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ABSTRACT

Objectives: The aim of this post-marketing surveillance (PMS) study is to evaluate the real-world safety and efficacy of CT-P13, the first biosimilar
of infliximab (IFX).
Methods: Japanese patients with rheumatoid arthritis were prospectively registered from November 2014 and followed up for 1 year.
Results: Of 794 patients in the analysis set, 318 patients naïve to biological disease-modifying antirheumatic drugs (bDMARDs) showed an
immediate decrease in Disease Activity Score in 28 joints with C-reactive protein (DAS28-CRP) and increased remission rate (DAS28-CRP <2.6).
In patients who switched from IFX to CT-P13 for non-medical reasons (n=374), the low DAS28-CRP due to previous IFX treatment decreased
further with continued CT-P13 therapy. As in naïve patients, patients who switched from other bDMARDs, mainly for medical reasons (n=102),
responded similarly to CT-P13. CT-P13 in this PMS and IFX in a previous PMS had similar adverse reaction profiles, although the incidence rate
in naïve patients in this current PMS was lower due to earlier initiation of CT-P13 therapy.
Conclusions: CT-P13 showed excellent effectiveness as first-line therapy, no clinical difficulties in switching from IFX, and clinical improvement
in patients who failed other bDMARDs. CT-P13 could be a cost-effective alternative to IFX in the treatment of rheumatoid arthritis.
KEYWORDS: CT-P13; infliximab biosimilar; Post-marketing surveillance; rheumatoid arthritis

Introduction
Infliximab (IFX) is a chimeric monoclonal antibody to tumour
necrosis factor-α (TNFα) and approved for the treatment of
various inflammatory diseases including rheumatoid arthritis
(RA). CT-P13 is the first biosimilar of IFX having an identical
amino acid sequence and a comparable higher-order struc-
ture. After the expiration of patents and the data exclusivity
period for the originator IFX, CT-P13 was developed for
socioeconomic reasons. For its regulatory approval, random-
ized studies comparing CT-P13 with the originator IFX were
conducted in patients with RA and ankylosing spondylitis,
and clinical comparability to the originator IFX was demon-
strated with respect to pharmacokinetics, adverse drug reac-
tion (ADR) profile, and efficacy for those diseases [1, 2]. After
the approval, two randomized controlled studies demon-
strated that CT-P13 had a non-inferior efficacy and a similar
frequency of ADRs to the originator IFX [3, 4]. In Japan,

CT-P13 was approved based on similar results in comparative
Phase 1/2 studies with Japanese RA patients [5, 6]. However,
those clinical trials were conducted in a limited number of
patients in a specially selected homogenous subpopulation.
For example, the trials excluded patients who had had previ-
ous therapy with biological disease-modifying antirheumatic
drugs (bDMARDs).

In 2014, we initiated a large-scale post-marketing surveil-
lance (PMS) of a variety of Japanese patients treated with
CT-P13 in real-world settings [7, 8]. In this prospective
PMS, we firstly intended to analyse the safety and efficacy
of CT-P13 in a large number of bDMARDs-naïve patients
to confirm the clinical outcome observed in the Japanese
clinical trials. The safety profile was also to be compared
with previous PMS data of the originator IFX. Secondly, we
examined whether switching to CT-P13 from IFX is accept-
able in terms of safety and maintaining clinical effectiveness.
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Thirdly, we explored the clinical effect of CT-P13 in patients
who switched from previous treatment with other bDMARDs
due to inadequate response or adverse events (AEs). In addi-
tion, we analysed the association of patients’ characteristics
and RA-related medication with the safety and efficacy of
CT-P13.

Materials and methods
Post-marketing surveillance
Nippon Kayaku Co., Ltd. (Tokyo, Japan) initiated PMS in
patients with RA after approval of CT-P13 in Japan. Patients
were enrolled prospectively from November 2014 for 6 years
and followed up for 1 year. The target number for analysis was
1000 patients who had been treated with CT-P13 for at least
4months. This sample size provides a power of 95% or more
to detect one patient experiencing an ADR at an incidence of
0.3%, which corresponds to the reported incidence of tuber-
culosis in the PMS of the originator IFX [9]. Patients were
defined as those with RA not successfully treated with other
conventional therapies who received treatment with CT-P13
according to the Japan College of Rheumatology guideline for
TNF inhibitor use in RA. Information on prior treatment of
RA and use of concomitant medications with CT-P13 were
collected. The CT-P13 regimen was recorded, and changes in
scheduled dosage and dosing interval were reported with the
reasons for those changes. Case report forms (CRFs) were col-
lected from each patient 4months and 1 year after the start of
treatment.

