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ABSTRACT

Introduction: The aim of our work is to assess
the prevalence of probable major depressive
disorder and/or probable generalized anxiety
disorder (pMDD/pGAD) in patients with mod-
erate to severe rheumatoid arthritis (RA), and to
evaluate the efficacy of tofacitinib on RA
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symptoms stratified by baseline pMDD/pGAD
status.

Methods: Data were pooled from five phase 3
randomized controlled trials (RCTs) and one
phase 3b/4 RCT, assessing tofacitinib 5 or 10 mg
twice daily (BID), adalimumab (two RCTs), or
placebo. pMDD/pGAD was defined as Short
Form-36 Health Survey (SF-36) Mental Compo-
nent Summary (MCS) score < 38. Efficacy out-
comes over 12 months included least squares
mean change from baseline in SF-36 MCS score
and Health Assessment Questionnaire-Disabil-
ity Index, proportions of patients with pMDD/
pGAD in those with baseline pMDD/pGAD, and
American College of Rheumatology 20/50/70
response, and Disease Activity Score in 28
joints, erythrocyte sedimentation rate remission
(< 2.6) rates.

Results: A total of 4404 patients with non-
missing baseline values were included. Baseline
pMDD/pGAD was reported by 44.5%, 39.8%,
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45.4%, and 39.1% of patients receiving tofaci-
tinib 5 mg BID, tofacitinib 10 mg BID, adali-
mumab, and placebo, respectively. SF-36 MCS
improvements were greater for tofacitinib ver-
sus adalimumab/placebo through month 6,
with numerical improvements for tofacitinib
versus adalimumab sustained through month
12, when the proportions of patients with
baseline pMDD/pGAD who continued to have
pMDD/pGAD were reduced. RA efficacy out-
comes were generally similar in patients with/
without baseline pMDD/pGAD.

Conclusions: The percentage of patients with
pMDD/pGAD reduced from baseline over 1 year
of treatment with tofacitinib or adalimumab.
Effective treatment of underlying RA may lead
to improvements in depression and anxiety,
based on the SF-36 MCS. Specially designed
studies using gold-standard diagnostic tools
would be warranted to investigate this further.
Video Abstract available for this article.

Trial Registration: NCT00960440, NCT00847
613, NCT00814307, NCT00856544, NCTO008
53385, NCT02187055.

PLAIN LANGUAGE SUMMARY

Tofacitinib is a medicine used to treat rheuma-
toid arthritis (swollen and painful joints). A total
of 4400 patients with moderate or severe
rheumatoid arthritis who were taking part in
tofacitinib clinical trials completed a survey
about their general health and well-being at that
time. We used their answers to determine whe-
ther they were likely to have depression or anxi-
ety. We then looked at how common depression
or anxiety was in patients with rheumatoid
arthritis, and whether having depression or
anxiety affected how patients responded to
tofacitinib treatment. It is important to note that
tofacitinib is not approved for the treatment of
depression or anxiety, and these clinical trials
were not designed to assess whether tofacitinib
improved depression or anxiety symptoms.
About 40% of patients likely had depression or
anxiety when they started a clinical trial. This
percentage decreased among patients who
received tofacitinib treatment over a year.

Patients treated with tofacitinib showed more
improvement in their depression or anxiety than
those treated with placebo. Over a year of treat-
ment, tofacitinib improved signs and symptoms
of rheumatoid arthritis, for example, the number
of swollen or painful joints and fatigue. Having
depression or anxiety did not change the way
that patients responded to tofacitinib. This
research shows how treating rheumatoid arthri-
tis symptoms may also improve depression and
anxiety symptoms. However, specially designed
studies are needed to confirm this.

Keywords: Anxiety; JAK inhibitor; Rheumatoid
arthritis; Tofacitinib

Key Summary Points

Why carry out this study?

Depression and rheumatoid arthritis (RA)
have a complex bidirectional relationship,
and the prevalence of depression is higher
among patients with RA than in the
general population.

