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Abstract: Patients with rheumatoid arthritis (RA) may experience residual pain and functional
impairment despite good control of disease activity. This study compared improvements in pain
and physical function in patients with well-controlled RA after 24 weeks’ treatment with baricitinib,
adalimumab or placebo in the 52-week RA-BEAM phase III study. Adults with active RA and
inadequate response to methotrexate received baricitinib 4 mg once daily, adalimumab 40 mg every
two weeks or placebo, with background methotrexate. Patients (N = 1010) were categorised as in
remission, in remission or low disease activity, or not in remission or low disease activity at week 24.
For patients in remission or low disease activity (n = 310), improvements in mean pain and physical
function scores at week 24 were significantly greater with baricitinib than placebo (p < 0.001 and
p < 0.01, respectively) and adalimumab (p < 0.05 for both). For both outcomes, differences between
adalimumab and placebo were not significant. The proportions of patients in remission or low
disease activity with minimal or no pain and with normalised physical function were numerically
greater with baricitinib than placebo. Baricitinib 4 mg once daily provided enhanced improvement in
pain and physical function in patients with well-controlled RA, suggesting it may produce effects
beyond immunomodulation.
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1. Introduction

A major goal in the contemporary treatment of rheumatoid arthritis (RA) is to achieve remission
or low disease activity, with the aim of reducing inflammation to prevent joint damage and physical
disability [1,2]. However, achieving this objective target is not always associated with a corresponding
improvement in disability (Health Assessment Questionnaire (HAQ)) scores and other patient-reported
outcomes (PROs): In a study of the Leiden Early Arthritis Clinic cohort, for example, patients with
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RA were now diagnosed after a shorter duration of symptoms and with less inflammation than they
were 20 years ago, but HAQ results remained stable over this time while PROs worsened [3]. Indeed,
residual pain and functional impairment can persist despite ongoing treatment and can negatively
affect quality of life [4,5]. Control of pain and maintenance of physical function are priorities for
patients with RA [5–9]. Improvement in PROs should, therefore, be considered an important treatment
goal, in addition to reducing inflammation, for improving the health outcomes of such patients [10].

Baricitinib is an oral selective inhibitor of Janus kinase (JAK)1 and JAK2 [11], which are essential
for the intracellular signalling of various cytokines associated with inflammation in RA [12,13]. It is
approved for the treatment of moderately to severely active RA in adults in over 50 countries, including
the USA, Europe and Japan [14–16]. The efficacy and safety of baricitinib as a treatment for RA were
established in four phase III, randomised, double-blind, multicentre studies in patients with active
disease [17–20].

The objective of these post-hoc analyses was to compare improvements in pain, physical function,
fatigue and work productivity/loss between baricitinib, adalimumab and placebo, all given with
background methotrexate, in patients with well-controlled RA (in remission or low disease activity) at
week 24 in RA-BEAM.

2. Materials and Methods

2.1. RA-BEAM Study Design

RA-BEAM (NCT01710358) was a phase III, double-blind, placebo- and active-controlled study in
which patients with active RA were randomised to treatment with baricitinib 4 mg, adalimumab or
placebo in addition to background methotrexate for 52 weeks (24 weeks for placebo). All patients had
an inadequate response to stable doses of methotrexate before study entry. The study design has been
described in detail previously [20]. In brief, 1305 adult patients (aged ≥18 years) with moderately to
severely active RA were randomised and treated with either baricitinib 4 mg once daily (N = 487),
adalimumab 40 mg once every two weeks (N = 330) or once-daily placebo (N = 488) for 52 weeks
(24 weeks for placebo) in addition to stable background methotrexate.

RA-BEAM was conducted in accordance with the ethical principles of the 1964 Declaration of
Helsinki and its later amendments, and Good Clinical Practice guidelines, and was approved by
each centre’s institutional review board or ethics committee. Informed consent was obtained from all
individual participants included in the study.

2.2. Outcomes Relevant to the Post-Hoc Analyses

Pain was assessed throughout the study, including at week 24, using a pain visual analogue
scale (VAS, 0–100 mm), whereas physical function was assessed using the HAQ-Disability Index
(HAQ-DI) [21]. Additional PROs assessed at baseline and week 24 included fatigue, measured using the
Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F) scale [22], and work absenteeism,
presenteeism, productivity loss and activity impairment, measured using the Work Productivity and
Activity Impairment Questionnaire-RA [23].

