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Abstract
Objective  The aim was to evaluate long-term drug retention, discontinuation, efficacy and safety of CT-P13 and reference 
infliximab in patients with rheumatoid arthritis (RA) enrolled in the Korean College of Rheumatology Biologics (KOBIO) 
registry.
Methods  Patients included adults with RA who received CT-P13 or reference infliximab between December 2012 and 
December 2017. Drug retention, efficacy (Disease Activity Score in 28 joints [DAS28]–erythrocyte sedimentation rate [ESR] 
or DAS28–C-reactive protein [CRP] and American College of Rheumatology [ACR] core set measure), and adverse events 
(AEs) were assessed over 4-years’ follow-up.
Results  Data from 199 RA patients (CT-P13: n = 147; reference infliximab: n = 52) were analyzed. Median treatment dura-
tion was 1.22 years for CT-P13 and 1.40 years for reference infliximab (p = 0.67). Overall, 82% of patients received first-line 
therapy. Drug retention of CT-P13 versus reference infliximab was comparable for the overall population (p = 0.84) and for 
first-line (p = 0.66) and subsequent treatment lines (p = 0.96). Treatment changes or discontinuations occurred in 65.2% of 
patients with CT-P13 and 69.6% with reference infliximab. The most common reason for treatment changes or discontinuing 
treatment was lack of efficacy (CT-P13: 31.9%; reference infliximab: 34.8%). CT-P13 demonstrated comparable improve-
ments in DAS28-ESR, DAS28-CRP and ACR responses to reference infliximab. Overall, 19 grade 3 AEs were reported for 
CT-P13 and eight for reference infliximab.
Conclusion  Long-term data from patients with RA treated in routine clinical practice in Korea showed that CT-P13 had a 
comparable drug retention rate to reference infliximab, with similar efficacy and an acceptable safety profile.
ClinicalTrials.gov identifier  NCT01965132.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4025​9-019-00393​-y) contains 
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1  Introduction

CT-P13, a chimeric monoclonal antibody against tumor 
necrosis factor (TNF), is a biosimilar of infliximab refer-
ence product [1]. CT-P13 was the first biosimilar mono-
clonal antibody to be approved by the European Medicines 
Agency in 2013 for the same indications as reference inflixi-
mab, including rheumatoid arthritis (RA) (in combination 

with methotrexate), ankylosing spondylitis, Crohn’s disease, 
ulcerative colitis, psoriatic arthritis and psoriasis [1, 2]. As 
of July 2019, CT-P13 has been approved in 91 countries 
worldwide.

Supporting clinical evidence for the approval of CT-P13 
came from two randomized clinical trials [3]: PLANETAS, 
involving patients with ankylosing spondylitis [4], and 
PLANETRA, involving RA patients with an inadequate 
response to methotrexate [5]. The PLANETAS [4, 6] and 
PLANETRA [5, 7] studies showed that CT-P13 and refer-
ence infliximab had equivalent pharmacokinetic profiles, 
comparable efficacy, and no clinically important differ-
ences in safety profiles up to week 54. In the PLANETRA 
extension study, comparable efficacy and tolerability were 
observed in those patients who switched from reference 
infliximab to CT-P13 for an additional year and in those 
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Key Points 

Patients with rheumatoid arthritis (RA) enrolled in the 
Korean College of Rheumatology Biologics (KOBIO) 
registry were managed according to routine clinical prac-
tice, providing a comprehensive and accurate real-world 
assessment.

Long-term data from the KOBIO registry showed that, 
in Korean patients with RA, CT-P13 had a comparable 
drug retention rate to reference infliximab, with similar 
efficacy and an acceptable safety profile.

The comparability of CT-P13 and reference infliximab 
with regard to safety, tolerability and efficacy, combined 
with the lower price of CT-P13, offers the opportunity 
for substantial cost-savings without compromising on 
quality of treatment or patient outcomes.

longer follow-up, retention rates of reference infliximab and 
CT-P13 appeared to be identical, which confirms the safety, 
efficacy and acceptability of switching in the long-term [14]. 
These findings highlight the need for long-term follow-up 
data in real-world studies.

