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INFO ARTICLE ABSTRACT

Keywords : Objective: To assess radiographic progression in patients with early rheumatoid arthritis (RA) and poor prognostic
Rheumatoid arthritis factors treated with certolizumab pegol (CZP) + methotrexate (MTX) versus placebo (PBO) + MTX, stratified by
Radiographic progression rheumatoid factor (RF) level.

Certolizumab pegol Methods: In a pooled, post-hoc analysis of phase 3 randomized trials (C-EARLY [NCT01519791] and C-OPERA

Rheumatoid factor
C-EARLY
C-OPERA

[NCT01451203], patients were stratified by baseline RF level (low: < 200 IU/mL; high: > 200IU/mL). Change
from baseline (A) in modified Total Sharp Score (mTSS) and components, predicted risk of RP, and disease
activity are reported up to Week (Wk)52.

Results: Eight hundred and thirteen CZP + MTX-randomized (low RF: n = 571; high RF: n = 242) and 367
PBO + MTX-randomized (low RF: n = 242; high RF: n = 125) patients were included. Baseline characteristics
were similar between treatments; however, patients with high RF had more severe disease. The proportion of
patients with clinically meaningful radiographic worsening (AmTSS > 5) at Wk24 was more comparable be-
tween patients with high and low RF levels randomized to CZP + MTX (low RF: 1.0% vs high RF: 0.0%) and
was numerically lower than with PBO + MTX (2.8% vs 6.5%) and this pattern was maintained through Wk52.
Clinical outcomes were generally favorable with PBO + MTX, but better with CZP + MTX.

Conclusion: In MTX-naive patients with early RA, radiographic progression was more similar between
CZP + MTX-treated patients with high and low RF levels, and consistently numerically lower, than PBO + MTX-
treated patients. Irrespective of RF level, CZP + MTX better attenuated than MTX alone and was associated with
more favorable clinical outcomes. Our findings suggest that RF level does not adversely influence radiographic
response to CZP + MTX.
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1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune condition that
leads to joint pain and damage and gradually reduces physical func-
tion [1]. Persistent high disease activity, presence of early erosions or
structural damage, high swollen joint count (SJC) and positivity for
autoantibodies are key prognostic factors in assessing severity and for
treatment decision-making [2,3].

High rheumatoid factor (RF) level is a prognostic factor of clinical
significance. RFs bind the crystallizable fragment (Fc) of immunoglob-
ulin G (IgG), including therapeutic monoclonal antibodies such as most
tumor necrosis factor inhibitors (TNFis). This results in large immune
complexes that are internalized by macrophages through the Fc gamma
receptor (FcyR) and undergo lysosomal degradation, thereby reducing
plasma levels of TNFis [4-7]. Patients with RA and elevated RF lev-
els typically have higher disease severity and decreased response to
biologic disease-modifying antirheumatic drugs (- DMARDs) than those
with lower RF levels [8-12]. Indeed, high RF levels are a key risk factor
for patients developing difficult-to-treat RA, even with the use of two
or more biologic or targeted synthetic DMARDs [13,14]. Elevated RA
disease activity is also associated with progression of radiographic joint
damage, particularly in RF-positive individuals [14].

Pertinently, radiographic progression drives irreversible changes in
joints and is linked with functional disability, which negatively impacts
patients’ quality of life (QoL) and impairs work productivity [15,16].
Even upon treatment with bDMARDs, high RF level is predictive of
radiographic progression in patients with RA [17]. Prevention of radio-
graphic progression and irreversible functional impairment, as distinct
from impairment caused by the active disease process [18,19], is there-
fore a key goal in treatment of RA and a robust marker for response
[20,21].

CZP is a PEGylated TNFi without an Fc; RFs do not bind to CZP due
to the absence of an Fc region, whereas RFs do bind to Fc-containing
TNFis [6,22]. Therefore, CZP plasma levels are not reduced in patients
with high RF levels [23]. In a retrospective analysis of patients with RA,
serum concentrations of Fc-containing TNFis, such as infliximab and
adalimumab, were significantly lower in patients with high baseline RF
levels than in those with lower baseline RF levels, while serum CZP
levels were similar irrespective of baseline RF level [24]. Other recent
data suggest that patients with RA and higher RF levels may achieve
and maintain greater clinical improvement with TNFis without an Fc
region compared with TNFis with an Fc region [23]. Concordantly, a
post-hoc analysis of four pooled trials of patients with RA showed consis-
tent efficacy of CZP for improving disease activity and achieving clinical
remission across baseline RF levels [25].

There are no specific recommendations regarding which biologics
should be initiated or switched to in patients with high RF levels, and
there is limited evidence regarding treatment effectiveness for the pre-
vention of radiographic progression in these patients [2,26]. Available
studies, however, have demonstrated that Fc-containing TNFis less ef-
fectively control radiographic progression in patients with high RF levels
than low RF levels [9].

The objective of this post-hoc analysis was to assess radiographic
progression in patients with RA, stratified by baseline RF levels, in
two phase 3, placebo (PBO)-controlled trials of CZP and methotrexate
(MTX).

2. Methods
2.1. Study design

The study designs of the C-EARLY and C-OPERA studies included in
this pooled, post-hoc analysis have been reported previously [27,28]. C-

EARLY (NCT01519791) was a phase 3, randomized, placebo-controlled
study in Europe, Australia, North America, and Latin America. C-EARLY
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assessed the efficacy and safety of CZP (400mg at Weeks 0, 2 and
4 followed by 200 mg every 2 weeks) + dose-optimized MTX (10 mg
weekly and increased to 25 mg after 6-8 weeks if well-tolerated, with at
least 15 mg weekly) versus PBO + dose-optimized MTX in inducing and
sustaining clinical remission in DMARD-naive patients with moderate-
to-severe, active, progressive RA, with poor baseline prognostic factors,
over 52 weeks [27]. Radiographic progression in participants was as-
sessed as change from baseline (represented as A), in van der Heijde
modified total Sharp score (mTSS) [27]. The primary efficacy endpoint
in C-EARLY was the proportion of patients with sustained Disease Ac-
tivity Score 28 Erythrocyte Sedimentation Rate (DAS28-ESR) < 2.6 at
Weeks 40 and 52 [27].

C-OPERA (NCT01451203) was a phase 3, multicenter, randomized,
PBO-controlled study in Japan that evaluated the efficacy and safety of
combination therapy using CZP (400 mg at Week 0, 2 and 4, followed by
200 mg every two weeks) + MTX (8 mg per week, increased to 16 mg
from Week 8 onwards) versus PBO + MTX as first-line treatment for
MTX-naive patients with early RA and poor baseline prognostic factors
over a 52-week double-blind period [28]. The primary efficacy endpoint
in C-OPERA was AmTSS at Week 52, evaluated by two independent
readers [28].

