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Abstract
Objective  The aim of this study was to investigate long-term clinical outcomes of extended treatment with CT-P10, a rituxi-
mab biosimilar, compared with rituximab reference products sourced from the USA and the EU (US-RTX and EU-RTX) in 
rheumatoid arthritis (RA) for up to 48 weeks.
Methods  In this multinational, randomized, double-blind trial, adults with active RA received up to two courses of CT-P10, US-RTX, 
or EU-RTX alongside methotrexate. Efficacy endpoints included Disease Activity Score 28-joint count (DAS28) and American Col-
lege of Rheumatology (ACR) response rates. Pharmacokinetics, pharmacodynamics, immunogenicity, and safety were also assessed.
Results  Of 372 patients randomized to the study drug, 330 (88.7%) completed the second treatment course. Mean change 
from baseline to week 48 in DAS28-C-reactive protein was comparable in the CT-P10 and combined rituximab (US-RTX 
and EU-RTX) groups (− 2.7 and − 2.6, respectively). ACR20, ACR50, and ACR70 response rates at week 48 indicated no 
differences between groups (80.6%, 55.4%, and 31.7% vs. 79.8%, 53.9%, and 33.7% in the CT-P10 and combined rituxi-
mab groups, respectively). Similar improvements in the Health Assessment Questionnaire Disability Index and all medical 
outcomes in the Short Form 36-Item Health Survey, including physical and mental health, were seen in all groups. At week 
48, antidrug antibodies were detected in 4.9%, 9.4%, and 8.6% of patients in the CT-P10, US-RTX, and EU-RTX groups, 
respectively. CT-P10 and rituximab displayed similar pharmacokinetic, pharmacodynamic, and safety profiles.
Conclusion  CT-P10 was similar to EU-RTX and US-RTX in terms of efficacy, pharmacokinetics, pharmacodynamics, 
immunogenicity, and safety up to week 48.
ClinicalTrials.gov identifier  NCT02149121.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4025​9-018-00331​-4) contains 
supplementary material, which is available to authorized users.
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Key Points 

This randomized phase III study demonstrated that the 
long-term efficacy of CT-P10 after two courses was 
comparable to that of reference rituximab from the USA 
and the EU in patients with rheumatoid arthritis.

Pharmacokinetic, pharmacodynamic, immunogenic-
ity, and safety findings were also comparable between 
groups up to week 48.

These data provide evidence for the long-term use of 
CT-P10 in terms of its efficacy and safety in clinical 
practice, supporting the recent approval of CT-P10 for 
the treatment of patients with rheumatoid arthritis.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40259-018-00331-4&domain=pdf
https://doi.org/10.1007/s40259-018-00331-4
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1  Introduction

B-cells play a major part in the pathogenesis of rheumatoid 
arthritis (RA) via antibody-dependent and -independent 
mechanisms [1]. Rituximab is an anti-cluster of differentia-
tion (CD)-20 monoclonal antibody that exerts therapeutic 
effects in RA through the depletion of B-cells that express 
the CD20 surface antigen [2]. Randomized controlled trials 
(RCTs) of rituximab in patients with active RA have dem-
onstrated that the biological drug reduces the progression of 
joint damage and improves physical function [3, 4]. Based 
on such evidence, rituximab was approved for use with 
methotrexate in patients with RA who have had an inad-
equate response or shown intolerance to anti-tumor necro-
sis factor (TNF) agents [5]. Rituximab is currently avail-
able as MabThera® (Roche, Welwyn Garden City, UK) in 
Europe (EU-RTX) and as Rituxan® (Genentech, Inc. South 
San Francisco, CA, USA) in the USA (US-RTX) and is also 
approved for use in antineutrophil cytoplasmic antibody vas-
culitis and in certain B-cell-related hematological cancers.

A biosimilar is a highly similar version of an approved 
innovator biologic, or reference product (RP). Given the 
variability that is inherent in manufacturing biologics 
such as monoclonal antibodies, a biosimilar will never be 
entirely identical to its RP. Therefore, for a biosimilar to 
gain regulatory approval, comparative nonclinical and clini-
cal data demonstrating biosimilarity are required. A stepwise 
approach is typically taken that starts with structural/func-
tional analysis, followed by pharmacokinetic/pharmacody-
namic studies and then clinical assessment, with each step 
informing the type and extent of data required at the next 
step. The totality of evidence is considered in the approval 
decision; however, generally, the biosimilar must show sta-
tistical equivalence to the RP in terms of pharmacokinetics 
and efficacy, as well as comparable safety [6, 7].

CT-P10 (CELLTRION, Inc., Incheon, Republic of 
Korea) is a biosimilar of rituximab that shares an identi-
cal primary structure with its RP and highly similar higher 
order structures and biological activities [8]. CT-P10 is 
currently approved in Europe, Australia, and South Korea 
for the same indications as rituximab (RA, granulomato-
sis with polyangiitis and microscopic polyangiitis, non-
Hodgkin’s lymphoma, and chronic lymphocytic leukemia).

In a phase I study, CT-P10 showed pharmacokinetics 
that were equivalent to, and efficacy, pharmacodynamics, 
immunogenicity, and safety that were comparable to, EU-
RTX in patients with RA [8]. Furthermore, a randomized, 
double-blind, active-controlled, three-arm phase III study 
compared CT-P10 with both EU-RTX and US-RTX in 
patients with RA. The first phase of this study (up to week 
24) was divided into two parts, both of which achieved 
their primary endpoints [9]. The first part of the study 

demonstrated equivalent pharmacokinetics of CT-P10, 
US-RTX, and EU-RTX over 24 weeks; the second part 
demonstrated comparable efficacy of CT-P10 versus a 
combined rituximab group (i.e., pooled data from patients 
who received US-RTX or EU-RTX) at week 24. In addi-
tion, similar pharmacodynamics, immunogenicity, and 
safety profiles were demonstrated between CT-P10 and 
the combined rituximab group up to week 24 [9]. Addi-
tionally, pharmacokinetic equivalence up to week 12, and 
non-inferior efficacy of CT-P10 and US-RTX up to week 
24 (and comparable B-cell kinetics, immunogenicity, and 
safety) has been shown in patients with advanced follicular 
lymphoma [10].