The Korean College of Rheumatology Biologics 
(KOBIO) registry is an ongoing, multi-center, prospec-
tive, observational study designed to collect real-world data 
on patients being treated with biologic disease-modifying 
antirheumatic drugs (DMARDs) in Korea [19–21]. The aim 
of this analysis from the KOBIO registry was to evaluate 
drug retention rates, discontinuations, efficacy and safety 
of CT-P13 and reference infliximab in Korean patients with 
RA who were followed for up to 4 years. In addition, we also 
investigated outcomes in patients receiving CT-P13 or refer-
ence infliximab as first-line or subsequent therapy.

2 � Materials and Methods

2.1 � Study Population

Data were collected through KOBIO, a nationwide regis-
try in Korea established in December 2012 to capture data 
on the use of biologic agents (ClinicalTrials.gov identifier: 
NCT01965132) [21]. The KOBIO registry was established 
as an inception cohort, enrolling patients with a diagnosis 
of RA, ankylosing spondylitis or psoriatic arthritis at the 
time of initiating, restarting or changing a biologic [19–21].

Patients aged ≥ 18 years were eligible for inclusion in 
the KOBIO registry if they had RA that required treatment 
with a biologic or non-biologic DMARD, as deemed by their 
rheumatologist [21]. Patients already on biologic therapy at 
screening were excluded from the registry. Participation in 
the registry did not require any additional visits or laboratory 
tests outside routine clinical practice.

This analysis presents data from patients with RA who 
had received CT-P13 or reference infliximab, concurrent 
with methotrexate per the label, between December 2012 
and December 2017. Patients were excluded from this analy-
sis if they did not receive treatment with CT-P13 or refer-
ence infliximab.

All patient treatments were determined by the treating 
physician, including the selection of biologic, dosing and 
treatment duration. The present analysis was conducted 
according to the principles of the Declaration of Helsinki. 
All patients provided written consent to participate in the 
registry, and the data collection form and study protocol 
were approved by institutional review boards (Ajou Univer-
sity Hospital; AJIRB-MED-MDB-17-505) or local ethics 
committees at each participating center.

who received CT-P13 for 2 years [8]. Additional support 
regarding the comparable efficacy and safety of CT-P13 and 
reference infliximab comes from a randomized, double-blind 
trial in Japanese RA patients with an inadequate response to 
methotrexate [9]. Results from the extension phase of this 
study demonstrated that treatment with CT-P13, either long-
term or after switching from reference infliximab, was well 
tolerated with persistent efficacy [10]. Furthermore, results 
from the 52-week randomized, double-blind, non-inferiority, 
phase IV NOR-SWITCH trial involving patients with a range 
of inflammatory diseases, including RA, demonstrated that 
switching to CT-P13 was not inferior to continued treatment 
with reference infliximab, with similar drug discontinuation 
rates [11].

As well as demonstrating the equivalence of CT-P13 and 
reference infliximab under clinical study conditions, it is 
important to show that long-term patient outcomes are com-
parable in the real-world clinical setting. Several real-world 
studies have shown that the efficacy and safety of CT-P13 
are maintained during long-term treatment in patients 
with inflammatory rheumatologic diseases, including RA 
[12–17]. Although data from the DANBIO registry showed 
that the adjusted 1-year retention rate of CT-P13 was slightly 
lower than reference infliximab in a historic cohort, this dif-
ference may represent a nocebo effect [15], where patients 
can have worsening symptoms induced by a negative attitude 
towards an intervention (including switching to a biosimi-
lar) [18]. In a recent real-life study of patients with rheu-
matic disease who had switched from reference infliximab 
to CT-P13, comparison with a historic reference infliximab 
cohort revealed an initial nocebo effect [14]. However, with 
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2.2 � Data Collection and Outcomes Measured

Data were collected annually from participating hospitals 
using standardized case report forms. The following baseline 
data were collected for this analysis: age, gender, body mass 
index, smoking history, disease duration, disease activity, 
erythrocyte sedimentation rate (ESR), C-reactive protein 
(CRP), rheumatoid factor positivity, anti-cyclic citrullinated 
peptide positivity, previous DMARD use, corticosteroid use 
and line of therapy.

The primary outcome measure for this analysis was drug 
retention (i.e., time to treatment discontinuation or chang-
ing to another biologic). Data were collected on treatment 
dates and lines of therapy, treatment changes and reasons for 
changing, and discontinuations and reasons for discontinua-
tion. Discontinuation was defined as permanent discontinu-
ation of biologic therapy.

