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Abstract

Background Long-term, real-world data are required to support the use of CT-P13 in chronic conditions such as ankylosing
spondylitis. However, real-world evidence may be influenced by selection bias, which can confound outcomes. The aim of
the current analysis was to confirm the long-term comparability of CT-P13 and reference infliximab treatment in patients
with ankylosing spondylitis, using propensity score matching to adjust for baseline differences between groups.

Methods A propensity score—matching analysis was conducted on data from patients with ankylosing spondylitis in the
Korean College of Rheumatology Biologics registry who received CT-P13 or reference infliximab. Drug retention, reasons
for biologic therapy changes or discontinuation, and efficacy parameters were analyzed overall and by treatment line with
up to 4 years of follow-up. Adverse events were recorded for each treatment group.

Results Propensity score matching was effective in matching 124 CT-P13-treated and 124 reference infliximab-treated
patients. Median treatment duration and drug retention were similar between CT-P13 and reference infliximab. Three-year
retention rates (95% confidence interval [CI]) were 64.2% (53.5-73.0) for CT-P13 and 55.6% (42.9-66.6) for reference
infliximab. Overall, 17.1% (CT-P13) and 29.3% (reference infliximab) of patients discontinued biologic therapy, and 20.0%
(CT-P13) and 15.2% (reference infliximab) changed biologic therapy. Efficacy assessments were generally similar between
groups; both treatments were well tolerated.

Conclusions Propensity score-matching analysis confirmed that CT-P13 treatment was not associated with significant dif-
ferences in drug retention, treatment duration, most efficacy parameters, or safety versus reference infliximab in Korean
patients with ankylosing spondylitis, building evidence for the long-term comparability of these treatments.

Trial registration ClinicalTrials.gov identifier: NCT01965132.

1 Background cases with systemic manifestations and comorbidities that

increase disability [2]. While the advent of biologic therapy
Anky]osjng spondy]itis (AS) is an inflammatory rheu- has improved the quality of life of patients with AS, its use
matic disease characterized by back pain and structural s constrained by high costs [3]. In Korea, for example, the
and functional systemic features that can impair quality of ~ cost of illness with biologic therapies is approximately dou-
life [1]. Being a long-term disease, the cost burden of AS  ble that of non-biologics [3], and overall expenditure has
is substantial. Annual healthcare expenditures for patients ~ grown significantly year on year since the approval of the
with AS in the Republic of Korea are high, particularly in first biologic agents in 2006 [2]. Biosimilars have the poten-
tial to help alleviate the cost burden of biologic therapies
and improve patient access, without compromising efficacy
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Propensity score matching was used to adjust for base-
line differences between 124 CT-P13-treated and 124
reference infliximab-treated patients with ankylosing
spondylitis who were included in the Korean College of
Rheumatology Biologics registry.

Over a follow-up period of up to 4 years, treatment
duration and retention rate did not significantly dif-

fer between CT-P13 and reference infliximab, efficacy
assessments were generally similar between groups, and
both treatments were well tolerated.

These real-world, long-term findings provide robust
evidence of the comparability of CT-P13 and reference
infliximab, supporting the routine clinical use of CT-P13
in patients with ankylosing spondylitis.

AS [7-12]. A wealth of evidence from clinical trials and
observational studies supports the comparability of CT-P13
and reference infliximab in terms of pharmacokinetics,
efficacy, and safety across indications [13—16]. However,
limited data are available regarding long-term treatment
with CT-P13. The PLANETAS study and its open-label
extension phase demonstrated that up to 2 years of CT-P13
treatment was well tolerated and effective [17, 18], while a
single-center study reported a higher 2-year retention rate for
CT-P13 compared with reference infliximab [19]. In addi-
tion, the NOR-SWITCH extension study (in which 18% of
the patients had spondyloarthritis) reported no difference in
safety and efficacy between patients maintaining CT-P13
treatment for 78 weeks versus those who switched from
reference infliximab at week 52 [20]. Additional long-term
data are needed to confirm the utility, efficacy, and safety of
CT-P13 therapy and its equivalence to reference infliximab
throughout the course of this chronic inflammatory disease.

