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1 | INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune disease which
causes joint pain and damage.1 RA results in a progressive impair-
ment of physical function.! Most patients with RA have detectable
levels of rheumatoid factor (RF), a physiologic antibody which tar-
gets the fragment crystallizable (Fc) region of immunoglobulin (Ig)
G, with high reactivity to the IgG1 isotype.? In its physiological role,
pentameric IgM-RF, the most prevalent RF subtype, increases the
clearance of immune complexes by binding up to 10 IgG1-Fc regions
per molecule of RF.Z* These large immune complexes are subse-
quently eliminated by endocytosis through binding to the Fc gamma
receptor (FcyR).5 RF positivity (>20U/mL) in patients with RA has
been associated with higher disease activity and disease progres-
sion.®” Specifically, high RF titer 250U/mL has been significantly
associated with RA disease activity compared with low titer or neg-
ative RF.7

Tumor necrosis factor (TNF) is an inflammatory cytokine in-
volved in the pathogenesis of RA. Certolizumab pegol (CZP) is an
Fc-free, PEGylated TNF inhibitor (TNFi) which has established ef-
ficacy in RA.8* Treatment with CZP has resulted in inhibition of
radiographic progression and improvements in physical function in
patients with early RA®? as well as rapid and sustained reduction in
signs and symptoms of established RA.X°*3 Other currently available
TNFi comprise a range of human or chimeric monoclonal antibodies
(adalimumab [ADA], golimumab, and infliximab) and an IgG1-TNFR2
fusion protein (etanercept).*> In a head-to-head study evaluating
efficacy of CZP versus ADA in patients with established RA, with
prognostic factors for severe disease progression, no significant dif-
ference in efficacy was found between the 2 treatments in the study
population.**

While TNFi have demonstrated efficacy in patients with RA,’
their effectiveness has been associated with the levels of RF pres-
ent.*17-20 Studies on TNFi (eg, ADA, golimumab, infliximab, etaner-
cept) in patients with established RA (>6 months disease duration)
have observed better responses in patients with negative versus
positive and low versus high baseline RF titers.*'"1? When followed

DAS28-ESR low disease activity (LDA) and remission (REM) rates were numerically
higher in the CZP + MTX group than PBO + MTX group at weeks 12 and 24, across RF
quartiles. LDA and REM rates in the CZP+MTX groups were comparable across RF
quartiles at weeks 12 and 24. Mean DAS28-ESR decreased from week 0 to week 24
in the CZP + MTX groups, across RF quartiles.

Conclusion: CZP showed steady efficacy across baseline RF quartiles in patients with
early and established RA, over 24 weeks. CZP treatment may be considered in pa-

tients with RA irrespective of baseline RF levels and time from diagnosis.

certolizumab pegol, rheumatoid arthritis, rheumatoid factor, tumor necrosis factor inhibitor

up to 6months, patients with RA who were receiving ADA, etaner-
cept, or infliximab, who were RF-positive (>201U/mL) at baseline
were less likely to achieve disease remission compared with those
who were RF—negative.17 Positive serum RF (240U/ulL) at baseline
was also associated with less improvement in Disease Activity Score
28 (DAS28) response at 6 months following TNFi treatment (ADA,
etanercept, or infliximab) in patients with long-standing established
RA.2 In another study, DAS28 remission was less frequent and se-
vere disability more frequent in patients who received TNFiin the RF-
positive group (215 1U/mL) compared with the RF-negative group.* A
study in Japan that investigated the association between baseline RF
and anti-citrullinated peptide antibodies (ACPA) seropositivity and
discontinuation of TNFi therapy (ADA, CZP, etanercept, golimumab,
or infliximab assessed collectively) found RF positivity was predic-
tive of TNFi discontinuation due to ineffectiveness.°

The association between CZP efficacy and RF levels has been
briefly investigated in a Japanese retrospective cohort study, in
comparison with other TNFi.?! Studies with a focus on CZP have
so far explored the association in patients with early RA%? and es-
tablished RA.Z However, these results have not been discussed to-
gether in the context of overall course of the disease. This post-hoc
analysis of multiple clinical trials (phase 3 and 4) aimed to assess the
efficacy of CZP across baseline RF quartiles in patients with early RA
and established RA.

