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ABSTRACT

Objective To identify patient characteristics associated
with responsiveness to tumour necrosis factor inhibitors
(TNFi) in rheumatoid arthritis (RA).
Materials and methods Individual patient data from
29 randomised controlled trials (RCTs) evaluating the
efficacy of a TNFi versus placebo or conventional therapy
were obtained. Response to treatment was assessed
in subgroups according to the following baseline
characteristics: smoking status, physical activity, sex, age,
►► Additional supplemental
material is published online only. body mass index, autoantibody profile, disease duration,
high initial disease activity defined by Disease Activity
To view, please visit the journal
online (http://dx.d oi.org/10.
Score on 28 joints (DAS28)(C reactive protein (CRP)) >5.1.
1136/r mdopen-2021-001882).
The primary outcome was the between-treatment group
difference in DAS28(CRP) change from baseline to 6
months. The secondary endpoints were the between-
JL-W and M-AS contributed
treatment group difference in final DAS28(CRP) measured
equally.
until 6 months and EULAR response criteria until 6 months.
Data from each RCT were then pooled by the Mantel-
Received 18 August 2021
Haenszel method using a random effects model. A linear
Accepted 15 October 2021
metaregression was also carried out on two data-sharing
platforms separately to support the results.
Results Individual data of 11 617 patients from 29 RCTs
were analysed. Until 6 months, a significantly higher
EULAR non-response rate was observed in obese patients
(OR 0.52 vs 0.36 for non-obese, p=0.01). A multivariable
regression model performed on 7457 patients indicated
that patients treated by TNFi had a final DAS28(CRP)
decreased by 0.02 for each year of disease duration
(p<0.001), and a 0.21 decreased for patients with a
baseline DAS28(CRP) >5.1 (p<0.001).
Conclusions In RA, patients who are more responsive to
TNFi are those who are non-obese, have a long disease
duration and have a high initial disease activity.
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INTRODUCTION
Rheumatoid arthritis (RA) is the most
common chronic systemic autoimmune
disease with a prevalence of 0.3%–1.0%.1
Despite considerable progress in the knowledge of its pathogenesis and therapeutic

Key messages
What is already known about this subject?
►► Demographics and disease characteristics may

modulate the effect of tumour necrosis factor inhibitors (TNFi).
►► Meta analysis based on individual patient data is a
reliable and powerful method to analyse factors related to treatment response.

What does this study add?
►► High body mass index increased the odds of non-

response to TNFi in rheumatoid arthritis (RA).
►► Patients with RA with high baseline disease activity

and those with long disease duration are likely to
achieve a better response to TNFi as compared with
others.

How might this impact on clinical practice or
further developments?
►► Bodyweight control of RA is essential when starting

a TNFi.

