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ABSTRACT

Introduction: Pain is a multidimensional factor
and core domain of psoriatic arthritis (PsA).
This analysis aimed to quantify the role of
potential inflammation-associated outcomes on
pain reduction in patients with PsA receiving
tofacitinib, using mediation modeling.

Methods: Pooled data were from two phase 3
studies (OPAL Broaden and OPAL Beyond) of
patients with active PsA treated with tofacitinib
5 mg twice daily or placebo. Mediation model-
ing was utilized to quantify the indirect effects
(via Itch Severity Item [ISI], C-reactive protein
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[CRP] levels, swollen joint count [SJC], Psoriasis
Area and Severity Index [PASI], and enthesitis
[using Leeds Enthesitis Index]) and direct effects
(representing all other factors) of tofacitinib
treatment on pain improvement.

Results: The initial model showed that tofacitinib
treatment affects pain, primarily indirectly, via ISI,
CRP, SJC, PASI, and enthesitis (overall 84.0%; P =
0.0009), with 16.0% (P = 0.5274) attributable to
the direct effect. The model was respecified to
exclude SJC and PASI. Analysis of the final model
revealed that 29.5% (P = 0.0579) of tofacitinib
treatment effect on pain was attributable to the
direct effect, and 70.5% (P <0.0001) was
attributable to the indirect effect. ISI, CRP, and
enthesitis mediated 37.4% (P = 0.0002), 15.3%
(P =0.0107), and 17.8% (P = 0.0157) of the tofac-
itinib treatment effect on pain, respectively.
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Conclusions: The majority of the effect of Graphical PLS:
tofacitinib on pain was collectively mediated by

itch, CRP, and enthesitis, with itch being the

primary mediator of treatment -effect.Trial

Registration: NCT01877668, NCT01882439.

How does tofacitinib reduce pain in psoriatic arthritis?

K de Vlam, PJ Mease, AG Bushmakin, R Fleischmann, A Ogdie,
VF Azevedo, JF Merola, ] Woolcott, JC Cappelleri, L Fallon, and PC Taylor

Why did we carry out this research?
"\# Psoriatic arthritis (PsA) is a long-term illness that can cause ongoing pain
g Tofacitinib is a medicine that has been found to reduce pain in patients with PsA

-f We wanted to understand how tofacitinib relieves pain in patients with PsA

How did we do this research?
We used results from two clinical trials, called OPAL Broaden and OPAL Beyond

In these trials, patients with PsA were randomly chosen to be given a medicine,

including:
g 5mg of tofacitinib El Placebo g Adalimumab (only used in
= twice a day “ (a pill containing < patients in OPAL Broaden,

no medicine) not included in this analysis)

Patients in these trials reported how much pain they were in, from 0 (no pain) to
100 (the most severe pain)

We used statistical models to understand how tofacitinib improves pain

What does this research tell us?

of the pain relief after taking tofacitinib was a result of improving
the signs and symptoms of PsA:

* Lessitch

* Lower levels of C-reactive protein (a protein in the blood
found in patients with PsA)

* Less enthesitis (pain and stiffness in tendons and ligaments
that attach muscles to bone)

29 S(y of the pain relief after taking tofacitinib involved other factors
o (4 (for example, other biological pathways or signs and symptoms of PsA)

What do we still need to find out?

* There are other factors that are affected by medicines that may relieve pain,
which were not investigated in this research

Why is this important?

