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ABSTRACT

Objectives: Biosimilars are anticipated to be widely used in the treatment of rheumatoid arthritis (RA), owing to their cost efficiency; LBEC0101
was the first etanercept (ETN) biosimilar approved in Japan. However, there are limited real-world data comparing its safety and effectiveness
with those of a reference product.

Methods: This study used data from the Kyoto University Rheumatoid Arthritis Management Alliance cohort, including patients with RA who
received ETN therapy—ETN reference product (ETN-RP) or LBEC0101—between 2015 and 2021. Serum ETN levels were measured using liquid
chromatography—-tandem mass spectrometry.

Results: The 1-year continuation rates of ETN-RP and LBEC0101 were 58.7% and 74.4%, respectively. Effectiveness of treatment was evaluated
in 18 patients; both products significantly reduced the 28-joint RA disease activity score and erythrocyte sedimentation rate (DAS28-ESR).
Moreover, to determine equivalence, we analysed 11 patients who switched from ETN-RP to LBEC0101; the DAS28-ESR and serum ETN levels
before and after switching were not significantly different.

Conclusions: This real-world cohort study confirmed that the biosimilar of ETN, LBEC0101, was comparable to the reference product in terms
of continuation rate, effectiveness at initiation of introduction, and effect persistence before and after switching in clinical practice.
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Introduction

In clinical trials, biosimilars have been demonstrated to
exhibit quality, safety, and efficacy equivalent to previously
approved biopharmaceutical products, also referred to as
reference products [1]. Biosimilars cost less compared with
reference products because fewer resources are used in devel-
opment and are therefore expected to reduce treatment costs
and improve patient health, particularly in the field of rheuma-
toid arthritis (RA) [2]. However, data related to the scope
and concurrent medication use with biosimilars are limited,
which concerns physicians about their use in clinical practice.

Somatropin BS, a human growth hormone biosimilar, was the
first biosimilar to be approved in Japan in 2009 [3]. In 2014,
an infliximab (IFX) biosimilar was approved for the treat-
ment of RA [4]. However, the penetration rate of biosimilars
in Japan is very low compared to other countries such as the
UK and France—where the acceptance rate of IFX biosimilars
is much higher; as of 2018, IFX biosimilars had accounted
for only about 6% of the total IFX sales in Japan [5]. To
accelerate the use of biosimilars, it is necessary to acquire and
analyse data on their safety and effectiveness in real-world
settings.
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Etanercept (ETN) is a soluble formulation of tumour
necrosis factor-o/lymphotoxin-a receptor that inhibits the
action of cytokines involved in inflammation and immune
response. ETN is more effective compared to methotrexate
(MTX) monotherapy for RA treatment [6]. Since its approval
in 2005, ETN has been used for patients with RA who have
shown inadequate responses to existing treatments and its
use is still continued in many patients [7]. LBEC0101, the
first biosimilar to ETN, was approved in Japan in 2018. The
equivalence of LBEC0101 to an ETN reference product (ETN-
RP) was evaluated in a phase III study in patients with active
RA despite treatment with MTX [8]. Another study anal-
ysed the sustained efficacy only in Korean patients with RA
who switched from ETN-RP to LBEC0101 [9]. The results
of these clinical trials demonstrated the therapeutic equiva-
lence and safety of LBEC0101 compared to those of ETN-RP.
However, these studies had some limitations: concomitant
use of MTX without dose modification was required dur-
ing the study period, and patients taking rheumatoid agents
other than MTX were excluded from the study. In real-
world clinical practice, all patients do not receive MTX or
take multiple rheumatoid agents. Therefore, evaluation of the
safety and effectiveness of LBEC0101 using real-word data is
essential.

Therefore, this study aimed to compare the treatment
persistence rates, safety, and effectiveness of ETN-RP and
its biosimilar, LBEC0101, in patients with RA, using real-
world data from the Kyoto University Rheumatoid Arthritis
Management Alliance (KURAMA) cohort.

Materials and methods
Study design and patient selection

This was a single-centre retrospective study conducted using
the KURAMA cohort database. The KURAMA cohort was
established in 2011 by the Center for Rheumatic Diseases at
Kyoto University Hospital to ensure strict RA control and
facilitate the use of clinical and laboratory data obtained
from patients during clinical investigations [10]. All patients
met the classification criteria for RA established in the
revised 1987 American College of Rheumatology (ACR)
or the 2010 ACR/European League Against Rheumatism
(EULAR) guidelines. The study protocol was approved by
the Ethics Committee of Kyoto University Graduate School
and Faculty of Medicine (approval no. R0357), and writ-
ten informed consent was obtained from all participating
patients.