To investigate the long-term efficacy, pharmacodynam-
ics, immunogenicity, and safety of extended treatment with 
CT-P10, the phase III study in RA was continued for a fur-
ther 24 weeks [9]; the results up to week 48 are reported 
here.

2 � Methods

2.1 � Study Design

This was a randomized, double-blind, active-controlled, 
parallel-group phase III study conducted in 76 centers in 
Europe, Asia Pacific, and Latin America. The study was per-
formed in accordance with the Declaration of Helsinki [11] 
and Good Clinical Practice guidelines [12]. The study proto-
col was reviewed and approved by the relevant independent 
ethics committee at each site, and all patients provided writ-
ten informed consent. The study was registered with Clini-
calTrials.gov (NCT02149121). Full methodological details 
of this study, including the primary pharmacokinetics and 
efficacy analysis, have been described previously [9].

2.2 � Patients

Patients were aged 18–75 years with active RA diagnosed 
per the revised 1987 American College of Rheumatology 
(ACR) classification criteria [13] ≥ 6 months before randomi-
zation. Active disease was defined by the presence of six or 
more swollen joints and six or more tender joints, and serum 
C-reactive protein (CRP) ≥ 1.5 mg/dL or an erythrocyte sedi-
mentation rate (ESR) ≥ 28 mm/h. Patients had experienced 
an inadequate response or were intolerant to anti-TNF agents 
and had received oral or parenteral methotrexate 7.5–25 mg/
week for at least the past 12 weeks, with a stable dose over 
the 4 weeks immediately before screening. Patients with a 
history of any inflammatory or rheumatic disease other than 
RA were excluded from the study. Full inclusion and exclu-
sion criteria have been reported previously [9].
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2.3 � Procedures

Patients received a first course of study drug adminis-
tered as two intravenous infusions of CT-P10, US-RTX, 
or EU-RTX 1000 mg given 2 weeks apart (at weeks 0 and 
2). Patients could receive a second course irrespective of 
clinical response (with infusions given at weeks 24 and 26) 
provided they met predefined safety criteria for each infu-
sion (absolute neutrophil count ≥ 1.5 × 109 cells/L, platelet 
count ≥ 75 × 109 cells/L, aspartate aminotransferase or ala-
nine aminotransferase ≤ 2.5 times the upper limit of normal, 
and levels of immunoglobulin G ≥ 500 mg/dL at the last 
blood sample analysis; and the patient had not developed any 
condition which, in the investigator’s opinion, precluded the 
patient receiving further courses of treatment). Oral or par-
enteral methotrexate 7.5–25 mg/week and folic acid ≥ 5 mg/
week were coadministered with the study drug. Patients also 
received methylprednisolone, an antipyretic, and an antihis-
tamine 30–60 minutes before each infusion.

2.4 � Study Endpoints and Assessments

Disease Activity Score 28-joint count (DAS28) and ACR 
response criteria were assessed at baseline, before the first 
drug infusion, and at 4-weekly intervals up to week 24, and 
then at 8-weekly intervals up to week 48. Efficacy parame-
ters reported are mean change from baseline in DAS28-ESR 
and DAS28-CRP up to week 48, and response rates defined 
by ACR 20% improvement criteria (ACR20), ACR 50% 
improvement criteria (ACR50), and ACR 70% improvement 
criteria (ACR70) criteria, as well as ACR hybrid score up to 
week 48. Additional efficacy measures included the change 
from baseline to week 48 in joint damage score using the van 
der Heijde modification of the Sharp scoring system (range 
0–448) and the Short Form 36-Item Health Survey (SF-36) 
score, and the proportion of patients with a good/moderate 
European League Against Rheumatism (EULAR) response 
at weeks 24 and 48. The Health Assessment Questionnaire 
Disability Index (HAQ-DI), Clinical Disease Activity Index 
(CDAI) and Simplified Disease Activity Index (SDAI) were 
also assessed until week 48.

Pharmacokinetic parameters, including maximum serum 
concentration after the first (Cmax, 1) and second (Cmax, 2) 
infusions of each treatment course, time to maximum con-
centration in the first (Tmax 1st course) and second (Tmax 2nd course) 
course, predose concentrations at weeks 24 (Cmin W24) and 48 
(Cmin W48), and concentration before the second infusion of 
the first (Ctrough 1st course) and second (Ctrough 2nd course) treat-
ment courses, were assessed up to week 48.

Pharmacodynamics were assessed via the monitoring of 
B-cell kinetics over time, including depletion and recovery 
at week 48, using absolute numbers of CD19+ and CD20+ 
cells with a FACScalibur flow cytometer (Becton Dickinson 

and Company; San Jose, CA, USA). Blood samples for 
measurement of CRP, ESR, rheumatoid factor, and anticy-
clic citrullinated peptide were collected at baseline, week 
24, and week 48.

