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ABSTRACT

Introduction: The objective of this analysis is to
evaluate the improvement in spinal pain with
ixekizumab, placebo, and adalimumab based on
objective measures of inflammation response in
patients with ankylosing spondylitis (AS).
Methods: The COAST-V 52-week, double-blind,
placebo-controlled, randomized phase III trial
examined the efficacy of ixekizumab in patients
with active AS; adalimumabwas used as an active
reference arm. Treatment effects on reduction in
pain were assessed by objective measures of
controlled and persisting inflammation (defined

by magnetic resonance imaging [MRI], C-reac-
tive protein [CRP], or MRI ? CRP status). Path-
way analysis was used to analyze treatment effect
that was not attributable to reduction in inflam-
mation biomarkers.
Results: In patients with AS, when inflamma-
tion was controlled as assessed by MRI, patients
treatedwith ixekizumab experienced a reduction
in spinal pain at night (SP-N, numeric rating
scale, ixekizumab mean = - 3.9, p\ 0.001,
adalimumab mean = - 2.6, p\ 0.05) compared
to placebo (mean = - 1.6) at week 16. When
inflammation was controlled as assessed by
MRI ? CRP, ixekizumab and adalimumab had
numerically greater reductions at week 16 in SP-
N versus placebo. All ixekizumab groups had
further improvements at week 52. When
inflammation was persisting as assessed by
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MRI ? CRP, ixekizumab-treated patients had
significant reduction in SP-N (mean = - 3.7,
p\0.001) versus placebo (mean = - 1.7),
improvement with adalimumab did not reach
significance (mean = - 2.6, p = 0.06). In the
pathway analysis at week 16, ixekizumab had a
greater effect on pain outcomes compared to
adalimumab.
Conclusion: This post hoc analysis is supportive
of the hypothesis that ixekizumab reduces pain
in AS by additional mechanisms other than the
reduction of measurable inflammation.
Trial Registration Number: NCT02696785.

Keywords: IL-17; Pain; Inflammation;
Rheumatic disease; Spondylitis, ankylosing

Key Summary Points

Why carry out this study?

Pain in rheumatic disease is multifactorial
in etiology, caused not only by
inflammation-induced nociception but
also central sensitization.

Therapies in rheumatic disease appear to
have multiple mechanisms whereby they
improve pain, by controlling
inflammation but also, potentially, by
improving centrally sensitized pain.

What was learned from this study?

This study supports the hypothesis
proposing that IL-17 inhibition results in
pain control via both inflammatory
(indirect) and non-inflammatory (direct)
mechanisms.

This research will support better
understanding of the full spectrum of
effect of IL-17 inhibition in ameliorating
patient-centric disease manifestations.

This analysis provides insight into choice
of clinical treatments for health care
professionals and highlights the
importance of pain assessment in future
clinical trials.

INTRODUCTION

Axial spondyloarthritis (axSpA) is a chronic
inflammatory disease that affects approximately
1% of adults [1]. AxSpA is characterized by back
pain due to inflammation of the spine and
sacroiliac joints, peripheral joint involvement,
and extra-articular manifestations. Radio-
graphic axSpA, also known as ankylosing
spondyloarthritis (AS), is distinguished from
non-radiographic axSpA (nr-axSpA) by radio-
graphically defined structural damage of the
sacroiliac joints [2]. Most patients with AS
report at least moderate pain from the onset of
the disease [3]. Chronic pain in patients with
axSpA impacts their quality of life (QoL), lead-
ing to increased work disability and unem-
ployment compared to the general population
[4, 5]. Interestingly chronic pain in axSpA is
considered one of the modifiable factors [6].
Maximizing long-term QoL by reducing pain,
inflammation, and preventing progressive
structural damage is the primary aim of treating
patients with rheumatic diseases [7]. Pain in the
early phases of axSpA is caused by inflamma-
tion. In the later stages of disease, pain is the
result of both inflammation and damage.
Despite effective new treatment options and
emphasis on early intervention in the disease,
which enables complete abolition of the
inflammation and prevention of consequent
damage, a substantial number of patients report
persistent pain. There is also a lack of correla-
tion between symptoms, objective findings on
magnetic resonance imaging (MRI), and
patients’ responses to biologic treatment, as
might be expected in the setting of emerging
central sensitization [8].

Because of the poor association between pain
and inflammation, other mechanisms need to
be considered. Pain associated with inflamma-
tion or joint damage is classified as nociceptive
pain. Other potential sources of pain associated
with AS include neuropathic pain and noci-
plastic pain, which are defined by the Interna-
tional Association for the Study of Pain [9].

Neuropathic pain can be caused by lesions or
dysfunctions affecting the somatosensory sys-
tem and has been demonstrated to play a role in
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back pain in more than 40% of patients with AS
[10, 11]. The etiology of nociplastic pain is less
well understood and includes fibromyalgia and
widespread pain because of central sensitization
[12, 13]. High central sensitization is reported in
29–60% of patients with AS [5].

The importance of differentiating between
the different types of pain lies in the inclusion
of pain as an outcome domain in the evaluation
of disease activity. In those tools, pain is gen-
erally evaluated by a simple question and is
rated on a visual analogue scale or a numeric
rating scale (NRS). The phrasing of the ques-
tions does not include differentiating qualita-
tive aspects of pain. This could induce an
overestimation of the disease activity leading to
inappropriate switching of disease-modifying
antirheumatic drug (DMARD) treatments due to
perceived inefficacy.

There is growing evidence that signaling
through the interleukin (IL)-17 pathway is
involved in the pathogenesis of axSpA [14]. As
well, IL-17R/IL-17 signaling is an effective
mediator of pain processing at several levels.
Ixekizumab is a high-affinity monoclonal anti-
body that selectively targets IL-17A and is
approved for the treatment of moderate-to-sev-
ere plaque psoriasis, active psoriatic arthritis,
AS, and nr-axSpA [15–19].

The objective of this post hoc analysis was to
evaluate improvement of spinal pain with
ixekizumab, placebo, and adalimumab based on
objective measures of inflammation response in
patients with AS from the COAST-V randomized
clinical trial.

