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Abstract

Background Tofacitinib is an oral Janus kinase inhibitor for treatment of ankylosing spondylitis (AS). Time to
improvement in core domains of AS was estimated in tofacitinib-treated patients with AS.

Methods This post hoc analysis used phase 3 trial data from patients with AS receiving tofacitinib 5 mg twice daily
or placebo to week (W)16; all patients received open-label tofacitinib W16-48. Outcomes: nocturnal pain; total back
pain; fatigue, spinal pain, peripheral joint pain/swelling, enthesitis, and morning stiffness (Bath AS Disease Activity
Index [BASDAI] questions 1-6); BASDAI total score; AS Disease Activity Score (ASDAS). Median time to improvement
events was estimated using non-parametric Kaplan-Meier models. Improvement events were defined as initial (first
post-baseline observation) and continued (sustained for 2 consecutive visits) > 30% and > 50% improvement in back/
nocturnal pain or BASDAI questions/total scores, or ASDAS improvement > 1.1 and > 2.0 points.

Results 269 patients (tofacitinib: n=133; placebo-to-tofacitinib: n=136) were assessed. Median time to improvement
was shorter, and more patients experienced improvements with tofacitinib vs. placebo-to-tofacitinib; differences
observed from W2 (first post-baseline assessment). Median time to initial (continued) > 30% pain improvement was 4
(4-8) weeks for tofacitinib vs. 24 (24) weeks for placebo-to-tofacitinib (8 [8] weeks post-switch). Median time to initial
(continued) > 50% improvement of pain, peripheral joint pain/swelling and enthesitis, morning stiffness, BASDAI

total score, and fatigue was 8-24 (12-40) weeks with tofacitinib vs. 24-32 weeks (32 weeks—not estimable [NE])

with placebo-to-tofacitinib. Median time to initial (continued) ASDAS improvement > 1.1 points was 4 (8) weeks for
tofacitinib vs. 24 (24) weeks for placebo-to-tofacitinib, and NE for improvement > 2.0 points with either treatment.

Conclusions Improvements in AS core domains occurred more rapidly with tofacitinib vs. placebo-to-tofacitinib.
Half of tofacitinib-treated patients with AS will likely experience improvements>30% in pain and > 1.1 points in
ASDAS during month (M)1, > 50% improvement in nocturnal pain and enthesitis by M2, and in morning stiffness by
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M3. Results show that initiating tofacitinib as soon as possible is associated with quicker improvements in AS core

domains vs. delaying treatment.

Trial registration ClinicalTrials.gov, NCT03502616, 11 April 2018.
Keywords Ankylosing spondylitis, Spondyloarthritis, Tofacitinib, Pain, Fatigue, Disease activity, Patient-reported

outcomes

Introduction

Ankylosing spondylitis (AS), also known as radiographic
axial spondyloarthritis, is a chronic inflammatory dis-
ease characterized by a range of signs and symptoms,
including back pain, morning stiffness, and fatigue [1, 2].
The global prevalence of AS varies from 6.5 to 540 per
100,000 persons, depending on geographical location [3].
AS can substantially impact patient well-being, produc-
tivity, and function, and decrease health-related quality
of life [4, 5].

Achieving rapid and clinically meaningful improve-
ment of AS symptoms is important for patients and
physicians alike. The recommended treatment target in
patients with AS is sustained remission or low disease
activity, in addition to controlling symptoms, to maxi-
mize patients’ health-related quality of life [6—8]. Treat-
ment guidelines for AS recommend using the AS Disease
Activity Score with C-reactive protein (ASDAS) to assess
disease activity, with achievement of >21.1 points defined
as a clinically important improvement and >2.0 points
defined as a major improvement [7, 9]. There are lim-
ited data on the timeframe for estimated improvements
in pain and disease activity among patients with AS who
initiate treatment. Insights into these timeframes would
enable physicians, when deciding on treatment strate-
gies, to inform their patients of when they might expect
improvement of AS symptoms.

Tofacitinib is an oral Janus kinase (JAK) inhibitor
for the treatment of AS. The efficacy and safety of
tofacitinib 5 mg twice daily (BID) have been estab-
lished in patients with active AS and an inadequate
response or intolerance to =2 non-steroidal anti-
inflammatory drugs in a 48-week phase 3, random-
ized controlled trial (RCT; NCT03502616) [10]. In the
phase 3 RCT, tofacitinib treatment resulted in signifi-
cant improvements vs. placebo in clinical measures
pertaining to disease activity, back pain, fatigue, physi-
cal function, mobility, and health-related quality of
life, with a significantly better clinical response vs. pla-
cebo occurring as early as week 2 (first post-baseline
assessment) and sustained up to week 48 [10]. More-
over, a post hoc analysis of the phase 3 RCT showed
that median time to initial improvement of 30% in
fatigue (measured by the Functional Assessment of
Chronic Illness Therapy-Fatigue [FACIT-F] total
score) was 16 weeks in patients receiving tofacitinib

5 mg BID, whereas the median time for this event was
not achieved up to week 16 in patients receiving pla-
cebo [11].

The aim of this post hoc analysis was to estimate the
median time to initial and continued improvements in
pain, peripheral joint pain/swelling and enthesitis, morn-
ing stiffness, fatigue, and disease activity in tofacitinib-
treated patients with AS.