The PMS was required by the Ministry of Health, Labour
and Welfare (MHLW) as a condition for the approval of
CT-P13. It was conducted according to the continuous
prospective surveillance method in order to minimize patient
selection bias using a centralized registration system. The
protocol and ethical considerations of the PMS study (Code
IFX11) were assessed by internal review board members and
approved by the MHLW, and no additional formal ethics
committee approval was needed. The PMS was conducted
in accordance with the Good Post-marketing Study Prac-
tice Ordinance of the MHLW, and informed consent from
individual patients was not required.

Safety
All AEs including subjective/objective findings and labora-
tory test data were collected, and the causal relationship of
AEs to the study drug, CT-P13, was evaluated. AEs and
ADRs, for which a causal relationship with CT-P13 was not
ruled out, were coded in accordance with the System Organ
Class and Preferred Term listed in the Medical Dictionary for
Regulatory Activities (MedDRA/J; version 20.0). ADRs of
particular interest were infusion reaction (IR), serious infec-
tions (including tuberculosis), interstitial lung disease, and
malignant neoplasms.

Efficacy
Patients underwent a baseline disease status assessment,
including Disease Activity Score in 28 joints (DAS28). Effi-
cacy of CT-P13was evaluated by using DAS28with C-reactive
protein (DAS28-CRP). Cut-off values for high, moderate, and
low disease activities were 5.1, 3.2, and 2.6, respectively,
and remission was defined as DAS28-CRP <2.6. The Euro-
pean League Against Rheumatism (EULAR) response criteria,

with cut-off decreases in DAS28 of 0.6 and 1.2, were also
applied for the evaluation of CT-P13. Efficacy was also eval-
uated by changes in DAS28 with erythrocyte sedimentation
rate (DAS28-ESR) with the same cut-off values of 5.1, 3.2,
and 2.6 [10, 11].

The data obtained on the nearest day to the scheduled
administration time points (on weeks 2 and 6 and every
8weeks thereafter for naïve patients to IFX and every 8weeks
for patients who switched from IFX to CT-P13) were used as
the representative values.

Statistical analysis
Persistence of CT-P13 was plotted using the Kaplan–Meier
method, with treatment discontinuation as an event. Patients
who discontinued treatment within 7 days after the start of
treatment were excluded from the plots. Differences between
patient groups were analysed using the log-rank test.

Univariate analysis followed bymultivariable analysis were
performed using a logistic regression model to explore the
risk factors for the occurrence of IRs, serious infections, and
other ADRs. The logistic model was also applied for effi-
cacy analysis to find baseline predictive factors associated
with disease remission (DAS28-CRP <2.6) between 14/16 and
30/32weeks after the CT-P13 administration. As explanatory
categorized variables, eight patient background factors (sex,
age, disease duration, Steinbrocker stage and class, rheuma-
toid factor, CRP values, and history of drug allergy) and four
therapeutic factors [prior bDMARDs, concomitant use of
steroid and conventional synthetic DMARDs (csDMARDs),
and dosage of methotrexate (MTX)] were used. Sex and
age were forced into the multivariable logistic model, and
the remaining patient factors were selected by the stepwise
method. The odds ratio (OR) and its two-sided Wald 95%
confidence interval (95% CI) were estimated for each covari-
ate. P-values <0.05 were considered statistically significant.

Results
Patient characteristics
In this prospective PMS of CT-P13, 1004 patients were reg-
istered, and CRFs were not yet available for 199 patients
as of July 2020. Of the 805 patients whose CRFs had been
collected after 4months of treatment, 526 patients had been
followed up for 1 year. Eleven patients were excluded from
this interim analysis, and a total of 794 were included in the
safety analysis set. Evaluable DAS28-CRP data were miss-
ing from 100 patients, and 694 patients were included in the
efficacy analysis set (Figure 1).