2 | MATERIALS AND METHODS
2.1 | Study design

This post-hoc analysis included data from 6 clinical trials of
CZP in patients with RA: C-OPERA (NCT01451203),° RAPID-1
(NCT00152386),°  RAPID-2  (NCT00160602),"*  J-RAPID
(NCT00791999),*2 RAPID-C (NCT02151851)*® and EXXELERATE
(NCT01500278).** The study designs of the trials are presented in
Figure 1. The full study designs, patient populations, and results of
all 6 clinical studies have been previously published.’** Data from
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FIGURE 1 Study designs of the clinical trials RAPID-1, RAPID-2, J-RAPID, RAPID-C, C-OPERA, and EXXELERATE. ACR20: 220%
improvement based on American College of Rheumatology criteria; ADA, adalimumab; CZP, certolizumab pegol; DAS28-ESR, Disease
Activity Score 28-erythrocyte sedimentation rate; MTX, methotrexate; OLE, open-label extension; PBO, placebo; Q2W, every 2 weeks;

Q4W, every 4weeks; RCT, randomized-controlled trial; Wk, week.

RAPID-1, RAPID-2, J-RAPID, and RAPID-C were pooled in this
article.

2.2 | Study participants

The full inclusion and exclusion criteria of the included trials have
been previously published.”*

C-OPERA included Japanese patients with early RA. Briefly,
methotrexate (MTX)-naive patients aged 20-64years with active
RA <12months (defined by 2010 American College of Rheumatology
(ACR) / European League Against Rheumatism (EULAR) classification
criteria®*) were randomized to receive placebo (PBO) every 2 weeks
plus methotrexate (PBO+MTX) or CZP 200 mg every 2 weeks (load-
ing dose of CZP 400mg at weeks 0/2/4) plus MTX (CZP + MTX) for
52 weeks.

Pooled RAPID included patients from 2 global trials (RAPID-1%°
and RAPID-2'Y), a Japanese trial (J-RAPID),'?> and a Chinese trial
(RAPID-C).2® Briefly, patients 218 years (220years for J-RAPID) with
active RA for 26 months (defined by ACR 1987 criteria®), who received
MTX for 26 months (=3 months for RAPID-C) prior to baseline, were
randomized to receive PBO +MTX or CZP 400 mg every 2weeks plus
MTX or CZP 200mg every 2weeks (loading dose of CZP 400mg at
weeks 0/2/4) plus MTX (CZP+MTX) for at least 24 weeks (52 weeks
for RAPID-1, 24 weeks for RAPID-2, J-RAPID, and RAPID-C).

EXXELERATE was a head-to-head superiority study comparing
CZP with ADA in patients with active RA with prognostic factors
for severe disease progression. Briefly, patients 218years with ac-
tive RA (defined by 2010 ACR/EULAR classification criteria®¥) were
randomized to receive CZP 200mg every 2weeks (loading dose of
CZP 400mg at weeks 0/2/4) plus MTX (CZP+MTX), or ADA 40mg
every 2weeks plus MTX (ADA + MTX) for 104 weeks.

2.3 | Assessment of RF level

RF levels (IgM-RF) were measured using validated immunoassays in
local hospitals, by nephelometry or enzyme-linked immunosorbent
assay (ELISA). There is a good correlation between the 2 methods of
RF quantification despite potential variations in cut-off levels; both
methods are adequately sensitive for routine laboratory purposes.?®
Patients were classified into quartiles (Q) based on overall baseline
RF levels of each study. For C-OPERA, the RF quartiles were
defined as <59.01U/mL, 259.0-<93.01U/mL, 293.0-<275.01U/
mL, and 2275.01U/mL for Q1-4, respectively. For Pooled RAPID,
the RF quartiles were defined as <25.01U/mL, 225.0-<78.51U/mL,
278.5-<207.01U/mL, and 2 207.01U/mL for Q1-4, respectively. For
EXXELERATE, the RF quartiles were defined as <32.01U/mL, >32.0-
<75.01U/mL, >75.0-<204.01U/mL, and>204.01U/mL for Q1-4,

respectively.
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2.4 | Outcomes

The efficacy of CZP was assessed by DAS28-erythrocyte
sedimentation rate (DAS28-ESR); efficacy assessments (mean
DAS28-ESR) were performed through weeks 0-24. In this analysis,
DAS28-ESR 2.6-<3.2 was classified as low disease activity (LDA) and
DAS28-ESR <2.6 was classified as remission (REM). The proportion
of patients who achieved DAS28-ESR LDA and REM were evaluated
at week 12 and week 24.

