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1) Introduction

Celltrion (referred to as “the Applicant” in the rest of this document) has submitted a biologics 
license application (BLA) under section 351(k) of the Public Health Service Act (PHS Act) for 
CT-P10, a proposed biosimilar to US-licensed Rituxan (rituximab). US-licensed Rituxan was 
originally licensed in the US in November 1997 and European Union (EU)-approved 
rituximab is marketed under the name MabThera. The Applicant is seeking licensure of CT-
P10 for the following indications for which US-licensed Rituxan is licensed:3 

1. Non-Hodgkin’s Lymphoma (NHL)

1 In this document, we generally refer to Celltrion’s proposed product by the Applicant descriptor “CT-P10” 
which was the name used to refer to this product during development. Subsequently, the nonproprietary name for 
this proposed product has been conditionally accepted to be “rituximab-abbs.”  

3 FDA-approved Rituxan labeling

Reference ID: 4226489

(b) (4)

(b) (4)

(b) (4)



Division Memo 351(k) BLA 761088: CT-P10
DHHS/FDA/CDER/ODEII/DPARP Celltrion

2

The Division of Hematology Products (DHP) is the lead division for this application and will 
review the data pertinent to the oncology indications sought for licensure. The Division of 
Pulmonary, Allergy, and Rheumatology Products (DPARP) is the collaborating review 
Division for this application and has reviewed data pertinent to the non-oncology indications 
sought for licensure.

The application consists of:

 Extensive analytical data intended to support a demonstration that CT-P10 and US-
licensed Rituxan are highly similar, and intended to support the analytical component 
of the scientific bridge used to justify the relevance of data collected with EU-approved 
MabThera in support of the demonstration of biosimilarity of CT-P10 to US-licensed 
Rituxan.

 Non-clinical data to support the similarity of the pharmacologic and toxicologic 
profiles of CT-P10 and EU-approved MabThera. 

 A pharmacokinetic (PK) and comparative clinical study (Study CT-P10 3.2, referred to 
as study 3.2) between CT-P10, US-licensed Rituxan, and EU-approved MabThera in 
patients with RA to support a demonstration of no clinically meaningful differences in 
terms of safety, purity, and potency in RA. Study 3.2 was a randomized, controlled, 
double blind study conducted in 372 patients with RA. Part 1 was designed to 
demonstrate 3-way PK similarity between CT-P10, US-licensed Rituxan and EU-
approved MabThera, and Part 2 was designed to demonstrate comparative clinical 
safety, efficacy and immunogenicity between CT-P10 and the combined EU-approved 
MabThera and US-licensed Rituxan arms. An extension period including a third 
treatment course included a single transition to further evaluate comparative safety, 
immunogenicity, and efficacy in patients who underwent a single transition from US-
licensed Rituxan or EU-approved MabThera to CT-P10 versus patients remaining on 
US-licensed Rituxan.

 A study in patients with advanced follicular lymphoma (AFL) (Study CT-P10 3.3, 
referenced in this review as study 3.3) was designed to evaluate PK similarity in Part 1 
and therapeutic non-inferiority in Part 2. The study was conducted in 140 patients.  Of 
note, this study is reviewed by the Division of Hematology Products review team.  
Clinical data from this study will be referenced in this review only if relevant. 

 Supportive information from a PK study (Study CT-P10 1.1, referenced in this review 
as study 1.1) and subsequent follow-on open-label study (Study CT-P10 1.3, 
referenced in this review as study 1.3) in patients with rheumatoid arthritis providing a 
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comparison of CT-P10 and EU-approved MabThera and long-term safety of CT-P10.  
These studies used a non-commercial manufacturing process CT-P10 drug product and 
therefore were reviewed as supportive. Study 1.1 included 154 patients with RA, 
randomized 2:1 to CT-P10 or EU-approved MabThera and study 1.3 included 58 
patients with RA continuing from study 1.1 all treated with CT-P10.

 A scientific justification for extrapolation of data to support a determination of 
biosimilarity in each of the additional indications for which Celltrion is seeking 
licensure. 

This Division memo will address the studies conducted in the RA population as well as 
justification for extrapolation of data and information submitted in the application to support 
licensure of CT-P10 as biosimilar to US-licensed Rituxan for the indications not directly 
studied in the CT-P10 clinical program,

This biologic licensing application (BLA 761088) seeks approval of the product CT-P10 as a 
proposed biosimilar to US-licensed Rituxan (a chimeric monoclonal anti-CD20). The 
biosimilar licensure pathway under section 351(k) of the Public Health Service Act (PHS Act) 
requires that the proposed biological product is highly similar to the reference product 
notwithstanding minor differences in clinically inactive components and that there are no 
clinically meaningful differences between the proposed biosimilar and reference products in 
terms of safety, purity and potency. Both parts of the statutory definition need to be met to 
demonstrate biosimilarity, but the foundation of the data demonstrating biosimilarity is 
extensive structural and functional characterization to support a demonstration that the 
products are highly similar. 

2) Background

The BPCI Act

The Biologics Price Competition and Innovation Act of 2009 (BPCI Act) was signed into law 
on March 23, 2010. The BPCI Act created an abbreviated licensure pathway for biological 
products shown to be “biosimilar” to or “interchangeable” with an FDA-licensed biological 
product (the “reference product”). This abbreviated licensure pathway under section 351(k) of 
the PHS Act permits reliance on certain existing scientific knowledge about the safety and 
effectiveness of the reference product, and enables a biosimilar biological product to be 
licensed based on less than a full complement of product-specific nonclinical and clinical data.

Section 351(i) of the PHS Act defines the terms “biosimilar” or “biosimilarity” to mean that 
“the biological product is highly similar to the reference product notwithstanding minor 
differences in clinically inactive components” and that “there are no clinically meaningful 
differences between the biological product and the reference product in terms of the safety, 
purity, and potency of the product.”  A 351(k) application must contain, among other things, 
information demonstrating that the proposed product is biosimilar to a reference product based 
upon data derived from analytical studies, animal studies, and a clinical study or studies, 
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unless FDA determines, in its discretion, that certain studies are unnecessary in a 351(k) 
application (see section 351(k)(2) of the PHS Act).

Development of a biosimilar product differs from development of a biological product 
intended for submission under section 351(a) of the PHS Act (i.e., a “stand-alone” marketing 
application). The goal of a “stand-alone” development program is to demonstrate the safety, 
purity and potency of the proposed product based on data derived from a full complement of 
clinical and nonclinical studies. The goal of a biosimilar development program is to 
demonstrate that the proposed product is biosimilar to the reference product. While both stand-
alone and biosimilar product development programs generate analytical, nonclinical, and 
clinical data, the number and types of studies conducted will differ based on differing goals 
and the different statutory standards for licensure. 

To support a demonstration of biosimilarity, FDA recommends that applicants use a stepwise 
approach to developing the data and information needed. At each step, the applicant should 
evaluate the extent to which there is residual uncertainty about the biosimilarity of the 
proposed product to the reference product and identify next steps to try to address that 
uncertainty. The underlying presumption of an abbreviated development program is that a 
molecule that is shown to be structurally and functionally highly similar to a reference product 
is anticipated to behave like the reference product in the clinical setting(s). The stepwise 
approach should start with extensive structural and functional characterization of both the 
proposed biosimilar product and the reference product, as this analytical characterization 
serves as the foundation of a biosimilar development program. Based on these results, an 
assessment can be made regarding the analytical similarity of the proposed biosimilar product 
to the reference product and, once the applicant has established that the proposed biosimilar 
meets the analytical similarity prong of the biosimilarity standard, the amount of residual 
uncertainty remaining can be assessed with respect to both the structural/functional evaluation 
and the potential for clinically meaningful differences. Additional data, such as nonclinical 
and/or clinical data, can then be tailored to address these residual uncertainty(-ies).

The ‘totality of the evidence’ submitted by the applicant should be considered when evaluating 
whether an applicant has adequately demonstrated that a proposed product meets the statutory 
standard for biosimilarity to the reference product. Such evidence generally includes structural 
and functional characterization, animal study data, human PK and, if applicable, 
pharmacodynamics (PD) data, clinical immunogenicity data, and other clinical safety and 
effectiveness data. 

Reference Product

In general, an applicant needs to provide information to demonstrate biosimilarity based on 
data directly comparing the proposed product with a US-licensed reference product. When an 
applicant’s proposed biosimilar development program includes data generated using a non-
US-licensed comparator product to support a demonstration of biosimilarity to the US-licensed 
reference product, the applicant should provide adequate data or information to scientifically 
justify the relevance of these comparative data to an assessment of biosimilarity and establish 
an acceptable bridge to the US-licensed reference product. 
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Relevant Regulatory History

The first interaction between Celltrion and the FDA on the CT-P10 development program 
occurred through the Biosimilar Biological Product Development (BPD) meeting held on 
March 19, 2014 with follow up interactions to include three Type 2 BPD meetings held on 
July 13, 2015, February 12, 2016 and January 17, 2017 and one Type 3 BPD meeting on 
January 17, 2017. Written responses to Celltrion’s questions were provided prior to the Type 4 
BPD meeting scheduled April 26, 2017.  Celltrion subsequently cancelled the meeting.

During the pre-submission interactions, FDA provided product quality, nonclinical, and 
clinical comments, including recommendations to the Applicant regarding clinical 
development, such as: 

 Design, endpoints, and selection of the similarity margin for the comparative clinical 
study in RA. 

 Design of a 3-way PK similarity study to establish the PK element of the scientific 
bridge between CT-P10, US-licensed Rituxan, and EU-approved MabThera

 Design and assessment of safety and immunogenicity in the setting of RA patients who 
undergo a single transition from US-licensed Rituxan to CT-P10 to provide a 
descriptive comparison with patients who remain on US-licensed Rituxan in the RA 
comparative clinical study.

 The proposed format and content of the BLA, including the Agency’s expectation for 
the data and information needed to support a demonstration of biosimilarity and 
extrapolation of data to support the demonstration of biosimilarity for each indication 
for which licensure is sought. 

CT-P10 was approved for marketing in South Korea in November 2016, and the EU in 
February 2017.

3) CMC/Product Quality

The product quality, analytical similarity, microbiology, and immunogenicity data submitted 
in this application were reviewed by Office of Biotechnology Products (OBP), OPQ, CDER.  

CT-P10 is a chimeric anti-CD20 IgG1 monoclonal antibody manufactured in Chinese hamster 
ovary (CHO) cells.  The CT-P10 drug product, 100 mg/10 mL and 500 mg/50 mL solution in a 
single-use vial, has the same formulation as the US-licensed Rituxan. 

The product quality review team has determined that the analytical similarity assessment, as 
presented in the BLA, is acceptable to support the conclusions that:

 The biological product, rituximab-abbs, is highly similar to U.S.-licensed Rituxan
 The analytical component of the scientific bridge has been established to justify the 

relevance of data generated using the EU-approved MabThera to support the 
demonstration of biosimilarity of CT-P10 to US-licensed Rituxan.
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However, the OBP has also determined that the data submitted in this application are not 
sufficient to support a conclusion that the manufacture of Truxima is well-controlled and will 
lead to a product that is pure and potent for the proposed duration of the shelf-life.  From a 
CMC standpoint, OBP is recommending a Complete Response letter be issued to Celltrion to 
outline deficiencies and the information and data that will be required to support approval. 

Additionally, this application cannot be approved during this review cycle due to facility 
deficiencies. A pre-license inspection of CT-P10 drug substance and drug product 
manufacturing facility could not be conducted due to Official Action Indicated (OAI) status 
associated with a Warning Letter (WL 320-18-28) issued to Celltrion. 

Further, the Division of Microbiology Assessment, OPF, OPQ is recommending a Complete 
Response letter be issued to Celltrion to outline deficiencies and the information and data that 
will be required to support approval. 

For further details, refer to the product quality team review. 

4) Assessment of Clinically Meaningful Differences: 
Clinical Pharmacology 

Clinical Pharmacology Reviewer: Sang Chung, Ph.D.
Clinical Pharmacology Team Leaders: Anshu Marathe, Ph.D./Sarah J. Schrieber, Pharm.D.

The objectives of the CT-P10 clinical pharmacology program were to evaluate the 
pharmacokinetic similarity between CT-P10 and US-licensed Rituxan, and to support the PK 
element of the scientific bridge between CT-P10, US-licensed Rituxan, and EU-approved 
MabThera.

The clinical data in this BLA submission for CT-P10 included results from three clinical 
studies in RA and one clinical study in AFL. The key design features of the RA studies are 
summarized in Table 2 and described in detail in the section titled “Overview of the Clinical 
Program in RA” and in the Appendix. The pivotal clinical pharmacology study supporting this 
application was study 3.2. 

Based on the data from study 3.2, the Office of Clinical Pharmacology concluded that PK 
similarity was demonstrated between CT-P10 and US-licensed Rituxan in patients with RA. 
Additionally, the PK component of the scientific bridge between CT-P10, US-licensed 
Rituxan, and EU-approved MabThera was also demonstrated. The 90% CI of the geometric 
least square mean (GLSM) ratios for AUC0-t, AUC0-inf, and AUC0-14d were within the PK 
similarity acceptance criteria of 80% to 125% for each pairwise comparison of the three 
products as shown in Table 1 and Figure 1.
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Table 1. Summary Statistical Analyses for PK Similarity, Study 3.2

Parameter Comparison Ratio (%) of GLSM 90% CI of Ratio (%)
Primary

CT-P10 vs. US-Rituxan 98.5 88.7-109.5
CT-P10 vs. EU-MabThera 94.7 85.1-105.3

AUC0-last

MabThera vs. US-Rituxan 104.1 93.5-115.8
CT-P10 vs. US-Rituxan 97.1 87.9-107.3
CT-P10 vs. MabThera 89.4 80.8-99.0

AUC0-inf

MabThera vs. US-Rituxan 108.6 98.1-120.2
CT-P10 vs. US-Rituxan 98.9 90.8-107.7
CT-P10 vs. MabThera 89.0 81.6-97.1

AUC0-14d

MabThera vs. US-Rituxan 111.1 101.9-121.1
Secondary

CT-P10 vs. US-Rituxan 96.7 90.3-103.7
CT-P10 vs. MabThera 89.3 83.3-95.7

Cmax

MabThera vs. US-Rituxan 108.3 101.0-116.2
Source: FDA analysis of data from Celltrion 351(k) BLA submission

Figure 1. Mean (SE) Rituximab Serum Concentration vs. Time Profile in Patients with 
RA, Study 3.2

Source: FDA analysis of data from Celltrion 351(k) BLA submission

Additionally, the Applicant provided PK data from study 3.3 in patients with advanced 
follicular lymphoma (AFL).  Patients in that study were randomized to receive CT-P10 or US-
licensed Rituxan following 375 mg/m2 at Day 1 of each 21-day cycle. The Core Study Period 
was a double-blind, randomized (1:1), 2-arm, active-controlled, parallel-group study designed 
with up to 8 cycles to compare the pharmacokinetic profiles of CT-P10 and US-licensed 
Rituxan (n=121). Based on the data from this study, the clinical pharmacology review team 
concluded, that exposures (AUCtau and Cmax) were comparable between CT-P10 and US-
licensed Rituxan following multiple dosing (Cycle 4). The Ctrough and Cmax data 
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demonstrate that apparent steady-state may be reached during Cycle 4.   For further details, 
refer to the clinical pharmacology team review.

The incidence of immunogenicity for CT-P10 and US-licensed Rituxan was compared in a 
multiple-dose, parallel-arm study in patients with RA (study 3.2). The results indicate similar 
incidence and titers of anti-drug antibodies (ADA) for both products. While the development 
of ADAs appears to decrease exposure of the products, the impact of ADAs on PK was similar 
between treatment groups. No apparent impact of ADA was observed on safety or efficacy, as 
further discussed in the Immunogenicity Assessment section in this document. Therefore, the 
data indicate that there is no increase in immunogenicity risk for CT-P10 as compared to US-
licensed Rituxan, which supports the demonstration that there are no clinically meaningful 
differences between CT-P10 and US-licensed Rituxan.

Overall, the Office of Clinical Pharmacology concluded that the submitted clinical 
pharmacology study data adequately demonstrated similarity of PK between CT-P10, US-
licensed Rituxan, and EU-approved MabThera in patients with RA. The PK results support a 
demonstration of no clinically meaningful differences between CT-P10 and US-licensed 
Rituxan, and add to the totality of the evidence to support a demonstration of biosimilarity for 
CT-P10 to the reference product, US-licensed Rituxan.

Based on the data submitted by the Applicant, the Office of Clinical Pharmacology 
recommended approval of CT-P10 based on demonstration of PK similarity between CT-P10 
and US-licensed Rituxan in patients with RA.

For further details, refer to the clinical pharmacology team review. 

5) Assessment of Clinically Meaningful Differences: 
Clinical Safety, Efficacy, and Immunogenicity in RA

Primary Statistical Reviewer: James Travis, Ph.D. 
Acting Statistical Team Leader: Robert Abugov, Ph.D.

Primary Clinical Reviewer: Stefanie Freeman, M.D. 
Clinical Team Leader: Nikolay Nikolov, M.D.

Overview of the Clinical Program in RA

To evaluate whether there were clinically meaningful differences between CT-P10 and 
US-licensed Rituxan, the clinical development program for CT-P10 included three clinical 
studies in patients with rheumatoid arthritis (RA).  The primary clinical study in the 
development program for RA was study 3.2 which used CT-P10 manufactured by the 
commercial manufacturing process and was designed as a PK similarity study, a comparative 
clinical study, and a study to assess safety and immunogenicity in patients undergoing a single 
transition from US-licensed Rituxan to CT-P10.  As such, this study was the primary focus of 
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this review.  Studies 1.1 and the open-label follow-on study 1.3, were conducted with a non-
commercial drug product manufacturing process and provided supportive clinical data in RA 
which was discussed in the context of supportive safety data in this review.  Study 1.1 was 
designed to demonstrate PK similarity between CT-P10 and EU-approved MabThera and 
Study 1.3 provided longer duration open label data. The key design features of these studies 
are summarized in Table 2.  Detailed descriptions of these studies are included in the 
Appendix. 

Table 2. CT-P10 Clinical Studies in RA Patients

Study 
ID

Design Objective/Duration Treatment Total Number 
(randomization)
Arms: # per Arm

Main Study in RA (Commercial Drug Product Manufacturing Drug Processes C and D)
CT-P10 
3 2

R, C, DB, 
PG 

Part 1: 3-way PK similarity between 
CT-P10, Rituxan and MabThera (24 
weeks)
Part 2: CCS between CT-P10 and the 
combined reference products 
(Rituxan and MabThera) (up to week 
48).
Efficacy assessed by change from 
baseline in DAS28 (CRP) at Week 
24.
Part 3: Extension period with single 
transition for safety and 
immunogenicity
(up to 76 weeks)

CT-P10, US-Rituxan or 
MabThera (1000 mg) 
co-administered with 
MTX (7.5-25 
mg/week); up to 2 
courses* in the Main 
study (parts 1 and 2) 
and 1 additional 
course* in the extension 
portion.

Part 1: N=189 (1:1:1)
• CT-P10: 64
• EU-Mab Thera: 65
• US-Rituxan: 60

Part 2: N=372 patients (includes 
patients from Part 1)

• CT-P10: 161
• EU-Mab Thera: 60
• US-Rituxan: 151

Part 3 (Extension): N=295
• CT-P10 continued: 

122
• US-Rituxan 

continued: 64
• US-RituxanCT-

P10: 62
• EU-MabTheraCT-

P10: 47
Supportive Studies in RA (Non-commercial Drug Product Manufacturing Process B)
CT-P10 
1 1

R, C, PG, 
DB

PK similarity between CT-P10 and 
EU-MabThera (AUC, Cmax) up to 
Week 24.
Evaluate additional PK variables, 
long-term efficacy and safety up to 
Week 72.

 CT-P10 or MabThera  
1000 mg) co-
administered with MTX 
(10-25 mg/week), up to 
2 courses* of treatment

N= 154 (2:1)

CT-P10: 103
EU-MabThera: 51

CT-P10 
1 3

OL, 
single-arm 
Extension

Extension study to CT-P10 1.1
Long-term safety (up to 104 weeks)

CT-P10 (1000 mg) co-
administered with MTX 
(10-25 mg/week), up to 
2 courses* of treatment

N= 58 

CT-P10 continued: 38
MabTheraCT-P10: 20

R: randomized, C: controlled, DB: Double-blind, OL: open-label, PG: parallel group
*each course of treatment consists of 2 infusions with a 2-week interval

CT-P10 Clinical Program in RA: Study Design and Endpoints

Study 3.2 (Figure 2) provided clinical data evaluating whether there are clinically meaningful 
differences between CT-P10 and US-licensed Rituxan, including assessments of similarity in 
PK, clinical efficacy, safety, and immunogenicity. Initially, patients were randomized in a 
1:1:1 ratio to CT-P10, US-licensed Rituxan, or EU-approved MabThera (Figure 2, part 1). 
Once a sufficient number of patients were enrolled to evaluate the pharmacokinetics in all 
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three arms, all newly enrolled patients were randomized in a 1:1 ratio to CT-P10 or US-
licensed Rituxan (Figure 2, part 2). At the end of part 2, patients who received US-licensed 
Rituxan or EU-approved MabThera were pooled into a single group for PK primary and 
efficacy analyses. 

Patients enrolled in either part of the study were provided first and second courses of treatment 
as appropriate and evaluated for 48-weeks. They were then enrolled in a study extension 
(Figure 3) to compare the safety and immunogenicity between patients who underwent a single 
transition from US-licensed Rituxan to CT-P10 and those who continued to receive US-
licensed Rituxan. During the study extension, patients previously treated with CT-P10 
remained on CT-P10 and patients originally randomized to US-licensed Rituxan were 
randomized 1:1 to either continue US-licensed Rituxan or to switch to CT-P10 (Figure 4), and 
all patients originally randomized to EU-approved MabThera were switched to CT-P10. The 
transition portion of the study is discussed in greater detail below in the safety and 
immunogenicity sections of this review.

The objectives of the PK similarity analysis were to evaluate the pharmacokinetic similarity 
between CT-P10 and US-licensed Rituxan and to establish the PK component of the scientific 
bridge between CT-P10, EU-approved MabThera and US-licensed Rituxan. The PK analysis 
utilized only the data collected from patients randomized in part 1 of the study. The objective 
of part 2 was to assess the safety and efficacy of CT-P10 compared to both US-licensed 
Rituxan and EU-approved MabThera in the RA setting.  Parts 1 and 2 were designed to 
support a demonstration of no clinically meaningful differences between CT-P10 and US-
licensed Rituxan. The efficacy analysis utilized data collected from patients randomized in 
either parts of the study and grouped the Rituxan and MabThera arms together.  
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Figure 2: Assignment of New Patients During Main Study Period, Study 3.2

Source: Celltrion 351(k) BLA submission

Figure 3: Schematic, Study 3.2

Source: Celltrion 351(k) BLA submission
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Figure 4: Patient Assignments, Study 3.2 Extension Period

Source: Celltrion 351(k) BLA submission

Patients enrolled in study 3.2 were: 
 male or female;
 between 18 and 75 years old, inclusive;
 diagnosed with RA at least 6 months prior to randomization;
 diagnosed with active RA at screening, with 6 or more swollen joints (of 66 assessed) 

and 6 or more tender joints (of 68 assessed), and with serum CRP ≥15 mg/L or ESR 
≥28 mm/hour; 

 with inadequate response or intolerant to previous or current treatment with the anti-
tumor necrosis factor (TNF) agents infliximab, golimumab, adalimumab or etanercept;

 administered methotrexate (7.5 to 25 mg/week orally or parenterally) for 12 weeks 
prior to screening, with dose stable during the last 4 weeks.

Patients who had taken more than two previous biologic agents, had previous exposure to 
rituximab, or who had participated in a prior rituximab biosimilarity study, were excluded 
from the study. 