Immunogenicity (i.e., presence or absence of antidrug 
antibodies [ADAs] and neutralizing antibodies [NAbs]) was 
measured at baseline, week 24, and week 48. ADAs were 
detected in diluted serum using an electrochemilumines-
cence bridging assay using biotinylated and sulfo-tagged 
CT-P10 as the capture and detection antibody, respectively. 
To detect the presence of NAbs against CT-P10 or rituxi-
mab, diluted serum samples were tested for inhibition of CT-
P10-induced complement-dependent cytotoxicity in WIL2-S 
cells, as described previously [8, 9].

Safety was monitored throughout the study, including 
adverse events (AEs), AEs of special interest (infections, 
infusion-related reactions [IRRs], malignancy and progres-
sive multifocal leukoencephalopathy), and clinical labora-
tory assays. Reported AEs were treatment-emergent AEs 
that were not present before exposure to study drug or that 
worsened in intensity or frequency after exposure to study 
drug.

Biomarker was assessed via collecting blood samples for 
evaluation of Fc gamma receptor (Fcγ) genotype between 
randomization and the first study drug infusion only in 
patients who signed a separate informed consent form.

2.5 � Statistical Analysis

The target sample size of the study (n = 361 for the efficacy 
population) was determined to allow for a drop-out rate of 
10% and provide 82% power for demonstration of similarity 
in the primary endpoint, change in DAS28 score from base-
line at week 24 between CT-P10 and rituximab groups. Full 
details of the sample size calculations have been reported 
previously [9].

Continuous data—including mean change from base-
line and actual values for disease activity measured by 
DAS28-ESR and DAS28-CRP, SF-36 (mental and physi-
cal component score), joint damage progression, and B-cell 
counts—were summarized using descriptive statistics. Cat-
egorical data—including the proportion of patients achiev-
ing ACR20, ACR50, ACR70, and EULAR responses—were 
summarized using counts and percentages. Exact binomial 
analyses were performed to assess any treatment differences 
in ACR response rates. Efficacy, pharmacokinetic, and phar-
macodynamic analysis populations included all patients who 
received at least one full dose of study drug and provided 
at least one post-treatment efficacy, pharmacokinetics, or 
pharmacodynamics result, respectively. The “2nd treatment 
course subset” of each of these populations consisted of all 
patients who received at least one full dose of study drug 
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and provided at least one post-treatment result (efficacy, 
pharmacokinetics, or pharmacodynamics) during the second 
treatment course. Patient data from weeks 0 to 24 are pre-
sented as the efficacy/pharmacokinetic/pharmacodynamic 
populations and after week 24 as the efficacy/pharmacoki-
netic/pharmacodynamic—2nd treatment course subsets. All 
patients who received at least one dose of study drug were 
included in the safety population.

All analyses were performed using SAS software version 
9.1.3 or higher.

3 � Results

3.1 � Patient Recruitment and Baseline 
Characteristics

A total of 372 patients were randomly assigned to study 
drug (CT-P10, n = 161; US-RTX, n = 151; EU-RTX, n = 60; 
[combined rituximab, n = 211]). The first patient was 
recruited on 6 August 2014, and the last week 48 visit took 
place on 5 July 2016. Patient disposition is summarized in 

Fig. 1. Of the 372 patients administered study drug at week 
0, 330 (88.7%) completed the second treatment course (CT-
P10: 140/161 [87.0%]; US-RTX: 134/151 [88.7%]; EU-RTX 
56/60 [93.3%]).

Overall, demographics and baseline disease characteris-
tics were similar across groups (Table 1) [9]. The median 
age of patients was 53.0 years for CT-P10 and US-RTX 
and 51.5 years for EU-RTX, and most patients were female 
(83.3–86.1%). Baseline DAS28-ESR and DAS28-CRP 
scores were similar between the three groups, as were the 
duration of disease activity, and prior anti-TNF exposure.

3.2 � Efficacy

3.2.1 � Disease Activity Score 28‑Joint Count: Erythrocyte 
Sedimentation Rate (DAS28‑ESR)

Mean decreases from baseline in DAS28-ESR were simi-
lar across groups up to week 48 (Fig. 2a). At week 24, the 
mean ± standard deviation (SD) decrease from baseline 
in DAS28-ESR was − 2.6 ± 1.1 for the CT-P10 group and 
− 2.5 ± 1.2 for the combined rituximab group. At week 
48, mean decreases in DAS28-ESR from baseline were 

Patients randomized, n=372

CT-P10

Completed 1st treatment
course, n=145

Initiated 2nd treatment
course, n=142

Completed 2nd treatment
course, n=140

US-RTX

Completed 1st treatment
course, n=142

Initiated 2nd treatment
course, n=138

Completed 2nd treatment
course, n=134

EU-RTX

Completed 1st treatment
course, n=58

Initiated 2nd treatment
course, n=58

Completed 2nd treatment
course, n=56

Withdrawn, n=16
Withdrew consent (7)
Adverse event (3)
Lack of efficacy (2)
Major protocol deviation (2)*
Investigator decision (1)
Lost to follow-up (1)

Withdrawn, n=1**
Withdrew consent (1)

Withdrawn, n=2
Withdrew consent (1)
Lost to follow-up (1)

Monitored, n=2***

Withdrawn, n=11
Withdrew consent (5)
Adverse event (5)
Lack of efficacy (1)

Withdrawn, n=2**
Lack of efficacy (1)
Disease progression (1)

Withdrawn, n=6
Withdrew consent (1)
Adverse event (1)
Lack of efficacy (1)
Malignancy (2)
Lost to follow-up (1)

Monitored, n=2***

Initiated 1st treatment
course, n=161

Initiated 1st treatment
course, n=151

Initiated 1st treatment
course, n=60

Fig. 1   Patient disposition. * indicates two patients in the CT-P10 
group were discontinued as both had not previously received tumor 
necrosis factor-antagonist treatment (major protocol deviation). ** 
indicates three patients discontinued after week 24 (one from the 
CT-P10 group due to withdrawal of patient consent, and two from the 