2.3. Statistical Analysis

Patients from all treatment groups were categorised as being in remission, being in remission or
low disease activity, or not being in remission or low disease activity at week 24 (Table 1). Remission was
defined as Disease Activity Score for 28-joint count with erythrocyte sedimentation rate (DAS28-ESR)
<2.6 and low disease activity as DAS28-ESR ≥2.6 and ≤3.2. Not being in remission or low disease
activity was defined as DAS28-ESR >3.2 based on observed data. Changes from baseline to week 24 in
pain VAS, HAQ-DI and FACIT-F scores and work-related outcomes were compared between baricitinib,
adalimumab and placebo according to remission or low disease activity status. Comparisons were
made using analysis of covariance (ANCOVA) adjusted for randomisation variables (region and
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baseline joint erosion status (1–2 or ≥3)) and baseline score. The proportions of patients achieving
minimal or no pain and those achieving normalisation of physical function at week 24 were also
compared descriptively between treatment groups according to remission status. Minimal or no
pain was defined as a VAS score of ≤10 mm, and normalisation of physical function was defined as
a HAQ-DI score of <0.5 (including patients with a baseline HAQ-DI score of <0.5). For all outcome
measures, missing values were imputed using modified last observation carried forward (mLOCF) as
per the original predefined study analyses [20]. Analyses were not controlled for multiple testing.

For changes from baseline to week 24 in pain and HAQ-DI scores, sensitivity analyses were
conducted for patients in remission or low disease activity according to DAS28 with high-sensitivity
C-reactive protein (DAS28-hsCRP), Simplified Disease Activity Index (SDAI) or Clinical Disease
Activity Index (CDAI) criteria (Table 1).

Table 1. Remission and remission or low disease activity rates at week 24 in patients with moderately
to severely active rheumatoid arthritis from RA-BEAM [14,20].

Treatment ¥ BARI 4 mg ADA 40 mg Q2W Placebo

n 487 330 488

Remission rates (%)
DAS28-ESR <2.6 18 *** 18 *** 5

DAS28-hsCRP <2.6 34 *** 32 *** 8
SDAI ≤3.3 16 *** 14 *** 3
CDAI ≤2.8 16 *** 12 *** 4

Remission or low disease activity rates (%)
DAS28-ESR ≤3.2 32 *** 34 *** 10

DAS28-hsCRP ≤3.2 52 *** 48 *** 19
DAS28-ESR ≥2.6 and ≤3.2 14 16 5

DAS28-hsCRP ≥2.6 and ≤3.2 18 16 11
SDAI >3.3 and ≤11 35 34 17
CDAI >2.8 and ≤10 34 36 16

¥ Patients remained on background methotrexate throughout the study; all patients were bDMARD naïve.
*** p < 0.001 vs. placebo. ADA adalimumab, BARI baricitinib, CDAI Clinical Disease Activity Index, bDMARD
biologic disease-modifying antirheumatic drug, DAS28-ESR Disease Activity Score for 28-joint count with erythrocyte
sedimentation rate, DAS28-hsCRP Disease Activity Score for 28-joint count with high-sensitivity C-reactive protein,
Q2W once every two weeks, SDAI Simplified Disease Activity Index.

3. Results

Baseline characteristics of 1305 randomised and treated patients in RA-BEAM are shown in Table 2.
Characteristics were similar across the treatment groups, including the proportions taking steroids
and/or concomitant conventional synthetic disease-modifying antirheumatic drugs. Of these patients,
1010 were included in the current analyses—168 (baricitinib, n = 87; adalimumab, n = 57; placebo,
n = 24) were in remission, 310 (baricitinib, n = 154; adalimumab, n = 110; placebo, n = 46) were in
remission or low disease activity and 700 (baricitinib, n = 267; adalimumab, n = 157; placebo, n = 276)
were not in remission or low disease activity at week 24, according to DAS28-ESR criteria.
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Table 2. Baseline characteristics of 1305 randomised and treated patients in RA-BEAM, and the 168 patients in remission (DAS28-ESR <2.6) at week 24 [20].