The first infusion of study drug was administered on the day of randomization, denoted as day 
0 (Figure 3). Patients then received a second study drug infusion on day 14. At week 24, after 
completion of the primary efficacy assessments, patients started a second course of infusions. 
Patients enrolled in the extension study initiated a third, 24-week, course of treatment starting 
at the week 48 study visit.  

The primary efficacy endpoint for this study was change at week 24 from baseline Disease 
Activity Score using 28 joint counts and CRP, denoted as DAS28 (CRP), and calculated as:

DAS28 (CRP)
= (0.56 ∗ TJC28) + (0.28 ∗ SJC28) + (0.36
∗ ln (CRP + 1)) + (0.014 ∗ GH) + 0.96

Where:
TJC28 = number of tender joints (0-28): tender joint count (TJC)
SJC28 = number of swollen joints (0-28): swollen joint count (SJC)
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CRP = C-Reactive Protein (CRP) measurement (mg/L)
GH = Patient Global Assessment of Disease Activity measured on VAS (0 – 100 
mm)

A second version of the Disease Activity Score, DAS28 (ESR), uses ESR in place of the CRP 
and was calculated as:

DAS28 (ESR) = (0.56 ∗ TJC28) + (0.28 ∗ SJC28) + (0.70 ∗ ln (ESR)) + (0.014 ∗ GH)

with ESR is measured in units of mm/h. 

A similarity margin of ±0.5 for the primary endpoint, change from baseline in the DAS28 
score, was finalized prior to initiation of the study after discussion with the Agency. This 
recommended similarity margin was determined using a meta-analysis of historical studies 
(Table 3). The upper-bound of the 95% confidence of the combined estimate for the treatment 
effect was approximately −1.1 to −1.0, and the margin of ±0.5 was recommended after 
weighing the clinical importance of various differences in treatment effect against the 
feasibility of different study sizes.

Table 3: Historical Effect of Rituximab on Mean Change in DAS28 at Week 24 in 
Randomized Clinical Trials of Patients with Active RA who were Receiving Background 
Methotrexate (MTX)

MTX + Rituximab MTX + Placebo

Study N
Mean 

Change N
Mean 

Change
Difference in 
Mean Change

(Cohen, et al. 2006)4 298 -1.9 201 -0.4 -1.5

(Emery, et al. 2006)5 122 -2.1 122 -0.7 -1.4

(Emery, et al. 2010)6 170 -1.7 172 -0.8 -0.9

(Edwards, et al. 2004)7 40 -2.6 40 -1.3 -1.3

Meta-Analysis (fixed effects1): Difference (95% CI) -1.3 (-1.4, -1.1)
Meta-Analysis (random effects2): Difference (95% CI) -1.3 (-1.6, -1.0)
Heterogeneity p-value 0.03
Source: Meeting Minutes – BPD Type 2 meeting held February 12, 2016
1 Based on inverse variance weights
2 Based on DerSimonian-Laird approach

4 Cohen, Stanley B., 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 & Rheumatism, no. 54.9 (2006): 2793-2806.
5 Emery, Paul, et al. "The efficacy and safety of rituximab in patients with active rheumatoid arthritis despite 
methotrexate treatment: results of a phase IIB randomized, double‐blind, placebo‐controlled, dose‐ranging trial." 
Arthritis & Rheumatism, no. 54.5 (2006): 1390-1400.
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The Applicant also prespecified the following secondary efficacy endpoints:
 ACR20, ACR50, ACR70 (at week 24, week 48, and extension week 24)
 individual components of the ACR criteria (at Week 24, Week 48, and Extension Week 

24)
 time to onset of ACR20 response (over the 24 weeks)
 mean change from baseline in disease activity measured by DAS28 (CRP) (at Week 

12, 48 and Extension Week 24)
 mean change from baseline in disease activity measured by DAS28 (ESR) (at Week 

12, 24, 48, and Extension Week 24)
 proportion of patients with a good response, defined according to European League 

Against Rheumatism (EULAR) response criteria (at Week 24, 48 and Extension Week 
24)

 hybrid ACR (at Week 24, 48, and Extension Week 24)
 Simplified disease activity index (SDAI) and clinical disease activity index (CDAI) (at 

Week 24, 48, and Extension Week 24)
 radiographic joint damage progression based on the van der Heijde modified Sharp 

score (at week 48, Extension Week 24 and the EOS visit)
 functional disability (Health assessment questionnaire [HAQ] disability index) (at 

Week 24, Week 48, and Extension Week 24)
 health-related quality of life (at Week 24, 48 and Extension Week 24)

Using the American College of Rheumatology (ACR) response criteria, a patient was defined 
as an ACRX responder if all of the following were fulfilled:

 decrease of at least X% from baseline in the number of tender joints (68 joint count)
 decrease of at least X% from baseline in the number of swollen joints (66 joint count)
 decrease of at least X% from baseline in at least three of:

o patient’s assessment of pain (VAS scale, mm)
o patient’s global assessment of disease severity (VAS scale, mm)
o physician’s global assessment of disease activity (VAS scale, mm)
o Health Assessment Questionnaire (HAQ) of physical ability
o serum CRP (mg/dL) concentration or ESR (mm/hr)

Demographics and Disposition
The patient disposition at Week 24 did not differ between CT-P10 and the comparator 
products (Table 4). 

6 Emery, P, et al. "Efficacy and safety of different doses and retreatment of rituximab: a randomised, placebo-
controlled trial in patients who are biological naïve with active rheumatoid arthritis and an inadequate response to 
methotrexate." Annals of the Rheumatic Diseases, 2010.
7 Edwards, Jonathan C. W., et al. "Efficacy of B-Cell–Targeted Therapy with Rituximab in Patients with 
Rheumatoid Arthritis." N Engl J Med, no. 350 (2004): 2572-2851.
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Table 4: Patient Disposition, Study 3.2

CT-P10
n (%)

Rituxan
n (%)

MabThera
n (%)

Combined 
Comparator 

Products
n (%)

Patients randomized 161 151 60 211
Study discontinuation 16 (10%) 9 (6%) 2 (3%) 11 (5%)
  Adverse event 2 4 1 5
  Investigator decision 1 0 0 0
  Patient died 1 0 0 0
  Patient experiences no 
efficacy from study drug 2 1 0 1

  Patient lost to follow-up 1 0 0 0
Source: FDA analysis of data from Celltrion 351(k) BLA submission

Baseline CRP appears to be higher and more variable for the MabThera arm than for the other 
treatment arms (Table 5). DAS28 (CRP) was also somewhat higher compared to the other 
treatment arms. There do not appear to be any differences in the other baseline characteristics. 
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Table 5: Baseline Disease Severity, Study 3.2

Characteristic
Mean (SD)

CT-P10
(n=161)

Rituxan
(n=151)

MabThera
(n=60)

Combined 
Comparator 

Products
(n=211)

DAS28 (CRP) 5.81 (0.876) 5.77 (0.910) 5.99 (0.865) 5.83 (0.900)
DAS28 (ESR) 6.71 (0.822) 6.67 (0.838) 6.77 (0.741) 6.70 (0.811)
C-Reactive Protein
  (mg/dL) 21.8 (32.15) 22.9 (33.56) 33.9 (49.91) 26.0 (39.13)

Erythrocyte Sedimentation
  Rate (mm/h) 54.7 (27.89) 56.2 (28.70) 51.5 (20.54) 54.9 (26.67)

Health Assessment
  Questionnaire 1.72 (0.564) 1.67 (0.589) 1.69 (0.520) 1.68 (0.569)

Swollen Joint Count 
  (28 joints) 11.5 (5.20) 11.1 (4.85) 11.6 (5.13) 11.3 (4.92)

Tender Joint Count 
  (28 joints) 14.9 (6.33) 14.3 (6.24) 15.0 (5.87) 14.5 (6.14)

Swollen Joint Count 
  (66 joints) 15.3 (7.99) 13.9 (6.99) 15.2 (10.42) 14.3 (8.11)

Tender Joint Count 
  (68 joints) 22.4 (12.84) 21.7 (12.76) 22.0 (12.89) 21.8 (12.77)

Years of Disease 10.7 (8.01) 8.8 (7.43) 9.9 (7.39) 9.1 (7.41)
Source: FDA analysis of data from Celltrion 351(k) BLA submission

Statistical Methodologies
The primary endpoint, change from baseline in DAS28 (CRP) at week 24 was analyzed using 
an analysis of covariance (ANCOVA) which included treatment, study part, sex, region, race, 
reason for discontinuing prior anti-TNF therapy, and screening RF or anti-CCP status as 
factors. Since the randomization was modified between parts 1 and 2 of the study, the Agency 
requested that the Applicant additionally include a treatment by interaction term to the model. 
The Applicant’s primary analysis included only patients who completed the Week 24 visit. 

The Applicant conducted three sensitivity analyses to examine the effect of missing data on the 
study conclusion. These analyses were a single imputation last-observation-carried-forward 
approach, a multiple imputation approach, and a tipping point analysis. Only the methodology 
and results for the tipping point analysis will be discussed in this document.

The tipping point analysis was conducted in two stages. In the first stage, patients with missing 
outcome data were imputed using a multiple imputation scheme which treated the missing 
outcome as missing-at-random, i.e that the mechanism determining missingness was assumed 
to be entirely dependent on observed information. In particular, the imputation scheme 
imputed week 24 DAS28 (CRP) scores using treatment, sex, region, race, screening 
rheumatoid factor/anti-CPP status, reason for discontinuing previous anti-TNF alpha therapy 
(inadequate or intolerant), study part, and baseline DAS28 (CRP) score. 
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In the second stage imputed scores for the patients who discontinued were independently 
shifted by various quantities until the point is reached where the study conclusion tipped, i.e., 
no longer met the similarity criteria. Imputed data were analyzed using the same approach 
used for the primary analysis. If the shifts required to tip the conclusion were implausible, then 
missing data is considered to have only minimal impact on the study conclusions.

The FDA statistical team did not agree with the Applicant’s primary analysis for several 
reasons. First, the Applicant excluded patients who did not complete the Week 24 visit from 
their analysis. Second, they did not include baseline DAS28 (CRP) score in their primary 
analysis, which is an important predictor of the final outcome. The baseline score was used in 
the multiple imputation model, but was not used in the tipping point analysis. 

The FDA statistical team also performed analyses of DAS28 (ESR), the individual 
components of both versions of the DAS28 score, and the 20%, 50% and 70% versions of the 
ACR response criteria described in the 'CT-P10 Clinical Program in RA: Study Design and 
Endpoints' section above. DAS28 (ESR) was analyzed using the same approaches used in the 
primary analysis and tipping point analyses for DAS28 (CRP). Individual DAS28 components 
were analyzed using the same approach used for the DAS28 (CRP). Confidence intervals for 
the ACR responder rates were created using the normal approximation to the binomial 
distribution. Patients who did not complete the Week 24 visit were considered to be non-
responders.

CT-P10 Clinical Program in RA: Efficacy Results and Conclusions

Primary Analysis

The Applicant performed their primary analysis on two different populations (Table 6): the 
'efficacy population,' which included all randomized patients who received any doses of study 
drug who did not have any major protocol deviations, and the 'all-randomized population,' 
which included all patients who were randomized and had at least one exposure to study drug.  
Both populations excluded patients who did not complete the week 24 study visit. Protocol 
deviations determining the efficacy population are summarized in the Demographics and 
Disposition section above. Neither of these analysis populations are appropriate as they both 
exclude patients unable to complete the Week 24 visit. 
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Table 6: Change from Baseline DAS28 (CRP) at Week 24, Study 3.2

Treatment Completers
LS Mean 

(SE)

Estimate of 
Treatment 
Difference

90% CI of 
Treatment 
Difference

Efficacy Population
Change in DAS28 (CRP)
  CT-P10 (n=155) 138 -2.11 

(0.176)
-0.01 (-0.22, 0.20)

  Combined comparator  
  products (n=203) 196 -2.10 

(0.178)
All-Randomized Population
Change in DAS28 (CRP)
  CT-P10 (n=161) 139 -2.11 

(0.175)
-0.01 (-0.22, 0.20)

  Combined comparator 
  products (n=211)

197 -2.10 
(0.177)

Source: FDA analysis of data from Celltrion 351(k) BLA submission

Determination of Similarity Margin

The key characteristics of the historical studies used to determine the similarity margins and 
current study 3.2 are summarized in Error! Reference source not found.. There were large 
differences in number of swollen and tender joints for patients in study 3.2 compared to the 
historical studies. These differences do not appear to have affected the baseline DAS28 scores, 
which for study 3.2 are similar to those seen in the historical studies. The change in DAS28 
scores seen in study 3.2 also appears to be similar to that seen in the historical studies. 

One final item to note from Error! Reference source not found. is that there appear to be 
differences in the two different versions of the DAS28 scores. Care should be taken regarding 
which version is used, since there may be less variability in the DAS28 (CRP) scores than in 
the DAS28 (ESR) scores. To investigate this further, the statistical review team also analyzed 
the DAS28 (ESR) and found that it also met the same pre-specified criteria used for the 
DAS28 (CRP), supporting the overall conclusions from the primary efficacy similarity 
analysis.
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Table 7: Historical and Current RA Trials, Population and Conduct 
(Cohen, et al. 

2006)
(Emery, et al. 

2006)
(Emery, et al. 

2010)
(Edwards, et al. 

2004) CT-P10 3.2

Selected 
inclusion/
exclusion 
criteria

≥8 SJC;
≥8 TJC;

CRP ≥ 1.5 mg/dl 
or ESR ≥ 28 

mm/hr;
Radiographic 

evidence of ≥1 
joint erosion.

≥8 SJC;
≥8 TJC;

CRP ≥ 1.5 mg/dl or 
ESR ≥ 28 mm/hr.

≥8 SJC;
≥8 TJC;

CRP ≥ 0.6 mg/dl 
or ESR ≥ 28 

mm/hr.

≥8 SJC;
≥8 TJC;

Plus at least two of 
the following:

CRP ≥ 1.5 mg/dl,
ESR ≥ 28 mm/hr, 

or morning 
stiffness ≥ 45 mins

≥6 SJC;
≥6 TJC;

CRP ≥ 1.5 mg/dl 
or

ESR ≥ 28 mm/hr.

Biologic 
DMARD 
experience 
allowed?

Yes, 
Required at least 
1 prior anti-TNF 

therapy

Yes,
Required at least 1 

prior anti-TNF 
therapy

No Not specified

Yes,
Required at least 1 

anti-TNF agent 
with exposure to 
no more than 2 
biologic agents

Concomitant 
DMARDS

Stable MTX, 
cortico-steroids, 

NSAIDS.

Stable MTX, 
cortico-steroids, 

NSAIDS.

Stable MTX, 
cortico-steroids, 

NSAIDS.

Stable MTX, 
cortico-steroids, 

NSAIDS.

Stable MTX, 
cortico-steroids, 

NSAIDS

Region/
Country

US, EU, Canada 
& Israel

US, EU, Brazil, 
Canada, Mexico, 

New Zealand

US, EU, Canada, 
Guatemala, 

Mexico, 

EU, Australia, 
Canada, Israel.

EU, Bosnia, Chile, 
Columbia, Israel, 

Mexico, Peru, 
Russia, S. Korea, 

Ukraine. 

Mean Baseline 
Characteristics 
of Study 
Population2

TJC68: 33;
SJC66: 23; 

Disease Duration: 
12 yrs.;

HAQ-DI: 1.9.

TJC68: 32-35;
SJC66: 21-22;

Disease Duration: 
9.3-11.1 yrs.;

HAQ-DI: 1.7-1.8.

TJC68: 27-30;
SJC66: 19-21;

Disease 
Duration: 6.6-

7.48 yrs.

TJC68: 32-34;
SJC66: 19-23;

Disease Duration: 
9-11 yrs.

TJC68: 22;
SJC66: 15;

Disease Duration: 
9.8 years;

HAQ-DI: 1.7.

Time of 
DAS28 
Evaluation

Week 24 Week 24 Week 24 Week 24 Week 24

Baseline 
DAS28 Score 6.8-6.9 6.7-6.8 CRP: 5.81-5.95

ESR: 6.4-6.54 6.8-6.9 CRP: 5.8
ESR: 6.7

Mean  Change 
in DAS28 on 
Rituximab

−1.9 −2.1 ESR: −1.7 −2.6

CT-P10: 
CRP:−2.1
ESR:-2.4

Comparators:
CRP: −2.1
ESR:-2.4

Withdrawal on 
Rituximab at 
Week 24

18%

2x500 mg Dose: 
9%

2x1000 mg Dose: 
14%

2x500 mg Dose: 
3.6%

2x1000 mg 
Dose:
3.5%

Rituximab & 
Methotrexate: 2.5%

CT-P10: 10%
Comparators: 5%

Source: FDA analysis of data from Celltrion 351(k) BLA submission 
Note: DAS28 version (CRP or ESR) reported where known
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Sensitivity Analyses

In a tipping point analysis revised to assess the impact of issues discussed in the Statistical 
Methodologies section above, the conclusion of similarity changes if the imputed missing 
DAS28 (CRP) scores are approximately 2 to 2.5 points lower or higher on average for the CT-
P10 arm compared to the comparator arms (Figure 5). As seen in the Applicant’s primary 
analysis in 

Table 6, the average change from baseline for patients who completed the week 24 visit was 
approximately 2 points. Given this information, the statistical team considers a 2-2.5 point 
difference in the post-dropout scores implausible and conclude that the DAS28 (CRP) scores 
adequately met the predefined similarity criteria. 

Figure 5: Tipping Point Analysis for DAS28 (CRP), Study 3.2

Source: FDA analysis of data from Celltrion 351(k) BLA submission
Note: The shaded areas indicate the combinations where the similarity criterion is not met. The contour lines indicate the 
observed difference between the two treatment groups. Negative values correspond to an additional improvement in DAS28 
(CRP) for CT-P10 over the study comparators. 
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The conclusion of similarity is further supported by revised versions of the primary analysis, 
broken down by study part (Table 8) and treatment comparator (Table 9), which both confirm 
that the 90% confidence intervals for differences between CT-P10 and the comparator 
products are within the required similarity margin of ±0.5, for each both study parts and for 
each individual comparator product. 

Table 8: Change from Baseline in DAS28 (CRP) at Week 24 by Study Part, Study 3.2

Treatment n LS Mean (SE)

Estimate of 
Treatment 
Difference

90% CI of 
Treatment 
Difference

Change in DAS28 (CRP) – Part 1
  CT-P10 58 -1.84 (0.249) 0.07 (-0.23, 0.36)
  Combined 
comparator products 117 -1.91 (0.232)

Change in DAS28 (CRP) – Part 2
  CT-P10 81 -2.27 (0.241) -0.04 (-0.33, 0.25)
  Rituxan (US-
licensed product) 80 -2.23 (0.261)
Source: FDA analysis of data from Celltrion 351(k) BLA submission

Table 9: Change from Baseline in DAS28 (CRP) at Week 24 by Comparator, Study 3.2

Treatment n LS Mean (SE)

Estimate of 
Treatment 
Difference

90% CI of 
Treatment 
Difference

Change in DAS28 (CRP) CT-P10 vs Rituxan only (US-licensed product)
  CT-P10 139 -2.24 (0.181) -0.01 (-0.23, 0.20)
  Rituxan (US-
licensed product) 139 -2.23 (0.191)

Change in DAS28 (CRP) CT-P10 vs MabThera only (EU- approved product)
  CT-P10 139 -2.19 (0.202) -0.02 (-0.32, 0.27)
  MabThera (EU- 
approved product) 58 -2.17 (0.238)
Source: FDA analysis of data from Celltrion 351(k) BLA submission

The conclusion of similarity is further supported by the DPARP statistical team analysis of the 
DAS28 ESR scores. Table 10 and Figure 6 show the reproduction of the Applicant’s primary 
analysis and the tipping point analysis for the DAS28 (ESR) endpoint. The 90% confidence 
interval for the primary analysis remained contained entirely within the pre-specified similarity 
margin of ±0.5. The tipping point analysis again shows that a roughly 2.5 point relative 
increase or decrease of the DAS28 (ESR) scores for the patients who drop out in the CT-P10 
arm compared to the combined comparator arm for the conclusion to change. Again, this 
would appear to be implausible. 
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Table 10: Change from Baseline in DAS28 (ESR) at Week 24: Efficacy Population, Study 
3.2

Treatment Completers LS Mean (SE)

Estimate of 
Treatment 
Difference

90% CI of 
Treatment 
Difference

All-Randomized Population
DAS28 (ESR)
  CT-P10 (n=161) 140 -2.40 (0.178) -0.01 (-0.22, 0.20)
  Combined comparator 
  products (n=211) 197 -2.39 (0.181)
Source: FDA analysis of data from Celltrion 351(k) BLA submission

Figure 6: Tipping Point Analysis for DAS28 (ESR), Study 3.2

Source: FDA analysis of data from Celltrion 351(k) BLA submission
Note: The shaded areas indicate the combinations where the similarity criterion is not met. The contour lines indicate the 
observed difference between the two treatment groups. Negative values correspond to an additional improvement in DAS28 
(CRP) for CT-P10 over the study comparators. 
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Analysis of DAS28 Components

The analyses of the scores for the individual DAS28 components at week 24 also support the 
conclusion of similarity. The analyses of the individual DAS28 components (Table 11). For all 
five components, week 24 results were similar between CT-P10 and the combined comparator 
arms. We also see that the confidence intervals of the differences in the scores at Week 24 are 
much smaller than the changes from baseline seen in CT-P10 or the comparator products, 
providing further evidence for similarity.  

Table 11: Available Individual DAS28 Components at Week 24, Study 3.2

CT-P10
Combined Comparator 

Products

Component n Baseline

Change 
from 

Baseline n Baseline

Change 
from 

Baseline

Estimated 
Difference
(90% CI)

C-Reactive Protein
  (mg/dL) 138 21.7 11.0 197 25.7 10.5 0.5 

(-2.0, 2.9)
Erythrocyte
  Sedimentation Rate
  (mm/h)

140 56.0 28.6 198 54.9 29.9 -0.3 
(-3.5, 2.8)

Patient Global 
  Assessment of 
  Disease Activity

140 68.7 36.8 196 69.2 35.5 1.3 
(-3.0, 5.6)

Tender joint count
  (28 joints) 140 14.6 5.4 197 14.4 5.7 -0.3 

(-1.1, 0.5)
Swollen joint
  count(28 joints) 140 11.2 3.7 197 11.2 4.1 -0.4

(-1.1, 0.2)
Source: FDA analysis of data from Celltrion 351(k) BLA submission

The results of the Applicant's analyses at week 0 and week 24 of the extension phase are 
shown in Table 12.  The scores at both time points are similar among the patients who were 
switched from US-licensed Rituxan or EU-approved MabThera to CT-P10 and those who 
remained on US-licensed Rituxan.  
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Table 12: Change from Baseline in DAS28 (CRP) in the Extension Phase, Study 3.2

Parameter

CT-P10 
Maintenance

(N=120)

Rituxan 
Maintenance

(N=64)

Switched from 
Rituxan to

CT-P10 (N=60)

Switched from 
MabThera to CT-

P10 (N=47)
Extension Week 0
  Mean (SD) -2.62 (1.152) -2.49 (1.360) -2.55 (1.202) -2.39 (1.272)
  Median -2.65 -2.49 -2.51 -2.18
  Min, Max -5.37, 0.36 -5.81, 0.50 -5.01, -0.27 -5.10, 0.51
Extension Week 24
  Mean (SD) -2.96 (1.196) -2.96 (1.320) -2.87 (1.269) -2.97 (1.107)
  Median -3.03 -2.89 -2.89 -2.95
  Min, Max -6.08, -0.13 -5.54, 0.81 -5.14, 0.13 -5.59, -0.42
Source: FDA analysis of data from Celltrion 351(k) BLA submission

Analyses of ACR Response Rates

The analyses of ACR response criteria also support the finding of similarity in efficacy 
between CT-P10 and the comparator products. In the following table are the results of the 
DPARP statistical team analyses of ACR 20, 50, and 70. As discussed in the Source: FDA analysis 
of data from Celltrion 351(k) BLA submission
Statistical Methodologies section, patients who discontinued from the study were imputed to 
be non-responders for this analysis. Error! Reference source not found. shows a plot of the 
ACR responder rates over the course of the entire study. Of note, the FDA-recommended 
similarity margin for ACR20 response rate, when used as a primary endpoint, has been for the 
90% confidence interval to be entirely contained within the interval (-12%, +12%). This 
margin was also met for study 3.2 further supporting the primary analyses and conclusions. 