management,2 3 disease remission or low
disease activity is not obtained in all patients.4
Tumour necrosis factor inhibitors (TNFi)
are the first biological agents available in
RA and are still widely used in patients with
inadequate response to conventional disease-
modifying antirheumatic drugs (csDMARDs).
However, approximately one-third of patients
with RA respond insufficiently to TNFi.5–8
The reasons behind the heterogeneity
in response remain unclear. Demographic,
disease-
related and environmental factors
could contribute to the variability in clinical response to TNFi. Some factors have
been associated with a poor response such
as smoking,9–12 being a woman,10 13 14 older
age,15 16 obesity,17 presence of rheumatoid
factor (RF) and anticitrullinated protein
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antibodies (ACPAs),18 long disease duration13 and high
disease activity,19–22 with conflicting results though.19 21 23
Available data are sparse on the influence of physical
activity on the response to TNFi. Physical activity seems
to decrease fatigue24 and improve quality of life,25 26 but
does not seem to decrease inflammation parameters.27
We therefore aimed to study the influence of these
factors on the effect of TNFi by performing a pooled-
analysis of randomised clinical trials that evaluated efficacy of TNFi compared with placebo in subgroups of
interest.
METHODS
Systematic review
A systematic review of randomised controlled clinical trials
was performed according to Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines,28
with the aim of studying the efficacy of TNFi according to
different demographic and disease-related factors. The
subgroups of interest were selected according to smoking
status, physical activity, sex, age, body mass index (BMI),
autoantibody status, disease duration and disease activity
score at baseline. The protocol was registered in the
PROSPERO database (number CRD42018071079)
in January 2018 and was updated in July 2021. We
searched for randomised controlled trials (RCTs) and
meta-analyses of RCT in Cochrane Central Register of
Controlled Trials. This research was performed until
January 2017 using the keywords “rheumatoid arthritis”,
“infliximab”, “adalimumab”, ‘“etanercept”, “golimumab”
and “certolizumab”. Two authors (TB-A and SD) selected
eligible RCT on title and abstract, retrieved full text of
eligible articles and decided on the final inclusion. We
included RCT comparing TNFi to placebo or csDMARDS
in patients with RA, with no restriction on the presence
or not of previous TNFi. We excluded non-randomised
studies and studies comparing two TNFi without a
placebo or csDMARD control groups. If included studies
did not report efficacy of TNFi according to subgroups
of interest, we sought to obtain individual patient data
(IPD).

in subgroups of interest. These subgroups were smoking
status (never/ever smokers), current physical activity
(yes/no), sex (men/women), age (≤50/>50 years), BMI
(<30/≥30 kg/m2), RF status (positive/negative), ACPA
status (positive/negative), RA disease duration (<2/2 to
10/≥10 years) and baseline DAS28(CRP) (≤5.1/> 5.1).
Outcomes
The predefined primary endpoint was ACR20 score after
6 months of follow-up, and secondary endpoints were
ACR50, ACR70, DAS28(CRP) and DAS28(ESR). Due to
the impossibility to obtain ACR response from the raw
dataset for eight trials, we decided in November 2019 to
modify the primary endpoint to between-treatment group
differences in DAS28(CRP) change (ΔDAS28(CRP))
from baseline to 6 months (or as close as 6 months,
depending on each trial available data). Secondary
endpoints were between-treatment group differences in
final DAS28(CRP) measured at 6 months (or as close as 6
months) and EULAR response criteria at 6 months (or as
close as 6 months).29 EULAR response criteria were used
to stratify the groups of response, that is, good response
if final DAS28 was ≤3.2 with a DAS28 improvement from
baseline of at least 1.2 points; non-response if final DAS28
was >5.1 with a DAS28 improvement from baseline ≤1.2
points or DAS28 improvement from baseline ≤0.6 points,
and moderate response if DAS28 did not meet these
criteria. For trials with missing erythrocyte sedimentation
rate (ESR), DAS28(CRP) was used to categorise EULAR
response using the same cut-offs as for DAS28(ESR).

Subgroup of interest
After obtaining access to data, we analysed the efficacy of
TNFi, regardless of the dose used, compared with control

Statistical analyses
Statistical analyses were performed using R Studio software. Descriptive results are presented as median (min–
max) or mean (IQR) unless stated otherwise. Pooled ORs
or mean difference with 95% CIs for EULAR response
and for DAS28(CRP) differences, respectively, between
TNFi and placebo were calculated using two-step meta-
analyses. First, aggregate data regarding treatment
response in each subgroup of interest were estimated
from IPD. Second, a random-
effect Mantel-
Haenszel
model was applied to calculate pooled effect. We considered a significant difference between subgroups if the p
value is <0.05. Between-study heterogeneity was quantified using Cochrane Q and I² statistics. Heterogeneity
was considered low if I2 was <30%, moderate if I2 was
30%–50%, substantial if I2 was 50%–70% and considerable if I2 was >70%. IPD from YODA and Vivli platforms
were used to perform two separate linear metaregressions with final DAS28(CRP) as independent variable
adjusted on baseline DAS28(CRP), trial and treatment by
subgroup variable interaction (bivariate analyses). Multivariable metaregressions of final DAS28(CRP) adjusted
on baseline DAS28(CRP), trial, age and subgroup variables with a p value for interaction of <0.20 in bivariate
analyses were also performed.
The analysis was performed following the intention-
to-treat principle, with no replacement of missing data.
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Data collection
Given the unavailability of published subgroup of interest
analyses, we contacted the corresponding authors and/
or sponsors of these trials in order to obtain aggregated
data and/or IPD and to perform a pooled analysis. Since
most of the data were stored securely on data-sharing
platforms, we requested each of these platforms an access
to the raw dataset. We signed data use agreements for
two platforms, Yale Open Data Access (YODA) and Vivli
Centre for Global Clinical Research, that allowed us to
access IPD for 26 trials. We further obtained IPD for two
AMGEN trials and for one academic trial (online supplemental table 1).
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Figure 1