In C-EARLY, patients who did not achieve DAS28-ESR < 3.2 and/or
>1.2-point improvement in DAS28-ESR from baseline at Weeks 20 and
24 were switched to a complementary medication [27]. In C-OPERA, pa-
tients with moderate or higher disease activity (DAS28-ESR > 3.2) that
persisted for >4 weeks at or after Week 24 were eligible to receive res-
cue treatment with open-label CZP [28]. Patients who stopped receiving
PBO + MTX at Weeks 20 or 24 are referred to as ‘PBO early escapers’.
Patients who did not require escape therapy and continued to receive
PBO + MTX are referred to as ‘PBO continuers’.

C-EARLY and C-OPERA were conducted after approval by the Institu-
tional Review Boards designated by each study site, in compliance with
the ethical principles described in the Declaration of Helsinki and Good
Clinical Practice. All patients provided written informed consent to par-
ticipate in the two studies. As this was a post hoc analysis of anonymized
data, no ethics committee or institutional review board approvals were
required. In C-EARLY, participant race and ethnicity were self-reported
by patients through selection from a fixed set of categories; ethnicity
data were not collected for C-OPERA.

2.2. QOutcomes

A pooled post-hoc analysis of participants from both trials was per-
formed (full analysis set [FAS], including all patients who received
at least one administration of study drug and had valid post-baseline
efficacy data). Patients were stratified by baseline RF level (low RF:
< 200 IU/mL; high RF: > 200 IU/mL), in line with published strata, with
patients with RF levels > 200 IU/mL being at high risk for radiographic
progression [9,29].

Due to confounding by early escapers who received therapy other
than PBO after Week 24, PBO data are predominantly reported to Week
24, during which patients only received PBO + MTX in both trials. Out-
comes reported include A and minimal detectable difference (MDD) in
mTSS, mTSS components (erosion and joint space narrowing [JSN])
scores and the proportion of patients with AmTSS > 3 SHS U/year, and
> 5 SHS U/year (which are commonly used thresholds indicative of
clinically meaningful radiographic progression) [9,17,30,31]. To pro-
vide further insight, Week 52 mTSS and mTSS component data for PBO
data are also tabulated alongside the equivalent CZP data. Other out-
comes also included the predicted risk of radiographic progression >3
SHS U/year and >5 SHS U/year.

Additionally, the following outcomes were examined, stratified by
baseline RF level: DAS28-ESR and the proportion of patients achiev-
ing DAS28-ESR low disease activity (LDA; DAS28-ESR < 3.2), DAS-28
components (SJC and Tender Joint Count [TJC]), Health Assessment
Questionnaire-Disability Index (HAQ-DI), Simplified Disease Activity In-
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dex (SDAI) LDA (SDAI < 10) and Clinical Disease Activity Index (CDAI)
LDA (CDAI < 10) through Week 52. DASR28-CRP and CDAI PBO data are
further stratified by PBO early escaper and continuer status (presented
in the Supplementary Material).

2.3. Statistical analysis

Data for AmTSS are reported as observed case (OC). The A and MDD
in mTSS, mTSS erosion score and JSN score, proportion of patients
with AmTSS > 3 SHS U/year, and > 5 SHS U/year, predicted risk of
radiographic progression, DAS28-ESR and DAS28-ESR LDA, SJC, TJC,
HAQ-DI, SDAI LDA and CDAI LDA are reported as OC. The predicted
risk of radiographic progression >3 SHS U/year and >5 SHS U/year
was calculated as a function of baseline RF level. As these are post-hoc
analyses, only descriptive statistics are presented for all outcomes.

3. Results
3.1. Patient disposition and baseline characteristics

A total of 813 CZP-randomized (CZP + MTX; low RF: n = 571; high
RF: n = 242) and 367 PBO-randomized (PBO + MTX; low RF: n = 242;
high RF: n = 125) patients with baseline RF measurements, pooled from
both trials, were included in the FAS. 56 PBO + MTX-randomized pa-
tients were early escapers at Week 24 and switched to CZP for the
remaining 28 weeks.

Baseline characteristics were similar between CZP + MTX and
PBO + MTX-treated patients within both RF strata (Table 1). Patients
with high RF had more severe disease at baseline, with numerically
higher mean C-reactive protein (CRP), anti-citrullinated protein anti-
bodies, mTSS, and erosion scores than those with low RF (Table 1). Mean
(standard deviation [SD]) MTX dose at baseline was similar in patients
with high and low RF levels across treatment arms (Table 1). Patients
from C-OPERA had lower mean MTX dose at baseline overall (All pa-
tients, n = 316: 7.5 [1.9] mg), compared with patients in C-EARLY (All
patients, n = 868: 10.4 [1.50] mg), consistent with the lower dose rec-
ommended in Japanese guidelines [32,33]; moreover, these doses have
been shown to be sufficiently high when combined with TNFis [34,35].

Baseline characteristic data for PBO early escapers and continuers
are provided in Supplementary Table S1.

3.2. Change from baseline in mTSS over time

At baseline, mean (SD) mTSS was 6.24 (12.11) and 8.18 (14.83)
in CZP + MTX-randomized patients with low (n=567) and high
(n = 242) RF levels, respectively, while mean (SD) mTSS was 6.38
(14.56) and 9.56 (20.10) in the overall group of PBO + MTX-
randomized patients with low (n = 242) and high (n = 124) RF levels.

In CZP + MTX-randomized patients with both low RF and high RF
levels, mean (SD) AmTSS was low at both Week 24 (low RF: 0.09 [1.50];
high RF: 0.14 [1.24]) and Week 52 (low RF: 0.14 [3.11]; high RF: 0.28
[2.63]; Fig. 1). In the overall PBO-MTX group, AmTSS was numerically
higher in those with high RF compared with low RF at Week 24 (low RF:
0.70 [1.65]; high RF: 1.15 [2.93]) and was numerically higher overall
than in CZP + MTX-randomized patients.

The MDD of mTSS at Week 24 was 0.193 and 0.242 for CZP + MTX
patients with low RF and high RF levels, respectively; at Week 52 the
MDD was 0.40 and 0.51, respectively. The MDD of mTSS at Week 24
was numerically greater in PBO + MTX patients, being 0.32 and 0.80
for patients with low RF and high RF levels, respectively.