Table 13: ACR Response Rates, Week 24, Study 3.2

Parameter
CT-P10
(n=161)

Combined 
Comparator 

Products (n=211)
Difference
(90% CI)

ACR20 114/161
(70.8%)

155/211
(73.5%)

-2.7%
(-10.4%, 5.1%)

ACR50 74/161
(46.0%)

103/211
(48.8%)

-2.9%
(-11.4%, 5.7%)

ACR70 43/161
(26.7%)

62/211
(29.4%)

-2.7%
(-10.4%, 5.0%)

Source: FDA analysis of data from Celltrion 351(k) BLA submission
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Figure 7: ACR Response Rates, Weeks 0-48, Study 3.2

Source: FDA analysis of data from Celltrion 351(k) BLA submission

Statistical Conclusions
Study 3.2 met the pre-specified similarity margin. The DPARP statistical review team notes 
that the Applicant’s primary analysis excluded patients who failed to complete the study, 
which we do not believe is appropriate.  However, revised tipping point analyses, intended to 
address this limitation, confirm that the conclusions are robust in the face of missing data, with 
implausible assumptions required to reverse the conclusion of similar efficacy. 

Similarity of CT-P10 to the combined comparator products is further supported by analyses of 
DAS28 (ESR), individual components of DAS28, and ACR- 20, 50 and 70 response rates. All 
of these analyses showed a relatively small difference between the CT-P10 treatment and 
comparator treatment arms compared to overall changes from baseline. Further, the analyses of 
ACR20 response rates met a similarity margin of ±12%, which is within the FDA-
recommended margin for similarity when this endpoint is used as a primary endpoint in 
comparative clinical studies in RA. 

Overall, the DPARP statistical review team concluded that the results from the comparative 
clinical study 3.2 support a demonstration of no clinically meaningful differences between CT-
P10 and US-licensed Rituxan, and add to the totality of the evidence to support a 
demonstration of biosimilarity for CT-P10 to US-licensed Rituxan.
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CT-P10 Clinical Program in RA: Clinical Safety

The main study used to evaluate clinical safety in rheumatoid arthritis patients is study 3.2 in 
which 372 patients with rheumatoid arthritis were enrolled. In the main study period 161 
patients received CT-P10. In the extension phase (3rd treatment course) of the study, 109 
patients underwent a single transition from US-licensed Rituxan or EU-approved MabThera to 
CT-P10 and 64 patients continued to receive US-licensed Rituxan. Therefore, in study 3.2, a 
total of 270 RA patients received CT-P10. 

Two additional studies (1.1 and 1.3) were conducted in RA patients and designed to 
demonstrate PK similarity between CT-P10 and EU-approved MabThera. Study 1.1 and its 
extension study 1.3 provide supportive safety data.

Study 1.1 enrolled 154 patients with RA randomized 2:1 to CT-P10 or EU-approved 
MabThera for up to 72 weeks, and study 1.3 was the open-label extension study for study 1.1. 
Fifty-eight (58) patients from study 1.1, continued into this extension study with 38 patients 
continuing to receive CT-P10 and 20 patients transitioning from EU-approved MabThera to 
CT-P10 for up to 2 additional treatment courses.

In these 3 completed RA studies a total of 392 patients with RA received at least 1 dose of CT-
P10 (Table 2). 

Categorization of Adverse Events
Safety was evaluated by monitoring adverse events (AEs), serious adverse events (SAEs), 
treatment-emergent adverse events (TEAEs), death, hypersensitivity via vital signs (blood 
pressure, temperature, heart and respiratory rate) electrocardiograms (ECGs), physical 
examination, clinical laboratory tests, immunoglobulin (IgM, IgG, and IgA) testing, and 
immunogenicity. 

An AE was defined as any untoward medical occurrence in a patient enrolled in the study 
regardless of its causal relationship to study drug. A treatment-emergent AE (TEAE) was 
defined as any event not present before exposure to study drug or any event already present 
that worsened in either intensity or frequency after exposure to study drug. An SAE was 
defined as any event that resulted in death, was immediately life threatening, required inpatient 
hospitalization or prolongation of existing hospitalization, resulted in persistent or significant 
disability/incapacity, or was a congenital anomaly/birth defect. Important medical events that 
did not result in death, were not life threatening, or did not require hospitalization could have 
been considered an SAE when, based upon medical judgment, they could have jeopardized the 
patient and could have required medical or surgical intervention to prevent one of the 
outcomes listed in this definition.  MedDRA version 16.1 was used to code AEs for studies 1.1 
and 1.3, and version 18.1 was used for study 3.2. Adverse events were graded for intensity 
using the CTCAE Version 4.0. AEs in the Applicant’s pooled analysis were coded using 
MedDRA version 18.1.
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The Applicant used an approach for combining common AE MedDRA preferred terms (PTs) 
in the studies. The Applicant combined selected commonly reported PT terms into a single 
“combined PT” of medically similar events. The approach and combined terms were outlined 
in the statistical analysis plan for each study. The overall “combined PT” grouping does not 
impact the safety evaluation. 

Pooling of Data Across Studies/Clinical Trials to Estimate and Compare Incidence
The Applicant has presented safety data by individual study and has provided pooled safety 
data from the RA studies (studies 3.2 main study period and study 1.1 up to Week 72). Studies 
3.2 and 1.1 have similar inclusion/exclusion criteria. One difference in the patient populations 
between the studies is the dosing of methotrexate (7.5 to 25 mg in study 3.2, versus 10 to 
25mg in study 1.1). The pooling of data was consistent with the BPD Type 4 meeting 
discussion. In the pooled analysis, the Applicant has provided pooled treatment emergent 
adverse events (TEAEs), treatment emergent serious adverse events (TESAEs), TEAEs 
leading to discontinuation from the study treatment and adverse events of special interest 
(AESIs) including infections and serious infection, infusion related reactions, and events of 
anaphylaxis. For the post-hoc analyses the pooled analysis of the safety data was coded using 
MedDRA version 18.1. 

Adequacy of the Safety Database 
The safety population for the 3 completed studies in RA including all subjects who received at 
least 1 dose of CT-P10 in studies 1.1, 1.3, and 3.2 is 392 patients.

The safety population for study 3.2 consisted of all patients who received study drug during 
any dosing period. The Applicant also provided further analyses of the safety based on the 
number of treatment courses patients received. 

For the purpose of this review safety data is presented by the main study portion of study 3.2 
and separately for the study 1.1. Safety data for the extension study 1.3 and the extension 
portion of study 3.2 including the single transition to CT-P10 from US-licensed Rituxan or 
EU-approved MabThera are also presented separately.

In study 3.2, 270 RA patients received at least 1 dose of CT-P10. This included patients 
originally randomized to the CT-P10 arm as well as patients who transitioned to CT-P10 in the 
extension phase. One hundred sixty-one (161) patients received at least 1 dose in the Main 
Study Period and 109 received at least one dose in the extension phase after having 
transitioned from receiving EU-approved MabThera or US-licensed Rituxan in the Main Study 
Period.

The disposition of patients in the Main study and extension of study 3.2 by treatment course is 
presented in Table 14 and Table 15. 

In part 2, a total of 372 patients were randomized to study drug and initiated the first treatment 
course (161 patients in the CT-P10 group, 151 in US-licensed Rituxan group, and 60 in the 
EU-approved MabThera group). Of the 372 patients, 345 (92.7%) patients completed the first 
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treatment course. Seven patients who completed the 1st course of treatment did not initiate the 
second course of treatment. Of these 7 patients, 4 did not meet the safety criteria for the second 
treatment course initiation (2 patients from CT-P10 treatment group and 2 patients from US-
licensed Rituxan group). The other 3 patients were discontinued due to reasons of withdraw of 
consent (1 in CT-P10 group), lost to follow-up (1 patient in US-licensed Rituxan group) and 
disease progression (1 in US-licensed Rituxan group).

Table 14. Disposition Main Study Period, Part 2, Study 3.2
CT-P10
(N=161)

US-Rituxan
(N=151)

MabThera
(N=60)

Rituxan+
MabThera
(N=211)

Total
(N=372)

Total number of patients who 
did not complete the 1st or 2nd 
treatment course

19 (11.8) 15 (9.9) 4 (6.6) 19 (9.0) 38 (10.2)

Completed 1st course 145 (90.1%) 142 (94.0%) 58 (96.7%) 200 (94.8%) 345 (92.7%)
Discontinued 1st course 16 (9.9%) 9 (6.0%) 2 (3.3%) 11 (5.2%) 27 (7.3%)
Completed 2nd course 140 (87.0%) 134 (88.7%) 56 (93.3%) 190 (90.0%) 330 (88.7%)
Discontinued 2nd Course 2 (1.2%) 4 (2.6%) 2 (3.3%) 6 (2.8%) 8 (2.2%)
Primary Reason for discontinuation (1st and 2nd treatment course)
Lack of efficacy 2 (1.2%) 2 (1.3%) 1 (1.7%) 3 (1.4%) 5 (1.3%)
Withdrew consent 9 (5.6) 5 (3.3%) 1 (1.7%) 6 (2.8%) 15 (4.0%)
Adverse Event 2 (1.2%) 6 (4.0%) 2 (3.3%) 8 (3.8%) 10 (2.7%)
Major protocol violation 2 (1.2%) 0 0 0 2 (0.5%)
Lost to follow-up 2 (1.2%) 1 (0.7) 0 1 (0.5%) 3 (0.8%)
Death 1 (0.6%) 0 0 0 1 (0.3%)
Investigator Decision 1 (0.6%) 0 0 0 1 (0.3%)
Sign of disease progression 0 1 (0.7) 0 1 (0.5) 1 (0.3%)
Source: Adapted from CSR CT-P10 3.2 table 10-2, 14.1.1.1 and Response to information request (Table 2)

Of the 330 patients that completed the 2nd treatment course in the main study period, 36 
patients did not continue into the extension period. Of these 36 patients, 14 patients did not 
agree to participate: 8 patients were in the CT-P10, 2 were in the US-licensed Rituxan, and 4 
were in the EU-approved MabThera group. An additional 5 did not meet the safety criteria (2 
patients in the CT-P10 and 2 in the US-licensed Rituxan treatment group). Sixteen (16) did not 
continue for “other reasons” (8 in CT-P10 group, 4 in US-licensed Rituxan and 4 in EU-
approved MabThera group). One patient in the EU-approved MabThera group had an AE 
before the extension week 0 visit and did not continue into the extension study. An additional 
patient from the CT-P10 dose group that did not receive a second course of treatment in the 
main study period continued into the extension study. Therefore 295 patients received 
treatment in the extension study period.
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Table 15. Disposition Extension Phase, Study 3.2
CT-P10 
maintenance

Rituxan 
maintenance

Rituxan to 
CT-P10

MabThera to 
CT-P10

Switched 
from Rituxan 
or MabThera 
to CT-P10

Initiated Treatment in 
Extension period

122 (100.0%) 64 (100.0%) 62 (100.0%) 47 (100.0%) 109 (100.0%)

Completed treatment in 
extension study period

121 (99.2%) 64 (100.0%) 60 (96.8%) 47 (100.0%) 107 (98.2%)

Discontinued Extension study 
period

1 (0.8%) 0 2 (3.2%) 0 2 (1.8%)

Reason for discontinuation
Withdrew consent 1 (0.8%) 0 2 (3.2%) 0 2 (1.8%)
Source: CSR CT-P10 table 10-3 and 14.1.1.1e

Of the 295 patients who initiated treatment in the extension period, 292 (99.0%) of patients 
completed treatment.

One site was identified as having significant violations of Good Clinical Practice (GCP). This 
site was closed. Patient data from the site was excluded in all analysis populations. The 
information from the sites was only listed for demographics and treatment-emergent serious 
AEs (TESAEs), separately. The Applicant also provided the AE information from the site 
following an Information Request.

In the Main Study Period (part 1 and part 2) the study drug exposure was similar across the 
three treatment arms for both the number of doses received and total dose administered.
In part 1 the mean (SD) total number of doses was 2.0 (0.18), 2.0 (0.17), and 2.0 (0.13) doses 
in the CT-P10, US-licensed Rituxan, and EU-approved MabThera treatment groups, 
respectively during the first treatment course and the mean (SD) total dose administered was 
1940.94 (331.522), 1956.67 (245.638) and 1967.92 (248.516) mg in the CT-P10, US-licensed 
Rituxan and EU-approved MabThera treatment groups respectively. 

In part 2 the mean (SD) total number of doses administered was 3.7 (0.79), 3.8 (0.67), and 3.9 
(0.48) doses in the CT-P10, US-licensed Rituxan, and EU-approved MabThera treatment 
groups, respectively. The mean (SD) total dose administered was 3703.23 (829.487), 3783.00 
(719.920) and 3884.58 (576.464) mg in the CT-P10, US-licensed Rituxan, and EU-approved 
MabThera treatment groups, respectively. The proportion of patients who received the full 
dose of 4000 mg infusion was similar among the 3 treatment groups (141 [87.6%] patients in 
the CT-P10 treatment group, 137 [90.7%] patients in the US-licensed Rituxan treatment group 
and 57 [95.0%] patients in the EU-approved MabThera treatment group).

In study 3.2 patients with RA who continued into the extension period could receive up to 6 
total infusions of study drug (3 treatment courses with two 1000mg infusions each).
Patients however did not need to receive both treatment courses in the Main Study Period in 
order to continue into the Extension Study Period. One patient in the CT-P10 dose group 
received only the first study course of treatment as part of the Main Study and then continued 
directly into the Extension Study Period.
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Table 16. Study Drug Exposure, Study 3.2
Switch in Extension Period

CT-P10 US-Rituxan EU-MabThera US-Rituxan 
 CT-P10

MabThera 
CT-P10

Main Study Period
Received 1st treatment 
course

161 (100%) 151 (100%) 60 (100%) -- --

Received 2nd treatment 
course

142 (88.2%) 138 (91.4%) 58 (96.7%) -- --

Received full 4,000 mg 
dose during the main study

141 (87.6%) 137 (90.7%) 57 (95.0%) -- --

Extension study period
3rd treatment course 122 (75.8%) 64 (42.4%) -- 62 (41.1%) 47 (78.3%)
Source: Adapted from Summary of Clinical Safety Figure 2.7.4-6, CSR CT-P10 Table 14.1.1.13

In the extension study period the mean total number of doses and total dose administered was 
similar among the dose groups. The mean (SD) total number of doses administered was 2.0 
(0.18), 2.0 (0.00), 2.0 (0.13), and 2.0 (0.00) doses among the CT-P10 maintenance, US-
licensed Rituxan maintenance, switched from US-licensed Rituxan and switched from EU-
approved MabThera groups, respectively. The mean (SD) total dose administered was 1959.10 
(236.294), 2000.00 (0.000), 1983.87 (127.000) and 2000.00 (0.000) mg, among the CT-P10 
maintenance, US-licensed Rituxan maintenance, switched from US-licensed Rituxan and 
switched from EU-approved MabThera groups, respectively.

Studies 1.1 and 1.3 were conducted with a non-commercial drug product process (Process B) 
for CT-P10. In Study 1.1, 102 RA patients received at least one dose of CT-P10, and in the 
extension study 1.3, 20 patients transitioned from EU-approved MabThera to CT-P10 and 38 
patients continued dosing on CT-P10. All patients received CT-P10 in study 1.3.

Overall in studies 1.1 and 1.3, 122 patients received at least one dose of CT-P10. 
Demographics of patients in the CT-P10 group and EU-approved MabThera treatment arms in 
study 1.1 were generally similar between the 2 groups. The mean age of patients was 49.8 
years in the CT-P10 group and the mean age was 51.3 years in the EU-approved MabThera 
group. The groups were also similar on the other baseline characteristics including, race, BMI, 
region, prior TNF usage and response. Slightly more men were enrolled in CT-P10 group than 
in the EU-approved MabThera group 14 (13.6%) versus 5 (9.8%).

Table 17. Study Drug Exposure, Study 1.1 and 1.3
CT-P10 MabThera MabThera CT-P10

Study CT-P10 1.1
Core study, 1st treatment course 102 (100%) 51 (100%)
Extension study, 2nd treatment course 60 (58.8%) 23 (45.1%)
Study CT-P10 1.3
Period 1, 3rd treatment course 38 (37.3)* -- 20 (39.2%)*
Period 2, 4th treatment course 1 (1.0) -- --
*13 patients in the CT-P10 group received only the 1st treatment course in study 1.1 and continued into study 1.3, and 9 
patients received only the 1st treatment course in Study 1.1 and continued into study 1.3
Source: Adapted from Summary of clinical Safety Figure 2.7.4-7, CSR CT-P10 1.3 Table 14.1.9

In study 1.1 the number of doses and total dose administered was similar between the 
treatment arms. In study 1.1 the overall mean (SD) number of doses received in the CT-P10 
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group was 3.2 (1.0) and in the EU-approved MabThera group was 2.8 (1.01). The mean (SD) 
dose administered in the CT-P10 group was 3142.6 mg (1004.5) and in the EU-approved 
MabThera group was 2843.1 mg (1007.4). In study CT-P10 1.3 the 58 subjects (38 originally 
randomized to CT-P10, and 20 originally randomized to EU-approved MabThera in study CT-
P10 1.1) received a mean (SD) of 2.0 (0.30) doses and mean total dose (SD) of 2017.2 mg 
(295.7) of CT-P10.

Major Safety Results

No new safety signals were identified in the CT-P10 group compared to the known adverse 
event profile of US-licensed Rituxan. Overall, there were no major differences in adverse 
events (AE), serious adverse events (SAE), or AEs leading to discontinuations between the 
treatment groups.  The total number of treatment emergent adverse events was higher in the 
CT-P10 arm (77.6%) than in the US-licensed Rituxan (64.2%) or EU-approved MabThera 
(65.0%) in the Main study Period of study 3.2 with an increase in the number of infusion 
related reactions. The nature and severity of the infusion related reactions are similar across 
treatment groups and are consistent with known safety profile of US-licensed Rituxan. Other 
adverse events of special interest (AESI) were generally similar across treatment arms. 
Infections were the most common adverse event in all treatment groups and no difference was 
seen in infections between treatment groups. One death was reported in the Study 3.2 Main 
Study Period.

An overview of AEs across the controlled studies is summarized in Table 18. 

Table 18. Overview of Deaths, SAEs, and Events of Interest in Study 3.2 (Main Study 
Period) and Study 1.1 in RA Patients

 Rheumatoid Arthritis
Study 3.2

Main Study Period

Rheumatoid Arthritis
Study 1.1

 CT-P10 
(n=161)

Rituxan 
(n=151)

MabThera 
(n=60)

Rituxan + 
MabThera 
(n=211)

CT-P10 
N=102

MabThera 
N=51

AEs, n (%) 125 (77.6) 97 (64.5) 39 (65.0) 136 (64.5) 73 (71.6) 43 (84.3)
SAEs, n (%) 13 (8.1) 14 (9.3) 4 (6.7) 18 (8.5) 14 (13.7) 7 (13.7)
Discontinuations due to AEs, n (%) 3 (1.9) 7 (4.6) 3 (5.0) 10 (4.7) 6 (5.9) 4 (7.8)
Infections, n (%) 62 (38.5) 54 (35.8) 17 (28.3) 71 (33.6) 39 (38.2) 21 (41.2)
Malignancies, n (%) 0 2 (1.3) 2 (3.3) 4 (1.9) 0 1  (<0.1)
Infusion related reactions, n (%) 33 (20.5) 12 (7.9) 13 (21.7) 25 (11.8) 20 (19.6) 10 (19.6)
Serious or Severe (Grade 3) IRR, n 
(%)

1 (0.6) 0 0 0 2 (2.9) 0

Anaphylaxis, n (%) 0* 0 0 0 0 0
Death, n 1 (<0.1) 0 0 0 0 0
Source: FDA analysis of data from Celltrion 351(k) BLA submission 
AE: adverse event; SAE: serious adverse event, IRR: Infusion related reaction
*One patient in the CT-P10 treatment arm experienced an event of anaphylaxis during the extension study period
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Similar trends in safety were noted for the extension phase of study CT-P10 (Table 19). In the 
extension phase of study 3.2 the pooled treatment arm includes both patients switched from 
EU-approved MabThera and US-licensed Rituxan to CT-P10.

Table 19. Summary of AEs Extension Study Period, Study 3.2
CT-P10 
maintenance
N=122

Rituxan 
maintenance 
N=64

Rituxan 
CT-P10 
N=62

MabThera
CT-P10 
N=47

Pooled (Rituxan + 
MabThera  
CT-P10  
N=109

AEs, n (%) 48 (39.3) 21 (32.8) 26 (41.9) 10 (21.3) 36 (33.0)
SAEs, n (%) 4 (3.3) 0 1 (1.6) 0 1 (0.9)
Discontinuations due to AE, n 
(%)

1 (0.8) 0 0 0 0

Infections, n (%) 21 (17.2) 14 (21.9) 14 (22.6) 3 (6.4) 17 (15.6)
infusion-related reactions, n 
(%)

5 (4.1) 3 (4.7) 2 (3.2) 2 (4.3) 4 (3.7)

Source CSR CT-P10 3.2 Table 12-5 and SCS  Table 2.7.4-11

In study 1.1 (Table 18) and the follow-on study 1.3 (Table 20) the overall treatment-emergent 
adverse events, serious adverse events, adverse events leading to discontinuations, were 
similar between the treatment groups. 

Table 20. Summary of TEAEs, Study 1.3
CT-P10 maintenance
N=38

MabTheraCT-P10
N=20

AEs, n (%) 9 (23.7) 4 (20.0)
SAEs, n (%) 2 (2.6) 1 (5.0)
Discontinuations due to AE, n (%) 0 0
Source: SCS Table 2.7.4-11

Deaths
One death was reported in the main study period of study 3.2 in a 58 year-old female in the 
CT-P10 treatment group. She had a medical history of RA, hypertension, anemia and 
thrombocytosis due to RA. She received her first infusion of CT-P10 and 2 weeks later 
received her second infusion of the first treatment course. Approximately 7 weeks after this 
second infusion, she developed cellulitis and was hospitalized with suspicion of thrombosis of 
the right brachial artery. She was treated with antibiotics, but her clinical condition worsened 
and she died approximately 1 month later (72 days following her last study drug infusion) of 
acute respiratory distress syndrome. The event of cellulitis did not occur in the same arm in 
which the infusion was received, and the investigator considered the event to be unrelated to 
study drug.

There were no deaths in studies 1.1 and 1.3 or the extension portion of study 3.2.

Nonfatal Serious Adverse Events (SAEs)
The proportion of patients who experienced at least one SAE was similar between the 
treatment groups, CT-P10, EU-approved MabThera, and US-licensed Rituxan, during the main 
study period of Study 3.2 (Table 18). The most frequently reported SAEs were infections and 
fractures and events were similar between treatment groups. SAEs across the system organ 
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classes (SOCs) showed a similar distribution with minor numerical differences between 
groups. There was no notable difference in the incidence of SAEs following a single transition 
of RA patients from EU-approved MabThera, or US-licensed Rituxan to CT-P10 in Study 3.2. 
The SAEs reported were consistent with the known safety profile of US-licensed Rituxan.