* Tofacitinib reduces the signs and symptoms of PsA, which lessens pain

* By assessing the signs and symptoms of PsA, doctors can make sure they are
providing suitable pain relief, in order to improve quality of life for patients

This is a plain language summary of an article published in Rheumatology and Therapy titled: Identifying
and Quantifying the Role of Inflammation in Pain Reduction for Patients With Psoriatic Arthritis Treated
With Tofacitinib: A Mediation Analysis https://doi.org/10.1007/s40744-022-00482-5, completed in May 2022
These studies were sponsored by Pfizer Inc. Tofacitinib is approved to treat the condition under study

that is discussed in this summary. This summary reports the combined results of the tofacitinib phase 3

studies, OPAL Broaden (NCT01877668) and OPAL Beyond (NCT01882439). The results of individual
studies may vary from these combined study results. Health professionals should make treatment
decisions based on all available evidence. Writing support for this summary was provided by Lauren
Hogarth, MSc, at CMC Connect, a division of IPG Health Medical Communications, funded by

Pfizer Inc. The authors would like to thank the patients, investigators, and study teams involved in these
studies.
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Key Summary Points

Why carry out this study?

Pain is a common symptom of psoriatic
arthritis (PsA), and it is considered a
highly important treatment outcome
among patients and physicians.

To our knowledge, mediation modeling (a
statistical methodology used to explain
the mechanisms underlying an observed
relationship between independent and
dependent variables via other explanatory
variables, termed mediators) has not
previously been used to investigate the
relationship between pain and
inflammation-associated mediators in
patients with PsA treated with tofacitinib.

What was learned from the study?

Inflammation was identified as a
significant mediator of the overall
treatment effect on pain in tofacitinib-
treated patients with PsA.

The majority of the effect (70.5%) of
tofacitinib on pain was collectively
mediated by itch, C-reactive protein, and
enthesitis, with itch being identified as
the main mediator of treatment effect
(37.4% in the final respecified mediation
model).

These results highlight the importance of
assessing these signs and symptoms in
clinical practice, and selecting treatment
accordingly, in order to facilitate the
treatment of pain and increase the quality
of life of patients with PsA.

DIGITAL FEATURES

This article is published with digital features,
including a graphical plain language summary,
to facilitate understanding of the article. To

view digital features for this article, go to
https://doi.org/10.6084/m9.figshare.20401938.

INTRODUCTION

Psoriatic arthritis (PsA) affects approximately
30% of patients with psoriasis [1]. Patients with
PsA often experience progressive joint damage
[2], and the disease can involve skin inflam-
mation, peripheral joint disease, axial disease,
enthesitis, and dactylitis [3]. Pain is a common
symptom of PsA [4], and it is considered a core
domain and a highly important treatment out-
come for both patients and physicians [S, 6].

Clinically, pain can be categorized into three
types: nociceptive, nociplastic, and neuro-
pathic. The pain associated with the primary
dermatologic (skin inflammation) and rheu-
matic (joint inflammation and destruction,
axial disease, enthesitis, and dactylitis) mani-
festations of PsA is typically nociceptive pain
[7]. This is transmitted via the activation of
specialized afferent sensory neurons, known as
nociceptors, which densely innervate the
periphery, including tissues, such as skin, syn-
ovium, and bone [8]. Activation of nociceptors
occurs with actual or potential tissue damage
caused by mechanical, chemical, or thermal
stimulation, and is often accompanied by the
release of pro-inflammatory mediators [8].
However, emerging evidence in PsA and
rheumatoid arthritis suggests that not all pain
necessarily correlates with inflammatory mark-
ers [7, 9], suggesting that noninflammatory
mechanisms may contribute.

Nociplastic pain manifests due to the acti-
vation of peripheral nociceptors, despite the
absence of damage to the somatosensory ner-
vous system and without the presence of actual
or potential tissue damage [10]. This type of
pain is reportedly caused by a central sensitiza-
tion mechanism [11, 12], which increases the
responsiveness and excitability of nociceptive
neurons in the central nervous system and
promotes pain hypersensitivity [13]. Studies
have demonstrated that up to 42.9% of patients
with PsA may have concomitant central sensi-
tization, and these patients have more severe
disease activity measures [14, 15] and are less
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likely to achieve minimal disease activity,
compared with patients without concomitant
central sensitization [15].

