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Abstract
Background CT-P10 is a biosimilar of innovator rituximab (RTX), a biological therapy used to treat patients
with rheumatoid arthritis (RA) who have responded inadequately to anti-tumor necrosis factor agents.
Objective Our objective was to compare the clinical profile
of CT-P10 versus RTX in patients with RA who received
up to two courses of treatment and were followed for up to
72 weeks.
Methods In this multicenter double-blind phase I study,
patients were randomized 2:1 to receive CT-P10 1000 mg
Electronic supplementary material The online version of this
article (doi:10.1007/s40259-017-0232-7) contains supplementary
material, which is available to authorized users.

or RTX 1000 mg at weeks 0 and 2. Based on disease
activity, patients could receive a second course of treatment between weeks 24 and 48. Efficacy endpoints,
including mean change from baseline in Disease Activity
Score using 28 joints (DAS28), safety, immunogenicity,
pharmacokinetics, and pharmacodynamics were evaluated.
Results In total, 154 patients were randomized to CT-P10
or RTX (n = 103 and 51, respectively); 137 (n = 92 and
45) completed the first course of treatment, of whom 83
(n = 60 and 23) were re-treated. Improvements from
baseline in all efficacy endpoints were highly similar
between the CT-P10 and RTX groups over both treatment
courses. At week 24 after the second course, mean change
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from week 0 of the first course in DAS28 erythrocyte
sedimentation rate was -2.47 and -2.04 for CT-P10 and
RTX, respectively, (p = 0.1866) and in DAS28 C-reactive
protein was -2.32 and -2.00, respectively (p = 0.3268).
The proportion of patients positive for antidrug antibodies
at week 24 after the second treatment course was 20.0%
and 21.7% in the CT-P10 and RTX groups, respectively.
The safety profile of CT-P10 was comparable to that of
RTX, and pharmacokinetic and pharmacodynamic properties were similar.
Conclusions In patients with RA, efficacy, safety, and
other clinical data were comparable between CT-P10 and
RTX after up to two courses of treatment over 72 weeks.
(ClinicalTrials.gov identifier NCT01534884).

D. H. Yoo et al.

active RA demonstrated that the pharmacokinetics of the
two drugs after a single course of treatment were statistically equivalent, and that their efficacy, pharmacodynamics, immunogenicity, and safety were similar up to week 24
[5]. Many studies have shown that RTX re-treatment
maintains long-term therapeutic benefit [6–8] and, as such,
there is interest in the repeated use of CT-P10. To this end,
and to allow further comparison of CT-P10 and RTX,
patients could receive a second course of treatment in the
same phase I RCT and were followed thereafter to investigate efficacy, safety, pharmacokinetics, and other clinical
data up to week 72.

2 Methods
Key Points
The efficacy of the rituximab biosimilar CT-P10 and
innovator rituximab was comparable after up to two
courses of treatment in patients with rheumatoid
arthritis.
Pharmacokinetics, pharmacodynamics,
immunogenicity, and safety profiles up to week 72
were also similar in the two treatment groups.

1 Introduction
Innovator rituximab (RTX) has been approved for use in
patients with rheumatoid arthritis (RA) since 2006 [1].
Approval of RTX for use in combination with methotrexate
in patients with moderate to severe RA that inadequately
responded to anti-tumor necrosis factor (TNF) therapy was
preceded by randomized controlled trials (RCTs) in which
single courses of RTX plus methotrexate led to significant
improvements in disease activity compared with placebo or
methotrexate alone [2, 3].
Expiration dates for various RTX patents are
approaching and therefore interest has arisen in the
development of ‘‘biosimilar’’ versions that might reduce
the cost of rituximab therapy and hence increase patient
accessibility to this important treatment option. CT-P10 is
a biosimilar of RTX that has recently been approved in
Europe for use in all indications held by RTX [4]. CT-P10
has an identical primary structure to RTX and very similar
higher-order properties and quality characteristics. Extensive laboratory comparisons of the two drugs have shown
that their biological activities are also highly comparable
[5]. A phase I RCT of CT-P10 versus RTX in patients with

2.1 Patients
The design of this phase I RCT and patient eligibility criteria have previously been described in detail [5]. In
summary, participants were aged 18–75 years and had a
diagnosis of RA according to the revised 1987 American
College of Rheumatology (ACR) classification criteria for
C6 months. Eligible patients also had active RA as defined
by C6/66 swollen joints and C6/68 tender joints with
serum C-reactive protein (CRP) C1.5 mg/dl or erythrocyte
sedimentation rate (ESR) C28 mm/h; experienced an
inadequate response or were intolerant to anti-TNF agents;
received methotrexate treatment (oral or parenteral 10–25
mg/week at stable dose) for at least 12 preceding weeks.
Exclusion criteria included prior treatment with more than
two biologic agents; allergies/hypersensitivity to murine,
chimeric, human, or humanized proteins; history of rheumatic autoimmune disease other than RA (except secondary Sjögren’s syndrome); and history of significant
systemic involvement secondary to RA. All patients provided written informed consent.
2.2 Study Design and Treatment
This was a multicenter, randomized, two-arm, parallelgroup, double-blind phase I study (ClinicalTrials.gov
identifier: NCT01534884). The study started at day 0
(B6 weeks after screening) and extended to week 72. The
study was un-blinded to predefined study teams at week 24
for analysis of the primary results; however, the investigators, patients, and other study teams remained blinded to
treatment until study end. The protocol for the study was
approved by regulatory authorities and the ethics committees of all participating centers. The study was conducted
in accordance with the Declaration of Helsinki and the
International Conference on Harmonization Good Clinical
Practice guidelines.

