patients with a history of uve-
itis; five of the nine events (two cases of iridocyclitis and
three cases of uveitis) were serious, and treatment was
interrupted in two cases of uveitis during the OLE. One
event (0.1 E/100 PY) of new-onset IBD (Crohn’s disease)
of moderate severity was reported. None of these events
led to permanent discontinuation of upadacitinib.

The most common potentially clinically significant
hematologic laboratory abnormalities observed with upa-
dacitinib treatment were grade 3 reductions in neutrophil
count (11/413 [2.7%]) and grade 3 reductions in lympho-
cyte count (5/413 [1.2%]), all of which resolved without
additional treatment. A total of four events of grade 3
neutropenia in three patients had a reasonable possibility
of being associated with the study drug (treatment was
interrupted in one patient and permanently withdrawn
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~ Any upadacitinib 15 mg QD?
(N =414, PY = 687.2)

E (E/100 PY [95% CI])

1135 (165.2 [155.7, 175.0])
60 (8.7 [6.7, 11.2])

25 (3.6 [2.4, 5.4])

112 (16.3 [13.4, 19.6])
1(0.1[0.0, 0.8])

413 (60.1 [54.4, 66.2])
25 (3.6 [2.4, 5.4])

0

26 (3.8 [2.5, 5.5])
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Fig. 5 TEAEs through week 104

2All patients who received > 1 dose of upadacitinib 15 mg once daily. °The most commonly reported SAEs were COVID-19 pneumonia (10 E; 1.5 E/100 PY)
and COVID-19 (4 E; 0.6 E/100 PY). “One patient died due to polytrauma before week 52. dFourteen of the 25 reported serious infections were COVID-19
events. °Excluding tuberculosis and herpes zoster. 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. 9Includes deep vein thrombosis and pulmonary embolism (fatal and non-fatal). Pincludes

uveitis, iritis, and iridocyclitis

AE adverse event, C/ confidence interval, D/C discontinuation, £ event, EAER exposure-adjusted event rate, G/ gastrointestinal, MACE major adverse car-
diovascular events, NMSC non-melanoma skin cancer, PY patient-years, QD once daily, SAE serious AE, TEAE treatment-emergent AE, VTE venous throm-

boembolic events

in another patient who experienced two events). Most
of the neutropenia events were transient and returned
to baseline/grade 0 values within 1 week to 5 months
without permanent discontinuation of the study drug.
Decreases in neutrophil count were not found to be
associated with increased risk of serious infection. One
event of grade 3 lymphopenia was considered to have a
reasonable possibility of being associated with the study
drug (treatment interrupted). Grade 3 increases were also
observed in serum levels of ALT and AST (6/413 [1.5%]
each). There were no grade 4 abnormalities in any of the
assessed laboratory parameters (Supplementary Table
S6). Laboratory abnormalities leading to treatment dis-
continuation included one event of anemia in one patient
(0.1 E/100 PY; not associated with the study drug), and
one event each of ALT elevation (0.1 E/100 PY) and AST

elevation (0.1 E/100 PY) in the same patient (reasonable
possibility of being associated with the study drug).
Overall, the safety results were consistent with the
known safety profile of upadacitinib [28], with no new
significant safety risks identified through 104 weeks.

Discussion

We have presented 2-year data on the safety and efficacy
of upadacitinib 15 mg once daily, including its effect on
radiographic progression, in bDMARD-IR patients with
active AS in the SELECT-AXIS 2 study. Of patients who
entered the OLE, > 80% completed week 104 of treat-
ment. The efficacy of upadacitinib demonstrated in the
initial double-blind period and through week 52 [7] was
sustained with longer-term treatment through week
104 of the OLE across a wide range of clinically relevant
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domains, including disease activity, pain, function,
enthesitis, mobility, and QoL, with a similar magnitude of
response between the continuous upadacitinib and pla-
cebo to upadacitinib groups at week 104.

The discontinuation rate of upadacitinib observed in
this study is lower than that previously reported for other
JAK inhibitors, and its sustained efficacy profile is in
line with other long-term studies of bDMARDs and JAK
inhibitors in rheumatologic indications [29-33].