Characteristic
All Randomised and Treated Patients (N = 1305) Patients in Remission at Week 24 (N = 168)

Placebo (N = 488) Baricitinib 4 mg (N = 487) Adalimumab (N = 330) Placebo (N = 24) Baricitinib 4 mg (N = 87) Adalimumab (N = 57)

Age (years) 53 ± 12 54 ± 12 53 ± 12 52 ± 12 52 ± 13 53 ± 13
Female 382 (78) 375 (77) 251 (76) 15 (63) 62 (71) 41 (72)
Time from symptom onset
(years) 10.4 ± 9 10.3 ± 9 9.6 ± 9 9.1 ± 6 8.9 ± 9 8.1 ± 8

ACPA positive 424 (87) 427 (88) 295 (89) 22 (92) 75 (86) 52 (91)
RF positive 451 (92) 439 (90) 301 (91) 22 (92) 76 (87) 49 (86)
≥3 erosions 371 (76) 371 (76) 245 (75) 17 (71) 66 (77) 41 (75)
mTSS total score 45 ± 50 43 ± 50 44 ± 51 36 ± 41 39 ± 43 37 ± 42

Erosion score 26.8 ± 29 25.1 ± 28 26.4 ± 29 22.5 ± 24 24.4 ± 26 22.7 ± 23
Joint space narrowing score 18.2 ± 23 17.3 ± 23 18.0 ± 24 13.1 ± 18 14.6 ± 19 14.7 ± 20

Concomitant corticosteroid use 290 (59) 275 (56) 201 (61) 13 (54) 50 (58) 39 (68)
Type of csDMARD currently
used

MTX only 398 (82) 413 (85) 277 (84) 20 (83) 71 (82) 49 (86)
MTX + other csDMARD 89 (18) 74 (15) 53 (16) 4 (17) 16 (18) 8 (14)

MTX weekly dose in mg 15 ± 5 15 ± 5 15 ± 4 15 ± 4 14 ± 5 14 ± 5
DAS28-hsCRP 5.7 ± 1.0 5.8 ± 0.9 5.8 ± 0.9 5.0 ± 0.8 5.3 ± 1.0 5.2 ± 0.9
DAS28-ESR 6.4 ± 1.0 6.5 ± 0.9 6.4 ± 1.0 5.4 ± 0.8 5.9 ± 1.0 5.8 ± 0.9
CDAI score 38 ± 13 38 ± 12 38 ± 13 30 ± 10 33 ± 12 32 ± 12
Pain VAS score (0–100 mm) ¥ 60 ± 23 62 ± 22 61 ± 23 44 ± 21 57 ± 23 48 ± 23
HAQ-DI ¶ 1.6 ± 0.7 1.6 ± 0.7 1.6 ± 0.7 1.1 ± 0.5 1.3 ± 0.6 1.1 ± 0.7
FACIT-F $ 28.6 ± 10.7 28.1 ± 10.7 27.6 ± 11.4 32.8 ± 7.9 32.5 ± 10.0 35.7 ± 9.1

Data are presented as mean ± standard deviation or n (%). ¥ Higher scores indicate more severe pain. ¶ Score range 0–3, with higher scores indicating greater disability [21]. $ Score range
0–52, with lower scores indicating greater fatigue [22]. ACPA anti-citrullinated protein antibody (positivity >10 units/mL), CDAI Clinical Disease Activity Index, csDMARD conventional
synthetic disease-modifying antirheumatic drug, DAS28-hsCRP Disease Activity Score in 28 joints using the high-sensitivity C-reactive protein level, DAS28-ESR Disease Activity Score for
28-joint count with erythrocyte sedimentation rate, FACIT-F Functional Assessment of Chronic Illness Therapy-Fatigue, HAQ-DI Health Assessment Questionnaire-Disability Index,
mTSS van der Heijde modified total Sharp score, MTX methotrexate, RF rheumatoid factor (positivity >14 units/mL), VAS visual analogue scale.
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3.1. Change in Pain VAS Scores

For patients in remission, change from baseline in mean pain VAS score at week 24 with baricitinib
was significantly greater than that with placebo (p < 0.01) and greater than that achieved with
adalimumab, although the difference between baricitinib and adalimumab was not statistically
significant (Figure 1). There was no significant difference between adalimumab and placebo.
For patients in remission or low disease activity, change from baseline in mean pain VAS score
at week 24 was significantly greater with baricitinib than with placebo (p < 0.001) and adalimumab
(p < 0.05). The difference between adalimumab and placebo was not statistically significant. Results
of sensitivity analyses using other disease activity measures were consistent with these findings.
For patients not in remission or low disease activity, change from baseline in mean pain VAS score at
week 24 was significantly greater with baricitinib and adalimumab than with placebo (p < 0.0001 and
p = 0.0130, respectively). There was no significant difference between baricitinib and adalimumab.

