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ABSTRACT
Objective To demonstrate pharmacokinetic equivalence
of CT-P10 and innovator rituximab (RTX) in patients
with rheumatoid arthritis (RA) with inadequate responses
or intolerances to antitumour necrosis factor agents.
Methods In this randomised phase I trial, patients with
active RA were randomly assigned (2:1) to receive
1000 mg CT-P10 or RTX at weeks 0 and 2 (alongside
continued methotrexate therapy). Primary endpoints were
area under the serum concentration–time curve from
time zero to last quantifiable concentration (AUC0–last)
and maximum serum concentration after second infusion
(Cmax). Additional pharmacokinetic parameters, efficacy,
pharmacodynamics, immunogenicity and safety were also
assessed. Data are reported up to week 24.
Results 103 patients were assigned to CT-P10 and 51
to RTX. The 90% CIs for the ratio of geometric means
(CT-P10/RTX) for both primary endpoints were within the
bioequivalence range of 80%–125% (AUC0–last: 97.7%
(90% CI 89.2% to 107.0%); Cmax: 97.6% (90% CI
92.0% to 103.5%)). Pharmacodynamics and efficacy
were comparable between groups. Antidrug antibodies
were detected in 17.6% of patients in each group at
week 24. CT-P10 and RTX displayed similar safety
profiles.
Conclusions CT-P10 and RTX demonstrated equivalent
pharmacokinetics and comparable efficacy,
pharmacodynamics, immunogenicity and safety.
Trial registration number NCT01534884.

INTRODUCTION
Rituximab is an anti-CD20 monoclonal antibody
that exerts its effects via depletion of CD20+

B-cells.1 Following clinical trials,2 3 innovator ritux-
imab (RTX) was approved for use in combination
with methotrexate (MTX) in patients with rheuma-
toid arthritis (RA) with an inadequate response or
intolerance to antitumour necrosis factor (TNF)
agents.
CT-P10 is a candidate biosimilar of RTX.

CT-P10 and RTX share an identical primary struc-
ture, as well as highly similar higher-order

structures, post-translational modifications and in
vitro biological activities (see online supplementary
material A for comparative biological data). A key
step in biosimilar development is to demonstrate
pharmacokinetic (PK) equivalence to the innovator
biologic (or ‘reference product’).4 5 We report the
results of a phase I trial that assessed the PK
equivalence—and additionally compared the effi-
cacy, pharmacodynamics (PD), immunogenicity and
safety—of CT-P10 and RTX.

PATIENTS AND METHODS
Patients
Patients were aged 18–75 years, had active RA
despite MTX treatment, and had inadequately
responded or been intolerant to previous treatment
with anti-TNF agents (see online supplementary
material B and C for details of study methods).

Study design and treatment
This multinational, randomised, parallel-group,
double-blind phase I trial was performed between
March 2012 and May 2013 in 55 centres in eight
countries in Europe, Asia and Latin America
(ClinicalTrials.gov identifier NCT01534884).
On day 0, patients were randomly assigned 2:1

to receive intravenous infusions of 1000 mg CT-P10
(CELLTRION, Incheon, Korea) or 1000 mg RTX
(Roche, Welwyn Garden City, UK) at day 0 (week 0)
and week 2.
The main objective was to demonstrate PK

equivalence between CT-P10 and RTX as assessed
using the primary endpoints, area under the serum
concentration–time curve from time zero to last
quantifiable concentration (AUC0–last) and maximum
serum concentration after second infusion (Cmax).

Statistical analyses
The primary statistical analysis was a comparison of
AUC0–last and Cmax between CT-P10 and RTX
groups, stratifying for region and prior anti-TNF
agent status at baseline. The PK of the two drugs
were to be considered equivalent if 90% CIs for
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the ratio of geometric means (CT-P10/RTX) of both primary
endpoints fell within the bioequivalence range (80%–125%).

RESULTS
Patients
Overall, 154 patients were enrolled and randomised to CT-P10
(N=103) or RTX (N=51) (see online supplementary material
D). Demographics and baseline scores for disease activity assess-
ments were similar between groups (table 1). Systemic cortico-
steroid use was also similar in the CT-P10 and RTX groups

(mean daily dose (prednisolone equivalent): 6.30 and 6.69 mg,
respectively, at baseline; 6.24 and 6.72 mg at week 24).

