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ABSTRACT
Objectives  To evaluate if baricitinib, a Janus kinase 
inhibitor, further enhances disease-modifying effects 
by uncoupling the link between disease activity 
and structural damage progression in patients with 
rheumatoid arthritis (RA) using two phase III randomised, 
double-blinded trials.
Methods  In RA-BEAM, patients with established RA 
and inadequate response to methotrexate (MTX-IR) 
received placebo (PBO), baricitinib 4 mg or adalimumab 
40 mg on background MTX. In RA-BEGIN, conventional 
synthetic disease-modifying antirheumatic drug 
(csDMARD)-naïve patients received MTX, baricitinib 4 
mg or baricitinib 4 mg plus MTX. Using linear regression 
analyses, joint damage progression (assessed by change 
from baseline in van der Heijde modification of the Total 
Sharp Score) was compared between treatment groups 
for patients achieving certain disease activity states 
by the Clinical Disease Activity Index. Time-averaged 
postbaseline responses were used to week 24 (RA-
BEAM) and week 52 (RA-BEGIN).
Results  For MTX-IR patients, structural damage 
progression was reduced regardless of disease activity 
states in baricitinib-treated patients (p=0.6), whereas in 
PBO patients there was a clear dependence on disease 
activity states, being significantly lower in those who 
achieved remission/low disease activity (REM/LDA) 
compared with moderate/high disease activity (MDA/
HDA) (p=0.02). Furthermore, the baricitinib MDA/
HDA group had less damage progression than the 
PBO MDA/HDA group (p<0.001). For csDMARD-naïve 
patients, progression was lower in REM/LDA versus 
MDA/HDA within the MTX group (p<0.001). However, 
for baricitinib+MTX (p=0.5) or baricitinib monotherapy 
(p=0.07), progression was similar regardless of disease 
activity. In MDA/HDA groups, progression was lower with 
baricitinib+MTX (p<0.001) and numerically lower with 
baricitinib monotherapy (p=0.07) versus MTX. C reactive 
protein (≤5 mg/L and >5 mg/L) sensitivity analyses 
supported the primary findings.
Conclusions  Baricitinib reduces structural damage 
progression versus PBO with background MTX and/
or MTX, even in patients with MDA/HDA, showing a 
disease-modifying effect across all disease activity states.

INTRODUCTION
The high propensity to destroy cartilage and bone 
constitutes a major hallmark of rheumatoid arthritis 

(RA). While it appears that over the last two decades 
progression rates of joint damage have declined,1 
patients with established disease entering clinical 
trials still have high baseline radiographic scores, 
implying aggressively damaging RA.2 Indeed, joint 
damage shows a significant positive association 
with both swollen joint counts and acute phase 
reactant levels.3–8 Joint swelling or synovitis charac-
terises the local and acute phase reactants reflect the 
systemic inflammatory response, which usually go 

Key messages

What is already known about this subject?
	► In patients with rheumatoid arthritis, tumour 
necrosis factor inhibitors, interleukin 6 
inhibitors and rituximab have been shown to 
uncouple the link between disease activity and 
radiographic progression such that patients are 
protected from structural damage progression 
even if remission/low disease activity (REM/
LDA) is not achieved.

What does this study add?
	► In two distinct populations of patients 
with rheumatoid arthritis (patients naïve to 
conventional synthetic disease-modifying 
antirheumatic drugs or with inadequate 
response to methotrexate (MTX)), either 
baricitinib alone and/or in combination with 
MTX enhanced disease-modifying properties 
by uncoupling the link between disease activity 
and structural damage progression, with the 
uncoupling being more evident for baricitinib in 
combination with MTX.

	► In the baricitinib groups, joint damage was 
controlled regardless of disease activity level, 
unlike in the control groups.

	► Patients with residual moderate or high 
disease activity who received baricitinib with 
background MTX or in combination with MTX 
had less structural damage progression than 
the control groups (MTX or placebo with 
background MTX).

	► Validation analysis showed a similar uncoupling 
of inflammation and structural damage 
progression when patients were stratified by 
high-sensitivity C reactive protein.
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hand in hand, but joint swelling is more strongly associated with 
progression of joint damage than the acute phase response.4 9

Effective treatment with conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs) reduces the rate 
of structural progression and ultimately halts joint structural 
damage accrual once stringent remission is achieved and sustained 
afterwards.5 10–13 However, while joint damage progression is 
reduced on csDMARDs, structural deterioration still continues 
to occur in correlation with residual disease activity.

Several years ago, it was observed that the strong relation-
ship between the extent of structural changes and inflamma-
tory disease activity was blunted with infliximab use, a tumour 
necrosis factor α (TNF) inhibitor.14 In contrast to patients 
continuing methotrexate (MTX) treatment, who showed a linear 
progression of structural damage in relation to their disease 
activity state, patients who received infliximab plus MTX would 
not progress significantly, even if their disease activity remained 
moderate or high.15 Similar results were observed for other TNF 
inhibitors in later studies.16 17

The reason for the disruption of the tight link between disease 
activity and joint damage may be ultimately explained by a 
threshold effect: activation of osteoclasts, which induce bone 
erosions, requires higher TNF concentrations than induction 
of the inflammatory response. Therefore, when this cytokine is 
blocked to a level that still allows an unmitigated perpetuation of 
synovitis, this reduction may still suffice to not allow continued 
activation of osteoclasts, a major mediator of joint destruction.18

Interestingly, this interference with structural progression 
despite high disease activity is not confined to TNF inhibitors, 
but was also found for interleukin 6 (IL-6) inhibition and ritux-
imab, usually combined with MTX.19 20 This suggests that biolog-
ical (b)DMARDs reduce the inflammatory load of cytokines like 
TNF and IL-6 to a much larger extent than csDMARDs alone 
and thus downregulate the amplifying activity of these messenger 
molecules on osteoclastogenesis.21

Janus kinase (JAK) inhibitors (Jakinibs) belong to the most 
recent class of targeted synthetic (ts)DMARDs, which have 
shown at least similar efficacy as bDMARDs.22 JAKs are needed 
for signal transduction of various cytokine receptors, including 
those for IL-6 and interferons,23 but not TNF or most B cell 
receptors. Baricitinib, a Jakinib widely approved for treating RA, 
is a JAK1 and JAK2 inhibitor which has shown efficacy across 
RA subsets24–26; this efficacy includes structural damage inhi-
bition. However, knowledge on structural damage reduction 
beyond the decrease in disease activity is limited. Indeed, when 
patients with poor prognostic factors were assessed for joint 

damage progression, another Jakinib, tofacitinib, failed to show 
a significant reduction compared with bDMARD.27

This question is the focus of research addressed in the present 
study.

