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ABSTRACT

Introduction: There is a paucity of data on how
patient characteristics may affect the long-term
durability of certolizumab pegol (CZP) in
patients with rheumatoid arthritis (RA). This
study therefore aimed to investigate CZP dura-
bility and reasons for discontinuation over
5 years between different subgroups of patients
with RA.
Methods: Data were pooled from 27 clinical
trials in RA patients. Durability was defined as
the percentage of patients randomized to CZP at
baseline who were still on CZP treatment at a
given timepoint. Post hoc analyses of clinical
trial data on CZP durability and reasons for

discontinuation among different patient sub-
groups were conducted using Kaplan–Meier
curves and Cox proportional hazards modeling.
Patient subgroups included: age (18–\45/
45–\ 65/ C 65 years), gender (male/female),
prior tumor necrosis factor inhibitor (TNFi) use
(yes/no), and disease duration (\ 1/1–\5/
5–\ 10/ C 10 years).
Results: Among 6927 patients, the durability of
CZP was 39.7% at 5 years. Patients
aged C 65 years had a 33% greater risk of CZP
discontinuation than patients 18–\45 years
(hazard ratio [95% confidence interval]: 1.33
[1.19–1.49]) and patients with prior TNFi use
had a 24% greater risk of discontinuing CZP
than patients without (1.24 [1.12–1.37]). Con-
versely, greater durability was observed among
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patients who had a baseline disease duration
of C 1 year. Durability did not differ in the
gender subgroup. Of the 6927 patients, the
most common reason for discontinuation was
inadequate levels of efficacy (13.5%); followed
by adverse events (11.9%); consent withdrawn
(6.7%); lost to follow-up (1.8%); protocol vio-
lation (1.7%); other reasons (9.3%).
Conclusions: CZP durability was comparable
with durability data on other bDMARDs in RA
patients. Patient characteristics that were asso-
ciated with greater durability included younger
age, TNFi-naı̈vety, and disease dura-
tion C 1 year. Findings may be helpful in
informing clinicians on a patient’s likelihood of
discontinuing CZP, based on their baseline
characteristics.

Keywords: Certolizumab pegol; Durability;
Rheumatoid arthritis; Tumor necrosis factor
inhibitors

Key Summary Points

Why carry out this study?

As rheumatoid arthritis (RA) is a chronic
condition, it is important to investigate
longer-term retention of certolizumab
pegol (CZP) among RA patients. There is
currently a paucity of data specifically
investigating the proportion of RA
patients remaining on CZP in the long
term, and how patient characteristics may
influence their likelihood of remaining on
treatment.

To investigate how many patients
remained on CZP up to 5 years, alongside
how individual factors (age, gender) and
existing disease condition (prior use of
other tumor necrosis factors [TNFi],
disease duration) could affect their
likelihood of remaining on CZP.

What was learned from the study?

To the authors’ knowledge, this is the
largest analysis on CZP durability to date;
this analysis demonstrated that the
number of patients remaining on CZP
treatment was comparable to previously
published data for other TNFi used in RA.

Additionally, different patient
characteristics may affect CZP treatment
durability; specifically, younger patients,
patients who had not previously been
treated with TNFi, and those with a
disease duration of over 1 year at baseline
were more likely to remain on CZP.

It may be useful for clinicians to consider
these patient characteristics when
managing their RA patients.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, autoim-
mune, inflammatory joint disease [1, 2]. If
untreated, inflammation can lead to damage of
the cartilage and bone, resulting in impaired
physical function and poor quality of life [1–4].
Due to the chronic nature of the disease, RA
patients require therapies that are efficacious
and durable. Hence, there is an overall need to
investigate longer-term drug retention rates
among patients with RA, which may be helpful
in informing clinicians on how to maximize the
long-term efficacy of treatment.

