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Pain Reduction in Rheumatoid Arthritis Patients Who Use
Opioids: A Post Hoc Analysis of Phase 3 Trials of Baricitinib
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Douglas E. Schlichting,4 Anabela Cardoso,4 Lee S. Simon,5 and Peter C. Taylor6

Objective. Pain reduction with baricitinib was assessed in patients with rheumatoid arthritis (RA) who either used
opioids or did not use opioids during three randomized, double-blind phase 3 trials.

Methods. Analysis populations were as follows: i) baricitinib 4 mg once daily versus placebo groups integrated from
RA-BEAM (NCT01710358) for patients with inadequate response (IR) to methotrexate, RA-BUILD (NCT01721057) with IR
to conventional disease-modifying antirheumatic drugs, and RA-BEACON (NCT01721044) with IR to at least one tumor
necrosis factor inhibitors; ii) baricitinib 2 mg versus placebo from RA-BUILD and RA-BEACON; and iii) adalimumab
40 mg every other week versus placebo from RA-BEAM. Pain was measured by the Patient Assessment of Pain Visual
Analog Scale. Analysis of covariance modeling assessed differences in pain reduction between treatments at each time
point throughWeek 24, with an interaction term to test heterogeneous treatment effects across opioid users and nonusers.

Results. Baricitinib 4 mg had greater pain reduction versus placebo in opioid users and nonusers (P < 0.05) at all
time points starting from Week 1; the pain reduction was similar between opioid users and nonusers. Baricitinib 2 mg
had greater pain reduction versus placebo in opioid users and nonusers starting at Week 4. A significant difference in
pain reduction was not observed for adalimumab versus placebo in the opioid users but was observed in nonusers at
all time points.

Conclusion. Pain reduction was observed and was similar between opioid users and nonusers with baricitinib 2 mg
and 4 mg but not adalimumab in this post hoc analysis.

INTRODUCTION

Pain control is an important clinical management target for
patients with rheumatoid arthritis (RA) (1). Current research indi-
cates that multiple cytokines are involved in the pathogenesis of
pain (2), many of which signal through the Janus kinase (JAK) sig-
nal transducer and activator of transcription (STAT) pathway.
Therapies for RA, such as JAK inhibitors, have been developed
to inhibit a subgroup of cytokines implicated in the pathogenesis
of inflammation but may also affect pain by other pathways.
Important pain reductions have been observed in randomized
clinical trials (RCTs) of baricitinib, an oral, selective, JAK1/2 inhib-
itor, as have been observed in other effective treatments for RA.

Meanwhile, use of opioids to treat RA-related pain has
increased; in one assessment, up to 40% of patients with RA
reported using prescription opioids (3). Current research indicates
that short-term opioid use is modestly effective for pain relief;
however, long-term opioid use is associated with reduced effi-
cacy and more safety concerns (4). These safety concerns with
opioids include psychological and neurological effects, increased
risk of serious infections and nonvertebral fractures, misuse, and
addiction (4–6). The misuse of opioids has resulted in a public
health crisis in the United States and highlights the need for safe,
effective nonaddictive alternatives for pain management (7). Fur-
thermore, despite the use of long-term opioids, patients with RA
often have significant residual pain (8).
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A prior multiple mediation analysis assessed the relative contri-
bution of surrogates of inflammation to the change in pain observed
in the context of a double-blind, randomized, controlled clinical trial
which compared the efficacy of baricitinib with the tumor necrosis
factor (TNF) inhibitor adalimumab in RA patients on background
methotrexate (MTX) (1). In that analysis, JAK inhibition and TNF inhi-
bition gave rise to a similar improvement in markers of inflammation,
but that overall pain relief was greater with JAK inhibition, raising the
possibility that JAK inhibition may ameliorate pain of both inflamma-
tory and non-inflammatory origin. Although the precise mechanism
accounting for an experiential pain of noninflammatory origin with
JAK inhibition is not understood, it is thought unlikely to be medi-
ated via the opiate pathway. Therefore, we reasoned that, in RA
patients on MTX and receiving opiate treatment, baricitinib might
provide additional pain improvement over adalimumab.