METHODS
Study design
In the 52-week RA-BEAM trial, adult patients with active RA 
(≥6/68 tender joints, ≥6/66 swollen joints and a high-sensitivity 
serum C reactive protein (hsCRP) ≥6 mg/L) and no previous 
bDMARD therapy were included.25 Patients had either ≥3 joint 
erosions or ≥1 joint erosions plus seropositivity for rheumatoid 
factor or anticitrullinated peptide antibodies (ACPA). Patients 
had an inadequate response to MTX (MTX-IR) and received 
background MTX throughout the study. Randomisation was 
3:3:2 to placebo (PBO) (n=488), baricitinib 4 mg (n=487) and 
adalimumab 40 mg (n=330).

In RA-BEGIN, adult patients with active RA who had received 
no/limited treatment with csDMARDs (up to 3 weekly doses 
of MTX allowed) and no treatment with bDMARDs were 
included.24 Patients had ≥6/68 tender joints and ≥6/66 swollen 
joints and serum hsCRP level ≥3.6 mg/L and were seropositive 
for rheumatoid factor or ACPA. Randomisation was 4:3:4 to 
MTX (n=210), baricitinib 4 mg (n=159) and baricitinib 4 mg 
plus MTX (n=215) for 52 weeks.

Outcome measures
Joint damage progression was assessed using the van der Heijde 
modification of the Total Sharp Score (mTSS).28 29 Two inde-
pendent readers, who were unaware of the chronological order, 
patient identity and treatment group, scored the radiographs and 
the mean score between the readers was used.

Disease activity was assessed by the Clinical Disease Activity 
Index (CDAI), stratified by the states of remission/low disease 
activity (REM/LDA; CDAI ≤10) and moderate/high disease 
activity (MDA/HDA; CDAI >10). Systemic inflammation was 
assessed by hsCRP stratified at ≤5 mg/L and >5 mg/L.

Analyses populations
In RA-BEAM, analyses were performed for endpoints at week 
24 to allow comparison with the PBO group; at week 24 all 
patients randomised to PBO were switched to baricitinib 4 mg 
and therefore analyses at week 52 were not done. Analyses in 
RA-BEGIN were done for endpoints at week 52 because in this 
study patients who were randomised to MTX were followed up 
until week 52, unless they were rescued or discontinued from 
the study, and thus baricitinib could be appropriately compared 
with this control population in the longer term.

Only completers of the relevant study endpoint were 
included, excluding patients who switched treatment, were 
rescued or lost to follow-up before the time point defined for 
analysis. In RA-BEAM, 329, 427 and 273 patients in the PBO, 
baricitinib and adalimumab groups, respectively, were defined as 
completers. Patients with missing structural data and/or missing 
data on the covariates used in the models were also excluded 
from the analysis. Thus, 318, 407 and 262 patients, respectively, 
were included in the CDAI analysis in RA-BEAM. In RA-BEGIN, 
142, 129 and 170 patients in the MTX, baricitinib monotherapy 
and baricitinib+MTX groups, respectively, were defined as 
completers. After excluding patients with missing data, 134, 125 
and 166 patients, respectively, in these groups were included in 
the CDAI analysis.

Key messages

How might this impact on clinical practice or future 
developments?

	► The uncoupling of disease activity and structural damage 
progression by baricitinib, a Janus kinase inhibitor, provides 
evidence which was not previously available for this 
mechanism of action.

	► Preservation of structural progression regardless of disease 
activity might ensure medium-term to long-term prevention 
of disability in patients who cannot achieve REM/LDA or 
require more time to reach this target.

	► This may inform treatment decisions in patient groups 
who have not, or have not yet, achieved sufficient clinical 
improvement.
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Statistical analysis
Analyses of change from baseline in mTSS in RA-BEAM and 
RA-BEGIN have been done stratifying by treatment and by post-
baseline CDAI response at week 24 and week 52, respectively. 
Adjusted means for the mTSS change from baseline were esti-
mated using linear regression models adjusted by baseline CDAI. 
Adjusted means for change from baseline in mTSS responses are 
displayed as effects plots. The adjusted means were estimated 
from the multivariable models, with continuous covariates fixed 
at their mean values and categorical covariates fixed at their 
proportional distribution in the data.

As sensitivity analyses, similar analyses of change from base-
line in mTSS were done stratifying by hsCRP. Adjusted means for 
the mTSS change from baseline, stratified by treatment and by 
postbaseline hsCRP response at week 24 in RA-BEAM and week 
52 in RA-BEGIN, were estimated using linear regression models 
adjusted by baseline hsCRP.

Change from baseline in CDAI at week 24 in RA-BEAM and 
week 52 in RA-BEGIN in patients with postbaseline CDAI >10 
was estimated using linear regression analyses (observed values). 
Similar analyses were undertaken for hsCRP in patients with 
elevated postbaseline hsCRP.

For both CDAI and hsCRP postbaseline responses, individual time 
point responses were averaged until the end of the period of analysis 
(week 24 or week 52) to define the response at the specific time point 
of analysis. This analytical process tends to diminish the potential 
influence of extreme values, especially for hsCRP, and also reduces 
the number of patients with missing data at individual endpoint 
visits. The definition of disease activity and hsCRP response using a 
time-averaged CDAI and hsCRP has been used previously.16

RESULTS
Baseline demographics and patient characteristics
Baseline demographics and patient characteristics have been 
published previously.24 25 Summaries of these data for the 
analyses populations are presented in table 1 (CDAI response 
analyses) and table 2 (hsCRP sensitivity analyses). The charac-
teristics of the different patient populations at baseline were 
mostly similar. However, reflective of the different patient 
populations in the two trials, patients in RA-BEGIN (early RA 
naïve to csDMARDs) had a shorter disease duration and had 
lower mTSS scores than patients in RA-BEAM (established RA 
and MTX-IR).