CT-P10 vs RTX in Patients with Rheumatoid Arthritis: Results Up to Week 72

As previously reported, patients were randomly assigned
2:1, using a computer-generated randomization schedule,
to CT-P10 (CELLTRION Inc., Incheon, Republic of
Korea) or RTX (Roche, Welwyn Garden City, UK) on day
0 [5]. Patients received up to two courses of treatment
during the study, with each course comprising two intravenous infusions of CT-P10 1000 mg or RTX 1000 mg
separated by 2 weeks. All patients were administered a first
course of treatment on weeks 0 and 2. A second course of
treatment could be administered between weeks 24 and 48.
To be eligible for a second course of treatment, it was
recommended that patients met the following predefined
criteria: (1) Disease Activity Score using 28 joint counts
(DAS28) combined with ESR (DAS28-ESR) or CRP
(DAS28-CRP) between weeks 24 and 40 showing either no
response compared with baseline, as defined by European
League Against Rheumatism (EULAR) criteria, or relapse
(defined as worsening by C20% compared with the best
response between weeks 16 and 24); and (2) recovery of
B-cell or immunoglobulin (Ig)M levels equal to or higher
than the lower limit of normal (LLN) or at least 50% of the
baseline value. However, the final decision for initiation of
a second course of treatment was made by the investigator.
Patients who did not receive the second course of treatment
had an end-of-study visit at week 48 unless they withdrew
before this time-point. Patients who received a second
infusion were followed for 24 weeks after the second
course so that the end-of-study visit was held no later than
week 72. Oral or parenteral methotrexate (10–25 mg/week)
and oral folic acid (C5 mg/week) were co-administered to
all patients throughout the study. Methylprednisolone
(100 mg), paracetamol (usually 500–1000 mg), and
chlorpheniramine (2–4 mg or an equivalent dose of another
antihistamine) were given before each CT-P10 or RTX
infusion.
2.3 Objective and Endpoints
The objective of the current analysis was to compare the
efficacy, safety, immunogenicity, pharmacokinetics, and
pharmacodynamics between CT-P10 and RTX up to week
72. Efficacy assessments at 8-week intervals included
DAS28-ESR and DAS28-CRP, Clinical Disease Activity
Index (CDAI), Simplified Disease Activity Index (SDAI),
and the proportion of patients with a good or moderate
response according to EULAR response criteria based on
DAS28-CRP. The proportion of patients achieving a clinical response according to the ACR criteria was assessed at
weeks 0 and 24 of the second treatment course. Safety
assessments included the monitoring of adverse events
(including those of special interest such as infections,
hypersensitivity/infusion-related reactions, and malignancies or lymphomas). Serum drug concentrations and
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antidrug antibodies (ADAs) were assessed using an electrochemiluminescent immunoassay method (MSD, Rockville, MD, USA), as described previously [5]. The limit of
detection of the assay used to determine serum drug concentrations was 0.01 lg/ml, and the upper and lower limits
of quantification were 10 lg/ml and 0.02 lg/ml, respectively. Samples above the upper limit of the calibration
range were diluted. Dilutional linearity was validated by
analyzing three replicate quality controls containing
1000 lg/ml CT-P10 at 1:200, 1:400, 1:1000, 1:2000, and
1:10,000 dilutions. Pharmacokinetic endpoints reported
here are the serum concentration immediately before the
start of the first infusion of the second course (Cmin),
maximum serum concentration after the first infusion of the
second course (Cmax,1), trough serum concentration before
the second infusion of the second course (Ctrough), and
maximum serum concentration after the second infusion of
the second course (Cmax,2). Pharmacodynamic variables
assessed were B-cell kinetics, as measured by a FACScalibur flow cytometer (Becton Dickinson and Company,
San Jose, CA, USA), serum Ig and CRP levels, and ESR.
2.4 Statistical Analysis
All data are summarized using descriptive statistics by
treatment group and study visit. For efficacy, immunogenicity, pharmacokinetic, and pharmacodynamic assessments, data beyond week 24 of the study are reported for
patients who underwent a second course of treatment only.
The change in DAS28 from baseline was compared
between treatment groups using a Student’s t-test and 95%
confidence interval (CI), with a p value \0.05 indicating a
statistically significant difference between groups. Analysis
of covariance (ANCOVA) using the baseline observation
carried forward (BOCF) approach for missing data was
used in post hoc sensitivity analyses of DAS28 up to week
48 after the first course of treatment. The Kaplan–Meier
method with log-rank test was used in a post hoc analysis
to compare the time to re-treatment in patients who
received a second course of treatment of CT-P10 or RTX.
Safety data are reported for all patients regardless of
whether they underwent a second course of treatment.