To understand whether pain relief by baricitinib is influenced
by opioid use across different patient populations, we conducted
hypothesis-generating analyses to assess pain reduction in
patients who used opioids and those who did not with data from
three randomized, double-blind phase 3 studies of baricitinib
(RA-BEAM, RA-BUILD, and RA-BEACON) (9–14).

PATIENTS AND METHODS

Data sources and study designs. Data from random-
ized, double-blind, parallel-group, multicenter, international phase
3 RCTs were included in this analysis; detailed methods for the
RCTs have been published previously (9–14). In brief, across all
RCTs, patients were 18 years of age or older with active RA
(a tender joint count of at least 6 of 68, a swollen joint count of at
least 6 of 66). Patients were randomly allocated to treatment, as
described later, added to existing background therapy, including
MTX. In RA-BEAM (NCT01710358), RA patients with an inade-
quate response to MTX were randomly allocated to placebo, bar-
icitinib 4 mg once daily, or biweekly subcutaneous adalimumab
40 mg (12,14). In RA-BUILD (NCT01721057), patients with an
inadequate response to conventional synthetic disease-modifying
antirheumatic drugs (DMARDs) were randomly allocated to once-
daily placebo, baricitinib 2 mg, or baricitinib 4 mg (9,10). In RA-
BEACON (NCT01721044), patients with an inadequate response
to at least one TNF inhibitors (TNFis) were randomly allocated to
once-daily placebo, baricitinib 2 mg, or baricitinib 4 mg (11,13).

Study population. We identified opioid users as those
patients who reported any opioid use during the RCTs, assuming
that opioid use would likely be stable in the analysis because addi-
tional medication use was discouraged during the RCTs, unless
needed for an adverse event or for treatment of an ongoing med-
ical condition.

We evaluated three analysis populations. In the first analysis
population, data from baricitinib 4 mg and placebo were pooled from
all three trials (RA-BEAM, RA-BUILD, and RA-BEACON). In the

second analysis population, we evaluated baricitinib 2 mg and pla-
cebowith data pooled fromRA-BUILD andRA-BEACON. In the third
analysis population, we evaluated subcutaneous adalimumab 40mg
every other week and placebo with data from RA-BEAM.

Pain assessment. Pain was measured by the Patient
Assessment of Pain Visual Analog Scale (VAS; 0-100 mm).
Change from baseline in pain was assessed through Week 24.

Statistical analysis. Analysis of covariance models
assessed the differences in pain reduction for opioid users and
nonusers at each time point between i) baricitinib 4 mg and pla-
cebo, ii) baricitinib 2 mg and placebo, and iii) adalimumab and pla-
cebo. The covariates in the model included baseline pain VAS,
age, body mass index, and RCT (for analyses in which multiple tri-
als are combined). Therapeutic effects of active treatment versus
placebo within opioid users and nonusers were compared with
an interaction term. Patients who discontinued treatment or were
rescued had their last observation before discontinuation or res-
cue carried forward through Week 24. These post hoc analyses
were not adjusted for multiplicity. All analyses were conducted
with SAS (SAS Institute Inc.).

RESULTS

Characteristics of the study populations. The number
of opioid users in the RCTs was 143 (11%) in RA-BEAM,
133 (19%) in RA-BUILD, and 176 (33%) in RA-BEACON. Opioid
use by class and by RCT is presented in Table 1. The number of
opioid users of the total number of patients randomized to treat-
ment was 171 of 891 (19%) for baricitinib 4 mg and 153 of
892 (17%) for placebo in the pooled 4-mg analysis population,
94 of 403 (23%) for baricitinib 2 mg and 103 of 404 (25%) for pla-
cebo in the pooled 2-mg analysis population, and 34 of 330 (10%)
for adalimumab and 50 of 488 (10%) for placebo in RA-BEAM.
Among the opioid users, we observed that 42 of 153 (28%)

Table 1. Opioid use by class and by randomized clinical trial

Opioid Class,
N (%)

RA-BEAM
(N = 1,305)

RA-BUILD
(N = 684)