Methods

Data and patients

Data from a 48-week, phase 3, placebo-controlled RCT
of tofacitinib in patients with active AS (NCT03502616)
were included in this analysis. Full details have been
reported previously [10].

Briefly, eligible patients aged>18 years diagnosed with
AS who fulfilled the modified New York AS criteria (doc-
umented with central reading of the radiograph of the
sacroiliac joints) [10, 12] were randomized 1:1 to receive
tofacitinib 5 mg BID or placebo in the double-blind phase
(weeks 0-16); thereafter, all patients received open-label
tofacitinib 5 mg BID until week 48 [10].

Assessments

The following outcomes were evaluated: total back pain
and nocturnal pain (both measured using a numerical
rating scale ranging from 0 [no pain] to 10 [most severe
pain]); Bath AS Disease Activity Index (BASDAI); and
ASDAS measured using C-reactive protein. These out-
comes were assessed at baseline (day 1) and at weeks 2, 4,
8,12, 16, 24, 32, 40, and 48.

A reduction in pain intensity of >30% was defined as
“much improved” and a reduction in pain intensity of
250% was defined as “very much improved” per thresh-
olds from The Initiative on Methods, Measurement, and
Pain Assessment in Clinical Trials, which provides guid-
ance for determining clinically important differences in
Assessment in AS International Working Group-Out-
come Measures in Rheumatology (ASAS-OMERACT)
core domains, including pain intensity, in RCTs [1, 13].

The BASDALI is a validated instrument used to mea-
sure patient-reported disease activity in AS, comprising
six questions (each answered on a numerical rating scale
ranging from O [no disease activity] to 10 [high disease
activity]) pertaining to the five major symptoms of AS:
fatigue (question [Q]1), back/neck/hip pain (hereafter
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referred to as spinal pain [Q2]), peripheral joint pain/
swelling (Q3), areas tender to touch (enthesitis; Q4), and
intensity and duration of morning stiffness (Q5 and Q6)
[14, 15].

The ASDAS is a composite score derived from three
items of the BASDAI (spinal pain [BASDAI Q2], periph-
eral joint pain/swelling [BASDAI Q3], duration of
morning stiffness [BASDAI Q6]), the Patient Global
Assessment of Disease Activity, and C-reactive pro-
tein levels (mg/L) [14, 16]. Achievement of ASDAS>1.1
points is deemed to be a “clinically important improve-
ment” while achievement of ASDAS>2.0 points is
deemed to be a “major improvement” [9, 17].

Statistical analyses

A series of time-to-event analyses were performed using
non-parametric Kaplan-Meier models [18, 19]. The initial
improvement event was defined as the time to the first
post-baseline observation with an improvement of: > 30%
(“much improved”) or 250% (“very much improved”) in
total back pain and nocturnal pain; = 50% in BASDAI
(total score and individual question scores) and morning
stiffness (mean of BASDAI Q5 and Q6); and 21.1 (“clini-
cally important improvement”) and >2.0 points (“major
improvement”) in ASDAS. The continued improvement
event was defined as the above criteria sustained for two
consecutive visits.

Proportions of patients experiencing improvement
events at each study visit were analyzed descriptively. For
median times that were not achieved during the study,
values were categorized as not estimable (NE). Analyses
were performed using SAS® PROC LIFETEST.

Results

Patients

Data from 269 patients (133 randomized to tofacitinib
5 mg BID; 136 randomized to placebo-to-tofacitinib)
were included in this post hoc analysis. Patient demo-
graphics, baseline disease characteristics, and baseline
values for the instruments assessed in this analysis have
been reported previously and were generally similar
across treatment groups (mean [standard deviation]
baseline values for the tofacitinib 5 mg BID and placebo-
to-tofacitinib groups: total back pain, 6.9 [1.5] and 6.9
[1.6]; ASDAS, 3.8 [0.8] and 3.9 [0.8]; and BASDALI total
score, 6.4 [1.5] and 6.5 [1.4]) [10].

Median times to initial improvement events

Median time to initial improvement event of >230% (i.e.,
first post-baseline observation with an improvement
of >230%) for both total back pain and nocturnal pain
was 4 weeks for patients in the tofacitinib group, com-
pared with 24 weeks (8 weeks since switch to tofaci-
tinib) for the placebo-to-tofacitinib group (Table 1).
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Median times to initial improvement event of >50%
(i.e. first post-baseline observation with an improve-
ment of >50%) with tofacitinib were: 8 weeks for total
back pain, nocturnal pain, spinal pain (BASDAI Q2),
and enthesitis (BASDAI Q4); 10 weeks for peripheral
joint pain/swelling (BASDAI Q3); 12 weeks for morn-
ing stiffness (BASDAI Q5 and Q6); and 24 weeks for
fatigue (BASDAI Q1) (Table 1). Corresponding values
for the placebo-to-tofacitinib group were: 24 weeks (8
weeks since switch to tofacitinib) for nocturnal pain,
peripheral joint pain/swelling, and enthesitis; and 32
weeks (16 weeks since switching) for total back pain,
fatigue, spinal pain, and morning stiffness (Table 1).