A third type of pain involved in rheumatic
conditions is neuropathic pain, which results
from a central pain mechanism [16]. Neuro-
pathic pain is instigated by the presence of a
lesion and/or disease in the peripheral or central
somatosensory nervous system [17]. The lesion
and/or disease is believed to initiate a mal-
adaptive pathophysiological cascade, promot-
ing the sensitization of nociceptors to either
noxious or innocuous stimuli [11, 12, 17].
Studies of pain in PsA, using the patient ques-
tionnaire PainDETECT [18], have reported that
22-28% of patients appear to demonstrate
characteristics of neuropathic pain [7, 19], and
it has a substantial impact on quality of life and
is associated with poor mental health [19].

As previously described, PsA is a heteroge-
nous disease, and it has an impact on multiple
domains [3]. This makes treatment challenging
and reduces the patient’s quality of life [20].
Quality of life is typically associated with the
rheumatologic manifestations of the disease
(pain and swelling of joints) [21]; however,
evidence in patients with PsA and psoriasis
suggests that dermatologic symptoms, particu-
larly itch, also have a substantial impact [5, 22]
and may interact with pain [23, 24]. While the
sensation of itch is different from pain, the two
are intimately intertwined. Patients with mod-
erate to severe psoriasis have described skin
pain, itching, burning, and stinging as symp-
toms [23]. Both itch and pain are transmitted by
the somatosensory nervous system, and the
release of inflammatory neuropeptides from
peripheral nerve endings due to psoriatic skin
lesions, external stimuli (e.g., scratching), or
psychological stress can further stimulate itch,
inflammation, and pain via the release of
immunomodulators, such as cytokines [24, 25].
Interestingly, involvement of the Janus kinase
(JAK)/signal transducer and activator of tran-
scription (STAT) pathway has been demon-
strated in clinical studies in which the JAK
inhibitor tofacitinib relieved symptoms of itch
and pain [26, 27].

Tofacitinib is an oral JAK inhibitor approved
for the treatment of PsA. In patients with PsA,

the efficacy and safety of tofacitinib 5 and
10 mg twice daily (BID), in combination with a
conventional synthetic disease-modifying anti-
rheumatic drug (csDMARD), have been descri-
bed in two phase 3, randomized, placebo-
controlled, double-blind trials of wup to
12 months (OPAL Beyond and OPAL Broaden)
[28, 29] and in an open-label, long-term exten-
sion study of up to 48 months (OPAL Balance)
[30]. Tofacitinib has been associated with
greater improvements from baseline in pain
Visual Analog Scale (VAS) score, starting at week
2 (the first post-baseline assessment), and a
higher proportion of patients achieved greater
than or equal to minimum clinically important
differences in pain, compared with placebo
[31-33].

This post hoc analysis used mediation mod-
eling to identify and quantify the role of
inflammation-associated mediators, including
patient-reported itch, C-reactive protein (CRP)
levels, swollen joint count (§JC), Psoriasis Area
and Severity Index (PASI), and enthesitis, in
pain reduction in patients with PsA treated with
tofacitinib. To our knowledge, this is one of the
first studies to use mediation modeling to
investigate the relationship between pain and
inflammation in patients with PsA.

METHODS

Study Design and Patients

This analysis included data collected from two
randomized, placebo-controlled, double-blind,
phase 3 studies of patients with active PsA.
OPAL Broaden (12 months’ duration,
NCT01877668) enrolled patients who had an
inadequate response (IR) to > 1 ¢csDMARD and
who were tumor necrosis factor inhibitor
(TNFi)-naive [28]. Patients were randomized to
receive tofacitinib 5 mg BID, tofacitinib 10 mg
BID, adalimumab 40 mg subcutaneous once
every 2 weeks (active control arm), or placebo
advancing to tofacitinib 5 or 10mg BID at
month 3 [28]. OPAL Beyond (6 months’ dura-
tion, NCT01882439) enrolled patients who had
an IR to > 1 TNFi [29]. Patients were random-
ized to receive tofacitinib 5 mg BID, tofacitinib
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10 mg BID, or placebo advancing to tofacitinib
5 or 10 mg BID at Month 3 [29]. All patients
continued on a stable dose of a single csDMARD
[28, 29]. The current analysis focuses on those
patients treated with tofacitinib 5 mg BID (the
approved dose for PsA) and placebo. Patients
treated with tofacitinib 10 mg BID or with
adalimumab were not included in the analysis.