Treatment response in relation to disease activity
In RA-BEAM, 19.2% (n=61), 37.4% (n=98) and 42.0% 
(n=171) of patients in the analysed population who received 
PBO, adalimumab and baricitinib, respectively, achieved REM/
LDA. Heatmap plots show individual CDAI longitudinal 
responses at all postbaseline visits for all patients included in the 
analyses (figure  1), differentiating REM/LDA and MDA/HDA 
CDAI responses at week 24.

In RA-BEGIN, at week 52, the proportion of patients in REM/
LDA was 39.6% (n=53), 57.6% (n=72) and 62.7% (n=104), 
respectively, in the MTX, baricitinib monotherapy and baric-
itinib+MTX groups. Figure  2 displays the heatmap plots 
showing individual responses to treatment over time for patients 
stratified by CDAI responses at week 52.

Structural damage progression in relation to disease activity 
in RA-BEAM (MTX-IR patients with established RA)
Among those achieving REM/LDA, patients who received PBO, 
adalimumab and baricitinib had adjusted means for mTSS change 
from baseline of 0.31, 0.15 and 0.24, respectively, compared 

with 0.84, 0.28 and 0.34, respectively, among patients in these 
groups with MDA/HDA (figure 3A). Thus, in the PBO group, 
patients achieving REM/LDA had less structural damage progres-
sion than patients with MDA/HDA (adjusted mean difference 
(95% CI): −0.53 (−0.98 to –0.09), p=0.02). In contrast, there 
was no significant difference in structural damage progression 
depending on disease activity states within patients receiving 
baricitinib (−0.09 (−0.41 to 0.22), p=0.6) or adalimumab 
(−0.13 (−0.53 to 0.26), p=0.5). Given that those with MDA/
HDA did not have greater progression than those with REM/
LDA, this reveals an uncoupling of disease activity and structural 
damage progression with baricitinib treatment.

Among patients with MDA/HDA, the adjusted mean differ-
ence (95% CI) for adalimumab compared with PBO was −0.56 
(−0.87 to –0.25, p<0.001), in line with previous findings on 
the dissociative capacity of TNF inhibition on the link between 
disease activity and joint damage progression. The adjusted 
mean difference for baricitinib versus PBO was −0.50 (−0.78 
to –0.23, p<0.001), indicating that, among those with MDA/
HDA, there was significantly less structural damage progres-
sion in patients receiving baricitinib. This further suggests an 
uncoupling of disease activity and structural damage progression 
with baricitinib, which did not occur with PBO. There was no 
difference in structural damage progression between patients in 
the baricitinib and adalimumab groups (0.06 (−0.26 to 0.37), 
p=0.7).

Structural damage progression in relation to disease activity 
in RA-BEGIN (csDMARD-naïve patients with early RA)
Among patients who achieved REM/LDA, the adjusted means 
for mTSS change from baseline to week 52 were 0.43, 0.39 and 
0.28 in the MTX, baricitinib monotherapy and baricitinib+MTX 
groups, respectively (figure 3B). Patients in the same treatment 
groups with MDA/HDA had progressed by 1.69, 1.05 and 0.50, 
respectively. Thus, patients receiving MTX in REM/LDA had 
significantly less structural damage progression compared with 
those with MDA/HDA (−1.26 (−1.95 to –0.57), p<0.001). In 
contrast, there were no significant differences in progression 
among patients who received baricitinib+MTX (−0.22 (−0.85 
to 0.41), p=0.5) or those who received baricitinib in mono-
therapy (−0.65 (−1.36 to 0.06), p=0.07), although this differ-
ence was numerically larger for baricitinib monotherapy.

The magnitude of differences between the MTX (1.69),  
baricitinib (1.05) and baricitinib+MTX (0.50) groups among 
patients with MDA/HDA again reveals an effect of both baric-
itinib monotherapy and combination therapy on structural 
damage progression inhibition relative to MTX treatment. 
Compared with MTX, the adjusted mean difference for barici-
tinib monotherapy was −0.64 (−1.33 to 0.05, p=0.07) and was 
−1.19 (−1.85 to –0.53, p<0.001) for baricitinib+MTX.

These results indicate an uncoupling of disease activity and 
structural damage progression with combination therapy and a 
similar trend with baricitinib monotherapy, which did not occur 
with MTX monotherapy.

CDAI changes in patients with residual disease activity
In RA-BEAM, among all patients with a postbaseline aver-
aged CDAI classed as HDA (n=229), more were in the PBO 
group than in the baricitinib and adalimumab groups (49.3%, 
29.7% and 21%, respectively). The CDAI change from baseline 
to week 24 among patients with MDA/HDA was significantly 
greater in the baricitinib (−22.78) and adalimumab (−22.30) 
groups, compared with PBO (−17.26, both p<0.001; online 
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625Lopez-Romero P, et al. Ann Rheum Dis 2022;81:622–631. doi:10.1136/annrheumdis-2021-221323

Rheumatoid arthritis

Ta
bl

e 
1 

De
m

og
ra

ph
ic

 a
nd

 b
as

el
in

e 
ch

ar
ac

te
ris

tic
s 

of
 p

at
ie

nt
s 

in
 R

A-
BE

AM
 (M

TX
-IR

 p
at

ie
nt

s 
w

ith
 e

st
ab

lis
he

d 
RA

) a
nd

 R
A-

BE
G

IN
 (c

sD
M

AR
D-

na
ïv

e 
pa

tie
nt

s 
w

ith
 e

ar
ly

 R
A)

 s
tr

at
ifi

ed
 b

y 
av

er
ag

ed
 C

DA
I

RA
-B

EA
M

RA
-B

EG
IN

CD
A

I ≤
10

CD
A

I >
10

CD
A

I ≤
10

CD
A

I >
10

PB
O

 (n
=

61
)