Flow diagram of studies selection process. YODA, Yale Open Data Access.

Since this was an exploratory post hoc analysis, no p value
adjustment for multiplicity was performed. Therefore,
results should be considered with caution.
RESULTS
Search process
We found 496 articles published between 1994 and
2017, and 220 of them were eligible after selection
on title and abstract, and 79 fulfilled all inclusion and
exclusion criteria (figure 1). At the end of our search,
we did not retrieve any RCT that reported aggregated
results regarding the efficacy of TNFi in the subgroups
of interest. We therefore retrieved IPD for 29 trials. As
to June 2021, we obtained access data for 8 trials from
the YODA platform, 18 trials from the Vivli platform, 2
trials from AMGEN and 1 trial from an academic author
(figure 1).
Characteristics of included clinical trials
This pooled analysis included 29 RCTs evaluating five
TNFi: 12 evaluated adalimumab; 3 evaluated etanercept; 6 evaluated certolizumab; 6 evaluated golimumab;
and 2 evaluated infliximab (table 1 and online supplemental table 1). All RCTs were double-blinded, placebo-
controlled, parallel group trials conducted between 1997
and 2015. The median number of patients randomised
was 444 (range: 47–1648). Individual data of 14 838
randomised patients were available. Clinical and
Law-Wan J, et al. RMD Open 2021;7:e001882. doi:10.1136/rmdopen-2021-001882

biological data were missing in some studies, leading to
11 617 (78%) IPDs available for analyses. Physical activity
data were missing for 25 studies. Some data could not
be retrieved for confidentiality and anonymisation
reasons, such as patients’ age in six certolizumab studies
and disease duration in four certolizumab studies that
reported these data as intervals. Treatment response
could be evaluated at week 24 for 21 trials (72%), at week
26 for 2 trials (7%), at week 30 for 2 trials (7%), and at
week 12 for 4 trials (14%).
Difference in ΔDAS28(CRP) between baseline and until 6
months
Smoking status, physical activity, sex, age, BMI, ACPA, RF
status, disease duration and baseline DAS28(CRP) did not
significantly influence the difference in ΔDAS28(CRP)
between TNFi and placebo in subgroup analyses (p>0.05
for subgroup differences, tables 2 and 3). Heterogeneity
was considerable (I²>70%) in some subgroups: non-
smoking patients, women, non-obese patients, patients
with RF and ACPA positive status and patients with high
baseline DAS28(CRP).
Difference in final DAS28(CRP)
Smoking status, physical activity, sex, age, BMI, ACPA and
RF status, disease duration and baseline DAS28(CRP) did
not significantly influence the final DAS28(CRP) between
3
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Golimumab

NCT00264537

Golimumab

Infliximab

Infliximab

NCT01248780

NCT00269867

NCT00236028

847

276

234

546

567

335

396

566

860

143

103

936

587

368

462

195

264

574

336

278

43

118

94

492

630

857

9.4

34.9

51

38.9

32.3

46.3

36

57.1

13.3

20.9

13.6

48.9

49.8

Smoker
(%)