RA-BEACON
(N = 527)

Tramadol 95 (7.3) 71 (10.4) 68 (12.9)
Oxycodone 12 (0.9) 19 (2.8) 38 (7.2)
Hydrocodone 5 (0.4) 11 (1.6) 28 (5.3)
Fentanyl 4 (0.3) 6 (0.9) 7 (1.3)
Morphine 4 (0.3) 7 (1.0) 9 (1.7)
Other 44 (3.4) 34 (5.0) 61 (11.6)
Total 143 133 176

The opioid classes are not mutually exclusive. The “Other” category
included aporex, buprenorphine, butorphanol, co-dafalgan, cycli-
morph, dextropropoxyphene, dihydrocodeine, hydromorphone, klosi-
dol, lamaline, lenoltec with codeine, mersyndol, mersyndol, myprodol,
new dickinin, new lulu a, nolotil, omunin, oxymorphone, panadeine
co, pethidine, procet, solpadeine, stilpane, supragesic, tapentadol, tili-
dine, valoron, and Vicodin. Number of patients receiving each treat-
ment and % of total number of patients per study.

BARICITINIB REDUCES PAIN IN PATIENTS WITH RA USING OPIOIDS 255



placebo-treated patients, 42 of 265 (16%) baricitinib-treated
patients, and 10 of 34 (29%) adalimumab-treated patients initi-
ated opioid use during the RCTs.

The average age across the different study populations
spanned from 52 to 59 years. Most patients (68% to 85%) were
women, and the mean baseline pain ranged from 56 to 64 based
on 100-mm VAS scores. Baseline characteristics were compara-
ble between treatment groups and between opioid users and
nonusers in general (Table 2).

Baricitinib 4 mg versus placebo (pooled analysis
population: RA-BEAM, RA-BUILD, and RA-BEACON).
Greater pain reduction was observed with baricitinib 4 mg com-
pared with placebo for both opioid users and nonusers across all
time points (P < 0.05; Figure 1A). Furthermore, the treatment differ-
ence in the amount of pain reduction was similar between opioid
users and nonusers at all time points (interaction P > 0.1). At Week
24, the difference in pain VAS reduction between baricitinib 4 mg
and placebo was �13.4 (95% confidence interval CI: �19.0 to
�7.8) in opioid users and �14.3 (�16.7 to �11.9) in nonusers
(interaction P = 0.8).

Baricitinib 2 mg versus placebo (pooled analysis
population: RA-BUILD and RA-BEACON). Greater pain
reduction was observed with baricitinib 2 mg compared with pla-
cebo for both opioid users and nonusers beginning at Week
4 (P < 0.05; Figure 1B). Prior to Week 4, statistical significance
compared with placebo was observed only for baricitinib 2-mg
patients who did not use opioids. The treatment difference in the
amount of pain reduction was similar between opioid users and
nonusers at all time points, except for Week 1 (interaction
P > 0.1). At Week 24, the difference in pain VAS reduction
between baricitinib 2 mg compared with placebo was �8.7
(�15.4 to �2.0) in opioid users and �8.7 (�12.6 to �4.9) in
nonusers (interaction P = 0.9).

Because only a dose level of baricitinib 2 mg, once daily, was
approved by the United States Food and Drug Administration for
RA patients with an incomplete response to TNFis, sensitivity
analysis on baricitinib 2 mg was conducted in RA-BEACON
alone. Similar results were observed, yet greater pain reduction
was observed with baricitinib 2 mg compared with placebo start-
ing at Week 12 for both opioid users and nonusers. At Week
24, the difference in pain VAS reduction between baricitinib
2 mg and placebo was �10.7 (�19.5 to �1.9) in opioid users
and �8.3 (�15.0 to �1.6) in nonusers (interaction P = 0.8).