Ba
ri

 4
 m

g 
(n

=
17

1)
A

DA
 (n

=
98

)
PB

O
 (n

=
25

7)
Ba

ri
 4

 m
g 

(n
=

23
6)

A
DA

 (n
=

16
4)

M
TX

 (n
=

53
)

Ba
ri

 4
 m

g 
(n

=
72

)
Ba

ri
 4

 m
g 

±
 

M
TX

 (n
=

10
4)

M
TX

 (n
=

81
)

Ba
ri

 4
 m

g 
(n

=
53

)
Ba

ri
 4

 m
g 

±
 M

TX
 

(n
=

62
)

Ag
e,

 y
ea

rs
54

.6
±

12
.4

53
.0

±
11

.9
52

.1
±

11
.8

52
.5

±
11

.5
52

.7
±

12
.3

53
.2

±
12

.2
50

.9
±

13
.7

50
.3

±
13

.0
45

.9
±

13
.4

49
.7

±
13

.2
51

.3
±

13
.0

51
.0

±
13

.0

Fe
m

al
e,

 n
 (%

)
49

 (8
0.

3)
13

4 
(7

8.
4)

73
 (7

4.
5)

20
2 

(7
8.

6)
17

9 
(7

5.
8)

12
5 

(7
6.

2)
37

 (6
9.

8)
55

 (7
6.

4)
73

 (7
0.

2)
58

 (7
1.

6)
42

 (7
9.

2)
49

 (7
9.

0)

BM
I, 

kg
/m

2
28

.0
±

6.
2

26
.3

±
5.

6
26

.1
±

5.
2

26
.8

±
6.

6
27

.2
±

6.
2

26
.6

±
5.

4
27

.1
±

6.
3

27
.7

±
6.

6
25

.8
±

5.
3

26
.5

±
6.

6
25

.3
±

6.
3

26
.8

±
6.

7

Sm
ok

er
, y

es
, n

 (%
)

8 
(1

3.
1)

39
 (2

2.
8)

18
 (1

8.
4)

58
 (2

2.
6)

53
 (2

2.
5)

38
 (2

3.
2)

8 
(1

5.
1)

18
 (2

5.
0)

20
 (1

9.
2)

16
 (1

9.
8)

11
 (2

0.
8)

15
 (2

4.
2)

Du
ra

tio
n 

of
 R

A 
fro

m
 d

ia
gn

os
is,

 
ye

ar
s

8.
8±

7.
3

9.
0±

8.
4

7.
8±

7.
4

8.
9±

7.
8

8.
3±

8.
6

8.
5±

8.
2

0.
5±

1.
0

1.
5±

3.
3

1.
1±

2.
2

1.
4±

4.
0

2.
0±

4.
4

1.
8±

3.
7

hs
CR

P, 
m

g/
L

13
.7

±
14

.5
18

.9
±

19
.4

18
.6

±
16

.7
17

.9
±

17
.2

25
.0

±
24

.6
22

.0
±

20
.0

17
.2

±
14

.6
19

.8
±

16
.3

26
.6

±
28

.7
25

.2
±

22
.6

24
.2

±
23

.5
22

.0
±

28
.1

CD
AI

28
.5

±
10

.6
33

.2
±

10
.6

32
.4

±
13

.3
38

.8
±

12
.4

41
.0

±
11

.4
40

.3
±

11
.9

38
.6

±
13

.7
35

.3
±

13
.1

37
.9

±
12

.1
39

.7
±

12
.6

42
.3

±
11

.3
42

.9
±

13
.5

HA
Q

-D
I

1.
2±

0.
7

1.
4±

0.
7

1.
3±

0.
7

1.
6±

0.
6

1.
7±

0.
7

1.
7±

0.
6

1.
6±

0.
7

1.
5±

0.
8

1.
6±

0.
7

1.
7±

0.
7

1.
7±

0.
6

1.
7±

0.
7

RF
-p

os
iti

ve
*,

 
n 

(%
)

55
 (9

0.
2)

15
7 

(9
1.

8)
90

 (9
1.

8)
23

8 
(9

2.
6)

21
1 

(8
9.

4)
15

0 
(9

1.
5)

50
 (9

4.
3)

72
 (1

00
)

10
0 

(9
6.

2)
79

 (9
7.

5)
52

 (9
8.

1)
57

 (9
1.

9)

AC
PA

-p
os

iti
ve

†,
 

n 
(%

)
53

 (8
6.

9)
15

0 
(8

7.
7)

89
 (9

0.
8)

22
1 

(8
6.

0)
21

2 
(8

9.
8)

14
5 

(8
8.

4)
47

 (8
8.

7)
68

 (9
4.

4)
98

 (9
4.

2)
77

 (9
5.

1)
46

 (8
6.

8)
53

 (8
5.

5)

Pa
in

 a
ss

es
sm

en
t

47
.6

±
23

.2
58

.3
±

21
.7

55
.2

±
24

.5
60

.6
±

21
.1

63
.6

±
21

.9
62

.5
±

21
.8

62
.4

±
24

.4
59

.4
±

24
.2

61
.2

±
22

.4
65

.5
±

25
.1

64
.1

±
19

.3
68

.0
±

21
.2

m
TS

S
34

.3
±

41
.5

35
.9

±
42

.7
34

.7
±

42
.0

44
.7

±
50

.6
47

.1
±

55
.4

50
.2

±
56

.4
8.

4±
21

.4
7.

4±
12

.8
8.

6±
16

.2
13

.1
±

17
.6

17
.0

±
34

.6
17

.6
±

26
.4

Da
ta

 a
re

 m
ea

n±
SD

 o
r n

 (%
).

Av
er

ag
ed

 C
DA

I r
es

po
ns

es
 in

 R
A-

BE
AM

 c
al

cu
la

te
d 

as
 th

e 
m

ea
n 

of
 p

os
tb

as
el

in
e 

m
ea

su
re

m
en

ts
 a

t w
ee

ks
 4

, 1
2,

 1
6,

 2
0 

an
d 

24
 a

nd
 in

 R
A-

BE
G

IN
 a

s 
th

e 
m

ea
n 

of
 p

os
tb

as
el

in
e 

m
ea

su
re

m
en

ts
 a

t w
ee

ks
 4

, 1
2,

 1
6,

 2
0,

 2
4,

 3
2,

 4
0 

an
d 

52
.