The use of bDMARDs prior to PMS entry was utilized
to classify patients into three groups: (1) 318 patients who
were naïve to bDMARDs and treated with CT-P13 as the
first biological therapy; (2) 374 patients who had been
treated with the originator IFX and switched to CT-P13 for
non-medical reasons such as reduction of drug cost burden
and hospital policy, and (3) 102 patients who had received
other bDMARDs and switched to CT-P13 for mainly med-
ical reasons such as AEs and inadequate response. Prior
bDMARDs to CT-P13 included four TNF inhibitors [goli-
mumab (n=22), etanercept (n=21), adalimumab (n=7),
and certolizumab pegol (n=7)] and two non-TNF inhibitors
[tocilizumab (n=27) and abatacept (n=18)].

The representative patient characteristics, disease status,
and concomitant medications in each group are summarized
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Figure 1. Patient disposition.

*Reregistration due to hospital transfer.
bDMARDs: biological disease-modifying antirheumatic drugs; DAS28-CRP:
Disease Activity Score in 28 joints with C-reactive protein; IFX: infliximab;
PMS: post-marketing surveillance; RA: rheumatoid arthritis.

in Table 1. About three-quarters of the patients in each group
were female, and the average age in each group was almost
the same, around 60 years old. However, the average disease

duration was shorter in naïve patients (5.2 years) than in
patients in the two switched groups (13.7 and 12.1 years), and
the comorbidities rate was lower. The proportions of patients
in the advanced Steinbrocker stages III/IV and functional
classes III/IV, which are useful classical measures for compar-
ing recent PMS data of CT-P13 with historical PMS data of
IFX [12], were also low in the naïve patient group (29.9%
and 17.3%, respectively). Among these three groups, patients
who switched from IFX had less severe disease and their
concomitant use of a steroid or csDMARDs was infrequent.
However, the average dosage of CT-P13 used for the patients
who switched from IFX (4.6mg/kg/day) was higher than that
used for the other two groups of patients (3.8mg/kg), who
were naïve to CT-P13 and IFX. The initial dose of CT-P13
after switching from IFX was the previous IFX dosage, which
might have increased during the course of previous treat-
ment to reach stable disease status. MTX was added to the
treatment regimen in almost all patients as indicated by the
approved directions for use. The baseline dosage ofMTXused
in naïve patients (10.0mg/week) was higher than that used
in switched patients. While 89.8% of patients who switched
from IFX had been treated with IFX as the first biological ther-
apy, 39.2% of patients who switched from other bDMARDs
had experienced treatment failure with at least two previous
bDMARDs. Additional patient details can be found in Table
S1 in Supplemental Materials.

Incidence of adverse drug reactions
Among the 794 patients in the safety analysis set with observa-
tion period of 608.62 patient-years, 262 ADRs were reported
in 185 patients (23.3%, 30.4 per 100 patient-years), and 46

Table 1. Characteristics and disease status of patients with rheumatoid arthritis treated with CT-P13 in PMS.

Naïve to bDMARDs Switched from IFX Switched from other bDMARDs Total
Parameters (n=318) (n=374) (n=102) (n=794)

Patient characteristics
Female rate (%) 73.3 78.3 77.5 76.2
Age (years) 56.8±13.3 60.7±13.2 59.9±14.7 59.0±13.6
Disease duration (years) 5.2±7.2 13.7±9.7 12.1±10.4 10.0±9.7
Body weight (kg) 56.0±11.1 55.7±11.2 56.0±11.8 55.9±11.3
Comorbidities (%) 49.1 60.2 54.9 55.0

Disease status
Steinbrocker stage III+ IV (%) 29.9 53.6 55.7 44.3
Steinbrocker functional class III+ IV (%) 17.3 14.7 30.2 17.7
CRP (mg/dL) 1.9±2.5 0.5±1.1 1.5±2.2 1.1±2.0
ESR (mm/h) 41.3±28.6 26.3±19.4 33.3±26.9 32.7±25.1
DAS28-CRP 4.10±1.27 2.26±1.02 3.88±1.42 3.12±1.47
DAS28-ESR 4.71±1.35 2.96±1.10 4.33±1.39 3.76±1.48