We assessed the prevalence of probable
major depressive disorder and/or probable
generalized anxiety disorder (pMDD/
pGAD) in patients with moderate-to-
severe RA who participated in six clinical
trials of tofacitinib, and evaluated the
efficacy of tofacitinib on RA symptoms by
baseline pMDD/pGAD status.

What was learned from the study?

The percentage of patients with pMDD/
pGAD reduced from baseline over 1 year
of treatment with tofacitinib, and RA
efficacy outcomes were generally similar
in patients with/without baseline pMDD/
pGAD.

These findings suggest that effective
treatment of underlying RA may lead to
improvements in depression and anxiety;
specially designed studies using gold-
standard diagnostic tools would be
warranted to investigate this further.
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DIGITAL FEATURES

This article is published with digital features,
including a video abstract, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.24250543.

INTRODUCTION

The prevalence of depression in patients with
rheumatoid arthritis (RA) is estimated to range
from 17% [1, 2] to 55% [3], which is notably
higher than the global prevalence of 5% repor-
ted in the general population [4]. Moreover, the
prevalence of concomitant anxiety in patients
with RA and depression is also high at approx-
imately 22% [5], although levels of anxiety may
vary across the RA disease course [6].

Depression and RA have a complex bidirec-
tional relationship [7-9]. Reasons for the high
prevalence of depression in RA may reflect the
chronic nature of the disease, as well as the
negative effect of pain and fatigue on patients’
functioning [8]. Furthermore, an association
between the severity of depression and disease
activity has also been reported [8]. Indeed, the
presence of depression and anxiety in patients
with RA can lead to worsening of disease activ-
ity, with an increased risk of disease flares and a
reduced likelihood of remission [7, 10]. Impor-
tantly, the presence of depression in patients
with RA contributes to worsened medication
adherence, quality of life, and functional
capacity [8, 11-14].

The mechanisms underlying the association
between depression and RA are not fully
understood; however, there are common
pathophysiologic features present in both dis-
eases [15]. For example, elevated levels of pro-
inflammatory cytokines, including interleukin-
6, interleukin-17, and tumor necrosis factor
(TNF)-alpha, are involved in the pathophysiol-
ogy of RA and may be associated with depressive
symptoms in patients with RA [8, 16]. The
activation of intracellular signaling mecha-
nisms by pro-inflammatory mediators may

provide a link between immune-related diseases
and mood disorders [9].

Several methods are available to diagnose
depression, including the Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM),
which is the gold-standard diagnostic tool, and
patient-reported outcomes [2]. One such
patient-reported outcome is the Short Form-36
Health Survey (SF-36) that assesses general
health status and wellbeing. Although not val-
idated against the gold-standard DSM, a
threshold score of < 38 in the SF-36 Mental
Component Summary (MCS) score has been
used as an identifier of probable major depres-
sive disorder (pMDD) and/or probable general-
ized anxiety disorder (pGAD), hereafter referred
to as pMDD/pGAD, in patients with RA [17].

Tofacitinib is an oral Janus kinase (JAK)
inhibitor for the treatment of RA. To date, evi-
dence for the impact of tofacitinib on depres-
sion and anxiety in patients with RA is limited.
This post hoc analysis, therefore, assessed the
prevalence of pMDD/pGAD in clinical trials of
tofacitinib 5 and 10 mg twice daily (BID) in
patients with moderate to severe RA using an
SF-36 MCS score < 38 to define the presence of
pMDD/pGAD, and evaluated the efficacy of
tofacitinib stratified by baseline pMDD/pGAD
status.

METHODS

Study Design and Patients

This was a post hoc analysis of pooled data from
five phase 3 randomized controlled trials (RCTs)
[ORAL Step (NCT00960440), ORAL Scan
(NCT00847613), ORAL Solo (NCT00814307),
ORAL Sync (NCT00856544), and ORAL Stan-
dard (NCT00853385)], and one phase 3b/4 RCT
[ORAL Strategy (NCT021870535)]. Patients with
RA were treated with tofacitinib 5 or 10 mg BID,
adalimumab 40 mg once every 2 weeks [only in
ORAL Standard (adalimumab included as active
comparator; study not designed for non-inferi-
ority or superiority comparisons between
tofacitinib and adalimumab) and ORAL Strategy
(adalimumab included as active control)], or
placebo. All treatments were taken in
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combination with conventional synthetic dis-
ease-modifying antirheumatic drugs (DMARDs)
(with the exception of ORAL Solo and one arm
in ORAL Strategy), specifically methotrexate in
ORAL Scan, ORAL Standard, ORAL Step, and
ORAL Strategy.