For ASDAS, median times to initial improvement
events of >1.1 were 4 weeks with tofacitinib (NE to initial
improvement events of >2.0 points). In the placebo-to-
tofacitinib group, median times to initial improvement
events of > 1.1 were 24 weeks from baseline (8 weeks after
switching from placebo to tofacitinib) and NE to initial
improvement events of >2.0 points (Table 1). Median
time to initial improvement event of >50% for BASDAI
total score was 12 weeks for tofacitinib and 32 weeks (16
weeks after switching) for placebo-to-tofacitinib.

Median times to continued improvement events

Median times to continued improvement events (i.e.,
initial improvement criteria sustained for 2 con-
secutive visits) of >230% with tofacitinib were 8 and 4
weeks for total back pain and nocturnal pain, respec-
tively, compared with 24 weeks (8 weeks since switch
to tofacitinib) for both outcomes for the placebo-to-
tofacitinib group (Table 2). Median times to continued
improvement events of >50% with tofacitinib were: 24
weeks for total back pain, spinal pain (BASDAI Q2),
and morning stiffness (BASDAI Q5 and Q6); 12 weeks
for nocturnal pain; 14 weeks for enthesitis (BAS-
DAI Q4); 16 weeks for peripheral joint pain/swell-
ing (BASDAI Q3); and 40 weeks for fatigue (BASDAI
Q1) (Table 2). Corresponding values for the placebo-
to-tofacitinib group were: > 32 weeks (16 weeks since
switch to tofacitinib) for nocturnal pain, peripheral
joint pain/swelling, and enthesitis; and NE for total
back pain and all other outcomes for BASDAI ques-
tions (Table 2).

For ASDAS, median times to continued improvement
events of >1.1 and >2.0 points with tofacitinib were 8
weeks and NE, respectively; median time to continued
improvement event of >50% for BASDAI total score
was 24 weeks. Median times to continued improvement
events of >1.1 and >2.0 points with placebo-to-tofaci-
tinib were 24 weeks (8 weeks since switch to tofacitinib)
and NE, respectively, whereas median time to continued
improvement event of 250% for BASDALI total score was
NE (Table 2).
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Table 1 Median time to initial improvement events (Kaplan-Meier analysis)

Improvement threshold Median time, weeks (interquartile range) p value
Tofacitinib 5 mg BID Placebo-to-tofacitinib?
(N=133) (N=136)
>30% improvement
Total back pain® 4(2-16) 24 (4-40) <0.0001
Nocturnal paiﬂb 4 (2-24) 24 (8-32) 0.0003
>50% improvement
Total back pain® 8 (4-48) 32 (16-NE) 0.0001
Nocturnal painb 8 (4-40) 24 (16-NE) <0.0001
BASDAI questions
Fatigue (Q1) 24 (4-NE) 32 (12-NE) 0.0895
Spinal pain (Q2) 8 (4-NE) 32 (12-NE) <0.0001
Peripheral joint pain/swelling (Q3) 10 (2-NE) 24 (4-NE) 0.2070
Enthesitis (Q4) 8 (4-48) 24 (8-NE) 0.0250
Morning stiffness (Q5 and Q6) 12 (4-NE) 32 (24-NE) 0.0091
BASDAI total score 12 (4-NE) 32 (16-NE) 0.0002
Improvement in ASDAS
>1.1 points 4 (2-20) 24 (12-40) <0.0001
>2.0 points NE NE 0.0361

p values based on log-rank tests for differences in survival curves for tofacitinib vs. placebo-to-tofacitinib
2 Switched to open-label tofacitinib at week 16

b Numerical rating scale (0-10)

€ Mean of BASDAI Q5 and Q6

AS ankylosing spondylitis, ASDAS Ankylosing Spondylitis Disease Activity Score with C-reactive protein, BASDAI Bath Ankylosing Spondylitis Disease Activity Index,
BID twice daily, NE not estimable, Q question.

Table 2 Median time to continued improvement events (Kaplan—-Meier analysis)

Improvement threshold Median time, weeks (interquartile range) p value
Tofacitinib 5 mg BID Placebo-to-tofacitinib®
(N=133) (N=136)
>30% improvement
Total back pain® 8(2-32) 24 (16-NE) <0.0001
Nocturnal painb 4 (2-40) 24 (16-NE) <0.0001
>50% improvement
Total back pain® 24 (4-NF) NE 0.0003
Nocturnal painID 12 (4-NE) 40 (24-NE) <0.0001
BASDAI questions
Fatigue (Q1) 40 (8-NE) NE 0.0212
Spinal pain (Q2) 24 (4-NE) NE <0.0001
Peripheral joint pain/swelling (Q3) 16 (4-NE) 32 (12-NE) 0.0711
Enthesitis (Q4) 14 (4-NE) 40 (16-NE) 0.0017
Morning stiffness (Q5 and Q6) 24 (4-NE) NE 0.0037
BASDAI total score 24 (8-NE) NE 0.0016
Improvement in ASDAS
>1.1 points 8 (2-NE) 24 (24-NE) <0.0001
>2.0 points NE NE 0.2494

p values based on log-rank tests for differences in survival curves for tofacitinib vs. placebo-to-tofacitinib.
2 Switched to open-label tofacitinib at week 16

b Numerical rating scale (0-10)