Data for PBO + MTX patients, stratified by early escaper and conti-
nuer status are presented in Supplementary Table S2.
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Fig. 1. Change from baseline in mTSS, stratified by baseline RF (low
[< 2001U/mL] vs high [>2001U/mL]) over time (OC)®. Full analysis set. “PBO
group included Week 24 continuers and early escapers; data presented are
observed case, except for PBO early escapers, where linear extrapolation is
employed. CZP: certolizumab pegol; mTSS: modified total sharp score; MTX:
methotrexate; OC: observed case; PBO: placebo; RF: rheumatoid factor.

3.3. Proportion of patients with clinically meaningful worsening of
radiographic progression

A numerically higher proportion of PBO + MTX-randomized pa-
tients with high RF experienced >5 SHS U/year worsening of
radiographic progression than those with low RF at Week 24 (2.8%
[low RF] vs 6.5% [high RF]) (Table 2). A numerically smaller propor-
tion of CZP + MTX patients experienced worsening > 5 SHS U/year than
PBO + MTX patients, and this was more similar between patients with
low and high RF (Week 24: 1.0% [low RF] vs 0.0% [high RF], respec-
tively). A similar pattern was seen when applying a threshold of > 3 SHS
U/year (Table 2).

3.4. mTSS components (erosion and joint space narrowing) over time

At baseline, mean (SD) mTSS erosion score was 3.54 (6.67) and
4.81 (8.94) in CZP + MTX-randomized patients with low (n = 567)
and high (n = 242) RF levels, respectively. Mean (SD) mTSS ero-
sion score was 3.15 (6.68) and 5.41 (10.52) in the overall group
of PBO + MTX-randomized patients with low (n =242) and high
(n = 124) RF levels. Mean (SD) baseline JSN score was 2.70 (6.42) and
3.36 (6.94) in CZP + MTX-randomized patients with low (n = 567) and
high (n = 242) RF levels, respectively, and was 3.24 (8.86) and 4.15
(11.11) in of PBO + MTX-randomized patients with low (n = 242) and
high (n = 124) RF levels (Table 1).

In CZP + MTX-randomized patients with both low RF and high RF
levels, mean (SD) AmTSS erosion score was low at both Week 24 (low
RF: 0.13 [0.65]; high RF: 0.12 [0.96]) and Week 52 (low RF: -0.10
[1.73]; high RF: 0.06 [1.32]) (Table 2). In PBO + MTX-randomized pa-
tients, AmTSS erosion score was numerically higher in those with high
RF compared with low RF at Week 24 (low RF: 0.36 [1.11]; high RF: 0.72
[1.25]) and was numerically higher than in CZP + MTX-randomized
patients.

AmTSS JSN score was low in CZP + MTX-randomized patients, re-
gardless of RF level, at both Week 24 (low RF: 0.24 [1.47]; high
RF: 0.02 [0.58]) and Week 52 (low RF: 0.09 [1.18]; high RF: 0.21
[0.93]) (Table 2). AmTSS JSN score was also numerically higher for
PBO + MTX-randomized patients with high RF compared with low RF
at Week 24 (low RF: 0.25 [0.81]; high RF: 0.76 [2.81]) and was numer-
ically higher than in CZP + MTX-randomized patients.
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Table 1

Baseline demographics and disease characteristics stratified by baseline RF level.
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Baseline characteristic, mean (SD)
unless stated otherwise

Low RF level (< 2001U/mL)

High RF level (>2001U/mL)

CZP + MTX PBO + MTX CZP + MTX PBO + MTX

(n=571) (n = 242) (n=242) (n=125)
Age, years 49.8 (13.3) 50.3 (11.7) 51.4 (12.4) 50.4 (12.5)
Female, n (%) 451 (79.0) 195 (80.6%) 175 (72.3%) 100 (80.0%)
BMI, kg/m? 26.5 (5.9) 25.8 (6.1) 27.7 (6.4) 26.8 (6.4)
Disease duration, years 3.2 (4.9) 3.5(2.9) 2.8 (2.7) 3.4 (3.0)

Rheumatoid factor, IlU/mL

71.22 (50.96)

CRP, mg/dL 15.16 (23.20)
DAS28-ESR score 6.38 (1.05)
ACPA, IU/mL 381.25 (693.93)
mTSS
Mean 6.24 (12.11)
Median (IQR) 2.00 (0.50, 7.00)
Erosion score 3.54 (6.67)
JSN score 2.70 (6.42)
HAQ-DI score 1.46 (0.65)
SJC 11.30 (5.59)
TJC 14.05 (7.01)
PhGA 64.3 (17.5)
PtGA 61.9 (22.6)
MTX dose, mg* 9.9 (1.8)

71.96 (45.64)
10.13 (17.10)
6.14 (1.20)
419.29 (854.94)

518.72 (486.17)
23.18 (34.06)
6.55 (1.15)
605.58 (972.45)

472.98 (355.38)
18.48 (31.76)
6.50 (1.18)
648.68 (1531.15)

6.38 (14.56) 8.18 (14.83) 9.56 (20.10)
2.00 (0.50, 6.00) 3.00 (0.50, 9.00) 2.75 (0.50, 6.50)
3.15 (6.68) 4.81 (8.94) 5.41 (10.52)
3.24 (8.86) 3.36 (6.94) 4.15(11.11)
1.38 (0.75) 1.56 (0.67) 1.48 (0.72)
10.60 (5.94) 12.17 (5.77) 11.99 (5.95)
12.65 (7.42) 14.51 (7.01) 14.11 (7.44)
63.0 (20.1) 67.5 (17.8) 66.8 (18.6)

60.0 (23.6) 63.5 (23.2) 59.6 (23.0)

9.0 (2.6) 9.8 (1.8) 9.4 (2.4)

Full analysis set.

2 Pooled randomized set. Data for PBO early escapers and continuers are provided in Supplementary Table S1. ACPA: anti-citrullinated protein antibodies; BMI:
body mass index; CRP: C-reactive protein; CZP: certolizumab pegol; DAS28-ESR: Disease Activity Score-28 joint count-erythrocyte sedimentation rate; HAQ-DI: Health
Assessment Questionnaire-Disability Index; IU/mL: international units per milliliter; JSN: joint space narrowing; mg/dL: milligrams per deciliter; mTSS: modified
total sharp score; MTX: methotrexate; PBO: placebo; PhGA: Physician Global Assessment of disease activity; PtGA: Patient Global Assessment of disease activity; RF:
rheumatoid factor; SD: standard deviation; SJC: swollen joint count; TJC: tender joint count.

Table 2

mTSS over time, stratified by baseline RF (low [ < 200 IU/mL] vs high [>200 IU/mL]) (OC)“.