During the main study period for study 3.2 a total of 34 TESAEs were reported in 31 (8.3%) of 
patients. Overall rates of SAEs were similar across treatment groups. The reported serious 
adverse events by system organ class (SOC) follow below in the Table 21.

Table 21. Serious Adverse Events by SOC, Main Study Period, Study 3.2
CT-P10
(N=161)

US-Rituxan
(N=151)

EU-MabThera 
(N=211)

Total number of patients with > 1 SAE (%) 13 (8.1) 14 (9.3) 4 (6.7)
Total number of TESAES 14 16 4
System Organ Class Number (%)
Injury, poisoning and procedural complications 4 (2.5) 4 (2.6) 0
Infections and infestations 2 (1.2) 4 (2.6) 0
Neoplasms benign, malignant and unspecified 0 2 (1.3) 3 (5.0)
Blood and lymphatic system disorders 1 (0.6) 1 (0.7) 1 (1.7)
Gastrointestinal disorders 0 2 (1.3) 0
Hepatobiliary disorders 2 (1.2) 0 0
Musculoskeletal and connective tissue disorders 1 (0.6) 1 (0.7) 0
Nervous system disorders 1 (0.6) 1 (0.7) 0
General disorders and administration site conditions 1 (0.6) 0 0
Renal and urinary disorders 1 (0.6) 0 0
Respiratory, thoracic and mediastinal disorders 1 (0.6) 0 0
Source: Adapted from Clinical study report CT-P10 3.2 Table 14.3.1.2

The most frequently reported SAEs were fractures [4 patients (2.5%) in CT-P10 group and 2 
patients (1.3%) in US-licensed Rituxan group] and serious infections [2 patients (1.2%) in the 
CT-P10 group and 4 patients (2.6%) in the US-licensed Rituxan group]. 

Serious fractures in the CT-P10 group included a femur fracture, lumbar vertebral fracture, and 
2 patients with tibia fractures. Serious fractures in the US-licensed Rituxan group included one 
patient with a fracture of the humerus, and one patient with an ulnar fracture. 

Serious infections in the CT-P10 group included one patient with pneumonia, and one patient 
with cellulitis (fatal event, see discussion under deaths). Serious infections in the US-licensed 
Rituxan group included serious events of bronchitis, cellulitis, Pneumocystis jirovecii 
pneumonia and eczema infected, each in one patient.

Other serious events in patients treated with CT-P10 during the main study period included 
single cases of acute kidney injury, bile duct stone, cholecystitis, exertional dyspnea, hand 
deformity, non-cardiac chest pain, pancytopenia, and tremor. Other serious events in the US-
licensed Rituxan group included single cases of arthralgia, bladder cancer, breast cancer, 
ischemic colitis, concussion, intestinal obstruction, joint dislocation, pancytopenia, tendon 
rupture, and vertebrobasilar insufficiency. Serious adverse events in patients treated with EU-
approved MabThera during the main study period included adenocarcinoma of the colon, 
breast cancer, leukopenia, and lymphangioma.
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In the extension phase of study 3.2, treatment-emergent SAEs were reported in 5 patients, 4 
(3.3%) of the 5 patients were in the CT-P10 maintenance group, and 1 patient (1.5%) was in 
the group switched from US-licensed Rituxan to CT-P10. One patient in the CT-P10 group 
had 2 reported SAEs of infusion related reaction (anaphylaxis) and osteoarthritis. Two (2) 
patients in the CT-P10 group had serious events of osteoarthritis.  One patient in the CT-P10 
group had a serious event of a ligament sprain. In the group switched from US-licensed 
Rituxan to CT-P10, one patient had a serious adverse event of pneumonia.

In study 1.1, 21/153 (13.7%) of patients reported at least 1 TESAE. Reported SAEs were 
similar between patients treated with CT-P10 and EU-approved MabThera. 

Table 22. Serious TEAEs by SOC, Study 1.1
System Organ Class CT-P10

(N=102)
MabThera
(N=51)

Number (%) of patients with ≥ 1 TESAE 14 (13.7) 7 (13.7)
Total number of TESAEs 17 8
Blood and lymphatic system disorders 0 1 (2.0)
Cardiac disorders 3 (2.9) 0
Eye disorders 2 (2.0) 0
Gastrointestinal disorders 0 1 (2.0)
Infections and infestations 1 (1.0) 1 (2.0)
Injury, poisoning and procedural complications 2 (2.0) 1 (2.0)
Musculoskeletal and connective tissue disorders 4 (3.9) 2 (3.9)

Neoplasms benign, malignant and unspecified (incl. cysts and polyps) 1 (1.0) 1 (2.0)

Nervous system disorders 1 (1.0) 1 (2.0)
Skin and subcutaneous tissue disorders 2 (2.0) 0
Vascular disorders 1 (1.0) 0
Source: Summary of Clinical Safety Table, 2.7.4-26

In study 1.1, three serious cardiac events were reported in the CT-P10 group and included one 
patient with an arrhythmia, one patient with a mitral valve prolapse and one patient with a 
pericardial effusion. Other serious adverse event on CT-P10 in study 1.1 included an ocular 
retrobulbar hemorrhage, uveitis, diverticulitis, infusion related reaction, meniscus injury, back 
pain, osteonecrosis, rheumatoid arthritis, spondylolisthesis, adrenal neoplasm, cerebral 
infarction, hyperkeratosis, pruritic rash, and deep vein thrombosis.

In study 1.3, two patients had serious treatment emergent adverse events. The SAEs occurred 
in one patient who had received CT-P10 and one patient who received EU-approved 
MabThera in study 1.1. Both patients had serious events of spinal osteoarthritis. An additional 
patient who received study drug in study 1.3 and who had received CT-P10 in study 1.1 had an 
SAE of foot deformity; occurring before the first infusion of study drug. Two additional 
patients had SAEs during study 1.3 but did not receive CT-P10 in this study. One patient who 
received CT-P10 in study 1.1 had an SAE of a benign lung neoplasm and one patient who 
received EU-approved MabThera in study 1.1 had an SAE of an inguinal hernia.
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Discontinuations Due to Adverse Events
The proportion of patients discontinuing due to an adverse event was similar between CT-P10 
and EU-approved MabThera and US-licensed Rituxan arms. In study 3.2 in the main study 
period up to Week 48 a total of 13/372 (3.5%) of patients had at least 1 TEAE that led to 
discontinuation from the study. In the CT-P10 group 3/161 (1.9%) discontinued due to AE. In 
the US-licensed Rituxan group 7/151 (4.6%) and in the EU-approved MabThera group 3/60 
(5.0%) discontinued due to AE. In study 3.2 the most common AE leading to discontinuation 
was infusion related reactions. In the CT-P10 group 2/161 (1.2%), 3/151 (2.0%) in the US-
licensed Rituxan group and 1/60 (1.7%) in the EU-approved MabThera group discontinued 
due to adverse events of infusion related reactions. There was no increase in the 
discontinuations due to infusion related reaction in patients who transitioned from US-licensed 
Rituxan or EU-approved MabThera during the extension phase of the study.

Table 23. Adverse Events Leading to Discontinuation in Main Study Period, Study 3.2
System Organ Class, PT CT-P10

(N=161)
Rituxan
(N=151)

MabThera 
(N=211)

Number (%) of patients with at least 1 TEAE leading 
to discontinuation of study drug

3 (1.9) 7 (4.6) 3 (5.0)

Blood and Lymphatic Disorders 0 2 (1.3) 0
Neutropenia 0 1 (0.7) 0
Pancytopenia 0 1 (0.7) 0
Infections and Infestations 1 (0.6) 0 0
Cellulitis 1 (0.6) 0 0
Injury, Poisoning and procedural complication 2 (1.2) 3 (2.0) 1 (1.7)
Infusion related reaction 2 (1.2) 3 (2.0) 1 (1.7)
Neoplasm, benign, malignant and unspecified 0 2 (1.3) 2 (3.3)
Adenocarcinoma of colon 0 0 1 (1.7)
Bladder cancer 0 1 (0.7) 0
Breast cancer 0 1 (0.7) 1 (0.7)
Source: Clinical study report CT-P10 3.2 Table 14.3.1.4

During the extension study period of study 3.2, 1/122 (0.8%) patients discontinued due to an 
AE of infusion related reaction in the CT-P10 maintenance group. No patients in the US-
licensed Rituxan maintenance or in the groups switching from US-licensed Rituxan or EU-
approved MabThera to CT-P10 had AEs leading to discontinuation during the extension 
period.

In study 1.1, the number of patients discontinuing due to AE was similar between the CT-P10 
group [6/102 (5.9%)] and the EU-approved MabThera group [4/51 (7.8%)]. Infusion related 
reactions led to discontinuation in 2 patients in the CT-P10 group and in none of the patients in 
the EU-approved MabThera group. In study 1.3 no patients discontinued due to AE.

Adverse Events of Special Interest (AESI)
The selection of AESI was informed by the known safety profile of US-licensed Rituxan as 
presented in the USPI and other published data and included infections, including serious 
infections, infusion related reactions, anaphylaxis defined by the National Institute of Allergy 
and Infectious Disease and Food Allergy and Anaphylaxis Network (NIAID/FAAN) Criteria,8 

8 Sampson HA et al., J Allergy Clin Immunol. 2006 Feb;117(2):391-7
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malignancies, severe mucocutaneous reactions, progressive multifocal leukoencephalopathy 
(PML), Hepatitis B reactivation with fulminant hepatitis, hepatic failure, cardiac arrhythmias, 
bowel obstruction and perforation, and cytopenias. 

In the context of the known adverse-event profile of US-licensed Rituxan, the following risks 
were characterized as adverse events of special interest (AESIs) within the development 
program of CT-P10: 

1. Infections including serious infections
2. Infusion related reactions
3. Anaphylaxis based on criteria described in the NIAID/FAAN) Criteria.

Other identified risks identified from the USPI with US-licensed Rituxan relevant to this 
review, including infusion reactions, severe mucocutaneous reactions, PML, Hepatitis B 
reactivation with fulminant hepatitis, hepatic failure, cardiac arrhythmias, bowel obstruction 
and perforation, and cytopenias will be discussed. 

The Applicant provided an integrated safety summary with a pooled analysis of AESIs across 
the controlled studies in RA patients (studies 1.1 and 3.2 main study period). 

Summary of the AESIs, including incidence rates for overall SAEs, serious infections, 
malignancies, and infusion related reactions in the main study period is presented in Table 24. 
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Table 24. AESI, Main Study Period, Study 3.2
Event CT-P10 

(N=161)
Rituxan +MabThera 
(N=211)

Serious Adverse Events 
Number (%) of patients with ≥ 1 event 1 13 (8.07) 18 (8.53) 
Total number of the events 14 20
Patient with the events / 100PY [1] (95% CI) 2 8.506 (4.529, 14.546) 8.749 (5.185, 13.827) 
Ratio of [1] (95% CI) 3 0.972 (0.438, 2.099) 
Serious Infections4 

Number (%) of patients with ≥ 1 event 1 2 (1.24) 4 (1.90) 
Total number of the events 2 4 
Patient with the events / 100PY [1] (95% CI) 2 1.309 (0.158, 4.727) 1.944 (0.530, 4.978) 

Ratio of [1] (95% CI) 3 0.673 (0.061, 4.696)
Pneumonia 
Number (%) of patients with ≥ 1 event 1 1 (0.62) 1 (0.47) 
Total number of the events 1 1
Patient with the events / 100PY [1] (95% CI) 2 0.654 (0.017, 3.646) 0.486 (0.012, 2.708) 
Ratio of [1] (95% CI) 3 1.346 (0.017, 105.670)
Sepsis 
Number (%) of patients with ≥ 1 event 1 1 (0.62) 0
Total number of the events 1 0
Patient with the events / 100PY [1] (95% CI) 2 0.654 (0.017, 3.646) 0.000 (0.000, 1.793) 
Ratio of [1] (95% CI) 3 N.C. (0.035, N.C.) 
Opportunistic infections5

Number (%) of patients with ≥ 1 event 1 5 (3.11) 4 (1.90) 
Total number of the events 5 4
Patient with the events / 100PY [1] (95% CI) 2 3.272 (1.062, 7.635) 1.944 (0.530, 4.978) 
Ratio of [1] (95% CI) 3 1.683 (0.362, 8.480) 
Malignancies 
Number (%) of patients with ≥ 1 event 1 0 4 (1.90) 
Total number of the events 0 4
Patient with the events / 100PY [1] (95% CI) 2 0.000 (0.000, 2.414) 1.944 (0.530, 4.978) 
Ratio of [1] (95% CI) 3 0.000 (0.000, 2.039) 
Infusion Related Reactions6 

Number (%) of patients with ≥ 1 event 1 33 (20.50) 25 (11.85) 
Total number of the events 39 30 
Patient with the events / 100PY [1] (95% CI) 2 21.592 (14.863, 30.324) 12.151 (7.864, 17.938) 
Ratio of [1] (95% CI) 3 1.777 (1.025, 3.117)

Source: Adapted from Applicant’s response to Information Request.
1 Includes all subjects in Main study period who had one or more occurrences of treatment-emergent adverse events (TEAEs) that met the 
criteria of the identified risk, the subject is counted only once regardless of the number of events or the number of occurrence. 
2 Poisson distribution was assumed for each treatment group 
3 Ratio = CT-P10 / Pooled rituximab (Rituxan + MabThera) 
4 Serious infection was defined as an infection reported as a treatment-emergent serious adverse event (TESAE). 
5 For the rules and definitions applied and used in the clinical development program of CT-P10 to capture all opportunistic infections. 
6 Infusion-related reactions (IRRs) were defined as any events occurring within 24 hours of infusion and considered by the investigator as 
causally related to the infusion of study drugs. 
CI: Confidence interval, IRR: Infusion related reactions, N.C.: Not calculated, PY: Patient-year, TEAE: Treatment-emergent adverse event, 
TESAE: Treatment-emergent serious adverse event

 Infections
Given the mechanism of action of rituximab leading to B-cell depletion and the use of other 
immunosuppressive therapies in the RA population, the Applicant conducted analysis of 
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infections and serious infections in the RA studies. Infections were identified as any event 
coded within the SOC of “infections and infestations.” Treatment-emergent AEs due to 
infections were summarized by relationship, intensity, SOC, and PT for the safety population. 
Serious and fatal reactions including bacterial, fungal, and new or reactivated viral infections 
are described in the USPI for Rituxan.

Patients were excluded from the protocol if they had a current or past infection with hepatitis 
B, hepatitis C, or infection with HIV. Patients were also excluded if there was a past or current 
diagnosis of tuberculosis (TB), recent exposure to a person with active TB, or examination 
findings indicating the presence of TB, defined as a positive result for interferon-γ release 
assay (IGRA) or other severe or chronic infection (such as sepsis, abscess or opportunistic 
infection, or invasive fungal infection such as histoplasmosis). A patient who had a past 
diagnosis with sufficient documentation of prophylaxis or complete resolution following 
treatment could be enrolled. Protocol exclusions were also present for patients requiring oral or 
parenteral antibiotics and other serious or chronic infections prior to randomization. 

Overall the frequency of infections and serious infections were similar between the treatment 
groups, and the types and frequency of infections were consistent with the safety profile for 
US-licensed Rituxan (Table 25).

In the pooled analysis from studies 3.2 (main study period) and 1.1, infections were reported in 
101/263 (38.4%) of patients receiving CT-P10 and 92/262 (35.1%) of the patients in the 
combined US-licensed Rituxan and EU-approved MabThera group. 

Table 25. Summary of Serious Infections in Study CT-P10 3.2 (Main Study Period) and 
Study 1.1 by PT

Study CT-P10 3.2 Study CT-P10 1.1
CT-P10
(N=161)

Rituxan
(N=151)

MabThera
(N=60)

CT-P10 
(N=102)

MabThera 
(N=51)

Infections and Infestations 62 (38.5) 54 (35.8) 17 (28.3) 39 (38.2) 21 (41.2)
Serious Infections and Infestations 2 (1.2) 4 (2.6) 0 1 (1.0) 1 (2.0)
Cellulitis 1 (0.6) 1 (0.7) 0 0 0
Pneumonia 1 (0.6) 0 0 0 1 (2.0)
Pneumocystis jirovecii pneumonia 0 1 (0.7) 0 0 0
Bronchitis 0 1 (0.7) 0 0 0
Eczema infected 0 1 (0.7) 0 0 0
Diverticulitis 0 0 0 1 (1.0) 0
Source: Clinical study report CT-P10 Table 12-3 and Clinical study report CT-P10 1.1 Table 14.3.1.2

The most common overall infections were upper respiratory tract infections (including events 
of nasopharyngitis), urinary tract infections, and bronchitis.

During the extension study period in study 3.2, one patient in the treatment arm switched from 
US-licensed Rituxan to CT-P10 had a serious infection of pneumonia. No other serious 
infections were reported during the extension period. The proportion of patients reporting any 
infections were similar between patients continuing on CT-P10 and US-licensed Rituxan and 
those transitioning to CT-P10. In the group receiving CT-P10 in the main and extension 
period, 21/122 (17.2%), in the US-licensed Rituxan group, 14/64 (21.9%), in the US-licensed 
Rituxan to CT-P10, 14/62 (22.6%) and in the EU-approved MabThera to CT-P10 group 3/47 
(6.4%) patients had at least one event of infection. The most common infections in the 
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extension phase were similar to those seen in the main study period and included upper 
respiratory tract infections, urinary tract infections and bronchitis.

In study 3.2, interferon-γ release assay (IGRA) was required at baseline to assess for presence 
of TB. The majority of patients had a negative IGRA result at baseline. Positive IGRA results 
were seen in 15 (9.3%) of patients in the CT-P10 treatment group and 4 (2.6%) of patients in 
the US-licensed Rituxan group and none in the EU-approved MabThera group. Patients with a 
positive IGRA result at baseline were allowed to enroll based on proper prophylaxis history 
and no signs or symptoms of tuberculosis. No patients developed signs or symptoms of TB in 
the main study period. At the start of the extension study period IGRA positive results were 
present in 10 (8.2%) of the patients in the CT-P10 maintenance group, 2 (3.1%) in the US-
licensed Rituxan maintenance group, 1 (1.6%) in the single transition from US-licensed 
Rituxan group and no patients in the single transition from EU-approved MabThera group. 
One patient in the extension study period in the CT-P10 maintenance arm was diagnosed with 
latent TB. IGRA was negative at BL and was positive at extension Week 24. The patient was 
treated with Isoniazid.

In study 1.1 infections were similar between CT-P10 and EU-approved MabThera treatment 
groups. The most common infections in the CT-P10 group were upper respiratory tract 
infections (11 [10.8%]), urinary tract infections (10 [9.8%]), nasopharyngitis and pharyngitis 
(5 [4.9%]). One patient had a serious infection of diverticulitis which led to discontinuation of 
study treatment in the CT-10 group and one patient in the EU-approved MabThera group had a 
serious infection of lobar pneumonia. No patients in the EU-approved MabThera group had 
any infections leading to discontinuation.

No serious infections occurred during study 1.3.

Overall, the types and frequency of infections were consistent with those reported for US-
licensed Rituxan.

 Infusion Related Reactions, including Anaphylaxis

Infusion Related Reactions
Infusion related reactions (IRRs) including severe and fatal infusion reactions can be seen in 
patients treated with rituximab. Infusion reactions described in the FDA-approved Rituxan 
labeling include urticaria, hypotension, angioedema, hypoxia, bronchospasm, pulmonary 
infiltrates, acute respiratory distress syndrome, myocardial infarction, ventricular fibrillation, 
cardiogenic shock, anaphylactic events or death.9 Other more commonly reported symptoms of 
acute infusion reactions include events of fever, chills/rigors, pruritus, urticaria/rash, 
angioedema, throat irritation, sneezing, cough, bronchospasm with or without associated 
hypertension or hypotension. 

9 FDA-approved Rituxan labeling
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Infusion-related reactions were recorded in a separate eCRF in study 3.2. In the CT-P10 
studies IRRs were defined as any event occurring within 24 hours of the infusion and 
considered by the investigator as causally related to the infusion of study drug.
Patients treated in studies 3.2 and 1.1/1.3 received premedication of an antipyretic, an 
antihistamine and/or a glucocorticoid before each infusion of the study drug.

In study 3.2, IRRs were lowest in the US-licensed Rituxan arm but were otherwise similar 
between the EU-approved MabThera and CT-P10 treatment arms in the Main Study period 
(Table 26).

Table 26. Summary of Infusion Related Events, Study 3.2 (Main Study Period) and 
Study 1.1

Study CT-P10 3.2 Main Study Period Study CT-P10 1.1
CT-P10
(N=161)

Rituxan
(N=151)

MabThera
(N=60)

CT-P10 
(N=102)

MabThera 
(n=51)

Number of Infusion Related Events 39 15 15 12 3
Infusion Related Reactions (IRRs), n (%) of 
patients (preferred term*)

33 (20.5) 12 (7.9) 13 (21.7) 12 (11.8) 3 (5.9)

Severe IRRs, n (%) 1 (0.6) 0 0 1 (1.0) 0
Serious IRRs, n (%) 0 0 0 1 (1.0) 0
IRR leading to discontinuation, n (%) 2 (1.2) 3 (2.0) 1 (1.7) 2 (2.0) 0
IRR requiring treatment, n (%) 15 (9.3) 7 (4.6) 6 (10.0) 10 (9.8) 6 (11.8)
Source: FDA analysis of data from Celltrion 351(k) BLA submission 
*Infusion related reactions: limited to those reported by preferred term only

One patient in study 3.2 main study period treated with CT-P10 had a severe (grade 3) infusion 
related reaction of dyspnea. Other infusion related reactions during the main study period were 
mild or moderate (grade 1 or 2) in severity. Three patients in study 3.2 had IRR leadings to 
discontinuation in the CT-P10 group. Two occurred during the first infusion at week 0 and a 
third patient in the CT-P10 group in both the main and extension portion of the study had a 
serious infusion related reaction occurring on the first dose of the extension study (3rd 
treatment course). This patient is discussed below in the evaluation of anaphylaxis. Three 
patients treated with US-licensed Rituxan in the main study period and one patient in the EU-
approved MabThera arm had an IRR during the first infusion of study drug leading to study 
drug discontinuation. 

In study 3.2 in patients treated with CT-P10, the most common symptoms of IRRs were 
itching, rash, throat irritation, flushing/facial erythema, and tachycardia. Other less commonly 
reported symptoms including hypertension, headaches, and urticaria. The nature and severity 
of the events were generally similar between treatment arms.

In study 1.1 the events due to hypersensitivity or IRR based on the Applicant’s analysis were 
generally similar between treatment groups. IRRs in study 1.1 were not separately captured as 
in study 3.2 and therefore the Applicant used several approaches to identify potential infusion 
related reactions. Events reported to the single preferred term of infusion related reactions 
were higher in the CT-P10 group with 12 patients (11.8%) with an event, versus 3 patients 
(5.9%) on EU-approved MabThera. To look at more extensive group of possible infusion 
related events the Applicant combined terms from across SOCs, with consideration of 
investigator assessed causality and timing of the events relative to the infusion. The approach 
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included combining reported terms of hypersensitivity, drug hypersensitivity, anaphylactic 
shock, anaphylactic reaction and infusion related reaction. A separate list of PTs, including 
possible infusion related symptoms (e.g. vomiting, throat irritation, rhinitis, urticaria) was also 
included in the analysis. Using this combination of terms, the Applicant’s analysis 
demonstrated a similar proportion of patients with infusion related events in the CT-P10 
treatment arm with 20 (19.6%) of patients and 10 (19.6%) of patients in the EU-approved 
MabThera arm with infusion related events. While the Applicant used an approach to evaluate 
the IRRs in study 1.1, different from that used in study 3.2, the frequency of infusion related 
and hypersensitivity events are consistent with the safety profile for US-licensed Rituxan. 
FDA analyses applying SMQ criteria for hypersensitivity showed similar event frequency 
between treatment arms (data not shown).