3 Results
3.1 Patient Disposition and Baseline Characteristics
Patient disposition is summarized in Fig. 1. Briefly, 154
patients were randomly assigned to CT-P10 (n = 103) or
RTX (n = 51). In total, 137 patients (89.0%) completed
the first course of treatment (92 [89.3%] and 45 [88.2%] in
the CT-P10 and RTX groups, respectively).
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Fig. 1 Patient disposition.
DAS28 Disease Activity Score
using 28 joints, EULAR
European League Against
Rheumatism, RTX innovator
rituximab

The same proportion of patients in both treatment
groups (CT-P10, 66/102 [64.7%]; RTX, 33/51 [64.7%])
were eligible for a second course of treatment (i.e., had no
response or worsening disease activity after the first course
and adequately recovered B-cell or IgM levels). A greater
proportion of patients in the CT-P10 group initiated a
second course of treatment within 48 weeks of the first
course compared with the RTX group; however, this difference was not significant (58.3% [n = 60] vs. 45.1%
[n = 23]; p = 0.1233 [Fisher’s exact test]). The higher retreatment rate observed in the CT-P10 group was found to
be a result of differences in the (protocol-allowable) final
decisions of the investigators as to whether or not to initiate
a second course in study patients. The most common reasons for eligible patients not being re-treated were maintenance of a good response according to the Visual
Analogue Score (VAS)/Health Assessment Questionnaire
(HAQ) pain scale (CT-P10, 8 [7.8%]; RTX, 5 [9.8%]) and

safety concerns (i.e., infusion-related reaction or infection
during the previous course; CT-P10, 2 [2.0%]; RTX, 3
[5.9%]); these reasons were reported in similar proportions
across the two treatment groups. In addition, Kaplan–Meier
comparative analysis showed there was no significant difference (log-rank test) between the two treatment groups in
either (1) the time to re-treatment in patients who received
a second course (median time in weeks [95% CI]: CT-P10,
46.9 [43.0, 48.1] vs. RTX, 48.3 [44.7, not applicable; NA];
p = 0.2044) or (2) the time to eligibility for re-treatment in
all eligible patients regardless of whether re-treatment was
given (median time in weeks [95% CI]: CT-P10, 40.1
[40.0, 41.4] vs. RTX, 40.1 [36.3, 45.1]; p = 0.6433).
Of the 83 patients who started the second course, 78
completed this treatment (Fig. 1). In total, 12 (11.7%) and
9 (17.6%) patients in the CT-P10 and RTX groups,
respectively, withdrew over the course of the whole study.
Adverse events were the most common reason for
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withdrawal (5 [4.9%] and 4 [7.8%] in the CT-P10 and RTX
groups, respectively).
As reported previously, patient demographics were
similar between the two groups (Table 1). Patient demographics, baseline disease activity, and prior use of antiTNF agents were also comparable between the two
groups for those entering the second course of treatment,
and also for those who received the first course only
(Table 1).
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At week 0 of the second course of treatment, the proportions of patients achieving a clinical response according
to the ACR20, ACR50, and ACR70 criteria were 33.9%
(20/59), 8.5% (5/59), and 3.4% (2/59) in the CT-P10 group,
and 21.7% (5/23), 4.3% (1/23), and 0 in the RTX group,
respectively. At week 24 of the second course, ACR20,
ACR50, and ACR70 response rates were 69.5% (41/59),
39.0% (23/59), and 16.9% (10/59) in the CT-P10 group and
39.1% (9/23), 21.7% (5/23), and 4.3% (1/23) in the RTX
group, respectively.

3.2 Efficacy
3.3 Safety
For patients who received a second course of treatment,
DAS28 improvement prior to administration of this course
was similar between the two groups. For instance, at
week 0 of the second course, the mean change from
baseline (week 0 of first course) in DAS28-ESR was -1.00
and -0.79 in the CT-P10 and RTX groups, respectively
(p = 0.4846 [95% CI for the difference in change from
baseline -0.79, 0.38]). For DAS28-CRP, the mean change
was -0.92 and -0.69, respectively (p = 0.4343 [95% CI
-0.80, 0.35]). Changes in DAS28-ESR, DAS28-CRP,
CDAI, and SDAI were comparable between patients treated with CT-P10 and those treated with RTX in the first and
the second course (Fig. 2a–d).
At week 24 after the second course of treatment, the
mean change from week 0 of the first course in DAS28ESR was -2.47 and -2.04 for CT-P10 and RTX, respectively (p = 0.1866 [95% CI -1.1, 0.22]), with similar
decreases observed for DAS28-CRP (-2.32 and -2.00 in
the CT-P10 and RTX groups, respectively; p = 0.3268
[95% CI -0.97, 0.33]). The proportion of patients with a
good EULAR-CRP response at week 24 after the second
course was comparable between the two treatment groups
(Fig. 3). Patients who did not receive the second course
had an end-of-study visit at week 48. The mean change
from baseline in DAS28-ESR in patients who did not
receive a second course at that time-point (48 weeks after
the first course of treatment) was -1.75 and -1.95 in the
CT-P10 (n = 30) and RTX (n = 18) groups, respectively
(p = 0.5703 [95% CI -0.50, 0.90]). For DAS28-CRP, the
mean change was -1.50 and -1.71 in the CT-P10
(n = 30) and RTX (n = 18) groups, respectively
(p = 0.5453 [95% CI -0.49, 0.92]). Post hoc sensitivity
analysis of DAS28-ESR and DAS28-CRP in the safety
population using the conservative BOCF imputation
method demonstrated comparable responses in the CT-P10
and RTX groups up to week 48 after the first course of
treatment. For DAS28-ESR, the mean at baseline and
adjusted mean at week 24 and week 48 in the CT-P10
versus RTX groups was 6.80 versus 6.74, 4.86 versus 4.85,
and 6.37 versus 6.10, respectively. Similar results were also
shown for DAS28-CRP (Table 2).