Low RF level (< 200 IU/mL)

CZP + MTX (n = 571)

PBO + MTX (n = 242)

High RF level (=200 IU/mL)

CZP + MTX (n = 242)

PBO + MTX (n = 125)

Proportion of patients with AmTSS > 5, (%)

Week 24 1.0

Week 52 3.1
Proportion of patients with AmTSS > 3, (%)

Week 24 2.1

Week 52 5.0
mTSS erosion score, mean (SD)

Week 24 1.78 (3.04)

Week 52 2.87 (4.61)
AmTSS erosion score, mean (SD)

Week 24 0.13 (0.65)

Week 52 -0.10 (1.73)
mTSS JSN score, mean (SD)

Week 24 3.01 (5.83)

Week 52 2.43 (4.45)
AmTSS JSN score, mean (SD)

Week 24 0.24 (1.47)

Week 52 0.09 (1.18)

2.8 0.0 6.5

10.4 5.3 17.6

9.0 0.0 11.1

17.1 11.1 24.1

2.08 (3.61) 3.38 (6.36) 5.34 (13.14)
3.14 (4.94) 3.47 (5.72) 3.90 (5.49)
0.36 (1.11) 0.12 (0.96) 0.72 (1.25)
0.47 (1.24) 0.06 (1.32) 0.38 (1.60)
2.40 (5.56) 3.29 (6.37) 5.96 (13.57)
2.75 (5.98) 2.83 (5.53) 2.98 (7.36)
0.25 (0.81) 0.02 (0.58) 0.76 (2.81)
0.19 (1.85) 0.21 (0.93) 0.26 (0.84)

Full analysis set. Data for PBO early escapers and continuers are provided in Supplementary Table S2. CZP: certolizumab pegol; JSN: joint space narrowing; mTSS:

modified total sharp score; OC: observed case; PBO: placebo; RF: rheumatoid factor; SD: standard deviation.
2 Not all participants with baseline mTSS data had Week 24 and Week 52 change from baseline data available.

Data for PBO + MTX patients, stratified by early escaper and conti-
nuer status are presented in Supplementary Table S2.

3.5. Predicted risk of radiographic progression

The predicted risk of radiographic progression >3 SHS U/year and
>5 SHS U/year at Weeks 24 and 52 are presented in Fig. 2. The risk of
radiographic progression was consistently greater in PBO-randomized

patients compared with CZP-randomized patients, with greater separa-
tion seen at higher thresholds.

3.6. DAS28-ESR and DAS28-ESR LDA achievement over time

At baseline, mean (SD) DAS28-ESR was 6.38 (1.05) and 6.55 (1.15)
in CZP + MTX patients with low and high RF levels, and 6.14 (1.20)
and 6.50 (1.18) in PBO + MTX-randomized patients with low and high
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Fig. 2. The predicted risk of radiographic progression at Week 24 and Week 52. CZP: certolizumab pegol; MTX: methotrexate; PBO: placebo; RF: rheumatoid factor.

RF levels, respectively (Table 1). In both CZP + MTX and PBO + MTX-
randomized patients, the high RF level groups had modestly numerically
higher DAS28-ESR scores than the low RF level groups and the differ-
ence between the two RF strata was similar between treatment groups
(Supplementary Fig. S1). However, mean (SD) DAS28-ESR was numeri-
cally higher in patients randomized to PBO + MTX versus CZP + MTX,
irrespective of RF level.

At Week 24, a similar proportion of CZP + MTX patients with low
and high RF levels achieved DAS28-ESR LDA (45.2% vs. 47.5%, re-
spectively). Whereas, among those treated with PBO + MTX, there was
less similarity between RF strata, with a smaller proportion of pa-
tients with high RF levels achieving LDA than those with low RF levels
(PBO + MTX: 32.8% vs 40.5%). At Week 52, a similar proportion of
CZP + MTX patients with low and high RF achieved DAS28-ESR LDA
(56.0% vs. 57.4%, respectively; Supplementary Fig. S1).

3.7. Individual core set components (SJC and TJC) over time

At baseline, mean (SD) SJC score was 11.30 (5.59) and 12.17
(5.77) in CZP + MTX-randomized patients with low (n = 571) and high
(n = 242) RF levels, respectively. In PBO + MTX-randomized patients
with low (n =242) and high (n = 124) RF levels, mean (SD) SJC
score was 10.60 (5.94) and 11.99 (5.95), respectively. Mean (SD) TJC
score was 14.05 (7.01) and 14.51 (7.02) at baseline for CZP + MTX-
randomized patients with low (n = 571) and high (n = 242) RF levels,
respectively and 12.65 (7.42) and 14.11 (7.44) for PBO + MTX-
randomized patients with low (n = 242) and high (n = 124) RF levels,
respectively.

At Week 24, mean ASJC score was similar for CZP + MTX-
randomized patients with low and high RF levels (low RF: -9.17 [5.51];
high RF: -10.28 [5.61]). In PBO + MTX-randomized patients, ASJC
score at Week 24 was-7.33 (5.17) and-8.32 (6.05) for patients with low
and high RF, respectively. In CZP + MTX-randomized patients, the lim-
ited impact of RF level on SJC was observed through Week 52, whereby
mean ASJC was comparable between RF strata (low RF: —10.26 [5.32];
high RF: -10.95 [5.51]).

Similar trends were observed for mean ATJC score, which was
—-10.62 (7.06) and -11.28 (7.33) at Week 24 for CZP-randomized pa-
tients with low and high RF levels, respectively. Mean ATJC score for

PBO-randomized patients at Week 24 was —8.48 (7.15) and —9.95 (7.03)
for low and high RF levels, respectively. Mean ATJC score was simi-
lar for CZP + MTX-randomized patients with low and high RF levels
through Week 52 ATJC: low RF: —12.03 [6.89]; high RF: -12.62 [7.24]).

3.8. CDAI LDA achievement over time

At Week 24, the proportion of patients achieving CDAI LDA was sim-
ilar across RF strata, (low RF: CZP + MTX: 59.0%; PBO + MTX: 50.8%;
high RF levels: CZP + MTX: 59.1%; PBO + MTX: 49.6) (Supplementary
Fig. S2). By Week 52, the proportion of patients achieving CDAI LDA
was sustained in the CZP + MTX treatment group, regardless of RF strata
(low RF: 62.0%; high RF: 64.0%).