Full details of each study have been pub-
lished previously [18-23] and are summarized
in Table S1 in the electronic supplementary
material. Briefly, eligible patients were
aged > 18 years with a diagnosis of active
moderate to severe RA, according to the Amer-
ican College of Rheumatology (ACR) 1987
Revised Criteria [24]. Patients had a prior inad-
equate response to a TNF inhibitor (TNFi)
(ORAL Step), methotrexate (ORAL Scan, ORAL
Standard, and ORAL Strategy), or > 1 conven-
tional synthetic DMARD or biologic DMARD
(ORAL Solo and ORAL Sync).

All studies were conducted in accordance
with the Declaration of Helsinki and Interna-
tional Council for Harmonisation Guidelines
for Good Clinical Practice, and were approved
by the institutional review board and/or inde-
pendent ethics committee for each study cen-
ter. All patients provided written informed
consent. No further ethical approval was
required for this post hoc analysis in accordance
with the policies of our institutions.

Assessments

Patients with a non-missing baseline SF-36 MCS
score were included in this post hoc analysis. A
threshold of < 38 in SF-36 MCS score was used
to define the presence of pMDD/pGAD in these
patients.

Demographic and baseline disease charac-
teristics were stratified by baseline pMDD/pGAD
status. The following outcomes were reported
for each treatment group at months 3, 6, 9, and
12: change from baseline in SF-36 MCS score
and the percentage of patients with pMDD/
pPGAD (SF-36 MCS score < 38) over time, in
those with baseline pMDD/pGAD. ACR 20/50/
70 response rates (the proportion of patients
with 20/50/70% improvement in ACR criteria),
Disease Activity Score in 28 joints, ESR [DAS28-
4(ESR)] remission rates (< 2.6), and change from

baseline in Health Assessment Questionnaire-
Disability Index (HAQ-DI), Functional Assess-
ment of Chronic Illness Therapy-Fatigue
(FACIT-F), and Pain [visual analog scale (VAS)]
were estimated at months 3, 6, and 12, and
compared within treatment groups by baseline
pMDD/pGAD status.

Statistical Analyses

Demographic and baseline characteristics data
were analyzed descriptively. Binary endpoints
were assessed using logistic regression models fit
by month, with fixed effects of treatment (in-
cluding adalimumab and placebo), baseline
pMDD/pGAD status (SF-36 MCS score < 38
or > 38), treatment-by-baseline-status interac-
tion, study (ORAL Scan, ORAL Solo, ORAL Sync,
ORAL Standard, ORAL Step, and ORAL Strat-
egy), geographic region (USA, Canada/Europe,
Latin America, and other), and anti-depressant/
anti-anxiety medication use (yes or no) on day
1. Missing responses were imputed as failures
but only for the duration of the contributing
study (e.g., 6 months for ORAL Solo). Odds
ratios, 95% confidence intervals (Cls), and
p values were calculated.

Continuous endpoints were analyzed using a
longitudinal mixed-effects linear model, apply-
ing the same effects as the logistic regression
model, with month as the main effect, and two-
and three-way interactions involving month,
treatment, and baseline status; also included as
an effect was baseline value of the dependent
variable. Compound symmetry was used to
model covariance. Missing data due to ‘missing
at random’ were implicitly imputed by this
modeling approach. Least squares (LS) mean
changes from baseline, 95% ClIs, and p values
were calculated.

For both binary- and continuous-endpoint
models, for those patients randomized to
receive placebo who may have advanced to
tofacitinib after month 3, only true placebo
observations were included. For the continuous-
endpoint models, all visits that a patient
achieved were otherwise included.
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There was no correction for multiple com-
parisons; p values are therefore descriptive, with
p < 0.05 noted as significant.