€ Mean of BASDAI Q5 and Q6

AS ankylosing spondylitis, ASDAS Ankylosing Spondylitis Disease Activity Score with C-reactive protein, BASDAI Bath Ankylosing Spondylitis Disease Activity Index,
BID twice daily, NE not estimable, Q question.
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Proportions of patients experiencing improvement events

at each study visit

Generally, at most study visits, greater proportions of
patients receiving tofacitinib experienced improve-
ments in pain, morning stiffness, fatigue, and disease
activity, compared with patients in the placebo-to-
tofacitinib group, with the difference in response com-
pared with placebo-to-tofacitinib observed from week
2. Improvements with tofacitinib were sustained to
week 48 (Figs. 1, 2 and 3). After switching from pla-
cebo to open-label tofacitinib at week 16, the propor-
tions of patients with improvements in pain, morning
stiffness, fatigue, and disease activity approached
those observed in the tofacitinib group within 8 weeks
of switching, but generally remained lower than those
for the patients who received tofacitinib throughout
the study (Figs. 1, 2 and 3).

For nocturnal pain, 31% and 18% of patients experi-
enced improvement events of >230% and >50%, respec-
tively, at week 2 with tofacitinib (placebo-to-tofacitinib:
11% and 7%) (Fig. 1b, d). At week 4, over half of patients
experienced an improvement event of >30% in both total
back pain and nocturnal pain with tofacitinib (placebo-
to-tofacitinib: 21% and 19%), with the proportions con-
tinuing to increase to week 48 (Fig. 1a, b). At the end of
the double-blind period at week 16, improvements of
>30% in total back pain and nocturnal pain were expe-
rienced by 59% and 64% of patients in the tofacitinib
group, respectively (placebo-to-tofacitinib: 28% and 26%,
respectively; Fig. 1a, b), while improvements of 250% in
total back pain, nocturnal pain, and spinal pain (BAS-
DAI Q2) were experienced by 43-51%, and 17-20%, of
patients in the tofacitinib and placebo-tofacitinib groups,
respectively (Fig. 1c, d, e). By week 24, at least half of
patients in the tofacitinib group had experienced an
improvement event of >50% in total back pain, nocturnal
pain, and spinal pain, whereas in the placebo-to-tofaci-
tinib (8 weeks since switch to tofacitinib) group, 42%,
46%, and 38% of patients had experienced an improve-
ment event of >250% in these symptoms, respectively
(Fig. 1c, d, e).

At week 2, the proportions of patients with improve-
ment events of 250% in fatigue (BASDAI Q1), peripheral
joint pain/swelling (BASDAI Q3), enthesitis (BASDAI
Q4), and morning stiffness (mean of BASDAI Q5 and
Q6) ranged from 13 to 27% with tofacitinib (placebo-
to-tofacitinib: 5-18%) (Fig. 2). At week 16, the propor-
tions of patients with an improvement event of 250% in
peripheral joint pain/swelling, enthesitis, morning stift-
ness, and fatigue with tofacitinib ranged from 41-52%
(placebo-to-tofacitinib: 15-34%) (Fig. 2). By week 24, at
least half of patients in both the tofacitinib and placebo-
to-tofacitinib treatment groups (8 weeks after switch-
ing) had experienced an improvement event of >50% in

Page 5 of 11

peripheral joint pain/swelling (BASDAI Q3) and enthesi-
tis (BASDAI Q4) (Fig. 2b, c). For morning stiffness (mean
of BASDAI Q5 and Q6), half of patients in the tofacitinib
group experienced an improvement of >50% by week 24,
while approximately half of the patients in the placebo-
to-tofacitinib group experienced an improvement of
250% by week 40 (Fig. 2d). For fatigue (BASDAI Q1l),
half of patients receiving tofacitinib had experienced an
improvement event of >50% by week 32, while less than
half of patients who switched from placebo improved by
>50% at any study visit (Fig. 2a).

For ASDAS, the proportions of patients who expe-
rienced improvement events of >1.1 points and >2.0
points at week 2 were 40% and 8%, respectively, for
tofacitinib (placebo-to-tofacitinib: 7% and 0%) (Fig. 3a,
b). Over half of patients experienced an improvement
event of >1.1 points by week 4 in the tofacitinib group,
compared with by week 24 (8 weeks after switching) for
the placebo-to-tofacitinib group. At week 16, the pro-
portion of patients with an improvement event of >1.1
points was 61% with tofacitinib (placebo-to-tofacitinib:
20%) (Fig. 3a). For both treatment arms, less than half
of patients experienced an improvement event of >2.0
points at any study visit (Fig. 3b). Improvement events of
250% for BASDALI total score were experienced by 12%
and 4% of patients receiving tofacitinib and placebo-to-
tofacitinib, respectively, at week 2 (Fig. 3c). Over half of
patients in the tofacitinib group experienced an improve-
ment event of 250% for BASDALI total score at week 32.
Less than half of patients in the placebo-to-tofacitinib
group experienced an improvement event of >50% at any
study visit, although the proportion with improvement
events increased from 19% at week 16 (tofacitinib: 44%)
to 38% at week 24 (8 weeks after switching to tofacitinib)
(Fig. 3¢).