For safety analyses, patients who received only one course
of treatment were followed up to week 48. Patients who
received a second course were followed for 24 weeks after
the first infusion of the second course. Overall, 73 (71.6%)
and 43 (84.3%) patients in the CT-P10 and RTX groups,
respectively, experienced at least one adverse event
(Table 3). Infusion-related reactions were reported in 20
(19.6%) and 10 (19.6%) patients in the CT-P10 and RTX
groups, respectively. Infections were observed in 39
(38.2%) and 21 (41.2%) patients in the CT-P10 and RTX
groups, respectively (Table 3; also see the Electronic
Supplementary Material [ESM] 1). Only one malignancy
was reported: a patient in the RTX group had a stage 0
cervix carcinoma that was considered unrelated to the
study drug. Adverse events leading to treatment discontinuation were reported for 6 (5.9%) and 4 (7.8%) patients
in the CT-P10 and RTX groups, respectively. This included
two patients (2.0%) in the CT-P10 group (and none in the
RTX group) who discontinued the study drug because of
infusion-related reactions. No other adverse events leading
to discontinuation were reported for more than one patient
in either treatment group.
The proportion of patients who experienced at least one
serious adverse event was the same in both groups (13.7%;
14 and 7 patients in the CT-P10 and RTX groups,
respectively). Treatment-related serious adverse events
occurred in three (2.9%) patients in the CT-P10 group, with
one case each of infusion-related reaction, osteonecrosis,
and pruritic rash, and in two (3.9%) patients in the RTX
group, with one case each of neutropenia and lobar pneumonia. All serious adverse events were resolved with
appropriate management. No patients died during the
study.
3.4 Immunogenicity
Immunogenicity results were highly comparable between
the two groups after both the first [5] and the second
courses of treatment. At week 24 after the second course of
treatment, ADAs were detected in 12 (20.0%) and 5
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Table 1 Baseline demographics and disease characteristics (safety population who started first [5] and second course of treatmenta)
Characteristics

All patients

Received first course only

Received first and second
courses

CT-P10
(n = 102)

RTX
(n = 51)

CT-P10
(n = 42)

RTX
(n = 28)

CT-P10
(n = 60)

RTX
(n = 23)

49.8 ± 12.6

51.3 ± 10.9

48.4 ± 14.1

53.7 ± 10.6

50.8 ± 11.4

48.4 ± 10.8

Female

88 (86.3)

46 (90.2)

36 (85.7)

26 (92.9)

52 (86.7)

20 (87.0)

Male

14 (13.7)

5 (9.8)

6 (14.3)

2 (7.1)

8 (13.3)

3 (13.0)

Caucasian

69 (67.6)

35 (68.6)

30 (71.4)

18 (64.3)

39 (65.0)

17 (73.9)

Asian

15 (14.7)

9 (17.6)

4 (9.5)

5 (17.9)

11 (18.3)

4 (17.4)

Other

18 (17.6)

7 (13.7)

8 (19.0)

5 (17.9)

10 (16.7)

2 (8.7)

Age (years)
Sex

Ethnicity

Height (cm)

161.9 ± 8.1

162.1 ± 8.7

161.0 ± 7.1

159.6 ± 7.2

162.5 ± 8.7

165.0 ± 9.6

Weight (kg)

71.4 ± 17.7

72.4 ± 16.0

69.9 ± 14.8

73.5 ± 16.8

72.4 ± 19.5

71.0 ± 15.2

Body mass index (kg/m2)

27.2 ± 6.0

27.5 ± 5.5

27.0 ± 5.6

28.7 ± 5.6

27.3 ± 6.3

26.1 ± 5.0

Disease duration (years)

11.0 ± 7.8

10.3 ± 9.1

10.3 ± 6.4

9.9 ± 9.5

11.6 ± 8.7

10.7 ± 8.8

CRP (mg/dl)

1.8 ± 1.7

2.1 ± 3.0

1.4 ± 1.7

1.9 ± 2.9

2.0 ± 1.7

2.4 ± 3.2

ESR (mm/h)
RF positive

49.5 ± 24.5
82 (80.4)

50.1 ± 26.7
40 (78.4)

45.0 ± 20.0
34 (81.0)

51.3 ± 28.3
22 (78.6)

52.7 ± 26.9
48 (80.0)

48.6 ± 25.3
18 (78.3)

Anti-CCP positive

86 (84.3)

43 (84.3)

36 (85.7)

26 (92.9)

50 (83.3)

17 (73.9)

Swollen joint count (66 joints assessed)

16.5 ± 8.2

14.5 ± 7.0

13.9 ± 7.3

14.9 ± 7.2

18.3 ± 8.4

13.9 ± 6.9

Tender joint count (68 joints assessed)