3.9. Change from baseline in HAQ-DI over time

At baseline, mean (SD) HAQ-DI score was 0.96 (0.63) and 1.10
(0.67) for CZP + MTX-randomized patients with low (n = 103) and high
(n = 56) RF levels, respectively. For PBO + MTX-randomized patients,
baseline HAQ-DI score was 0.98 (0.69) and 1.18 (0.70) for patients with
low (n = 107) and high (n = 50) RF levels, respectively.

At Week 24 in PBO + MTX-randomized patients, mean AHAQ-DI
was similar regardless of RF level (low RF: —0.75 [0.62]; high RF: —0.76
[0.67]). At Week 24 in CZP + MTX randomized patients, AHAQ-DI (SD)
was —0.86 (0.64) and —1.01 (0.66) for patients with low and high RF
levels, respectively, and at Week 52, was —1.02 (0.68) and —1.14 (0.70),
respectively.

4. Discussion

In this analysis of over 800 MTX-naive patients with early RA, those
with high baseline RF levels had more severe RA and early radio-
graphic progression than those with low RF. Irrespective of baseline RF
level, however, CZP + MTX was effective for minimizing radiographic
progression from as early as 24 weeks of treatment. Evidence of radio-
graphic progression was more similar between patients with high and
low RF levels with CZP + MTX than with PBO + MTX, where delete-
rious effects of high RF level on radiographic progression were more
pronounced.
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mTSS component scores were consistently numerically more fa-
vorable with CZP + MTX than PBO + MTX, irrespective of baseline
RF level. JSN and bone erosion (as measured by mTSS) are driven
by different mechanisms; JSN primarily results from enzymatic diges-
tion of cartilage by matrix metalloproteinases produced by synovial
membranes, whereas bone erosion occurs through osteoclastic activity
mediated by the RANKL-RANK pathway stimulated by TNF and inter-
leukin (IL)-6 [36]. These data indicate that CZP + MTX positively affects
both of these pathways, even in the presence of high levels of RF.

Although patients who received PBO + MTX generally experienced
favorable clinical outcomes, reflecting the co-administration of MTX
in an early-RA, MTX-naive population, these patients still experienced
relevant structural damage and exhibited worse radiographic progres-
sion compared to those receiving CZP + MTX. The difference in clinical
outcomes between the two RF strata among PBO + MTX-treated pa-
tients was less pronounced than the pattern seen in the radiographic
progression data. Thus, we show that clinically relevant structural dam-
age occurred in these PBO + MTX-treated patients, despite favorable
clinical outcomes. CZP + MTX-randomized patients also experienced
consistently more favorable clinical outcomes through Week 52 than
their PBO + MTX-continuing counterparts. Hence, in patients with high
RF levels, CZP + MTX appears to attenuate the risk of radiographic pro-
gression more effectively than PBO + MTX.

The findings of this pooled analysis add to those of recent registry
studies that reported better treatment response in patients with high RF
levels treated with CZP compared to those treated with TNFis contain-
ing Fc regions [6,37]. Similarly, a post-hoc analysis of the EXXELERATE
trial reported maintenance of CZP drug concentration and clinical effi-
cacy across both low and high RF levels (defined in that study as <204
and > 204 IU/mL, respectively) in patients with RA, while adalimumab
concentration and efficacy were lower in patients with high RF than low
RF [23].

Recent in vitro studies have reported that RF binds Fc-containing
bDMARDs, but not Fc-free CZP, providing insight into why patients
with RA and high RF levels maintain higher drug concentrations and
have better clinical outcomes with CZP compared with Fc-containing
TNFis [11,29,38]. Increased clearance of Fc-containing TNFis, such as
adalimumab, by macrophages have been predicted in patients with RA
and high RF, leading to lower plasma concentrations in these patients,
while CZP concentrations have been shown to remain consistent across
RF levels [22]. These differences in the effects of RF levels on plasma
concentrations of TNFis with versus without an Fc region likely explain
the consistency of outcomes in patients across RF levels with CZP treat-
ment, while Fc-containing TNFis are less effective in patients with high
RF levels [9].

Current RA treatment guidelines recommend early escalation for in-
dividuals with poor baseline prognostic factors, including the presence
of autoantibodies such as RF [2]. The findings of this pooled analysis
demonstrate the value of CZP as a treatment option for such patients, as
neither its clinical efficacy, nor its attenuation of radiographic progres-
sion, is impaired by the presence of high RF levels.

This post-hoc study was not without limitations. Stratification by
RF level was not part of the original C-EARLY and C-OPERA study de-
signs, resulting in an imbalance in the number of patients in the high
and low RF groups. Due to issues regarding the power of inferential
analyses and considerations of multiplicity, statistical hypothesis test-
ing of differences in outcomes between the treatment groups and RF
strata could not be regarded as conclusive, and therefore was not un-
dertaken [39]. Furthermore, the C-EARLY and C-OPERA trials did not
include an Fc-containing TNFi comparator. While the current analysis
showed that CZP efficacy was preserved across RF strata, it cannot be
concluded that high levels of RF differentially affect the radiographic
progression-minimizing efficacy of Fc-containing TNFis vs CZP.

Mean, rather than median, was used to summarize average mTSS
changes, since it was expected that in a cohort of patients with early RA,
many would not exhibit radiographic progression and thus the median
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could lack sensitivity to change [40-43]. It should be acknowledged,
however, that non-progressors and extreme progressors skew the mean
results, limiting interpretation.

As C-EARLY and C-OPERA excluded patients with long-term active
disease, these findings may not be generalizable for those with advanced
RA [44]. Indeed, a systematic review by Hazlewood 2016 reported that,
among MTX-naive patients (early RA), MTX plus DMARD therapy (in-
cluding CZP) was superior to oral MTX alone, supporting early DMARD
use, while no statistically significant differences were found between
combination therapy and MTX alone in MTX-nonresponders (advanced
RA) [45]. Together, in line with guidelines, these findings emphasize
the efficacy of early CZP use in patients with poor baseline prognostic
factors, such as high RF level [2].

Finally, as this analysis pooled data from two trials (one in Japan and
the other across Europe, Australia, North America, and Latin America),
baseline MTX dosing differed, reflecting regional treatment practices.
Potential heterogeneity between the two trials arises from the lower
dosage utilized in Japan compared with other countries [33,46]. Extrap-
olation of these results is therefore limited to the studied populations.

In conclusion, patients with high baseline RF levels had more se-
vere RA and early radiographic progression than those with low RF.
Radiographic progression was more similar between patients with high
and low RF levels treated with CZP + MTX and was lower than with
PBO + MTX. While PBO + MTX treatment resulted in generally favor-
able clinical outcomes by Week 24 (and through Week 52 in PBO
continuers), though less so than with CZP + MTX, these patients still ex-
perienced clinically relevant structural damage, which was most notable
in the high RF group. Thus, irrespective of RF level, CZP + MTX better
attenuated radiographic progression than MTX alone and was associ-
ated with more favorable clinical outcomes. Our findings suggest that RF
level does not adversely influence radiographic response to CZP + MTX.
These data further support CZP as an important treatment option for
patients with RA and high RF levels.