METHODS

Trial Design

COAST-V (NCT02696785) was a phase III, mul-
ticenter, randomized, double-blind, active-con-
trolled and placebo-controlled, 52-week trial
[16, 20]. Briefly, participants had to be at least
18 years of age, have an established diagnosis of
AS, and meet modified New York criteria (with
central reading of radiographic sacroiliitis).
Patients in COAST-V were biological DMARD-
naı̈ve.

COAST-V was carried out in accordance with
the ethical principles of the Declaration of
Helsinki and Good Clinical Practice guidelines.
All investigation sites received approval from
the appropriate authorized institutional review
board or ethics committee. All patients pro-
vided written consent before the study-related
procedures were carried out.

Randomization and Masking

The design of COAST-V has been described
previously in detail [16, 20]. Briefly, after
screening, patients were randomly assigned
1:1:1:1 to placebo, adalimumab 40 mg every
2 weeks (Q2W), ixekizumab 80 mg Q2W, or
ixekizumab 80 mg every 4 weeks (Q4W)
between June 20, 2016 and August 22, 2017.
Patients assigned ixekizumab were randomly
distributed 1:1 to a 160 mg or 80 mg starting
dose. After week 16, patients entered a double-
blind extended treatment period (weeks 16–52)
when all remaining patients originally ran-
domized to placebo or adalimumab were re-
randomized 1:1 to ixekizumab 80 mg Q2W or
Q4W.

Patient and Public Involvement

Patients were not involved in the design or
conduct of the study, development of out-
comes, or dissemination of study results.

Statistical Analysis

In this post hoc analysis, changes in spinal pain
at night (SP-N), spinal pain (measured at each
study visit using a NRS score, 11-point scale
from 0 to 10, 0 = ‘‘no pain’’ and 10 = ‘‘most
severe pain’’ ), and the Medical Outcomes Study
36-item Short-Form Health Survey (SF)-36 bod-
ily pain domain (summary scores, range 0–100,
higher scores indicate better levels of function
and/or health) were analyzed while controlling
for inflammation status as assessed by MRI and
C-reactive protein (CRP) levels. Observed data
analyses are presented for each group stratified
by treatment arm and compared to placebo. In
the first analysis (Fig. 1a and b, Fig. 2a and b,
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Fig. 1 Change in SP-N in patients with AS over 52 weeks.
Change in spinal pain at night in patients with inflam-
mation a controlled as assessed by MRI (SPARCC SI
joint\ 4 and MRI SPARCC Spine\ 3 at week 16) or
b persisting as measured by MRI (SPARCC SIJ C 4 at
week 16 or SPARCC Spine C 3 at week 16). Change in
spinal pain at night in patients with inflammation
c controlled as assessed by CRP (CRP\ 5 mg/mL from
week 4 to week 16) or d persisting as measured by CRP
(CRP C 5 mg/L at any visit between weeks 4 and 16).
Change in SP-N in patients with inflammation e
controlled as assessed by CRP (CRP\ 5 mg/mL from

week 4 to week 16) and MRI (SPARCCJ\ 4 and MRI
SPARCC Spine\ 3 at week 16) or f persisting as
measured by CRP (CRP C 5 mg/L at any visit between
weeks 4 and 16) and MRI (SPARCC SIJ C 4 at week 16
or SPARCC Spine C 3 at week 16). *p B 0.05, **p
B 0.01, ***p B 0.001. ADA adalimumab, AS ankylosing
spondylitis, CRP C-reactive protein, IXE ixekizumab, MRI
magnetic resonance imaging, Ns number of participants,
PBO placebo, Q4W every 4 weeks, SI sacroiliac, SP-N
spinal pain at night, SPARCC Spondyloarthritis Research
Consortium of Canada
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Fig. 2 Change in spinal pain in patients with AS over
52 weeks. Change in spinal pain in patients with inflam-
mation a controlled as assessed by MRI (SPARCC SI
joint\ 4 and MRI SPARCC Spine\ 3 at week 16) or
b persisting as measured by MRI (SPARCC SIJ C 4 at
week 16 or SPARCC Spine C 3 at week 16). Change in
spinal pain in patients with inflammation c controlled as
assessed by CRP (CRP\ 5 mg/mL from week 4 to
week 16) or d persisting as measured by CRP
(CRP C 5 mg/L at any visit between weeks 4 and 16).
Change in spinal pain in patients with inflammation e

controlled as assessed by CRP (CRP\ 5 mg/mL from
week 4 to week 16) and MRI (SPARCCJ\ 4 and MRI
SPARCC Spine\ 3 at week 16) or f persisting as
measured by CRP (CRP C 5 mg/L at any visit between
weeks 4 and 16) and MRI (SPARCC SIJ C 4 at week 16
or SPARCC Spine C 3 at week 16). *p B 0.05, **p
B 0.01, ***p B 0.001. ADA adalimumab, AS ankylosing
spondylitis, CRP C-reactive protein, IXE ixekizumab, MRI
magnetic resonance imaging, Ns number of participants,
PBO placebo, Q4W every 4 weeks, SI sacroiliac, SPARCC
Spondyloarthritis Research Consortium of Canada
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and Fig. 3a and b), patients with AS were cate-
gorized into two subgroups defined as:

1. ‘‘Controlled’’ inflammation as assessed by
MRI Spondyloarthritis Research Consor-
tium of Canada (SPARCC [21]) sacroiliac
joint (SIJ)\4 at week 16 and MRI SPARCC
Spine\3 at week 16

2. ‘‘Persisting’’ inflammation as assessed by
SPARCC SIJ C 4 at week 16 or SPARCC
Spine C 3 at week 16

In a second analysis (Fig. 1c and d, Fig. 2c
and d, and Fig. 3c and d) patients were catego-
rized into two subgroups defined as:

1. ‘‘Controlled’’ inflammation as assessed by
CRP\5 mg/L weeks 4–16

2. ‘‘Persisting’’ inflammation as assessed by
CRP C 5 mg/L at any visit between weeks 4
and 16 respectively

In a third analysis (Fig. 1e and f, Fig. 2e and f,
and Fig. 3e and f), patients were categorized into
two subgroups defined as:

1. ‘‘Controlled’’ inflammation as assessed by
CRP\5 mg/L weeks 4–16, MRI SPARCC
SIJ\ 4 at week 16, and MRI SPARCC
Spine\3 at week 16