Both studies were conducted in accordance
with the International Conference on Harmo-
nization Good Clinical Practice guidelines and
the principles of the Declaration of Helsinki,
and they were approved by the relevant insti-
tutional review board or independent ethics
committee at each investigational site [28, 29].
All patients provided written informed consent.
No further ethical approval was required for this
post hoc analysis in accordance with the poli-
cies of our institutions.

Pain and Mediators of Inflammation

Pain was evaluated using the Patient’s Assess-
ment of Arthritis Pain, a VAS ranging from 0 to
100 mm, where higher values indicate more
severe patient pain. Inflammation-associated
mediators selected for this model were as fol-
lows: patient-reported Itch Severity Item (ISI;
scores ranging from O to 10, with higher scores
indicating more severe itching); CRP levels; SJC
(out of 66 joints); PASI (scores ranging from O to
72, with higher scores indicating more severe
disease); enthesitis, measured by Leeds Enthe-
sitis Index (LEI; scores ranging from O to 6, with
higher scores indicating more affected sites) or
Spondyloarthritis Research Consortium of
Canada Enthesitis Index (SPARCC; scores rang-
ing from O to 16, with higher scores indicating
more affected sites).

Initial Mediation Model

Mediation modeling is a statistical methodol-
ogy that seeks to explain mechanisms underly-
ing an observed relationship between
independent and dependent variables via other
explanatory variables, termed mediators [34].
The objective of mediation modeling is to
determine the extent to which the effect of an

independent variable (e.g., tofacitinib relative
to placebo) on a dependent variable (e.g., pain)
is indirect, via identified mediators, or direct,
which captures all other effects [34].

Analyses were performed to model data
pooled from the TNFi-naive and TNFi-IR patient
populations from OPAL Broaden and OPAL
Beyond, respectively. In the initial mediation
model, treatment (tofacitinib 5 mg BID versus
placebo) was defined as the independent binary
variable; pain (VAS score) was defined as the
dependent variable, and inflammation (ISI,
CRP, SJC, PASI, and enthesitis [LEI]) was defined
as the mediator (Fig. 1). Pain, ISI, CRP, SJC,
PASI, and LEI scores used in the model were
means of all available data, at patient level,
from months 1 and 3 in OPAL Beyond and
OPAL Broaden.

In the initial model, the effect of tofacitinib
treatment on pain, which was mediated via
inflammation (ISI, CRP, SJC, PASI, and LEI), was
designated as an indirect effect, and treatment
effect on pain not mediated by ISI, CRP, SJC,
PASI, and LEI (i.e., the impact of all other fac-
tors) was designated as a direct effect. The total
effect of treatment on pain was the sum of the
indirect and direct effects (Fig. 1). Based on the
results of the initial model, the mediation
model can be respecified to resolve any incon-
sistencies that occur.