Efficacy was assessed using the Disease Activity Score 
in 28 joints (DAS28)-ESR or DAS28-CRP score, and the 
American College of Rheumatology (ACR) core set meas-
ure. The response rates were reported using per-protocol 
analysis. The DAS28 scale ranges from 0 to 9.4, where a 
score < 2.6 indicates remission, ≥ 2.6 to < 3.2 low disease 
activity, ≥ 3.2 to ≤ 5.1 moderate disease activity, and > 5.1 
highly active disease [22]. ACR20 indicates a 20% improve-
ment in both tender and swollen joint counts and three out of 
five other measures within the ACR core set of disease activ-
ity measures [23]. ACR50 and ACR70 correspond to 50% 
and 70% improvement, respectively. The number of patients 
with adverse events (AEs), defined using the Medical Dic-
tionary for Regulatory Activities (version 17.0), during treat-
ment with biologics was evaluated. AEs were also assessed 
after changing biologic or after discontinuation of biologic 
therapy. Those patients who did not have a documented time 
to discontinuation were included in the analyses of baseline 
demographics, efficacy and safety, but were excluded from 
analysis of drug retention rate.

2.3 � Statistical Analyses

Drug retention rates were analyzed using Kaplan–Meier sur-
vival curves and were compared statistically using a log-rank 
test. Confidence bands were calculated using the method of 
Hall and Wellner [24]. Baseline demographics and disease 
characteristics were compared between treatment groups 
using a Chi squared test of homogeneity for categorical vari-
ables and t test for continuous variables. Efficacy measured 
by DAS28 score was compared statistically with p values 
calculated using a two-sided Wilcoxon rank-sum test. All 
statistical analyses were performed using SAS statistical 
software (version 9.4, SAS Institute), and p values < 0.05 
were considered statistically significant.

3 � Results

3.1 � Patient Characteristics

Data from 199 patients with RA enrolled in the KOBIO 
registry between December 2012 and December 2017 were 
analyzed, of whom 147 patients were treated with CT-P13 
and 52 patients with reference infliximab. Data are presented 
for the number of enrolled patients, although missing data, 
such as ESR, CRP or questionnaire answers meant that for 
some parameters, data were not available for all patients. In 
addition, 12 patients treated with CT-P13 and eight patients 
treated with reference infliximab were lost to follow-up and 
were excluded from some analyses.

Patient baseline demographics and characteristics were 
similar between groups (Table 1). Patients had a mean 
age of 51.8 years [standard deviation (SD) ± 12.2 years]. 
Mean DAS28-CRP (5.0, SD ± 1.2) and DAS28-ESR (5.7, 
SD ± 1.1) scores at baseline were consistent with a patient 
population with moderate-to-severely active RA [22]. 
The mean duration of disease at baseline was 7.4 years 
(SD ± 7.6 years), indicative of a patient population with 
long-established RA. At baseline, almost all patients (96.5%) 
had been previously treated with DMARDs and concurrent 
corticosteroid use was reported in 87.9% of patients. The 
majority of patients (82.4%) received first-line infliximab 
therapy (CT-P13: n = 124/147, 84.4%; reference inflixi-
mab: n = 40/52, 76.9%), with second or subsequent lines of 
therapy received by 17.6% of patients (CT-P13: n = 23/147, 
15.6%; reference infliximab: n = 12/52, 23.1%).

3.2 � Treatment Duration and Drug Retention

Treatment duration is shown in Supplementary Table 1 
(see the electronic supplementary material, Online 
Resource 1). Overall, the median duration of treatment 
was 1.22  years (range 0.54–2.31) with CT-P13 and 
1.40 years (range 0.43–3.16) with reference infliximab 
(p = 0.67). Irrespective of treatment group, duration of 
first-line therapy was longer than subsequent lines of ther-
apy (Supplementary Table 1 in Online Resource 1). The 
median treatment duration in patients receiving first-line 
or subsequent CT-P13 therapy was 1.32 (range 0.58–2.47) 
and 0.83 years (range 0.35–1.97), respectively, and in 
those receiving first-line or subsequent reference inflixi-
mab therapy, it was 1.65 (range 0.43–3.16) and 0.58 years 
(range 0.42–3.42), respectively.