Adalimumab 40 mg versus placebo (RA-BEAM). In the
84 patients using opioids in the adalimumab (n= 34) and placebo
arms (n = 50), no significant difference in pain reduction was
observed between adalimumab and placebo, whereas for nonu-
sers, a difference in pain reduction was observed for adalimumab
compared with placebo at all time points (P < 0.05; Figure 1C).T

ab
le

2.
P
at
ie
nt

ba
se
lin
e
ch

ar
ac

te
ris
tic
s
by

an
al
ys
is
po

pu
la
tio

n

Po
ol
ed

4-
M
g
D
at
a
Se

t
Po

ol
ed

2-
M
g
D
at
a
Se

t
R
A
-B
EA

M

O
p
io
id

U
se
r

O
p
io
id

N
on

us
er

O
p
io
id

U
se
r

O
p
io
id

N
on

us
er

O
p
io
id

U
se
r

O
p
io
id

N
on

u
se
r

C
ha

ra
ct
er
is
tic

Pl
ac
eb

o
(N

=
15

3)

B
ar
ic
iti
ni
b

4
m
g

(N
=

17
1)

Pl
ac
eb

o
(N

=
73

9)

B
ar
ic
iti
ni
b

4
m
g
(N

=
72

0)
Pl
ac
eb

o
(N

=
10

3)

B
ar
ic
iti
ni
b

2
m
g

(N
=

94
)

Pl
ac
eb

o
(N

=
30

1)

B
ar
ic
iti
ni
b

2
m
g

(N
=

30
9)

Pl
ac
eb

o
(N

=
50

)

A
d
al
im

um
ab

40
m
g

(N
=

34
)

Pl
ac
eb

o
(N

=
43

8)

A
d
al
im

u
m
ab

40
m
g
(N

=
29

6)

A
ge

,y
ea

rs
,

m
ea

n
(S
D
)

57
(1
1)

56
(1
2)

53
(1
2)

53
(1
2)

55
(1
0)

57
(1
1)

53
(1
3)

53
(1
2)

59
(1
1)

52
(1
4)

53
(1
2)

53
(1
2)

Fe
m
al
e,

n(
%
)

12
8
(8
4)

13
4
(7
8)

58
8
(8
0)

57
7
(8
0)

88
(8
5)

79
(8
4)

24
6
(8
2)

24
2
(7
8)

40
(8
0)

23
(6
8)

34
2
(7
8)

22
8
(7
7)

Pa
in
,0

-1
00

m
m
,m

ea
n

(S
D
)

61
(2
3)

64
(2
2)

60
(2
2)

61
(2
3)

63
(2
2)

60
(2
1)

60
(2
2)

61
(2
2)

56
(2
4)

64
(2
5)

60
(2
2)

61
(2
3)

D
A
S2

8-
C
R
P,

m
ea

n
(S
D
)

5.
7
(1
.0
)

6.
0
(0
.9
)

5.
7
(0
.9
)

5.
7
(0
.9
)

5.
9
(1
.0
)

5.
9
(1
.0
)

5.
6
(0
.9
)

5.
7
(0
.9
)

5.
5
(1
.1
)

5.
9
(1
.1
)

5.
7
(0
.9
)

5.
7
(0
.9
)

A
b
b
re
vi
at
io
n
s:
D
A
S2

8-
C
R
P
,D

is
ea

se
A
ct
iv
it
y
Sc

o
re

w
it
h
28

jo
in
t
co

u
n
t
u
si
n
g
th
e
C
R
P
(c
-r
ea

ct
iv
e
p
ro
te
in
);
SD

,s
ta
n
d
ar
d
d
ev

ia
ti
o
n
.

POPE ET AL256



At Week 24, the difference in pain VAS reduction between adali-
mumab and placebo was �4.9 (�16.4 to 6.6) in opioid users
and �12.2 (�15.6 to �8.9) in nonusers (interaction P = 0.2).

DISCUSSION

In this analysis, baricitinib 4 mg had greater pain reduction
compared with placebo in opioid users and nonusers (P < 0.05)
at all time points starting from Week 1; the treatment difference
in the pain reduction was similar between opioid users and nonu-
sers. Baricitinib 2 mg had greater pain reduction compared with
placebo in opioid users (P < 0.05) at all time points and in opioid

nonusers (P < 0.05) starting at Week 4. The sample size for adali-
mumab was small, relative to the baricitinib data, yet trends in the
data suggest that there was no difference in pain reduction
between adalimumab and placebo among opioid users. Differ-
ences, however, were observed between adalimumab and pla-
cebo for nonusers at all time points.