*R
F-

po
si

tiv
e 

>
14

 u
ni

ts
/m

L 
(U

LN
).

†A
CP

A-
po

si
tiv

e 
>

10
 u

ni
ts

/m
L 

(U
LN

).
AC

PA
, a

nt
ic

yc
lic

 c
itr

ul
lin

at
ed

 p
ep

tid
e 

an
tib

od
y;

 A
DA

, a
da

lim
um

ab
; B

ar
i, 

ba
ric

iti
ni

b;
 B

M
I, 

bo
dy

 m
as

s 
in

de
x;

 C
DA

I, 
Cl

in
ic

al
 D

is
ea

se
 A

ct
iv

ity
 In

de
x;

 c
sD

M
AR

Ds
, c

on
ve

nt
io

na
l s

yn
th

et
ic

 d
is

ea
se

-m
od

ify
in

g 
an

tir
he

um
at

ic
 d

ru
gs

; H
AQ

-D
I, 

He
al

th
 

As
se

ss
m

en
t Q

ue
st

io
nn

ai
re

-D
is

ab
ili

ty
 In

de
x;

 h
sC

RP
, h

ig
h-

se
ns

iti
vi

ty
 C

 re
ac

tiv
e 

pr
ot

ei
n;

 m
IT

T, 
m

od
ifi

ed
 in

te
nt

-t
o-

tr
ea

t; 
m

TS
S,

 m
od

ifi
ed

 To
ta

l S
ha

rp
 S

co
re

; M
TX

-IR
, i

na
de

qu
at

e 
re

sp
on

se
 to

 m
et

ho
tr

ex
at

e;
 n

, n
um

be
r o

f m
IT

T 
co

m
pl

et
er

s; 
PB

O,
 p

la
ce

bo
; 

RA
, r

he
um

at
oi

d 
ar

th
rit

is
; R

F, 
rh

eu
m

at
oi

d 
fa

ct
or

; U
LN

, u
pp

er
 li

m
it 

of
 n

or
m

al
.



626 Lopez-Romero P, et al. Ann Rheum Dis 2022;81:622–631. doi:10.1136/annrheumdis-2021-221323

Rheumatoid arthritis

Ta
bl

e 
2 

De
m

og
ra

ph
ic

 a
nd

 b
as

el
in

e 
ch

ar
ac

te
ris

tic
s 

of
 p

at
ie

nt
s 

in
 R

A-
BE

AM
 (M

TX
-IR

 p
at

ie
nt

s 
w

ith
 e

st
ab

lis
he

d 
RA

) a
nd

 R
A-

BE
G

IN
 (c

sD
M

AR
D-

na
ïv

e 
pa

tie
nt

s 
w

ith
 e

ar
ly

 R
A)

 s
tr

at
ifi

ed
 b

y 
av

er
ag

ed
 h

sC
RP

RA
-B

EA
M

RA
-B

EG
IN

hs
CR

P 
≤5

 m
g/

L
hs

CR
P 

>
5 

m
g/

L
hs

CR
P 

≤5
 m

g/
L

hs
CR

P 
>

5 
m

g/
L

PB
O

 (n
=

63
)

Ba
ri

 4
 m

g 
(n

=
26

2)
A

DA
 (n

=
15

8)
PB

O
 (n

=
25

7)
Ba

ri
 4

 m
g 

(n
=

14
9)

A
DA

 (n
=

10
7)

M
TX

 (n
=

56
)

Ba
ri

 4
 m

g 
(n

=
73

)
Ba

ri
 4

 m
g 

±
 

M
TX

 (n
=

12
0)

M
TX

 (n
=

81
)

Ba
ri

 4
 m

g 
(n

=
54

)
Ba

ri
 4

 m
g 

±
 M

TX
 

(n
=

47
)

Ag
e,

 y
ea

rs
52

.9
±

10
.6

53
.2

±
12

.2
52

.3
±

12
.6

52
.9

±
12

.0
52

.2
±

12
.2

53
.2

±
11

.1
49

.8
±

12
.5

51
.4

±
12

.5
47

.7
±

14
.4

50
.7

±
14

.0
47

.7
±

11
.4

49
.5

±
13

.3

Fe
m

al
e,

 n
 (%

)
50

 (7
9.

4)
20

2 
(7

7.
1)

12
1 

(7
6.

6)
20

2 
(7

8.
6)

11
3 

(7
5.

8)
78

 (7
2.

9)
41

 (7
3.

2)
53

 (7
2.

6)
89

 (7
4.

2)
55

 (6
7.

9)
44

 (8
1.

5)
34

 (7
2.

3)

BM
I, 

kg
/m

2
26

.2
±

5.
1

25
.6

±
5.

2
25

.3
±

4.
5

27
.3

±
6.

8
29

.0
±

6.
5

28
.1

±
5.

9
24

.9
±

4.
4

26
.0

±
5.

9
25

.1
±

5.
6

28
.1

±
7.

3
27

.5
±

7.
2

29
.0

±
5.

6

Sm
ok

er
, y

es
, n

 (%
)

13
 (2

0.
6)

56
 (2

1.
4)

28
 (1

7.
7)

54
 (2

1.
0)

36
 (2

4.
2)

30
 (2

8.
0)

6 
(1

0.
7)

15
 (2

0.
5)

30
 (2

5.
0)

20
 (2

4.
7)

16
 (2

9.
6)

6 
(1

2.
8)

Du
ra

tio
n 

of
 R

A 
fro

m
 d

ia
gn

os
is,

 
ye

ar
s

7.
6±

7.
0

8.
4±

8.
1

6.
9±

6.
6

9.
2±

7.
8

8.
9±

9.
3

10
.0

±
9.

3
0.

8±
1.

9
2.

0±
4.

4
1.

0±
2.

1
1.

2±
3.

8
1.

2±
2.

6
2.

3±
4.