J. Clin. Med. 2019, 8, x FOR PEER REVIEW 5 of 12 

 

3.1. Change in Pain VAS Scores 

For patients in remission, change from baseline in mean pain VAS score at week 24 with 
baricitinib was significantly greater than that with placebo (p < 0.01) and greater than that achieved 
with adalimumab, although the difference between baricitinib and adalimumab was not statistically 
significant (Figure 1). There was no significant difference between adalimumab and placebo. For 
patients in remission or low disease activity, change from baseline in mean pain VAS score at week 
24 was significantly greater with baricitinib than with placebo (p < 0.001) and adalimumab (p < 0.05). 
The difference between adalimumab and placebo was not statistically significant. Results of 
sensitivity analyses using other disease activity measures were consistent with these findings. For 
patients not in remission or low disease activity, change from baseline in mean pain VAS score at 
week 24 was significantly greater with baricitinib and adalimumab than with placebo (p < 0.0001 and 
p = 0.0130, respectively). There was no significant difference between baricitinib and adalimumab. 

 
Figure 1. Change from baseline in pain VAS score at week 24 by remission status in patients from RA-
BEAM. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. placebo; ǂ p < 0.05 vs. adalimumab. Error bars indicate 
standard deviation. Change in pain VAS score based on numbers of patients from RA-BEAM in 
remission (DAS28-ESR <2.6): PBO+MTX n = 24, BARI+MTX n = 87, ADA+MTX n = 57; in remission or 
low disease activity (DAS28-ESR ≥2.6 and ≤3.2): PBO+MTX n = 46, BARI+MTX n = 154, ADA+MTX n 
= 110; and not in remission or low disease activity: PBO+MTX n = 276, BARI+MTX n = 266, ADA+MTX 
n = 157. One patient was missing from the BARI+MTX group for patients not in remission or low 
disease activity. ADA adalimumab, BARI baricitinib, DAS28-ESR Disease Activity Score for 28-joint 
count with erythrocyte sedimentation rate, PBO placebo, MTX methotrexate, VAS visual analogue 
scale. 

3.2. Change in HAQ-DI Scores 

For patients in remission, change from baseline in mean HAQ-DI score at week 24 was 
significantly greater with baricitinib and adalimumab than with placebo (p < 0.01 and p < 0.05, 
respectively) (Figure 2). The difference between baricitinib and adalimumab was not statistically 
significant. For patients in remission or low disease activity, change from baseline in HAQ-DI score 
at week 24 was significantly greater with baricitinib than with placebo (p < 0.01) and adalimumab (p 
< 0.05). There was no significant difference between adalimumab and placebo. Results of sensitivity 
analyses using other disease activity measures were consistent with these findings (data not shown). 
For patients not in remission or low disease activity, change from baseline in mean HAQ-DI score at 
week 24 was significantly greater with baricitinib and adalimumab than with placebo (p < 0.0001 and 
p = 0.0014, respectively). The difference between baricitinib and adalimumab was not statistically 
significant. 