28.2

23.5

25.1

18.9

13.6

Physical
activity
(%)

71.2

78.6

80.8

81.5

82

78.8

82.1

84.6

76.9

82.5

78.6

84.2

80.7

75.9

92.2

70.1

80.7

80.1

76.8

83.5

79.1

89.8

58.5

74.4

74.8

74.7

79.5

*

49.7

50.8

46.9

51.6

49.2

53.1

49.9

49

*

*

*

*

*

51.2

49.8

54.6

55.3

56

48.8

52.5

48.5

47.6

56

52.1

49.7

54.5

Women Age
(%)
(years)

27.9

27.5

22.6

26.9

26.8

28.4

27

27.1

27.9

26.7

27.3

30.1

27

26.2

22.1

30

26.2

22.4

28

28.7

22.7

24

22.4

26.9

28.6

27.1

28

21.9

BMI
(kg/
m2)

71.8

79

100

91.7

84.7

73.4

83.7

82.5

96

75.9

71.6

74.9

84.5

78.1

77.5

93.7

69.5

83.3

75.7

66.4

83.1

94.9

75.4

64.5

85.5

84

88.7

90.4

RF
positive
(%)

35.6

93.1

92.4

79.1

72.7

80

73.7

84.3

67.2

53.4

83

57

84.5

ACPA
positive
(%)

0.8

5.3

1.7

4.4

5.9

8.5

5.9

2.5

0.2

*

8.6

*

*

*

7.7

13.1

0.3

10.3

6.9

7

7.2

0.7

10.9

0.8

0.3

9.4

Disease
duration
(years)

17.5

15.8

8.8

10.4

14

15.5

13.5

14.5

15.7

3.9

16.1

14.6

17.5

17.9

9.7

14

13.1

14.8

16.7

13.8

13.8

10.9

13.3

14.6

16.8

15.7

15

14.4

14.6

5.8

7.5

10.5

11.4

9.6

10.7

12.5

3.4

13.6

11.6

14.8

14.5

8.7

13.5

11.6

13.8

13.4

8.7

12.8

8.7

10.3

13.2

14.3

12.4

13.7

61.6

59.4

62.5

64.9

60.1

63.7

55.3

60.5

65.2

35.3

32.3

59.3

63.7

61.8

56.2

55.6

62.4

52.8

54.2

60.4

71.8

60.5

61

52.9

65.4

63.2

70.3

Tender Swollen
28 joint 28 joint
count
count
PGA

27.8

36.9

19.1

27.2

17.5

17.2

17.9

24.9

21.4

12.2

18.4

17

25

24.5

19.9

9

25.8

24.8

14.8

13.9

21

22

24.2

30.1

18.1

38.7

28.8

57.9

CRP
(mg/L)

6.2

6.1

4.9

5.4

5.6

5.7

5.4

5.7

5.9

3.8

5.5

5.7

6.2

6.2

5.2

5.8

5.7

5.7

5.7

5.5

5.9

5.4

5.6

5.7

6.3

6

6.5

DS28
(CRP)

Data are expressed as means.
*Exact data expressed in intervals.
ACPA, anticitrullinated protein antibody; BMI, body mass index; CRP, C reactive protein; DAS28, Disease Activity Score on 28 joints; PGA, Patient Global Assessment; RF, rheumatoid
factor; SJC28, swollen joint count; TJC28, tender joint count; TNFi, tumour necrosis factor inhibitors.