The Korean College of Rheumatology Biolog-
ics (KOBIO) registry (ClinicalTrials.gov identifier
NCT01965132) is an ongoing, multicenter, prospective,
observational study being conducted nationwide in the
Republic of Korea [21]. This real-world registry was estab-
lished in December 2012 as an inception cohort to gather
and monitor data on disease activity, treatment patterns,
efficacy, and safety in adult patients with AS, rheumatoid
arthritis, or psoriatic arthritis who were eligible to initiate,
restart, or change biologic therapies. Previous analyses of
patients from the KOBIO registry have reported encour-
aging drug retention rates, efficacy, and safety for CT-P13
treatment in patients with AS, after 4 years of follow-up
[22]. In addition, each of these outcomes was shown to be

A\ Adis

comparable for CT-P13 and reference infliximab in patients
with rheumatoid arthritis [23].

While registries provide valuable, real-world data, selec-
tion bias is an inherent limitation of these non-randomized,
observational studies, and this can confound outcome data.
Propensity score matching (PSM) is a useful tool to adjust
for baseline differences between treatment groups in these
contexts [24]. The present analysis aimed to address this
limitation of the KOBIO registry by implementing PSM,
seeking to confirm the comparability of CT-P13 and refer-
ence infliximab in the AS patient population.

2 Methods
2.1 Study Population

The present analysis included data from patients aged > 18
years with AS who were enrolled in the KOBIO registry.
Patients had received treatment with CT-P13 between
December 2012 and December 2017, either as first-line
treatment or following failure of another tumor necrosis
factor (TNF) inhibitor. PSM was used to match the group
of CT-P13-treated patients with an equal number of AS
patients who received reference infliximab between Decem-
ber 2012 and December 2017. All patients were treated at
the discretion of the treating physician, including the selec-
tion of biologic, dosing, and treatment duration. This analy-
sis was conducted according to the principles of the Declara-
tion of Helsinki, and the study protocol and data collection
forms were approved by institutional review boards or local
ethics committees at each participating center. All patients
provided informed written consent.

2.2 Data Collection and Outcomes

Data were collected at baseline and annually thereafter from
the 44 participating hospitals in the Republic of Korea, using
standardized case report forms. The primary outcome of this
analysis was drug retention, defined as the time to treatment
discontinuation or change of biologic therapy. Efficacy assess-
ments were included as secondary outcomes of this analysis.
Efficacy was assessed by Bath Ankylosing Spondylitis Dis-
ease Activity Index (BASDAI) score, Ankylosing Spondylitis
Disease Activity Score (ASDAS)—erythrocyte sedimentation
rate (ESR) score, ASDAS—C-reactive protein (CRP) score,
and patient global assessment (GA). Data were also collected
on treatment dates and line of therapy, treatment changes and
reasons for changing, treatment discontinuations (defined as
permanent discontinuation of biologic agents), and reasons for
discontinuation. 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
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the analysis of drug retention. Overall safety data, in terms of
adverse events (AEs), were also collected.

2.3 Statistical Analyses

As appropriate, continuous variables for baseline character-
istics were compared using the paired ¢ test or the Wilcoxon
signed-rank test, and categorical variables were compared
using McNemar’s test. PSM was used to match patients receiv-
ing CT-P13 or reference infliximab. A 1:1 ratio between the
CT-P13 and reference infliximab group was selected to increase
the statistical power of the analysis and to maximize the number
of patients included in the database. Propensity scores were
calculated using a logistic regression model to predict the prob-
ability of being treated with CT-P13 given the baseline char-
acteristics. The baseline characteristics included in the logistic
regression model were age, sex, and baseline BASDAI score.

Drug retention was analyzed by treatment; and within
treatment groups, drug retention was analyzed according
to treatment line (first vs subsequent line). To account for
the varied follow-up periods for different patients, due to
the prospective, observational design of the KOBIO reg-
istry, we analyzed drug survival using the Hall-Wellner
method to calculate 95% confidence intervals (CIs) for the
Kaplan—Meier drug survival curve [25]. Treatment dura-
tion was compared between treatment groups and analyzed
within treatment groups according to treatment line.