Here, we report data for the PBO+ MTX and CZP 200 mg every
2weeks plus MTX (CZP+MTX) groups from the C-OPERA and
Pooled RAPID trials. From the EXXELERATE trial, we report efficacy
data for the CZP+MTX and ADA+MTX groups only (patients who
switched between CZP and ADA at week 12 were excluded from

this analysis).

2.5 | Statistical analysis

All analyses were performed using the full analysis set, unless
otherwise stated. The full analysis set included all patients who
received 21 dose of study drug and provided any efficacy data
thereafter. Observed data for DAS28-ESR response are reported.
As this was a post-hoc subgroup analysis, all data reported are

descriptive only.

3 | RESULTS

3.1 | Patient demographics and baseline
characteristics

The demographic and baseline disease characteristics for the overall
study population are presented in Table 1. In C-OPERA, 316 patients
(CZP+MTX n=159; PBO+MTX n=157) were included in this post-
hoc analysis. In Pooled RAPID, 1537 patients (CZP+MTX n=1025;
PBO+MTX n=512) were included in this post-hoc analysis. In
EXXELERATE, 908 patients (CZP+MTX n=454; ADA+MTX
n=454) were included in the full analysis set which was used for
the analysis of baseline demographics and weeks 0-12 efficacy
outcomes in this post-hoc analysis. For weeks 12-24, the week 12
full analysis set (CZP+MTX n=352; ADA+MTX n=2361), consisting
of CZP+MTX patients randomized to CZP who responded at week
12 and continued on CZP and ADA+MTX patients randomized
to ADA who responded at week 12 and continued on ADA, was
analyzed.

At baseline, patient demographics and disease characteris-
tics were similar between treatment groups for C-OPERA, Pooled
RAPID, and EXXELERATE. Within each treatment group (PBO +MTX
or CZP+MTX or ADA+MTX), mean DAS28-ESR scores at baseline
were similar across RF quartiles for C-OPERA, Pooled RAPID, and
EXXELERATE.

3.2 | DAS28-ESR LDA and REM rates

For C-OPERA, DAS28-ESR LDA and REM rates were numerically
higher in the CZP + MTX group compared with the PBO + MTX group
at weeks 12 and 24, across RF quartiles. In the CZP+MTX group,
DAS28-ESR LDA and REM rates improved from week 12 to week
24, across RF quartiles. At weeks 12 and 24, DAS28-ESR LDA and
REM rates were comparable across RF quartiles in the CZP+MTX
group (Figure 2A).

For Pooled RAPID, DAS28-ESR LDA and REM rates were numer-
ically higher in the CZP+MTX group compared with the PBO +MTX
group at weeks 12 and 24, across RF quartiles. In the CZP+MTX
group, DAS28-ESR LDA and REM rates improved from week 12
to week 24, across RF quartiles. At weeks 12 and 24, DAS28-ESR
LDA and REM rates were comparable across RF quartiles in the
CZP+MTX group (Figure 2B).

For EXXELERATE, DAS28-ESR LDA and REM rates were similar
in CZP+MTX compared to ADA+MTX at weeks 12 and 24, across
all RF quartiles. In both CZP+MTX and ADA + MTX groups, DAS28-
ESR LDA and REM rates improved from week 12 to week 24, across
RF quartiles (Figure 2C). In the CZP+MTX group, this improvement
was consistent across RF quartiles. In the ADA+MTX group, the im-
provement was numerically lower in the subgroup with the highest
RF levels (Q4) compared with other RF quartiles.

3.3 | Mean DAS28-ESR over 24 weeks

For C-OPERA and Pooled RAPID, in both CZP+MTXand PBO+MTX
groups, mean DAS28-ESR decreased from week O to week 24,
across RF quartiles (Figure 3A,B, respectively). Mean DAS28-ESR
was numerically lower in CZP+MTX compared with PBO+MTX
over 24weeks, across RF quartiles. At week 24, mean DAS28-ESR
scores across RF quartiles in the CZP+MTX group were 2.5-2.8 for
C-OPERA (Figure 3A) and 3.8-3.9 for Pooled RAPID (Figure 3B).