-27.3 -26.8
-20.8

-46.4 -45.9

-31.8-36.7 -38.2
-28.3

-80
-70
-60
-50
-40
-30
-20
-10

0
10

Patients in remission Patients in remission
or low disease activity

Patients not in
remission or low
disease activity

Ch
an

ge
 in

 M
ea

n 
Pa

in
 V

AS
 S

co
re

 
fro

m
 B

as
el

in
e

Placebo Baricitinib Adalimumab

** ***ǂ

*** *

Figure 1. Change from baseline in pain VAS score at week 24 by remission status in patients from
RA-BEAM. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. placebo; ‡ p < 0.05 vs. adalimumab. Error bars
indicate standard deviation. Change in pain VAS score based on numbers of patients from RA-BEAM
in remission (DAS28-ESR <2.6): PBO+MTX n = 24, BARI+MTX n = 87, ADA+MTX n = 57; in remission
or low disease activity (DAS28-ESR ≥2.6 and ≤3.2): PBO+MTX n = 46, BARI+MTX n = 154, ADA+MTX
n = 110; and not in remission or low disease activity: PBO+MTX n = 276, BARI+MTX n = 266,
ADA+MTX n = 157. One patient was missing from the BARI+MTX group for patients not in remission
or low disease activity. ADA adalimumab, BARI baricitinib, DAS28-ESR Disease Activity Score for
28-joint count with erythrocyte sedimentation rate, PBO placebo, MTX methotrexate, VAS visual
analogue scale.

3.2. Change in HAQ-DI Scores

For patients in remission, change from baseline in mean HAQ-DI score at week 24 was significantly
greater with baricitinib and adalimumab than with placebo (p < 0.01 and p < 0.05, respectively) (Figure 2).
The difference between baricitinib and adalimumab was not statistically significant. For patients in
remission or low disease activity, change from baseline in HAQ-DI score at week 24 was significantly
greater with baricitinib than with placebo (p < 0.01) and adalimumab (p < 0.05). There was no significant
difference between adalimumab and placebo. Results of sensitivity analyses using other disease activity
measures were consistent with these findings (data not shown). For patients not in remission or low
disease activity, change from baseline in mean HAQ-DI score at week 24 was significantly greater with
baricitinib and adalimumab than with placebo (p < 0.0001 and p = 0.0014, respectively). The difference
between baricitinib and adalimumab was not statistically significant.
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Figure 2. Change from baseline in HAQ-DI score at week 24 by remission status in patients from
RA-BEAM. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. placebo; ‡ p < 0.05 vs. adalimumab. Error bars
indicate standard deviation. Change in HAQ-DI score based on numbers of patients from RA-BEAM in
remission (DAS28-ESR <2.6): PBO+MTX n = 24, BARI+MTX n = 87, ADA+MTX n = 57; in remission or
low disease activity (DAS28-ESR ≥2.6 and ≤3.2): PBO+MTX n = 46, BARI+MTX n = 154, ADA+MTX
n = 110; and not in remission or low disease activity: PBO+MTX n = 276, BARI+MTX n = 266,
ADA+MTX n = 156. One patient was missing from the BARI+MTX group and one from the ADA+MTX
group for patients not in remission or low disease activity. ADA adalimumab, BARI baricitinib,
DAS28-ESR Disease Activity Score for 28-joint count with erythrocyte sedimentation rate, HAQ-DI
Health Assessment Questionnaire-Disability Index, MTX methotrexate, PBO placebo.

3.3. Proportion of Patients Achieving Minimal or No Pain and Proportion Achieving Normalisation of
Physical Function

The proportion of patients in remission who achieved minimal or no pain at week 24 was
65.5% (57/87) for baricitinib, 61.4% (35/57) for adalimumab and 41.7% (10/24) for placebo (Figure 3a).
The proportion of patients in remission who achieved normalised physical function at week 24 was
75.9% (66/87) for baricitinib, 70.2% (40/57) for adalimumab and 50.0% (12/24) for placebo (Figure 3b).
Trends were the same, although proportions achieving these endpoints were slightly lower, for patients
in remission or low disease activity.
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Figure 3. Patients from RA-BEAM with (a) minimal/no pain and (b) normalised physical function
at week 24, by remission status. Proportions of patients from RA-BEAM with (a) minimal or no
pain (pain VAS ≤10 mm) and (b) normalised physical function (HAQ-DI <0.5) based on numbers of
patients in remission (DAS28-ESR <2.6): PBO+MTX n = 24, BARI+MTX n = 87, ADA+MTX n = 57;
in remission or low disease activity (DAS28-ESR ≥2.6 and ≤3.2): PBO+MTX n = 46, BARI+MTX n = 154,
ADA+MTX n = 110; and not in remission or low disease activity (DAS28-ESR >3.2): PBO+MTX n = 276,
BARI+MTX n = 266, ADA+MTX n = 156. One patient was missing from the BARI+MTX group and
one from the ADA+MTX group for patients not in remission or low disease activity. For the pain
analysis, the number of patients not in remission or low disease activity was PBO+MTX n = 276,
BARI+MTX n = 210, ADA+MTX n = 120. ADA adalimumab, BARI baricitinib, DAS28-ESR Disease
Activity Score for 28-joint count with erythrocyte sedimentation rate, HAQ-DI Health Assessment
Questionnaire-Disability Index, MTX methotrexate, PBO placebo, VAS visual analogue scale.