Pharmacokinetics
The PK of CT-P10 and RTX were equivalent since 90% CIs for
the ratio of geometric means (CT-P10/RTX) for both AUC0–last

and Cmax were within the bioequivalence range (table 2; see
online supplementary material E). All secondary PK endpoints
were also highly similar between groups (table 2). Geometric
means of AUC0–last and Cmax were higher in patients negative
for antidrug antibodies (ADA) than in those with at least one
post-treatment ADA-positive result. Both endpoints, however,
were equivalent across treatment groups in each ADA subset
(see online supplementary material F).

To rule out effects of intrapatient variability on PK, individ-
ual patient log values of the two primary endpoints were
plotted against each other. Positive high correlation between
log(AUC0–last) and log(Cmax) was observed in both treatment
groups. Interpretation of the same analysis by ADA subset was
limited by the small number of patients; however, similar cor-
relation trends were also observed (see online supplementary
material G).

Efficacy
Efficacy was similar between treatments groups, with improve-
ments from baseline observed in all endpoints. American
College of Rheumatology (ACR) response rates were highly
similar between groups (figure 1A). Mean changes from baseline
at week 24 in all components of the ACR response were also
highly similar between CT-P10 and RTX (see online
supplementary material H), as was median (25th percentile,
75th percentile) time-to-onset of ACR20 response (58.0 (57.0
to 116.0) days and 60.0 (57.0 to 169.0) days for CT-P10 and
RTX, respectively). The proportion of patients achieving good
or moderate European League Against Rheumatism (EULAR)

Table 1 Demographics and baseline disease characteristics,
including baseline scores for disease activity assessments (safety
population)*

CT-P10
N=102

RTX
N=51

Age (years) 49.8±12.6 51.3±10.9

Sex, no. (%) of patients

Female 88 (86.3) 46 (90.2)

Male 14 (13.7) 5 (9.8)

Ethnicity, no. (%) of patients

Caucasian 69 (67.6) 35 (68.6)

Asian 15 (14.7) 9 (17.6)

Other 18 (17.6) 7 (13.7)

Height (cm) 161.9±8.1 162.1±8.7

Weight (kg) 71.4±17.7 72.4±16.0

Body mass index (kg/m2) 27.2±6.0 27.5±5.5

Disease duration (years) 11.0±7.8 10.3±9.1

C reactive protein (mg/dL) 1.8±1.7 2.1±3.0

Erythrocyte sedimentation rate (mm/hour) 49.5±24.5 50.1±26.7

RF positive, no. (%) of patients 82 (80.4) 40 (78.4)

Anti-CCP positive, no. (%) of patients 86 (84.3) 43 (84.3)

Swollen joint count (66 joints assessed) 16.5±8.2 14.5±7.0

Tender joint count (68 joints assessed) 27.4±14.8 27.1±14.2

Disease Activity Score in 28 joints

C reactive protein 6.0±0.9 6.0±0.9

Erythrocyte sedimentation rate 6.8±0.9 6.7±0.9

Health Assessment Questionnaire Disability Index score 1.7±0.7 1.7±0.7

Prior anti-TNF agents, no. (%) of patients

1 88 (86.3) 42 (82.4)

2 14 (13.7) 9 (17.6)

Prior anti-TNF agent status, no. (%) of patients

Failure 93 (91.2) 47 (92.2)

Intolerance 9 (8.8) 4 (7.8)

Duration of prior TNF-antagonist use (months) 18.9±20.3 23.7±26.7

Prior TNF antagonists used, no. (%) of patients†

Adalimumab 37 (36.3) 18 (35.3)

Certolizumab 3 (2.9) 2 (3.9)

Etanercept 30 (29.4) 19 (37.3)

Golimumab 12 (11.8) 3 (5.9)

Infliximab 32 (31.4) 19 (37.3)

Investigational drug‡ 3 (2.9) 1 (2.0)

Weekly dose of MTX at baseline (mg) 15.4±4.8 15.7±4.1

*Except where indicated otherwise, values are mean±SD.
†Some patients had previously received more than one anti-TNF agent.
‡Refers to any anti-TNF agent given in a prior study.
CCP, cyclic citrullinated peptide; MTX, methotrexate; RF, rheumatoid factor; RTX,
rituximab; TNF, tumour necrosis factor.