RESULTS

Patients

Of 474 patients treated with tofacitinib 5 mg
BID and placebo in OPAL Broaden and OPAL
Beyond, the initial model included data from
329 (69.4%) patients who had data on all out-
comes used in the modeling. Demographics and
baseline disease characteristics were similar
across treatment groups for the individual
studies and have been presented in full else-
where [28, 29]; baseline values for the mediators
included in the model are shown in Table S1 in
the electronic Supplementary Material.
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(C-reactive protein)
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Treatment "] (Leeds Enthesitis Index) e Pain
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(Psoriasis Area and
Severity Index)
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ISl
(Itch Severity Item)
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Fig. 1 Initial mediation model. Treatment (variable
“Treatment”) is represented by a binary variable (tofaci-
tinib 5 mg BID versus placebo). Pain (variable “Pain”) was
measured by Patient’s Assessment of Arthritis Pain (VAS).
Inflammation was measured by ISI (variable “ISI”), CRP
(variable “CRP”), SJC (variable “SJC”), PASI (variable
“PASI’), and enthesitis (measured by LEI [variable “LEI’]).
Variables e_pain, e_crp, e_sjc, e_lei, ¢_pasi, and e_isi
represent error terms. Curved two-headed arrows between
error terms represent covariances. Curved two-headed
arrows pointing to the same variable represent variance.
BID twice daily, CRP C-reactive protein, ISI Itch Severity
Item, LEI Leeds Enthesitis Index, PASI Psoriasis Area and
Severity Index, §JC swollen joint count (out of 66 joints),
VAS Visual Analog Scale

Initial Mediation Model

In the analyses of pooled data from OPAL
Broaden (TNFi-naive patients) and OPAL
Beyond (TNFi-IR patients), the proportion of
the direct effect of tofacitinib treatment on pain
was 16.0% (P =0.5274; Fig.2). The model
demonstrates that tofacitinib predominantly
mediates pain indirectly via ISI, CRP, SJC, PASI,

and enthesitis (LEI) (overall 84.0%; P = 0.0009).
The largest indirect effect of the treatment on
pain was via ISI (64.4%; P = 0.0035). The indi-
rect effects of the treatment on pain via SJC
(<0.1%; P=0.9929), LEI (9.5%; P = 0.2220),
and PASI (— 14.4%; P = 0.0979) were not sig-
nificant. The negative estimate for PASI, while
not significant, suggests that worsening of the
PASI score leads to improvement in pain; thus,
keeping PASI as a mediator may therefore lead
to a mis-specified model. Correlations between
variables included in this model are displayed in
Table S2 in the electronic Supplementary
Material.

Respecified Mediation Model

The initial mediation model was respecified to
exclude the path via SJC due to its numerically
negligible value, and the path via PASI, which
was contradictory (Fig. 3). The independent and
dependent variables remained the same as in
the initial model.

Fewer mediators were included in the
respecified model (ISI, CRP, and enthesitis)
compared with the initial model and, as a result,
more patients had available data for all media-
tors and were able to be included in this model.
As such, 468 (98.7%) of the 474 patients who
received tofacitinib 5 mg BID and placebo in
OPAL Broaden and OPAL Beyond were inclu-
ded. In the respecified model, 29.5%
(P =0.0579) of the effect of tofacitinib on pain
was a result of the direct effect, and 70.5%
(P < 0.0001) was attributable to the indirect
effect (Fig.4). The largest indirect effect of
tofacitinib treatment on pain was mediated by
ISI (37.4%; P = 0.0002), followed by enthesitis
represented by LEI (17.8%; P =0.0157), and
CRP (15.3%; P =0.0107) (Fig.4). LEI and
SPARCC are highly correlated (Pearson correla-
tion coefficient r = 0.89 [P < 0.0001]). Thus, the
respecified model was also assessed using
SPARCC as the measure of enthesitis in a sen-
sitivity analysis and yielded results that were
consistent with when LEI was used as the mea-
sure of enthesitis.
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Direct path: ‘

= F CRP
16.0% (P - 05274) ‘ 8, (C-reactive protein)
SJC
(Swollen joint count)
Treatment )
. LEl---.
(Leeds Enthesitis Index)
PASI
(Psoriasis Area and
Severity Index)
Overall indirect path ‘
via all mediators:
840% (P = 00009) ‘ (Itch Severity Item)

Fig. 2 Mediation effects in the initial model: indirect and
direct effects of tofacitinib treatment on pain in patients
pooled from OPAL Broaden and OPAL Beyond. Treat-
ment (variable “Treatment’) is represented by a binary
variable (tofacitinib 5 mg BID versus placebo). Pain
(variable “Pain”) was measured by Patient’s Assessment of
Arthritis Pain (VAS). Inflammation was measured by ISI
(variable “ISI”), CRP (variable “CRP”), SJC (variable