The mechanisms underlying pain in RA are not fully under-
stood (15). The JAK–STAT pathway may potentially mediate the
signaling of multiple cytokines known to have a role in nocicep-
tion, acting at a variety of neuroanatomical locations from the
periphery to the brain. The present data suggest that at least
some of these nociception checkpoints are nonconvergent with
opioid signaling pathways. Additionally, prior analyses have
implied that JAK1 and JAK2 inhibition may have antinociceptive
effects that may be independent of some aspects of the inflam-
matory process (1). Furthermore, the pain reduction possibly
related to the biologic effects of baricitinib may subsequently lead
to subjective improvement in pain by cortical pathways linked to
overall well-being and pain perception at the central nervous sys-
tem level (16). We do not know why pain reduction with adalimu-
mab may be attenuated by opioid use. One hypothesis is that
inhibiting JAK 1/2 may impact more afferent pain signaling than
inhibiting TNF alone. The results with adalimumab from the cur-
rent analysis, however, may be affected by the play of chance
because of the small sample size. Additionally, the lack of statisti-
cally significant interaction of treatment and opioid use in
adalimumab-treated patients likely was due to the study being
underpowered.

There are several limitations to this post hoc hypothesis-
generating analysis. The data are from RCTs, which may not be
generalizable to a real-world, clinical setting. The trial databases
captured limited detail about the opioids, and given the lack of
dosing information, we could not stratify by morphine equivalent
dose. We also could not stratify or adjust for the extent of inflam-
mation, central pain sensitization, or by comorbidities, such as
osteoarthritis, degenerative disc disease, fibromyalgia, or depres-
sion. Randomization of the large number of patients in these
RCTs would on expectation balance these factors between
baricitinib-treated patients and placebo-treated patients in the
subgroups of opioid users and nonusers, but the play of chance
may yield covariate imbalances in small subgroups, such as the
adalimumab-treated patients (n = 34) and placebo-treated
patients (n = 50) who used opioids (Table 2). Subsequently, it is
not possible to draw a conclusion on the attenuation of pain
reduction with adalimumab by opioid use. We also defined opioid
users as those patients who reported any opioid use during the
RCTs and assumed opioid use was likely stable throughout the
course of the RCTs. Among the opioid users, however, approxi-
mately, 16% of baricitinib-treated patients and 28% of placebo-
treated patients initiated opioid treatment during the RCTs.
Because there is a greater percentage of placebo-treated
patients starting opioids during the RCTs, we believe the greater

Figure 1. Pain reduction between opioid users and nonusers by
analysis population. A, Baricitinib 4 mg versus placebo with data from
the pooled analysis population (RA-BEAM, RA-BUILD, and RA-BEA-
CON). B, Baricitinib 2 mg versus placebo with data from pooled anal-
ysis population (RA-BUILD and RA-BEACON).C, Adalimumab 40mg
versus placebo with data from RA-BEAM.
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pain reduction observed in the baricitinib-treated group com-
pared with the placebo-treated group among opioid users is not
likely biased by later opioid use. Lastly, these analyses were not
adjusted for multiplicity.

In conclusion, this novel, post hoc, hypothesis-generating
analysis assessed the differential effect of advanced DMARDs
on pain reduction in patients with RA who were opioid users.
The current results suggest that pain reduction with baricitinib is
robust both for nonusers and users of opioids. This observation
may be particularly meaningful for patients with RA who use opi-
oids because prior research indicates that opioid use for chronic
pain is associated with less benefit and more safety concerns
(16,17). Further research, however, is needed to replicate these
results with other JAK inhibitors and with more robust TNFi data.
Analyses such as these would confirm whether these observa-
tions are reproducible, whether they apply to other JAK inhibitors,
and whether the results are a consequence of JAK1/2 selective
inhibition. These additional lines of research will address the
unmet need of pain control for patients with RA.
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