US-RTX group—one due to lack of efficacy and one due to signs of 
disease progression). *** indicates four patients (two each from the 
CT-P10 and US-RTX groups) did not satisfy the retreatment criteria 
after the first treatment course and were monitored up to week 48. 
RTX rituximab
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− 2.9 ± 1.3 and − 2.8 ± 1.4 for the CT-P10 and combined 
rituximab groups, respectively. Similar decreases were 
observed for both the US-RTX and the EU-RTX groups 
throughout the study (week 24: − 2.5 ± 1.1 and − 2.3 ± 1.3, 
respectively; week 48: − 2.8 ± 1.4 and − 2.9 ± 1.3, respec-
tively; Fig. S1a in the electronic supplementary material 
[ESM]).

3.2.2 � DAS28‑C‑Reactive Protein (CRP)

Improvements in disease activity as revealed by mean 
decreases from baseline in DAS28-CRP were similar in 
the CT-P10 and combined rituximab groups up to week 48 
(Fig. 2b). The primary efficacy endpoint was the mean ± SD 
decrease from baseline in DAS28-CRP at week 24; this was 
similar in the CT-P10 and combined rituximab groups (CT-
P10: − 2.3 ± 1.1; combined rituximab: − 2.3 ± 1.2). This 
similarity was maintained throughout the study, such that, at 
week 48, the mean ± SD decrease in DAS28-CRP from base-
line was − 2.7 ± 1.2 for CT-P10 and − 2.6 ± 1.3 for the com-
bined rituximab groups. Similar decreases were observed 
with US-RTX and EU-RTX throughout the study (week 24: 
− 2.3 ± 1.1 and − 2.3 ± 1.3, respectively; week 48: − 2.6 ± 1.3 
and − 2.7 ± 1.3, respectively; Fig. S1b in the ESM).

3.2.3 � American College of Rheumatology (ACR) Responses

A similar proportion of patients achieved a clinical response 
according to ACR criteria in the CT-P10 and combined 
rituximab groups over the 48 weeks (Fig.  2c). ACR20, 
ACR50, and ACR70 response rates at week 48 indicated no 
differences between groups; 80.6%, 55.4%, and 31.7% of 
patients in the CT-P10 group achieved ACR20, ACR50, and 
ACR70 versus 79.8%, 53.9%, and 33.7% in the combined 
rituximab group, respectively. Estimated treatment differ-
ences in ACR20, ACR50, and ACR70 response rates at week 
48 between the two groups were as follows: ACR20: 0.01 
(95% confidence interval [CI] − 0.07 to 0.09); ACR50: 0.02 
(95% CI − 0.09 to 0.13); ACR70: − 0.02 (95% CI − 0.13 
to 0.09). Similar outcomes were observed in the US-RTX 
and EU-RTX groups (Fig. S2 in the ESM). Comparable 
mean ACR hybrid scores (Fig. 2d) and individual ACR 
components (Table S1 in the ESM) were also demonstrated 
between groups.

3.2.4 � European League Against Rheumatism (EULAR) 
Responses

The proportion of patients with a good or moderate EULAR 
response was similar between the CT-P10 and combined 
rituximab groups at week 24 (82.6 and 83.8%) and week 48 
(89.9 and 87.0%), respectively (Fig. S3 in the ESM).

3.2.5 � Low Disease Activity (LDA) and Remission Rates 
by DAS28

At week 24, similar proportions of patients in the CT-P10 
and combined rituximab groups achieved low disease activ-
ity (LDA) (12.3 and 11.3%) or remission (10.3 and 13.3%) 
using the DAS28-ESR. At week 48, a total of 17.3 and 11.4% 
achieved LDA and 17.3 and 22.8% achieved remission in the 
CT-P10 and combined rituximab groups, respectively. Simi-
lar results were obtained using DAS28-CRP in the US-RTX 
and EU-RTX groups (Table 2). The proportion of patients 
achieving sustained LDA (including remission) for at least 
6 months was also similar between groups (Table 2).

3.2.6 � Remission Rates by ACR‑EULAR Boolean Criteria

Remission rates were also assessed according to ACR-
EULAR Boolean criteria (tender joint count, swollen joint 
count, CRP, and patient global assessment; all at levels ≤ 1) 
[14]. The proportions of patients achieving remission at 
week 24 were 7.7 and 10.8% in the CT-P10 and combined 
rituximab groups, respectively. At week 48, the proportions 
were 11.5 and 15.5%, respectively (Table 2).

3.2.7 � Disease Activity

Mean CDAI and SDAI scores were reduced from baseline 
to week 48 (Fig. S4 in the ESM). The reductions observed 
were of similar magnitude across the CT-P10 and rituximab 
groups.

3.2.8 � Patient‑Reported Outcomes

The mean HAQ-DI score decreased from baseline to week 
48 in all groups (Fig. 3a). Similarly, the mean SF-36 score 
increased from baseline to week 24 in all groups and then 
remained stable to week 48. Scores were comparable 
between groups for physical, mental, and other components 
of the SF-36 (Fig. 3b).