Discussion
Patients with AS and their physicians want to know the
answers to the key questions of when the patient can
expect to start feeling better and when their treatment
is likely to reach its maximum effect. Insights into these
aspects of therapy would be helpful when choosing treat-
ment strategies and managing patient expectations. How-
ever, data on timeframes for estimated improvements
in pain, morning stiffness, fatigue, and disease activity
among patients with AS initiating treatment are limited.
In this post hoc analysis, we attempted to answer these
key questions in patients with AS receiving tofacitinib,
by investigating the time to meaningful improvements in
pain, morning stiffness, fatigue, and disease activity mea-
sures, which are important treatment goals for patients
and physicians [8, 20].

In this post hoc analysis of data from a phase 3 RCT
of patients with AS, median times to initial (first
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of the results. BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BID, twice daily; Q, question

post-baseline observation)/continued (sustained for two
consecutive visits) improvement events in total back
pain, nocturnal pain, fatigue, spinal pain, peripheral joint
pain/swelling, enthesitis, morning stiftness, ASDAS and
BASDALI total score were generally shorter for patients
initially randomized to tofacitinib 5 mg BID during the
double-blind part of the study vs. switched from placebo
to open-label tofacitinib 5 mg BID at week 16. For most
study visits, more patients experienced improvement
events with tofacitinib 5 mg BID vs. placebo-to-tofaci-
tinib, with differences between treatment arms observed
as early as week 2 (first post-baseline assessment). Future
studies may benefit from collecting and analyzing data

in the days immediately following initiation of treatment
with tofacitinib.

Improvements with tofacitinib 5 mg BID were gener-
ally sustained to week 48. Our findings suggest that, after
initiating tofacitinib 5 mg BID, half of patients could
experience an initial>30% improvement in total back
pain and nocturnal pain (“much improved”) by week
4 (weeks 4-8 for continued improvement). Addition-
ally, by weeks 8-12 of tofacitinib 5 mg BID treatment,
half of patients could experience>50% improvement in
pain (“very much improved’, total back pain, nocturnal
pain, and spinal pain), peripheral symptoms (peripheral
joint pain/swelling and enthesitis), and morning stiffness
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Fig. 3 Improvements in ASDAS and BASDAI total score. Proportions of patients with improvement in ASDAS of a> 1.1 points and b>2.0 points, and
c>50% in BASDAI total score at each study visit. Vertical dotted line indicates week 16, after which all patients received open-label tofacitinib until week
48. The 50th percentile line is to facilitate interpretation of the results. ASDAS, Ankylosing Spondylitis Disease Activity Score C-reactive protein; BASDA,

Bath Ankylosing Spondylitis Disease Activity Index; BID, twice daily

(weeks 12-24 for continued improvement). A “clinically
important improvement” in ASDAS (=1.1 points) was
observed in half of the patients by week 4 (week 8 for
continued improvement), and a >50% improvement in
BASDALI total score was observed in half of the patients
by week 12 (week 24 for continued improvement). The
shorter time to improvement for ASDAS compared with
BASDAI total score may indicate that ASDAS provides a
more sensitive measure of change in symptoms.

As discussed above, median times to initial/continued
improvement events were generally longer with placebo-
to-tofacitinib vs. tofacitinib 5 mg BID. For example, for
patients originally randomized to placebo who switched

to active treatment with open-label tofacitinib 5 mg BID,
median time to initial 230% improvement in total back
pain and nocturnal pain was 24 weeks, i.e., 8 weeks after
starting active treatment. In contrast, median time to
initial >30% improvement in total back pain and noctur-
nal pain for patients who were originally randomized to
tofacitinib 5 mg BID was only 4 weeks. The response to
tofacitinib after switching from placebo may have been
influenced by the open-label nature of this part of the
study.

Symptoms corresponding to pain were among
the first to show improvement, with improvements
for morning stiffness and fatigue occurring later. A
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previous post hoc analysis of the phase 3 RCT showed
that median time to initial improvement of 30% in
fatigue (FACIT-F total score) was 16 weeks in patients
receiving tofacitinib 5 mg BID [11]. In the tofacitinib
5 mg BID group, median time to both initial and con-
tinued improvement of 230% in nocturnal pain was 4
weeks; this suggests that half of patients could expect
to experience sustained improvements in nocturnal
pain within the first month of initiating treatment.
Median times to initial/continued improvements in
pain outcomes, peripheral joint pain/swelling, and
enthesitis were generally shorter (4-10 weeks/4—
24 weeks) than median times to initial/continued
improvements in fatigue, morning stiffness, and BAS-
DAI total score (12—24 weeks/24—-40 weeks). This dif-
ference in time to improvement in domains might be
accounted for by tofacitinib’s mechanism of action, as
well as the multifactorial etiology of some domains.
For example, a recent study demonstrated that
improvement in fatigue is mediated by the combined
effects of tofacitinib treatment on morning stiffness
and pain, providing an explanation for why improve-
ments may occur more rapidly in some domains vs.
others [21].