RESULTS

Patients

In total, 4404 patients were included in this
post hoc analysis; of these, 1953, 1198, 581, and
672 patients received tofacitinib 5 mg BID,
tofacitinib 10 mg BID, adalimumab, and pla-
cebo, respectively (Table 1). The patient popu-
lation was obtained from the full analysis sets of
each study, excluding 12 patients (0.3%) who
had missing SF-36 MCS scores at baseline.
Baseline pMDD/pGAD (SF-36 MCS score < 38)
was reported by 870 (44.5%), 477 (39.8%), 264
(45.4%), and 263 (39.1%) patients receiving
tofacitinib 5mg BID, tofacitinib 10 mg BID,
adalimumab, and placebo, respectively.
Demographics and baseline disease charac-
teristics of patients stratified by baseline pMDD/
pGAD are presented in Table 1. In general,
demographic characteristics were similar across
treatment groups and in patients with versus
without pMDD/pGAD. However, at baseline,
patients with pMDD/pGAD had higher CRP
levels and worse disability (according to HAQ-
DI scores), fatigue (according to FACIT-F scores),
pain [according to Pain (VAS)], and sleep (ac-
cording to Medical Outcomes Study Sleep scale)
than patients without pMDD/pGAD (Table 1).
In general, more patients with pMDD/pGAD
were using anti-depressant or anti-anxiety
medications on day 1 of treatment (Table 1).

Efficacy Outcomes

SE-36 MCS scores increased from baseline over
time to month 12 in all active treatment groups
(Fig. 1). Increases in SF-36 MCS scores were sig-
nificantly greater in patients receiving tofaci-
tinib 5§ and 10 mg BID or adalimumab versus
placebo at month 3 and at month 6 (last pla-
cebo-controlled time point). Improvements in
SF-36 MCS scores from baseline were signifi-
cantly greater with both tofacitinib 5 and 10 mg

BID compared with adalimumab at months 3
and 6, and with tofacitinib 10 mg BID versus
adalimumab at month 9. Change in SF-36 MCS
from baseline was significantly higher with
tofacitinib 10 mg BID versus tofacitinib 5 mg
BID at month 3.

The percentage of patients with baseline
pMDD/pGAD (SF-36 MCS score < 38) who
continued to have pMDD/pGAD was reduced in
all treatment groups over time (Fig.2). The
percentage of patients with pMDD/pGAD was
significantly lower with tofacitinib 5 and 10 mg
BID versus adalimumab at months 3, 6, and 9
(tofacitinib 5 mg BID only at month 9) (Fig. 2).
Odds ratios (95% CI) with tofacitinib 5 mg BID
were 0.64 (0.48-0.85) at month 3, 0.67
(0.50-0.90) at month 6, and 0.62 (0.46-0.83) at
month 9; odds ratios (95% CI) with tofacitinib
10 mg BID were 0.49 (0.35-0.70) at month 3
and 0.61 (0.43-0.86) at month 6. The propor-
tion of patients with pMDD/pGAD in the
tofacitinib 5 mg BID (48.4%) and 10 mg BID
(42.0%) groups was significantly lower versus
placebo (62.4%) at month 3 [odds ratio (95%
CI) 0.56 (0.42-0.76) and 0.44 (0.32-0.60),
respectively; both p < 0.05].