Overall, there was no difference in drug retention with 
CT-P13 and reference infliximab (log-rank p = 0.84; Fig. 1a). 
Drug retention was also similar between CT-P13 and refer-
ence infliximab groups in patients who received first-line 
therapy (p = 0.66; Fig. 1b) and subsequent treatment lines 
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(p = 0.96; Fig. 1c). After 4 years’ follow-up, the retention 
rate was 17.5% for CT-P13 and 33.6% for reference inflixi-
mab in the overall patient population. In patients receiving 
first-line therapy, the retention rate was 15.7% for CT-P13 
and 35.4% for reference infliximab.

3.3 � Treatment Changes and Discontinuations

Reasons for changing to another agent or discontinuing treat-
ment are presented in Table 2. Overall, the rate of treatment 
changes or discontinuations was similar between the CT-P13 
and reference infliximab groups (65.2% vs 69.6%, respec-
tively). The most common reason for treatment changes or 
discontinuations was lack of efficacy (CT-P13: 31.9%; refer-
ence infliximab: 34.8%). Treatment changes or discontinu-
ations due to an AE were reported in 20.0% of patients in 
the CT-P13 group and 23.9% of patients in the reference 
infliximab group. A similar proportion of patients in the 
CT-P13 group and reference infliximab groups changed 

or discontinued therapy after achieving clinical remission 
(3.0% and 4.3%, respectively).

A similar proportion of patients in each treatment group 
changed biologic therapy (CT-P13: 43.7%; reference inflix-
imab: 39.1%) or discontinued treatment (CT-P13: 21.5%; 
reference infliximab: 30.4%; Table 2). Of those patients 
who changed biologic therapy in the CT-P13 and reference 
infliximab groups, the most commonly cited reason was 
lack of efficacy (Table 2). AEs were the most commonly 
cited reason for discontinuing treatment with CT-P13 or 
reference infliximab (Table 2). AEs leading to treatment 
discontinuation or changing to another biologic are shown 
in Supplementary Table 2 (Online Resource 1). Infusion-
related reactions were the most common AEs resulting in 
treatment changes (CT-P13: 12 events; reference infliximab: 
two events) and treatment discontinuation (CT-P13: three 
events; reference infliximab: three events).

Similar proportions of patients receiving first-line CT-P13 
or reference infliximab changed biologic (44.2% and 42.9%, 

Table 1   Baseline patient characteristics

Data presented are mean (standard deviation), unless otherwise indicated
BMI body mass index, CCP cyclic citrullinated peptide, CRP C-reactive protein, DAS28 disease activity score in 28 joints, DMARD disease-
modifying antirheumatic drug, ESR erythrocyte sedimentation rate, IQR interquartile range

Characteristic All patients (N = 199) CT-P13 (N = 147) Reference infliximab 
(N = 52)

P value

Age, years 51.8 (12.2) 51.3 (12.4) 53.3 (11.5) 0.30
Disease duration, years 7.4 (7.6) 7.7 (7.6) 6.5 (7.7) 0.35
Male, n (%) 28 (14.1) 18 (12.2) 10 (19.2) 0.21
BMI, kg/m2 22.9 (4.0) 23.0 (4.2) 22.8 (3.3) 0.75
Smoking history, n (%) 0.55
 Ex-smoker 13 (6.5) 9 (6.1) 4 (7.7) –
 Current smoker 14 (7.0) 12 (8.2) 2 (3.8) –
 Never 172 (86.4) 126 (85.7) 46 (88.5) –

Tender joint count 9.9 (8.2) 9.9 (7.5) 9.8 (10.1) 0.92
Swollen joint count 7.5 (6.2) 7.7 (5.9) 6.9 (7.2) 0.45
ESR, mm/h 52.6 (27.4) 53.8 (28.1) 49.1 (25.3) 0.29
CRP, mg/dL 2.9 (5.3) 3.1 (6.0) 2.4 (2.4) 0.24
DAS28-ESR 5.7 (1.1) 5.7 (1.2) 5.5 (1.1) 0.29
DAS28-CRP 5.0 (1.2) 5.0 (1.2) 4.9 (1.1) 0.43
Rheumatoid factor (positivity), n (%) 163 (81.9) 117 (79.6) 46 (88.5) 0.12
Anti-CCP (positivity), n (%) 139 (69.8) 99 (67.3) 40 (76.9) 0.055
Previous DMARD use, n (%) 192 (96.5) 142 (96.6) 50 (96.2) 0.88
Methotrexate dose, mg/week, median (IQR) 15 (10─15) 15 (12.5─15) 15 (10─15) 0.59
Corticosteroid use, n (%) 175 (87.9) 127 (86.4) 48 (92.3) 0.26
Corticosteroid dose, dose equivalent for predniso-