27.4 ± 14.8

27.1 ± 14.2

25.6 ± 15.8

24.3 ± 14.3

28.7 ± 14.1

30.7 ± 13.5

DAS28-CRP

6.0 ± 0.9

6.0 ± 0.9

5.8 ± 0.9

5.9 ± 1.0

6.2 ± 0.8

6.0 ± 0.7

DAS28-ESR

6.8 ± 0.9

6.7 ± 0.9

6.6 ± 0.9

6.7 ± 0.9

6.9 ± 0.8

6.8 ± 0.8

HAQ-DI score

1.7 ± 0.7

1.7 ± 0.7

1.5 ± 0.7

1.6 ± 0.8

1.8 ± 0.6

1.8 ± 0.5

Prior anti-TNF agents
1

88 (86.3)

42 (82.4)

37 (88.1)

25 (89.3)

51 (85.0)

17 (73.9)

C2

14 (13.7)

9 (17.6)

5 (11.9)

3 (10.7)

9 (15.0)

6 (26.1)

Failure

93 (91.2)

47 (92.2)

37 (88.1)

26 (92.9)

56 (93.3)

21 (91.3)

Intolerance

9 (8.8)

4 (7.8)

5 (11.9)

2 (7.1)

4 (6.7)

2 (8.7)

18.9 ± 20.3

23.7 ± 26.7

16.6 ± 17.7

24.0 ± 29.6

20.5 ± 22.0

23.3 ± 23.4

Adalimumab

37 (36.3)

18 (35.3)

16 (38.1)

13 (46.4)

21 (35.0)

5 (21.7)

Certolizumabc

3 (2.9)

2 (3.9)

1 (2.4)

1 (3.6)

2 (3.3)

1 (4.3)

Etanercept

30 (29.4)

19 (37.3)

13 (31.0)

12 (42.9)

17 (28.3)

7 (30.4)

Golimumab

12 (11.8)

3 (5.9)

7 (16.7)

1 (3.6)

5 (8.3)

2 (8.7)

Infliximab

32 (31.4)

19 (37.3)

9 (21.4)

6 (21.4)

23 (38.3)

13 (56.5)

Investigational anti-TNF agentd

3 (2.9)

1 (2.0)

1 (2.4)

0

2 (3.3)

1 (4.3)

15.4 ± 4.8

15.7 ± 4.1

14.4 ± 4.1

15.1 ± 3.8

16.3 ± 5.0

16.4 ± 4.4

Prior anti-TNF agent status

Duration of prior TNF-antagonist use
(months)
Prior TNF antagonists usedb

Weekly dose of MTX at baseline (mg)

Data are presented as mean ± standard deviation or n (%) unless otherwise indicated
CCP cyclic citrullinated peptide, CRP C-reactive protein, DAS28 Disease Activity Score using 28 joints, ESR erythrocyte sedimentation rate,
HAQ-DI Health Assessment Questionnaire Disability Index, MTX methotrexate, RF rheumatoid factor, RTX innovator rituximab, TNF tumor
necrosis factor
a

Safety population for each treatment course included all patients who received at least one (full or partial) dose of CT-P10 or RTX during that
course. Of these, 83 received a second course of treatment

b
c
d

Some patients had previously received two anti-TNF agents
Includes certolizumab pegol
Refers to any investigational anti-TNF agent
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Fig. 2 Disease activity during the first and second courses of
treatment as measured by a DAS28-ESR, b DAS28-CRP, c CDAI
and d SDAI (efficacy population). Efficacy population for the first
course included 100 patients in the CT-P10 and 48 patients in the
innovator rituximab treatment groups. Of these, 82 patients received a
second course of treatment (59 and 23 patients in the CT-P10 and

Proportion of patients (%)

100

Good response

Moderate response

No response

80

363

innovator rituximab treatment groups, respectively). CDAI Clinical
Disease Activity Index, CRP C-reactive protein, DAS28 Disease
Activity Score using 28 joints, ESR erythrocyte sedimentation rate,
RTX innovator rituximab, SD standard deviation, SDAI Simplified
Disease Activity Index

(21.7%) patients in the CT-P10 and RTX groups, respectively, and neutralizing antibodies were detected in one
patient in each group (1.7% and 4.3%, respectively).
3.5 Pharmacokinetics and Pharmacodynamics

60
40
20
0
Week 8

Week 16

Week 24

First course

Week 8

Week 16

Week 24

Second course
CT-P10

RTX

Fig. 3 Response to first and second treatment courses according to
European League Against Rheumatism criteria using C-reactive
protein (efficacy population). Efficacy population for the first course
included 100 patients in the CT-P10 and 48 patients in the innovator
rituximab treatment groups. Of these, 82 patients received a second
course of treatment (59 and 23 patients in the CT-P10 and innovator
rituximab treatment groups, respectively). RTX innovator rituximab

As summarized in Table 4, the pharmacokinetics of CTP10 and RTX were similar throughout the second course of
treatment. For example, mean ± standard deviation Cmax
after the first infusion (i.e., Cmax,1) was 328.35 ± 123.02
and 353.79 ± 109.35 lg/ml for CT-P10 and RTX,
respectively (median Cmax,1: 352.00 and 387.00 lg/ml,
respectively). After the second infusion, Cmax (i.e. Cmax,2)
increased to 434.28 ± 92.28 and 440.05 ± 85.62 lg/ml,
respectively (median Cmax,2: 435.00 and 462.00 lg/ml,
respectively).
Changes in pharmacodynamic parameters were similar
between the CT-P10 and RTX groups. In each group, mean
CRP and ESR levels decreased from baseline at each timepoint. Median B-cell kinetics were similar between the two
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Table 2 DAS28 up to week 48 after the first course of CT-P10 or
innovator ritixumab (safety populationa; baseline observation carried
forwardb)
Visit