Efficacy was assessed as ‘major’ improvement in ASDAS
scores [26, 27]. Major improvement was defined as improve-
ment of at least 2 points between two consecutive ASDAS
scores. Assessment in Ankylosing Spondylitis Response
Criteria (ASAS20) improvement was defined as an improve-
ment of at least 20% and an absolute improvement of at least
10 units on a scale of 0—100 in at least three of the follow-
ing domains: patient GA, pain assessment, function (BAS-
DAI), and inflammation (based on the last two questions
of the BASDAI). ASAS40 was defined as for ASAS20, but
required improvements of at least 40% in at least three of the
constituent domains. Descriptive statistics were derived for
baseline and follow-up scores for BASDAI, ASDAS-ESR,
ASDAS-CRP, and patient GA.

All statistical analyses were two-sided and were per-
formed using SAS statistical software, version 9.4 (SAS
Institute, Cary, NC, USA), and p values < 0.05 were con-
sidered statistically significant.

3 Results
3.1 Patient Characteristics

Of the 3424 patients included in the KOBIO registry
between December 2012 and December 2017, 1658 had

been diagnosed with AS [22]. Among AS patients included
in the registry, 256 received treatment with CT-P13 and
143 received treatment with reference infliximab. Of these
patients, 124 CT-P13-treated patients were propensity score
matched with 124 patients who received treatment with ref-
erence infliximab; these 248 patients comprise the overall
study population reported herein.

Following PSM, there were no significant differences
overall in baseline patient characteristics between the
CT-P13 group and the matched reference infliximab group
(Table 1). Table S1 in the electronic supplementary mate-
rial shows the baseline characteristics for the 124 patients
included in the analysis and the 132 patients who were not
included after PSM. Ninety-eight of 124 patients (79.0%)
in the CT-P13 group and 81 of 124 patients (65.3%) in the
reference infliximab group were treated in the first-line set-
ting (Table S2 in the electronic supplementary material).
There were no significant differences in baseline charac-
teristics after PSM between the CT-P13 and reference inf-
liximab groups for the 179 patients receiving first-line bio-
logic therapy, with the exception of mean disease duration,
which was longer in the CT-P13 group (3.9 + 5.2 vs 2.5
+ 3.8 years, respectively; p = 0.01). For patients receiving
treatment in the subsequent-line setting (n = 69), baseline
characteristics were generally comparable between groups
after PSM (Table S3 in the electronic supplementary mate-
rial). However, the CT-P13 group had a significantly shorter
mean disease duration, higher mean ASDAS-CRP score, and
higher CRP levels compared with the reference infliximab
group. Among patients receiving subsequent-line treatment,
prior TNF inhibitors were most commonly etanercept (n =
9), adalimumab (n = 8), or reference infliximab (n = 6)
in the CT-P13 group, while stopping and restarting previ-
ous reference infliximab treatment (n = 16) was the single
most common occurrence in the reference infliximab group
(Table S4 in the electronic supplementary material).

3.2 Treatment Duration

After 4 years of follow-up, there was no significant differ-
ence in median treatment duration between the CT-P13
and reference infliximab groups (Table S5 in the electronic
supplementary material). The median (interquartile range
[IQR]) treatment duration was 2.06 (0.99-3.05) years for
the CT-P13 group and 1.75 (0.97-2.24) years for the refer-
ence infliximab group (p = 0.11). There were also no sig-
nificant differences in median treatment duration between
the CT-P13 and reference infliximab groups when consider-
ing the subgroups of patients receiving first-line or subse-
quent-line treatment. However, there was a slightly longer
median treatment duration in the CT-P13 versus the refer-
ence infliximab group in the first-line setting (2.13 [IQR
1.02-3.07] years vs 1.64 [IQR 0.99-2.18] years; p = 0.06).
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Table 1 Baseline patient characteristics after propensity score matching

Characteristics Overall (N = 248) CT-P13 (n=124) Reference infliximab (n = 124) p value
Age at start, years 392+ 134 38.6 +13.3 39.7+13.5 0.50
Disease duration, years 43+53 42+52 43+54 0.94
Male, n (%) 184 (74) 94 (76) 90 (73) 0.60
Smoking status, n (%) 0.74