lone in mg/day, median (IQR)
5 (2.5─7.5) 5 (2.5─7.5) 6 (4─8) 0.013

Infliximab treatment line, n (%) 0.23
 1st line 164 (82.4) 124 (84.4) 40 (76.9) –
 ≥ 2nd line 35 (17.6) 23 (15.6) 12 (23.1) –
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respectively) or discontinued treatment (20.4% and 22.9%, 
respectively; Supplementary Table 3, Online Resource 1). 
Reasons for discontinuing treatment or changing to another 

biologic by line of therapy are presented in Supplementary 
Table 3 (Online Resource 1). Overall, 15 out of 22 patients 
(68.2%) in the CT-P13 group and nine out of 11 patients 
(81.8%) in the reference infliximab group changed or discon-
tinued treatment during second-line or subsequent therapy.

The drugs received following treatment with CT-P13 
and reference infliximab are summarized in Supplementary 
Table 4 (Online Resource 1). Tocilizumab was the most 
commonly substituted drug following first-line treatment 
with CT-P13 and reference infliximab (34.0% and 73.3%, 
respectively). Adalimumab was also commonly used fol-
lowing first-line treatment with CT-P13 (26.0%), but was not 
substituted after first-line reference infliximab.

3.4 � Efficacy

CT-P13 demonstrated similar efficacy to reference inflixi-
mab with comparable improvements observed over time 
(Figs. 2 and 3). Over the 4-year observation period, treat-
ment with either CT-P13 or reference infliximab resulted 
in a substantial reduction in disease activity from baseline, 
assessed by DAS28-ESR and DAS28-CRP (Fig. 2). After 
2 years of treatment with either CT-P13 or reference inf-
liximab, DAS28-ESR and DAS28-CRP scores corresponded 
to low disease activity/disease remission, and disease con-
trol was maintained up to 4 years after initiating treatment. 
ACR20 response rates in the first year of treatment were 
57.3% with CT-P13 and 45.8% with reference infliximab, 
and increased in the second year of treatment (CT-P13: 
82.1%; reference infliximab: 62.1%; Fig. 3). ACR50 and 
ACR70 response rates showed a pattern consistent with 
ACR20 responses, where the proportion of patients respond-
ing increased between the first and second years of treatment 
and were numerically higher in the CT-P13 group compared 
with the reference infliximab group (Fig. 3).
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Fig. 1   Drug retention in a all patients, b patients treated with first-
line therapy and c patients treated with second-line or subsequent 
therapy. Shading indicates 95% Hall-Wellner bands. + indicates cen-
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Table 2   Reasons for discontinuation of therapy or changing to another biologic

AE adverse event
a Reasons include removal of prescription code for CT-P13 (n = 6)
b Reasons include patient’s decision (n = 5), planning for pregnancy (n = 2) and scheduled surgery (n = 1)
c Reasons include patient’s decision (n = 1) and planning for pregnancy (n = 1)

CT-P13 (N = 135) Reference infliximab (N = 46)

Changed, n (%) Discontinued treat-
ment, n (%)

Total, n (%) Changed, n (%) Discontinued treat-
ment, n (%)

Total, n (%)

Lack of efficacy 35 (25.9) 8 (5.9) 43 (31.9) 14 (30.4) 2 (4.3) 16 (34.8)
AE 18 (13.3) 9 (6.7) 27 (20.0) 4 (8.7) 7 (15.2) 11 (23.9)
Clinical remission – 4 (3.0) 4 (3.0) – 2 (4.3) 2 (4.3)
Other reasons 6 (4.4)a 8 (5.9)b 14 (10.4) – 2 (4.3)c 2 (4.3)
Unspecified – – – – 1 (2.2) 1 (2.2)
Total 59 (43.7) 29 (21.5) 88 (65.2) 18 (39.1) 14 (30.4) 32 (69.6)
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3.5 � Safety