Golimumab

Golimumab

NCT00361335

NCT00973479

Golimumab

Certolizumab

NCT01519791

Golimumab

Certolizumab

NCT00674362

NCT00264550

Certolizumab

NCT00548834

NCT00299546

Certolizumab

Adalimumab

PMID22739990

Certolizumab

Adalimumab

NCT00870467

NCT00717236

Adalimumab

DE31

NCT00152386

Adalimumab

NCT00647270

Certolizumab

Adalimumab

NCT00538902

Etanercept

Adalimumab

NCT00647920

NCT00160602

Adalimumab

NCT00235859

NCT00445770

64

Adalimumab

NCT00234845

Etanercept

Adalimumab

NCT00195702

Etanercept

Adalimumab

NCT00195663

PMID9920948

Adalimumab

NCT00420927

NCT01313208

134

Adalimumab

NCT00647491

312

TNFi

Analysed
patients

Baseline characteristics of patients of included trials

Studies

Table 1

RMD Open: first published as 10.1136/rmdopen-2021-001882 on 17 November 2021. Downloaded from http://rmdopen.bmj.com/ on November 30, 2021 by guest. Protected by copyright.

RMD Open

Table 2 MD in ΔDAS28(CRP) between baseline and until 6 months by clinical and biological baseline characteristics
Patients (n)

Heterogeneity

Studies (n)

TNFi

Placebo MD (95% CI)

I² (%)

P value

14

1409

685

−0.50 (−0.67 to −0.32)

36

0.09

2329

1070

−0.47 (−0.65 to −0.29)

70

0.01

P value for
subgroup
difference

Smoking
 Yes
 No

0.87

Physical activity
 Yes

5

 No

297

138

−0.38 (−0.65 to −0.11)

0

0.79

1191

472

−0.42 (−0.66 to −0.18)

67

0.02

5585

2513

−0.62 (−0.75 to −0.49)

76

0.01

1526

689

−0.52 (−0.68 to −0.36)

27

0.11

4760

1876

−0.54 (−0.67 to −0.41)

64

0.01

3315

1407

−0.70 (−0.83 to −0.57)

51

0.01

2125

828

−0.55 (−0.66 to −0.44)

0

0.70

5977

2492

−0.66 (−0.80 to −0.52)

78

<0.01

6480

2668

−0.65 (−0.78 to −0.52)

75

<0.01

1425

559

−0.50 (−0.64 to −0.37)

5

0.39

3058

1462

−0.50 (−0.71 to −0.29)

82

<0.01

920

368

−0.43 (−0.62 to −0.24)

14

0.31

0.81

Sex
 Women

27

 Men

0.34

Age (years)
 >50

27

 ≤50

0.08

BMI (kg/cm²)
 ≥30

28

 <30

0.20

RF status
 Positive

28

 Negative

0.12

ACPA status
 Positive

13

 Negative

0.62

Disease duration (years)
2781

1416

−0.53 (−0.72 to −0.34)

66

<0.01

 2–10

1104

535

−0.51 (−0.68 to −0.35)

27

0.14

 ≥10

688

333

−0.77 (−1.03 to −0.50)

47

0.03

6097
1948

2344
899

−0.63 (−0.77 to −0.50)
−0.53 (−0.66 to −0.39)

74
52

<0.01
<0.01

 <2

22

0.25

Baseline DAS28
 >5.1
 ≤5.1

27

0.27

ACPA, anticitrullinated protein antibody; BMI, body mass index; CRP, C reactive protein; Baseline DAS28, DAS28(CRP) score at baseline;
DAS28, Disease Activity Score on 28 joints; ΔDAS28(CRP), DAS28(CRP) change; MD, mean difference; RF, rheumatoid factor; TNFi, tumour
necrosis factor inhibitors.

TNFi and placebo in subgroup meta-analyses (p>0.05 for
subgroup differences, online supplemental table 2).
Good EULAR response
Smoking status, physical activity, sex, age, BMI, ACPA
or RF status, disease duration and baseline DAS28 did
not significantly influence the good EULAR response
between TNFi and placebo in subgroup meta-analyses
(p>0.05, online supplemental table 3).

BMI of <30 (OR 0.36, 95% CI 0.30 to 0.45), with p=0.01
for subgroup difference (table 3 and online supplemental figure 1). There was no influence of other covariates (smoking status, physical activity, sex, age, baseline
DAS28(CRP), disease duration, ACPA and RF status) on
the odds of non-response between TNFi and placebo
(p>0.05 for subgroup differences).