Improvements in efficacy outcomes at week 104 were
also observed in the subgroups of patients analyzed by
prior exposure to a TNF inhibitor or IL-17 inhibitor and
prior lack of efficacy or intolerance to bDMARD treat-
ment. Overall, responses were similar in the subgroups
compared with the overall population; however, further
interpretations or conclusions are limited due to the
particularly small patient numbers in the subgroup with
prior IR to an IL-17 inhibitor.

In the continuous upadacitinib group, active MRI
inflammation of the spine further improved at week 104
compared with week 14, while the level of reduction of
active MRI inflammation of the SIJs observed at week 14
was maintained through week 104. In addition, > 93% of
patients in both groups showed no radiographic progres-
sion (defined as change from baseline in mSASSS<2)
at week 104, with an LS mean change from baseline in
mSASSS of <£0.2 for both groups. These observations
may be due to the inhibitory effects of upadacitinib on
adaptive and innate immune pathways, and the down-
regulation of the protein expression of pro-inflammatory
biomarkers (e.g., IL-6, matrix metalloproteinase [MMP]-
1, MMP-3, and IL-17 receptor A) that are markedly ele-
vated in bDMARD-IR AS [34]. These findings appear
more promising than those previously reported for
bDMARD:s [30, 35-37]. No radiographic progression was
observed in 79% of patients treated with secukinumab,
with a mean change from baseline in mSASSS of 0.5-0.7
through 104 weeks [30]; 69.7% of patients treated with
infliximab showed no radiographic progression at 2 years,
with a mean change from baseline in mSASSS of 0.9
[35]. The SURPASS study (lack of radiographic progres-
sion defined as change from baseline in mSASSS<0.5),
which compared spinal radiographic progression with
secukinumab versus an adalimumab biosimilar, reported
an LS mean change from baseline in mSASSS of 0.54—
0.72 [37]. The results of the present study are particularly
relevant for the management of patients with AS refrac-
tory to previous treatment, as radiographic progression
is associated with increased disability, reduced QoL, and
higher healthcare costs [38]. However, comparing the
results of different studies must be approached with cau-
tion due to possible differences in methodology, patient
demographics, and disease characteristics at baseline.
In particular, higher mSASSS at baseline is considered
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as an important risk factor for radiographic progression
[39]; in the aforementioned studies, the baseline mSASSS
ranged between 8.0 and 17.7, while in the present study
the baseline mSASSS was at the lower end of this range
(7.5 in the placebo to upadacitinib group and 8.4 in the
continuous upadacitinib group). Therefore, only stud-
ies performing direct comparisons between treatments,
such as the SURPASS study [37], can enable reliable con-
clusions on the superiority of one drug over another in
delaying/arresting radiographic progression.

The long-term safety results from the bDMARD-IR AS
study through week 104 showed that upadacitinib 15 mg
once daily was generally well tolerated, as assessed by
the frequency of TEAEs, including SAEs, AEs leading to
discontinuation of upadacitinib, AESIs, and laboratory
assessments. The rates of malignancy, MACE, and VTE
were low, and the overall results are consistent with those
observed in the rheumatoid arthritis, psoriatic arthritis,
nr-axSpA, and bDMARD-naive AS clinical trial pro-
grams for upadacitinib [21, 25, 28, 40, 41], with no new
safety risks identified through 104 weeks. However, cau-
tion is advised when using JAK inhibitors, including upa-
dacitinib, for the treatment of rheumatologic diseases
in patients with pre-existing cardiovascular risk factors
[42-44].

Limitations of this study have been discussed pre-
viously [7, 8] and include: lack of a comparator arm
and the open-label study design during the extension
period; potential patient selection bias due to the lack
of an established definition for IR; and potential survi-
vor bias due to missing data from patients who discon-
tinued the study prematurely.

Conclusion

The efficacy of upadacitinib 15 mg once daily, includ-
ing very low rates of radiographic progression, was
demonstrated through 104 weeks in a treatment-
refractory population of patients with active AS.
Observed improvements were comparable between
patients receiving continuous upadacitinib and those
initially randomized to placebo who switched to upa-
dacitinib after the first 14 weeks of the study. Upa-
dacitinib 15 mg once daily was well tolerated in this
patient population, with no new safety signals identi-
fied through 104 weeks. These results suggest that
upadacitinib is effective as long-term therapy for treat-
ment-refractory patients with active AS.
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