3.2.9 � Radiologic Progression

At baseline, the mean Van der Heijde modified total sharp 
score was 78.9 ± 59.1 in the CT-P10 group compared with 
85.8 ± 70.3 in the combined rituximab group. At week 
48, the mean increase from baseline in each group was 
1.8 ± 8.9 and 1.2 ± 3.0, respectively. Analyses of the cumu-
lative probability distributions of total joint space narrow-
ing and total erosion scores also revealed similar disease 
progression between the two groups (Fig. S5 in the ESM).
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Table 1   Baseline demographics and disease characteristics (all randomized population)

Parameter CT-P10 (n = 161) US-RTX (n = 151) EU-RTX (n = 60) Combined 
RTXa 
(n = 211)

Age, years 53.0 (18–74) 53.0 (21–74) 51.5 (20–74) 53.0 (20–74)
Female 138 (85.7) 130 (86.1) 50 (83.3) 180 (85.3)
Height (cm) 162.1 ± 9.1 162.6 ± 9.6 162.1 ± 7.6 162.5 ± 9.1
Weight (kg) 70.6 ± 17.1 71.5 ± 16.4 69.8 ± 18.1 71.0 ± 16.9
BMI (kg/m2) 26.8 ± 5.9 27.0 ± 5.6 26.5 ± 6.1 26.9 ± 5.7
Race
 White 91 (56.5) 97 (64.2) 41 (68.3) 138 (65.4)
 Asian 12 (7.5) 7 (4.6) 5 (8.3) 12 (5.7)
 Other 58 (36.0) 47 (31.1) 14 (23.3) 61 (28.9)

Duration of RA (years) 10.7 ± 8.0 8.8 ± 7.4 9.9 ± 7.4 9.1 ± 7.4
Prior anti-TNF status
 Inadequate response 137 (85.1) 132 (87.4) 55 (91.7) 187 (88.6)
 Intolerant case 22 (13.7) 19 (12.6) 5 (8.3) 24 (11.4)

Duration of prior TNF-antagonist use (months) 15.5 ± 20.0b 17.2 ± 29.8 16.6 ± 18.7 17.0 ± 27.1
Prior TNF-antagonists used
 0 2 (1.2)c 0 0 0
 1 142 (88.2) 134 (88.7) 49 (81.7) 183 (86.7)
  ≥ 2 17 (10.5) 17 (11.3) 11 (18.3) 28 (13.3)

RF or anti-CCP status
 RF positive 127 (78.9) 125 (82.8) 49 (81.7) 174 (82.5)
 Anti-CCP positive 131 (81.4) 125 (82.8) 53 (88.3) 178 (84.4)

DAS28-CRP score 5.8 ± 0.9 5.8 ± 0.9 6.0 ± 0.9 5.8 ± 0.9
DAS28-ESR score 6.7 ± 0.8 6.7 ± 0.8 6.8 ± 0.7 6.7 ± 0.8
SJC at baseline 15.3 ± 8.0 13.9 ± 7.0 15.2 ± 10.2 14.3 ± 8.1
TJC at baseline 22.4 ± 12.8 21.7 ± 12.8 22.0 ± 12.9 21.8 ± 12.9
HAQ-DI at baseline 1.7 ± 0.6 1.7 ± 0.6 1.7 ± 0.5 1.7 ± 0.6
SF-36 at baseline
 Physical functioning 27.5 ± 8.9 28.0 ± 8.8 26.6 ± 8.1 27.6 ± 8.6
 Mental health 35.3 ± 10.7 36.0 ± 10.7 35.5 ± 9.9 35.8 ± 10.4

Van der Hijde modified total sharp score 78.7 ± 59.0 82.7 ± 66.7 90.1 ± 77.6 84.9 ± 70.0
Baseline CRP (mg/dL) 2.2 ± 3.2 2.3 ± 3.4 3.4 ± 5.0 2.6 ± 3.9
Baseline ESR (mm/h) 54.7 ± 27.9 56.2 ± 28.7 51.5 ± 20.5 54.9 ± 26.7
MTX dose (mg/week) 14.6 ± 4.3 14.8 ± 4.5 15.6 ± 5.0 15.0 ± 4.7
Prior TNF-antagonist used
 Adalimumab 52 (32.3) 50 (33.1) 30 (50.0) 80 (37.9)
 Certolizumab 5 (3.1) 9 (6.0) 2 (3.3) 11 (5.2)
 Etanercept 55 (34.2) 40 (26.5) 15 (25.0) 55 (26.1)
 Golimumab 17 (10.6) 19 (12.6) 7 (11.7) 26 (12.3)
 Infliximab 44 (27.3) 49 (32.5) 16 (26.7) 65 (30.8)
 Unspecifiedd 1 (0.6)d 0 0 0
 Investigational drug 2 (1.2) 0 0 2 (1.0)

FcγRIIa subtypee

 HR 65 (41.9) 65 (45.1) 24 (40.7) 89 (43.8)
 HH 42 (27.1) 46 (31.9) 17 (28.8) 63 (31.0)
 RR 26 (16.8) 17 (11.8) 9 (15.3) 26 (12.8)
 Not done 22 (14.2) 16 (11.1) 9 (15.3) 25 (12.3)

FcγRIIIa subtypee

 FF 69 (44.5) 55 (38.2) 23 (39.0) 78 (38.4)
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Table 1   (continued)

Parameter CT-P10 (n = 161) US-RTX (n = 151) EU-RTX (n = 60) Combined 
RTXa 
(n = 211)

 FV 43 (27.7) 52 (36.1) 20 (33.9) 72 (35.5)
 VV 14 (9.0) 20 (13.9) 6 (10.2) 26 (12.8)
 Undetermined 7 (4.5) 1 (0.7) 1 (1.7) 2 (1.0)
 Not done 22 (14.2) 16 (11.1) 9 (15.3) 25 (12.3)