Overall, 19 grade 3 AEs were reported in the CT-P13 group 
and eight in the reference infliximab group (Table 3). There 
were four grade 3 AEs considered to be related to CT-P13 
(one infusion/injection reaction; one infection, not specified; 
one case of mononeuritis multiplex; and one case of skin 
rash). No drug-related grade 3 AEs were reported with ref-
erence infliximab. Infusion-related reactions were the most 
commonly reported AEs (CT-P13: 16 events; reference inf-
liximab: seven events), followed by infection (CT-P13: 11 
events; reference infliximab: four events). There were no 
cases of tuberculosis reported with either treatment. Two 
cases of malignant solid tumors (one case of malignant 

melanoma and one case of thyroid cancer) were reported 
with CT-P13. Three cases of malignancy (one case of lym-
phoma and two cases of oral cavity mass) were reported with 
reference infliximab. Of these malignancies, only lymphoma 
was deemed related to treatment. One death was reported in 
each group, due to pneumonia (CT-P13 group) and cardiac 
arrest (reference infliximab group).

4 � Discussion

This prospective, registry-based, observational study pre-
sents real-life data on the long-term retention, efficacy and 
safety of CT-P13 compared with reference infliximab in 
Korean patients with RA. Our analysis showed that drug 
retention was comparable in patients treated with CT-P13 
and reference infliximab, irrespective of treatment line. 
CT-P13 provided similar long-term clinical benefit to refer-
ence infliximab. Treatment with both CT-P13 and reference 
infliximab resulted in a substantial reduction in DAS28-
ESR and DAS28-CRP scores over the 4-year observation 
period. Furthermore, DAS28-ESR and DAS28-CRP scores 
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Table 3   Summary of adverse events of interest

AE adverse event

AE, number of events CT-P13 
(N = 147)

Reference 
infliximab 
(N = 52)

AE, grade 3 19 8
Drug-related AE, grade 3 4 0
Infusion-related reaction 16 7
Infection 11 4
Tuberculosis 0 0
Malignancy 2 3
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corresponded to low disease activity/disease remission after 
2 years of treatment with either CT-P13 or reference inflixi-
mab, and disease control was maintained up to 4 years after 
initiating treatment.

For observational registries, drug survival may be 
regarded as a reliable indicator of overall treatment effec-
tiveness [25]. Registry-based studies in patients with RA 
who received first-line reference infliximab, including the 
Swedish Biologics Register ARTIS [26] and a local Italian 
registry [25], have reported drug survival rates of 38–44.3% 
after 5 years. The Danish DANBIO registry reported a drug 
survival rate of 41% for reference infliximab after 2 years 
[27]. The reference infliximab retention rates found in our 
study were similar to previous reports, with a retention 
rate of 33.6% in the overall patient population and 35.4% 
in patients receiving first-line therapy, after 4 years’ fol-
low-up. The main reason for drug discontinuation in the 
observational registry studies was lack of efficacy and AEs 
[25–27], which is consistent with our study. Our analysis 
demonstrated that drug retention was comparable in patients 
treated with CT-P13 and reference infliximab irrespective 
of treatment line. This is consistent with the data reported 
by Germain et al., who observed similar treatment reten-
tion rates among patients with rheumatic disease who had 
switched from reference infliximab to CT-P13 (56%, median 
follow-up 120 weeks), compared with a historic reference 
infliximab cohort (67%, median follow-up 131  weeks; 
p = 0.052) [14].

In the current study, the efficacy of CT-P13 and reference 
infliximab (in combination with methotrexate) was compa-
rable when measured using the continuous disease activity 
measure of DAS28 and the dichotomous measure of ACR20 
response in a patient population with highly active disease 
of long duration. We observed 1-year ACR20 response rates 
of 57.3% and 45.8% with CT-P13 and reference infliximab, 
respectively. Similarly, the PLANETRA randomized con-
trolled study showed that CT-P13 and reference inflixi-
mab were comparable in terms of efficacy, although higher 
ACR20 response rates of 74.7% and 71.3% were achieved 
after 54 weeks of combined treatment with methotrexate 
plus CT-P13 or reference infliximab, respectively [7]. These 
higher response rates may reflect the fact that clinical tri-
als have strict inclusion criteria and enrolled patients may 
not always be representative of the entire real-world patient 
population. Indeed, analysis of data from the German RAB-
BIT registry has shown that only 21–33% of patients with 
RA treated with reference infliximab in RABBIT would have 
been eligible for major trials, with ineligible patients having 
lower response rates but similar absolute improvement [28].