CT-P10 (n = 102)

Table 4 Pharmacokinetic endpoints during the second course of
treatment (pharmacokinetic populationa)
Endpoint

CT-P10 (n = 57)

RTX (n = 21)

RTX (n = 51)
Cmin (lg/ml)

DAS28-ESR
Baseline

6.80 ± 0.86

6.74 ± 0.85

Week 24
Week 48

4.86 ± 0.21
6.37 ± 0.17

4.85 ± 0.25
6.10 ± 0.20

Baseline

6.01 ± 0.90

5.96 ± 0.88

4.12 ± 0.20

4.09 ± 0.24

Week 48

5.61 ± 0.16

5.35 ± 0.19

Baseline values are mean ± SD; values at week 24 and 48 are
adjusted mean ± SE
ANCOVA analysis of covariance, BOCF baseline observation carried
forward, CRP C-reactive protein, DAS28 Disease Activity Score
using 28 joints, ESR erythrocyte sedimentation rate, RTX innovator
rituximab, SD standard deviation, SE standard error
a

All patients who received at least one (full or partial) dose of CTP10 or RTX

b

In this ANCOVA analysis, missing data and data for visits after retreatments were imputed using the conservative BOCF approach

Table 3 Summary of adverse
events during the study (safety
populationa)

0.03 ± 0.03

0.02 (0.02–0.70)

0.02 (0.02–0.12)

Mean (SD)

328.35 ± 123.02

353.79 ± 109.35

Median (range)

352.00 (25.2–545.0)

387.00 (85.6–537.0)

75.95 ± 25.93

80.41 ± 18.64b

81.30 (25.2–132.0)

81.25 (46.0–131.0)b

Mean (SD)

434.28 ± 92.28

440.05 ± 85.62

Median (range)

435.00 (228.0–613.0)

462.00 (261.0–575.0)

Ctrough (lg/ml)
Mean (SD)
Median (range)
Cmax,2 (lg/ml)

Cmax,1 maximum serum concentration after the first infusion of the
second course, Cmax,2 maximum serum concentration after the second
infusion of the second course, Cmin serum concentration immediately
before the start of the first infusion of the second treatment course,
Ctrough trough serum concentration before the second infusion of the
second course, RTX innovator rituximab, SD standard deviation
a
All patients who received a second course of CT-P10 or RTX and
provided sufficient blood concentration data
b

treatment groups (see ESM 2). B-cell counts decreased to
below the lower limit of quantification (LLoQ; 20 cells/ll)
in each group immediately after the first infusion and
remained below this level up to week 32, after which B-cell
counts began to recover. Immediately after the first infusion of the second treatment course, counts once again
decreased below the LLoQ in all patients and remained
below this level in most patients for the duration of the
study. However, this B-cell depletion did not appear to
impact immunoglobulin levels. At week 0 of the second
course, the number of patients with IgM, IgA, and IgG
levels below the LLN was 1 (1.7%), 2 (3.3%), and 0,
respectively, in the CT-P10 group and 0, 0, and 1 (4.3%) in
the RTX group. Levels were below the LLN on at least one
occasion after the start of the second course in 2 (3.3%), 2
(3.3%), and 3 (5.0%) patients, respectively, in the CT-P10

0.08 ± 0.14

Median (range)
Cmax,1 (lg/ml)

DAS28-CRP
Week 24

Mean (SD)

n = 20

group and in 1 (4.4%), 0, and 1 (4.3%) patients, respectively, in the RTX group. Therefore, most patients were retreated with low B-cell levels but normal IgM levels in
accordance with the re-treatment eligibility criteria.

4 Discussion
This multinational phase I RCT compared the effects of
treatment with CT-P10 and RTX in patients with active RA
over a period of up to 72 weeks. We have previously
reported that over the first 24 weeks of the study, the
pharmacokinetics of CT-P10 and RTX were equivalent and
their efficacy, immunogenicity, and pharmacodynamics
were highly similar [5]. As reported here, data suggest that

Adverse events

CT-P10 (n = 102)

RTX (n = 51)

Any adverse event

73 (71.6)

43 (84.3)

Infusion-related reaction

20 (19.6)

10 (19.6)

Infection

39 (38.2)

21 (41.2)

Malignancy

0

1 (2.0)

Study drug discontinuation due to adverse event

6 (5.9)

4 (7.8)

Any serious adverse event

14 (13.7)

7 (13.7)