Medication
CT-P13 dose (mg/kg/day) 3.8±0.9 4.6±1.9 3.8±1.0 4.2±1.5
Steroid use (%) 52.1 31.0 47.1 41.5
csDMARDs use (%)a 34.4 13.4 27.5 23.6
MTX use (%) 99.4 98.7 93.1 98.2
MTX dose (mg/week) 10.0±3.2 7.5±3.1 8.3±3.9 8.6±3.4

Previous bDMARDs used (%)
None 100.0 – – 40.1
1 drug – 89.8 60.8 50.1
≥2 drugs – 10.2 39.2 9.8

Values are expressed as % or mean± standard deviation.
bDMARDs: biological disease-modifying antirheumatic drugs; CRP: C-reactive protein; csDMARDs: conventional synthetic disease-modifying antirheumatic
drugs; DAS28: Disease Activity Score in 28 joints; ESR: erythrocyte sedimentation rate; IFX: infliximab; MTX: methotrexate; PMS: post-marketing surveil-
lance.
acsDMARDs include tacrolimus, mizoribine, bucillamine, leflunomide, salazosulfapyridine, and iguratimod but not MTX.
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serious ADRs were reported in 39 patients (4.9% and 6.4)
(Table 2). In the naïve patients, ADRs and serious ADRs were
observed at 28.0% and 4.7%, respectively. As compared with
naïve patients, patients who switched from IFX had a lower
incidence (15.8% and 3.7%) and patients who switched from
other bDMARDs had a higher incidence (36.3% and 9.8%).
IRs were the most frequent ADRs, especially in patients who
switched from other bDMARDs. Infection was commonly
observed, and bacterial pneumonia (n=14) and herpes zoster
(n=9) were reported in ≥1% of patients. Tuberculous peri-
tonitis was reported in one male naïve patient after five doses
of CT-P13, although he had no tuberculosis history and no
signs of tuberculosis on prior chest radiography. Reported
ADRs of particular interest also included interstitial lung dis-
ease (n=7) and malignant neoplasms (n=3). The types of
ADRs observed with CT-P13 were similar to those reported
with the originator.

AEs and serious AEswere observed in 254 patients (32.0%,
41.7 per 100 patient-years) and 55 patients (6.9% and 9.4),
respectively. All reported AEs classified by the System Organ
Class are listed in Table S2.

Risk factors for adverse drug reactions
Univariate and multivariable logistic regression analyses were
performed for IRs, serious infections, and other systemic
ADRs separately since the characteristics and onset time after
administration of these ADRs were different (Table S3 and
Table 3). Prior bDMARDs treatment was a significant fac-
tor for IRs and other ADRs but not for serious infection.
The incidence of IRs was significantly lower in patients who
switched from IFX than in naïve patients, and significantly
higher in patients who switched from other bDMARDs than
in naïve patients. No factor other than prior bDMARDs was
significantly associated with IR, but history of drug allergy
had a high OR (1.96, 95% CI: 0.85–4.52, P=0.116). Older
age (≥65 years) was significantly associated with the occur-
rence of serious infection (OR=3.24, 95% CI: 1.38–7.60,
P=0.007). For other ADRs, female sex and concomitant use
of steroids were risk factors (OR=0.45, 95% CI: 0.27–0.78,
P=0.004; OR=1.66, 95% CI: 1.12–2.47, P=0.012). No
significant association of ADRs was detected with the use of
csDMARDs or higher dosages of MTX (>10mg/week).

Efficacy
The mean DAS28-CRP of naïve patients decreased rapidly
from 4.10 at baseline to 2.87 at week 2 and then gradually
dropped to 2.26 and 2.13 at weeks 30 and 54 after the admin-
istration of CT-P13, respectively (Figure 2(a)). The baseline
score (3.88) of patients who switched from other bDMARDs
decreased similarly to 2.49 and 2.29 at week 32 and week
56, respectively. However, the decrease in the score was
smaller than that obtained in naïve patients. In contrast, the
DAS28-CRP of patients who switched from IFX was already
2.26 before starting CT-P13 and decreased further to around
2.0.