For EXXELERATE, in both CZP+MTX and ADA+MTX groups,
mean DAS28-ESR decreased from weeks 0-12 and weeks 12-24
across RF quartiles (Figure 3C). Mean DAS28-ESR for CZP+MTX
and ADA +MTX groups were similar over 24 weeks, across RF quar-
tiles. At week 24, mean DAS28-ESR scores across RF quartiles were
3.0-3.5 in the CZP+MTX group and 3.1-3.7 in the ADA+MTX
group (Figure 3C).

4 | DISCUSSION

In this post-hoc analysis, efficacy of CZP was comparable across
baseline RF subgroups over 24weeks, in patients with early RA
(C-OPERA) and established RA (Pooled RAPID and EXXELERATE).
Additionally, in patients with established RA (EXXELERATE), CZP
demonstrated consistent efficacy across baseline RF quartiles

through week 104 (data not shown).
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FIGURE 2 DAS28-ESR LDA and REM rates at weeks 12 and 24 for (A) C-OPERA, (B) Pooled RAPID, and (C) EXXELERATE. °EXXELERATE
data for weeks 0-12 included patients initially randomized to CZP+MTX and ADA + MTX (Full Analysis Set) while weeks 12-24 data
included week 12 responders who continued on the same treatment, not including patients who switched between CZP and ADA at

week 12 (Week 12 Full Analysis Set). RF quartiles for week 24 were defined as <32.01U/mL, >32.0-<74.01U/mL, >74.0-<203.01U/mL,
and>203.01U/mL for Q1-4, respectively. Observed case. In this analysis, DAS28-ESR 2.6-<3.2 was classified as LDA and DAS28-ESR <2.6
was classified as REM. ADA, adalimumab; CZP, certolizumab pegol; DAS28-ESR, Disease Activity Score 28-erythrocyte sedimentation rate;
LDA, low disease activity; MTX, methotrexate; PBO, placebo; Q, quartile; REM, remission; RF, rheumatoid factor.

In patients with established RA (EXXELERATE), the proportion of
patients with high baseline RF levels (Q4) who achieved DAS28-ESR
LDA or REM at week 24 was approximately 10 percentage points
higher in the CZP +MTX group (45.0%) compared to the ADA+MTX
group (35.1%). Although inferential statistics were not performed
in this analysis, when compared to the other RF quartiles, a slightly
lower but still comparable proportion of patients with high baseline
RF levels (Q4) responded to CZP +MTX treatment at week 24 (49.4-
60.8% vs 45.0%, respectively). However, only 35.1% of patients with
high baseline RF levels (Q4) in the ADA+MTX group responded at
week 24, lower than the 48.3-54.7% observed in the other RF quar-
tiles. This suggests that the effect of high baseline RF levels is not
as evident on CZP efficacy as it is on ADA efficacy. A similar trend
was observed at week 104 (data not shown; inferential statistics not
performed), with approximately 15 percentage points more patients
in the highest baseline RF level quartile (Q4) achieving DAS28-ESR
LDA or REM in the CZP+MTX group than the ADA+MTX group.
Indeed, a recent study of Japanese RA patients grouped by RF quar-
tiles likewise reported higher efficacy of CZP compared with other
currently available TNFi (analyzed collectively) in the highest base-
line RF level quartile (Q4: 166-75551U/mL).** At 3, 6, and 12 months
after treatment, DAS28-ESR improvement from baseline was signifi-
cantly greater in patients who received CZP versus other TNFiin the
highest baseline RF level quartile.?

Studies on TNFi so far have observed lower efficacy in patients
with high RF levels compared with patients with low RF levels.*7-2°
However, CZP demonstrated consistent efficacy across all RF groups
in the current study, including in the highest RF quartile compared
with decreased ADA efficacy in the same quartile. This observation
may be related in part to its unique molecular Fc-free structure.
Complete monoclonal antibody TNFi, and the IgG1-TNFR2 fusion
protein etanercept, include the IgG1-Fc fragment which IgM-RF bind

t0;16'21

it is reasonable to speculate that TNFi drug bioavailability is
reduced when the resulting immune complexes are cleared.* Thus,
the higher the RF levels are, the higher the impact on clearance of
the complete monoclonal antibody TNFi, which may explain the
lower efficacy observed in patients with high RF levels versus those
with low RF levels.?! In this context, CZP, being Fc-free, is cleared
at a lower rate even in the presence of high RF levels and remains
available to inhibit TNF pro-inflammatory actions. Interestingly, RF
positivity has been associated with better response to rituximab and
tocilizumab, both monoclonal antibodies with IgG1-Fc fragments, in
patients with RA 32728 However, for these therapies, the association
may relate to RF positivity as a B-cell activation marker rather than