3.4. Changes in Other Patient-Reported Outcomes

Despite meeting DAS28-ESR criteria for remission or low disease activity, patients continued
to experience fatigue, although FACIT-F scores were <36 in all treatment groups (Figure 4).
Work productivity of working patients generally improved in all treatment groups, including those
not in remission or low disease activity (Supplementary Table S1). For working patients in remission,
improvements in work-related measures were numerically greater with both active treatments than
with placebo. For those in remission or low disease activity, improvement in activity impairment was
significantly greater with baricitinib than placebo, whereas the difference between adalimumab and
placebo was not statistically significant. For working patients not in remission or low disease activity,
improvements in the proportion of patients present at work, productivity loss and activity impairment
were significantly greater with both active treatments than with placebo.
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Figure 4. FACIT-F scores in patients from RA-BEAM by remission status (a) at baseline and (b) change
at week 24. Error bars indicate standard deviation. FACIT-F scores at baseline and change in FACIT-F
scores based on numbers of patients from RA-BEAM in remission (DAS28-ESR <2.6): PBO+MTX n = 24,
BARI+MTX n = 87, ADA+MTX n = 57; in remission or low disease activity (DAS28-ESR ≥2.6 and ≤3.2):
PBO+MTX n = 46, BARI+MTX n = 154, ADA+MTX n = 110; and not in remission or low disease activity
(DAS28-ESR >3.2): PBO+MTX n = 276, BARI+MTX n = 266, ADA+MTX n = 156. One patient was
missing from the BARI+MTX group and one from the ADA+MTX group for patients not in remission
or low disease activity. ADA adalimumab, BARI baricitinib, DAS28-ESR Disease Activity Score for
28-joint count with erythrocyte sedimentation rate, FACIT-F Functional Assessment of Chronic Illness
Therapy-Fatigue, MTX methotrexate, PBO placebo.

4. Discussion

Residual pain and impaired function persist in many patients with RA despite the achievement of
disease control [4,5,24]. This residual pain may be non-inflammatory in origin, caused by sensitisation
of nociceptors or peripheral joint damage; or it may be due to central sensitisation [25–27]. Results
of the post-hoc analyses reported here suggest that, in patients with moderately to severely active
RA and an inadequate response to methotrexate, addition of baricitinib may be more effective than
adalimumab and placebo in improving pain and physical function in patients with a good level of
disease control (i.e., in remission or low disease activity). Among patients in remission, significantly
greater improvements in pain and physical function were observed with baricitinib than with continued
methotrexate alone (placebo group). Among patients in remission or low disease activity, greater
improvements in pain and physical function were observed with the addition of baricitinib than with
the addition of adalimumab or with continued methotrexate alone. Notably, both active treatments
were significantly more effective than placebo at improving pain and physical function in patients who
did not achieve controlled disease during the study (not in remission or low disease activity).

Another analysis of data from RA-BEAM also showed that, among patients with varying levels of
inflammation, patients treated with baricitinib achieved consistent pain relief regardless of the CRP level
at week 24 [28]. Furthermore, patients treated with baricitinib achieved greater and more rapid pain
relief than those receiving adalimumab or placebo. Using CRP levels as a surrogate for inflammation,
baricitinib plus methotrexate was associated with greater relief from the non-inflammatory component
of RA-associated pain than adalimumab plus methotrexate or placebo plus methotrexate [28].