2. ‘‘Persisting’’ inflammation as assessed by
CRP C 5 mg/L at any point between weeks 4
and 16 or SPARCC SIJ C 4 at week 16 or
SPARCC Spine C 3 at week 16

Pathway Analysis

A pathway analysis with multiple mediators was
conducted on observed data to evaluate the
relationship between levels of inflammation
and pain relief in AS [22]. The effects of change
in inflammatory factors (CRP, MRI SIJ, and MRI
Spine) as multiple mediators on change in pain
outcomes for each treatment over placebo dur-
ing the 16-week period were evaluated. The
approach uses structural equation modelling
(SEM), a set of regression models that specifies
the relation between treatment, mediators (in-
flammatory factors), and pain relief. The total
treatment effect on pain relief over placebo that
can be accounted for by changes in CRP, MRI

SIJ, and MRI Spine in the mediation analysis is
the ‘‘indirect’’ effect, while the total treatment
effect that cannot be accounted for by the
‘‘indirect’’ effect is called the ‘‘direct’’ effect. Bar
plots (Fig. 3) present total treatment effect (total
height of the bars) on pain relief decomposed by
direct and indirect effects, for ixekizumab and
adalimumab. The greater proportion of indirect
effect indicates that greater pain relief was due
to the change in inflammatory factors instead of
direct drug effect.

RESULTS

Baseline demographics and disease characteris-
tics for COAST-V (N = 340) are summarized in
Table S1. Briefly, most patients (N = 276, 81%)
were male, the mean age was 41.7 ± 11.7 years,
and 213 (63%) patients were of white race. A
total of 781 patients were assessed for eligibility
and 341 were randomly assigned to treatment.
The trial profile up to week 16 is included in the
supplement (Fig. S1).

In the first analysis when inflammation was
controlled as assessed by MRI SPARCC SIJ\ 4 at
week 16 and MRI SPARCC Spine\ 3 at week 16,
both ixekizumab Q4W (mean = - 3.9 mm,
p\0.001) and adalimumab
(mean = - 2.8 mm, p = 0.02) experienced sig-
nificant reduction in SP-N at week 16 versus
placebo (mean = - 1.6 mm, Fig. 1a, Table 1). In
spinal pain, a significant difference was seen at
week 16 between ixekizumab Q4W
(mean = - 3.3 mm, p = 0.041) versus placebo
(mean = - 2.3 mm); adalimumab
(mean = - 2.4 mm) had a comparable reduc-
tion in spinal pain to placebo (Fig. 2a, Table 1).
In the bodily pain domain, a significant differ-
ence was seen at week 16 between ixekizumab
Q4W (mean = 22.5 mm, p = 0.01) versus pla-
cebo (mean = 11.9 mm); adalimumab
(mean = 19.4 mm) had a greater, but non-
significant, reduction in bodily pain compared
to placebo (Fig. 3a, Table 1). Further improve-
ments were experienced by patients in the
adalimumab or placebo arm after they were re-
randomized to ixekizumab at week 16 by
week 52 in all three pain measures (Figs. 1a, 2a,
and 3a, Table 1).
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Fig. 3 Change in SF-36 bodily pain domain in patients
with AS over 52 weeks. Change in SF-36 bodily pain
domain in patients with inflammation a controlled as
assessed by MRI (SPARCC SI joint\ 4 and MRI
SPARCC Spine\ 3 at week 16) or b persisting as
measured by MRI (SPARCC SIJ C 4 at week 16 or
SPARCC Spine C 3 at week 16). Change in SF-36 bodily
pain domain in patients with inflammation c controlled as
assessed by CRP (CRP\ 5 mg/mL from week 4 to
week 16) or d persisting as measured by CRP
(CRP C 5 mg/L at any visit between weeks 4 and 16).
Change in SF-36 bodily pain domain in patients with
inflammation e controlled as assessed by CRP

(CRP\ 5 mg/mL from week 4 to week 16) and MRI
(SPARCCJ\ 4 and MRI SPARCC Spine\ 3 at
week 16) or f persisting as measured by CRP
(CRP C 5 mg/L at any visit between weeks 4 and 16)
and MRI (SPARCC SIJ C 4 at week 16 or SPARCC
Spine C 3 at week 16). *p B 0.05, **p B 0.01, ***p
B 0.001. ADA adalimumab, AS ankylosing spondylitis,
CRP C-reactive protein, IXE ixekizumab, MRI magnetic
resonance imaging, Ns number of participants, PBO
placebo, Q4W every 4 weeks, SF-36, 36-item Short-Form
Health Survey, SI sacroiliac, SPARCC Spondyloarthritis
Research Consortium of Canada

Rheumatol Ther



T
ab
le
1

C
ha
ng
e
in

SP
,S

P-
N
,a
nd

SF
-3
6
by

M
R
I,
C
R
P,

an
d
M
R
I
?

C
R
P

C
on

tr
ol
le
d
in
fla
m
m
at
io
n

P
er
si
st
in
g
in
fla
m
m
at
io
n

C
ha
ng
e
in

SP
by

M
R
I
(S
P
A
R
C
C

SI
J
<
4
an
d
SP

A
R
C
C

sp
in
e
<
3
at

w
ee
k
16

)

PB
O

(N
s
=
24
)

IX
E
Q
4W

(N
s
=
50
)

A
D
A
(N

s
=
54
)

PB
O

(N
s
=
61
)

IX
E
Q
4W

(N
s
=
28
)

A
D
A
(N

s
=
33
)

B
as
el
in
e
(m

ea
n
[S
D
])

7.
3
(1
.4
)

7.
1
(1
.3
)

6.
6
(1
.7
)

7.
4
(1
.4
)

7.
5
(1
.4
)

7.
5
(1
.3
)

W
ee
k
16

-
2.
3
(1
.6
)

-
3.
3
(2
.8
)*

-
2.
4
(2
.3
)

-
1.
7
(2
.0
)

-
3.
2
(2
.6
)*
*

-
3.
0
(2
.5
)*

PB
O
/I
X
E
(N

s
=
24
)

IX
E
Q
4W

(N
s
=
50
)

A
D
A
/I
X
E
(N

s
=
52
)

PB
O
/I
X
E
(N

s
=
61
)

IX
E
Q
4W

(N
s
=
28
)

A
D
A
/I
X
E
(N

s
=
33
)