Data sharing statement

Underlying data from this manuscript may be requested by qual-
ified researchers six months after product approval in the US and/or
Europe, or global development is discontinued, and 18 months after trial
completion. Investigators may request access to anonymized individ-
ual patient-level data and redacted trial documents which may include:
analysis-ready datasets, study protocol, annotated case report form, sta-
tistical analysis plan, dataset specifications, and clinical study report.
Prior to use of the data, proposals need to be approved by an indepen-
dent review panel at http://www.Vivli.org and a signed data sharing
agreement will need to be executed. All documents are available in En-
glish only, for a pre-specified time, typically 12 months, on a password
protected portal.

Funding

This study was sponsored by UCB. Support for third-party writing
assistance for this article, provided by Erin Clarkson, Nicola Ash-
man, and Andrew Wilhelmsen, Costello Medical, UK, was funded by
UCB in accordance with Good Publication Practice (GPP3) guidelines
(http://www.ismpp.org/gpp3).

Authors’ contributions

Substantial contributions to study conception and design: JSS, PCT,
GB, YT, TT, JRC, CLM, WHR, TH, PM, BL, BU, TRM; substantial contri-
butions to analysis and interpretation of the data: JSS, PCT, GB, YT, TT,
JRC, CLM, WHR, TH, PM, BL, BU, TRM,; drafting the article or revising
it critically for important intellectual content JSS, PCT, GB, YT, TT, JRC,
CLM, WHR, TH, PM, BL, BU, TRM,; final approval of the version of the


http://www.vivli.org/
http://www.ismpp.org/gpp3

J.S. Smolen, P.C. Taylor, G. Burmester et al.

article to be published: JSS, PCT, GB, YT, TT, JRC, CLM, WHR, TH, PM,
BL, BU, TRM.

Funding

This study was sponsored by UCB. Support for third-party writ-
ing assistance for this article, provided by Nicola Ashman, and
Andrew Wilhelmsen, Costello Medical, UK, was funded by UCB
in accordance with Good Publication Practice (GPP3) guidelines
(http://www.ismpp.org/gpp3).

Disclosure of interest

JSS: research grants from: AbbVie, AstraZeneca, Eli Lilly and
Company, Novartis, and Roche; honoraria from: AbbVie, Amgen, As-
traZeneca, Astro, Bristol Myers Squibb, Celgene, Celltrion, Chugai, Eli
Lilly and Company, Gilead, ILTOO, Janssen, Merck Sharp & Dohme,
Pfizer, R-Pharma, Roche, Samsung, Sandoz, Sanofi, and UCB; edi-
tor of: Annals of the Rheumatic Diseases; co-editor of: Rheumatology
7E/8E; convenor of: EULAR Task Forces and T2T Task Forces. PCT:
Research grants from: Alfasigma. Consultancy fees from: AbbVie, Eli
Lilly, UCB, Roche, Biogen, Janssen, Fresenius, Alfasigma, Gilead, Nordic
Pharma, Takeda, AnaptysBio, Acelyrin Inc.; and participation on a
Data Safety Monitoring Board/Advisory Board for Immunovant, Moon-
lake, and Sanofi. GB: Consulting and lectures for: AbbVie, Bristol
Myers Squibb, Celgene, Celtrion, Fresenius, Galapagos, Janssen, Lilly,
Novartis, Pfizer, and UCB. YT: Speaker fees and/or honoraria from: Ab-
bVie, AstraZeneca, Boehringer Ingelheim, Bristol-Myers Squibb, Chugai,
Daiichi-Sankyo, Eli Lilly and Company, Eisai, Gilead, GlaxoSmithKline,
IQVIA, Otsuka, Taisho, and UCB. TT: Grant/honoraria and consultancy
fees from: AbbVie, Chugai, Eisai, Eli Lilly Japan, Gilead Sciences, Inc.,
Mitsubishi-Tanabe, Pfizer Japan Inc, and Taisho Pharma. JRC: grant/re-
search support and consultancy fees from: AbbVie, Amgen, Bristol Myers
Squibb, Janssen, Lilly, Novartis, Pfizer, Sanofi, and UCB. CLM: Speak-
ers bureau for: AbbVie, Eli Lilly and Company, Janssen, MSD, Novartis,
and UCB; consultant for: Eli Lilly and Company, Novartis, and UCB;
grant/research support from: AbbVie, Eli Lilly and Company, Novar-
tis, and UCB. WHR: consultancy fees from: UCB. TH: the department of
rheumatology LUMC has received research support/lecture fees/consul-
tancy fees from: Abblynx, Abbott, Boehringer Ingelheim, Bristol Myers
Squibb, Eli Lilly and Company, Galapagos, Janssen, Merck, Novartis,
Pfizer, Roche, Sanofi-Aventis, and UCB. PM: Employee of UCB. BL:
Employee and shareholder of UCB. BU: Employee of UCB. TRM: Consul-
tant for: Horizon Therapeutics; Pfizer, UCB and Olatech Therapeutics;
research support from: Horizon Therapeutics; royalties from: Wolters
Kluwer Health (UpToDate) and Elsevier.

Acknowledgements

The authors thank the patients, the investigators and their teams who
took part in this study. The authors also acknowledge Baran Ufuktepe,
MD, PhD, UCB and Lara Miller, PharmD, for editorial review during
manuscript development and publication coordination and Erin Clark-
son, BSc, Nicola Ashman, PhD, and Andrew Wilhelmsen, PhD, Costello
Medical, UK, for medical writing and editorial assistance based on the
authors’ input and direction. This study was funded by UCB.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.jbspin.2026.106087.

Références

[1] Guo Q, Wang Y, Xu D, et al. Rheumatoid arthritis: pathological mechanisms and
modern pharmacologic therapies. Bone Res 2018;6(1):15.

[2

—

[3

=

[4]

[5]

[6

[}

[7

—

[8

—

[9

—_

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Joint Bone Spine 93 (2026) 106087

Smolen JS, Landewé RBM, Bergstra SA, et al. EULAR recommendations for the man-
agement of rheumatoid arthritis with synthetic and biological disease-modifying
antirheumatic drugs: 2022 update. Ann Rheum Dis 2023;82(1):3-18.