In study 1.1, one patient on CT-P10 had a severe infusion related reaction of headache. A 
second patient on CT-P10, a 26-year-old female, had a serious adverse reaction of urticaria. 
She also developed throat irritation, and was treated with chloropyramine hydrochloride, 
dexamethasone, and levocertirizine and the event resolved. She did not experience significant 
decreases in blood pressure or other changes in vital signs. She continued into the extension 
period and received one an additional dose after the event. In study 1.1, two additional patients 
in the CT-10 group discontinued due to infusion related reactions. One occurred during the 
first infusion and one occurred during the second course of treatment. No patients discontinued 
due to infusion related reactions in the EU-approved MabThera treatment arm.

In the pooled safety analysis, of the main study period of study 3.2 and study 1.1, 45/263 
(17.1%) patients in the CT-P10 dose group had reported AEs of infusion related reactions 
(Preferred Term) and in the combined US-licensed Rituxan and EU-approved MabThera group 
28/262 (10.7%) patients had reported AEs of infusion related reactions.

In the single transition arms in RA patients (study 3.2, extension study period and study 1.3) 
no increase in infusion related reactions were seen in patients who underwent a single 
transition to CT-P10 from either EU-approved MabThera or US-licensed Rituxan (Table 27). 
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Table 27. Summary of Infusion Related Reactions Following Single Transition, Study 3.2 
(Extension Study Period) and Study 1.3

Study CT-P10 3.2 (Extension Study Period) Study CT-P10 1.3
CT-P10 
maintenance 
(N=122)

Rituxan 
maintenance 
(N=64)

Rituxan 
CT-P10 
(N=62)

MabThera 
CT-P10
(N=47)

CT-P10 
Maintenance
(N=38)

MabThera 
CT-P10
(N=20)

Number  of events of IRRs 6 3 2 3 1 1

Number (%) of patients with 
IRRs

5 (4.1) 3 (4.7) 2 (3.2) 2 (4.3) 1 (2.6) 1 (5.0)

Number (%) of patients with 
severe IRRs

0 0 0 0 0 0

Number (%) of patients with 
serious IRRs

1 (0.8) 0 0 0 0 0

Number (%) of patients with 
IRRs leading to 
discontinuation

1 (0.8) 0 0 0 0 0

Number (%) of patients with 
IRR requiring treatment

3 (2.5) 2 (3.1) 1 (1.6) 0 0 1 (5.0)

Source: FDA Analysis of Celltrion 351(k) BLA submission 

In summary, in study 3.2 IRRs were noted to be higher in the CT-P10 treatment arm than in 
the US-licensed Rituxan arm but similar to those of EU-approved MabThera. The nature of the 
infusion related events, severity of the events, and events leading to discontinuation were 
similar across the treatment arms.  Importantly, no differences were seen in the rates of IRR in 
the RA patients following the single transition to CT-P10 from either EU-approved MabThera 
or US-licensed Rituxan compared to those who continued treatment with US-licensed Rituxan.  
Further, the incidence of IRRs was similar between CT-P10 and US-licensed Rituxan (23% vs 
24%, respectively) in study 3.3 in patients with AFL, as summarized in DHP clinical review. 
In aggregate, these findings support the conclusion that there were no clinically relevant 
differences in the IRRs between CT-P10 and US-licensed Rituxan.  

Anaphylaxis
Events of anaphylaxis in the CT-P10 program were examined by applying the criteria 
described by NIAID/FAAN criteria.10 The Applicant examined serious and severe grade 3 
events meeting the criteria in the RA studies 3.2 and 1.1. No cases of anaphylaxis occurred 
during the controlled periods of these studies. One patient was identified during the extension 
period of study 3.2 that met the criteria for anaphylaxis. The patient was a 20-year-old female 
from the CT-P10 maintenance group who experienced a serious adverse event during the 
infusion on Extension Week 0 (3rd treatment course). The patient developed itching, rash, and 
edema on skin and mucosal tissue 5 minutes after the study drug infusion. She also developed 
throat irritation, and had a slight decrease in blood pressure. All sign and symptoms resolved 
within 30 minutes following steroid therapy (IV hydrocortisone 250mg). No other treatments 
were required. The patient did not experience any infusion related reactions during the 
previous infusions of the study drug. During the study, the patient had positive results for 
ADAs and negative results for neutralizing antibodies (Nab) tests at all tested time-points 
(Week 0, Week 24, Week 48, Extension Week 0 and Extension Week 24). The study drug was 

10 Sampson HA et al., J Allergy Clin Immunol. 2006 Feb;117(2):391-7
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permanently discontinued due to the event and the patient completed the study period with 
safety follow-up.

Re-evaluation of all cases of reported IRRs in study 3.2, revealed two additional cases of 
mild/moderate reactions in which throat irritation and skin findings were reported in the CT-
P10 group in study 3.2. One additional serious case was also identified in study 1.1 in a patient 
who developed urticaria and throat irritation (discussed above under infusion related 
reactions). Neither patient, however, had changes in vital signs or evidence of respiratory 
compromise to meet the NIAID/FAAN criteria for anaphylaxis.11

 Malignancies

The Applicant identified malignancies using treatment-emergent AEs that coded to a preferred 
term (PT) of “cancer,” “carcinoma,” or “lymphoma” in a system organ class (SOC) of 
“neoplasms benign, malignant, and unspecified (including cyst and polyps).”

The system organ class for neoplasms, benign, malignant and unspecified was reviewed for the 
RA studies and no malignancies were reported in the CT-P10 arm in the RA studies. The 
malignancies reported during the main study period for study 3.2 are show below in Table 28.

Table 28. Summary of Malignancies, Main Study Period, Study 3.2
CT-P10 
(N=161)

Rituxan
(N=151)

MabThera
(N=60)

Total number of malignancies 0 2 2
No. (%) of patients with malignancy 0 2 (1.3%) 2 (3.3%)
Adenocarcinoma of colon 0 0 1 (1.7%)
Bladder cancer 0 1 (0.7%) 0
Breast Cancer 0 1 (0.7%) 1 (1.7%)
Source: FDA analysis of data from Celltrion 351(k) BLA submission 

No malignancies were reported in the extension period of study 3.2.

In study 1.1, two patients (2.0%) treated with CT-P10 and 1 patient (2.0%) treated with EU-
approved MabThera had adverse events in the SOC “Neoplasms benign, malignant and 
unspecified.”  In the CT-P10 group one patient had an adverse event of adrenal neoplasm and 
1 patient had an adverse event of fibroadenoma of the breast. In patients treated with EU-
approved MabThera one patient had an AE of carcinoma of the cervix.

 Other AESI

Severe Mucocutaneous Reactions
The Applicant analyzed the safety data for potential events of severe mucocutaneous reactions 
and no events were reported for PTs of paraneoplastic pemphigus, Stevens-Johnson Syndrome 
(SJS), lichenoid dermatitis, vesicolobullous dermatitis or toxic epidermal necrolysis (TEN). 
No cases were identified during the studies in RA.

11 Sampson HA et al., J Allergy Clin Immunol. 2006 Feb;117(2):391-7
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In review of serious events in the SOC of “skin and subcutaneous tissue disorders” one serious 
event of skin rash consistent with urticaria was seen in the CT-P10 treatment arm, four days 
following the infusion in study 1.1 which resolved. No events consistent with severe 
mucocutaneous reactions were identified in the RA studies.

HBV reactivation
Patients were excluded from the study if they had a current or past history of chronic infection 
with hepatitis B or C.

The Applicant reviewed the data for cases meeting the criteria of a marked increase in HBV 
replication (> 2 log increase from baseline levels or a new appearance of HBV DNA to a level 
of > 100 IU/mL) in a person with previously stable or undetectable levels. The types of 
reactivation were described as either reverse HBsAg seroconversion (reappearance of HBsAg) 
or appearance of HBV DNA in the serum in the absence of HBsAg. In the RA studies, there 
were no reported cases of fulminant hepatitis on the background of HBV reactivation. There 
were also no cases of reverse HBsAg seroconversion.

There were five patients in the RA studies with positive results for HBV DNA testing reported 
during the treatment period who were negative for HBV DNA at baseline. One additional 
patient in study 3.2 was found to have positive HBV DNA at baseline. Of the five patients 
negative for HBV DNA at baseline four (4) of the patients were in the CT-P10 arm in study 
3.2 and 1 patient was in the CT-P10 arm of study 1.1. All patients were asymptomatic.  One 
patient in study 3.2 did show HBV replication reactivation with levels of HBV DNA of 113 
IU/mL (extension week 24) with elevations in ALT and GGT during the study. The patient 
was a 50-year-old female and was positive for hepatitis B core total immunoglobulin (HBcIg) 
but negative for HBV DNA at the screening visit. The patient received 3 full courses of CT-
P10 (6,000mg). At the main study Week 26 she had an elevation in ALT of 109U/L and GGT 
of 191 U/L with normal total bilirubin. At extension Week 24 she was found to have HBV 
DNA of 113 IU/mL with negative HBsAb, and negative HBsAg. Elevations in LFTs resolved 
and bilirubin remained within normal ranges. At follow-up visit approximately 1 month later, 
the HBV DNA was 42 IU/mL. 

One patient in study 3.2 was positive for HBV DNA at screening. She received a total of 4,000 
mg of CT-P10 but did not experience an increase in HBV DNA level and remained negative 
for HBsAg. 

The other four patients on CT-P10 who had positive HBV DNA levels during the RA studies 
also had positive hepatitis B core total immunoglobulin (HBcIg) and negative HBV DNA at 
screening. One developed HBV DNA levels of up to 44 IU/mL with an ALT of 42 U/L and the 
other three (3) patients did not develop levels of HBV DNA over 20 IU/mL (the lower limit of 
detection). Only mild elevations in LFTs were noted. No patients in the US-licensed Rituxan 
or EU-approved MabThera arms had development of HBV DNA during the study.
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At screening in study 3.2, 36 patients had had HBcIg positive results [16 (9.9%), 12 (7.9%) 
and 8 (13.3%) in the CT-P10, US-licensed Rituxan and EU-approved MabThera treatment 
groups respectively].

Hepatitis B reactivation has been described with a number of immune modulating agents 
including US-licensed Rituxan. The risk of development can depend on the underlying 
serologic status as well as the type of immunosuppressive therapy. The FDA-approved 
Rituxan labeling includes a black box warning for hepatitis B virus reaction. Reactivation of 
hepatitis B is described as the abrupt reappearance or rise of hepatitis B, HBV DNA in the 
serum of a patient with previously inactive or resolved HBV infection. The five patients who 
developed HBV DNA during the three studies in RA were negative at screening but had 
positive hepatitis B core immunoglobulin at screening. All were on CT-P10 during the studies, 
with four patients in study 3.2 and one patient in study1.1. While an imbalance in the 
development of HBV DNA is present between the treatment arms, the imbalance was small, 
and all cases were asymptomatic with only a single case with rapid elevation in HBV DNA 
greater than 100 IU/ml. Hepatitis B reactivation is a known risk with US-licensed Rituxan, and 
the numerical imbalances do not appear to indicate a new safety signal.  Further, there were no 
cases of HBV reactivation reported in study 3.3 in patients with AFL, as summarized in DHP 
clinical review.  In aggregate, these findings indicate that the observed increase in HBV DNA 
replication seen in CT-P10 group in study 3.2 represent a known effect of rituximab and do not 
preclude the demonstration of no clinically meaningful differences between CT-P10 and US-
licensed Rituxan.  

Progressive Multifocal Leukoencephalopathy (PML)
Rare cases of PML have been reported during therapy with US-licensed Rituxan.12 During the 
CT-P10 clinical program, patients were monitored for any new or worsening neurological 
symptoms or signs that may be suggestive of PML. If PML was suspected, further dosing was 
to be suspended until PML had been excluded. If a patient developed PML, further dosing of 
CT-P10, US-Rituxan or EU-approved MabThera was to be permanently discontinued. 
Progressive multifocal leukoencephalopathy (PML) was an AE of special interest and was 
captured by the PT “progressive multifocal leukoencephalopathy.” No patients in the RA 
studies had reported events of PML.

Cardiovascular Events
Events of cardiac arrhythmia and angina are described in the warnings and precautions 
sections of the FDA-approved Rituxan labeling. Cardiac events were therefore prospectively 
monitored and captured in the RA studies of CT-P10. 

Overall cardiac events captured in the SOC “cardiac disorders” were similar between CT-P10, 
US-licensed Rituxan and EU-approved MabThera in study 3.2 (Table 29). In Study 3.2 no 
serious cardiac events were reported. Cardiac events reported to the SOC for “cardiac 
disorders” are shown in Table 29, and cardiac events reported to the SOC for “investigations” 
included one patient in the CT-P10 dose arm with an event of QT prolongation and one patient 
in the US-licensed Rituxan arm with a heart rate increase.

12 FDA-approved Rituxan labeling
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Table 29. Cardiovascular Disorders, Study 3.2 and Study 1.1
Study 3.2 Study 1.1
CT-P10 
(N=161)

Rituxan
(N=151)

MabThera
(N=60)

CT-P10
(N=102)

MabThera
(N=51)

Number (%) with cardiac 
disorders

7 (4.3) 5 (3.3) 2 (3.3) 8 (7.8) 1 (2.0)

Arrhythmia 0 0 0 1 (1.0) 1 (2.0)
Atrial fibrillation 0 0 1 (1.7) 1 (1.0) 0
Bradycardia 1 (0.6) 0 0 2 (2.0) 0
Left Bundle Branch Block 0 1(0.7) 0 0 0
Coronary artery Disease 0 1(0.7) 0 0 0
Extrasystoles 0 1(0.7) 0 0 0
Left ventricular Hypertrophy 0 1(0.7) 0 0 0
Mitral valve prolapse 0 0 0 1 (1.0) 0
Myocardial Ischemia 1 (0.6) 0 0 0 0
Palpitations 1 (0.6) 1(0.7) 1 (1.7) 0 0
Pericardial effusion 0 0 0 1 (1.0) 0
Supraventricular 
extrasystoles

1 (0.6) 0 0 0 0

Tachycardia 3 (1.9) 0 0 2 (2.0) 1 (2.0)
Source: FDA analysis of data from Celltrion 351(k) BLA submission 

During the extension portion of study 3.2, one additional patient on CT-P10 in both the main 
and extension portion of the study had an AE of right bundle branch block, and one patient 
switched to CT-P10 from US-licensed Rituxan had an ECG repolarization abnormality.

In Study 1.1 numerically more adverse cardiac events were reported in the CT-P10 group 
although events of cardiac arrhythmia were similar between groups.  Serious cardiac events 
were reported in 3 patients (2.9%) in the CT-P10 dose group and 0 patients in the EU-
approved MabThera group. Serious cardiac events included one patient with an arrhythmia, 
one patient with a mitral valve prolapse and 1 patient with a pericardial effusion. The patient 
who experienced a serious event of cardiac arrhythmia was a 68 year-old female with a 
medical history significant for cardiac insufficiency, hypertension, atrial fibrillation, and 
cerebrovascular accident. One patient in EU-approved MabThera group had a non-serious AE 
of arrhythmia. Overall, the types of cardiac events in study 1.1 were single cases in distinct 
preferred term categories which were not corroborated by the data from study 3.2.

In Study 1.3, no cardiac AEs were reported.

Hematologic Disorders
Cytopenias are considered an important risk for treatment with rituximab as described in the 
FDA-approved Rituxan labeling. 

In study 3.2 the number of patients with adverse events and types of events reported to the 
SOC of “blood and lymphatic system disorders” were similar across all dose groups in the 
main study period (CT-P10: 10 [6.2%], US-licensed Rituxan: 10 [6.6%], and EU-approved 
MabThera 4 [6.7%]). 
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During the extension phase of the study, 4 patients (3.3%) in the CT-P10 maintenance arm had 
events related to blood and lymphatic system including anemia (1 patient), leukopenia (2 
patients), and thrombocytopenia (1 patient). No patients in the US-licensed Rituxan 
maintenance group had AEs in the blood and lymphatic system SOC. Four patients switched 
from US-licensed Rituxan to CT-P10 and 1 patient switched from EU-approved MabThera 
had AEs of blood and lymphatic disorders during the extension period (anemia [3 patients] and 
neutropenia [2 patients]).

Serious adverse events were also similar between treatment arms in study 3.2. One serious 
adverse event of pancytopenia was reported in a patient dosed with CT-P10, and in one patient 
in the US-licensed Rituxan group. One patient in the EU-approved MabThera group had an 
SAE of leukopenia.

In studies 1.1 and 1.3 the adverse events reported to the SOC of “blood and lymphatic system 
disorders” were similar between treatment arms, and events were similar to those reported in 
Study CT-P10 3.2.

GI Events: bowel obstruction and perforation
The FDA-approved Rituxan labeling also includes a warning and precaution regarding adverse 
events of bowel obstruction and perforation. Therefore, GI events were prospectively 
monitored and captured in the RA studies. 

In study 3.2, during the main study period, the number of patients with adverse events of 
gastrointestinal disorders were similar between CT-P10 (17 [10.6%]) and US-licensed Rituxan 
19 [12.6%]). One event of intestinal obstruction was reported in a patient treated with US-
licensed Rituxan in the main study period, and no events of bowel obstruction or perforation 
were reported in the extension period.

In study 1.1 no adverse events of intestinal obstruction were reported. The number of patients 
with adverse event due to gastrointestinal disorders were similar between dose groups (CT-
P10: 18 [17.6%] and EU-approved MabThera 9 [17.6%]).

Renal Disorders
In study 3.2, the frequency and types of events reported under the SOC of “renal and urinary 
disorders” were similar between dose groups in the main period of the study. Five patients 
(3.1%) in the CT-P10 group, 6 patients (4.0%) in the US-licensed Rituxan arm, and 2 patients 
(3.3%) in the EU-approved MabThera arm had AEs reported in the SOC. The number of 
events was also similar in the extension phase with one patient in the CT-P10 maintenance 
group and one patient in the US-licensed Rituxan maintenance group with an AE in the renal 
and urinary disorders SOC (leukocyturia and glycosuria, respectively). 

One patient in the CT-P10 group had a serious adverse event reported as acute renal failure 
beginning 8 days following her first study drug infusion. She also had received treatment with 
levofloxacin for acute pharyngitis and anti-inflammatory medications for treatment of a knee 
injury following a fall in the days prior to the onset of symptoms. No other serious renal events 
were reported in study 3.2.
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In study 1.1 there were no serious renal adverse events. One patient had an adverse event of 
acute kidney injury in the CT-P10 study arm and 3 patients in the EU-approved MabThera 
treatment arm had AEs of renal and urinary tract disorders. The events included urinary 
calculus, costovertebral angle tenderness and urinary tract inflammation. In study 1.3 one 
patient in the CT-P10 group in study 1.1 had an event of renal colic.

Summary of AESIs
Overall, the incidence of AESIs across the treatment groups, CT-P10, US-licensed Rituxan, 
and EU-approved MabThera, was similar. No increase in AESIs was seen between patients 
who were randomized to undergo a single transition to CT-P10 from either US-licensed 
Rituxan or EU-approved MabThera and those who continued US-licensed Rituxan. Small 
numerical differences were seen for some events including IRRs.  However, IRRs are a known 
safety risk for US-licensed Rituxan13 and these numerical differences were not corroborated by 
the data from the advanced follicular lymphoma study 3.3. In addition, transitioning of non-
treatment naïve patients (those previously treated with US-licensed Rituxan or EU-approved 
MabThera) to CT-P10 did not appear to result in clinically significant adverse reactions.

Overall, the evaluation and review of the AESI support the conclusion there are no clinically 
meaningful differences between CT-P10 and US-licensed Rituxan in the population studied.

Common Adverse Events
Common adverse events, reported by >3 % of subjects in study 3.2 are summarized in Table 
30. The most common TEAEs reported in study 3.2 were infections and infusion related 
reactions. Overall the common events were similar across treatment groups. 

13 FDA-approved Rituxan labeling
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Table 30. Treatment Emergent Adverse Events Reported for >3% of Patients in Any 
Group, Study 3.2 Main Study Period

CT-P10
(N=161)

Rituxan
(N=151)

MabThera
(N=60)

Combined Rituxan 
+ MabThera 
(N=211)

System organ Class
 Preferred Term

Number (%) of patients

Total number of TEAEs 
Total patients with at least 1 TEAE

350 
125 (77.6) 

294
97 (64.2)

96
39 (65.0)

390
136 (64.5)

Infections and infestations 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 1 15 (9.3) 8 (5.3) 2 (3.3) 10 (4.7)
Lower respiratory tract infection 2 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)
Influenza 2 (1.2) 0 2 (3.3) 2 (0.9)
Injury, poisoning and procedural
complications 

43 (26.7) 23 (15.2) 14 (23.3) 37 (17.5)

Infusion-related reaction 33 (20.5) 12 (7.9) 13 (21.7) 25 (11.8)
Fracture 4 (2.5) 6 (4.0) 1 (1.7) 7 (3.3)
Injury 4 (2.5) 5 (3.3) 0 5 (2.4)
Gastrointestinal disorders 17 (10.6) 19 (12.6) 7 (11.7) 26 (12.3)
Abdominal pain 4 (2.5) 5 (3.3) 1 (1.7) 6 (2.8)
Musculoskeletal and connective tissue
disorders 

20 (12.4) 14 (9.3) 5 (8.3) 19 (9.0)

Back pain 5 (3.1) 4 (2.6) 1 (1.7) 5 (2.4)
Investigations 18 (11.2) 16 (10.6) 3 (5.0) 19 (9.0)
Alanine aminotransferase increased 5 (3.1) 7 (4.6) 0 7 (3.3)
Nervous system disorders 14 (8.7) 13 (8.6) 2 (3.3) 15 (7.1)
Headache 8 (5.0) 8 (5.3) 2 (3.3) 10 (4.7)
Metabolism and nutrition disorders 16 (9.9) 10 (6.6) 2 (3.3) 12 (5.7)
Hypertriglyceridaemia 7 (4.3) 4 (2.6) 1 (1.7) 5 (2.4)
Blood and lymphatic system disorders 10 (6.2) 10 (6.6) 4 (6.7) 14 (6.6)
Anemia (includes PTs anemia and iron 
def. anemia)

6 (3.7) 5 (3.3) 2 (3.3) 7 (3.3)

Skin and subcutaneous tissue disorders 11 (6.8) 9 (6.0) 4 (6.7) 13 (6.2)
Pruritus 3 (1.9) 1 (0.7) 3 (5.0) 4 (1.9)
Vascular disorders 8 (5.0) 7 (4.6) 0 7 (3.3)
Hypertension 6 (3.7) 4 (2.6) 0 4 (1.9)
Psychiatric disorders 4 (2.5) 4 (2.6) 3 (5.0) 7 (3.3)
Depression 1 (0.6) 1 (0.7) 2 (3.3) 3 (1.4)
Source: Clinical study report CT-P10 3.2 Table 12-6, * includes combined PTs of upper respiratory tract infections, viral 
upper respiratory tract infections, nasophayngitis, laryngitis, pharyngitis, pharyngitis bacteria, pharyngotonsilitis, tonsillitis, 
tracheitis, tracheobronchitis. 1. Includes combined PTs of cystitis and urinary tract infections 2  Includes combined PTs of 
bronchiolitis, bronchitis, lower respiratory tract infection, lung infection, respiratory tract infection, respiratory tract infection 
viral

Further, following the single transition in study 3.2, in the extension phase, the common 
adverse event profile remained consistent and was similar between subjects who underwent the 
single transition from either EU-approved MabThera or US-licensed Rituxan to CT-P10 and 
those remaining on US-licensed Rituxan (Table 31). The incidence and types of common 
adverse events were similar between the treatment arms and were consistent with the known 
safety profile of US-licensed Rituxan.14

14 FDA-approved Rituxan labeling
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Table 31. Treatment Emergent AE for >3% of patients in any Group in Extension Phase, 
Study 3.2

CT-P10
Maintenance
(N=122)

Rituxan
Maintenance
(N=64)

Switched
from
Rituxan
(N=62)

Switched
from
MabThera
(N=47)

Switched
from
Rituxan/
MabThera
(N=109)

System Organ Class
Preferred Term

Number (%) of patients

Total number of TEAEs 
Total patients with at 
least
1 TEAE

85
 48 (39.3) 

40
21 (32.8)

45
26 (41.9)

15
10 (21.3)

60
36 (33.0)

Upper respiratory tract
infection *

10 (8.2) 10 (15.6) 8 (12.9) 0 8 (7.3)

Urinary tract infection 1 8 (6.6) 2 (3.1) 2 (3.2) 1 (2.1) 3 (2.8)
Lower respiratory tract
infection 2

1 (0.8) 3 (4.7) 2 (3.2) 2 (4.3) 4 (3.7)

Gastroenteritis 0 0 2 (3.2) 0 2 (1.8)
Vaginal infection 0 2 (3.1) 0 0 0
Injury, poisoning and
procedural 
complications 

6 (4.9) 4 (6.3) 2 (3.2) 2 (4.3) 4 (3.7)

Infusion-related reaction 5 (4.1) 3 (4.7) 2 (3.2) 2 (4.3) 4 (3.7)
Blood and lymphatic
system disorders 

4 (3.3) 0 4 (6.5) 1 (2.1) 5 (4.6)

Anaemia 1 (0.8) 0 3 (4.8) 1 (2.1) 4 (3.7)
Source: Clinical Study Report CT-P10 3.2 Table 12-7
* includes combined PTs of upper respiratory tract infections, viral upper respiratory tract infections, nasophayngitis, 
laryngitis, pharyngitis, pharyngitis bacteria, pharyngotonisillitis, tonsillitis, tracheitis, tracheobronchitis. 1. Includes combined 
PTs of cystitis and urinary tract infections 2  Includes combined PTs of bronchiolitis, bronchitis, lower respiratory tract 
infection, lung infection, respiratory tract infection, respiratory tract infection viral

Common AEs in study 1.1 were generally similar to those in study 3.2 and were similar in the 
CT-P10 and EU-approved MabThera dose groups. The most frequently reported TEAEs were 
upper respiratory tract infection (19/102 [18.6%] in the CT-P10, and 8/51 [15.7%] in EU-
approved MabThera groups), infusion related reaction (12/102 [11.8%] in the CT-P10, and 
3/51 [5.9%] in EU-approved MabThera group) and urinary tract infection (11/102 [10.8%] in 
the CT-P10, and 4/51 [7.8%] in EU-approved MabThera group). Infusion related reactions 
were numerically higher in the CT-P10 group in study 1.1 which was discussed in further 
detail above under the section on AESIs.