Table 2 PK endpoints (PK population)

Parameter
CT-P10
(N=96)

RTX
(N=45)

Primary endpoints*

AUC0–last (day×mg/mL) 7838.6 8021.9

Ratio of geometric means (%)
90% CI of ratio (%)

97.7
89.2 to 107.0

Cmax (mg/mL) 465.9 477.5

Ratio of geometric means (%)
90% CI of ratio (%)

97.6
92.0 to 103.5

Secondary endpoints†

Cmax, 1 (mg/mL) 391.2±127.2 396.2±87.3

Ctrough (mg/mL) 85.1±75.5 80.3±23.6

Vd (L) 5.3±1.4 5.2±1.3

CL (L/day) 0.3±0.1 0.3±0.1

T1/2 (day) 14.9±3.7 14.5±3.1

Tmax (hour), median (minimum, maximum) 3.9 (2.1, 24.0‡) 3.8 (2.3, 5.3)

*Values for primary endpoints are the geometric mean.
†Values for secondary endpoints are mean±SD except where indicated otherwise.
‡Only one patient in the CT-P10 group reported an extremely high Tmax (on day 1 of
week 0 (ie, at 24 hours)).
AUC0–last, area under the serum concentration–time curve from time zero to last
quantifiable concentration; CL, total body clearance over both infusions; Cmax, maximum
serum concentration (after second infusion); Cmax, 1, maximum serum concentration
after first infusion; Ctrough, trough serum concentration before second infusion; PK,
pharmacokinetic; T1/2, terminal elimination half-life after second infusion; Tmax, time to
Cmax after both first and second infusions; RTX, rituximab; Vd, volume of distribution.
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responses, and decreases in mean scores from baseline in
Disease Activity Score in 28 joints (DAS28), Clinical Disease
Activity Index and Simplified Disease Activity Index, were com-
parable between the two groups (figure 1B–D). At week 24,
mean changes from baseline in DAS28 were not significantly dif-
ferent between the CT-P10 and RTX groups (DAS28-C reactive
protein (CRP): −1.946 and −2.047, respectively (p=0.66; 95%
CI for the difference in change from baseline: −0.36 to 0.43);
DAS28-erythrocyte sedimentation rate, −2.065 and −2.147
(p=0.73; 95% CI −0.39 to 0.56)). Improvements in the
36-item Short Form Health Survey (SF-36) and physical compo-
nent and mental component summary scores were of similar
magnitude in the two treatment groups.

At week 24, ACR20 response rates in the CT-P10 and RTX
groups, respectively, were 61.1% and 62.5% in patients with

ADAs and 67.5% and 75.0% in those without ADAs. There was
no statistically significant difference in ACR20 response rate
between ADA subsets in each treatment group. Similarly, there
were no significant differences in good or moderate EULAR
response rates between ADA subsets in either treatment group.

PD and immunogenicity
Rapid and complete depletion of CD19+ peripheral B-cells was
observed after infusion of CT-P10 or RTX (see online
supplementary material I). No significant reductions in immuno-
globulin levels were observed (see online supplementary
material J).

ADAs were detected in 18 (17.6%) and 9 (17.6%) patients in
the CT-P10 and RTX groups, respectively, at week 24;

Figure 1 (A) Proportion of patients with an ACR20, ACR50 and ACR70 response. (B) Proportion of patients achieving a good or moderate EULAR
response. (C) Mean DAS28 over time. (D) Mean CDAI and SDAI over time. Data are shown for the efficacy population (CT-P10, N=100; RTX, N=48).
ACR, American College of Rheumatology; ACR20, 20% response according to the ACR criteria for improvement; ACR50, 50% response according to
the ACR criteria for improvement; ACR70, 70% response according to the ACR criteria for improvement; CDAI, Clinical Disease Activity Index; CRP, C
reactive protein; DAS28, Disease Activity Score in 28 joints; ESR, erythrocyte sedimentation rate; EULAR, European League Against Rheumatism;
RTX, rituximab; SDAI, Simplified Disease Activity Index.
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neutralising antibodies were detected at week 24 in 2 (2.0%)
and 1 (2.0%) patient, respectively.