Ex-smoker 51(21) 26 (21) 25 (20)

Current smoker 71 (29) 33 (27) 38 (31)

Never 126 (51) 65 (52) 61 (49)
BMI, kg/m? 23.6+3.2 23.8+3.2 233 +32 0.17
Swollen joint counts 0.6+19 0.8+24 04+10 0.11
Tender joint counts 0.8+24 1.1 +3.1 05+1.2 0.07
BASDAI 55+19 55+19 55+20 0.50
Patient’s GA 5.8+22 5.8 +2.1 58+22 0.76
ASDAS-ESR 35+ 1.1 34+1.0 35+ 1.1 0.51
ASDAS-CRP 33+1.1 34+1.0 33+1.2 0.21
ESR, mm/h, n (%)

Normal 84 (34) 44 (36) 40 (33) 0.59

ESR 35.7 +30.8 349 +31.9 36.4 +29.9 0.71
CRP, mg/dL, n (%)

Normal 90 (37) 39 (32) 51 (41) 0.16

CRP 22432 23+32 2.1+33 0.47
HLA-B27 status, n (%) 0.32

Not determined 17 (7) 11(9) 6(5)

Positive 206 (83) 98 (79) 108 (87)

Negative 25 (10) 15 (12) 10 (8)

Data presented are mean (standard deviation), unless otherwise indicated

ASDAS Ankylosing Spondylitis Disease Activity Score, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BMI body mass index,
CRP C-reactive protein, ESR erythrocyte sedimentation rate, GA global assessment, HLA-B27 human leukocyte antigen-B27

Corresponding median treatment durations in the subse-
quent-line subgroup were 1.11 (IQR 0.41-2.99) years and
1.85 (IQR 0.95-2.58) years (p = 0.75).

3.3 Drug Retention

Overall, the primary outcome, drug retention, was similar
between the CT-P13 and reference infliximab groups (p =
0.41; Fig. 1a). Drug retention was also similar between the
CT-P13 and reference infliximab groups in patients who
received first-line therapy (p = 0.15; Fig. 1b) and subse-
quent-line therapy (p = 0.45; Fig. 1c). The 3-year retention
rate (95% CI) was 64.2% (53.5-73.0) for CT-P13 and 55.6%
(42.9-66.6) for reference infliximab in the overall patient
population. Among patients receiving first-line therapy, the
retention rate (95% CI) was 66.3% (54.3-75.8) for CT-P13
and 50.6% (34.7-64.6) for reference infliximab after 3 years
of follow-up, while corresponding retention rates (95% CI)
in patients receiving subsequent-line therapy were 55.6%
(30.4-74.9) and 64.6% (41.7-80.4).
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The retention rates for CT-P13 and reference inflixi-
mab by treatment line are shown in Fig. Sla in the elec-
tronic supplementary material. Among patients receiving
CT-P13, drug retention was not significantly different for
patients receiving first-line or subsequent-line treatment (p
= 0.30; Fig. S1b in the electronic supplementary material).
In the reference infliximab group, drug retention was similar
between patients receiving first- and subsequent-line treat-
ment (p = 0.40; Fig. Slc in the electronic supplementary
material).

3.4 Treatment Changes and Discontinuations

A total of 21 patients (of 105 evaluable; 20.0%) in the
CT-P13 cohort and 14 patients (of 92 evaluable; 15.2%) in
the reference infliximab group changed to another biologic,
while 18 (17.1%) and 27 patients (29.3%), respectively, dis-
continued biologic therapy (Table 2).

Changes in treatment to other biologics due to ineffi-
cacy or AEs occurred at comparable rates in both treatment
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Fig. 1 Drug retention® up to 4 years in all patients (a) and those
receiving first-line (b) and subsequent-line treatment (c) analyzed
by Kaplan—Meier and Hall-Wellner methods to account for the var-
ied follow-up periods of different patients due to the prospective,
observational design of the KOBIO registry. Shading indicates 95%
Hall-Wellner bands; + indicates censored patients. KOBIO Korean
College of Rheumatology Biologics. *Defined as time to discontinua-
tion or change of biologic therapy