ACR20/50/70 responses were generally simi-
lar between active treatment groups at each
time point and within treatment groups
through month 12, irrespective of baseline
pMDD/pGAD status (SF-36 MCS score < 38
or > 38, respectively) (Fig. 3a-c). At month 3,
rates of DAS28-4(ESR) remission (< 2.6) by
baseline pMDD/pGAD status were similar
within each treatment group regardless of
pMDD/pGAD status (Fig. 4a). DAS28-4(ESR)
remission rates were significantly greater in
patients without versus with baseline pMDD/
pGAD at month 6 with tofacitinib 5 mg BID
(p <0.05) and at month 12 with tofacitinib
Smg BID (p <0.01), tofacitinib 10 mg BID
(p < 0.05), and adalimumab (p < 0.01) (Fig. 4a).
LS mean change from baseline in HAQ-DI was
generally similar regardless of baseline pMDD/
pGAD status in patients receiving tofacitinib 5
and 10mg BID and adalimumab through
month 12; however, adalimumab treatment
demonstrated significant improvements in
HAQ-DI in patients without versus with base-
line pMDD/pGAD at month 6 (p < 0.05)
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Fig. 1 Change from baseline in SF-36 MCS scores to
month 12. *p < 0.05 versus placebo; 'p < 0.05 versus
adalimumab; Ip < 0.05 versus tofacitinib 5 mg BID in
difference in LS mean. Data were pooled from five phase 3
RCTs and one phase 3b/4 RCT of tofacitinib in
rheumatoid arthritis. Patients receiving placebo advanced
to tofacitinib 5 or 10 mg BID at month 3 or month 6.

(Fig. 4b). At month 3, all treatments were asso-
ciated with significantly greater LS mean chan-
ges in FACIT-F scores in patients without versus
with baseline pMDD/pGAD, a trend that was
also observed at month 6 in the tofacitinib
10 mg BID, adalimumab, and placebo arms, and
at month 12 for adalimumab (Fig. 4c). Similarly,
in all treatment arms, patients without versus
with baseline pMDD/pGAD demonstrated sig-
nificant improvements in Pain (VAS) scores at
month 3; an effect that was also evident at
month 6 for tofacitinib 5 mg BID and adali-
mumab, and at month 12 for tofacitinib 10 mg
BID and adalimumab (Fig. 4d).

DISCUSSION

This post hoc analysis of pooled data from five
phase RCTs and one phase 3b/4 RCT assessed
the prevalence of pMDD/pGAD among patients
with moderate to severe RA receiving tofacitinib
and assessed the efficacy of tofacitinib on RA

Higher SF-36 MCS scores represent better mental health.
A change from baseline, BID twice daily, LS least squares,
MCS Mental Component Summary, N number of
evaluable patients, Q2% once every 2 weeks, RCT
randomized controlled trial, SF-36 Short Form-36 Health

Survey

outcomes in patients stratified by pMDD/pGAD
based on SF-36 MCS score.

In this study, we considered a SF-36 MCS
score < 38 to indicate the presence of pMDD/
pGAD. This cut-off value has previously been
found to have 87.5% sensitivity, 80.3% speci-
ficity, and 82.8% accuracy to identify either
pMDD or pGAD in patients with RA [17]. Using
this cut-off, 39.1-45.4% of patients in our
analysis had pMDD/pGAD at baseline, which is
consistent with the prevalence of up to 55%
seen in other studies of RA [1-3]. As may be
expected, patients with moderate to severe RA
and pMDD/pGAD had higher CRP levels and
worse disability, fatigue, pain, and sleep at
baseline than patients without pMDD/pGAD.
Our results also demonstrate that through
month 6, improvements or increases in SF-36
MCS scores were greater in patients receiving
tofacitinib 5 and 10 mg BID versus adalimumab
or placebo, with numerical improvements for
tofacitinib  versus adalimumab sustained
through month 12. It is important to note,
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B Tofacitinib 5 mg BID

100 100 1004 100

Patients with SF-36 MCS score < 38 (%), SE

Month 3
870 477 264 263

Baseline
N 870 477 264 263

Fig. 2 Percentage of patients with pMDD/pGAD (SE-36
MCS score < 38) over time, in those with baseline
pMDD/pGAD  (baseline SF-36 MCS score < 38).
?< 0.05 versus placebo; Tp < 0.05 versus adalimumab;
p < 0.05 versus tofacitinib 5 mg BID in odds ratio (not
shown). Data were pooled from five phase 3 RCTs and
one phase 3b/4 RCT of tofacitinib in rheumatoid arthritis.