DISCUSSION

This analysis aimed to identify and quantify the
role of inflammation in the effect of tofacitinib
treatment on reducing pain in patients with
PsA. Using mediation modeling, inflammation
was identified as a significant mediator of the
overall treatment effect on pain in tofacitinib-
treated patients with PsA. The initial mediation
model was respecified to exclude the path via
SJC, which was numerically negligible, and the
path via PASI, which was contradictory. The
very small correlation between PASI and pain
(r = 0.11) could have contributed to this illogi-
cal result. In the final respecified mediation
model of pooled data from OPAL Broaden and
OPAL Beyond, the majority of the treatment
effect (70.5%) of tofacitinib on pain was col-
lectively mediated by itch, CRP, and enthesitis,

Indirect path via CRP:
24.4% (P = 0.0246)

Indirect path via SJC:
0.05% (P = 0.9929)

Pain

Indirect path via LEI:
9.5% (P = 0.2220)

Indirect path via PASI:
-14.4% (P = 0.0979)

Indirect path via ISI:
64.4% (P = 0.0035)

‘SJC”), PASI (variable “PASI”), and enthesitis (measured
by LEI [variable “LEI’]) at months 1 and 3. BID twice
daily, CRP C-reactive protein, ISI Itch Severity Item, LEI
Leeds Enthesitis Index, PASI Psoriasis Area and Severity
Index, SJC swollen joint count (out of 66 joints),
VAS Visual Analog Scale

with itch, as measured by ISI, identified as the
main mediator of treatment effect (37.4%).
The JAK/STAT signaling cascade has been
implicated as a fundamental transduction
pathway, directly modulating the nociceptive
response in spondyloarthritides via release of
pro- and anti-inflammatory cytokines [35, 36].
In PsA, pro-inflammatory cytokines are released
into the synovium and within the epidermis
through activation of the JAK/STAT pathway
and the STAT-dependent interleukin (IL)-23/IL-
17 axis [36, 37]. Evidence from models of
inflammatory arthritis suggests that these pro-
inflammatory cytokines stimulate nociceptive
sensory nerve fibers in the periphery and elicit a
pain response [36-38]. The IL-23/IL-17 axis has
been firmly implicated in the pathogenesis of
PsA, and dysregulation of this signaling cascade
is believed to promote the painful
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(C-reactive protein)
Treatment @ Pain
R

(Leeds Enthesitis Index))
N

ISI
(Itch Severity Item)

e_isi

Fig. 3 Respecified mediation model. Treatment (variable
“Treatment”) is represented by a binary variable (tofaci-
tinib 5 mg BID versus placebo). Pain (variable “Pain”) was
measured by Patient’s Assessment of Arthritis Pain (VAS).
Inflammation was measured by ISI (variable “ISI”), CRP
(variable “CRP”), and enthesitis (measured by LEI [variable
‘LEI’]). Variables ¢_pain, e_isi e_crp, and e_lei represent
error terms. Curved two-headed arrows between error terms
represent covariances. Curved two-headed arrows pointing
to the same variable represent variance. ID twice daily,
CRP C-reactive protein, ISI Itch Severity Item, LEI Leeds
Enthesitis Index, VA4S Visual Analog Scale

rheumatologic and dermatologic symptoms
reported by patients [39-42]. Indeed, increased
systemic expression of IL-23 has been hypoth-
esized to drive significant entheseal inflamma-
tion in peripheral and axial locations via the
local upregulation of the cytokines IL-17, IL-6,
and IL-22 [40]. Additionally, IL-23 drives the
psoriatic skin phenotype by activating the
release of inflammatory T-cells, IL-17, IL-22,
and TNFa, which promotes the activation and
proliferation of keratinocytes [38, 42] and is
believed to be associated with the sensation of
itch on the affected skin [24, 43]. Interestingly,
a study investigating the molecular mecha-
nisms underlying tofacitinib efficacy in patients
with psoriasis reported that treatment with
tofacitinib promoted robust attenuation of JAK/
STAT signaling in keratinocytes on day1,
resulting in reductions in keratinocyte prolifer-
ation, elimination of pro-inflammatory