Albrecht K, Zink A. Poor prognostic factors guiding treatment decisions in rheuma-
toid arthritis patients: a review of data from randomized clinical trials and cohort
studies. Arthritis Res Ther 2017;19:1-8.

Junker F, Gordon J, Qureshi O. Fc gamma receptors and their role in antigen uptake,
presentation, and T cell activation. Front Immunol 2020;11:1393.

Levy RA, Guzman R, Castafieda-Herndndez G, et al. Biology of anti-TNF agents in
immune-mediated inflammatory diseases: therapeutic implications. Inmunotherapy
2016;8(12):1427-36.

Kanda-Satoh Y, Miyazaki Y, Sonomoto K, et al. Does rheumatoid factor level affect
the pharmacodynamics of disease-modifying antirheumatic drugs and the efficacy of
tumour necrosis factor inhibitors with different molecular structures? In vitro and
clinical findings from the FIRST Registry. Jap Coll Rheumatol 2024;33 [ABSTRACT]
Presented at JCR 2024.

Tanaka Y. What is rheumatoid factor? From screening to personalized management.
Rheumatology 2025;64(Suppl. 2):1i9-14.

Avci AB, Feist E, Burmester GR. Rheumatoid factors revisited in the age of biologic
therapy. Rheumatology 2025;64(Suppl. 2):ii15-24.

Vastesaeger N, Xu S, Aletaha D, St Clair EW, Smolen JS. A pilot risk model for the
prediction of rapid radiographic progression in rheumatoid arthritis. Rheumatology
2009;48(9):1114-21.

Cuchacovich M, Bueno D, Carvajal R, et al. Clinical parameters and biomarkers
for anti-TNF treatment prognosis in rheumatoid arthritis patients. Clin Rheumatol
2014;33:1707-14.

Takeuchi T, Miyasaka N, Inui T, et al. High titers of both rheumatoid factor and
anti-CCP antibodies at baseline in patients with rheumatoid arthritis are associated
with increased circulating baseline TNF level, low drug levels, and reduced clinical
responses: a post hoc analysis of the RISING study. Arthritis Res Ther 2017;19:1-11.
Liang KP, Maradit-Kremers H, Crowson CS, et al. Autoantibodies and the risk of
cardiovascular events. J Rheumatol 2009;36(11):2462-9.

Watanabe R, Hashimoto M, Murata K, et al. Prevalence and predictive fac-
tors of difficult-to-treat rheumatoid arthritis: the KURAMA cohort. Immunol Med
2022;45(1):35-44.

Welsing PM, Landewé RB, Van Riel PL, et al. The relationship between disease activ-
ity and radiologic progression in patients with rheumatoid arthritis: a longitudinal
analysis. Arthritis Rheum 2004;50(7):2082-93.

Bombardier C, Barbieri M, Parthan A, et al. The relationship between joint damage
and functional disability in rheumatoid arthritis: a systematic review. Ann Rheum
Dis 2012;71(6):836-44.

Han C, Bingham CO, Westhovens R, et al. Clinical meaningfulness of radiographic
joint damage on physical function, employability and work productivity in pa-
tients with rheumatoid arthritis: results from the intravenous golimumab study,
GO-FURTHER. Ann Rheum Dis 2015;74(Suppl. 2):1031.

Honda S, Yano K, Tanaka E, Ikari K, Harigai M. Development of a scoring model for
the Sharp/van der Heijde score using convolutional neural networks and its clinical
application. Rheumatology 2023;62(6):2272-83.

Smolen JS, Aletaha D, Grisar JC, Stamm TA, Sharp JT. Estimation of a numerical
value for joint damage-related physical disability in rheumatoid arthritis clinical
trials. Ann Rheum Dis 2010;69(6):1058-64.

Aletaha D, Smolen J, Ward MM. Measuring function in rheumatoid arthritis: identi-
fying reversible and irreversible components. Arthritis Rheum 2006;54(9):2784-92.
Landewé RB, Connell CA, Bradley JD, et al. Is radiographic progression in modern
rheumatoid arthritis trials still a robust outcome? Experience from tofacitinib clinical
trials. Arthritis Res Ther 2016;18:1-9.

Cohen G, Gossec L, Dougados M, et al. Radiological damage in patients with rheuma-
toid arthritis on sustained remission. Ann Rheum Dis 2007;66(3):358-63.

Bidgood SR, Kallenberg DM, Turner A, et al. Purified monoclonal rheumatoid fac-
tors bind Fc containing TNF inhibitors in vitro but not the Fc-free TNF inhibitor,
certolizumab pegol. Ann Rheum Dis 2024;83:727-8.

Smolen JS, Taylor PC, Tanaka Y, et al. Impact of high rheumatoid factor levels
on treatment outcomes with certolizumab pegol and adalimumab in patients with
rheumatoid arthritis. Rheumatology 2024;63(11):3015-24.

Martinez-Feito A, Plasencia-Rodriguez C, Novella-Navarro M, et al. Influence of
rheumatoid factor on serum drug levels of TNF inhibitors with different structures
in rheumatoid arthritis. Clin Exp Rheumatol 2024;42(5):999-1005.

Tanaka Y, Takeuchi T, Haaland D, et al. Efficacy of certolizumab pegol across base-
line rheumatoid factor subgroups in patients with rheumatoid arthritis: post-hoc
analysis of clinical trials. Int J Rheum Dis 2023;26(7):1248-59.

Fraenkel L, Bathon JM, England BR, et al. 2021 American College of Rheumatology
Guideline for the Treatment of Rheumatoid Arthritis. Arthritis Care Res (Hoboken)
2021;73(7):924-39.

Emery P, Bingham 3rd CO, Burmester GR, et al. Certolizumab pegol in combina-
tion with dose-optimised methotrexate in DMARD-naive patients with early, active
rheumatoid arthritis with poor prognostic factors: 1-year results from C-EARLY,
a randomised, double-blind, placebo-controlled phase III study. Ann Rheum Dis
2017;76(1):96-104.

Atsumi T, Tanaka Y, Yamamoto K, et al. Clinical benefit of 1-year certolizumab pegol
(CZP) add-on therapy to methotrexate treatment in patients with early rheumatoid
arthritis was observed following CZP discontinuation: 2-year results of the C-OPERA
study, a phase III randomised trial. Ann Rheum Dis 2017;76(8):1348-56.