however, that only two of the six RCTs in the
analysis (ORAL Standard and ORAL Strategy)
included an adalimumab treatment arm, and
neither of these studies were designed for non-
inferiority or superiority comparisons between
tofacitinib and adalimumab for SF-36 MCS as an
outcome measure. Notably, the minimum
clinically important difference in SF-36 MCS is
estimated to be at least 2.5 points [25]; in this
analysis, mean improvements from baseline
exceeded this value at all time points in patients
receiving either dose of tofacitinib (although
they were numerically greater with 10 mg BID
than with 5 mg BID). Furthermore, in patients
receiving tofacitinib, the percentage of patients
with SF-36 MCS scores < 38 (i.e., identified as
having pMDD/pGAD) was consistently reduced
during the treatment period, with an approxi-
mate reduction from baseline of 60% after
month 6 that was similar between doses.

The efficacy of tofacitinib and adalimumab
according to ACR20/50/70 response rates and

B Tofacitinib 10 mg BID

Month 6
870 477 264 76

Adalimumab 40 mg Q2W | Placebo

Month 9
723 341 264

Month 12
723 341 264

Patients receiving placebo advanced to tofacitinib 5 or
10 mg BID at month 3 or month 6. BID twice daily, MCS
Mental Component Summary, N number of evaluable
patients, pGAD probable generalized anxiety disorder,
pMDD probable major depressive disorder, Q27 once
every 2 weeks, RCT randomized controlled trial, SE
standard error, SF-36 Short Form-36 Health Survey

LS mean change from baseline in HAQ-DI was
generally similar in patients with and without
baseline pMDD/pGAD through month 12. Ele-
vated levels of the inflammatory marker ESR
may be associated with the risk of depression in
RA [8], and in our analysis, DAS28-4(ESR)
remission (< 2.6) rates were significantly greater
in patients without versus with baseline pMDD/
pGAD at month 6 for patients receiving tofaci-
tinib 5 mg BID and at month 12 for patients
receiving tofacitinib 5 and 10mg BID and
adalimumab. Compared with those with base-
line pMDD/pGAD, patients without baseline
pMDD/pGAD also demonstrated greater LS
mean changes in FACIT-F and Pain (VAS) scores
through month 12 in the adalimumab treat-
ment arm, and generally through month 6 in
the tofacitinib treatment arms (and up to
month 12 for Pain in the tofacitinib 10 mg BID
arm). This shows the debilitating impact of
comorbid depression or anxiety on two impor-
tant patient-reported parameters in RA. It is
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Month 6 Month 12
1.00 0.83 0.63 0.99 1.15 0.81
(0.78-1.28) (0.58-1.17) (0.36-1.11) (0.80-1.22) (0.86-1.54) (0.57-1.14)
429 417 39.8
329 372 338 343 573 342 68

235

Month 6 Month 12
1.05 0.83 0.73 0.98 0.90 0.89
(0.83-1.33) (0.59-1.16) (0.36-1.48) (0.80-1.20) (0.68-1.20) (0.64-1.25)
224 216 215 238
18.3
123 139 17.5 161 176
55 38

Month 3

OR (95% ClI) 0.91 0.98 1.25 1.24

. 1.00
(0.69-1.18) (0.71-1.35) (0.76-2.04) (0.48-3.19)

(0.79-1.26)

Fig. 3 Comparison of a ACR20, b ACR50, and ¢ ACR70
response rates’ between patients with versus without
baseline pMDD/pGAD (SF-36 MCS score < 38 ver-
sus > 38b) at months 3, 6, and 12, stratified by treatment
group. Data were pooled from five phase 3 RCTs and one
phase 3b/4 RCT of tofacitinib in rheumatoid arthritis.
Patients receiving placebo advanced to tofacitinib 5 or
10 mg BID at month 3 or month 6. *Logistic regression
models were fit by month. The models included fixed
effects of treatment, baseline pMDD/pGAD status, treat-
ment-by-baseline-status  interaction, study, geographic
region, and anti-depressant/anti-anxiety medication use

interesting to note that differences between
patients with versus without pMDD/pGAD in
FACIT-F and Pain (VAS) changes from baseline
were most pronounced for patients in the
adalimumab and placebo treatment groups. The
effects of tofacitinib were comparatively more