1

hs
CR

P, 
m

g/
L

6.
3±

5.
9

17
.9

±
18

.6
17

.0
±

16
.2

20
.1

±
18

.3
30

.1
±

26
.8

26
.5

±
21

.8
14

.8
±

13
.9

19
.2

±
17

.9
17

.5
±

18
.6

27
.0

±
22

.0
24

.6
±

21
.4

43
.3

±
39

.1

HA
Q

-D
I

1.
4±

0.
7

1.
4±

0.
7

1.
5±

0.
7

1.
5±

0.
7

1.
8±

0.
7

1.
7±

0.
7

1.
5±

0.
7

1.
6±

0.
8

1.
5±

0.
7

1.
7±

0.
7

1.
6±

0.
7

1.
9±

0.
7

RF
-p

os
iti

ve
*,

 
n 

(%
)

57
 (9

0.
5)

23
8 

(9
0.

8)
14

4 
(9

1.
1)

23
8 

(9
2.

6)
13

4 
(8

9.
9)

99
 (9

2.
5)

56
 (1

00
)

73
 (1

00
)

11
3 

(9
4.

2)
76

 (9
3.

8)
53

 (9
8.

1)
45

 (9
5.

7)

AC
PA

-p
os

iti
ve

†,
 

n 
(%

)
53

 (8
4.

1)
23

3 
(8

8.
9)

14
1 

(8
9.

2)
22

3 
(8

6.
8)

13
3 

(8
9.

3)
96

 (8
9.

7)
53

 (9
4.

6)
67

 (9
1.

8)
11

0 
(9

1.
7)

74
 (9

1.
4)

49
 (9

0.
7)

42
 (8

9.
4)

Pa
in

 a
ss

es
sm

en
t

55
.2

±
22

.1
60

.0
±

21
.7

57
.7

±
22

.1
58

.8
±

22
.1

63
.6

±
22

.2
62

.9
±

24
.3

60
.4

±
25

.0
62

.0
±

23
.3

61
.4

±
23

.9
67

.1
±

24
.2

60
.9

±
20

.7
69

.5
±

15
.3

m
TS

S
34

.4
±

43
.2

43
.4

±
50

.1
41

.4
±

47
.5

44
.7

±
50

.2
40

.5
±

51
.6

49
.5

±
58

.5
11

.4
±

24
.5

10
.3

±
20

.1
11

.4
±

20
.7

11
.0

±
14

.2
12

.9
±

29
.9

13
.2

±
21

.8

Da
ta

 a
re

 m
ea

n±
SD

 o
r n

 (%
).

Av
er

ag
ed

 h
sC

RP
 in

 R
A-

BE
AM

 c
al

cu
la

te
d 

as
 th

e 
m

ea
n 

of
 p

os
tb

as
el

in
e 

m
ea

su
re

m
en

ts
 a

t w
ee

ks
 4

, 1
2,

 1
6,

 2
0 

an
d 

24
 a

nd
 in

 R
A-

BE
G

IN
 a

s 
th

e 
m

ea
n 

of
 p

os
tb

as
el

in
e 

m
ea

su
re

m
en

ts
 a

t w
ee

ks
 4

, 1
2,

 1
6,

 2
0,

 2
4,

 3
2,

 4
0 

an
d 

52
.

*R
F-

po
si

tiv
e 

>
14

 u
ni

ts
/m

L 
(U

LN
).

†A
CP

A-
po

si
tiv

e 
>

10
 u

ni
ts

/m
L 

(U
LN

).
AC

PA
, a

nt
ic

yc
lic

 c
itr

ul
lin

at
ed

 p
ep

tid
e 

an
tib

od
y;

 A
DA

, a
da

lim
um

ab
; B

ar
i, 

ba
ric

iti
ni

b;
 B

M
I, 

bo
dy

 m
as

s 
in

de
x;

 c
sD

M
AR

Ds
, c

on
ve

nt
io

na
l s

yn
th

et
ic

 d
is

ea
se

-m
od

ify
in

g 
an

tir
he

um
at

ic
 d

ru
gs

; H
AQ

-D
I, 

He
al

th
 A

ss
es

sm
en

t Q
ue

st
io

nn
ai

re
-D

is
ab

ili
ty

 In
de

x;
 

hs
CR

P, 
hi

gh
-s

en
si

tiv
ity

 C
 re

ac
tiv

e 
pr

ot
ei

n;
 m

IT
T, 

m
od

ifi
ed

 in
te

nt
-t

o-
tr

ea
t; 

m
TS

S,
 m

od
ifi

ed
 To

ta
l S

ha
rp

 S
co

re
; M

TX
-IR

, i
na

de
qu

at
e 

re
sp

on
se

 to
 m

et
ho

tr
ex

at
e;

 n
, n

um
be

r o
f m

IT
T 

co
m

pl
et

er
s; 

PB
O,

 p
la

ce
bo

; R
A,

 rh
eu

m
at

oi
d 

ar
th

rit
is

; R
F, 

rh
eu

m
at

oi
d 

fa
ct

or
; U

LN
, u

pp
er

 li
m

it 
of

 n
or

m
al

.



627Lopez-Romero P, et al. Ann Rheum Dis 2022;81:622–631. doi:10.1136/annrheumdis-2021-221323

Rheumatoid arthritis

supplemental table 1A). This indicates that even in patients 
who do not achieve REM/LDA, baricitinib conveys more clin-
ical improvement and radiographic control than PBO, which is 
evidenced by the dissociation seen in this study (figure 3A).

Similarly, among all patients with HDA (n=40) in RA-BEGIN, 
more were on de novo MTX (57.5%) than on baricitinib (15.0%) 
and baricitinib+MTX (27.5%). Interestingly, in contrast to 
RA-BEAM, among patients classed as having MDA/HDA in 
RA-BEGIN, the CDAI change from baseline on MTX (−24.8) 
was not significantly lower than on baricitinib monotherapy 
(−26.4) or combination therapy (−27.0) (both p>0.05; online 
supplemental table 1B). Nevertheless, structural progression was 
higher, suggesting that the capacity of baricitinib to dissociate 
the tight link between activity and damage goes beyond the mere 
association with change in disease activity or disease activity 
states (figure 3B).