The present study included data from the KURAMA
cohort, dated between 1 January 2015 and 31 December
2021. Of the 192 patients who received ETN therapy in the
cohort, 130 were excluded as they were treated prior to the
study period.

Initially, 62 patients (ETN-RP, 39 patients; LBEC0101,
23 patients) were analysed for treatment persistence with
ETN-RP and LBEC0101. Subsequently, 44 patients were
excluded; exclusion criteria are as follows: lack of 28-joint
RA disease activity score and erythrocyte sedimentation rate
(DAS28-ESR) data within 12 weeks before or 24 weeks after
ETN initiation or achieving clinical remission or low dis-
ease activity (DAS28-ESR < 3.2) before starting ETN treat-
ment. We further evaluated the effectiveness of ETN-RP and
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LBECO0101 in 18 patients (ETN-RP, 10 patients; LBEC0101,
8 patients) (Figure 1). Additionally, treatments were switched
from ETN-RP to LBEC0101 in 11 patients who were then
analysed for treatment equivalence. Serum ETN levels were
measured in five patients.

Data collection and evaluation of disease activity

The following clinical characteristics were included for each
patient: age, body weight, sex, RA disease duration,
ETN treatment duration, MTX use, oral glucocorticoid
use, conventional synthetic disease-modifying antirheumatic
drug (csDMARD) use, tender joint count, swollen joint
count, C-reactive protein (CRP) level, rheumatoid factor
(RF), and anti-citrullinated protein antibody (ACPA). Actarit,
aurothiomalate, auranofin, bucillamine, iguratimod, lefluno-
mide, mizoribine, MTX, salazosulfapyridine, cyclosporine,
and tacrolimus were considered csDMARDs. RA disease
activity was evaluated using the clinical disease activity
index (CDAI), simplified disease activity index (SDAI), phys-
ical disability by health assessment questionnaire-disability
index (HAQ-DI), and DAS28-ESR. Baseline was defined
as the last data point within 12weeks of ETN initi-
ation. Patients achieving good responses to ETN ther-
apy were assessed according to the EULAR response
criteria.

Measurement of serum ETN levels

Blood samples were collected to measure the serum lev-
els of ETN. Serum ETN levels were measured using an
LCMS-8060 quadrupole mass spectrometer (SHIMADZU,
Kyoto, Japan) as previously reported, with some modifica-
tions [11-13]. Briefly, to obtain peptides from the fragment
antigen-binding region of immunoglobulin G, serum sam-
ples were pretreated with the nSMOL™ Antibody BA Kit
(SHIMADZU, Kyoto, Japan) according to the manufacturer’s
protocol.

Statistical analysis

Results are expressed as mean plus standard deviation (SD).
All statistical analyses were performed using EZR statistical
software, version 1.55 (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), which is a graphical user interface
for R (The R Foundation for Statistical Computing, Vienna,
Austria) [14]. Persistence was compared using Kaplan—-Meier
survival curves and the log-rank test. The significance of the
differences was tested using the Wilcoxon signed-rank test or
the Mann—Whitney U test. P-values of <.05 were considered
statistically significant.

Results

Comparison of persistence of ETN-RP and
LBECO0101 in RA patients

We evaluated the persistence of ETN in 62 newly treated
patients (ETN-RP, 39 patients; LBEC0101, 23 patients).
The demographic and clinical characteristics of the patients
are shown in Table 1. The proportion of female patients
in both groups was ~90%. The rates of oral glucocorti-
coid and ¢sDMARDs, including MTX, showed similarity
between the respective groups. Considering the censoring,
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Figure 1. Study design. Flowchart depiction of patients analysed in the present study. Of the 192 patients who received ETN therapy in the KURAMA
cohort between 1 January 2015 and 31 December 2021, 130 were excluded as they were treated with ETN prior to the study period. Initially, 62 patients
(ETN-RP, 39 patients; LBECO0101, 23 patients) were analysed for treatment persistence. Subsequently, 44 patients were excluded; exclusion criteria are
as follows: lack of DAS28-ESR data within 12 weeks before or 24 weeks after ETN initiation or achieving clinical remission or low disease activity
(DAS28-ESR < 3.2) before starting ETN treatment. We further evaluated the effectiveness of ETN-RP and LBEC0101 in 18 patients (ETN-RF, 10 patients;
LBECO0101, 8 patients). Additionally, during the analysis period, 11 patients whose treatments were switched from ETN-RP to LBEC0101 were then

analysed for treatment equivalence.