groups. Of the 21 patients in the CT-P13 group who
changed treatment, 13 did so due to lack of efficacy and
eight due to AEs, while corresponding numbers of patients
in the reference infliximab group were nine and five (14
patients changed biologic in total). Infusion or injection site
reactions were the most frequent AE leading to a change

in treatment in both the CT-P13 and reference infliximab
groups (Table 3). Skin rash accounted for three patients
and uveitis accounted for one patient changing biologic in
the CT-P13 group, while skin rash accounted for the one
remaining patient changing treatment due to an AE in the
reference infliximab group. The drugs administered follow-
ing a change in biologic treatment are presented in Table S6
in the electronic supplementary material. Golimumab was
the most frequently administered biologic for the CT-P13
group, regardless of treatment line, while adalimumab was
most frequently administered for the reference infliximab
group, again regardless of treatment line. Two patients
changed from CT-P13 to reference infliximab, due to AE
(n =1) and inefficacy (n = 1), while three patients changed
from reference infliximab to CT-P13, due to inefficacy (n =
2)and AE (n=1).

Discontinuation of CT-P13 occurred due to AEs, clinical
remission, inefficacy, and other reasons in five, four, two,
and seven patients, respectively; corresponding numbers of
patients discontinuing treatment in the reference infliximab
group were 12, three, one, and 11 (Table 2). In the CT-P13
group, AEs leading to treatment discontinuation comprised
infusion or injection site reactions (n = 2), headache (n = 2)
and Mycobacterium tuberculosis pulmonary infection (n =
1) (Table 3). In the reference infliximab group, discontinua-
tions due to AEs occurred most frequently as a result of M.
tuberculosis pulmonary infection (n = 4) and infusion or
injection site reactions (n = 2).

3.5 Efficacy

After both 1 and 2 years of follow-up, there were no sta-
tistically significant differences between the CT-P13 and
reference infliximab groups with regard to the proportion
of patients who achieved major (> 2-point) improvement
in ASDAS scores from baseline (Table 4). This finding was
consistent in the subgroup of patients receiving first-line
treatment. In terms of ASAS20 and ASAS40, there were no
significant differences in the proportion of patients achieving
these responses between treatment groups at either follow-
up time point.

In general, efficacy assessments were similar between the
CT-P13 and reference infliximab groups during the follow-
up period of up to 4 years (Table S7 in the electronic sup-
plementary material). Median CRP levels were the major
exception to this finding, as they were significantly lower in
the reference infliximab group compared with the CT-P13
group at 2, 3, and 4 years of follow-up. At the year 1 fol-
low-up, ASDAS-ESR and patient’s GA were significantly
higher for the reference infliximab group compared with the
CT-P13 group, but these differences did not persist beyond
this time point.
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Table 2 Reasons for changing to another biologic or discontinuation of therapy

CT-P13 (N = 105) Reference infliximab (N = 92)
Overall First line Subsequent line Overall First line Subsequent
(N =105) (n=282) (n=23) (N=92) (n=162) line (n = 30)
Patients changing biologic or discon- 39 30 9 41 29 12
tinuing therapy, n
Patients changing biologic, n 21 15 6 14 10 4
Inefficacy 13 10 3 6 3
AE 8 5 3 5 4 1
Patients discontinuing therapy, n 18 15 3 27 19 8
Clinical remission 4 4 3 2 1
Inefficacy 2 2 1 1
AE 5 4 12 9
Other reasons 7 5 2 11 7
Loss to follow-up 2 2 2 1
Optionally stopped 1 1 1 1
Patient’s will 2 1 1 5 3 2
Plan for pregnancy 1 1 1 1
Insurance costs 2 2
Unknown 1 1
AE adverse event
Table 3 Changes and discontinuations due to AEs, overall and by treatment line
CT-P13 (N =105) Reference infliximab (N = 92)
Overall First line Subsequent line Overall First line Subsequent
(N =105) (n=282) (n=23) (N=92) (n=062) line (n = 30)
Patients changing biologic or discontinuing therapy due to an AE, n
Total 13 9 4 17 13 4
Changed biologic 8 5 3 5 4
Discontinued therapy 5 4 1 12 9 3
AEs leading to changed biologic or discontinued therapy, n
Changed biologic
Infusion/injection reaction 5 2 3 5 4 1
Uveitis
Skin rash 3 3 1 1
Discontinued therapy
Infusion/injection reaction 2 1 1 2 1 1
Mycobacterium tuberculosis 1 1 4 4
infection pulmonary
Headache 2 2
Other infection 1 1
Transaminitis only 1 1
Psoriasis 1 1
Uveitis 1 1
Gastric ulcer 1 1
Acute kidney injury 1 1
Unknown 1 1