The mechanisms underlying the effect of baricitinib on non-inflammatory pain are not
understood. As reviewed by Taylor et al. [28], it is possible that inhibition of JAK1 and JAK2
also produces anti-nociceptive effects that are not related to inflammation, such as inhibition of the
JAK2-dependent cytokine granulocyte-macrophage colony-stimulating factor, which may be involved
in the pathophysiology of pain [29], and/or inhibition of the JAK2-dependent signal transducer and
activator of transcription (STAT)3 phosphorylation pathway [30]. Further studies to elucidate the
underlying mechanisms are warranted.
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Both greater disease activity and longer disease duration have been shown to increase the likelihood
of a patient retiring early or stopping work because of RA [31]. In RA-BEAM, work productivity
generally improved in all working patients, including those who did not achieve remission or low
disease activity, but not all work-related problems were resolved (Supplementary Table S1). Control
of all aspects of the disease, including reduction of pain and fatigue and maintenance of function,
is an important goal of RA treatment, and patients generally consider these specified outcomes more
essential than control of inflammation [10]. Pain and physical function have been identified as key
unmet needs, both clinically and for patients themselves, that can adversely affect a patient’s ability to
function normally and their overall well-being [5].

Control of pain in patients with RA is important, since pain has been shown to contribute to worse
long-term outcomes. For example, high pain levels at disease onset have been identified as a risk factor
for being in the most disabled tertile of RA patients 5–18 years after disease onset [32]. High baseline
pain scores were also shown to predict suboptimal mental health (p = 0.02) in a cohort of South African
patients with early RA [33].

Maintenance of normal physical function is also important in patients with RA. Data from the
Dutch DREAM registry showed that having better physical function (measured using the HAQ-DI)
was associated with work participation (odds ratio (OR) 0.32, p = 0.000) and with starting work after 2
years of treatment with tumour necrosis factor inhibitors (OR 0.58, p < 0.1) [34]. Similarly, a survey of
patients with RA from France showed a high correlation between deteriorating function and work
capacity, such that only 15% of patients with a HAQ score of ≥2 were working, compared with 63% of
patients with a HAQ score of <1 [35]. Poor physical function can also affect health-related quality of
life [33].

The assessment of PROs, such as pain and function, in RA should help clinicians to focus more on
the impact of the disease on patients themselves and how they are feeling rather than solely on the
inflammatory component of the disease [10]. This is likely to aid in shared decision-making discussions
between patients and clinicians, enabling clinicians to provide more effective and efficient patient
care [25]. Indeed, it has been recommended that assessment of the PROs of pain and physical function
(HAQ) be added to the current core set of treatment targets to achieve greater patient involvement
in the RA treatment process [10]. Our results suggest that patients who do not respond to treatment,
as measured using inflammation-associated endpoints, may still experience treatment benefit, and may,
therefore, choose to continue with treatment.

Despite major advances in the treatment of RA, predicting remission a priori at the start of
disease-modifying treatment remains a clinical conundrum. Nevertheless, in line with recent treatment
recommendations for a treat-to-target approach, the aim of any treating rheumatologist should be to
help their patients achieve remission or at least low disease activity [1,2]. With respect to this, it could
be of clinical relevance to know if differences exist between agents in treating residual symptoms (such
as pain) once inflammation is well controlled. Since baricitinib has demonstrated more effective pain
control than adalimumab [28], we were interested in investigating whether this benefit persists even
when a good level of disease control has been achieved. The post-hoc analyses reported here are not,
on their own, intended to inform clinical practice, but to help towards better defining current evidence
for the pain-relieving benefits of baricitinib compared to tumour necrosis factor inhibitors.

Limitations of the current analysis include that post-hoc analyses are exploratory by nature,
aimed at creating hypotheses rather than clearly demonstrable facts; the sample sizes for patients
achieving remission or low disease activity and working patients were small; and generalisability of
the results to patients in routine care who receive baricitinib or adalimumab is uncertain. In addition,
analyses were not adjusted for multiple testing.

5. Conclusions

Treatment with baricitinib 4 mg once daily or adalimumab 40 mg every other week resulted in
improvements in pain, physical function, fatigue and work productivity/impairment in patients with
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RA, independent of the impact on inflammation, measured using DAS28-ESR. Among patients in
remission or low disease activity, greater improvements in pain and physical function were observed
with baricitinib than with adalimumab and placebo. Research to better understand the role of
JAK1/JAK2 pathways in the control of pain beyond the regulation of inflammation is underway to help
clarify the differential effects of baricitinib relative to adalimumab on pain.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/8/9/1394/s1,
Table S1: Work-related patient-reported outcomes at week 24 according to remission status in working patients
from RA-BEAM.
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