Structural damage progression in relation to systemic 
inflammation
Regarding systemic inflammation, as reflected by hsCRP levels, 
80.3% (n=257), 40.4% (n=107) and 36.3% (n=149) of 
patients receiving PBO, adalimumab and baricitinib, respectively, 

had a postbaseline averaged hsCRP >5 mg/L up to 24 weeks in 
RA-BEAM.

The impact of the systemic inflammatory response on struc-
tural damage progression within each treatment group differed 
(figure 4A). Among patients receiving PBO, those with hsCRP >5 
mg/L had significantly greater structural damage progression 
compared with those with hsCRP ≤5 mg/L (0.48 (0.04 to 0.91), 
p=0.03). However, there were no significant differences among 
patients receiving baricitinib (0.18 (−0.14 to 0.50), p=0.3) or 
adalimumab (0.12 (−0.26 to 0.51), p=0.5).

Across treatment groups, among patients with hsCRP  >5 
mg/L, structural damage progression was lower in those 
receiving baricitinib compared with PBO (−0.45 (−0.77 to 
–0.13), p=0.006). Structural damage progression was also lower 
in patients who received adalimumab versus PBO (−0.55 (−0.90 
to –0.20), p<0.01). As in the clinical assessment analyses, there 
was no essential difference between the baricitinib and adalim-
umab groups (0.10 (−0.29 to 0.49), p=0.6).

These results indicate that structural damage progression was 
uncoupled from inflammation in patients receiving baricitinib 
and show that, even with high systemic inflammation, structural 
damage progression was inhibited by baricitinib.

Figure 1  Heatmaps showing individual CDAI responses to treatment in RA-BEAM (MTX-IR patients with established RA) in patients with (A) 
averaged CDAI ≤10 (remission/low disease activity) and (B) averaged CDAI >10 (moderate/high disease activity). Averaged CDAI responses calculated 
as the mean of postbaseline measurements at weeks 4, 12, 16, 20 and 24. CDAI, Clinical Disease Activity Index; MTX-IR, inadequate response to 
methotrexate; NA, not available; RA, rheumatoid arthritis; w, week.

https://dx.doi.org/10.1136/annrheumdis-2021-221323
https://dx.doi.org/10.1136/annrheumdis-2021-221323
https://dx.doi.org/10.1136/annrheumdis-2021-221323
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In RA-BEGIN, at week 52, 59.1% (n=81), 42.5% (n=54) and 
28.1% (n=47) of patients in the MTX, baricitinib and barici-
tinib+MTX groups, respectively, had hsCRP  >5 mg/L. These 
patients had progressed by 1.51, 1.20 and −0.15, respectively 
(figure  4B). Structural damage progression was significantly 
lower in the baricitinib+MTX group compared with the MTX 
group (−1.66 (−2.36 to –0.95), p<0.001). Damage progres-
sion in patients who received baricitinib monotherapy was also 
numerically lower compared with those who received MTX, but 
this was not significant (−0.31 (−0.97 to 0.36), p=0.4).

Within treatment groups stratified by acute phase response, 
structural damage progression was significantly greater in 
patients with hsCRP >5 mg/L in the MTX (0.73 (0.07 to 1.40), 
p=0.03) and baricitinib monotherapy (0.89 (0.21 to 1.57), 
p=0.01) groups, but did not significantly differ in the barici-
tinib+MTX group (−0.67 (−1.35 to 0.02), p=0.06).

hsCRP changes in patients with residual inflammation
In RA-BEAM, in patients with averaged hsCRP >5 mg/L, the 
change from baseline in hsCRP was significantly greater in 
the baricitinib group (−6.61, p<0.001), but not in the adali-
mumab group (−0.75, p=0.64), compared with PBO (online 

supplemental table 2A). This might be in line with the direct 
effect of baricitinib on IL-6 signalling and thus on C reactive 
protein (CRP). However, the fact that the change of hsCRP on 
adalimumab was not different from that in PBO again reveals 
that the dissociation is largely independent of changes of acute 
phase reactant levels in non-responders, confirmed by the 
similar inhibitory effect of baricitinib on progression of damage 
as that of adalimumab (figure 4A). This is further exemplified 
in RA-BEGIN. The difference in change from baseline in partic-
ipants with averaged hsCRP  >5 mg/L was −1.71 (p=0.35) 
for baricitinib and −3.94 (p=0.045) for baricitinib+MTX, 
compared with MTX alone (online supplemental table 2B), 
although MTX did not inhibit structural damage progression to 
the same extent as baricitinib, particularly when in combination 
with MTX (figure 4B).

DISCUSSION
The research presented here originates from observations that 
in csDMARD-naïve patients with RA, MTX alone might not 
halt the progression of joint damage if there is ongoing residual 
disease activity. Early in the disease, as part of the window 
of opportunity, this is not acceptable, and patients should 

Figure 2  Heatmaps showing individual CDAI responses to treatment in RA-BEGIN (csDMARD-naïve patients with early RA) in patients with (A) 
averaged CDAI ≤10 (remission/low disease activity) and (B) averaged CDAI >10 (medium/high disease activity). Averaged CDAI responses calculated 
as the mean of postbaseline measurements at weeks 4, 12, 16, 20, 24, 32, 40 and 52. CDAI, Clinical Disease Activity Index; csDMARDs, conventional 
synthetic disease-modifying antirheumatic drugs; MTX, methotrexate; NA, not available; RA, rheumatoid arthritis; w, week.

https://dx.doi.org/10.1136/annrheumdis-2021-221323
https://dx.doi.org/10.1136/annrheumdis-2021-221323
https://dx.doi.org/10.1136/annrheumdis-2021-221323
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optimise treatments; thus far, tsDMARDs and bDMARDs are 
approved and recommended options. Later in the disease, in 
MTX-csDMARD insufficient responders who receive PBO, 
damage accrual is high, in line with their continued active 

established disease; in patients who receive either tsDMARDs 
or bDMARDs (with/without background MTX, but more 
so with combination therapy), damage could be halted or 
dramatically reduced even if they continue to have MDA/

Figure 3  Structural damage progression (adjusted mean for change from baseline mTSS) in relation to averaged CDAI in (A) RA-BEAM (MTX-IR 
patients with established RA) and (B) RA-BEGIN (csDMARD-naïve patients with early RA). Averaged CDAI responses in RA-BEAM calculated as 
the mean of postbaseline measurements at weeks 4, 12, 16, 20 and 24 and in RA-BEGIN as the mean of postbaseline measurements at weeks 4, 
12, 16, 20, 24, 32, 40 and 52. REM/LDA classified as CDAI ≤10. Between treatment group difference, **p<0.001 versus placebo or MTX; within 
treatment group difference, †p<0.05 and ††p<0.001. CDAI, Clinical Disease Activity Index; csDMARDs, conventional synthetic disease-modifying 
antirheumatic drugs; LDA, low disease activity; mTSS, modified Total Sharp Score; MTX, methotrexate; MTX-IR, inadequate response to methotrexate; 
RA, rheumatoid arthritis; REM, remission.