W
ee
k
52

-
3.
6
(2
.7
)

-
4.
1
(2
.3
)

-
3.
4
(2
.5
)

-
3.
2
(2
.5
)

-
4.
0
(2
.7
)

-
3.
5
(2
.4
)

C
ha
ng
e
in

SP
by

C
R
P
(C

R
P
<
5
m
g/
L
at

ev
er
y
w
ee
k
be
tw
ee
n
w
ee
ks

4–
16
)

PB
O

(N
s
=
15
)

IX
E
Q
4W

(N
s
=
44
)

A
D
A
(N

s
=
59
)

PB
O

(N
s
=
71
)

IX
E
Q
4W

(N
s
=
34
)

A
D
A
(N

s
=
29
)

B
as
el
in
e
(m

ea
n
[S
D
])

7
(1
.5
)

7.
2
(1
.3
)

6.
8
(1
.7
)

7.
5
(1
.4
)

7.
2
(1
.3
)

7.
3
(1
.2
)

W
ee
k
16

-
1.
5
(1
.8
)

-
3.
6
(2
.5
)

-
2.
9
(2
.5
)

-
2.
0
(1
.9
)

-
2.
9
(2
.9
)*

-
2.
0
(2
.1
)

PB
O
/I
X
E
(N

s
=
15
)

IX
E
Q
4W

(N
s
=
44
)

A
D
A
/I
X
E
(N

s
=
57
)

PB
O
/I
X
E
(N

s
=
71
)

IX
E
Q
4W

(N
s
=
34
)

A
D
A
/I
X
E
(N

s
=
29
)

W
ee
k
52

-
1.
9
(2
.2
)

-
4.
2
(2
.6
)

-
3.
6
(2
.5
)

-
3.
6
(2
.5
)

-
3.
9
(2
.3
)

-
2.
9
(2
.2
)

C
ha
ng
e
in

SP
by

M
R
I
1

C
R
P
(S
P
A
R
C
C

SI
J
<
4
an
d
SP

A
R
C
C

sp
in
e
<
3
at

w
ee
k
16

1
C
R
P
<
5
m
g/
L
at

ev
er
y
w
ee
k
be
tw
ee
n
w
ee
ks

4–
16
)

PB
O

(N
s
=
5)

IX
E
Q
4W

(N
s
=
26
)

A
D
A

(N
s
=
42
)

PB
O

(N
s
=
81
)

IX
E
Q
4W

(N
s
=
52
)

A
D
A

(N
s
=
46
)

B
as
el
in
e
(m

ea
n
[S
D
])

6.
6
(1
.1
)

7.
0
(1
.2
)

6.
5
(1
.6
)

7.
5
(1
.4
)

7.
3
(1
.4
)

7.
4
(1
.3
)

W
ee
k
16

-
2.
2
(1
.3
)

-
3.
4
(2
.5
)

-
2.
7
(2
.4
)

-
1.
9
(1
.9
)

-
3.
2
(2
.8
)*
**

-
2.
5
(2
.5
)

PB
O
/I
X
E
(N

s
=
5)

IX
E
Q
4W

(N
s
=
26
)

A
D
A
/I
X
E
(N

s
=
40
)

PB
O
/I
X
E
(N

s
=
81
)

IX
E
Q
4W

(N
s
=
52
)

A
D
A
/I
X
E
(N

s
=
46
)

W
ee
k
52

-
2.
4
(2
.3
)

-
4.
2
(2
.6
)

-
3.
6
(2
.5
)

-
3.
4
(2
.6
)

-
4.
0
(2
.4
)

-
3.
2
(2
.4
)

C
ha
ng
e
in

SP
-N

by
M
R
I
(S
P
A
R
C
C

SI
J
<
4
an
d
SP

A
R
C
C

sp
in
e
<
3
at

w
ee
k
16

)

PB
O

(N
s
=
24
)

IX
E
Q
4W

(N
s
=
50
)

A
D
A
(N

s
=
54
)

PB
O

(N
s
=
61
)

IX
E
Q
4W

(N
s
=
28
)

A
D
A
(N

s
=
33
)

B
as
el
in
e
(m

ea
n
[S
D
])

6.
8
(2
.0
)

6.
9
(1
.3
)

6.
6
(1
.9
)

7.
2
(1
.6
)

7.
4
(1
.5
)

7.
5
(1
.4
)

W
ee
k
16

-
1.
6
(1
.8
)

-
3.
9
(2
.8
)*
**

-
2.
8
(2
.6
)*

-
1.
8
(2
.0
)

-
3.
5
(2
.6
)*
*

-
3.
1
(2
.7
)*

PB
O
/I
X
E
(N

s
=
24
)

IX
E
Q
4W

(N
s
=
50
)

A
D
A
/I
X
E
(N

s
=
52
)

PB
O
/I
X
E
(N

s
=
61
)

IX
E
Q
4W

(N
s
=
28
)

A
D
A
/I
X
E
(N

s
=
33
)

W
ee
k
52

-
3.
3
(3
.3
)

-
4.
2
(2
.3
)

-
3.
8
(2
.6
)

-
3.
4
(2
.4
)

-
4.
3
(2
.7
)

-
3.
8
(2
.6
)

Rheumatol Ther



T
ab
le
1

co
nt
in
ue
d

C
ha
ng
e
in

SP
-N

by
C
R
P
(C

R
P
<
5
m
g/
L
at

ev
er
y
w
ee
k
be
tw
ee
n
w
ee
ks

4–
16
)

PB
O

(N
s
=
15
)

IX
E
Q
4W

(N
s
=
44
)

A
D
A
(N

s
=
59
)

PB
O

(N
s
=
71
)

IX
E
Q
4W

(N
s
=
34
)

A
D
A
(N

s
=
29
)

B
as
el
in
e
(m

ea
n
[S
D
])

7.
2
(1
.6
)

6.
9
(1
.5
)

6.
8
(1
.9
)

7.
0
(1
.7
)

7.
4
(1
.3
)

7.
2
(1
.4
)

W
ee
k
16

-
1.
9
(1
.8
)

-
3.
8
(2
.5
)*
*

-
3.
2
(2
.7
)*

-
1.
7
(2
.0
)

-
3.
7
(2
.9
)*
**

-
2.
2
(2
.4
)

PB
O
/I
X
E
(N

s
=
15
)