Data are presented as n (%), mean ± standard deviation or median (range)
BMI body mass index, CCP cyclic citrullinated peptide, CRP C-reactive protein, DAS28 Disease Activity Score 28-Joint Count, ESR erythrocyte 
sedimentation rate, FcγR Fc gamma receptor, HAQ-DI Health Assessment Questionnaire Disability Index, MTX methotrexate, RA rheumatoid 
arthritis, RF rheumatoid factor, RTX rituximab, SF-36 Short Form 36-Item Health Survey, SJC swollen joint count, TJC tender joint count, TNF 
tumor necrosis factor
a US-RTX and EU-RTX groups combined
b n = 159
c Two patients did not receive a prior TNF antagonist and discontinued due to noncompliance with inclusion criteria
d Results did not report whether the patient received adalimumab or certolizumab in the prior blinded clinical trial
e CT-P10, n = 155; US-RTX, n = 144; EU-RTX, n = 59; combined RTX, n = 203
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Fig. 2   Efficacy of CT-P10 and combined rituximab over 48 weeks 
(efficacy population)a: a mean change from baseline in DAS28-ESR; 
b DAS28-CRP; c proportion of patients achieving ACR20, ACR50, 
and ACR70 criteria; and d mean hybrid ACR score. aData after week 

24 are from the efficacy population–2nd treatment course subset. ACR​ 
American College of Rheumatology, CRP C-reactive protein, DAS28 
Disease Activity Score 28-Joint Count, ESR erythrocyte sedimenta-
tion rate, RTX rituximab, SD standard deviation, SE standard error
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3.2.10 � Additional Efficacy Analysis According to Genotype

Polymorphisms in FcγRIIa and FcγRIIIa genes did not 
affect the response to CT-P10 or rituximab, with similar 
changes from baseline to weeks 24 and 48 in DAS28-ESR 
and DAS28-CRP evident in all subtypes across groups 
(Table S2 in the ESM).

3.3 � Pharmacokinetics

No notable differences were demonstrated between groups 
in any of the secondary pharmacokinetic parameters, with 
comparable outcomes observed after the first and second 
treatment courses. Maximum concentration after the second 

infusion of the first treatment course (Cmax 1st course) was 438.0, 
432.6, and 474.2 μg/mL in the CT-P10, US-RTX, and EU-
RTX groups, respectively, and 418.9, 420.3, and 464.5 μg/
mL, respectively, after the second infusion of the second 
treatment course (Cmax 2nd course; Table S3 in the ESM).

3.4 � Pharmacodynamics

Before the first treatment course, the median B-cell count 
at baseline in the pharmacodynamic population was 169.5, 
178.0, and 124.0 cells/μL in the CT-P10, US-RTX, and EU-
RTX groups, respectively. Median B-cell counts decreased 
to below the lower limit of quantification (LLoQ; 20 cells/
μL) immediately after the first infusion and remained 

Table 2   Proportions of patients achieving remission or low disease activitya according to index-based criteria (DAS28) and ACR-EULAR 
Boolean criteriab (efficacy populationc)

Data shown are number (%) of patients, unless otherwise stated
ACR​ American College of Rheumatology, CRP C-reactive protein, DAS28 Disease Activity Score 28 Joint Count, ESR erythrocyte sedimenta-
tion rate, EULAR European League Against Rheumatism, LDA low disease activity, RTX rituximab
a Remission = DAS28 ≤ 2.6; LDA = 2.6 < DAS28 ≤ 3.2
b Defined according to Boolean criteria; i.e., tender joint count (of 66 assessed), swollen joint count (of 68 assessed), CRP (mg/dL), patient 
global assessment (0–10 scale) all ≤ 1
c Week 48 data are from the efficacy population–2nd treatment course subset (CT-P10, n = 139; US-RTX, n = 135; EU-RTX, n = 58; combined 
RTX, N = 193)
d US-RTX and EU-RTX groups combined
e Including remission i.e., DAS28 ≤ 3.2

CT-P10 (n = 155) US-RTX (n = 144) EU-RTX (n = 59) Combined 
RTXd 
(n = 203)

DAS28-ESR
 Week 24, n 155 144 59 203
  Remission 16 (10.3) 20 (13.9) 7 (11.9) 27 (13.3)
  LDA 19 (12.3) 17 (11.8) 6 (10.2) 23 (11.3)

 Week 48, n 139 135 58 193
  Remission 24 (17.3) 31 (23.0) 13 (22.4) 44 (22.8)
  LDA 24 (17.3) 15 (11.1) 7 (12.1) 22 (11.4)

 Sustained LDAe ≥ 6 months 17 (12.2) 22 (16.3) 4 (6.9) 26 (13.5)
DAS28-CRP
 Week 24, n 155 144 59 203
  Remission 35 (22.6) 35 (24.3) 15 (25.4) 50 (24.6)
  LDA 27 (17.4) 26 (18.1) 10 (16.9) 36 (17.7)

 Week 48, n 139 135 58 193
  Remission 45 (32.4) 44 (32.6) 21 (36.2) 65 (33.7)
  LDA 24 (17.3) 21 (15.6) 8 (13.8) 29 (15.0)

 Sustained LDAe ≥ 6 months 36 (25.9) 41 (30.4) 17 (29.3) 58 (30.1)
ACR-EULAR Boolean criteria
 Week 24, n 155 144 59 203
  Remission 12 (7.7) 17 (11.8) 5 (8.5) 22 (10.8)

 Week 48, n 139 135 58 193
  Remission 16 (11.5) 20 (14.8) 10 (17.2) 30 (15.5)
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below this level up to week 48. B-cell counts were similar 
between all three groups at every visit up to week 48. Of 
the patients with detectable B-cell levels at baseline that 
showed depletion after treatment, the proportions of patients 
with B-cell counts above the LLoQ was 13/118 (11.0%), 
14/110 (12.7%), and 4/45 (8.9%) at predose of week 48 in 
the CT-P10, US-RTX, and EU-RTX groups, respectively.