AE adverse event
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Table 4 Major improvement and clinically important improvements in ASDAS and improvements in ASAS at first and second follow-up:

CT-P13 versus reference infliximab*

Overall patient population Year 1

Year 2

CT-P13 (n = 64) Reference infliximab P value' CT-P13 (n =48) Reference infliximab p value®
(n=138) (n=31)
ASAS20* 46 (71.9) 28 (73.7) 0.07 36 (75.0) 23 (74.2) 0.23
ASAS40° 34 (53.1) 21 (55.3) 0.17 28 (58.3) 15 (48.4) 0.11
ASDAS improvement criteria
Major improvement 34 (34.3) 26 (31.0) 0.13 28 (43.1) 18 (34.6) 0.98
Patients receiving first-line treat- CT-P13 (n = 52) Reference infliximab P value' CT-P13 (n=39) Reference infliximab p value'
ment (n=31) (n=22)
ASAS20? 36 (69.2) 23 (74.2) 0.51 29 (55.8) 17 (77.3) 0.51
ASAS40P 25 (48.1) 17 (54.8) 0.80 23 (44.2) 12 (54.5) 0.35
ASDAS improvement criteria
Major improvement 30 (39.0) 23 (41.1) 0.13 23 (44.2) 14 (40.0) 0.72

Data presented are n (%)

ASAS Assessment in Ankylosing Spondylitis Response Criteria, ASDAS Ankylosing Spondylitis Disease Activity Score, BASDAI Bath Ankylos-
ing Spondylitis Disease Activity Index, BASFI Bath Ankylosing Spondylitis Functional Index, GA global assessment

*Significant p value (p < 0.05)
P value based on Chi-square test

#ASAS Response Criteria (ASAS20) is defined as an improvement of at least 20% and an absolute improvement of at least 10 units on a 0-100
scale in at least three of the following domains: patient GA, pain assessment, function (BASFI), and inflammation (last two questions of BAS-

DAD)

®ASAS40 is defined as for ASAS20 above, but with improvements of at least 40%

3.6 Safety

CT-P13 and reference infliximab were well tolerated dur-
ing long-term treatment. Overall, 65 patients (52.4%)
reported 214 AEs in the CT-P13 group, while 52 patients
(41.9%) reported 151 AEs in the reference infliximab group
(Table S8 in the electronic supplementary material). In
the CT-P13 group, 23 patients (18.5%) experienced a total
of 60 AEs that were considered by the investigators to be
study drug related; 19 patients (15.3%) in the reference
infliximab group experienced 42 AEs that were consid-
ered by the investigators to be study drug related (Table S9
in the electronic supplementary material). Three grade 3
CT-P13-related AEs were reported: uveitis, infusion or
injection site reaction, and M. tuberculosis infection, which
occurred in one patient each. A total of three grade 3 refer-
ence infliximab-related AEs were reported, all due to M.
tuberculosis infection.

4 Discussion

In this analysis of the real-world, prospective, observational
KOBIO registry, our data showed no significant differ-
ences in treatment duration between CT-P13 and reference

infliximab in patients with AS, regardless of treatment line.
Treatment changes due to inefficacy and AEs occurred
at comparable rates between the two study groups. Drug
retention (time to treatment discontinuation or change) was
not significantly different between CT-P13 and reference
infliximab. With regard to efficacy and disease activity, in
general, we did not observe significant differences between
CT-P13 and reference infliximab, and both treatments were
well tolerated. These data contribute to the evidence base for
CT-P13 treatment, providing further support for the equiva-
lence of CT-P13 and reference infliximab in patients with
AS over the long term.