IX
E
Q
4W

(N
s
=
44
)

A
D
A
/I
X
E
(N

s
=
57
)

PB
O
/I
X
E
(N

s
=
71
)

IX
E
Q
4W

(N
s
=
34
)

A
D
A
/I
X
E
(N

s
=
29
)

W
ee
k
52

-
2.
3
(2
.2
)

-
4.
1
(2
.5
)

-
3.
9
(2
.9
)

-
3.
6
(2
.7
)

-
3.
4
(2
.1
)

-
4.
4
(2
.4
)

C
ha
ng
e
in

SP
-N

by
M
R
I
1

C
R
P
(S
P
A
R
C
C

SI
J
<
4
an
d
SP

A
R
C
C

sp
in
e
<
3
at

w
ee
k
16

1
C
R
P
<
5
m
g/
L
at

ev
er
y
w
ee
k
be
tw
ee
n
w
ee
ks

4–
16
)

PB
O

(N
s
=
5)

IX
E
Q
4W

(N
s
=
26
)

A
D
A
(N

s
=
42
)

PB
O

(N
s
=
81
)

IX
E
Q
4W

(N
s
=
52
)

A
D
A
(N

s
=
46
)

B
as
el
in
e
(m

ea
n
[S
D
])

6.
8
(1
.3
)

6.
7
(1
.3
)

6.
5
(1
.9
)

7.
1
(1
.7
)

7.
3
(1
.4
)

7.
3
(1
.5
)

W
ee
k
16

-
2.
4
(1
.5
)

-
3.
8
(2
.6
)

-
3.
1
(2
.7
)

-
1.
7
(2
.0
)

-
3.
7
(2
.8
)*
**

-
2.
6
(2
.6
)

PB
O
/I
X
E
(N

s
=
5)

IX
E
Q
4W

(N
s
=
26
)

A
D
A
/I
X
E
(N

s
=
40
)

PB
O
/I
X
E
(N

s
=
81
)

IX
E
Q
4W

(N
s
=
52
)

A
D
A
/I
X
E
(N

s
=
46
)

W
ee
k
52

-
2.
8
(2
.6
)

-
3.
9
(2
.3
)

-
3.
9
(2
.8
)

-
3.
4
(2
.7
)

-
3.
5
(2
.5
)

-
4.
4
(2
.5
)

C
ha
ng
e
in

SF
-3
6
bo

di
ly

pa
in

do
m
ai
n
by

M
R
I
(S
P
A
R
C
C

SI
J
<
4
an
d
SP

A
R
C
C

sp
in
e
<
3
at

w
ee
k
16

)

PB
O

(N
s
=
24
)

IX
E
Q
4W

(N
s
=
50
)

A
D
A
(N

s
=
54
)

PB
O

(N
s
=
61
)

IX
E
Q
4W

(N
s
=
28
)

A
D
A
(N

s
=
33
)

B
as
el
in
e
(m

ea
n
[S
D
])

37
.0

(1
9.
8)

40
.0

(1
5.
9)

38
.6

(1
6.
2)

34
.0

(1
6.
0)

35
.4

(1
6.
9)

35
.8

(1
4.
8)

W
ee
k
16

11
.9

(1
7.
3)

22
.5

(2
1.
9)
*

19
.4

(1
9.
0)

10
.9

(1
6.
4)

22
.3

(1
9.
7)
**

23
.0

(2
1.
8)
**

PB
O
/I
X
E
(N

s
=
24
)

IX
E
Q
4W

(N
s
=
50
)

A
D
A
/I
X
E
(N

s
=
52
)

PB
O
/I
X
E
(N

s
=
61
)

IX
E
Q
4W

(N
s
=
28
)

A
D
A
/I
X
E
(N

s
=
33
)

W
ee
k
52

22
.3

(2
4.
6)

25
.7

(2
1.
6)

21
.9

(1
9.
6)

24
.3

(1
9.
2)

31
.6

(2
6.
4)

29
.8

(1
8.
3)

Rheumatol Ther



T
ab
le
1

co
nt
in
ue
d

C
ha
ng
e
in

SF
-3
6
bo

di
ly

pa
in

do
m
ai
n
by

C
R
P
(C

R
P
<
5
m
g/
L
at

ev
er
y
w
ee
k
be
tw
ee
n
w
ee
ks

4–
16
)

PB
O

(N
s
=
15
)

IX
E
Q
4W

(N
s
=
44
)

A
D
A
(N

s
=
59
)

PB
O

(N
s
=
71
)

IX
E
Q
4W

(N
s
=
34
)

A
D
A

(N
s
=
29
)

B
as
el
in
e
(m

ea
n
[S
D
])

33
.2

(1
2.
3)

38
.4

(1
7.
6)

38
.4

(1
4.
7)

35
.2

(1
7.
9)

38
.3

(1
4.
6)

35
.6

(1
7.
4)

W
ee
k
16

11
.8

(1
2.
5)

24
.3

(2
1.
5)
**

23
.7

(2
0.
5)
**

10
.6

(1
7.
6)

20
.0

(2
0.
4)
**

13
.0

(1
9.
6)

PB
O
/I
X
E
(N

s
=
15
)

IX
E
Q
4W

(N
s
=
44
)

A
D
A
/I
X
E
(N

s
=
57
)

PB
O
/I
X
E
(N

s
=
71
)

IX
E
Q
4W

(N
s
=
34
)

A
D
A
/I
X
E
(N

s
=
29
)

W
ee
k
52

14
.7

(1
5.
7)

28
.8

(2
4.
5)

26
.2

(2
1.
9)

25
.8

(2
1.
3)

26
.0

(2
1.
6)

21
.8

(1
4.
5)

C
ha
ng
e
in

SF
-3
6
bo

di
ly

pa
in

do
m
ai
n
by

M
R
I
1

C
R
P
(S
P
A
R
C
C

SI
J
<
4
an
d
SP

A
R
C
C

sp
in
e
<
3
at

w
ee
k
16

1
C
R
P
<
5
m
g/
L
at

ev
er
y
w
ee
k
be
tw
ee
n
w
ee
ks

4–
16
)

PB
O

(N
s
=
5)

IX
E
Q
4W

(N
s
=
26
)

A
D
A

(N
s
=
42
)

PB
O

(N
s
=
81
)