3.5 � Immunogenicity

The majority of patients in all three groups tested negative 
for ADAs throughout the study. The number of patients with 
detectable ADAs at baseline was 19 (11.8%), 13 (8.6%) and 
7 (11.7%) in the CT-P10, US-RTX, and EU-RTX groups, 
respectively. Of these patients, ten (52.5%), four (30.8%), 
and three (42.9%) were ADA positive at one or more post-
baseline visit up to week 48, respectively, and three (15.8%), 
two (15.4%), and zero (0.0%) were positive at week 48, 
respectively. The number of patients who tested positive for 

ADAs was 24 (14.9%), 33 (21.9%), and 16 (26.7%) at week 
24 in the CT-P10, US-RTX, and EU-RTX groups, respec-
tively, and 7 (4.9%), 13 (9.4%), and 5 (8.6%), respectively, 
at week 48. NAbs were detected in one patient (US-RTX 
group) at week 24 and in two patients (one each in the 
CT-P10 and US-RTX groups) at week 48.

3.6 � Safety

All patients who received at least one full or partial dose of 
study drug were included in the safety analysis. A total of 
740 AEs were reported in 261 (70.2%) patients by week 48, 
and AEs occurred in a broadly similar proportion of patients 
in each group (Table 3). Most AEs were grade 1 or grade 2. 
The most common AE was upper respiratory tract infection 
followed by IRRs (Table S4 in the ESM). A total of 34 seri-
ous AEs were reported in 31 (8.3%) patients (Table S5 in the 
ESM), with those in six patients (five in the US-RTX group 
and one in the EU-RTX group) considered to be related 
to the study drug. A similar proportion of patients in each 
group experienced AEs leading to study drug discontinua-
tion (Table 3), with the most common reason for discontinu-
ation being IRR (two [1.2%], three [2.0%], and one [1.7%] of 
all patients in the CT-P10, US-RTX, and EU-RTX groups, 
respectively). Overall, 62 patients (38.5%) in the CT-P10 
group developed infections compared with 71 patients 
(33.6%) in the combined rituximab group (54 [35.8%] with 
US-RTX and 17 [28.3] with EU-RTX; Table 3). Up to week 
48, there were no cases of progressive multifocal leukoen-
cephalopathy and no hepatitis B reactivation. Four malig-
nancies were reported in four patients: two (1.3%) from the 
US-RTX group and two (3.3%) from the EU-RTX group. 
For US-RTX, one patient had bladder cancer and one had 
breast cancer. For EU-RTX, one patient had adenocarcinoma 
of the colon and one had breast cancer. One patient treated 
with CT-P10 died because of cellulitis, although the event 
was not considered related to the study drug.

4 � Discussion

This phase III study demonstrated that CT-P10 and two 
rituximab RPs displayed comparable efficacy and impact 
on quality of life, as well as comparable B-cell kinetics, 
immunogenicity, and safety for up to 48 weeks. These results 
support those from week 24 [9], which revealed pharmacoki-
netic and therapeutic equivalence of CT-P10 versus both 
US-RTX and EU-RTX, as well as similar pharmacodynam-
ics and safety between CT-P10 and the combined rituximab 
group.

This is the first full report on the long-term efficacy and 
safety of the rituximab biosimilar CT-P10. A key strength 
of the study is that it allowed the three-way comparison of 
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CT-P10 and the two licensed rituximab RPs in the 48-week 
analyses of pharmacokinetics, efficacy, pharmacodynamics, 
and safety. Debate continues as to whether EU-RTX and 
US-RTX can be regarded as the same drug given the slight 
differences in their manufacturing processes [15]. However, 
part 1 of this study demonstrated the equivalence of EU-
RTX and US-RTX (and CT-P10) [9]. Data for CT-P10 were 
equivalent to those obtained in the US-RTX and EU-RTX 
groups individually as well as in the combined rituximab 
group. Additional strengths included the randomized design 
of the study, the use of well-established outcome measures, 
and the high levels of patient retention at 48 weeks.

Key historical RCTs of rituximab such as the REFLEX 
(Randomized Evaluation oF Long-term Efficacy of Rituxi-
mab in RA) and DANCER (Dose-ranging Assessment iNter-
national Clinical Evaluation of rituximab in RA) studies 
demonstrated the efficacy of this treatment up to week 24 
in patients with active RA [3, 4]. The REFLEX trial was 
extended over a 5-year period and data collected after multi-
ple courses of treatment. Efficacy outcomes at 24 weeks after 
the second course of rituximab revealed ACR20, ACR50, and 
ACR70 response rates of 72.8%, 41.2%, and 19.4%, respec-
tively, and a mean change in DAS28-ESR from baseline of 
− 2.7 [16]. Furthermore, in the SERENE (Study Evaluating 
rituximab’s Efficacy in methotrexate iNadequate rEspond-
ers) trial, efficacy measures were maintained or improved 
throughout the 48-week study period, during which most 

(~ 90%) patients with RA received two courses of rituximab 
1000 mg (ACR20: 50.6% at week 24, 57.6% at week 48; 
mean change in DAS28-ESR from baseline: − 1.7 at week 24, 
− 2.0 at week 48) [17]. However, direct comparison with his-
torical data should be performed with caution because of dif-
ferences in study protocol and baseline patient characteristics. 
Results from the current study demonstrate that responses to 
CT-P10 at week 48 following a second course of treatment 
were similar to those with rituximab and to data from previ-
ous studies of rituximab in combination with methotrexate.