Smolen JS, Taylor PC, Tanaka Y, Do High RF, et al. Titers impact response to TNF In-
hibitors? Comparison of certolizumab pegol and adalimumab in patients with RA and
high titers of RF: a post hoc analysis of a phase 4 trial. Rheumatology 2024;63(Sup-
plement 1):keael63.147.


http://www.ismpp.org/gpp3
http://dx.doi.org/10.1016/j.jbspin.2026.106087
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0235
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0235
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0240
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0240
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0240
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0245
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0245
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0245
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0250
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0250
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0255
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0255
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0255
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0260
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0260
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0260
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0260
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0260
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0265
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0265
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0270
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0270
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0275
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0275
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0275
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0280
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0280
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0280
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0285
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0285
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0285
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0285
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0290
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0290
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0295
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0295
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0295
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0300
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0300
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0300
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0305
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0305
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0305
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0310
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0310
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0310
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0310
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0315
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0315
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0315
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0320
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0320
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0320
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0325
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0325
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0330
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0330
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0330
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0335
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0335
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0340
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0340
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0340
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0345
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0345
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0345
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0350
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0350
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0350
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0355
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0355
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0355
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0360
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0360
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0360
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0365
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0365
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0365
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0365
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0365
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0370
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0370
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0370
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0370
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0375
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0375
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0375
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0375

J.S. Smolen, P.C. Taylor, G. Burmester et al.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Li W, Sasso EH, van der Helm-van Mil AHM, Huizinga TWJ. Relationship of multi-
biomarker disease activity score and other risk factors with radiographic progression
in an observational study of patients with rheumatoid arthritis. Rheumatology
2015;55(2):357-66.

Saevarsdottir S, Rezaei H, Geborek P, et al. Current smoking status is a strong pre-
dictor of radiographic progression in early rheumatoid arthritis: results from the
SWEFOT trial. Ann Rheum Dis 2015;74(8):1509-14.

European Medicines Agency. Jylamvo (methotrexate). Summary of Product
Characteristics. Available at: https://www.ema.europa.eu/en/documents/product-
information/jylamvo-epar-product-information_en.pdf. Accessed July 2025.
Kameda H, Fujii T, Nakajima A, et al. Japan College of Rheumatology guideline
for the use of methotrexate in patients with rheumatoid arthritis. Mod Rheumatol
2019;29(1):31-40.

Burmester GR, Kivitz AJ, Kupper H, et al. Efficacy and safety of ascending methotrex-
ate dose in combination with adalimumab: the randomised CONCERTO trial. Ann
Rheum Dis 2015;74(6):1037-44.

Maini RN, Breedveld FC, Kalden JR, et al. Therapeutic efficacy of multiple
intravenous infusions of anti-tumor necrosis factor alpha monoclonal antibody com-
bined with low-dose weekly methotrexate in rheumatoid arthritis. Arthritis Rheum
1998;41(9):1552-63.

Favalli EG, Becciolini A, Biggioggero M. Structural integrity versus radiographic
progression in rheumatoid arthritis. RMD Open 2015;1(Suppl. 1), e000064.
Yamano T KY, Iwao H, Sakai T, Matsushita I, Motomura H, Kido T, et al. W43-5:
usefulness of certolizumab pegol useful rheumatoid arthritis with high rheumatoid
factor. Mod Rheumatol 2024;34(Supplement):s167.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Joint Bone Spine 93 (2026) 106087

Nakayama Y, Watanabe R, Murakami K, et al. Differential efficacy of TNF inhibitors
with or without the immunoglobulin fragment crystallizable (Fc) portion in rheuma-
toid arthritis: the ANSWER cohort study. Rheumatol Int 2022;42(7):1227-34.
Srinivas T, Ho B, Kang J, Kaplan B. Post hoc analyses: after the facts. Transplantation
2015;99(1):17-20.

Platzer A, Alasti F, Smolen J, et al. Trajectory clusters of radiographic progression in
patients with rheumatoid arthritis: associations with clinical variables. Ann Rheum
Dis 2021;81:175-83.

Kremer J, Russell A, Emery P, et al. Long-term safety, efficacy and inhibition of radio-
graphic progression with abatacept treatment in patients with rheumatoid arthritis
and an inadequate response to methotrexate: 3-year results from the AIM trial. Ann
Rheum Dis 2011;70:826-1830.

van der Heijde D, Landewé RBM. Imaging: do erosions heal? Ann Rheum Dis
2003;62:10-2.

Landewe R, van der Heijde D. Presentation and analysis of radiographic data in
clinical trials and observational studies. Ann Rheum Dis 2005;64(Suppl. 4), iv48-51.
Mclnnes IB, Schett G. Pathogenetic insights from the treatment of rheumatoid arthri-
tis. Lancet 2017;389:2328-37.

Hazlewood G, Barnabe C, Tomlinson G, et al. Methotrexate monotherapy and
methotrexate combination therapy with traditional and biologic disease modifying
antirheumatic drugs for rheumatoid arthritis: abridged Cochrane systematic review
and network meta-analysis. BMJ 2016;353:1777.

Kameda H. Methotrexate dosage and dosing in Japan. Int J Rheum Dis
2024;27:e15176.


http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0380
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0380
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0380
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0380
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0385
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0385
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0385
https://www.ema.europa.eu/en/documents/product-information/jylamvo-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/jylamvo-epar-product-information_en.pdf
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0395
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0395
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0395
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0400
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0400
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0400
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0405
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0405
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0405
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0405
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0410
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0410
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0415
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0415
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0415
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0420
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0420
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0420
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0425
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0425
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0430
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0430
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0430
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0435
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0435
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0435
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0435
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0440
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0440
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0445
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0445
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0450
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0450
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0455
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0455
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0455
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0455
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0460
http://refhub.elsevier.com/S1297-319X(26)00056-4/sbref0460

	Certolizumab inhibits radiographic progression in patients with early rheumatoid arthritis and high rheumatoid factor levels: A pooled, post-hoc analysis of the phase 3 C-EARLY and C-OPERA trials
	1. Introduction
	2. Methods
	2.1. Study design
	2.2. Outcomes
	2.3. Statistical analysis

	3. Results
	3.1. Patient disposition and baseline characteristics
	3.2. Change from baseline in mTSS over time
	3.3. Proportion of patients with clinically meaningful worsening of radiographic progression
	3.4. mTSS components (erosion and joint space narrowing) over time
	3.5. Predicted risk of radiographic progression
	3.6. DAS28-ESR and DAS28-ESR LDA achievement over time
	3.7. Individual core set components (SJC and TJC) over time
	3.8. CDAI LDA achievement over time
	3.9. Change from baseline in HAQ-DI over time

	4. Discussion
	Data sharing statement
	Funding
	Authors' contributions
	Funding
	Disclosure of interest
	Appendix A. Supplementary data
	Références