CT-P13 was well tolerated during our study and displayed 
a long-term safety profile consistent with that of reference 
infliximab, with no clinically important differences. Consist-
ent with the 54-week PLANETRA phase 3 clinical study [7], 

infusion-related reactions were the most commonly reported 
AEs in our analysis (CT-P13: 16 events; reference inflixi-
mab: seven events). Although it is established that patients 
with RA are at an increased risk of lymphoma compared 
with the general population, TNF inhibitor (TNFi) treatment 
does not appear to increase lymphoma risk [29–31]. The case 
of lymphoma deemed to be related to CT-P13 reported in 
our analysis does not raise safety concerns due to the known 
increased risk of lymphoma in patients with RA; however, 
the incidence of lymphoma in patients treated with TNFis 
should continue to be closely monitored. TNFis are associ-
ated with an increased risk of serious infections in RA [31], 
and infections are the most common serious AEs associated 
with CT-P13 and reference infliximab during post-marketing 
spontaneous reporting [32, 33]. In the current study, one 
serious infection was reported in the CT-P13 group (pneu-
monia). Reassuringly, this study reported no cases of active 
tuberculosis infection with either infliximab product.

In addition to offering efficacy and safety comparable 
with reference infliximab, the introduction of CT-P13 for 
the treatment of RA offers the potential for substantial cost-
savings, given the high contribution of medication to overall 
treatment costs for RA [34, 35]. Introduction of lower-priced 
infliximab biosimilars, including CT-P13, might increase 
patient access to treatment, particularly in those countries 
where reference infliximab is not recommended due to cost 
constraints [35–37]. In addition, the NOR-SWITCH study 
has provided support for non-medical switching from refer-
ence infliximab to CT-P13 [11, 38]. In 2014, the Norwegian 
health authorities recommended CT-P13 for patients initi-
ating infliximab treatment; as a result, the cost saving in 
Norway for CT-P13 versus reference infliximab increased 
from 39% in 2014 to 69% in 2015 [11]. Such cost savings 
could significantly impact CT-P13 uptake and, consequently, 
healthcare budgets in many countries [11, 38]. Direct medi-
cal costs for both patients and the payer were reduced fol-
lowing the introduction of biosimilar infliximab in the South 
Korean healthcare market, which could potentially be used 
to increase patient access to biologics [39]. Moreover, the 
introduction of infliximab biosimilars in the United King-
dom resulted in substantial cost-savings in the first 2 years 
of use [40], and considerable budget reductions are predicted 
for the roll out of infliximab biosimilars in other European 
countries [35, 41]. While treatment with intravenous CT-P13 
is effective and well tolerated, a subcutaneous formulation of 
CT-P13 is being developed for self-administration [42, 43], 
offering the potential for improved patient compliance and 
reduced costs to healthcare systems [44].

Through the KOBIO registry, patients were managed 
according to routine clinical practice, providing a compre-
hensive and accurate real-world assessment. Strengths of 
our analysis include the prospective nature of data collection 
in the KOBIO registry, the long follow-up period, and the 
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relatively large patient population. The main limitation of 
the current study is related to its observational design, which 
relies on passive reporting of safety events and may lead to 
under-estimation of incidence. Few patients included in this 
analysis received infliximab as second-line or subsequent 
therapy, precluding analysis of the reasons for discontinuing 
therapy in this population. Furthermore, the generalizability 
of our results to other countries may be influenced by the 
stringent Korean National Health Insurance reimbursement 
criteria for TNFi eligibility [45]; hence, the patient popula-
tion in this analysis may not be representative of patient 
populations undergoing infliximab treatment in other coun-
tries and, subsequently, outcomes may vary.

5 � Conclusion

In conclusion, long-term data from this nationwide cohort of 
Korean patients with RA treated in routine clinical practice 
showed that CT-P13 had a comparable drug retention rate 
to reference infliximab, with similar efficacy and an accept-
able safety profile. The proven comparability of CT-P13 and 
reference infliximab safety, tolerability and efficacy, and the 
lower price of CT-P13, offers the opportunity for substantial 
cost-savings without compromising on quality of treatment 
or patient outcomes.
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