The proportion of patients responding to CT-P13 increased
during the treatment period (Figure 2(b,c)). After the treat-
ment with CT-P13 for 30weeks, 69% of naïve patients
achieved remission (DAS28-CRP <2.6), and 75% showed
a good or moderate response. Patients switched from other
bDMARDs showed a comparable remission rate (69%) and Ta
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Real-world safety and efficacy of CT-P13 723

Figure 2. Efficacy of CT-P13 based on DAS28-CRP. (a) Changes in
DAS28-CRP (mean±SD) over time from baseline to week 56,
(b) distribution of patients by disease activity status, and (c) distribution
of patients who achieved a EULAR response.

*Number of analysed patients with DAS28-CRP values at each time point.
bDMARDs: biological disease-modifying antirheumatic drugs; DAS28-CRP:
Disease Activity Score in 28 joints with C-reactive protein; EULAR: European
League Against Rheumatism; IFX: infliximab; N/A: not applicable.

a response rate (64%) at week 30. In contrast, remission had
been obtained in 69% of patients who switched from IFX at
the start of CT-P13 therapy due to the prior treatment with
the originator IFX. The remission rate reached 78% with
further treatment with CT-P13. Consequently, the response
rate was not high because baseline DAS28-CRP had already

dropped due to the pretreatment with IFX, which limited the
possibility of its further decrease. Similar response patterns
to CT-P13 were observed when DAS28-ESR was used as an
efficacy parameter (Figure S1a, b, and c).

Factors associated with disease remission
In multivariable logistic regression analysis of efficacy, a
significant association of the Steinbrocker functional class
(OR=0.36, 95% CI: 0.21–0.64, P<0.001) and baseline
CRP (OR=0.31, 95% CI: 0.19–0.51, P<0.001) with the
achievement of disease remission by treatment with CT-P13
was observed (Figure 3). The number of previously used
bDMARDs was also found to affect the odds of achiev-
ing remission. In a polytomous analysis, previous use of
two or more bDMARDs, compared to no previous use,
was associated with lower OR of achieving disease remis-
sion (OR=0.37, 95% CI: 0.16–0.84, P=0.007), while the
use of one bDMARD was a favourable factor for remission
(OR=1.10, 95% CI: 0.64–1.89, P=0.028), since 84% of
the patients were switched from IFX for non-medical rea-
sons. Concomitant use of steroid and csDMARDs, and dosage
of MTX were not significantly associated with the achieve-
ment of remission in multivariable analysis, although those
were significant risk factors in univariate analysis (Table S4).
The remission rates by background factors are presented in
Supplemental Materials (Figure S2a, b, and c).

Treatment persistence and reasons for drug
discontinuation
The Kaplan–Meier curves showed significantly higher treat-
ment persistence in patients who switched from IFX com-
pared to the other two patient groups (P<0.001), and
84% of the patients were on CT-P13 therapy at week 56
(Figure 4). The treatment persistence rate of the naïve patients
decreased to 52% at week 56. The patients who switched
from other bDMARDs showed the shortest treatment dura-
tion of CT-P13, although no statistically significant differ-
ence in treatment duration was shown between patients who
switched from other bDMARDs and naïve patients (P=0.17,
log-rank test).

A total of 271 patients (34.1%) discontinued CT-P13 treat-
ment during the PMS period. The common reasons for discon-
tinuation were insufficient efficacy (n=102, 12.8% of total
patients), ADRs (n=72, 9.1%), and patient decision (n=32,
4.0%). Among them, 18 patients were switched to the origi-
nator IFX. Treatment was discontinued after remission in 20
patients (2.5%) (Table S5).

During the PMS period, the dose of CT-P13 was modified
in 65 of 794 patients (8.2%) to overcome inadequate effi-
cacy with the initial dose regimen. The dose was escalated in
56 patients (1.5 times or more), and the dosing interval was
shortened in 9 patients (from 8 to 6weeks or less). In patients
who switched from IFX, for whom efficacy was generally
maintained, dose or schedule modifications were made in only
8 patients (2.1%) (Table S6). Of the 65 patients requiring
the intensive treatment, 35 patients (53.8%) continued CT-
P13 therapy, even though they failed to respond to the initial
regimen. The discontinuation rate due to insufficient efficacy
was 29.2%, and no withdrawal after remission was obtained.
AEs leading to drug discontinuation did not increase and
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724 Takeuchi et al.