Figure 4  Structural damage progression (adjusted mean for change from baseline mTSS) in relation to averaged hsCRP in (A) RA-BEAM (MTX-IR 
patients with established RA) and (B) RA-BEGIN (csDMARD-naïve patients with early RA). Averaged hsCRP in RA-BEAM calculated as the mean of 
postbaseline measurements at weeks 4, 12, 16, 20 and 24 and in RA-BEGIN as the mean of postbaseline measurements at weeks 4, 12, 16, 20, 24, 
32, 40 and 52. Between treatment group differences, *p<0.05 and **p<0.001 versus placebo or MTX; within treatment group differences, †p<0.05. 
csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; hsCRP, high-sensitivity C reactive protein; mTSS, modified Total Sharp 
Score; MTX, methotrexate; MTX-IR, inadequate response to methotrexate; RA, rheumatoid arthritis.
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HDA.14–17 19 20 These analyses confirmed this hypothesis for 
baricitinib.

The results presented reveal that baricitinib, with/without 
de novo MTX or with background MTX, enhances disease-
modifying effects by blunting the tight link that is usually seen 
between disease activity and progression of joint damage in 
csDMARD-naïve and MTX-IR patients, being more evident 
when baricitinib is combined with MTX. Thus, baricitinib 
and baricitinib+MTX exert efficacy in structural terms even 
in patients who remain in MDA/HDA on this treatment, being 
significant for baricitinib+MTX. This was also evident when 
changes from baseline in disease activity were examined in those 
with residually active disease.

These data are very robust on several grounds. First, they 
are independent of disease duration and prior treatment. They 
pertain to patients with early disease who are MTX-naïve, as 
exemplified in the RA-BEGIN trial analyses, and to patients with 
established disease who had an insufficient response to MTX, as 
evaluated in RA-BEAM. Second, the analyses are consistent and 
confirmatory irrespective of the type of inflammatory marker 
used. When subgroups for the definition of disease activity 
are formed according to clinical assessment (CDAI), which is 
primarily driven by joint counts and thus local inflammation, 
damage progression is not larger in higher versus lower disease 
activity states on baricitinib+MTX in contrast to control (MTX 
in RA-BEGIN and PBO with background MTX in RA-BEAM). 
These data are confirmed when employing CRP, a systemic 
inflammatory marker induced by proinflammatory cytokines in 
the liver, to distinguish patients with higher and lower disease 
activity.

In RA-BEGIN baricitinib monotherapy was also studied. 
While there was a trend towards better structural efficacy in 
patients with higher disease activity states also with baricitinib 
monotherapy compared with MTX monotherapy, this did not 
reach statistical significance. It should be considered that in 
early disease if uptitration of MTX does not control inflamma-
tion, structural progression would be higher than with use of a 
bDMARD or Jakinib, such as baricitinib, as indicated by mTSS 
progression over time. However, other studies of bDMARDs and 
tsDMARDs on csDMARD/MTX-naïve patients with early RA 
have not compared monotherapy, MTX combination therapy 
and MTX uptitration.

One of the strengths of the present study is the use of time-
averaged disease activity, for both CDAI and CRP, so that the 
effects of extreme values and missing data are mitigated. Interest-
ingly, when following disease activity in individual patients over 
time, in patients in whom REM/LDA is achieved at endpoint, a 
drop in activity is already discernible within 4–12 weeks, in line 
with the treat-to-target recommendations2 and independent of 
whether patients have established or early RA. In contrast, those 
who remain in MDA/HDA never achieve any better status.30 
The visualisation as ‘heatmaps’ allowed us to show these data 
for individual patients very clearly. Another strength is the use 
of the CDAI for clinical disease activity assessment rather than 
a single measure. Composite scores capture RA better than indi-
vidual variables.31 32 Because the CDAI does not include an acute 
phase reactant,7 we could validate the clinical findings by using 
a serological marker.

Our study has some limitations. First, we used different time 
points for analysis of the early csDMARD-naïve and estab-
lished MTX-IR RA populations. While the ideal time frame for 
comparative assessment of radiographic progression is 1 year, as 
done in the RA-BEGIN analysis, assessments of RA-BEAM data 
were restricted to the 24-week time point. However, it was more 

important to have a valid active comparator, and in RA-BEAM 
all patients in the PBO group received baricitinib after at most 
6 months; analyses at 1 year would then have confounded the 
value of the data. Interestingly though, significant differences 
between the groups could already be seen at 6 months, which 
may even increase the importance of the data. Another limita-
tion is our focus on baricitinib and therefore we cannot be sure 
that our findings can be translated to other Jakinibs. While it is 
likely this will be the case, there might be some differences based 
on the different selectivity of the compounds.

In conclusion, the Jakinib baricitinib has shown to have 
significant inhibitory effects on the progression of structural 
joint damage even in patients who continue to have MDA/
HDA states. This quality has hitherto been described only for 
bDMARDs and has important clinical value. Adherence to treat-
to-target principles calls for a rapid change of treatment with 
insufficient improvement. However, when a patient improves 
clinically on baricitinib but not yet to the desired extent,33 the 
decision to change treatment could be delayed for a short while 
in accordance with the patient because joint damage progression 
and thus irreversible disability need not be feared.
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