Safety
Adverse events occurred in 52 (51.0%) and 38 (74.5%) patients
in the CT-P10 and RTX groups, respectively, and serious
adverse events in 5 (4.9%) and 3 (5.9%). Infusion-related reac-
tions occurred in 17 (16.7%) patients in the CT-P10 group and
10 (19.6%) in the RTX group. These reactions occurred after
the first and second infusions in 15 (14.7%) and 4 (4.0%)
patients, respectively, in the CT-P10 group and in 10 (19.6%)
and no patients in the RTX group. Most infusion-related reac-
tions were grade 1 or 2 in severity; one was grade 3 (headache
in the CT-P10 group; resolved without treatment). Infections
occurred in 24 (23.5%) and 13 (25.5%) patients in the CT-P10
and RTX groups, respectively. There were no life-threatening
(grade 4) adverse events or deaths.

In each treatment group, there were no statistically signifi-
cant differences in the incidence of serious adverse events,
infusion-related reactions or infections between patients with

and without ADAs at week 24 (p>0.05 for all comparisons).
Online supplementary material K reports additional safety
data.

DISCUSSION
The primary aim of this study was to demonstrate PK bioequiva-
lence between CT-P10 and RTX in patients with RA. Unlike
most phase I trials, the study also assessed efficacy. Another
unusual feature was the 2:1 randomisation scheme. Original
sample size calculations for the primary endpoint showed 50
patients were needed in each group considering a 20% drop-out
rate. However, to allow further assessment of CT-P10 safety, we
recruited another 50 patients to the CT-P10 group; this also led
to an increase in study power.

The primary endpoints (AUC0–last and Cmax) were equivalent
between CT-P10 and RTX as the 90% CIs for the ratios of their
geometric mean values were within the predefined equivalence
margins. These margins (80%–125%) were considered appropri-
ate, and tighter margins not feasible, due to the broad therapeutic
window of RTX and high interpatient variability in AUC

Figure 1 Continued
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previously observed with RTX.6–8 In both groups, mean AUC0–

last and Cmax were similar to previous reports for RTX in patients
with RA (AUC0–last (μg hour/mL): 200 238 and 203 783 for
CT-P10 and RTX, respectively, vs 190 320–242 000;6 7 Cmax (μg/
mL): 466 and 478, respectively, vs 355–453).7 8 Secondary PK
outcomes were also highly similar between CT-P10 and RTX.

Highly similar efficacy data were observed between the two
treatments groups. ACR/EULAR responses and DAS28 scores in
both groups were similar to those observed with RTX in the
REFLEX and DANCER trials.2 3 Decreases in CRP levels (mg/
dL) at week 24 were slightly lower in this study than in
REFLEX (−2.1 for RTX in REFLEX vs −0.8 and −1.1 for
CT-P10 and RTX, respectively, here). This is likely a reflection
of the higher baseline CRP level in REFLEX (3.7 vs 1.8 and
2.1, respectively).2 In the current study, no significant effects of
ADAs on efficacy were observed although numerical reductions
in response rates (of around the same magnitude) were noted in
both treatment groups.

B-cell kinetic observations were as expected while the propor-
tion of ADA-positive patients (17.6% in each group at week 24)
was higher than observed in previous RTX studies (12.7%).8

This may have been because the electrochemiluminescent
immunoassay used is more sensitive than the ELISA employed
in most RTX trials.9 False ADA-positive results were observed in
some patients at baseline, probably due to assay interference by
CD20+ B-cell membrane fragments.10

Safety findings for CT-P10 and RTX were comparable. The
incidence of infusion-related reactions declined with subsequent
infusions in both groups. That no such reactions were reported
after the second infusion in the RTX group, compared with a
rate of around 9% in other RTX trials,11 was likely a random
finding. Presence of ADAs did not affect the safety of either
drug.

In this study, CT-P10 and RTX demonstrated equivalent PK
and comparable efficacy, PD, safety and immunogenicity up to
week 24 in patients with RA. The results provide a clear ration-
ale for future studies of CT-P10.
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