In study 1.3 most reported AEs were similar between patients continuing on CT-P10 and those 
who underwent a single transition to CT-P10 from EU-approved MabThera. The reported 
adverse events were also similar to those seen in the extension period of study 3.2.

In the pooled safety analyses 263 patients were treated with CT-P10 and 262 patients were 
treated with either US-licensed Rituxan or EU-approved MabThera in studies 3.2 and 1.1. 
Overall common AEs were generally similar across treatment arms in analysis of the pooled 
RA safety population. Events occurring at a rate of >3% in the pooled population which 
showed differences between treatment arms included, infusion related reactions [45 (17.1%) vs 
28 (10.7%)] discussed in the AESI section above, hypercholesterolemia [8 (3.0%) versus 3 
(0.8%)] and dizziness [10 (3.8%) versus 4 (1.5%)]. Overall the numerical differences were 
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small and not considered clinically relevant. No differences were seen in change in mean or 
median total cholesterol, HDL or LDL levels.

Laboratory Findings
Overall laboratory findings were similar between dose groups in the RA studies (3.2, 1.1, and 
1.3). Safety laboratory evaluations including hematology, clinical chemistry, and urinalysis 
parameters demonstrated small changes from baseline and no notable differences were seen 
between treatment groups. No new or unexpected laboratory findings were reported in the CT-
P10 clinical program.

Grade 4 laboratory events (based on NCI common terminology for Adverse events (CTCAE v. 
4) included two patients with a grade 4 CTCAE events of total neutrophil decrease, 1 in the 
CT-P10 group and 1 in the US-licensed Rituxan group for the main period of study 3.2. One 
patient in the CT-P10 group also had a grade 4 event of increase in creatinine and decrease of 
creatinine clearance. This patient had a serious adverse event of acute renal failure. One patient 
in the CT-P10 group had a grade 4 decrease in platelets and had a reported SAE of 
pancytopenia.

In the extension phase of study 3.2, two patients (1.6%) in the CT-P10 maintenance group had 
a CTCAE grade 4 decrease in neutrophils and 1 patient (0.8%) in the CT-P10 maintenance 
group had a grade 4 increase in ALT. Overall changes in laboratory parameters were similar 
between dose groups in the extension phase of the study.

Review of changes in neutrophil levels showed similar group mean changes from baseline 
levels across the three arms through Week 48 in study 3.2. Review of changes in total 
cholesterol levels was also similar between treatment arms during the main portion of study 
3.2.

Immunoglobulin levels were also monitored during the study 3.2. Patients with B-cell, IgM 
and IgG values below the lower limit of normal (LLN) or less than 50% of their baseline value 
had additional follow-up visits until recovery was achieved for the parameters. The mean and 
median changes in the levels of IgM, IgG and IgA were similar across the treatment groups. 
The proportion of patients with at least one IgA, IgG, and IgM under the LLN at any time-
point was generally similar across dose groups in both the main study and the extension study 
period. During the extension phase, no notable changes in immunoglobulin levels were 
identified in the patients who switched from US-licensed Rituxan or EU-approved MabThera 
to CT-P10.

Changes in B-cell counts were evaluated by treatment course in the main study period through 
Week 48 and the extension study period through Week 24 and were generally similar between 
the treatment arms.

Vital Signs
In study CT-P10 3.2 and CT-P10 1.1, vital signs, including blood pressure, heart and 
respiratory rates, body temperature, and body weight were measured at each visit. The mean 
changes from baseline in vital signs were similar between treatment groups. 
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Hypersensitivity was assessed by vital sign monitoring around the time of study drug infusion. 
In study CT-P10 3.2 vital signs were also obtained within 15 before infusion and within 15, 
and 60 minutes after the infusion end to monitor for hypersensitivity events. Changes seen 
between baseline and other times were similar across treatment arms at the measured time-
points.

Electrocardiograms (ECGs)
ECGs were performed at multiple timepoints in study 3.2 and 1.1. ECGs were also used to 
monitor safety around the time of study drug infusion. 12-lead ECGs were performed 1 hour 
(±15 minutes) after the end of the study drug infusion.

Shifts in ECGs from normal to clinically significant abnormal ECGs were generally similar 
between groups in the main period of study 3.2. In the extension portion of the study no 
increase in shifts to clinically significant abnormal ECGs were seen in patients transitioning to 
CT-P10 from EU-approved MabThera or US-licensed Rituxan. In study 1.1, no shifts from 
normal ECGs at BL to clinically significant abnormal ECGs were noted. No other clinically 
meaningful differences were identified. No new or unexpected findings were identified in the 
ECGs in study 3.2 or in study 1.1. 

Overall changes in laboratory parameters, vital signs and ECGs from baseline were generally 
small and similar between treatment arms. 

Immunogenicity Assessment 

An application submitted under section 351(k) of the PHS Act also contains, information 
demonstrating that the biological product is biosimilar to a reference product based upon data 
derived from “a clinical study or studies (including the assessment of immunogenicity and 
pharmacokinetics or pharmacodynamics) that are sufficient to demonstrate safety, purity, and 
potency in one or more appropriate conditions of use for which the reference product is 
licensed and intended to be used and for which licensure is sought for the biological 
product.”15  Immune responses against therapeutic biological products are a concern because 
they can negatively impact the drug’s pharmacokinetics, safety, and efficacy. Unwanted 
immune reactions to therapeutic biological products are mostly caused by antibodies against 
the drug (anti-drug antibodies; ADA). Therefore, immunogenicity assessment for therapeutic 
biological products focuses on measuring ADA. 

The detection of antibody formation is highly dependent on the sensitivity and specificity of 
the assay. Additionally, the observed incidence of ADA (including neutralizing antibodies, 
NAb) positivity in an assay may be influenced by several factors, including assay 
methodology, sample handling, timing of sample collection, concomitant medications, and 
underlying disease. For these reasons, comparison of the incidence of antibodies in the studies 
described below with the incidence of antibodies in other studies or to other products may be 
misleading. 

15 Section 351(k)(2)(A)(i)(I) of the PHS Act.
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Blood samples for immunogenicity (ADA and neutralizing antibody [NAb]) assessments were 
obtained at specified time points in the clinical studies. The ADA assay involved screening 
and confirmatory stages to confirm positive results. Samples that had been positive in the 
ADA assay were assessed for antibody titer and further analyzed to determine if antibodies 
were neutralizing. The NAb assay also involved screening and confirmatory stages to confirm 
positive results. 

In study 3.2, blood samples for immunogenicity (ADA and NAb) assessments were obtained 
prior to study drug infusion at Week 0 (Day 0), and following study drug administration at 
Week 24, and Week 48 in the main study period. Sampling at Week 8 and Week 16 occurred 
in Part 1 only. In the extension phase of the study sampling occurred at extension Week 0, 
Week 8, Week 16, and Week 24. Not all patients had sampling at Week 8 and 16 as these 
time-points were added to the protocol later. If a patient withdrew prior to the end of the study 
a sample was to be taken at the end of study visit.

Immunogenicity Assay
The data supporting the immunogenicity assay was reviewed by the product quality review 
team and this is excerpted from their review.  The ADA binding assay consists of an 
electrochemiluminescence (ECL) based bridging screening assay, a confirmatory assay and a 
titer assay. The NAb assay is based on assessment of neutralization of the CDC activity on 
WIL2-S cells in response to rituximab.

The product quality review team concluded that the ADA binding and NAb assays are 
adequate for use in the study 3.2 to detect ADAs and NAbs in 24 and 48-week patient samples 
in which the serum drug concentrations are close to the baseline. However, the ADA and NAb 
rates are perhaps under-reported at 8 and 16-week sample points, due to insufficient drug 
tolerances at higher serum drug concentrations.

Immunogenicity Results
In study 3.2, baseline ADAs in treatment naïve patients were noted to be present although rates 
were similar across all treatment arms (Table 32).  Across the main studies in RA patients 
(main study period of study 3.2 and study 1.1), the antibody positive subgroup was defined as 
patients who tested positive for ADAs post-baseline regardless of immunogenicity status of 
Week 0 (pre-dose). At Week 24, 16.6% of patients in the CT-P10 arm, 23.4% in the US-
licensed Rituxan and 27.5% in the EU-approved MabThera arm had positive ADAs. In 
patients who received a second course of treatment, 4.9% of those in the CT-P10 arm, 9.6% in 
the US-licensed Rituxan arm, and 8.9% in the EU-approved MabThera arm had positive 
ADAs at Week 48. Only 1 patient in the US-licensed Rituxan group had a positive result for 
NAb at Week 24, and 2 patients (1 patient in CT-P10 and 1 patient in the US-licensed Rituxan 
group) had positive results for NAb at Week 48 (Table 32).  
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Table 32. Immunogenicity by ADAs and NAbs, Study 3.2, Main Study Period
Immunogenicity 
Time

Parameter CT-P10 (N=161) Rituxan (N=151) MabThera (N=60)

Week 0: ADA N (%) positive/# of 
samples tested

19/161 (11.8) 13/151 (8.6) 7/60 (11.7)

NAb positive (as % of 
ADA Positive)

1 (5.3) 0 0

Week 24 ADA N (%) positive 24/145 (16.6) 33/141 (23.4) 16/58 (27.5)
NAb positive (as % of 
ADA Positive)

0 1 (0.3) 1 (2.0)

Week 48 ADA N (%) positive 7/142 (5) 13/136 (9.6) 5/56 (8.9)
NAb positive (as % of 
ADA Positive)

1 (14.2) 1 (7.7) 0

Source: FDA analysis from Celltrion 351(k) BLA submission
Clinical Study report CT-P10 3.2 Table 14.3.2.11

During the course of the main study, 80 of 333 (24.0%) patients who were negative for ADAs 
at baseline developed an ADA at any time-point post-baseline. Overall the development of 
treatment emergent ADAs was similar across groups with 30/142 (21.1%) patients in the CT-
P10 arm, 35/138 (25.4%) patients in the US-licensed Rituxan arm, and 15/53 (28.3%) patients 
in the EU-approved MabThera arm developing an ADA. Many of these new ADAs were only 
transient.

A difference was also noted in the Week 48 ADA results from the end of study in the main 
study period and Week 0 results for the Extension period. Following an information request, 
the Applicant clarified that that the 1st infusion of the treatment in the extension period was to 
be administered between Week 48 and Week 72 per the protocol and that 9 patients (4 patients 
in CT-P10, 3 patients in US-licensed Rituxan, and 2 patients in EU-approved MabThera 
treatment groups in the main study) received the dose beyond Week 72. Seventy (70) patients 
had their first infusion in the extension period on Week 48 and the reminder received the first 
infusion after Week 48. An increase in immunogenicity was seen between the Week 48 
timepoint and Week 0 for the extension period, although the increase in ADAs was similar 
between dose groups. Also many of the patients who developed ADAs and were positive at the 
baseline of extension were not positive at later time-points in the extension period. ADAs in 
the extension phase of study 3.2 is shown in Table 33.

Table 33. Immunogenicity by ADA and NAbs, Study 3.2, Extension Period
Immunogenicity Time Parameter CT-P10 (N=122) Rituxan (N=64) Rituxan  CT-

P10 (N=62)
MabThera 
CT-P10 
(N=47)

Extension Week 0: ADA N(%) 
positive

15/122 (12.3) 9/64 (14.1) 13/62 (21.0) 10/47 (21.3)

NAb positive (as 
% of ADA 
Positive)

0 0 1 (7.7) 0

Extension Week 24 ADA N(%) 
positive

5/116 (4.3) 2/64 (3.1) 8/59 (13.6) 3/47 (6.4)

NAb positive (as 
% of ADA 
Positive)

1 (20.0) 0 0 0

Source: Adapted from Celltrion Clinical Study report CT-P10 3.2 Table 14.3.2.11e  351(k) BLA submission; 
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During the extension period, the proportion of subjects with ADAs following the single 
transition to CT-P10 was numerically higher than those remaining on CT-P10 or US-licensed 
Rituxan at Week 24.  However, the baseline (prior to undergoing the transition to CT-P10) rate 
of ADA positivity in this group was higher than in the other groups. Importantly, only 3 
patients developed new ADAs in the extension study and did not have any reported ADAs 
previously in the study. This included 1 patient in the US-licensed Rituxan continuous arm and 
2 patients in the arm that underwent a single transition from US-licensed Rituxan to CT-P10. 
Only one patient in the CT-P10 continuous arm had developed neutralizing antibodies. Overall 
a small number of patients developed new ADAs in the extension period following the single 
transition. 

In study 1.1, blood samples for immunogenicity (ADA and NAb) assessments were obtained 
at Week 0 (Day 0) visit and subsequently at 8 week intervals in the Core Study Period. The 
core study extended from before initiation of the extension study period and could last up to 48 
weeks. The extension phase could be initiated between Week 24 though Week 48 after the first 
infusion in the core study. The extension phase was 24 weeks in duration. For patients entering 
the extension study period blood samples were obtained at extension Week 0 and then at 8 
week intervals. ADAs were similar between treatment arms in both the core and extension 
phase of study 1.1 (Table 34).

Table 34. Immunogenicity by ADAs and NAbs, Study CT-P10 1.1
Time point Parameter Treatment Groups
Positive N (%) CT-P10

(N=102)
MabThera
(N=51)

Week 0 ADA positive 23/102 (22.5%) 7/51 (13.7%)
NAb positive (as % of 
ADA Positive)

6 (26.0%) 0

Week 24 ADA positive 18/95 (18.9) 9 /46 (19.6)
NAb positive (as % of 
ADA Positive)

2 (11.1%) 1 (11.1%)

CT-P10
(N=60)

MabThera
(N=23)

Extension Week 0 ADA positive 27 /60 (45.0) 10 /23 (43.5)
NAb positive (as % of 
ADA Positive)

2 (7.4%) 1 (10.0%)

Extension Week 24 ADA positive 12/58 (20.7) 5/20 (25.0)
NAb positive (as % of 
ADA Positive)

1 (8.3%) 1 (20.0%)

Source: Adapted from CSR CT-P10 1.1 Table 14.3.3.6 Celltrion 351(k) BLA submission
Denominator for ADA was calculated based on the number of samples in the analysis. 

In Study CT-P10 1.3, the samples for ADA testing were obtained every 8 weeks at scheduled 
visits and at EOS visit. 

In study 1.3, ADA results are reported for 34 patients treated with CT-P10 in study 1.1 and for 
18 patients treated with EU-approved MabThera in study 1.1. All patients dosed in study 1.3 
received treatment with CT-P10. At Week 24, five of the patients treated with CT-P10 in study 
1.1 and three patients treated with EU-approved MabThera in study 1.1 had positive ADAs. 
One patient in the CT-P10 from study 1.1 had a NAb and no patients previously treated with 
EU-approved MabThera had NAb in study 1.3. The available data from study 1.3 do not 
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indicate an increase in immunogenicity following the transition from EU-approved MabThera 
to CT-P10 supporting the findings from study 3.2.

Assessment of the Impact of Immunogenicity
Overall, the analyses of IRRs by ADA status in studies with RA patients (study 3.2 main study 
period) and study 1.1) did not indicate clinically relevant differences between the treatment 
groups (Table 35). Small numerical differences were seen between the treatment arms in the 
proportions of ADA positive patients who developed IRR but the numbers were small to draw 
definitive conclusions and do not preclude a conclusion of no clinically meaningful differences 
between CT-P10 and US-licensed Rituxan in RA. No clear correlation was found between the 
development of ADAs and the adverse events of infusion related reactions.  These 
observations are consistent with the FDA-approved Rituxan labeling.

Table 35. Incidence of Infusion Related Reactions by Post-treatment ADA Status, Studies 
3.2 and 1.1

Study 3.2 [Main Study Period] Study 1.1

CT-P10
(N=161)

Rituxan 
(N=151)

MabThera
(N=60)

Rituxan + 
MabThera
(N=211)

CT-P10 
(N=102)

MabThera
(N=51)

n/N’ (%)
The 1st Treatment Course
ADA positive 4/24 (16.7) 0/33 (0.0) 3/16 (18.8) 3/49 (6.1) 11/47 (23.4) 3/25 (12.0)
ADA negative 18/121 (14.9) 5/108 (4.6) 8/42 (19.0) 13/150 (8.7) 8/55 (14.5) 5/26 (19.2)

Study 3.2 [Main Study Period] Study 1.1

CT-P10
(N=142)

Rituxan 
(N=138)

MabThera
(N=58)

Rituxan + 
MabThera
(N=196)

CT-P10 
(N=60)

MabThera
(N=23)

n/N’ (%)
The 2nd Treatment Course
ADA positive 3/26 (11.5) 1/32 (3.1) 1/17 (5.9) 2/49 (4.1) 1/13 (7.7) 0/5 (0.0)
ADA negative 9/116 (7.8) 5/106 (4.7) 1/41 (2.4) 6/147 (4.1) 1/47 (2.1) 2/18 (11.1)
Sources: Summary of Clinical Safety Table 2.7.4-42, CSR CT-P10 3.2 Post-text Table 14.3.1.7, Section 5.3.5.3 Table 4.14, 
4 23
Note: In Study CT-P10 3.2 (Main Study Period), patients who have a 'Positive' ADA result at Main Week 24 were defined as 
'ADA Positive' for 1st treatment course. Patients who have at least 1 'Positive' ADA result at Week 24 and/or Week 48 were 
defined as 'ADA Positive' for 2nd treatment course. In Study CT-P10 1.1, patients who have at least 1 'Positive' ADA result 
obtained after drug exposure including unscheduled and EOS visit are considered as 'ADA Positive'. All patients who only 
have 'Negative' results in the post treatment ADA test were categorized into 'ADA Negative'. Percentages were calculated 
using the number of patients in subgroup of each treatment groups as the denominator (N’) and the number of patients with at 
least 1 event of IRR as the numerator (n).

In the extension phase of study 3.2 no increase in infusion related reactions were seen post-
transition from US-licensed Rituxan or EU-approved MabThera to CT-P10. Only a small 
number of infusion related events were reported in the extension phase. Two patients in the 
CT-P10 maintenance group and 1 patient who transitioned to CT-P10 from EU-approved 
MabThera had an infusion related reaction and were ADA positive. Although in these two 
groups the proportion of patients with positive ADAs and infusion related events was higher, 
most infusion related events still occurred in patients who were ADA negative (Table 36). 
In the open label extension study 1.3, no infusion related events were reported in any patients 
with ADA positive results. 
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Table 36. Incidence of Infusion Related Reactions by Post-Treatment ADA Status in the 
Extension Studies (CT-P10 3.2 Extension Phase and CT-P10 1.3)

Study 3.2 [Extension Study Period] Study 1.3

CT-P10 
maintenance
(N=122)

US-Rituxan
maintenance
(N=64)

Transitioned 
from US-
Rituxan to 
CT-P10
(N=62)

Transitioned 
from EU-
MabThera to 
CT-P10 

(N=47)

CT-P10
Maintenance
(N=38)

Transitioned 
from EU-
MabThera to 
CT-P10
(N=20)

n/N’ (%)
ADA positive 2/5 (40.0) 0/2 (0.0) 0/8 (0.0) 1/3 (33.3) 0/5 0/3
ADA negative 3/116 (2.6) 3/62 (4.8) 2/52 (3.8) 1/44 (2.3) 1/29 (3.5) 1/15 (6.7)
Sources: Section 5.3.5.3 Table 4.15, CSR CT-P10 1.3 Post-text Table 14.3.3.5, Listing 16.2.6.1, 16.2.8.4
Note: In Study CT-P10 3.2 (Extension Study Period), patients who have at least 1 'Positive' ADA result obtained during the 
Extension Study Period (Extension Week 8, 16 and 24) were considered as 'ADA Positive'. All patients who only have 
'Negative' results were categorized into 'ADA Negative'. In Study CT-P10 1.3, patients who have a 'Positive' ADA result and 
‘Negative’ ADA result at Treatment 1, Week 24 were defined as 'ADA Positive' and 'ADA Positive', respectively. The only 1 
patient who received the 2nd treatment course during Study CT-P10 1.3 was not considered in this summary. Percentages were 
calculated using the number of patients in subgroup of each treatment groups as the denominator (N’) and the number of 
patients with at least 1 event of IRR as the numerator (n).

With respect to the assessment of the impact of immunogenicity on efficacy, there was no 
clear trend in DAS28 (CRP or ESR) change from baseline up to Week 48, in study 3.2 
between ADA subsets.  Similar DAS28 responses were seen between the CT-P10, US-licensed 
Rituxan, and EU-approved MabThera groups irrespective of ADA status suggesting that the 
observed ADA formation was not associated with a clinically meaningful impact on efficacy 
in this patient population. 