A recent post hoc analysis of the tofacitinib phase 3
RCT in patients with AS showed that greater propor-
tions of patients achieved from baseline>minimum
clinically important difference at week 16 with tofacitinib
5 mg BID vs. placebo for pain (total back pain, BASDAI
overall spinal pain, and nocturnal spinal pain) (defined
as a decrease>1), and fatigue (FACIT-F total [defined
as an increase>4] and BASDAI fatigue [defined as a
decrease>1] scores) [22]. Our data complement these
findings, suggesting that half of patients initiating tofaci-
tinib 5 mg BID at baseline could expect to experience an
initial >50% improvement in nocturnal pain, total back
pain, and spinal pain by 8 weeks and fatigue by 24 weeks.

Our findings on time to improvement in pain with
tofacitinib in patients with AS are consistent with data
from a post hoc analysis using data from two phase 3
RCTs of patients with psoriatic arthritis treated with
tofacitinib 5 mg BID [23]. In patients with psoriatic
arthritis, improvements of >30% and >250% in pain were
also experienced more rapidly and by more patients with
tofacitinib, compared with placebo [23]. Moreover, the
current findings align with those of a recent post hoc
analysis of three RCTs in patients with AS and psoriatic
arthritis receiving the JAK inhibitor upadacitinib, which
demonstrated median times to >30% and >50% improve-
ments in pain of 4.1 and 8.6 weeks, respectively [24]. Also
in alignment with the current study, a post hoc analysis
of two RCTs showed that the time to response in patients
with psoriatic arthritis was shorter for those treated with
tofacitinib 5 mg BID and adalimumab 40 mg once every
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2 weeks than for those who, at month 3, switched from
placebo to tofacitinib 5 mg BID, for outcomes such as
the Health Assessment Questionnaire-Disability Index
(approximately 1 month for tofacitinib and adalimumab
compared with approximately 4 months for placebo-to-
tofacitinib). In addition, patients initially treated with
tofacitinib or adalimumab were more likely to have a
minimal disease activity composite score response within
the first 3 months compared with patients who switched
from placebo to tofacitinib at month 3 [25].

Limitations of this study include the post hoc nature of
the analysis, the lack of an active treatment comparator
in the RCT, and the fact that the RCT was not designed
to compare time-to-event outcomes, as patients were
assessed according to a protocol-determined fixed sched-
ule of regular clinic visits. Generalizability of the find-
ings for patients with milder disease is limited because
the primary trial population included patients with high
baseline disease activity. Furthermore, the study design
only incorporated double-blind comparisons with placebo
up to week 16; thereafter, all patients received open-label
tofacitinib. In the open-label phase, patient awareness of
the treatment that they received may have impacted their
expectations and influenced median time to improvement.

Conclusions

In patients with active AS, initial/continued improve-
ments in pain, morning stiffness, fatigue, and disease
activity measures, which are of importance to patients
and physicians [8, 20], were experienced more rap-
idly, and by more patients, in those receiving tofacitinib
5 mg BID vs. those receiving placebo then switching to
tofacitinib at week 16. The shortest time to improve-
ments was observed for pain, ASDAS, and enthesitis,
followed by peripheral joint pain/swelling, morning stiff-
ness, and BASDAI, with fatigue improving later. During
the first month of tofacitinib treatment, it is expected
that half of patients will experience>30% improvement
(“much improved”) in total back pain and nocturnal pain,
and a clinically important improvement of >1.1 points in
ASDAS. Half of patients may also expect to experience
a=50% improvement (“very much improved”) in noc-
turnal pain and enthesitis during the first 2 months, and
a=50% improvement in morning stiffness during the first
3 months of tofacitinib treatment. Improvements with
tofacitinib 5 mg BID were sustained up to week 48. For
patients with persistently high disease activity despite
conventional treatments, initiating tofacitinib as soon as
possible was associated with quicker improvements in
core domains of AS vs. delaying treatment.

Abbreviations

AS Ankylosing spondylitis

ASAS-OMERACT  Assessment in AS International Working Group-Outcome
Measures in Rheumatology



Navarro-Compan et al. Arthritis Research & Therapy (2024) 26:105

ASDAS Ankylosing Spondylitis Disease Activity Score

BASDAI Bath Ankylosing Spondylitis Disease Activity Index

BID Twice daily

FACIT-F Functional Assessment of Chronic Iliness Therapy-Fatigue
JAK Janus kinase

M Month

NE Not estimable

Q Question

RCT Randomized controlled trial

w Week

Acknowledgements

The authors would like to acknowledge Cassandra D. Kinch, an employee and
stockholder of Pfizer Inc, for important contributions to this manuscript, from
study conception and design to the interpretation of data. Medical writing
support, under the direction of the authors, was provided by Chimwemwe
Chibambo, MBChB, and Sharon Gill, PhD, CMC Connect, a division of IPG
Health Medical Communications, and was funded by Pfizer, New York, NY,
USA, in accordance with Good Publication Practice (GPP 2022) guidelines (Ann
Intern Med. 2022;175:1298 —304).

Author contributions

AD, AGB, JCC, and JR made substantial contributions to the study conception
and design. AD, AGB, and JCC acquired the data. AGB and JCC analyzed the
data. VN-C, AD, RB, AGB, JCC, and JR interpreted the data. All authors approved
the submitted version of the article and agree to be personally accountable
for their own contributions to the article and to ensure that questions related
to the accuracy and integrity of the work are appropriately investigated and
resolved, and the resolution documented in the literature.

Funding
This study was sponsored by Pfizer.