EULAR non-response
We observed a qualitative and significant influence
of obesity on the odd of being EULAR non-responder
between TNFi and placebo (online supplemental table
4). Obese patients had a higher risk of non-response (OR
0.52, 95% CI 0.43 to 0.63) compared with patients with a

Metaregression analyses
Bivariable and multivariable metaregression results
are shown in table 4. Metaregressions were performed
on 7457 patients (18 RCTs) from Vivli and on 3767 (8
RCTs) patients from YODA. Bivariate analyses indicated
that being treated by TNFi was associated with a significantly lower final DAS28(CRP), while a higher baseline

Law-Wan J, et al. RMD Open 2021;7:e001882. doi:10.1136/rmdopen-2021-001882
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Table 3 P values for subgroup difference for ΔDAS28(CRP), final DAS28(CRP), good EULAR response and non-EULAR
response between TNFi and placebo
P value for subgroup difference
Studies (n)

ΔDAS28(CRP)

DAS28(CRP) final

Good EULAR
response

EULAR
non-response

14

0.87

0.77

0.95

0.97

5

0.81

0.58

0.87

0.95

27

0.34

0.64

0.50

0.94

27

0.08

0.15

0.59

0.34

28

0.20

0.12

0.22

0.01

28

0.12

0.28

0.61

0.13

13

0.62

0.99

0.79

0.29

22

0.25

0.07

0.69

0.33

27

0.27

0.44

0.73

0.31

Smoking
 Yes
 No
Physical activity
 Yes
 No
Sex
 Women
 Men
Age (years)
 >50 years
 ≤50 years
BMI (kg/cm²)
 ≥30
 <30
RF status
 Positive
 Negative
ACPA status
 Positive
 Negative
Disease duration (years)
 <2
 2–
 ≥10
Baseline DAS28
 >5.1
 ≤5.1

ACPA, anticitrullinated protein antibody; BMI, body mass index; CRP, C reactive protein; Baseline DAS28, DAS28(CRP) score at baseline;
DAS28, Disease Activity Score on 28 joints; ΔDAS28(CRP), DAS28(CRP) change; RF, rheumatoid factor; TNFi, tumour necrosis factor
inhibitors.

DAS28(CRP) was associated with a significantly higher
final DAS28(CRP) in trials from both databases. Men
presented a lower final DAS28(CRP) than women, and
disease duration was associated with an increased final
DAS28(CRP) in trials from the Vivli database. Significant treatment effect modifiers in bivariate analyses were
disease duration with a lower 0.02/year (in trials from the
Vivli database) and baseline DAS28(CRP) with a higher
0.1/baseline unit (in trials from YODA database) final
DAS28(CRP) in treated patients.
Four variables, that is, age, sex, BMI and disease duration, were included in the multivariable models. Using
the individual data from Vivli (n=7457), the model indicated that disease duration as a continuous variable and

baseline DAS28(CRP) as a categorial variable significantly modified treatment effect on final DAS28(CRP).
Patients treated by TNFi had a final DAS28(CRP)
decreased by 0.02 for each year of disease duration
(p<0.001), and a 0.21 decreased for patients with a baseline DAS28(CRP) >5.1 (p=0.05). These results were not
observed in the metagression performed on the 3767
patients from the YODA platform.

6
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DISCUSSION
From the meta-analysis on pooled data, the sole characteristic associated with a clinical outcome was BMI, which
increased the odds of being non-responders. According
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Table 4 Bivariate and multivariate metaregression analyses for until 6 months DAS28(CRP)
YODA platform (3767 patients)

Vivli platform (7457 patients)