Overall Summary of Safety and Immunogenicity
The submitted safety and immunogenicity data of CT-P10 dosed on the background of 
methotrexate in patients with RA, is adequate to support the demonstration of no clinically 
meaningful differences between CT-P10 and US-licensed Rituxan in the studied indication. 
The safety database submitted for CT-P10 is adequate to provide a reasonable descriptive 
comparison between the products. Of note, a scientific bridge was established between CT-
P10, US-licensed Rituxan, and EU-approved MabThera, supporting the relevance of 
comparative safety and immunogenicity data generated using EU-approved MabThera to 
support a demonstration of no clinically meaningful differences between CT-P10 and US-
licensed Rituxan.  The analysis of the data indicates a safety profile of CT-P10, similar to that 
of US-licensed Rituxan. While some minor numerical differences were identified there were 
no notable differences between CT-P10 and EU-approved MabThera or US-licensed Rituxan 
in treatment-emergent adverse events, serious adverse events, adverse events leading to 
discontinuations, or deaths between the treatment groups. The safety risks identified are 
consistent with the known adverse event profile of US-licensed Rituxan.16 The safety data 
support the demonstration that there are no clinically meaningful differences between CT-P10 
and US-licensed Rituxan in the RA population studied. In addition, transitioning of non-
treatment naïve patients, i.e., patients previously treated with EU-approved MabThera or US-
licensed Rituxan, to CT-P10 does not appear to result in an increase of clinically significant 
adverse reactions. The FDA safety analyses are generally consistent with the Applicant’s. 

16 FDA-approved Rituxan labeling
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8) Extrapolation of Data to Support Biosimilarity in Other 
Conditions of Use

The Applicant is seeking licensure of CT-P10 for 
 NHL  The comparative clinical study 

in the CT-P10 clinical program provides clinical efficacy, safety, and immunogenicity data in 
patients with RA, which were reviewed by this Division. 

The Applicant has also provided clinical data from a study in advanced follicular lymphoma.  
These data and the relevance of these data to the totality of the evidence to support licensure of 
CT-P10 for the oncology indications sought will be reviewed by DHP. 

The Agency has determined that it may be appropriate for a biosimilar product to be licensed 
for one or more conditions of use (e.g., indications) for which the reference product is 
licensed, based on totality of the data, including data from clinical study(ies) performed in 
another condition of use. This concept is known as extrapolation. As described in the 
Guidance for Industry: “Biosimilars: Questions and Answers Regarding Implementation of the 
Biologics Price Competition and Innovation Act of 2009,” if a biological product meets the 
statutory requirements for licensure as a biosimilar product under section 351(k) of the PHS 
Act based on, among other things, data derived from a clinical study or studies sufficient to 
demonstrate safety, purity, and potency in an appropriate condition of use, the potential exists 
for that product to be licensed for one or more additional conditions of use for which the 
reference product is licensed.17 The Applicant needs to provide sufficient scientific 
justification for extrapolation, which should address, for example, the following issues for the 
tested and extrapolated conditions of use:

 The mechanism(s) of action (MOA) in each condition of use for which licensure is 
sought,

 The pharmacokinetics (PK) and bio-distribution of the product in different patient 
populations,

 The immunogenicity of the product in different patient populations,
 Differences in expected toxicities in each condition of use and patient population,
 Any other factor that may affect the safety or efficacy of the product in each condition 

of use and patient population for which licensure is sought.

As a scientific matter, the FDA has determined that differences between conditions of use with 
respect to the factors addressed in a scientific justification for extrapolation do not necessarily 
preclude extrapolation. Consistent with the principles outlined in the above FDA guidance, the 
Applicant has provided a justification for the proposed extrapolation of data from clinical 
studies in RA, to support licensure as a biosimilar for each of the other indications approved 
for US-licensed Rituxan for which Celltrion is seeking licensure of CT-P10,  

17 Guidance for Industry on Biosimilars: Questions and Answers Regarding Implementation of the Biologics 
Price Competition and Innovation Act of 2009 (April 2015) 
http://www fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM444661.pdf
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9) Advisory Committee Meeting 

An Advisory Committee meeting was not held during this review cycle due to outstanding 
deficiencies with the CT-P10 manufacturing and facilities inspection which preclude approval. 

10) Other Relevant Regulatory Issues 

 Financial disclosures—No issues.
 Other GCP issues in RA clinical program—No issues
 OSI audits—Three clinical sites that enrolled patients in the comparative clinical 

study 3.2 were selected for inspection. The inspections showed the clinical sites to be 
in compliance with Good Clinical Practices. The OSI investigators concluded that the 
data submitted from these clinical sites were reliable in support of the requested 
indication under this BLA.

11) Labeling 

Labeling negotiations were not initiated during this review cycle due to the CMC-related 
deficiencies that were determined to preclude approval.

21 US-licensed Rituxan approved labeling
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12) DPARP Summary of Findings from CT-P10 
Clinical Program in RA

The product quality review team has determined that, the analytical similarity assessment 
presented in the BLA is acceptable to support the conclusions that:

 CT-P10 is highly similar to US-licensed Rituxan,
 The analytical component of the scientific bridge has been established to scientifically 

justify the relevance of data generated using the EU-approved MabThera to support the 
demonstration of biosimilarity of CT-P10 to US-licensed Rituxan.

However, the product quality review team has also determined that the data submitted are not 
sufficient to support a conclusion that the manufacture of CT-P10 is well-controlled and will 
lead to a product that is pure and potent for the duration of the shelf-life.  Thus, from a CMC 
standpoint, OPQ has recommended a Complete Response action for this application.

Assuming the CMC deficiencies described above can be adequately addressed, from DPARP 
clinical perspective, the submitted clinical data in RA are adequate to:

1) Support the demonstration of PK similarity between CT-P10 and US-licensed Rituxan.
2) Establish the PK component of the scientific bridge to justify the relevance of the data 

generated using EU-approved MabThera to support the demonstration of biosimilarity 
of CT-P10 to US-licensed Rituxan.

3) Support a demonstration that there are no clinically meaningful differences between 
CT-P10 and US-licensed Rituxan in terms of safety, purity, and potency in the 
indication studied. 

4) Support the safety of a clinical scenario where non-treatment naïve patients may 
undergo a single transition to CT-P10 based on the similar safety or immunogenicity 
profile between patients undergoing a single transition from US-licensed Rituxan or 
EU-approved MabThera to CT-P10 as compared to those who continued treatment 
with comparator product. 

Assuming the CMC deficiencies described above can be adequately addressed, the provided 
data package appears sufficient to address the scientific considerations for extrapolation of 
data to support biosimilarity to conditions of use not directly studied and to support licensure 
of CT-P10 for the indications for which US-licensed Rituxan is currently licensed and for 
which CT is seeking licensure of CT-P10, 
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Appendix

Individual Study Protocols of RA Studies

Comparative Clinical Study in RA

Study CT-P10 3.2

Title: A Randomized, Controlled, Double-Blind, Parallel-Group, Phase 3 Study to Compare the 
Pharmacokinetics, Efficacy and Safety between CT-P10, US-licensed Rituxan and EU-approved 
MabThera in Patients with Rheumatoid Arthritis.

Study Objectives: 
Primary objectives:

 Part 1: To demonstrate similar pharmacokinetics in area under the concentration-time curve 
(AUC) from time 0 to the last measurable concentration over both doses of the first treatment 
course (AUC0-last), AUC from time 0 extrapolated to infinity over both doses of the first 
treatment course (AUC0-∞), and observed maximum concentration (Cmax) (after the second 
infusion) of CT-P10 to US-licensed Rituxan, CT-P10 to EU-approved MabThera, and EU-
approved MabThera to US-licensed Rituxan during the first treatment course (over the first 24 
weeks).

 Part 2: To demonstrate similar efficacy of CT-P10 to the reference products (US-licensed 
Rituxan and EU-approved MabThera) as determined by clinical response measured by change 
from baseline in disease activity measured by Disease Activity Score using 28 joint counts 
(DAS28) (C-reactive protein [CRP]) at Week 24.

Secondary objectives:
 Part 1: To assess additional pharmacokinetic (PK) variables of CT-P10, Rituxan, and EU-

approved MabThera during the first treatment course (over the first 24 weeks), and to evaluate 
the pharmacodynamics (PD) and safety of CT-P10, Rituxan, and EU-approved MabThera 
(over the first 24 weeks).

 Part 2: To evaluate the additional pharmacokinetics (up to Week 48), efficacy, 
pharmacodynamics, safety, and biomarkers of CT-P10 compared with the reference products 
(Rituxan and EU-approved MabThera).

Study Design: Study CT-P10 3.2 was designed as a randomized, controlled, multicenter, 3-arm, 
parallel-group, double-blind, PK, efficacy, PD, and safety study. The study included a screening period 
for Week –6 through Week 0 (Day –42 to Day –1), a Main Study Period: Week 0 through Week 48 of 
the Study Period (Day 0 to Day 336) and an Extension Study Period: Extension Week 0 through 
Extension Week 24 (Extension Day 0 to Extension Day 168). 
Each patient could receive up to 3 courses of treatment, each consisting of 2 infusions with a 2-week 
interval between the first and second infusions.
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Figure 8. Study Design CT-P10 3.2

Source: Celltrion 351(k) BLA submission

The Main Study Period (part 1 and part 2) included 2 treatment courses. The first treatment course in 
the Main Study Period was an infusion of study drug (CT-P10, US-licensed Rituxan or EU-approved 
MabThera) at Week 0 and Week 2. If patients met the predefined safety criteria, they were eligible to 
receive the additional course(s) of study drug at the discretion of the investigator. The second treatment 
course in the Main Study Period, included 2 infusions separated by a 2-week interval at Week 24 and 
Week 26. Patients who did not meet the predefined safety criteria could not receive an additional 
course of treatment but the assessments for the remainder of the Main Study Period were performed.

All patients from Part 1 of the study were to be included in Part 2 of the study and undergo all 
assessments performed in Part 2.

The Extension Study Period, was designed to evaluate additional safety and immunogenicity following 
transition from EU-approved MabThera or US-licensed Rituxan to CT-P10. In the extension period 
patients received 2 infusions separated by a 2-week interval at Week 48 and Week 52 the study period. 
The total study duration was up to 76 weeks after the Week 0 infusion. Patients could continue on to 
the Extension Study Period with an additional course of treatment regardless of the number of 
treatment courses they received during the Main Study Period.

All patients received methotrexate (MTX) and folic acid concomitantly. 

During the Main Study Period, PK, PD, efficacy and safety assessments were performed, and during 
the Extension Study Period, PD, efficacy and safety assessments only were performed.

Patient Population:
It was planned that approximately 361 patients with active rheumatoid arthritis and inadequate 
response or intolerant to previous treatment with anti-tumor necrosis factor (TNF) agents were to be 
enrolled in the study. Patients were to have been receiving a stable dose of methotrexate treatment (7.5 
to 25 mg/week orally or parenterally).

Planned Treatment Arms:
For the Main Study Period, patients were enrolled in 2 study parts as follows:

 In Part 1, the first approximately 189 patients were to be randomly assigned in a 1:1:1 ratio to 
one of three (3) treatment groups, CT-P10, US-licensed Rituxan, or EU-approved MabThera 
(approximately 63 patients per treatment group). All patients in Part 1 were also included in 
Part 2 of the study and underwent all assessments performed in Part 2.
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 In Part 2, all subsequent patients (approximately 172 patients) were to be randomly assigned in 
a 1:1 ratio to one of two treatment groups, CT-P10 or US-licensed Rituxan. Part 2 ran 
independently and in parallel with Part 1.

For the Extension Study Period, patients, who were assigned to receive CT-P10 with their first infusion 
in the study, were considered as group 1 and maintained CT-P10 for the treatment course of the 
Extension Study Period. Patients, who were assigned to receive US-licensed Rituxan with their first 
infusion in the study, were randomized in a 1:1 ratio to group 2 (CT-P10 was administered for the 
treatment course of the Extension Study Period) and group 3 (US-licensed Rituxan was maintained for 
the treatment course of the Extension Study Period) at Extension Week 0. Patients, who were assigned 
to receive EU-approved MabThera with their first infusion in the study, were considered as group 4 and 
received CT-P10 for the treatment course of the Extension Study Period at Extension Week 0 (
Figure 9).

Figure 9. Extension Phase Study Design, Study CT-P10 3.2

Source: Celltrion 351(k) BLA submission

Main Inclusion Criteria
1. Male or female between 18 and 75 years old, inclusive.
2. Diagnosis of RA according to the revised 1987 American College of Rheumatology (ACR) 
classification criteria (Arnett et al., 1988) for at least 6 months prior to randomization 
3. Active disease as defined by the presence of 6 or more swollen joints (of 66 assessed) and 6 or more 
tender joints (of 68 assessed), and serum CRP ≥1.5 mg/dL (≥15 mg/L) or an erythrocyte sedimentation 
rate (ESR) ≥28 mm/hour.
4. Patient had experienced an inadequate response to previous or current treatment with the anti-TNF 
agents infliximab (≥3 mg/kg; at least 3 infusions for at least 3 months), golimumab (50 mg once a 
month for at least 12 to 14 weeks or 2 mg/kg intravenous (IV) infusion for at least 3 months), 
adalimumab (40 mg every other week for at least 3 months), or etanercept (25 mg twice weekly or 50 
mg once weekly for at least 3 months), or was intolerant to at least 1 administration of these agents. 
Patients who discontinued etanercept for at least 4 weeks, infliximab or adalimumab for at least 8 
weeks, or golimumab for at least 10 weeks prior to randomization were permitted to enter the study. 
Patients who received any other anti-TNF agents not in this list could have been enrolled if the patient 
discontinued the treatment at least 4 weeks or 5 half-lives prior to randomization, whichever was 
longer.
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5. Patient had a proper discontinuation period after treatment with IL-1 receptor (IL-1R) antagonist, IL-
6R antibody, or abatacept. Patients who discontinued IL-1R antagonist for at least 4 weeks, abatacept 
for at least 8 weeks, or IL-6R antibody for at least 17 weeks prior to randomization were permitted to 
enter the study. Patients who had any other biological drugs not in this list could have been enrolled if 
the patient discontinued the treatment at least 4 weeks or 5 half-lives prior to randomization, whichever 
was longer. 
6. Patient had received MTX treatment (7.5 to 25 mg/week orally or parenterally) for at least the past 
12 weeks, with the last 4 weeks at a stable dose before screening.
7. Patient had the following hematology laboratory test results at screening:  Hemoglobin ≥8.0 g/dL, 
White blood cell count ≥3.5 × 103 cells/μL, Neutrophil count ≥1.5 × 103 cells/μL, Platelet count ≥75 × 
103 cells/μL 
8. Patient had adequate renal and hepatic function at screening as defined by the following clinical 
chemistry results: Serum creatinine <1.5 × ULN or an estimated creatinine clearance level >50 mL/min 
(by Cockcroft-Gault formula), Serum alanine aminotransferase <2.5 × ULN, Serum aspartate 
aminotransferase <2.5 × ULN, Serum total bilirubin <2 × ULN

Main Exclusion Criteria
Any patient meeting any of the following criteria was excluded from the study:
1. Patient had taken more than 2 biologic agents.
2. Patient had previously been administered rituximab or participated in a rituximab biosimilar study.
3. Patient had current or past history of chronic infection with hepatitis B, hepatitis C, or infection with 
human immunodeficiency virus (HIV)-1 or -2 or had a positive result to the screening test for these 
infections.
4. Patient had an infection requiring oral antibiotics 2 weeks before randomization, parenteral injection 
of antibiotics 4 weeks before randomization, other serious infection 6 months before randomization, or 
a history of recurrent herpes zoster or other chronic or recurrent infection 6 weeks before 
randomization.
5. Patient had a past or current diagnosis of tuberculosis (TB), recent exposure to a person with active 
TB, or examination findings indicating the presence of TB, defined as a positive result for interferon-γ 
release assay (IGRA) or other severe or chronic infection (such as sepsis, abscess or opportunistic 
infection, or invasive fungal infection such as histoplasmosis). A patient who had a past diagnosis with 
sufficient documentation of prophylaxis or complete resolution following treatment could be enrolled.
6. Patient was receiving any of the following medications or therapies:
• Previous treatment within 6 months of IV gamma globulin or the Prosorba Column.
• Any surgical procedure, including bone or joint surgery or synovectomy (including joint fusion or 
replacement) within 12 weeks prior to randomization or planned within 6 months after randomization.
• Intra-articular corticosteroids within 8 weeks prior to randomization. Patients were permitted to 
receive either oral or parenteral glucocorticoids (≤10 mg daily of prednisone/prednisolone or 
equivalent), and nonsteroidal anti-inflammatory drug, if they had received a stable dose for at least 4 
weeks prior to randomization. 
• Disease-modifying antirheumatic drugs, other than MTX, including hydroxychloroquine, 
chloroquine, or sulfasalazine, within 4 weeks prior to randomization. Patients who had discontinued 
leflunomide and had successful chelation with 8 g of cholestyramine (3 times daily) for 11 days had to 
wait 4 weeks prior to randomization. Patients who discontinued leflunomide and did not have a 
cholestyramine discontinuation period had to wait 12 weeks after the last dose of leflunomide before 
randomization.
• Live or live-attenuated vaccine within 8 weeks prior to randomization, and killed vaccines within 4 
weeks prior to randomization.
• History of any biologic agent causing B-cell depletion or targeting B-cells.
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7. Patient had a history of rheumatic autoimmune disease other than RA (except secondary Sjögren’s 
syndrome) or significant systemic involvement secondary to RA (vasculitis, pulmonary fibrosis, or 
Felty’s syndrome).

Criteria for receiving additional Treatment Courses
Any subsequent courses of treatment after the first treatment course were only initiated if the following 
safety criteria were met:
• Absolute neutrophil count ≥1.5 × 103 cells/μL, platelet count ≥75 × 103 cells/μL, aspartate 
aminotransferase or alanine aminotransferase ≤2.5 times upper limit of normal (ULN), and levels of 
IgG ≥500 mg/dL (5.0 g/L) at the last blood sample analysis (i.e., Week 16 for the second treatment 
course and within 8 weeks from the Extension Week 0 for the treatment course of the Extension Study 
Period)

Duration of treatment and Treatment Administration: Each patient could receive up to 3 courses of 
treatment.

Concomitant Medications
 Methotrexate 7.5 to 25 mg orally or parenterally every week (the dose and route had to be 

maintained from the beginning to the end of the study)

 folic acid at least 5 mg per week 

 Premedication: 100 mg methylprednisolone administered intravenously 30 minutes before each 
infusion of study drug (CT-P10, US-licensed Rituxan, or EU-approved MabThera). Patients were 
also premedicated with an antipyretic (acetaminophen or paracetamol, usually 500 to 1000 mg) and 
an antihistamine (chlorpheniramine 2 to 4 mg or equivalent dose of equivalent antihistamine) 30 to 
60 minutes before the start of the study drug infusion. Any locally appropriate medication other 
than antipyretics and antihistamines could also have been used as premedication at the 
investigator’s discretion.

Prohibited medications
• Acetaminophen/paracetamol and/or tramadol were allowed as rescue therapy but their dose was to be 
stopped 24 hours before the joint evaluation; narcotic analgesics were not permitted.
• Live or live-attenuated vaccine.
• Any other medication for RA (including additional MTX), particularly anti-TNF or anti-IL-1 
compounds or other biologics, and any investigational drug.
• Aspirin (salicylates) at a stable dosage was allowed for cardiovascular protection but the dose was not 
to exceed 300 mg per day.
• Intra-articular injections were not allowed until Week 24. After Week 24, an intra-articular injection 
was allowed once to 1 joint during the study. However, the injection was not to be given within 8 
weeks of a final joint assessment. The injected joint was to be considered a nonresponder joint during 
response evaluation.
• Herbal preparations were not permitted during participation in this study.
• Patients were permitted to receive either oral or parenteral glucocorticoids (≤10 mg daily of 
prednisone/prednisolone or equivalent) and nonsteroidal anti-inflammatory drug during the study, if 
they have received a stable dose for at least 4 weeks prior to randomization and the same dose was 
maintained throughout the study. 

Endpoints/Outcome Measurements
Primary Endpoints:
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1. Pharmacokinetics: The following PK parameters were co-primary endpoints for Part 1 (over 
the first 24 weeks):

 AUC0-last: Area under the concentration-time curve from time 0 to the last measurable 
concentration over both doses of the first treatment course, AUC0-∞: Area under the 
concentration-time curve from time 0 extrapolated to infinity over both dose of the first 
treatment course

 Cmax: Observed maximum concentration after the second infusion

2. Efficacy: The change from baseline in disease activity measured by DAS28 (CRP) at Week 24 
(Part 2 of the study).

Secondary Endpoints
PK parameters for Part 1 (over the first 24 weeks):

 AUC0-day 14: Area under the concentration-time curve from time 0 to day 14 (calculated for both 
infusions)

 Cmax, 1: Observed maximum concentration following the first infusion of the first treatment 
course, Cmin: Predose concentration at Day 168 (Week 24),  Ctrough: Predose concentration at 
Day 14 (Week 2) prior to the second infusion

 Vd: Volume of distribution
 CL: Total clearance
 t1/2: Terminal elimination half-life
 Tmax: Time to maximum concentration after both doses in the first treatment course

PK parameters for Part 2 up to Week 48 or over the first 24 weeks if the second course of treatment 
was not administered:

 Tmax: Time to maximum concentration in the first and second treatment courses,  
 Cmax: Observed maximum concentration after the second infusion in the first and second 

treatment course, Cmax,1 : Observed maximum concentration after the first infusion of the first 
and second treatment course 

 Cmin: Predose concentration at Day 168 (Week 24) and at Day 336 (Week 48)
  Ctrough: Predose concentration at Day 14 (Week 2 prior to second infusion) and at Day 182 

(Week 26 prior to second infusion). 

Secondary Efficacy endpoints for Part 2:
 American College of Rheumatology (ACR) definition of a 20% improvement criteria 

(ACR20), ACR 50% improvement criteria (ACR50) and ACR 70% improvement criteria 
(ACR70) (at Week 24, Week 48, and Extension Week 24)

 Individual components of the ACR criteria compared with Baseline (at Week 24, Week 48, and 
Extension Week 24)

 Time to onset of ACR20 response (over 24 weeks)
 Mean change from Baseline in disease activity measured by DAS28 (CRP) (at Week 12, Week 

48, and Extension Week 24)
 Mean change from Baseline in disease activity measured by DAS28 (ESR) (at Week 12, Week 

24, Week 48, and Extension Week 24)
 Proportion of patients with a good response, defined according to the European League Against 

Rheumatism (EULAR) response criteria (at Week 24, Week 48, and Extension Week 24)
 Hybrid ACR response (at Week 24, Week 48, and Extension Week 24)
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 Clinical disease activity index (CDAI) and simplified disease activity index (SDAI) (at Week 
24, Week 48, and Extension Week 24)

 Functional disability (Health Assessment Questionnaire [HAQ] disability index) (at Week 24, 
Week 48, and Extension Week 24)

 Joint damage progression based on radiographic evaluations, van der Heijde modification of 
the Sharp scoring system at Week 48 and Extension Week 24

 Health-related quality of life (Medical Outcomes Study Short-Form Health Survey [SF-36] 
health survey score) (at Week 24, Week 48, and Extension Week 24)

Secondary PD endpoints for Part 2:
 B-lymphocyte (B-cell) kinetics over time including depletion and recovery
 CRP and ESR (at Week 24, Week 48, Extension Week 24)
 Rheumatoid factor (RF) and anticyclic citrullinated peptide (anti-CCP) (at Week 24, Week 48, 

Extension Week 24)

Safety and Immunogenicity 

Statistical Analysis Plans
Part 1 of the study was designed to demonstrate PK similarity of CT-P10, US-licensed Rituxan and 
EU-approved MabThera in AUC0-last, AUC0-∞ and Cmax over the first 24 weeks. Similarity was 
demonstrated if the 90% confidence interval (CI) for the geometric mean ratio of CT-P10 to US-
licensed Rituxan and EU-approved MabThera in AUC0-last, AUC0-∞, and Cmax was within the PK 
equivalence bounds of 80% and 125%.

In Part 2, the demonstration of similarity was based on the difference of mean change of DAS28 (CRP) 
score at Week 24 from baseline value between CT-P10 and reference products groups (US-licensed 
Rituxan and EU-approved MabThera) and equivalence was concluded if the 90% CI for the treatment 
difference is entirely within an equivalence margin of ±0.50. The study was unblinded for reporting 
after completion of Week 24 of all patients. The unblinded team was predefined before performing the 
analyses. 