Figure 3. Multivariable logistic regression analysis of baseline factors associated with disease remission (DAS28-CRP <2.6) observed between 14/16
and 30/32weeks after the CT-P13 administration.

bDMARDs: biological disease-modifying antirheumatic drugs; CI: confidence interval; CRP: C-reactive protein; csDMARDs: conventional synthetic
disease-modifying antirheumatic drugs; MTX: methotrexate.
*P<0.05, **P<0.01, ***P<0.001.

Figure 4. Kaplan–Meier plot of persistence of CT-P13 treatment. Patients
who ceased further treatment with CT-P13 earlier than 7 days from the
initial administration were excluded from the plot. Statistical significance
was analysed by the log-rank test.

bDMARDs: biological disease-modifying antirheumatic drugs; IFX: infliximab;
NS: not significant.
***P<0.001.

were 6.2% with the intensive dose regimen of CT-P13
(Table S7).

Discussion
In this, the first report on the PMS of CT-P13 in Japanese
patients with RA, we analysed the incidence of adverse

reactions, efficacy outcome with DAS28-CRP, and treatment
continuation rate by Kaplan–Meier analysis. A widely vary-
ing population of 794 patients was divided into three groups
according to prior bDMARD use: patients who were naïve to
treatment with bDMARDs, patients who switched from origi-
nator IFX, and patients who switched from other bDMARDs.
The treatment with CT-P13 was considered ‘biological induc-
tion therapy’ in the naïve patient group, ‘maintenance ther-
apy’ in the stable patient group treated with IFX, and ‘altered
therapy’ in the group of patients experiencing treatment fail-
ure with other bDMARDs. Accordingly, the disease status in
each group was quite different.