The incidence of IRRs and infections in historical clini-
cal trials of rituximab has ranged from 22 to 71% for IRRs, 
and from 30 to 55% for infections [3–5, 17]. The proportion 
of patients reporting IRRs or infections in the present study 
up to week 48 were within the ranges previously described. 
None of these cases were considered serious, all resolved 
without issue, and most occurred after the first infusion [9], 
in accordance with previous reports [5, 17]. No unexpected 
safety concerns were raised in the current study, and safety 
profiles remained comparable for CT-P10 and rituximab 
after retreatment, consistent with the 24-week data [9] and 
with previous rituximab trials [17].

One patient who showed clinical improvement following 
treatment with CT-P10 displayed incomplete depletion of 
B-cells at week 48. This is likely to be due to a combina-
tion of immunogenicity (the patient was positive for ADAs 
and NAbs up to week 48), an FF FcγRIIIa genotype, and 

Table 3   Adverse events up to week 48 (safety population)

AE adverse event, RTX rituximab, SAE serious adverse event
a US-RTX and EU-RTX groups combined
b One patient, who had ongoing hypertension, thrombocytosis, and anemia of chronic disease, experienced cellulitis and thrombosis leading 
to hospitalization approximately 2 months after the first dose of study drug. The clinical condition of this patient deteriorated and ultimately 
resulted in death from acute respiratory distress syndrome approximately 3 weeks after hospitalization. This death was not related to study drug

Number of patients (%) CT-P10 (n = 161) US-RTX (n = 151) EU-RTX (n = 60) Combined 
RTXa 
(n = 211)

AE 125 (77.6) 97 (64.2) 39 (65.0) 136 (64.5)
 Treatment-related 74 (46.0) 47 (31.1) 25 (41.7) 72 (34.1)
 Treatment-related ≥ grade 3 3 (1.9) 4 (2.6) 1 (1.7) 5 (2.4)

SAE 13 (8.1) 14 (9.3) 4 (6.7) 18 (8.5)
 Treatment-related 0 5 (3.3) 1 (1.7) 6 (2.8)

Discontinuation due to AEs 3 (1.9) 7 (4.6) 3 (5.0) 10 (4.7)
Infection 62 (38.5) 54 (35.8) 17 (28.3) 71 (33.6)
 Upper respiratory tract infection 24 (14.9) 30 (19.9) 9 (15.0) 39 (18.5)
 Urinary tract infection 15 (9.3) 8 (5.3) 2 (3.3) 10 (4.7)
 Lower respiratory tract infection 10 (6.2) 8 (5.3) 3 (5.0) 11 (5.2)
 Rhinitis 3 (1.9) 6 (4.0) 1 (1.7) 7 (3.3)

Infusion-related reaction 33 (20.5) 12 (7.9) 13 (21.7) 25 (11.8)
Malignancy 0 2 (1.3) 2 (3.3) 4 (1.9)
Death 1 (0.6)b 0 0 0
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underlying Sjögren’s syndrome in this patient. Similar cases 
have been reported in patients who do not experience B-cell 
depletion following rituximab treatment but still show a 
clinical response [18].

Approximately 10% of patients in this study had detect-
able ADAs at baseline; these data can be considered as “not 
product related”. Since false positives were found to occur 
as a result of interference from circulating CD20-expressing 
B-cell membrane fragments (CMFs) [19], ofatumumab was 
used in this study to improve the confirmatory and titration 
methods to effectively inhibit the signals produced by CMFs 
[19]. However, the possibility remains of further non-specific 
binding by other unknown factors. It should be noted that there 
was no noticeable trend in pharmacokinetic/pharmacodynamic 
profiles in patients who were ADA positive at baseline in this 
study compared with those who were ADA negative.

Among 73 patients who were ADA positive at week 24, 
a total of 50 (68.5%) were negative at week 48. Those 50 
patients can be considered as transient ADA positive. No 
negative effect was found in terms of efficacy and pharma-
cokinetics in transient ADA positive patients, and a similar 
finding has been presented in other studies of biologic agents 
in autoimmune diseases [20, 21].

A number of other rituximab biosimilar candidates are 
currently in development, but all are at a less advanced stage 
of testing than CT-P10. Therefore, this is the first published 
study to demonstrate long-term equivalence of a rituximab 
biosimilar to its RP.

The results of a 24-week extension study will provide fur-
ther data relating to the longer-term use of CT-P10, during 
which patients who had received CT-P10 initially remained 
on the biosimilar. Those who received EU-RTX for the first 
course were switched to CT-P10, and those who received US-
RTX were randomized 1:1 to either remain on US-RTX or 
switch to CT-P10. This extension will provide valuable infor-
mation regarding the efficacy and safety of switching from 
RP to CT-P10. Biosimilars are associated with lower develop-
mental costs, and, as such, may be available at a reduced price. 
Furthermore, the availability of biosimilars can also instigate 
price reductions through competition between pharmaceutical 
companies [22]. It is expected that switching patients from RP 
to a biosimilar, and the introduction of biosimilars into clinical 
practice in general, will likely result in financial savings for 
healthcare systems. This, in turn, may increase availability and 
patient access to these clinically effective drugs.

5 � Conclusion

This phase III RCT demonstrated the long-term similar-
ity of CT-P10 and two approved rituximab RPs in terms 
of efficacy, pharmacokinetics, pharmacodynamics, 

immunogenicity, and safety for up to 48 weeks. These results 
provide further support for the recent approval of CT-P10 
for the treatment of RA and other CD20+ B-cell-related 
diseases.
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