Table 1. Baseline characteristics of patients with RA treated with ETN-RP
and LBECO0101 for treatment effect persistence analysis.

ETN-RP LBEC0101
(n=39) (n=23)
Age (years), mean (SD) 60.1 (16.5) 54.3 (18.8)
Body weight (kg), mean 56.3(10.9) 54.2 (11.1)
(SD)
Number of females, 34 (87.2) 21 (91.3)
n (%)
Disease duration (years), 8.7 (8.5) 10.7 (7.5)
mean (SD)
Previous use of biologics, 11 (28.2) 9(39.1)
n (%)
Abatacept, n 3 1
Adalimumab, » 3 2
ETN, n 1 0
Golimumab, » 1 2
IFX, n 1 0
Tocilizumab, n 2 4
Oral glucocorticoid use, 13 (33.3) 6 (26.1)
n (%)
csDMARD use, 7 (%) 32 (82.1) 21 (91.3)
MTX use, 1 (%) 21 (53.8) 12 (52.2)
RF positive, 7 (%) 27 (69.2) 18 (78.3)
ACPA positive, 72 (%) 29 (74.4) 19 (82.6)

the 1-year continuation rate of ETN-RP was 58.7%, and
for LBEC0101, it was 74.4%. No statistically significant
difference was observed between the two groups (Figure 2,
P=.061). However, LBEC0101 tended to have a higher per-
sistence rate. The reasons for treatment discontinuation in
RA patients treated with ETN-RP or LBEC0101 for 1 year
were examined. Adverse effects leading to discontinuation
were observed in seven patients (17.9%) treated with ETN-
RP and one patient (4.3 %) treated with LBEC0101 (Table 2).
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Figure 2. Persistence rate of treatment in patients with RA.
Kaplan-Meier curve showing treatment persistence for ETN-RP (solid
line) and LBECO101 (dashed line). Marked points indicate censored data
points; P-values were calculated using log-rank tests.

The observed adverse effects are as follows: for ETN-RP, there
were two patients with infection (5.1%), four patients with
injection site reactions (10.3%), and one patient with sus-
pected heart failure (2.6%). For LBEC0101, one patient had
general eczema and dryness (4.3%). The non-remission rates
were similar for both products.

Comparison of the effect of ETN-RP and LBEC0101
on DAS28-ESR score in RA patients

We assessed the effectiveness of ETN in patients who
received the newly initiated treatment (ETN-RP, 10 patients;
LBEC0101, 8 patients). The demographic and clinical
characteristics of the patients are presented in Table 3.
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Table 2. Proportion of patients who discontinued treatment with ETN-RP
and LBECO101 >1 year.

ETN-RP LBEC0101
(n=39) (n=23)
Non-remission, 7 (%) 6(15.4) 3(13.0)
Adverse effects leading to 7(17.9) 1(4.3)
discontinuation, 7 (%)
Infection, 7 (%) 2(5.1) 0 (0)
Injection site reactions, 4(10.3) 0 (0)
n (%)
Skin disorders, 7 (%) 0 (0) 1(4.3)
Suspected heart failure, 1(2.6) 0 (0)
n (%)
Others, 7 (%) 4(10.3) 2 (8.7)

Table 3. Baseline characteristics of patients with RA newly initiated on
ETN-RP and LBECO0101 treatments for effectiveness analysis.

ETN-RP LBEC0101
(n=10) (n=8)
Age (years), mean (SD) 56.0 (16.2) 47.7 (14.1)
Body weight (kg), mean 53.1(6.8) 56.2 (10.9)
(SD)
Number of females, 10 (100.0) 8 (100.0)
n (%)
Disease duration (years), 9.8 (11.5) 11.0 (5.4)
mean (SD)
Oral glucocorticoid use, 3(30.0) 1(12.5)
1n (%)
csDMARD use, 7 (%) 9 (90.0) 7 (87.5)
MTX use, 1 (%) 7 (70.0) 4 (50.0)
RF positive, 7 (%) 7 (70.0) 6 (75.0)
ACPA positive, 7 (%) 8 (80.0) 6 (75.0)
DAS28-ESR, mean (SD) 4.7 (0.9) 5.2 (1.0)
CRP level (mg/dl), mean 0.8 (0.8) 1.5 (1.8)
(SD)
CDAI, mean (SD) 19.6 (9.2) 19.5 (10.2)
SDAI, mean (SD) 20.4 (9.3) 20.9 (10.2)
HAQ-DI, mean (SD) 0.9 (0.4) 1.1 (0.6)