In the first group of naïve patients, the incidence of ADRs
was 28.0%, which was the same as the previously reported
incidence of 28.0% for IFX in PMS [9]. However, the obser-
vation period in the former PMS was set to 6months, while
that in our PMS was 1 year. Therefore, the rate of ADRs
per 100 patient-years was lower in the CT-P13 population
than that in the IFX population (40.8 vs 59.4). Counting
only ADRs occurring within 6months, the incidence of ADRs
of CT-P13 decreased from 28.0% to 19.2% (50.4 per 100
patient-years). The incidence of serious ADRs was also lower
with CT-P13 (4.7%, 6.9 per 100 patient-years) than with
IFX (6.2%, 13.1). The reason for the lower incidence of
ADRs of the naïve patients in this PMS might be the less
severe disease status due to the early initiation of CT-P13 ther-
apy. In fact, the disease duration in naïve patients was short
(5.2 years vs 9.9 years in the IFX PMS), and the proportion of
patients in advanced Steinbrocker stages III/IV and class III/IV
were low (29.9% vs 71.5%; 17.3% vs 36.1%, respectively)
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(Table 1 and [9]). This is the result of a paradigm shift in ther-
apeutic strategies that use bDMARDs from the early stages of
RA [13–16]. The profile of ADRs observed with CT-P13 was
similar to that reported in IFX-treated patients, and no new
safety signals were detected. The most common ADRs were
IRs and infections. Special attention should be paid to tuber-
culosis, since the incidence of tuberculosis in Japan is still not
low [17]. Extensive investigation showed that an increased
risk of tuberculosis with anti-TNF therapy is related to the
local prevalence of latent tuberculosis but not disease type,
age, or sex [18–20]. The tuberculosis burden in Japan is inter-
mediate, and 14 tuberculosis cases (0.28%) were reported
in 5000 Japanese patients with RA in the PMS of IFX [9].
Among them, 11 cases occurred in the first 2000 patients
just after the introduction of IFX, but the incidence was
reduced to 3 per the remaining 3000 patients (0.10%) because
of appropriate guidelines for examination and prophylactic
drug use. In this PMS, even though a prior chest radio-
graph or gamma interferon releasing assay was performed in
all patients, one naïve patient (0.13%) developed tuberculo-
sis. Continuous careful inspection should be required. The
response to CT-P13 was excellent in naïve patients. DAS28-
CRP decreased 1.84 points from 4.10 to 2.26 at week 30,
and 75% of patients achieved good or moderate response
according to the EULAR criteria. This efficacy was compa-
rable to the Japanese clinical trial, where CT-P13 and IFX
reduced the baseline DAS28-CRP values (5.19 and 5.30) by
2.08 and 1.96 at week 30 and achieved good or moderate
response in 82% and 80% of patients, respectively [5]. Thus,
comparable efficacy of CT-P13 to IFX in a first-line treat-
ment shown in clinical trials was confirmed in naïve patients
in this PMS. Furthermore, the remission rate (DAS28-CRP
<2.6) was also high, such as 71% at 54 weeks (Figure 2(b)).
This cut-off value for DAS28-CRP, which is used in many
global studies with IFX and CT-P13, has been reported to
underestimate disease activity in Japanese RA patients com-
pared to the original DAS28-ESR <2.6, and a lower cut-off for
remission <2.3 was proposed [21, 22]. Even with this cut-off
value, the remission rate was as high as 65%, and remis-
sion rate accessed with DAS28-ESR <2.6 was 53% (Figure
S1b). This remission rate is higher than those reported previ-
ously with IFX [21, 23, 24], probably because CT-P13 was
used from an early non-progressive stage of disease accord-
ing to recent treatment guidelines [15, 16, 25]. In addition,
recently approved dose intensifications (i.e. dose escalation
and shortened dosing interval) may contribute to the high
remission rate. In fact, the dose of CT-P13 was modified
in 42 naïve patients (13.2%) in this PMS, and 23 patients
(54.8%) succeeded to continue CT-P13 therapy even though
they failed to respond to the ordinal regimen. Even with
intensive treatment with CT-P13, discontinuation due to AE
occurred only in 2 cases (4.8%) (Tables S6 and S7). In con-
trast to the remission rate, the rate of CT-P13 continuation
in the first year in naïve patients was 55%, which was lower
than the previously reported rate with IFX [23, 26]. Recent
reports have revealed that the retention rate of bDMARDs has
declined over time, and increased available treatment options
have lowered the hurdle for patients to switch/discontinue
treatment with biologics [25, 27]. Aggressive changes of treat-
ment to achieve disease remission according to the treat-to-
target strategymay also contribute to lower drug continuation
rates [13, 14].

No clinical difficulties were associated with switching from
IFX to CT-P13 in this PMS, as reported previously [3, 28, 29].
The disease activity in this second patient group was gen-
erally controlled by previous treatment with the originator
IFX. At the start of CT-P13, DAS28-CRP was already 2.26,
and 69% of patients had reached remission. This effective-
ness due to previous IFX was similar to that observed in
naïve patients 30weeks after the start of CT-P13 treatment.
Continued administration of CT-P13 as maintenance ther-
apy further decreased DAS28-CRP and increased remission
rate (Figure 2). The incidences of ADRs and serious ADRs
were low (15.8% and 3.7%, respectively). Consequently,
the rate of treatment continuation was as high as 84% even
after 1 year (Figure 4). The number of patients who discon-
tinued treatment due to ADRs and insufficient efficacy was
only 20 (5.3%) and 22 (5.9%), respectively, but 14 patients
(3.7%) decided to discontinue treatment (Table S5). This is
an example of the so-called ‘nocebo effect’, which is a charac-
teristical problem associated with the use of biosimilars [30].
Furthermore, in this group of patients who switched from
IFX, 11 patients discontinued CT-P13 to switch back to IFX,
despite the much lower drug price of CT-P13 than IFX. In
Japan, the National Health Insurance drug price of biosim-
ilars is set at 70% of the price of the originator at the time
of approval, and then further decreased through periodical
price revision reflecting the market drug price. Clinical data
showing the equivalence of the biosimilar with its originator
as described in this report must be provided to overcome the
nocebo effect as well as to show the cost-effectiveness of the
biosimilar.