Standardised
coefficient

Standardised
coefficient

SD

P value

SD

P value

0.09

0.08

0.27

0.07

<0.001

Bivariate
0.09

0.58

 Exercise

−0.23

0.12

0.06

 Men

−0.15

0.09

0.12

−0.26

 Smoking

0.051

 Age*

0.003

0.003

0.28

−0.003

0.002

0.17

 BMI*

0.002

0.006

0.75

0.015

0.004

<0.001

 RF+

−0.15

0.10

0.15

0.40

1.22

0.74

 ACPA +

−0.18

0.11

0.11

0.27

0.29

0.36

0.005

0.01

0.70

0.013

0.005

<0.001

0.54

0.04

<0.001

0.56

0.03

<0.001

−0.47

0.04

<0.001

−0.63

0.03

<0.001

0.02

0.10

0.81

 Disease duration*
 Baseline DAS28(CRP)
 Treatment
Treatment by covariate interaction
 Treatment: smoking

−0.003

0.11

0.97

 Treatment: exercise

0.054

0.14

0.71

 Treatment: men

−0.11

0.11

0.32

0.14

0.08

0.08

 Treatment: age

−0.0005

0.004

0.89

0.006

0.003

0.06

 Treatment: BMI

0.006

0.0077

0.43

0.002

0.005

0.63

 Treatment: RF+

0.02

0.12

0.86

0.85

1.34

0.53

 Treatment: ACPA+

0.12

0.13

0.33

0.04

0.32

0.89

Treatment: duration

0.01

0.015

0.41

−0.02

0.005

<0.001

Treatment: baseline DAS28(CRP)

0.1

0.04

0.03

−0.04

0.03

0.22

 Treatment: duration

0.02

0.02

0.32

−0.02

0.006

<0.001

 Treatment: baseline DAS28(CRP)

0.08

0.01

0.44

−0.02

0.04

0.7

 Treatment: baseline
DAS28(CRP) >5.1

0.33

0.23

0.15

−0.21

0.11

0.049

Multivariate†

*For one unit (year, kg/m2).
†Sex, age, BMI and disease duration.
ACPA, anticitrullinated protein antibody; BMI, body mass index; CRP, C reactive protein; Baseline DAS28, DAS28(CRP) score at baseline;
DAS28, Disease Activity Score on 28 joints; RF, rheumatoid factor; YODA, Yale Open Data Access.

to the metaregression analysis based on individual data,
the multivariable model found that disease duration and
baseline DAS28(CRP) categories interacted with the final
DAS28(CRP). In the present work, we did not find any
influence of smoking status, physical activity, sex, age, RF
or ACPA status on response to TNFi, which was in accordance to previous meta-analyses23 and registries21 but not
with other retrospective cohorts.19 23
A recent meta-analysis showed a lower minimal disease
activity achievement in obese patients with psoriatic
arthritis or RA compare with those normal BMI.30 One
hypothesis would be a decrease of TNFi concentration
in obese patients due to a larger volume of distribution
which is increased with body size.31 32 Therefore, an
increase in the dosage of TNFi in obese patients could
be considered. However, it has also been observed in the
literature that obese patients treated with infliximab,