Current treatment guidelines recommend
that biologic disease-modifying anti-rheumatic
drugs (bDMARDs; including tumor necrosis
factor inhibitors [TNFi]) can be added to
methotrexate (MTX) for RA patients with an
inadequate response to conventional DMARDs
[5, 6]. However, inadequate levels of efficacy
and occurrence of adverse events (AEs) have
been cited as common reasons for discontinu-
ation of bDMARDs [7, 8]. In a real-world retro-
spective study comparing drug retention rates
of seven bDMARDs (including certolizumab
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pegol [CZP]) among RA patients, 3-year reten-
tion rates ranged from 31.1 to 60.7% [7].
Retention rates among TNFi specifically have
been reported to vary across different patient
subgroups in real-world studies; female sex,
older age, concomitant prednisolone, and
absence or low dose of combined MTX have
been associated with a greater likelihood of
TNFi discontinuation [9–13]. The reasons for
bDMARD discontinuation have also been noted
to differ within a given patient subgroup; for
example, among patients stratified by age,
inadequate levels of efficacy were more com-
monly cited among those aged\60 years
compared with those aged C 60 years [14].

CZP is an Fc-free, PEGylated TNFi established
for use in early and active RA [15–20]. CZP
retention rates in RA have previously been
reported to range from 42.5 to 59.9% over 3–-
5 years across both clinical trials and real-world
studies [7, 8, 21, 22]. Notably, 49.2% of RA
patients from a pooled clinical trial population
remained on CZP at 3 years [23]. CZP retention
rates have also been reported to vary between
patient subgroups, suggesting that differences
in patient characteristics may contribute
towards specific reasons for discontinuation
within a given subgroup [8, 23]. For example,
risk of serious infectious events was found to be
higher among patients aged C 65 years com-
pared with patients aged\45–50 years, which
could potentially contribute to higher CZP dis-
continuation rates among older patients
[24, 25].

However, there is still a paucity of data
specifically investigating longer-term retention
rates of CZP, as well as how different patient
baseline characteristics might significantly
influence CZP durability. Here, we utilized
pooled data across multiple clinical trials in RA
to investigate CZP durability and associated
reasons for discontinuation across different
patient subgroups over more than 7 years in this
large-scale analysis. We additionally sought to
identify characteristics among these subgroups
that were specifically associated with a higher
likelihood of discontinuing CZP treatment.

METHODS

Data Collection

This study pooled observed data on CZP treat-
ment in RA from 27 clinical trials globally,
including one open-label, single-dose pharma-
cokinetic study, 18 randomized clinical trials
(RCT), seven open-label extensions (OLE), and
one head-to-head study, encompassing data
from\ 16 weeks to 7.7 years of individual
patient exposure (data cut-off August 2017); the
full list of studies have been previously reported
in Curtis et al. [26]. Patients on CZP as
monotherapy or in combination therapy (for
example, concomitant MTX) were included.
Patients who transitioned from the placebo to
CZP arm as part of some trial designs were also
included.

Ethics approval was not required for this
study as this was a post hoc analysis. The orig-
inal studies were conducted with patients’
informed consent and in accordance with the
Declaration of Helsinki (1964) and its later
amendments.

Outcomes

Post hoc analyses of CZP durability and reasons
for discontinuation in different patient sub-
groups were conducted using Kaplan–Meier
curves and Cox proportional hazards modeling.
Patient subgroups of interest included the age
(18–\ 45/45–\65/ C 65 years), gender (male/
female), disease duration (\ 1/1–\5/5–\ 10/
C 10 years), and history of prior TNFi use (yes/
no) subgroups.

Durability Assessments
Durability was defined as the percentage of
patients randomized to CZP at baseline who
remained on CZP treatment at a given time-
point. Only periods on CZP were considered,
and any withdrawal from the study was defined
as a discontinuation event. Where a patient had
withdrawals in more than one period, only the
first withdrawal was considered. Where CZP was
administered over multiple periods, the cumu-
lative time on treatment was utilized.
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Kaplan–Meier curves were used to provide an
estimate of CZP durability for patient sub-
groups. CZP exposure in patient-years was the
number of years of CZP exposure from the first
dose of CZP to the end of the treatment expo-
sure period, or to the date of the last dose before
first discontinuation. Patients with a reason for
discontinuation but no treatment start date
were excluded from the analysis.

Although all available data up to the maxi-
mum time period of 7.7 years were included in
the durability analysis, only data up to 5 years
were illustrated in the Kaplan–Meier curves, due
to low patient numbers beyond this point.