IX
E
Q
4W

(N
s
=
52
)

A
D
A

(N
s
=
46
)

B
as
el
in
e
(m

ea
n
[S
D
])

41
.8

(1
4.
2)

40
.6

(1
6.
7)

39
.5

(1
4.
4)

34
.5

(1
7.
2)

37
.2

(1
6.
1)

35
.7

(1
6.
6)

W
ee
k
16

16
.0

(8
.8
)

23
.7

(2
1.
1)

22
.2

(1
8.
8)

10
.5

(1
7.
1)

21
.8

(2
1.
1)
**
*

18
.3

(2
2.
4)
*

PB
O
/I
X
E
(N

s
=
5)

IX
E
Q
4W

(N
s
=
26
)

A
D
A
/I
X
E
(N

s
=
40
)

PB
O
/I
X
E
(N

s
=
81
)

IX
E
Q
4W

(N
s
=
52
)

A
D
A
/I
X
E
(N

s
=
46
)

W
ee
k
52

12
.2

(8
.1
)

25
.6

(2
0.
6)

23
.5

(2
1.
8)

24
.5

(2
1.
2)

28
.8

(2
4.
8)

25
.6

(1
8.
0)

D
at
a
pr
es
en
te
d
as
ob
se
rv
ed

ch
an
ge

(s
ta
nd

ar
d
de
vi
at
io
n)

un
le
ss
ot
he
rw
is
e
st
at
ed
.N

ot
co
nt
ro
lle
d
de
fin

it
io
ns
:M

R
I
=
SP

A
R
C
C
SI
J
C

4
or

SP
A
R
C
C
Sp
in
e
C

3
at
w
ee
k
16
;C

R
P
=
C
R
P
C

5
m
g/
L
at

C
1

vi
si
t
be
tw
ee
n
w
ee
k
4–

16
;M

R
I
?

C
R
P
=
C
R
P
C

5
m
g/
L
at

C
1
vi
si
t
be
tw
ee
n
w
ee
k
4–

16
,o
r
SP

A
R
C
C
SI
J
C

4
at
w
ee
k
16
,o
r
SP

A
R
C
C
sp
in
e
C

3
at
w
ee
k
16
.T

re
at
m
en
t
co
m
pa
ri
so
n
ve
rs
us

PB
O

up
to

w
ee
k
16

w
as

pe
rf
or
m
ed

us
in
g
A
N
C
O
V
A
m
od
el
th
at

in
cl
ud
ed

ba
se
lin

e
pa
in

ou
tc
om

e,
tr
ea
tm

en
t,
in
fla
m
m
at
io
n
st
at
us
,a
nd

tr
ea
tm

en
t-
by
-in

fla
m
m
at
io
n
st
at
us
.P

B
O
/I
X
E
an
d
A
D
A
/I
X
E
=
IX

E
Q
4W

A
D
A
ad
al
im

um
ab
,A

N
C
O
V
A
an
al
ys
is
of

co
va
ri
an
ce
,C

R
P
C
-r
ea
ct
iv
e
pr
ot
ei
n,

IX
E
ix
ek
iz
um

ab
,M

R
I
m
ag
ne
ti
c
re
so
na
nc
e
im

ag
in
g,
N
s\

de
fin

it
io
n
[

,P
B
O

pl
ac
eb
o,

Q
4W

ev
er
y
fo
ur

w
ee
ks
,S
D

st
an
da
rd

de
vi
at
io
n,

SF
-3
6
M
ed
ic
al
O
ut
co
m
es

St
ud
y
36
-it
em

Sh
or
t-
Fo
rm

H
ea
lth

Su
rv
ey
,S
IJ
sa
cr
oi
lia
c
jo
in
t,
SP

sp
in
al
pa
in
,S
P-
N

sp
in
al
pa
in

at
ni
gh
t,
SP

A
R
C
C
Sp
on
dy
lo
ar
th
ri
ti
s
R
es
ea
rc
h
C
on
so
rt
iu
m

of
C
an
ad
a

*p
\

0.
05
;
**
p
\

0.
01
;
**
*p
\

0.
00
1

Rheumatol Ther



When inflammation was persisting as asses-
sed by MRI SPARCC SIJ C 4 at week 16 and MRI
SPARCC Spine C 3 at week 16, ixekizumab
Q4W (mean = - 3.5 mm, p\0.01) and adali-
mumab (mean = - 3.1, p = 0.02) experienced
significant reduction in SP-N at week 16
(Fig. 1b, Table 1). In spinal pain, a significant
difference was seen at week 16 between both
ixekizumab Q4W (mean = - 3.2 mm,
p = 0.004) and adalimumab (mean = - 3.0 mm,
p = 0.012) versus placebo (mean = - 1.7 mm,
Fig. 2b, Table 1). In the bodily pain domain, a
significant difference was seen at week 16
between both ixekizumab Q4W
(mean = 22.3 mm, p = 0.005) and adalimumab
(mean = 23.0 mm, p = 0.001) versus placebo
(mean = 10.9 mm, Fig. 3b, Table 1). Further
improvements were experienced by patients in
the adalimumab or placebo arm after they were
re-randomized to ixekizumab at week 16 by
week 52 in all three pain measures (Figs. 1b, 2b,
and 3b, Table 1).

In the second analysis when inflammation
was controlled as assessed by CRP, ixekizumab
Q4W (mean = - 3.8 mm, p\0.01) and adali-
mumab (mean = - 3.2 mm, p\ 0.05) achieved
significantly greater reduction in SP-N at
week 16 versus placebo (mean = - 1.9 mm,
Fig. 1c, Table 1). In spinal pain, a significant
difference was seen at week 16 between both
ixekizumab Q4W (mean = - 3.6 mm,
p = 0.0038) and adalimumab
(mean = - 2.9 mm, p = 0.0233) versus placebo
(mean = - 1.5 mm, Fig. 2c, Table 1). In bodily
pain, a significant difference was seen at
week 16 between both ixekizumab Q4W
(mean = 24.3 mm, p = 0.009) and adalimumab
(mean = 23.7 mm, p = 0.009) versus placebo
(mean = 11.8 mm, Fig. 3c, Table 1). Further
improvements were experienced by patients in
the adalimumab or placebo arm after they were
re-randomized to ixekizumab at week 16 by
week 52 in all three pain measures (Figs. 1c, 2c,
and 3c, Table 1).