whose dosage is based on body weight, have a lesser
response,17 suggesting the role of adipose tissue. It has
indeed been demonstrated that adipose tissue can
produce adipokines, capable of inducing the production
of proinflammatory cytokines such as tumour necrosis
factor or interleukin-6,33 which may explain the lesser
response to TNFi in obese patients. Furthermore, interaction between obesity and other factors such as physical
activity may exist in the clinical trials included.34 However,
because of lack of information on physical activity in most
of trials, such correlations could not be studied.
We observed that patients with long disease duration, that is, ≥10 years, seemed to have a better response
than others, which was not reported in the literature so
far. In clinical practice, patients with long disease duration who require TNFi are usually those who have already
failed to various treatments, which is known as a poor
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prognostic factor.13 This surprising result was seen in one
of the data-sharing platforms and was not attributed to
age nor disease activity. Thus, patients with long-standing
disease with insufficient control of disease activity are as
eligible as those with shorter disease duration, with even
an additional effect of TNFi.
High baseline disease activity, that is, DAS28(CRP)
of >5.1, was predictive of a favourable, although small,
additional reduction in DAS28(CRP) at the time of 3
and 6 months, as compared with patients with moderate
disease activity. It seems coherent that patients with the
highest inflammatory burden obtain a tangible effect as
compared with those with less inflammation, in which the
disease improvement is less pronounced. This finding
was only observed by the metaregression analysis issued
from one datasharing platform. The meta-
analysis of
pooled data yielded no statistically significant difference
but pointed to the same direction.
Our study has some strengths that deserve to be
mentioned. This is the first analysis based on a large
amount of IPD, studying the effect of demographic
and disease factors on response to TNFi in RA, which
allowed us to increase the power to show a very small
difference between some subgroups of patients.
The current knowledge are predominantly based on
national registries, retrospective cohorts or aggregate
data meta-analyses. The use of IPD from data-sharing
platforms enables reusing raw data from a substantial
number of studies. Furthermore, in comparison with
analyses based on aggregated data published
meta-
by the investigators, obtaining raw data allowed us to
study in a standardised manner various parameters and
to pool them together, creating a large database. The
results obtained here have important clinical impacts
in the context of personalised treatment strategy, for
example, to increase awareness on negative predictive
factors such as obesity when initiating a TNFi.
The main challenge in our work was the data selection and availibility. In most cases, we chose to exclude
from the subgroup analysis patients who could not be
categorised, which may have caused bias in the analysis.35 Some adjustments were nevertheless made to
limit this loss of data. For instance, we adapted the
age intervals provided by the sponsor to our population subgroups, seeking for the best compromise
(online supplemental table 5). Similarly, the absence
of ESR in some studies led us to use DAS28(CRP) and
ΔDAS28(CRP) in the categorisation of responder and
non-responder patients instead of DAS28(ESR) and
ΔDAS28(ESR), which may have somehow overestimated the EULAR response rate.36
Another limitation of our study is the different time
points of response assessment, that is, at week 30 for
2 studies, at week 24 for 21 studies, at week 26 for 2
studies and at week 12 for 4 of them (online supplemental tables 6 and 7). At the time of the protocol
writing, the 6-
month time point was selected to
capture all patients with sustained clinical response, to
8

discriminate from those with early transient response,
sometimes related to placebo effect. For studies where
evaluation at 6 months was not available, we chose the
3-month time point. We made a compromise in order
to include as many patients as possible in the analysis
and to stick to the clinical relevance. In the treat-to-
target strategy,4 European recommendations allow
and require the clinician to evaluate the response
treatment as early as 3 months.
For all the studies, we categorised treatment arms
into two groups, either placebo or TNFi, whereas there
were often several different TNFi groups with different
dosages. In case of different treatment groups, all dosing
regimens were gathered and compared with placebo.
This did not hamper our conclusions, which was to
compare the magnitude of response according to demographics and diseases characteristics, not according to
the dosing regimen.
We did not plan to study the influence of concomitant treatments such as methotrexate, because the
effect of such treatments is already known. Our objective was to study other treatment effect modifiers. Since
such concomitant treatments were equally distributed
between treatment arms, we considered that their influence on the effect of other covariate was unlikely. We did
not analyse the dose of TNFi. The dose–response relationship would deserve a specific attention and further
studies but was not the objective of this study. Because
of the randomisation, we considered that this would not
hamper our conclusions.
Finally, we should acknowledge the limitation of
clinical trials and the extrapolation of our conclusions to patients seen in clinical practice. Differences in patients included in clinical trials, duration
of treatment and follow-up, and the fact that we did
not study the effect of TNFi monotherapy compared
with their use in association with methotrexate could
lead to differences in extrapolation to clinical practice. However, clinical trials remain the gold standard
to assess treatment efficacy and the influence of treatment effect modifiers.
In conclusion, this meta-analysis on individual patients
with RA data confirmed that obese patients are less
responsive to TNFi as compared with non-obese patients.
Those with long disease duration and those with a high
baseline disease activity achieve a better response than
others.
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