The third group of patients who switched from other
bDMARDs had a long disease duration and complex treat-
ment history of prior bDMARDs. The baseline DAS28-CRP
was as high as that in naïve patients and significantly
decreased after the start of CT-P13. The decrease was smaller
compared to the naïve group (−1.39 at 32weeks vs −1.84 at
30weeks), but remission and good response were obtained at
a similar rate to the naïve group. The higher the number of
prior bDMARDs, the lower the remission rate (Figure S2c).
The remission rate of patients who switched from non-TNF
inhibitors (48.2%, n=27) was lower than that of patients
who switched from other TNF inhibitors (60.0%, n=35),
although significance was not shown due to the small number
of patients (Table S4). Based on the treat-to-target paradigm,
switching bDMARDs has been common practice in patients
who have an inadequate response to previous bDMARDs.
Therefore, these efficacious results could be a practical basis
for switching to CT-P13 after treatment failure with other
bDMARDs. The incidence of ADRs in this patient group
(36.3%) was higher than those in other patient groups, and
discontinuation due to ADRs was observed in 17 patients
(16.7%). Thus, the persistence of CT-P13 therapy after 1 year
was 47%, which was lower than the rate of 55% in naïve
patients (P=0.17) (Figure 4).

In multivariable logistic regression analyses of baseline fac-
tors, prior therapy status was a significant factor affecting the
efficacy and safety of CT-P13 (Figure 3, Table 3). In addition,
Steinbrocker functional class and baseline CRP level were sig-
nificantly associated with lower odds of remission. Previous
studies have reported that these factors were significant pre-
dictors of IFX efficacy, consistent with our results [21, 23].
The incidence of IR was significantly lower in patients who
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switched from IFX than in naïve patients (3.7% vs 7.6%,
P<0.001). This might be due to a kind of channelling bias
stemming from this study’s exclusion of patients who dis-
continued IFX because of IR to IFX. On the contrary, the
incidence of IR was higher in patients previously treated with
other bDMARDs than in naïve patients (14.7% vs 7.6%,
P<0.001). This might be due to the higher rate of patients
with history of drug allergy in this patient group (14.7% vs
3.5%, P<0.001). History of drug allergy showed higher OR
(1.96) for association with IR in the multivariable analysis,
but no statistical significance was obtained (P=0.116) since
patients who switched from IFX were included in the analy-
sis. However, in the previously reported PMS of CT-P13 in
patients with inflammatory bowel disease, a significant asso-
ciation of history of drug allergy with IR was demonstrated
[7]. Older age (≥65 years) was a risk factor for serious infec-
tions with the use of CT-P13. This finding corresponded to
the reported results of IFX use [9, 31, 32]. For general ADRs
other than IRs and serious infections, female sex and steroid
use were risk factors. The dosage of MTX has been increasing
after approval of high doses up to 16mg/week in Japan [15],
but no significant association of MTX dosage with ADRs or
efficacy was indicated by multivariate analysis in this PMS
(Table 3, Figure 3). In clinical practice, high-dose MTX must
be carefully administered, followed by gradual tapering to
maintain efficacy while controlling ADRs.

There are limitations in this study. First, as compared with
clinical trial data, collected data of this PMS were inherently
sparse and reporting items were limited. However, the real-
world information obtained in a large variety of patients must
be useful in the clinical treatment of RA. Second, this PMS
was a single-arm study of CT-P13, so it was not designed to
be compared with the originator IFX directly. We attempted
to compare our data with historical data from previous clini-
cal trials and the PMS of IFX, but a simple comparison could
not be made due to changes in the patient background with
recent advances in RA therapy. However, we could collect
updated data in recent practical treatment systems and novel
information on switching treatment from previously treated
bDMARDs including originator IFX.

Overall, in this interim analysis of prospective PMS, CT-
P13 exhibited sufficient efficacy in naïve patients. In patients
who switched from IFX, the efficacy of previously admin-
istered IFX was maintained, and the period of treatment
continuation was extended. Even in switched patients who
failed to respond to other bDMARDs, CT-P13 showed simi-
lar efficacy to that observed in naïve patients. No new safety
signal was added to those of the originator IFX. Therefore,
CT-P13 could be a cost-effective alternative to IFX in the
treatment of patients with RA.
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