Reasons for Discontinuation
Reasons for discontinuation of CZP were cate-
gorized as follows: ‘Inadequate levels of effi-
cacy’, ‘AEs’, ‘Consent withdrawn’, ‘Lost to
follow-up’, ‘Protocol violation’, or ‘Other’ with
the opportunity to provide an accompanying
description. The full list of AEs which led to
discontinuation have previously been reported,
in which death was classified as discontinuation
due to an AE [26].

Cox Proportional Hazards Models
Cox proportional hazards modeling was used to
investigate the association of baseline patient
characteristics with the risk of discontinuing
CZP. Baseline covariates included in the model
corresponded with the patient subgroups of
interest; age 18–\45 years, male gender, dis-
ease duration\ 1 year, and no prior TNFi use
were used as reference for the age, gender, dis-
ease duration, and history of prior TNFi sub-
groups, respectively. Covariates used in each
Cox model were entered into and retained in
the model if p B 0.25; covariates with p B 0.05
were deemed to be associated with risk of CZP
discontinuation. Risk of CZP discontinuation
for different patient subgroups are presented as
hazard ratios (HRs) with 95% confidence inter-
vals (CIs).

The Cox proportional hazards models illus-
trated all available data, up to the maximum of
7.7 years.

RESULTS

Patient Baseline Characteristics and CZP
Exposure

The pooled analysis included a total of 6927
patients across 27 studies. Most patients were
female (79.3%), with a mean disease duration of
6.4 years (standard deviation [SD] 6.9 years),
and mean CZP exposure of 2.0 years (range
0.0–7.7 years; Table 1). Approximately half
reported concomitant steroid use (46.2%) and
most reported concomitant MTX use (78.5%).

Overall Durability of CZP and Reasons
for Discontinuation

The overall durability of CZP was 39.7% at
5 years (Table 2). The most common reason for
discontinuation was inadequate levels of effi-
cacy (13.5% of patients discontinued for this
reason), followed by discontinuation due to AEs
(11.9%; Fig. 1).

It was also noted that 9.3% of patients dis-
continued due to ‘Other’ reasons; in some
instances, investigators recorded inadequate
levels of efficacy and AEs under ‘Other’ reasons,
instead of being recorded under their respective
main categories. For example, some of cases of
discontinuation may be attributable to study
designs that forced withdrawal at specific time
points. However, individuals who withdrew due
to study design were not consistently classified
under one particular reason for discontinua-
tion. Additional examples of responses received
under ‘Other’ reasons included: does not
meet all eligibility criteria, hepatitis B virus
deoxyribonucleic acid positive, investigator/
sponsor decision, non-compliance, and
pregnancy.

Durability of CZP and Reasons
for Discontinuation by Subgroups

A higher proportion of patients aged\65 years
(Fig. 2a) or who had a baseline disease duration
of[ 1 year (Fig. 2b) remained on CZP at 5 years.
Prior TNFi use (Fig. 2c) and gender (Fig. 2d) had
no apparent impact on CZP durability.
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The percentage of patients who discontinued
CZP due to AEs increased with age; 16.6% of
patients aged C 65 years discontinued CZP,
compared with 8.5% of patients aged
18–\ 45 years. The proportion of patients dis-
continuing CZP due to any other reason, how-
ever, was comparable among all age groups
(Fig. 3a).

A larger proportion of patients with a base-
line disease duration of\1 year were noted to
discontinue CZP due to ‘Other’ reasons (17.3%),

compared with all other baseline disease dura-
tion subgroups (5.7–8.8%) (Fig. 3b). Further-
more, some of the ‘Other’ reasons had no
accompanying description of the reason for
discontinuation. Similarly, it was noted that a
larger proportion of patients with no prior TNFi
exposure discontinued due to ‘Other’ reasons
compared with the subgroup with prior TNFi
exposure; a common ‘Other’ reason for discon-
tinuation within this subgroup was ‘investiga-
tor/sponsor decision’ (Fig. 3c). Conversely, a
larger proportion of patients from the subgroup
with prior TNFi use (17.1%) discontinued CZP
due to inadequate levels of efficacy compared
with the subgroup with no prior exposure to a
TNFi (12.7%).