In our analysis, the 3-year retention rate (95% CI) was
64.2% (53.5-73.0) for CT-P13 and 55.6% (42.9-66.6) for
reference infliximab in the overall patient population. There-
fore, the CT-P13 retention rate based on the 124 patients
included in this analysis was similar to the 4-year retention
rate of 66% reported in a previous analysis of 244 patients
with AS enrolled in the KOBIO registry [22]. In addition,
CT-P13 retention did not differ significantly between patients
receiving first-line or subsequent-line therapy, in keeping
with previous findings from this registry [22]. The 77%
and 79% 1-year retention rates for CT-P13 and reference
infliximab, respectively, in our analysis were slightly lower
than those reported for the DANBIO registry of patients
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with rheumatic diseases, where overall crude retention rates
(95% CI) were 84.1% (81.3-86.5) and 86.2% (84.0-88.0)
for CT-P13 and reference infliximab, respectively [15]. In
patients with axial spondyloarthritis alone, the correspond-
ing rate for CT-P13 was 87% (83-91) [15]. The 1- and 2-year
retention rates in our analysis were similar to the 83% and
76%, respectively, reported in a pooled analysis of 12 regis-
tries in the EuroSpA collaboration, including 2935 patients
with AS [28]. On the other hand, the drug survival rates
identified in our analysis were slightly lower than the 1-,
2-, and 3-year retention rates reported for the 657 patients
with AS treated with any TNF inhibitor who were included
in the Spanish BIOBADASER registry [29] and the 310
patients with AS treated with anti-TNF therapy who were
included in the Czech national registry, ATTRA [30]. In
addition, a single-center study enrolling patients with rheu-
matic diseases (including 109 patients [27.6%] with AS or
spondyloarthritis) found that drug retention after 2 years was
significantly better for patients who initiated CT-P13 rather
than reference infliximab, in the combined patient popula-
tion [19], contrasting with the findings of our analysis.

In this analysis, 20.0% and 17.1% of patients receiv-
ing CT-P13 changed to another biologic and permanently
discontinued biologic treatments, respectively. This is
fairly similar to the rates reported in a previous analysis of
244 patients with AS in the KOBIO registry (15.6% and
13.1%, correspondingly) [22]. While proportions of patients
changing to another biologic were similar between groups,
a greater proportion of patients receiving reference inflixi-
mab discontinued biologic therapy (29.3% vs 17.1% in the
CT-P13 group), in contrast to what might be expected with
biosimilar-related nocebo effects [31]. This may be related to
an increased readiness of physicians to recommend discon-
tinuation of the reference product, perceiving that reinstating
treatment later with a first biosimilar option might provide
similar treatment outcomes, in contrast with possible prefer-
ences of physicians already prescribing a biosimilar to main-
tain treatment with that agent. In this analysis, two patients
switched from CT-P13 to reference infliximab, which could
reflect patients experiencing nocebo effects with the biosimi-
lar in this observational setting [31], although three patients
underwent the reverse switch. AEs and lack of efficacy were
the most common reasons for patients changing biologic or
discontinuing treatment, while clinical remission was also a
frequent reason for treatment discontinuation. These findings
are in keeping with the previous KOBIO registry analysis
[22]. Similarly, AEs were the most common reason for refer-
ence infliximab discontinuation for patients with AS in the
ATTRA registry [30] and for patients with spondyloarthritis
in the BIOBADASER registry [29], and lack of efficacy was
the most common reason for treatment discontinuation for
patients with AS in the Swedish ARTIS registry who were
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treated with reference infliximab, adalimumab, or etanercept
[32].