Data are presented as n (%)
RTX innovator rituximab
a

All patients who received at least one (full or partial) dose of CT-P10 or RTX
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the biosimilarity of CT-P10 and RTX is continued over an
extended period of re-treatment.
Treatments for RA should demonstrate sustained efficacy upon repeated administration, and current guidelines
advocate re-treatment as part of the overall disease management strategy [9–12]. Our study was therefore extended
beyond week 24 to allow re-treatment based on disease
activity. The same proportion of patients in both treatment
groups was eligible for a second course of treatment, but
more patients in the CT-P10 group than in the RTX group
initiated a second course. This was found to be a result of
differences in the investigators’ final decision to initiate retreatment. As the study was blinded, and following a
thorough investigation, no bias during these re-treatment
decisions was found.
The effects of a second course of treatment on efficacy
endpoints, including DAS28 scores and EULAR response
rates, were highly comparable between the CT-P10 and
RTX groups. Post hoc sensitivity analysis of DAS28 using
the BOCF imputation method up to week 48 after the first
course of treatment also demonstrated comparable
responses between groups, supporting these primary findings. In this ANCOVA analysis, data for visits after retreatments were considered missing data and imputed with
other missing data using the BOCF approach. Decreases in
DAS28 scores observed in our study were generally similar
to those described after administration of RTX as a single
course and after re-treatment in other studies of RA
[3, 13–15]. In addition, the proportion of patients with a
good or moderate EULAR response in both groups of our
study at week 24 after the second treatment course was
broadly in line with the proportion of good (15%) and
moderate (50%) responders during a single course of
treatment in the phase III REFLEX (Randomized Evaluation of Long-term Efficacy of Rituximab in RA) study that
first established the superiority of RTX/methotrexate over
placebo/methotrexate [3]. Similarly, in the SUNRISE
(Study for Understanding Rituximab Safety and Efficacy)
trial, which investigated the efficacy and safety of retreatment with RTX, 21 and 48% of patients achieved a
good and moderate EULAR response, respectively, after a
second course of treatment [7].
Some numerical differences were observed between the
CT-P10 and RTX treatment groups in the proportion of
patients achieving a clinical response according to the
ACR20, ACR50, and ACR70 criteria at weeks 0 and 24 of
the second treatment course. However, it is likely that the
small sample sizes, particularly the small number of
patients in the RTX group who received a second treatment
course, will have had an impact on these response data.
The extended duration of this RCT allowed further
comparison of the safety profiles of CT-P10 and RTX in
patients with RA. Both drugs displayed an
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acceptable safety profile, with similar adverse events
observed in each treatment group. Once again, safety
findings were very much in keeping with data reported in
REFLEX [3] and other trials of RTX, including SUNRISE
[7]. The mechanism of action of RTX has led to special
interest in the frequency of infections following treatment.
However, a meta-analysis of RCTs involving the use of
RTX to treat RA did not show a significant increase in the
rate of serious infections with RTX treatment versus placebo [16], and a global clinical trial program that followed
patients for up to 11 years found that the serious infection
rate in patients treated with RTX remained stable over time
[17]. Overall, 39 (38.2%) and 21 (41.2%) patients in the
CT-P10 and RTX groups, respectively, experienced an
infection. Notably, data from the AutoImmunity and
Rituximab registry have shown that the incidence of
infection with RTX in current practice is similar to that in
clinical trials [18]. Based on the results of this study, it
seems reasonable to assume that the proportion of patients
experiencing an infection with repeated exposure to CTP10 will not be different from that observed in the ‘real
world’ with RTX.
Infusion-related reactions were observed in 20 (19.6%)
and 10 (19.6%) patients in the CT-P10 and RTX groups,
respectively, in our study. Infusion-related reactions leading to permanent study discontinuation were reported for
2/102 (2.0%) patients in the CT-P10 group and for none in
the RTX group. One patient from the CT-P10 group
reported a grade 2 infusion-related reaction at the first
infusion of the second treatment course but recovered
without sequelae and without need for any treatment.
Another patient from the CT-P10 group reported a grade 2
infusion-related reaction at the second infusion of the
second treatment course but recovered without sequelae
after treatment with chlorpheniramine maleate and hydrocortisone. Both of these events were considered non-serious by the investigator.
The proportion of patients with ADAs in this study (18
[17.6%] and 9 [17.6%] for CT-P10 and RTX, respectively,
at week 24 after the first course [5] and 12 [20.0%] and 5
[21.7%], respectively, at week 24 after the second course)
was higher than previously reported (12.7%) [19]. This
finding is likely due to the use of a more sensitive ADA
assay in our study. The number of patients with neutralizing antibodies was low and similar between groups at
week 24 after both the first and the second treatment
courses.
Data from the first 24 weeks of this RCT established the
pharmacokinetic equivalence of CT-P10 and RTX [5].
Similarity of pharmacokinetics was also evident after the
second course of treatment. For example, highly comparable mean Cmax values were obtained with CT-P10 and
RTX after the second infusion of the second treatment
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course (434.28 and 440.05 lg/ml, respectively). Findings
for pharmacodynamic parameters, including B-cell counts
and serum levels of CRP and ESR, were also similar
between the CT-P10 and RTX groups. Decreases in CD20positive cell count observed in both groups of our study are
in line with other trials with RTX [2, 3, 20]. Likewise,
reductions in CRP and ESR are consistent with the effects
of B-cell depletion treatment described in previous studies
[21].
Although a number of RTX biosimilars for the treatment
of RA are in development [22, 23], CT-P10 is the first to
demonstrate biosimilarity to RTX in the clinical setting.
Limitations of the current analysis include the relatively
small number of patients who received a second course of
treatment (n = 83) and that not all clinically eligible
patients were re-treated. Furthermore, as this trial was
powered to formally assess pharmacokinetic equivalence, it
was only possible to demonstrate comparable clinical
efficacy between the two drugs in this study. However, a
recently completed phase III RCT in a larger population of
patients with RA indicates that CT-P10 and RTX are also
therapeutic equivalents [24].
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This study demonstrated that the treatment of patients with
RA with up to two courses of CT-P10 is associated with
efficacy, safety, immunogenicity, pharmacokinetics, and
pharmacodynamics that are similar to those of its innovator
drug, RTX. Based on these data, further long-term comparisons of CT-P10 and RTX in RA are justified.
Acknowledgements The authors wish to thank the patients and study
personnel who made this trial possible. They also thank the study
investigators. Medical writing support on this manuscript was provided by Alice Wareham PhD and Rick Flemming PhD, CMPP at
Aspire Scientific Limited (Bollington, UK) and funded by CELLTRION, Inc. (Incheon, Republic of Korea).
Study Investigators Germany: Spieler W, Rech HJ, Braun J.
Poland: Brzezicki J, Ruzga Z, Piotrowski M, Tlustochowicz W,
Porawska W. Mexico: Simon Campos JA, Ramos-Remus C, SalazarParamo M. Russia: Raskina T, Vinogradova I. Brazil: Scheinberg M,
Scotton A. Republic of Korea: Park KS, Jun JB, Park YB, Lee SS.
Spain: Rey JS, Fernandez-Nebro A, Navarro Blasco FJ. Ukraine:
Polyvoda S, Polyakov A.
Author Contributions DHY, SJL, and SYL were involved in the
conception and design of the study, acquisition of data and/or analysis
and interpretation of data; drafting of the manuscript or revising it
critically for important intellectual content; and final approval of the
version to be published. SHK was involved in acquisition of data and
technical support of the bioanalytical method development and
sample analysis; revising the manuscript critically for important
intellectual content; and final approval of the version to be published.
WP, C-HS, and SCS were involved in the conception and design of
the study; drafting of the manuscript or revising it critically for