Month 6

1.05 0.87 1.46
(0.79-1.39) (0.56-1.35) (0.38-5.62)

Month 12
1.06 0.87 0.89

(0.83-1.34) (0.64-1.20) (0.60-1.33)

on day 1. Missing responses were imputed as failures. For
patients randomized to a placebo sequence in a study
where they may have advanced to tofacitinib post-month
3, only true placebo observations were included in the
model. Bascline pMDD/pGAD was defined by SF-36
MCS score < 38. ACR American College of Rheumatol-
ogy, BID twice daily, MCS Mental Component Summary,
OR odds ratio, pGAD probable generalized anxiety
disorder, pMDD probable major depressive disorder,
Q2 once every 2 weeks, RCT randomized controlled
trial, SF-36 Short Form-36 Health Survey

consistent regardless of pMDD/pGAD status,
with numerically larger improvements gener-
ally, but not uniformly, observed in comparison
with adalimumab in patients with pMDD/
pGAD.
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Elevated levels of pro-inflammatory cytoki-
nes, including interleukin-6, are common to
patients with RA [16] and those with depression
[26]. Peripheral pro-inflammatory cytokines are
able to cross the blood-brain barrier, thereby
activating cerebral inflammatory signaling
pathways [27] and impairing synaptic plasticity
at morphological and functional levels [28].
Tofacitinib has also been shown to penetrate
the blood-brain barrier in mice [29], although
evidence of this occurring in humans is indirect
and limited to a small study of eight patients
with autoimmune encephalitis [30]. It is unli-
kely that adalimumab, as a large protein mole-
cule, would cross the blood-brain barrier [31]. A
potential role for JAK inhibitors such as tofaci-
tinib in the downregulation of central pain
processing pathways may be through the
blockade of interleukin-6 via selective targeting
of the JAK-signal transducer and activator of
transcription (JAK-STAT) signaling pathway
[32, 33]. The JAK-STAT pathway has been
implicated in the modulation of nociception,
which may suggest an additional mechanism
for JAK inhibitors to reduce pain, beyond their
effects on inflammation [34]. Although this
post hoc analysis could not assess mechanism
or causality, it is possible that tofacitinib may
modulate the relationship between the central
nervous system and peripheral inflammation in
patients with RA and neuropsychiatric comor-
bidities [35].

A recent post hoc analysis was conducted to
evaluate the impact of pMDD/pGAD on the
efficacy of tofacitinib 5 and 10mg BID in
patients with psoriatic arthritis, using data from
two phase 3 trials (OPAL Broaden and OPAL
Beyond) [36]. Approximately 46% of patients
with psoriatic arthritis had pMDD/pGAD at
baseline. Consistent with this analysis in
patients with RA, tofacitinib treatment in
patients with psoriatic arthritis was associated
with reductions in pMDD/pGAD from baseline,
although these were only numerically different
from placebo [36]. Furthermore, at month 3,
greater proportions of patients receiving tofaci-
tinib 5 and 10 mg BID generally had improve-
ments in efficacy outcomes, including FACIT-F
and HAQ-DI, regardless of pMDD/pGAD status
[36].

Several other studies have investigated the
association between baseline depression and the
impact of treatment with biologic or targeted
synthetic DMARDs in patients with RA. A non-
interventional study assessing the impact of
tocilizumab on depressive symptoms in patients
with RA during routine daily care demonstrated
improvements in depressive symptoms in
approximately two-thirds of patients; however,
consistent with this analysis, improvements in
disease activity were generally seen regardless of
the presence of baseline depression [37]. A
meta-analysis of RCTs in patients with RA
showed clinically significant improvements
from baseline in mental health (SF-36 MCS
scores) following JAK inhibitor monotherapy,
particularly for tofacitinib, which exceeded
improvements reported with other DMARDs
[38]. Treatment with a TNFi in combination
with methotrexate has also been shown to
improve depressive symptoms in a double-
blind, randomized trial in patients with RA
[39, 40]. In contrast with our analysis, improved
disease activity and functioning was observed in
significantly more patients without than with
baseline depressive symptoms [40].