keratinocyte cytokine signaling, and inhibition
of the IL-23/IL-17 pathway by week 4 [38].
These data are consistent with the results of the
current study, which suggests that tofacitinib
mediates its effect on pain via itch in patients
with PsA. Correspondingly, the data presented
here also identified a mediation effect by
enthesitis, as measured by LEI and SPARCC.
While there are few studies describing the
mechanism of action of tofacitinib on enthesi-
tis, it is likely that tofacitinib ameliorates pain
via reductions in enthesitis-associated inflam-
matory nociceptive pain, mediated by reduc-
tions in local IL-23/IL-17 signaling, as
previously discussed [40]. However, it should be
noted that while IL-23 signals via the pairing of
JAK2/tyrosine kinase 2 [42], the inhibitory
effects of tofacitinib are thought to be pre-
dominantly through JAK1 and JAK3 [38]. Fur-
ther research is required to understand whether
clinical benefits of tofacitinib are a consequence
of direct inhibition of the IL-23/IL-17 pathway
or whether such modulation is downstream of
other cytokines directly inhibited by tofacitinib.

This study identified itch as the main medi-
ator of pain in patients receiving tofacitinib,
suggesting that itch may be a key mediator of
pain in patients with PsA. Although itch and
pain appear to be independent sensations, evi-
dence suggests that their neural mechanisms
are linked and that they may share certain
mediators and receptors [44]. Though the neu-
robiological relationship between itch and pain
remains incompletely understood, investiga-
tions examining the molecular pathways regu-
lating psoriatic dermatologic manifestations
have suggested that dysfunctional nociceptive
neurons may promote itch, discomfort, and
hyperalgesia in patients with psoriasis [45].
Indeed, patients with psoriasis demonstrate
enhanced pain sensitivity to pressure, cold, and
heat in itchy skin, compared with unaffected
skin or healthy individuals [45-47], suggesting
that alterations in signal transmission by noci-
ceptive neurons may promote hyperalgesia.
Correspondingly, psoriatic skin displays an
overexpression of thermosensitive transient
receptor potential (TRP) channels [43], with
TRPV1 playing an essential role in transduction
inflammation, as well as having a role in itch
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Indirect path via CRP:
15.3% (P = 0.0107)

Pain

Direct path:
29.5% (P = 0.0579) CRP
(C-reactive protein)
LEI
Treatment b (Leeds Enthesitis Index)
ISI
. . (Itch Severity Item)
Overall indirect path

via all mediators:
70.5% (P < 0.0001)

Fig. 4 Mediation effects in the respecified model: indirect
and direct effects of tofacitinib treatment on pain in
patients pooled from OPAL Broaden and OPAL Beyond.
Treatment (variable “Treatment”) is represented by a
binary variable (tofacitinib 5 mg BID versus placebo). Pain
(variable “Pain”) was measured by Patient’s Assessment of

[43, 48]; pharmacologic ablation of this channel
ameliorates inflammation [48]. Interestingly,
the upregulation of TRPV1 receptors on sensory
neurons appears to be dependent on activation
of the JAK/STAT signaling cascade [49, 50].
Thus, consistent with the results of this study, it
appears that the JAK/STAT pathway may be a
common modulator regulating both itch and
pain in patients with PsA. On the other hand, it
may be that some component of the pathway
between itch and pain is occurring through
central sensitization in patients with generally
increased symptom burden [11, 12]. Treatment
of components of pain or swelling may likewise
improve the patient’s overall well-being and
symptom burden.