Compliance with Ethical Standards
Funding This work was funded by CELLTRION, Inc. (Incheon,
Republic of Korea). The funding body contributed to the design of the
study; the collection, analysis, and interpretation of data; and
reviewed drafts and the final version of the manuscript. The final
decision to submit the manuscript was taken by the authors.
Conflict of interest DHY is a scientific consultant and on the
speaker’s bureau of CELLTRION and has received research grants
not related to this clinical study. PH and SR received grants from
CELLTRION for conducting the clinical trial. MJL received grants
from CELLTRION during the conduct of the study. SJL is an
employee of, and holds stock options in, CELLTRION. SYL and
SHK are employees of CELLTRION. WP received consulting fees
during the conduct of the study and grants outside the submitted work
from CELLTRION. C-HS, SCS, SJ, FFCM, PW, EYL, FGM-R, PS,
MS, VK, DHS, LM, and J-YC have no conflicts of interest.

Informed consent All patients provided written informed consent to
participate in the study.
Open Access This article is distributed under the terms of the
Creative Commons Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/by-nc/4.0/), which permits any noncommercial use, distribution, and reproduction in any
medium, provided you give appropriate credit to the original

CT-P10 vs RTX in Patients with Rheumatoid Arthritis: Results Up to Week 72
author(s) and the source, provide a link to the Creative Commons
license, and indicate if changes were made.

References
1. Lopez-Olivo MA, Amezaga Urruela M, McGahan L, et al.
Rituximab for rheumatoid arthritis. Cochrane Database Syst Rev
2015;(1):CD007356.
2. Edwards JC, Szczepanski L, Szechinski J, et al. Efficacy of
B-cell-targeted therapy with rituximab in patients with rheumatoid arthritis. N Engl J Med. 2004;350:2572–81.
3. Cohen SB, Emery P, Greenwald MW, et al. Rituximab for
rheumatoid arthritis refractory to anti-tumor necrosis factor
therapy: Results of a multicenter, randomized, double-blind,
placebo-controlled, phase III trial evaluating primary efficacy and
safety at twenty-four weeks. Arthritis Rheum. 2006;54:2793–806.
4. European Medicines Agency. European public assessment report
for Truxima. 2017. http://www.ema.europa.eu/docs/en_GB/
document_library/EPAR_-_Summary_for_the_public/human/004112/
WC500222696.pdf. Accessed 27 Mar 2017.
5. Yoo DH, Suh C, Shim SC, et al. A multicentre randomised
controlled trial to compare the pharmacokinetics, efficacy and
safety of CT-P10 and innovator rituximab in patients with
rheumatoid arthritis. Ann Rheum Dis. 2016;76:566–70.
6. Keystone EC, Cohen SB, Emery P, et al. Multiple courses of
rituximab produce sustained clinical and radiographic efficacy
and safety in patients with rheumatoid arthritis and an inadequate
response to 1 or more tumor necrosis factor inhibitors: 5-year
data from the REFLEX study. J Rheumatol. 2012;39:2238–46.
7. Mease PJ, Cohen S, Gaylis NB, et al. Efficacy and safety of
retreatment in patients with rheumatoid arthritis with previous
inadequate response to tumor necrosis factor inhibitors: results
from the SUNRISE trial. J Rheumatol. 2010;37:917–27.
8. Wendler J, Burmester GR, Sörensen H, et al. Rituximab in
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