A limitation of this analysis was that it was
performed post hoc and individual studies were
not designed to compare patients who were
indicative or not indicative of pMDD/pGAD.
Furthermore, the individual RCTs included in
the pooled analysis were not designed to assess
the efficacy of tofacitinib in patients stratified
by pMDD/pGAD status. In addition, patients
included in this analysis were identified as being
at risk for MDD and GAD using SF-36 MCS
scores, rather than through a confirmed clinical
diagnosis. As such, future research is required to
evaluate the correlation between RA and
depression, and to replicate the findings using a
gold-standard psychiatric interview against
which to validate the use of SF-36 MCS
score < 38.

The analysis was also limited by the fact that
a true placebo comparison in this analysis was
only available up to month 3, as patients
receiving placebo who were non-responders
advanced to tofacitinib at month 3, with all
remaining placebo patients advancing at month
6. As such, it is likely that the placebo group at
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«Fig. 4 Comparison of a DAS28-4(ESR)-defined remission
rates”, b change from baseline in HAQ—DIb, c change from
baseline in FACIT-F®, and d change from baseline in Pain
(VAS)® between patients with versus without bascline
pMDD/pGAD (SF-36 MCS score < 38 versus > 38°) at
months 3, 6, and 12, stratified by treatment group.
*» < 0.05 *p <0.01; **p <0001 for patients with
baseline SF-36 MCS score < 38 versus > 38. Data were
pooled from five phase 3 RCTs and one phase 3b/4 RCT
of tofacitinib in rheumatoid arthritis. Patients receiving
placebo advanced to tofacitinib 5 or 10 mg BID at month
3 or month 6. *Logistic regression models were fit by
month. The models included fixed effects of treatment,
baseline pMDD/pGAD status, treatment-by-baseline-sta-
tus interaction, study, geographic, and anti-depressant/
anti-anxiety medication use on day 1. Missing responses
were imputed as failures. For patients randomized to a
placebo sequence in a study where they may have advanced
to tofacitinib post-month 3, only true placebo observations
were included in the model. PA mixed-effects linear model
was fit, applying the same effects as in the logistic
regression models, except the model was longitudinal and
included the effect of month (months 3, 6, and 12) as a
main effect, and two- and three-way interactions involving
month, treatment, and baseline status, along with baseline
value of the dependent variable. Patients were included as a
random effect. Missing data were implicitly imputed by
this modeling approach. “Baseline pMDD/pGAD was
defined by SF-36 MCS score < 38. A change from
baseline, BID twice daily, DAS28-4(ESR) Disease Activity
Score in 28 joints, erythrocyte sedimentation rate, Diff"
difference, FACIT-F Functional Assessment of Chronic
Illness Therapy-Fatigue, HAQ-DI Health Assessment
Questionnaire-Disability Index, LS least squares, MCS
Mental Component Summary, OR odds ratio, pGAD
probable generalized anxiety disorder, pMDD probable
major depressive disorder, Q20 once every 2 weeks, RCT
randomized controlled trial, SF-36 Short Form-36 Health
Survey, VAS visual analog scale

month 6 included patients with improved signs
and symptoms of RA and, therefore, the esti-
mate is likely biased. No correction was made
for multiple comparisons in these analyses;
therefore, the results can only be considered as
indicative and exploratory in nature. Finally,
findings from analyses using clinical trial data
may not be representative of real-world clinical
practice, which may limit the clinical relevance
of these results.

CONCLUSIONS

The results of this analysis demonstrated a high
prevalence of pMDD/pGAD in patients with RA.
The percentage of patients with pMDD/pGAD
consistently reduced from baseline over one
year of treatment with tofacitinib or adali-
mumab. RA efficacy outcomes were generally
similar in patients with/without pMDD/pGAD.
In patients with moderate to severe RA, treat-
ment of the underlying condition may lead to
improvements in depression and anxiety based
on the SF-36 MCS. Specially designed studies
using gold-standard diagnostic tools would be
warranted to investigate this further.
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