Figure 3 shows the change in the DAS28-ESR score for
patients who started ETN-RP and LBEC0101. Both products
significantly reduced DAS28-ESR scores (ETN-RP: -2.35,
LBECO0101: -2.75), and all patients achieved a good or mod-
erate response according to the EULAR improvement criteria.
No significant difference in effectiveness was found between
ETN-RP and LBEC0101 using the Mann—Whitney U test
(P =.33; Figure 3).

Changes in DAS28-ESR score and ETN
concentration in RA patients who were switched
from ETN-RP to LBEC0101

We assessed the DAS28-ESR scores in 11 patients who
switched from ETN-RP to LBEC0101, and serum ETN
levels were measured in five of these patients. The demo-
graphic and clinical characteristics of the patients are
shown in Table 4. The DAS28-ESR scores before and after
switching from ETN-RP to LBEC0101 were not signifi-
cantly different, and the overall mean values were also
not significantly different [Figure 4(a), P=.58]. Further-
more, there was no significant difference in serum ETN
levels before and after switching in any of the five patients
[Figure 4(b), P=.13].
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Figure 3. Effect of ETN-RP and LBECO0101 treatments on DAS28-ESR
score in patients with RA. Graph shows the mean change in DAS28-ESR
score from baseline to 24 weeks after initiation of treatment: ETN-RP, 10
patients; LBEC0101, 8 patients. Grey lines represent individual patient
data. Data were analysed using the Wilcoxon signed-rank test; * P<.01.

Table 4. Baseline characteristics of patients with RA who switched from
ETN-RP to LBECO0101, studied for treatment equivalence.

n=11
Age (years), mean (SD) 52.6 (14.5)
Body weight (kg), mean (SD) 56.8 (10.2)
Number of females, 7 (%) 10 (90.9)
Disease duration (years), mean (SD) 20.4 (19.2)
Duration of ETN-RP treatment (years), 7.1(3.7)

mean (SD)

Dose of ETN (25 mg/50 mg), 7 (%) 5(45.5)/6 (54.5)
Oral glucocorticoid use, 7 (%) 2 (18.2)
csDMARD use, 7 (%) 9 (81.8)
MTX use, n (%) 8 (72.7)
RF positive, 7 (%) 10 (90.9)
ACPA positive, 7 (%) 10 (90.9)
DAS28-ESR, mean (SD) 3.2(0.7)
CRP level (mg/dl), mean (SD) 0.3 (0.2)
CDAI, mean (SD) 4.3 (1.9)
SDAI, mean (SD) 4.7 (2.2)
HAQ-DI, mean (SD) 0.7 (0.8)
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Figure 4. Changes in (a) DAS28-ESR score and (b) ETN level in patients
with RA who switched from ETN-RP to LBEC0101. Graphs show

mean + SD change in DAS28-ESR score (n=11 patients) and serum ETN
levels (n=5 patients) >24 weeks, before and after switching from
ETN-RP to LBECO0101. Grey lines represent individual patient data. Data
were analysed using the Wilcoxon signed-rank test.

Discussion

Biosimilars have been demonstrated to have quality, safety,
and efficacy equivalent to reference products in clinical tri-
als. However, owing to the limitations of clinical trials, it is
imperative to assess the safety and effectiveness of biosimilars
in real-world clinical practice. There are some post-marketing
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reports on the equivalence at introduction and the persistence
of effectiveness after switching to ETN biosimilars, such as
SB4 and gp2015 marketed in other countries [15-17]. ETN
biosimilars have shown similar efficacy and treatment per-
sistence in patients with RA in a real-life setting. Notably,
there are limited data available on LBEC0101 beyond clin-
ical reports, as it is currently marketed exclusively in Japan
and South Korea. In this study, we compared the effective-
ness and persistence rates of ETN-RP and LBEC0101 in
patients with RA using real-world data from the KURAMA
cohort. No significant difference was observed in the DAS28-
ESR scores between ETN-RP and LBEC0101 patients who
started treatment and switched from ETN-RP to LBEC0101.
Similar data regarding the effectiveness of previous clini-
cal trials have been obtained. In addition, switching from
ETN-RP to LBEC0101 did not affect the serum drug con-
centration. A previous report suggested a correlation between
serum ETN concentration 3 months after starting treatment
and the disease activity of RA at 6 months [18]. The nocebo
effect has recently attracted considerable attention in the
field of biosimilars. A lack of acceptance and negative per-
ceptions of biosimilars may enhance the nocebo effect fol-
lowing a switch and increase non-adherence [19, 20]. The
present results on the effectiveness and serum drug concen-
trations can ensure the reliability of LBEC0101 in clinical
practice.