Study Conduct:
A total of 110 study centers were planned in Europe, Asia Pacific, and Latin America. The study was 
initiated on August 6, 2014 and the study completion date (last patient, last visit) was January 25th, 
2017. Four hundred ninety-five (495) patients were screened and189 patients were enrolled in Part 1 
and an additional 183 patients were enrolled in Part 2. A total of 372 patients with RA were enrolled in 
the study and 295 were enrolled and treated in the Extension Study Period. During the extension phase 
109 patients transitioned from either US-licensed Rituxan to EU-approved MabThera to CT-P10.

One site was identified as having significant violations of Good Clinical Practice (GCP) and the site 
was closed. 

Protocol amendments
The original protocol (Version 1.0), dated November 12th 2013, was amended 12 times during the 
course of the study. Five of the amendments were global amendments. In the Global Protocol 
Amendment, dated November 18th 2013 changes were made to the endpoints which included 
downgrading the ACR20 to a secondary endpoint. In Global Amendment 3.0, dated June 2nd, 2014, the 
equivalence margin of DAS28 was changed from 0.75 to 0.6 to reflect recommendation from the 
Committee for Medicinal Products for Human Use. AUC0-day14 was added as one of secondary PK 
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endpoints to reflect a recommendation from the Agency. The mean change in DAS28 at Week 12 was 
added as one of secondary efficacy endpoints to reflect recommendation from the European Medicines 
Agency. US-licensed Rituxan and EU-approved MabThera groups were combined for Part 2 analyses 
and a section for diagnosis of anaphylactic reactions based on the Sampson criteria (Sampson et al., 
2006) was added. 
In Global Amendment 4.1 dated August 5, 2015 the protocol was revised to include an additional 
course of treatment with single transition to evaluate additional safety and efficacy. In Global 
Amendments 5.0 dated March 11th, 2016 and 5.1 dated March 29, 2016  the covariates of ANCOVA 
for PK and efficacy primary endpoints and the comparison of the concentration of B-cell counts to 
include clinically relevant variables at baseline were updated. Immunogenicity sampling time points at 
Extension Weeks 8 and 16 were added for further evaluation of immunogenicity in the Extension Study 
Period. In the Country-Specific Protocol Amendment for the US dated April 1, 2016 the equivalence 
margin of DAS28 was changed from 0.6 to 0.5 to reflect recommendation from the Agency.
Changes to the protocol did not affect safety or efficacy results.

Protocol Deviations
In Part 1, major protocol deviations were for reasons of noncompliance with inclusion and exclusion 
criteria (1 [1.6%] patient in the CT-P10 and 1 [1.5%] patient and US-licensed Rituxan treatment 
groups), and receipt of prohibited medication (1 [1.5%] patient in the US-licensed Rituxan treatment 
group).

Other reasons reported for exclusion from the per protocol analysis populations included patients that 
did not receive at least 1 full dose (1000 mg) of study drug (2 [3.1%] patients, 2 [3.1%] patients and 1 
[1.7%] patient in the CT-P10, US-licensed Rituxan and EU-approved MabThera treatment groups, 
respectively).

In Part 2 of the study the major protocol deviations were due to noncompliance with 
inclusion/exclusion criteria (1 [0.6%] patient in the CT-P10 and 1 [0.7%] patient in US-licensed 
Rituxan treatment group) and receipt of prohibited medication (2 [1.2%] patients in the CT-P10 and 2 
[1.3%] patients and US-licensed Rituxan treatment group). In the Extension Study period, one patient 
(1.6%) had a major protocol deviation due to the receipt of prohibited medication in the switched from 
US-licensed Rituxan to CT-P10 group. 

Supportive Clinical Studies

Study CT-P10 1.1

Title: Phase 1, Randomized, Controlled, Multicenter, 2-Arm, Parallel-Group, Double-Blind Study to 
Demonstrate the Equivalence of CT-P10 to EU-approved MabThera With Respect to the 
Pharmacokinetic Profile of Patients with Rheumatoid Arthritis

Objectives:
The primary objective of this study was to demonstrate comparable pharmacokinetics in terms of 
AUC0-last and Cmax (after second infusion) between CT-P10 and EU-approved MabThera in patients 
with active RA concomitantly treated with MTX during the Core Study Period (up to Week 24).
The secondary objectives of this study were:
• To assess the additional PK variables of CT-P10 compared with EU-approved MabThera during the 
first course of therapy (up to Week 24)
• To evaluate the long-term efficacy, pharmacodynamics, overall safety, and biomarkers of
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CT-P10 compared with EU-approved MabThera (up to Week 72)

Study Design/ Patient Population:  Study CT-P10 1.1 was a Phase 1, randomized, controlled, 
multicenter, 2-arm, parallel-group, double-blind study to demonstrate the PK similarity of CT-P10 to 
EU-approved MabThera in patients with RA. Patients were to have received MTX treatment (10 to 25 
mg/week orally or parenterally) for at least the past 12 weeks, with the last 4 weeks at a stable dose. 

Study CT-P10 1.1 study design

Source: CT-P10 1.1 Clinical study protocol

It was planned that approximately 147 patients with active RA would be randomly assigned in a 2:1 
ratio to one of two (2) treatment groups, CT-P10 (98 patients) or EU-approved MabThera (49 patients). 
Patients received MTX and folic acid concomitantly. Each patient could receive 2 courses of treatment. 
Each course consisted of 2 infusions of study drug (1000 mg CT-P10 or EU-approved MabThera by 
intravenous [IV] infusion) with a 2-week interval between the first and second infusions. The first 
course was to be an infusion of study drug (CT-P10 or EU-approved MabThera) at Week 0 and Week 
2. If residual disease activity remained or if disease activity returned within 48 weeks from the first 
dose date in the Core Study Period, patients could have been retreated with a second course of study 
drug (2 infusions) during the Extension Study Period. The Extension Study Period was to be initiated 
between 24 weeks and 48 weeks after the first infusion in the Core Study Period based on the response 
evaluation result from Week 16 to Week 40. 

Evaluation of disease activity included:
• Evaluation of Disease Activity Score using 28 joint counts (DAS28) (erythrocyte sedimentation rate 
[ESR]) or DAS28 (C-reactive protein [CRP]) at every response evaluation. A patient was considered a 
responder:

 If the DAS28 was high (>5.1) at present and the DAS28 improvement score was >1.2.
 If the DAS28 was moderate/low (≤5.1) at present and the DAS28 improvement score was >0.6.
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 If the patient was not considered a responder according to the definition above, either the 
patient was considered a nonresponder or residual disease activity remained.

  If a patient had been enrolled based on serum CRP, evaluation of disease activity at Screening 
and at retreatment needed to be based on CRP. If ESR was used, the sample principle needed 
to be implemented.

Disease return was concluded when the result of DAS28 (ESR) or DAS28 (CRP) worsened by ≥20% 
compared with the previous response.
• The second course of therapy was decided upon by the investigator based on a response evaluation 
result from Week 16 to Week 40. Any response evaluation result obtained after Week 40 (including an 
unscheduled visit) was not used to decide the second course of therapy.
• Evaluation of B-cell or IgM values to assess whether a second course of therapy could have been 
administered. When the central laboratory result for B-cell or IgM values was equal to or higher than 
the lower limit of normal (LLN) OR was at least 50% of the Baseline value, then a second course of 
therapy was permitted.

Treatment Received: Each patient could receive 2 treatment courses. Each treatment course consisted 
of 2 infusions of study drug (1,000 mg CT-P10 or EU-approved MabThera by IV infusion) with a 2-
week interval between the 1st and 2nd infusions. During the 1st treatment course (Core Study Period), 
study drug infusions occurred on Week 0 and Week 2. If residual disease activity remained or disease 
activity returned within 48 weeks from the 1st dose date of the 1st treatment course (Core Study 
Period), patients could be retreated with the 2nd treatment course of study drug (2 infusions) during the 
Extension Study Period, initiated between 24 weeks and 48 weeks after the 1st infusion of the 1st 
treatment course (Core Study Period) based on the response evaluation result from Week 16 to Week 
40.
Methotrexate with folic acid was co-administered. Methotrexate was administered at a dosage of 
between 10 and 25 mg orally or parenterally every week (dose and route had to be maintained from 
beginning to end of study). Folic acid was administered at a dosage of at least 5 mg/week for as long as 
MTX treatment was continued.

Each patient received a dose of 100 mg methylprednisolone administered intravenously
30 minutes before each infusion of study drug (CT-P10 or EU-approved MabThera). Patients were also 
premedicated with an antipyretic (acetaminophen or paracetamol, usually 500 to 1000 mg) and an 
antihistamine (chlorpheniramine 2 to 4 mg or equivalent dose of equivalent antihistamine) 30 to 60 
minutes before the start of the study drug infusion. Any locally appropriate medication other than 
antipyretics and antihistamines may also have been used as premedication at the investigator’s 
discretion.

Major Inclusion Criteria
1. Patient was male or female between 18 and 75 years old.
2. Patient had a diagnosis of RA according to the revised 1987 American College of Rheumatology 
(ACR) classification criteria (Arnett et al 1988) for at least 6 months prior to randomization
3. Patient had active disease as defined by the presence of 6 or more swollen joints (of 66 assessed) and 
6 or more tender joints (of 68 assessed), and serum CRP ≥1.5 mg/dL or an ESR ≥28 mm/hour.
4. Patient had experienced an inadequate response to previous or current treatment with the anti-TNF 
agents infliximab (≥3 mg/kg; at least 3 infusions for at least 3 months), golimumab (50 mg once a 
month for at least 12 to 14 weeks), adalimumab (40 mg every other week for at least 3 months), or 
etanercept (25 mg twice weekly or 50 mg once weekly for at least 3 months), or was intolerant to at 
least 1 administration of these agents. 
5. Patient had a proper discontinuation period after treatment with IL-1 receptor (IL-1R) antagonist, IL-
6R antibody, or abatacept. 
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6. Patient had received MTX treatment (10 to 25 mg/week orally or parenterally) for at least the past 12 
weeks, with the last 4 weeks at a stable dose before Screening.
7. Patient had the following hematology laboratory test results at Screening: Hemoglobin ≥8.5 g/dL, 
White blood cell count ≥3.5 × 103 cells/μL, Neutrophil count ≥1.5 × 103 cells/μL, Platelet count ≥100 × 
103 cells/μL 
8. Patient had adequate renal and hepatic function at Screening as defined by the following clinical 
chemistry results: Serum creatinine <1.5 × upper limit of normal (ULN) or an estimated creatinine 
clearance level >50 mL/min (by Cockcroft-Gault formula), Serum alanine aminotransferase <2.5 × 
ULN, Serum aspartate aminotransferase <2.5 × ULN, Serum total bilirubin <2 × ULN.

Major Exclusion Criteria
1. Patient had taken more than 2 biologic agents.
2. Patient had allergies or hypersensitivity to murine, chimeric, human, or humanized proteins.
3. Patient had current or past history of chronic infection with hepatitis B, hepatitis C, or infection with 
human immunodeficiency virus (HIV)-1 or -2 or had a positive result to the screening test for these 
infections.
4. Patient had an infection requiring oral antibiotics 2 weeks before randomization, parenteral injection 
of antibiotics 4 weeks before randomization, other serious infection 6 months before randomization, or 
had a history of recurrent herpes zoster or other chronic or recurrent infection. 
5. Patient had a current diagnosis of tuberculosis (TB) or other severe or chronic infection (such as 
sepsis, abscess or opportunistic infection, or invasive fungal infection such as histoplasmosis) or a past 
diagnosis without sufficient documentation of complete resolution following treatment.
6. Patient had recent exposure to persons with active TB, or patients who had a positive result to the 
screening test for latent TB (defined as a positive result for interferon-γ release assay (IGRA) with a 
negative examination of chest x-ray). 
7. Patient was receiving any of the following concomitant medications:  Previous treatment within 6 
months of IV gamma globulin or the Prosorba Column, any surgical procedure, including bone or joint 
surgery or synovectomy within 12 weeks prior to randomization or planned within 6 months after 
randomization, intra-articular corticosteroids within 8 weeks prior to randomization. Patients were 
permitted to receive either oral or parenteral glucocorticoids (≤10 mg daily of prednisone/prednisolone 
or equivalent) and nonsteroidal anti-inflammatory drug, if they had received a stable dose for at least 4 
weeks prior to randomization. Disease-modifying antirheumatic drugs, other than MTX, including 
hydroxychloroquine, chloroquine, or sulfasalazine, within 4 weeks prior to randomization. Patients 
who discontinued leflunomide and had successful chelation with 8 g of cholestyramine (3 times daily) 
for 11 days had to wait 4 weeks prior to randomization. Patients who discontinued leflunomide and did 
not have a cholestyramine discontinuation period had to wait 12 weeks after the last dose of 
leflunomide before randomization. Alkylating agents within 12 months prior to randomization.  Live or 
live-attenuated vaccine within 8 weeks prior to randomization, and killed vaccines within 4 weeks prior 
to randomization. B-cell depletion or B-cell–targeted biologic agent history.
9. Patient had a history of rheumatic autoimmune disease other than RA (except secondary Sjögren’s 
syndrome) or significant systemic involvement secondary to RA (vasculitis, pulmonary fibrosis, or 
Felty’s syndrome). 

Endpoints:
Pharmacokinetics:
PK primary endpoints (from the Core Study Period):
• AUC0-last: Area under the serum concentration-time curve from the start of the first infusion to the last 
measurable concentration after the second infusion 
• Cmax: Maximum serum concentration after the second infusion
PK secondary endpoints (from the Core Study Period):
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• Cmax, 1: Maximum serum concentration after the first infusion
• Tmax, 1: Time to maximum serum concentration after the first infusion
• Tmax: Time to maximum serum concentration after the second infusion
• T1/2: Terminal elimination half-life after the second infusion
• AUC0-t: Area under the serum concentration-time curve from the start of first infusion to start of the 
second infusion
• AUC0-inf: Area under the serum concentration-time curve from the start of first infusion to the infinity 
covering data from 2 infusions combined
• AUCt-inf: Area under the serum concentration-time curve from the start of second infusion to infinity
• CL: Total body clearance
• Vd: Volume of distribution
• Vss: Volume of distribution at steady state
• Ctrough: Trough serum concentration before the second infusion

Efficacy: secondary endpoints:
• ACR 20% improvement criteria (ACR20), ACR 50% improvement criteria (ACR50), and ACR 70% 
improvement criteria (ACR70) at 8-week intervals
• Individual components of the ACR criteria compared to Baseline at 8-week intervals
• Time to onset of ACR20 response
• Hybrid ACR response at 8-week intervals
• Mean change from Baseline in disease activity measured by Disease Activity Score using 28 joint 
counts (DAS28) (ESR) and DAS28 (CRP) at 8-week intervals
• Proportion of patients with a good response, defined according to the European League Against 
Rheumatism (EULAR) response criteria at 8-week intervals
• Clinical Disease Activity Index (CDAI) and Simplified Disease Activity Index (SDAI) at 8-week 
intervals
• Joint damage progression assessed by the change in the van der Heijde modification of the Sharp 
scoring system at the last visit
• Functional disability (Health Assessment Questionnaire [HAQ] disability index) at 8-week intervals
• Health-related quality of life (SF-36 health survey score) compared with Baseline at 24-week 
intervals
Pharmacodynamics: The following PD parameters for the study drug (CT-P10 or EU-approved 
MabThera) were determined as secondary endpoints:
• B-lymphocyte (B-cell) kinetics over time including depletion and recovery
• CRP and ESR at 8-week intervals
• Rheumatoid factor (RF) and anticyclic citrullinated peptide (anti-CCP) at 24-week intervals
Safety: Safety analyses included immunogenicity testing (anti-rituximab antibodies), immunoglobulin 
(IgM, IgG, and IgA) testing, hypersensitivity monitoring via vital sign measurements (including blood 
pressure, heart and respiratory rates, and temperature), vital sign measurements, electrocardiograms, 
signs and symptoms of tuberculosis monitored throughout the study, physical examination findings, 
adverse events (AEs), infections, infusion-related reactions, clinical laboratory analyses, pregnancy 
testing, and concomitant medications.

Statistical methods: The study was powered to demonstrate PK equivalence of CT-P10 and EU-
approved MabThera in AUC0-last and Cmax. Equivalence was demonstrated if the 90% CI for the 
modeled ratio of CT-P10 to EU-approved MabThera in AUC0-last and Cmax was within the bounds of 
80% and 125%. 147 patients were to be randomly assigned to one of the two treatment groups in a 2:1 
allocation.
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The primary PK endpoints were analyzed using an analysis of covariance (ANCOVA) model with 
treatment as a fixed effect and region and prior antitumor necrosis factor (TNF)-α (anti-TNF-α) blocker 
status fitted as covariates. 

Study Disposition: A total of 213 patients were screened for the study and 154 were randomized (103 
patients to CT-P10 and 51 to EU-approved MabThera treatment arm.) 137 completed the core study 
period (92 [89.3%] in CT-P10 treatment arm and 45 [88.2%] in the EU-approved MabThera treatment 
arm). Of the 137 patients who completed the Core Study Period, 83 (53.9%) patients initiated the 
Extension Study Period (60 [58.3%] patients in CT-P10 and 23 [45.1%] patients in the EU-approved 
MabThera treatment arm. Fifty-eight (58) patients in CT-P10 arm and 20 patients in the EU-approved 
MabThera arm completed the extension study period.

Protocol Amendments: There were a number of protocol amendments which did not affect the safety 
or efficacy results.

Study CT-P10 1.3

Study Title: An Open-Label, Single-Arm, Maintenance Study to Demonstrate Long-Term Efficacy 
and Safety of CT-P10 in Patients With Rheumatoid Arthritis Who Were Treated With Rituximab (EU-
approved MabThera or CT-P10) in Study CT-P10 1.1

Study Objectives: Study CT-P10 1.3 was an open-label, single-arm, maintenance study to demonstrate 
long-term efficacy and safety of CT-P10 in patients with RA who were treated in Study CT-P10 1.1.

Patient Population: Male or female patients with RA who completed all of the scheduled visits in the 
Study CT-P10 1.1, including the Core Study Period and/or Extension Study Period and had disease 
improvement (moderate or good response) according to Disease Activity Score using 28 joint counts 
(DAS28) (ESR or CRP) during the last course of treatment in Study CT-P10 1.1 were eligible for Study 
CT-P10 1.3. At screening, patients with any current medical issues such as SAEs or current or previous 
intolerance issues that indicated continuation in this maintenance study could be detrimental to their 
health were excluded from the study in the opinion of the investigator. 

Study Design: There were 3 periods in Study CT-P10 1.3:
• Screening Period: Week –8 to Week 0 (Day –56 to Day –1)
• Monitoring Period: every 8 weeks (± 14 days) until the End of Study (EOS) Visit of the Maintenance 
Study Period (excluding the Treatment Period)
• Treatment Period: Initiation: between Week 48 and Week 80 of the Entire Study Period (Main Study 
Period and Maintenance Study Period). The entire study period refers to the combined CT-P10 study 
1.1 referred to as the Main study period and 1.3 referred to as the maintenance study period. Eligible 
patients could continue in the study for a maximum of 56 weeks in study CT-P10 1.3. The total study 
duration of the CT-P10 and 1.1 and CT-P10 1.3 was up to 104 weeks.
Patients were eligible for CT-P10 infusion in the maintenance study if the following conditions were 
met:
• They were responders in the previous course of treatment.
• Their disease activity returned during the Monitoring Period compared with the best response 
between Weeks 16 and 24 of the latest treatment course. The return of disease activity was concluded 
when the result of DAS28 (ESR) or DAS28 (CRP) was ≥ 20% worsened compared with the best 
response between Weeks 16 and 24 of the previous treatment course. Their B-cell or IgM levels were 
equal to or higher than the lower limit of normal (LLN) or at least 50% of the Main Study Period 
baseline level (Week 0 [Day 0] in Study CT-P10 1.1) using the results from previous visits. 
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Treatment groups and Regimen: Open label treatment with CT-P10 1000 mg by IV infusion. 
Treatment included up to 2 courses of treatment in the maintenance study each course consisted of 2 
infusions separated by 2 weeks. Methotrexate (MTX) (between 10 and 25 mg/week orally or 
parenterally [dose and route must have been maintained from the beginning to the end of the 
maintenance study]) and folic acid (≥5 mg/week) was coadministered. If a patient’s dose or route of 
administration of MTX was changed in Study CT-P10 1.1 because of safety issues, the patient was still 
eligible for the maintenance study as long as their MTX dose remained between 10 and 25 mg/week.

Major inclusion Criteria:
1. Patient has disease improvement (moderate or good response) according to Disease Activity Score 
using 28 joint counts (DAS28) (erythrocyte sedimentation rate [ESR] or C-reactive protein [CRP]) 
during the last course of treatment in Study CT-P10 1.1.
2. Patient has completed all of the scheduled visits in the Study CT-P10 1.1 Main Study Period, 
including the Core Study Period and/or Extension Study Period.
3. Patient has had no major protocol violations in Study CT-P10 1.1.

Major Exclusion Criteria
1. Patient has been withdrawn from Study CT-P10 1.1 for any reason.
2. Any current medical issues such as serious adverse events (SAEs) or current or previous intolerance 
issues in which continuation in the maintenance study could be detrimental to their health, in the 
opinion of the investigator.
3. Patient, at the time of providing informed consent, is taking, is planning to take, or is required to take 
during the maintenance study any of the following concomitant medications: IV gamma globulin or the 
Prosorba Column, any surgical procedure, including bone or joint surgery or synovectomy (including 
joint fusion or replacement), intra-articular corticosteroids, disease-modifying antirheumatic drugs, 
other than MTX, including hydroxychloroquine, chloroquine, sulfasalazine, or leflunomide, alkylating 
agents, live or live-attenuated vaccine (if non-live vaccinations are required while receiving CT-P10, 
these should be completed at least 4 weeks before starting the next course of CT-P10), B-lymphocyte 
(B-cell) depletion or B-cell–targeted biologic agent history

Patients were permitted to receive a stable dose of either oral or parenteral glucocorticoids (≤10 mg 
daily of prednisone/prednisolone or equivalent) and nonsteroidal anti-inflammatory drug. 

Endpoints:
Efficacy: Proportion of patients achieving American College of Rheumatology (ACR) ACR 20% 
improvement criteria (ACR20), ACR 50% improvement criteria (ACR50), and ACR 70% 
improvement criteria (ACR70)
• Individual components of the ACR criteria compared with the baseline of Study CT-P10 1.1
• Hybrid ACR response
• Mean change in disease activity measured by Disease Activity Score using 28 joints (DAS28) 
(erythrocyte sedimentation rate [ESR]) and DAS28 (C-reactive protein [CRP]) compared with the 
baseline of Study CT-P10 1.1
• Proportion of patients by response status (good response, moderate response, no response), defined 
according to the European League Against Rheumatism (EULAR) response criteria
• Joint damage progression based on radiographic evaluations, van der Heijde modification of the 
Sharp scoring system at last visit

Safety: Safety was assessed by evaluation of hypersensitivity monitoring via vital sign measurements 
(including blood pressure, heart and respiratory rates, and body temperature) and electrocardiograms 
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(ECGs), immunogenicity testing (antirituximab antibodies), immunoglobulin (IgM, IgG, IgA) testing, 
vital sign measurements, ECGs, signs and symptoms of tuberculosis (TB) monitored throughout the 
study, adverse events (AEs), infections, infusion-related reactions, clinical laboratory analyses, 
pregnancy testing, B-cell testing, and concomitant medications.

Study Disposition: A total of 87 patients (58 patients treated with CT-P10 and 29 patients treated with 
EU-approved MabThera in Study CT-P10 1.1) who had completed the main Study CT-P10 1.1 were 
enrolled into Study CT-P10 1.3. 

Protocol Amendments: Minor amendments were made to the protocol which did not affect safety or 
efficacy results.
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