All reasons for CZP discontinuation were
reported in similar proportions irrespective of
gender (Fig. 3d).

Patient Characteristics Associated
with Risk of CZP Discontinuation

Cox proportional hazards models, which
incorporated all available data up to the maxi-
mum of 7.7 years, were used to assess the risk of
CZP discontinuation associated with different

Table 1 Patient baseline characteristics and exposure to
CZP

n = 6927

Baseline characteristics

Age (years), mean (SD) 53.0 (12.2)

Female, n (%) 5491 (79.3)

Disease duration (years), mean (SD) 6.4 (6.9)

Prior TNFi use, n (%) 1283 (18.5)

Concomitant medications at baseline, n (%)

Steroids

Yes 3200 (46.2)

No 3727 (53.8)

Methotrexatea

Yes 5435 (78.5)

No 1490 (21.5)

CZP exposure (years)

Mean (SD) 2.0 (1.8)

Median 1.1

Minimum 0.0

Maximumb 7.7

aData were missing for two individuals
bAll available data up to 7.7 years were included in the
durability analyses and Cox proportional hazards model.
However, only data up to 5 years were illustrated in the
Kaplan-Meier curves, due to low patient numbers beyond
this point
CZP certolizumab pegol, SD standard deviation, TNFi
tumor necrosis factor inhibitor

Table 2 Overall CZP durability up to 5 years

Timepoint Proportion of patients who remained on
CZP treatment (%)

6 months 75.6

1 year 63.4

2 years 53.8

3 years 49.2

4 years 44.9

5 years 39.7

Data have been derived from Kaplan–Meier estimates of
the proportion of patients who discontinued at each
timepoint due to any reason; all available data up to
7.7 years were included in durability analyses, but only data
up to 5 years are illustrated in the Kaplan–Meier curves
due to low patient numbers beyond this point
CZP certolizumab pegol
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patient characteristics (Fig. 4). Compared to
patients aged 18–\ 45 years, patients
aged C 65 years had a significantly greater risk
of CZP discontinuation (HR [95% CI] 1.33
[1.19–1.49], p\0.0001). Patients with a base-
line disease duration of\1 year had a signifi-
cantly greater risk of CZP discontinuation than
patients in other disease duration subgroups
(HRs [95% CI] compared to disease dura-
tion\ 1 year were, for the 1–\ 5 years sub-
group: 0.79 [0.71–0.87], p\ 0.0001;
5–\ 10 years subgroup: 0.80 [0.72–0.89],
p\0.0001; C 10 years subgroup: 0.84
[0.75–0.93], p = 0.0012). Patients with prior
TNFi use also had a significantly greater risk of
discontinuing CZP, compared with patients
with no prior exposure (1.24 [1.12–1.37],
p\0.0001).

DISCUSSION

This study used pooled data across 27 CZP
clinical trials in 6927 patients with RA to esti-
mate the long-term durability of CZP treatment

and investigate reasons for discontinuation
overall, and in subgroups of interest. Patient
characteristics that affected the likelihood of
discontinuing CZP treatment were also
examined.

Overall, the 5-year durability of CZP was
39.7%. These findings are comparable to
bDMARD retention rates in RA patients that are
reported in other clinical trials of similar dura-
tions (3 to[10 years), which range from 30 to
56% [27–31]. Subgroups found to be associated
with poorer CZP durability in our study inclu-
ded patients aged C 65 years, patients with
prior TNFi use, and patients who had a baseline
disease duration of\ 1 year. The most common
reason for discontinuation across all patient
subgroups was inadequate levels of efficacy,
followed by AEs.