Clinical trials of LBEC0101 at the developmental stage
have been conducted in patients with active RA despite receiv-
ing MTX at 48 centres in Japan and 30 centres in South
Korea [8]. The change in DAS28-ESR score at 24 weeks, as
reported in the clinical trial, was found to be comparable
with ETN-RP (-2.86) and LBEC0101 (-3.01). Moreover, an
extension study of the Phase III trial, conducted solely in
South Korean facilities, showed that the efficacy was sus-
tained even after switching from ETN-RP to LBEC0101 [9].
These results were confirmed in clinical practice. In a Phase III
trial [8], the inclusion criteria restricted the concomitant use
of MTX without dose modification during the study period.
However, our data showed that LBEC0101 was equivalent
to ETN-RP in clinical practice, without the need for con-
comitant medications. Additionally, the equivalent effective-
ness of ETN-RP and LBEC0101 was confirmed in Japanese
patients. These data could contribute to the promotion of
biosimilar use.

In the present analysis, we compared the continuation rates
of patients with RA who were newly started on either ETN-
RP or LBEC0101 and no significant differences were observed
(Figure 2). However, the 1-year continuation rate was ~16%
higher with LBEC0101, which was attributed to a lower
discontinuation rate owing to side effects. Notably, there
was a difference in the number of patients who discontinued
treatment owing to injection site reactions (ETN-RP, 10.3%;
LBECO0101, 0%), which we consider to have contributed to
the difference in continuation rates observed in this study. In
a Phase III trial, the overall proportion of patients experienc-
ing side effects did not significantly differ between ETN-RP
and LBEC0101, although the incidence of injection site reac-
tions was higher in ETN-RP than in LBEC0101 (erythema:
25.1% and 5.3%, pruritus: 20.3% and 3.7%, and swelling:
7.0% and 2.1% for ETN-RP and LBEC0101) [8]. Clinical tri-
als have implied that LBEC0101 may have a lower incidence
of injection site reactions than ETN-RP. Other biosimilars of

ETN (SB4, GP2015, and YLB113) have also been reported
to show ~50-75% lower incidence of injection site reactions
than the reference product based on the results of their clini-
cal trials [21-23]. LBEC0101 uses a device with a thin needle,
which may reduce the likelihood of injection site reactions
[24]. The development of biosimilars can ensure their safety
based on the latest knowledge, while ensuring equivalent effi-
cacy. Further real-world studies are required to validate the
safety of LBEC0101.

This study had some limitations. First, this was a single-
centre, retrospective, observational study, and the number of
cases analysed was limited. To reduce accident errors, we anal-
ysed the data from three perspectives and obtained similar
data. Second, the time from the initiation of ETN products to
evaluation varied among patients, owing to the retrospective
cohort study. The time was limited to 24 weeks after introduc-
tion or switching to minimize the influence of other factors.
Third, the analysis of the effectiveness of ETN treatment initi-
ation was based solely on female patients for both products. In
Japan, RA is more common in women, with a male-to-female
ratio of ~1:3 [25]. The high proportion of females in this anal-
ysis was not considered a major issue. Fourth, LBEC0101
tended to have a higher proportion of recent patient data
than ETN-RP. It is important to acknowledge that discontinu-
ation criteria and treatment options vary over time. Although
we aimed to use relatively recent data from 2015 for this
analysis, it is important to acknowledge that this time frame
may not completely capture the evolving landscape of clinical
practice.

In conclusion, this real-world cohort study confirmed that
the biosimilar of ETN, LBEC0101, was comparable to the
reference product in terms of continuation rate, effectiveness
at initiation of introduction, and effect persistence before and
after switching in clinical practice. Although higher safety of
biosimilars can also be speculated, further examination in the
future is necessary.
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