In the current analysis, major improvement in ASDAS
criteria was achieved by 34.3% and 43.1% of CT-P13-treated
patients after 1 and 2 years of treatment, respectively. This is
somewhat lower than the corresponding 56.5% and 56.9% of
patients reported in a previous analysis of patients with AS
included in the KOBIO registry [22], which may be a result
of the differences in baseline characteristics between the
studies. Nonetheless, efficacy was similar between CT-P13
and reference infliximab in both analyses. This is in keep-
ing with findings from the multicenter, phase I, randomized,
double-blind PLANETAS study, which reported highly sim-
ilar efficacy across endpoints between CT-P13 and refer-
ence infliximab [13, 17], as well as comparable efficacy for
long-term CT-P13 treatment and switching from reference
infliximab to CT-P13 in the open-label extension [33]. Real-
world efficacy data for CT-P13 treatment in patients with AS
have recently been reported. In an observational study that
enrolled patients with AS with inadequate response to con-
ventional therapy, 80.0% of patients responded to CT-P13
treatment per BASDALI criteria, which was deemed in keep-
ing with the PLANETAS study results [34]. A prospective
observational study also compared continued reference inf-
liximab treatment with switching to CT-P13 in patients with
AS in clinical remission [35]. After 18 months of follow-up,
efficacy was comparable between groups and all patients
remained in clinical remission, in keeping with the com-
parable efficacy identified between groups in our study. In
addition, two small studies evaluating switching from refer-
ence infliximab to CT-P13 in patients with rheumatologic
diagnoses including AS found that, overall, responses were
similar between treatments [36, 37].

Overall, long-term treatment with both CT-P13 and refer-
ence infliximab was well tolerated. A greater number of AEs
and a greater proportion of patients experiencing AEs were
reported for the CT-P13 group compared with the reference
infliximab group. However, similar proportions of patients
in each group (CT-P13 18.5%; reference infliximab 15.3%)
experienced AEs that were considered by the investigators to
be study drug related. For the CT-P13 group, the proportion
of patients reporting any or study drug-related AEs was in
line with findings from a previous analysis of AS patients
from the KOBIO registry [22].

The KOBIO registry prospectively collects real-world
patient data, without protocolized patient selection or man-
dated treatment as typically employed in clinical trials, and
thus should be more representative of everyday clinical prac-
tice. Furthermore, the implementation of PSM can provide
more robust data than conventional observational studies,
through avoiding any selection bias associated with differ-
ing baseline patient characteristics [24]. This means that our
results should reflect findings for patients with AS who are
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treated with CT-P13 or reference infliximab in the real-world
clinical setting. However, only 69 patients (27.8%) included
in this analysis received either CT-P13 or reference infliximab
in the subsequent-line setting, which could have skewed the
drug retention data in this subgroup. In addition, due to the
prospective, observational design of the KOBIO registry, only
eight out of 248 patients treated with CT-P13 or reference inf-
liximab were followed up for 4 years, limiting the conclusions
that could be drawn about the retention rate at this time point;
therefore, we have described 3-year retention rates for our anal-
ysis. Our analysis is also limited by its retrospective, observa-
tional nature, which means that some information could not be
obtained; for example, efficacy data were not collected for all
patients and some reasons for treatment discontinuation were
recorded as ‘unknown.” A further limitation to the interpreta-
tion of the efficacy data is that for some parameters, such as
CRP, measurement methods were not standardized between
the participating centers. A key strength of the present analysis
is the long duration of follow-up. As previously discussed, few
studies to date have reported on the long-term drug retention,
efficacy, or safety of CT-P13 in patients with AS, with the
duration of follow-up limited to up to 2 years in contexts other
than the KOBIO registry [19, 20, 33]. The 4 years of follow-
up, to date, in the KOBIO registry provides unique insights
into long-term treatment with CT-P13 and its comparability
with reference infliximab. The availability of such data may
contribute to alleviating any physician concerns regarding
initiating, or switching patients to, a biosimilar drug such as
potential loss of efficacy, unanticipated AEs or other safety
considerations, or changes in immunogenicity [38]. Since bio-
logic therapies contribute significantly to the overall treatment
cost of AS in countries, including the Republic of Korea [2],
overcoming such concerns may substantially reduce the cost
burden of biologic therapies in rheumatologic conditions, and
increase patient access to these therapies [4, 39, 40].

5 Conclusions

CT-P13 treatment was not associated with significant differ-
ences in drug retention, treatment duration, or most efficacy
parameters when compared with reference infliximab treat-
ment in Korean patients with AS. These real-world, long-term
findings add to our increasing understanding of the compa-
rability of CT-P13 and reference infliximab, and support the
routine clinical use of CT-P13 in patients with AS.
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