Data availability

Upon request, and subject to review, Pfizer will provide the data that
support the findings of this study. Subject to certain criteria, conditions,
and exceptions, Pfizer may also provide access to the related individual
de-identified participant data. See https://www.pfizer.com/science/clinical-
trials/trial-data-and-results for more information.

Declarations

Ethics approval and consent to participate

The trial was conducted in accordance with the International Council

for Harmonisation Good Clinical Practice guidelines, local regulatory
requirements, and the ethical principles of the Declaration of Helsinki. Patients
provided written informed consent, and the study protocol was approved by
an Institutional Review Board or Independent Ethics Committee at each study
site.

Consent for publication
Not applicable.

Competing interests

VN-C has received grant/research support from AbbVie and Novartis, has
acted as a consultant/speaker for, or has received honoraria from, AbbVie,
Eli Lilly, Fresenius Kabi, Janssen, MoonLake, MSD, Novartis, Pfizer Inc, and
UCB. AD has received grant/research support from AbbVie, Bristol Myers
Squibb, Celgene, Eli Lilly, Galvani, Janssen, Novartis, Pfizer Inc, and UCB,
has acted as a consultant for AbbVie, Bristol Myers Squibb, Celgene, Eli
Lilly, GSK, Janssen, MoonLake, Novartis, Pfizer Inc, and UCB, and has acted
as a speaker for, or has received honoraria from, Eli Lilly, Janssen, Novartis,
Pfizer Inc, and UCB. RB has received grant/research support from AbbVie,
Janssen, Novartis, and Pfizer Inc, has acted as a consultant for AbbVie,
Pfizer Inc, and Roche, has acted as a speaker for, or has received honoraria
from, AbbVie, Cooper Maroc, Hikma, Janssen, Novartis, Pfizer Inc, Phi,
Roche, and Sothema, and has been an advisor or review panel member
for AbbVie, Janssen, Hikma, Newbridge, Novartis, Pfizer Inc, Roche, and
Sothema. AGB, JCC, and JR are employees and stockholders of Pfizer Inc.

Page 10 of 11

Author details

1Rheurmatology, University Hospital La Paz, IdiPAZ, Madrid, Spain
“Division of Arthritis and Rheumatic Diseases, Oregon Health & Science
University, Portland, OR, USA

3Department of Rheumatology, £l Ayachi Hospital Medical University,
Rabat, Morocco

“Statistical Research and Data Science Center, Pfizer Inc, Groton, CT, USA
’Innovative Medicines, Emerging markets, AfME, Pfizer Inc, Casablanca,
Morocco

Received: 11 October 2023 / Accepted: 19 March 2024
Published online: 24 May 2024

References

1. Navarro-Compén V, Boel A, Boonen A, Mease P, Landewé R, Kiltz U, et al. The
ASAS-OMERACT core domain set for axial spondyloarthritis. Semin Arthritis
Rheum. 2021;51:1342-9.

2. SieperJ, Braun J, Rudwaleit M, Boonen A, Zink A. Ankylosing spondylitis: an
overview. Ann Rheum Dis. 2002;61(Suppl 3):iii8-18.

3. Bohn R, Cooney M, Deodhar A, Curtis JR, Golembesky A. Incidence and
prevalence of axial spondyloarthritis: methodologic challenges and gaps in
the literature. Clin Exp Rheumatol. 2018;36:263-74.

4. 7Zagar |, DelimarV, Cota S, Spoljari¢ Carevi¢ S, Kova¢ Durmis K, Laktasi¢
Zerjavi¢ N, et al. The impact of disease activity on quality of life, fatigue,
functional status and physical activity in patients with ankylosing spondylitis.
Psychiatr Danub. 2021;33(Suppl 4):1278-83.

5. Nikiphorou E, Ramiro S. Work disability in axial spondyloarthritis. Curr Rheu-
matol Rep. 2020,22:55.

6. Ward MM, Deodhar A, Gensler LS, Dubreuil M, Yu D, Khan MA, et al. 2019
update of the American College of Rheumatology/Spondylitis Association of
America/Spondyloarthritis Research and Treatment Network recommenda-
tions for the treatment of ankylosing spondylitis and nonradiographic axial
spondyloarthritis. Arthritis Rheumatol. 2019;71:1599-613.

7. Ramiro S, Nikiphorou E, Sepriano A, Ortolan A, Webers C, Baraliakos X, et al.
ASAS-EULAR recommendations for the management of axial spondyloarthri-
tis: 2022 update [abstract]. Arthritis Rheumatol. 2022;74(Suppl 9):0542.

8. Smolen JS, Landewé R, Bijlsma J, Burmester G, Chatzidionysiou K, Dougados
M, et al. EULAR recommendations for the management of rheumatoid arthri-
tis with synthetic and biological disease-modifying antirheumatic drugs:
2016 update. Ann Rheum Dis. 2017;76:960-77.

9. Machado P, Landewé R, Lie E, Kvien TK, Braun J, Baker D, et al. Ankylosing
Spondylitis Disease Activity score (ASDAS): defining cut-off values for disease
activity states and improvement scores. Ann Rheum Dis. 2011,70:47-53.