Lower rates of CZP retention among patients
aged C 65 years were observed compared with
patients aged\65 years—a trend that has also
been observed in RA patients on other
bDMARDs [12]. Specifically, patients C 65 years
were more likely to discontinue CZP treatment
due to AEs [14, 24, 25, 32]. Furthermore,

Fig. 1 Overall reasons for CZP discontinuation. aStudy
investigators had the opportunity to provide an accompa-
nying description. Some examples of responses received
under ‘Other’ reasons included: does not meet all eligibility
criteria, hepatitis B virus DNA positive, investigator/
sponsor decision, non-compliance, and pregnancy. In some
instances, some responses regarding inadequate levels of

efficacy and adverse events were included under ‘Other’
reasons, instead of being recorded under their respective
main categories. CZP certolizumab pegol, DNA deoxyri-
bonucleic acid
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Fig. 2 Kaplan–Meier graphs of CZP durability in differ-
ent patient subgroups over time. (a) Age, (b) Disease
duration, (c) Prior TNFi use, (d) Gender. All available
data up to 7.7 years were included in durability analyses,
but only data up to 5 years are illustrated in the
Kaplan–Meier curves due to low patient numbers beyond
this point. aPatients who were considered non-responders

were withdrawn after a pre-defined period of treatment in
certain trials, which may have affected the observed CZP
durability. This was particularly evident among
the\ 1 year baseline disease duration subgroup, which
largely consisted of patients enrolled in trials specifically
investigating early RA. CZP certolizumab pegol, RA
rheumatoid arthritis, TNFi tumor necrosis factor inhibitor
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increased risk of AEs with older age is likely to
be compounded by obesity, increased comor-
bidity burden, systemic steroid use, an age-re-
lated decline in immunity, and general frailty
leading to poor health outcomes [24, 33–35].
These results may suggest that early interven-
tion, TNFi treatment optimization, and risk
mitigation for AEs among older patients with

RA may be instrumental to promoting better
CZP retention rates among this group [36].

Prior TNFi use was also associated with a
higher risk of discontinuation compared with
TNFi-naı̈vety in this study. This is in line with
previous literature, which describes a loss of
response during TNFi treatment (secondary
drug failure) due to the formation of anti-drug

Fig. 3 Reasons for discontinuation distributed by different
patient subgroups. (a) Age, (b) Disease duration, (c) Prior
TNFi use, (d) Gender. aStudy investigators had the
opportunity to provide an accompanying description.
Some examples of responses received under ‘Other’ reasons
included: does not meet all eligibility criteria, hepatitis B
virus DNA positive, investigator/sponsor decision, non-

compliance, and pregnancy. In some instances, some
responses regarding inadequate levels of efficacy and
adverse events were included under ‘Other’ reasons, instead
of being recorded under their respective main categories.
DNA deoxyribonucleic acid, TNFi tumor necrosis factor
inhibitor
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antibodies, thereby increasing the likelihood of
subsequent treatment discontinuation [36, 37].

Notably, there was a sharp decline in the
proportion of individuals with disease dura-
tion\ 1 year who remained in the trials around
the 1-year time point. This observation could
partially be attributed to the design of individ-
ual trials and different RA populations; for
example, C-OPERA and C-EARLY (Period 1)
exclusively enrolled patients with a baseline
disease duration of B 1 year [15, 38]. Both
studies also had a study duration of 1 year,
resulting in these patients being categorized as
having ‘discontinued’ CZP after the end of the
study. As a result of these individual trial design
differences, results obtained in this study may
not necessarily be an accurate reflection of the
true CZP durability in the disease dura-
tion\ 1 year subgroup. Future investigations
could incorporate a sensitivity analysis to
determine the impact of these studies on the

results. Furthermore, baseline disease duration
may also potentially be confounded if patients
experienced symptoms prior to official diagno-
sis, which would lead to misclassification
among the disease duration subgroups.

In addition, some trials such as C-OPERA
may have also only captured data from a
specific ethnic population. Given this, the full
effect of racial differences on observed data
across the clinical trials cannot be entirely elu-
cidated. Furthermore, regional trial site vari-
ability across the pooled studies may have had
some influence on CZP durability. Reasons for
geographic variation in CZP durability are likely
to be multifactorial, such as country-specific
socioeconomic factors and practices within the
healthcare system. Notably, variable adherence
to the treat-to-target (TTT) strategy for RA,
which was introduced in 2010, may also
account for regional differences in CZP dura-
bility [39, 40]. This paradigm shift in the

Fig. 4 Cox proportional hazards model of time to first
CZP discontinuation. All available data up to the
maximum of 7.7 years are captured in the Cox model.
The above variables result from a stepwise selection
procedure with a probability of 0.25 for entry into and
retention in the model. Initial variables eligible for entry

into the model were: gender, age subgroup, disease
duration subgroup, and previous TNFi use (yes/no).
Results colored red are significant. CI confidence interval,
CZP certolizumab pegol, Ref reference, TNFi tumor
necrosis factor inhibitor
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management of RA in the real-world could have
influenced clinical trial data, as physicians may
opt to discontinue patients achieving subopti-
mal outcomes from the trial and consider
alternative treatments in line with the TTT
strategy. Future work could explore regional
differences in TTT strategies in further detail, to
provide clinicians with region-specific infor-
mation on the effects of TTT on drug durability.