When inflammation was persisting as asses-
sed by CRP, ixekizumab Q4W
(mean = - 3.7 mm, p\ 0.001) achieved a sig-
nificant reduction in SP-N versus placebo
(mean = - 1.7 mm) at week 16; the observed
improvement with adalimumab

(mean = - 2.2 mm, p = 0.4) was not significant.
Furthermore, patients re-randomized to ixek-
izumab from adalimumab or placebo at
week 16 had further reductions in SP-N at
week 52 (Fig. 1d, Table 1). In spinal pain, a sig-
nificant difference was seen at week 16 between
ixekizumab Q4W (mean = - 2.9 mm,
p = 0.018) versus placebo (mean = - 2.0 mm);
adalimumab (mean = - 2.0 mm) had a compa-
rable reduction to placebo (Fig. 2d, Table 1). In
the bodily pain domain, a significant difference
was seen at week 16 between ixekizumab Q4W
(mean = 20.0 mm, p = 0.0063) versus placebo
(mean = 10.6 mm); adalimumab
(mean = 13.0 mm) had a greater, but non-
significant, improvement in bodily pain com-
pared to placebo (Fig. 3d, Table 1). Further
improvements were experienced by patients in
the adalimumab or placebo arm after they were
re-randomized to ixekizumab at week 16 by
week 52 in all three pain measures (Figs. 1d, 2d,
and 3d, Table 1).

In the third analysis, when inflammation
was controlled as assessed by both MRI and
CRP, ixekizumab Q4W (mean = - 3.8 mm) and
adalimumab (mean = - 3.1 mm) demonstrated
a numerically greater reduction versus placebo
(mean = - 2.4 mm, Fig. 1e, Table 1) in SP-N at
week 16, although neither drug had a signifi-
cant reduction versus placebo. In the bodily
pain domain, ixekizumab Q4W
(mean = 23.7 mm) and adalimumab
(mean = 22.2 mm) treated patients experienced
a nonsignificant reduction versus placebo at
week 16 (mean = 16 mm, Fig. 3e, Table 1). Fur-
ther improvements were experienced by
patients in the adalimumab or placebo arm after
they were re-randomized to ixekizumab at
week 16 by week 52 in all three pain measures,
except for placebo when inflammation was
controlled as assessed by MRI and CRP, there
was decrease at week 52 (mean = 12.2 mm)
compared to week 16 (mean = 16.0, Figs. 1e, 2e,
and 3e, Table 1).

When inflammation was persisting as asses-
sed by MRI and CRP simultaneously, ixek-
izumab Q4W (mean = - 3.7 mm, p\ 0.001)
achieved a significant reduction in SP-N versus
placebo at week 16 (mean = - 1.7 mm); the
observed improvement with adalimumab
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(mean = - 2.6 mm, p = 0.06) was not signifi-
cant (Fig. 1f, Table 1). Patients re-randomized to
ixekizumab from adalimumab or placebo at
week 16 had further reductions in SP-N at
week 52 (Fig. 1f, Table 1). In spinal pain, a sig-
nificant difference was seen at week 16 between
ixekizumab Q4W (mean = - 3.2 mm,
p\0.001) versus placebo (mean = - 1.9); adal-
imumab (mean = - 2.5) had a greater but
nonsignificant improvement compared to pla-
cebo (Fig. 2f, Table 1). In bodily pain, a

significant difference was seen at week 16
between both ixekizumab Q4W
(mean = 21.8 mm, p\ 0.001) and adalimumab
(mean = 18.3, p = 0.015) versus placebo
(mean = 10.5, Fig. 3f, Table 1). Further
improvements were experienced by patients in
the adalimumab or placebo arm after they were
re-randomized to ixekizumab at week 16 by
week 52 in all three pain measures (Figs. 1f, 2f,
and 3f, Table 1).

Fig. 4 Pathway analysis of treatment effect on spinal pain,
SP-N, and bodily pain domain in ixekizumab (N = 78)
and adalimumab (N = 82) treated patients versus placebo
(N = 79) in the intent to treat population at week 16. Bar
plots present total treatment effect on pain relief decom-
posed by direct and indirect effects, for ixekizumab and
adalimumab. a Pathway analysis of treatment effect on
spinal pain in ixekizumab and adalimumab-treated patients
versus placebo in the ITT population at week 16.
b Pathway analysis of treatment effect on SP-N in
ixekizumab and adalimumab-treated patients versus

placebo in the ITT population at week 16. c Pathway
analysis of treatment effect on SF-36 bodily pain domain
in ixekizumab and adalimumab-treated patients versus
placebo in the ITT population at week 16. Figures show
mean (standard error). ADA adalimumab, CRP C-reactive
protein, ITT intent to treat, IXE ixekizumab, MRI
magnetic resonance imaging, SF-36 Medical Outcomes
Study 36-item Short-Form Health Survey, SIJ sacroiliac
joint, SP-N spinal pain at night, SPARCC Spondyloarthri-
tis Research Consortium of Canada
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In the pathway analysis, while the total
effect of ixekizumab on pain relief over placebo
at week 16 was greater than that for adali-
mumab, treatment with ixekizumab versus
placebo in patients with AS had a greater direct
effect on spinal pain (ixekizumab = 70.8%,
adalimumab = 45.7%), SP-N (ixekizumab =
75.4%, adalimumab = 60.7%), and bodily pain
domain (ixekizumab = 71.7%, adali-
mumab = 69.4%) compared to adalimumab
versus placebo at week 16 (Fig. 4). Pathway
analysis enables a numerical comparison in the
indirect effect between the two drugs, however
no statistical comparison was conducted.
Therefore, no statement regarding statistical
significance can be made.

DISCUSSION

In a previous report from the COAST-V trial,
improvements were seen in patients with AS
treated with ixekizumab, an IL-17A monoclonal
antibody, versus patients treated with placebo,
with adalimumab as an active comparator, in
spinal pain, and SP-N at week 16, further
improvements with ixekizumab treatment were
observed out to week 52 [23].