While the molecular mediators governing
the relationship between itch and pain require
further investigation, studies have begun to
examine the impact of itch on patient-reported
outcomes in those with psoriasis. Emerging
evidence has indicated that the Dermatology
Life Quality Index (DLQI) is strongly and sig-
nificantly correlated with ISI in patients with
psoriasis [27]. Additionally, phase 3 studies
investigating the efficacy of tofacitinib in
patients with moderate to severe plaque

Indirect path via LEI:
17.8% (P = 0.0157)

Indirect path via ISI:
37.4% (P = 0.0002)

Arthritis Pain (VAS). Inflammation was measured by ISI
(variable “ISI”), CRP (variable “CRP”), and enthesitis
(measured by LEI [variable “LEI’]) at months 1 and 3.
BID twice daily, CRP C-reactive protein, ISI Itch Severity
Item, LEI Leeds Enthesitis Index, VA4S Visual Analog Scale

psoriasis have reported rapid (as early as day 2 of
treatment) [26] and clinically meaningful
improvements (based on change from baseline
in ISI score exceeding the clinically important
difference determined in the study) in itch with
tofacitinib [27], which were associated with a
greater proportion of patients achieving
improvements in DLQI scores [26]. Therefore,
therapies targeting psoriatic skin manifestations
to attenuate itch may improve patient quality
of life by reducing pain and itch-related dis-
comfort. This highlights the importance of
assessing these symptoms in clinical practice
and selecting treatment accordingly.

This investigation primarily assessed the
impact of tofacitinib treatment on inflamma-
tory nociceptive pain in patients with PsA;
however, nociplastic and neuropathic pain
present as additional key clinical manifestations
of PsA [7, 19], requiring thorough consideration
for appropriate pain relief. Although pain is
associated with some disease activity metrics,
patient-reported pain does not necessarily cor-
relate well with measures of inflammation [9],
and clinically significant pain has been reported
to persist despite low disease activity scores in
patients with PsA [51]. Mental and emotional
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factors may also contribute to pain; indeed,
depression has been observed to have a small
bidirectional relationship with pain in patients
with PsA. This means that although depression
may sometimes develop as a consequence of
pain, it could also increase sensitivity to pain
and lower pain threshold [52].

This analysis had some limitations, pre-
dominantly the sole use of ISI, PASI, LEI,
SPARCC, CRP, and SJC to define inflammation.
Using other inflammatory markers may yield
different results and indicate that different
proportions of the tofacitinib treatment effect
are attributable to improvements in inflamma-
tion. Incorporating additional metrics of
inflammation, as well as noninflammatory
mediators in future models may help to better
characterize the pathways of PsA-associated
pain, although it should be noted that there are
few robust metrics of inflammation in PsA. In
addition, testing the model using alternative
therapies would provide insight into whether
inflammatory mediators demonstrate the same
proportion of the effect on pain regardless of
treatment, or whether mediator effects vary by
the pharmacotherapy mechanism of action.
Such insights may have implications for disease
management, challenging the treat-to-target
concept, which assumes that the generic fea-
tures of inflammation will respond similarly to
different treatments that result in comparable
improvements in composite scores of disease
activity, irrespective of mechanisms of action.
Furthermore, while our conclusions are based
on the assumptions that our mediation model is
correctly specified, it should be emphasized that
mediation models in general, like other tech-
niques, cannot prove causation, but rather are
hypothesis generating. Correspondingly, the
purpose of our mediation modeling was to
determine whether our hypothesized causal
inferences were harmonious with the data, and
to confirm that the validity of the assumptions
was not contradicted.

CONCLUSIONS

In conclusion, these results suggest that
inflammation may be a significant mediator of

the overall effect of tofacitinib on pain relief in
patients with PsA. The majority of the effect of
tofacitinib on pain was collectively mediated by
itch, CRP, and enthesitis, with itch being the
primary mediator of treatment effect. Other
potential mediators need to be identified to
better understand the treatment effect of
tofacitinib on pain.
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