To the authors’ knowledge, this is the largest
analysis of CZP to date, incorporating long-term
clinical study data (over 5 years). A key strength
of this study therefore lies in its generalizability
of results towards the RA patient population, as
data from a large number of patients were used.
The study additionally captured patients from
different populations with a range of baseline
characteristics, including disease duration,
severity, and prior TNFi exposure. These data
can inform clinicians on how long-term CZP
treatment plans can be optimized, by high-
lighting possible relationships between differ-
ent patient subgroups and treatment durability.

The variability in study design among the
pooled trials is a limitation of this study, as it
posed a challenge when interpretating trends in
these data. Firstly, trials had varying cut-off
points, some of which required patients to dis-
continue CZP if they did not reach a certain
efficacy endpoint at a specific time. For exam-
ple, non-responders in the RAPID trials were
withdrawn at Week 16 [18, 19, 21, 22], com-
pared with those from DOSEFLEX and EXXER-
LERATE who were withdrawn at Week 18 and
Week 24, respectively [41, 42].

Secondly, there was a lack of consistency and
specificity in how study investigators recorded
‘Other’ reasons for withdrawal, which may have
undercut the true impact of other reasons for
discontinuation. For example, some investiga-
tors included discontinuation due to ‘Inade-
quate levels of efficacy’ or ‘AEs’ as an ‘Other’
reason. Furthermore, some ‘Other’ reasons for
discontinuation were vague (e.g., no further
description was provided), precluding interpre-
tation of these data.

Finally, patient baseline data such as length
of medical history and changes to patients’
concurrent medication during the trials were
also not consistently collected. As a result, the

potential effects of altering a patient’s treatment
regimen (e.g., reducing or discontinuing con-
current MTX) on CZP efficacy may not have
been fully captured.

It is also important to note that studies
included in the analysis were RCTs, which have
a highly selected patient population and strin-
gent withdrawal criteria. Some trials also inclu-
ded an OLE, in which patients similarly submit
to trial procedures and are provided study
medication despite fewer visits and procedures
overall when compared with an RCT. Therefore,
despite the rigorous data that can be captured
by robust RCTs and their OLEs, results may not
necessarily be reflective of disease management
in real-world clinical practice; for example,
patients in RCTs tend to have more severe dis-
ease due to eligibility criteria of the studies.
Additionally, CZP patients who become preg-
nant or who achieve a major response from
disease baseline (but are not necessarily con-
sidered to have attained low disease activity)
would be continued on CZP in the real world.
Nevertheless, previous real-world studies
involving CZP have reported retention rates of
42.5–43.3% across 3–5 years, which was com-
parable with our results as well as those of real-
world evidence of other TNFi treatments, bar-
ring some differences between patient sub-
groups [7, 8, 43].

CONCLUSIONS

This study is the first to report CZP retention
rate data over an extended period of time, and
in the largest population of RA patients to date.
This is particularly relevant as RA is a chronic
condition, necessitating long-term treatment. It
is therefore important to establish longer-term
retention of therapeutics among these patients.
Overall, CZP durability from pooled clinical
trial data was comparable to that of other pre-
viously reported bDMARDs. Specifically, find-
ings suggest that older patients with RA could
benefit from early implementation of risk miti-
gation strategies against AEs to promote CZP
retention. TNFi-naı̈vety being associated with
greater durability may also highlight the
importance of early intervention and treatment
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optimization of TNFis, which may be particu-
larly relevant to the older patient population.
These data can additionally inform clinicians
on a patient’s likelihood to discontinue CZP
given their baseline characteristics.
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