In the analysis presented here, ixekizumab
significantly reduced SP-N in patients with AS
irrespective of controlled or persisting levels of
inflammation as assessed by CRP, MRI, or
CRP ? MRI (at several time points), and adali-
mumab appeared to reduce SP-N primarily
when inflammation was also reduced. Patients
treated with adalimumab or placebo and re-
randomized to ixekizumab at week 16 experi-
enced a further reduction in SP-N up to
52 weeks for controlled and non-controlled
levels of inflammation. Pathway analyses of
treatment effect on spinal and bodily pain
revealed that both ixekizumab and adalimumab
had direct effects on pain reduction, although
ixekizumab may have had a greater reduction in
pain due to a greater direct effect on pain
compared to adalimumab in the pathway
analysis.

Nociceptive sensory neurons express recep-
tors for proinflammatory cytokines such as IL-
17. Cytokine signaling induces changes in

excitability, ion currents, and second messenger
signaling of these nociceptors. The persistent
activation/sensitization of nociceptive neurons
at the site of inflammation (such as sacroiliac
joints in AS) caused by the increased local
expression of IL-17 and other cytokines mag-
nifies the mechanical pain signal detected in
the periphery [24].

Further along the pain signaling pathway, in
the dorsal root ganglion (DRG), IL-17A/IL-17R
signaling also impacts transmission, and con-
tributes to the induction of neuropathic pain.
IL-17R was found in most neurons in the DRG
and in DRG neuronal cultures, and IL-17A has
been shown to regulate inflammatory responses
associated with neuropathic pain induced by
nerve injury in neuropathic pain models
[25, 26].

Centrally, pain is not perceived by a single
area in the brain, rather the origin of pain
results from functionally integrated neural net-
works [27] speculated to involve a wide range of
somato-specific regions like the ventrolateral
thalamus and the dorsal posterior insula [28],
and limbic regions associated with affect and
mood such as the amygdala, ventral striatum,
and hippocampus [29].

Ixekizumab conveys its effects on the overt
elements of inflammation in the periphery,
which can have downstream effects on central
process signaling. IL-17 is upregulated in the
central nervous system (CNS) during inflam-
mation, mainly through production by acti-
vated microglia and astrocytes, and promotes
proinflammatory activity, increasing produc-
tion of cytokines and chemokines, and dis-
rupting the blood–brain barrier (BBB) [30, 31].
Further, the increased production of IL-17 at
peripheral sites of inflammation pertinent to AS
may influence the transmission of pain signals
through the peripheral nervous system, even-
tually leading to CNS changes that reflect the
sequelae of pain. The fact that IL-17 and IL-17R-
expressing lymphocytes promote dysfunction
of the BBB, increasing its permeability, may
offer unique opportunities in curtailing the
peripheral and CNS transmission of pain signals
in such patients expressing higher IL-17 levels
or activity [32]. Notably, an increase in IL-17 at
peripheral tissues affected by AS (such as the
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spine or appendicular skeleton) may result in
several specific changes that transmit this pain
signal more effectively. The transmission of the
pain signal starting at the affected area occurs
through specific pain fibers that impinge into
the peripheral nervous system of the dorsal
horn of the spinal cord. Central afferent neu-
rons extend out of the dorsal horn and are
influenced by the glial cells that surround the
spinal cord. IL-17 can influence the signaling
process through several mechanisms: (1) IL-17
directly enhances the central afferent neurons
that transmit pain into pain centers within the
CNS, (2) IL-17 reduces the inhibitory interneu-
rons that modulate this afferent pain signal,
and (3) IL-17 potentiates the descending pain
signals from the nervous system to the target
peripheral tissue [26, 30, 33]. Collectively, IL-17
modulates the perception of pain and related
behavior in humans and animal models which
may contribute to the observed direct benefit
on pain amelioration observed after treatment
with an IL-17A targeting antibody such as
ixekizumab, in patients with AS. These effects
are complementary yet distinct from the well-
known proinflammatory actions of IL-17.

Like IL-17, tumor necrosis factor (TNF) also
plays a role in both central and peripheral
mediation of pain signaling [34]. Peripherally,
TNF is produced at the site of inflammation and
can enhance the pain signal to the DRG in the
dorsal horn through initiation of an inflamma-
tory cascade [35]. Centrally, TNF can cross the
BBB from the periphery or be produced locally
by inflamed neurons and microglia, and in turn
promotes proinflammatory activity, propagat-
ing inflammation in the CNS [36, 37].

Since IL-17 and TNF have at least superfi-
cially similar effects on pain signaling, it is dif-
ficult to hypothesize why ixekizumab has a
noticeably greater direct effect on pain signaling
in the pathway analysis reported here compared
to adalimumab. One potential explanation is
that TNF acts as an inflammation master regu-
lator, recruiting other inflammatory molecules,
and cytokines and enhancing pain signaling
using intermediaries. This could explain why
adalimumab’s pain-alleviating effects seem to
be more associated with the measures used to
estimate indirect effect in the pathway analysis

(CRP, MRI SIJ, and MRI Spine) while IL-17 seems
to act more directly on pain signaling, rather
than through the activation and/or recruitment
of other inflammatory molecules.

Limitations of this study include that the
COAST-V study was conducted in a predomi-
nantly male population which may affect
results, this study was a post hoc analysis that
the clinical trials were not designed for, this
study was not powered for a direct comparison
with adalimumab, and that this study was not
designed to provide mechanistic evidence to
explain why ixekizumab has a direct beneficial
effect on pain; both CRP and MRI may lack
sensitivity for detection of inflammation. Fur-
ther, CRP and MRI do not fully capture every
aspect of inflammation and the absence of
inflammatory signals in these measures does
not mean a complete absence of inflammation
in patients. As well, the pain measures used
were qualitative patient-reported outcomes
rather than quantitative objective measures
which do not assess neuropathic or nociplastic
pain. Concomitant medications may have
affected patient responses. Most patients in this
study (C 90%) were using NSAIDs at baseline
and we do not have data on concomitant opioid
use. Fibromyalgia status of patients was not
assessed in this study. Therefore, the results
should be interpreted with these caveats in
mind.

CONCLUSIONS

The analysis presented here is supportive of the
hypothesis that ixekizumab reduces pain in AS
by mechanisms that cannot be attributed only
to the reduction in inflammation, and that
ixekizumab and adalimumab may differ in their
pain-relieving mechanisms suggesting ixek-
izumab has a greater direct effect on pain relief.
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