its role in drug clearance.®28

ACPA are also important in the pathophysiology of RA and po-
tentially influence efficacy outcomes in patients with RAM In a
post-hoc analysis of Japanese patients with RA, a combination of
high baseline RF (21601U/mL) and ACPA (2100U/mL) levels was
associated with low drug (infliximab) levels and reduced clinical
responses.?’ Given that patients with higher baseline ACPA levels
often also have high baseline RF levels, there could be a confound-
ing effect for any inferences on baseline ACPA levels and TNFi ef-
ficacy. In the current study, we classified patients by RF levels only
due to the hypothesized effect of RF on the clearance of CZP and
other TNFi. ACPA targets citrullinated proteins and not IgG1* and is
therefore unlikely to be involved in the IgG1-Fc clearance process.
Furthermore, RF-positive patients were found to have high levels of
RA disease activity regardless of ACPA levels,® suggesting that the
value of determining baseline ACPA levels may be in RF-negative or
low-titer RF-positive patients rather than in patients with very high
baseline RF levels.

A strength of this study is that patients included were from
different populations and with a range of disease durations and
severity. However, the relatively low patient numbers in the indi-
vidual clinical trial subgroups may limit the interpretation of results.
Furthermore, this diversity may also represent a limitation due to
variations in inclusion and exclusion criteria and study periods. The
6 clinical studies were conducted over different periods (C-OPERA:
2011-2013, RAPID-1 and RAPID-2: 2005-2006, J-RAPID: 2008-
2010, RAPID-C: 2014-2016, and EXXELERATE: 2011-2013) and
may have reflected changes in clinical practice. Nevertheless, our
findings demonstrate that CZP showed consistent efficacy trends
across the heterogenous trial populations and study periods.

Other potential limitations of the analysis are that observed case
data were presented, taking into account responders who continued
until at least week 24, but excluding non-responders who dropped
out of the trials. In this study, RF assays may have differed across
local hospitals, although all assays were performed using validated
techniques. Given that the effect on efficacy is only evident in pa-
tients with very high baseline RF levels, the potential variability of
RF assays used most likely has a negligible impact on the inferences
drawn in this study. Additionally, only IgM-RF levels were assayed
in this study, although other RF isotypes have also been associated
with response rates in patients with RA. For example, high levels
(>100U/mL) of IgA-RF have been found to predict poor response
rate to TNFi treatment compared with low (20-100U/mL) or neg-
ative (<20U/mL) levels.”” Regardless, the most commonly detected
RF subtype in patients with RA is IgM-RF and RF levels measured
in clinical diagnostic settings usually refer to IgM-RF.22 As this was
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FIGURE 3 (Continued)
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FIGURE 3 Mean DAS28-ESR over 24 weeks for (A) C-OPERA, (B) Pooled RAPID, and (C) EXXELERATE. “EXXELERATE data for weeks
0-12 included patients initially randomized to CZP +MTX and ADA + MTX (Full Analysis Set) while weeks 12-24 data included week 12
responders who continued on the same treatment, not including patients who switched between CZP and ADA at week 12 (Week 12 Full
Analysis Set). Observed Case. Week 24 data are mean (SD). ADA, adalimumab; CZP, certolizumab pegol; DAS28-ESR, Disease Activity Score
28-erythrocyte sedimentation rate; MTX, methotrexate; PBO, placebo; Q, quartile; RF, rheumatoid factor; SD, standard deviation.

a post-hoc analysis, we have not provided quantitative statistical
inferences. This study was not powered for hypothesis testing.
Nonetheless, we have discussed the numerical differences and po-
tential clinical importance of such differences. Finally, this post-hoc
analysis did not assess the safety of CZP specific to baseline RF
levels. However, the full safety results of all 6 clinical studies have
been published previously and most adverse events were mild or

moderate.?

5 | CONCLUSION

In conclusion, this post-hoc analysis provides evidence to support
the clinical benefit of CZP treatment in association with MTX in RA
irrespective of baseline RF status. CZP efficacy was consistent across
RF quartiles, including in patients in the quartile with the highest
baseline RF levels who are at the highest risk of disease progression.
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