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

11. Gossec L, Cella D, Walsh JA, Sengupta R, Bushmakin AG, Cappelleri JC, et al.
Time to improvement of fatigue in patients with ankylosing spondylitis in a
study of tofacitinib [abstract]. Ann Rheum Dis. 2022;81(Suppl 1):POS0305.

12. vander Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic criteria for
ankylosing spondylitis. A proposal for modification of the New York criteria.
Arthritis Rheum. 1984;27:361-8.

13. Dworkin RH, Turk DC, Wyrwich KW, Beaton D, Cleeland CS, Farrar JT, et al.
Interpreting the clinical importance of treatment outcomes in chronic pain
clinical trials: IMMPACT recommendations. J Pain. 2008;9:105-21.

14.  Zochling J. Measures of symptoms and disease status in ankylosing spon-
dylitis: Ankylosing Spondylitis Disease Activity Score (ASDAS), Ankylosing
Spondylitis Quality of Life Scale (ASQoL), Bath Ankylosing Spondylitis Disease
Activity Index (BASDAV), Bath Ankylosing Spondylitis Functional Index (BASFI),
Bath Ankylosing Spondylitis Global Score (BAS-G), Bath Ankylosing Spondy-
litis Metrology Index (BASMI), Dougados Functional Index (DFI), and Health
Assessment Questionnaire for the Spondylarthropathies (HAQ-S). Arthritis
Care Res (Hoboken). 2011;63(Suppl 11):547-58.

15.  Calin A, Nakache JP, Gueguen A, Zeidler H, Mielants H, Dougados M. Defining
disease activity in ankylosing spondylitis: is a combination of variables (Bath
Ankylosing Spondylitis Disease Activity Index) an appropriate instrument?
Rheumatology (Oxford). 1999;38:878-82.


https://www.pfizer.com/science/clinical-trials/trial-data-and-results
https://www.pfizer.com/science/clinical-trials/trial-data-and-results

Navarro-Compan et al. Arthritis Research & Therapy

20.

22.

(2024) 26:105

Lukas C, Landewé R, Sieper J, Dougados M, Davis J, Braun J, et al. Develop-
ment of an ASAS-endorsed disease activity score (ASDAS) in patients with
ankylosing spondylitis. Ann Rheum Dis. 2009,68:18-24.

Machado PM, Landewé R, Heijde DV. Assessment of SpondyloArthritis
international society (ASAS). Ankylosing Spondylitis Disease Activity Score
(ASDAS): 2018 update of the nomenclature for disease activity states. Ann
Rheum Dis. 2018;77:1539-40.

van Belle G, Fisher LD, Heagerty PJ, Lumley T. Biostatistics: a methodology for
the health sciences. 2nd ed. New York: Wiley; 2004.

Rich JT, Neely JG, Paniello RC, Voelker CC, Nussenbaum B, Wang EW. A practi-
cal guide to understanding Kaplan-Meier curves. Otolaryngol Head Neck
Surg. 2010;143:331-6.

Garrido-Cumbrera M, Hillmann O, Mahapatra R, Trigos D, Zajc P, Weiss L, et al.
Improving the management of psoriatic arthritis and axial spondyloarthritis:
roundtable discussions with healthcare professionals and patients. Rheuma-
tol Ther. 2017;4:219-31.

Kristensen LE, Navarro-Compan V, Magrey M, Bushmakin AG, Cappelleri JC,
Yndestad A, et al. Pain and inflammation as mediators of tofacitinib treatment
effect on fatigue in patients with ankylosing spondylitis: a mediation analysis.
Rheumatol Ther. 2023;10:1073-87.

Navarro-Compan V, Wei JCC, Van den Bosch F, Magrey M, Wang L, Fleishaker
D, et al. Effect of tofacitinib on pain, fatigue, health-related quality of life and

23.

24.

25.

Page 11 of 11

work productivity in patients with active ankylosing spondylitis: results from
a phase lll, randomised, double-blind, placebo-controlled trial. RMD Open.
2022;8:002253.

de Vlam K, Ogdie A, Bushmakin AG, Cappelleri JC, Fleischmann R, Taylor PC,
et al. Median time to pain improvement and the impact of baseline pain
severity on pain response in patients with psoriatic arthritis treated with
tofacitinib. RMD Open. 2021;7:¢001609.

Mclnnes IB, Ostor AJK, Mease PJ, Tillett W, Baraliakos X, de Vlam K, et al. Effect
of upadacitinib on reducing pain in patients with active psoriatic arthritis or
ankylosing spondylitis: post hoc analysis of three randomised clinical trials.
RMD Open. 2022;8:002049.

Gladman DD, Coates LC, Wu J, Fallon L, Bacci ED, Cappelleri JC, et al. Time to
response for clinical and patient-reported outcomes in patients with psoriatic
arthritis treated with tofacitinib, adalimumab, or placebo. Arthritis Res Ther.
2022;24:40.

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



	﻿Time to improvement of pain, morning stiffness, fatigue, and disease activity in patients with ankylosing spondylitis treated with tofacitinib: a post hoc analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data and patients
	﻿Assessments
	﻿Statistical analyses

	﻿Results
	﻿Patients
	﻿Median times to initial improvement events
	﻿Median times to continued improvement events
	﻿Proportions of patients experiencing improvement events at each study visit

	﻿Discussion
	﻿Conclusions
	﻿References


