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1 Executive Summary 

1.1 Introduction 

BLA 761042 was submitted by Sandoz, Inc. on July 30, 2015, under section 351(k) of 
the Public Health Services Act (PHS Act) to support registration of Erelzi (referred to 
during development as GP2015) as a biosimilar to US-licensed Enbrel® (etanercept).  
The BsUFA goal date was extended by 3 months for this BLA on April 29, 2016, due to 
submission of a major amendment for Quality information on April 28, 2016.   

Etanercept products are dimeric soluble forms of the p75 TNF receptor that can bind 
TNF molecules.  Etanercept products inhibit binding of TNF-α and TNF-β (lymphotoxin 
alpha [LT-α]) to cell surface TNF receptors, rendering TNF biologically inactive.  US-
licensed Enbrel® (US-Enbrel) is a subcutaneously administered product, originally 
developed by Immunex Corporation (BLA 103795, approval date November 2, 1998); 
indicated for the treatment of rheumatoid arthritis, polyarticular juvenile idiopathic 
arthritis, psoriatic arthritis, ankylosing spondylitis, and plaque psoriasis.  Sandoz intends 
to obtain approval for Erelzi as a biosimilar to etanercept for all currently approved US-
Enbrel indications, with dosing regimens that are approved for US-Enbrel.1 

The GP2015 nonclinical development program has been reviewed previously, and 
judged to be adequate for approval (Nonclinical Review, BLA 761042; April 29, 2016). 
No new nonclinical information has been submitted since the initial BLA review.  This 
review includes only recommendations for the nonclinical sections of the labeling [e.g., 
Established Pharmacological Classification under Indications and Usage in the 
Highlights of Prescribing Information section and Sections 8.1 (only “Risk Summary” 
and “Data”), 8.2, 8.3, 10, 12.1, 12.2, and 13.1]. 

The original draft labeling for Erelzi was submitted on July 30, 2015.  The proprietary 
name used for the GP2015 drug product in the draft labeling was , which was 
denied by the Agency on October 26, 2015.  Sandoz submitted the proposed 
proprietary name Erelzi on November 25, 2015, and was found conditionally acceptable 
on February 16, 2016.  The sponsor submitted updated labeling to the BLA on 
December 11, 2015, to conform to the FDA requirements under the Pregnancy and 
Lactation Labeling Rule (PLLR).   

1.2 Brief Discussion of Nonclinical Findings 

The language in the nonclinical sections of the proposed Erelzi label (e.g. Established 
Pharmacological Classification under Indication and Usage in the Highlights of 
Prescribing Information section and Sections 8.1, 8.2, 10, 12.1, 12.2, and 13.1) is 
generally consistent with the labeling for US-licensed Enbrel®.  However, certain 
references to "etanercept" have been revised to “etanercept products” as appropriate. 
The reason for this change is that the information applies to both the reference product 
(US-licensed Enbrel) and the proposed biosimilar product (GP2015). 

                                            
1 Sandoz has not sought approval for a dosage form that would allow weight-based 
dosing for juvenile idiopathic arthritis patients who weigh less than 63 kg.  The labeling 
will reflect this limitation.  
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The initial 351(k) BLA for GP2015 (BLA 761042) was submitted on July 30, 2015, which 
is after the Pregnancy Lactation Labeling Rule (PLLR) went into effect on June 30, 
2015. Sandoz submitted revised labeling in PLLR format on December 11, 2015, along 
with a review of available information regarding etanercept use in pregnant and lactating 
women.  Recommendations have been made to the nonclinical sections of the 
sponsor’s proposed labeling to comply with the FDA current practice for PLLR labeling 
of biosimilar products.  

1.3 Recommendations 

1.3.3 Labeling 

The recommended text for the nonclinical sections of the Erelzi prescribing information 
is provided below.   
 
INDICATIONS AND USAGE 

ERELZI is a tumor necrosis factor (TNF) blocker indicated for the treatment of: 
• Rheumatoid Arthritis (RA) (1.1) 
• Polyarticular Juvenile Idiopathic Arthritis (JIA) in patients aged 2 years or older 

(1.2)  
• Psoriatic Arthritis (PsA) (1.3)  
• Ankylosing Spondylitis (AS) (1.4)  
• Plaque Psoriasis (PsO) (1.5) 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 

Risk Summary 

Limited published data on use of etanercept in pregnant women are insufficient to 
inform a drug-associated risk.  Published studies with etanercept use during pregnancy 
have not reported a clear association with etanercept and major birth defect or 
miscarriage risk.  Based on limited data, etanercept concentration in cord blood at the 
time of delivery showed that etanercept crossed the placenta in small amounts [see 
Clinical Considerations].  Developmental toxicity studies have been performed in rats 
and rabbits at doses ranging from 60- to 100-fold higher than the human dose and have 
revealed no evidence of harm to the fetus due to etanercept [see Data].  Because 
animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. 

The estimated background risk of major birth defects and miscarriage for the indicated 
population(s) are unknown.  All pregnancies have a background risk of birth defect, 
loss, or other adverse outcomes.  In the U.S. general population, the estimated 
background risk of major birth defects and miscarriage in clinically recognized 
pregnancies is 2-4% and 15-20%, respectively. 

Data 

Animal Data 

Developmental toxicity studies have been performed in rats and rabbits at doses 
ranging from 60- to 100-fold higher than the human dose and have revealed no 
evidence of harm to the fetus due to etanercept.  
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8.2 Lactation 

Risk Summary  

Limited data from published literature show that etanercept is present in low levels in 
human milk and minimally absorbed by a breastfed infant.  There are no data on the 
effects on the breastfed infant, or the effects on milk production. The limited clinical data 
during lactation precludes a clear determination of the risk of etanercept products to an 
infant during lactation; therefore, developmental and health benefits of breastfeeding 
should be considered along with the mother’s clinical need for ERELZI and any potential 
adverse effects on the breastfed child from ERELZI or from the underlying maternal 
condition. 

10 OVERDOSAGE 

Toxicology studies have been performed in monkeys at doses up to 30 times the human 
dose with no evidence of dose-limiting toxicities. No dose-limiting toxicities have been 
observed during clinical trials of etanercept. Single IV doses up to 60 mg/m2 
(approximately twice the recommended dose) have been administered to healthy 
volunteers in an endotoxemia study without evidence of dose-limiting toxicities.  

12 CLINICAL PHARMACOLOGY  

12.1 Mechanism of Action 

TNF is a naturally occurring cytokine that is involved in normal inflammatory and 
immune responses.  It plays an important role in the inflammatory processes of RA, 
polyarticular JIA, PsA, and AS and the resulting joint pathology.  In addition, TNF plays 
a role in the inflammatory process of PsO.  Elevated levels of TNF are found in involved 
tissues and fluids of patients with RA, JIA, PsA, AS, and PsO. 

Two distinct receptors for TNF (TNFRs), a 55 kilodalton protein (p55) and a 75 
kilodalton protein (p75), exist naturally as monomeric molecules on cell surfaces and in 
soluble forms.  Biological activity of TNF is dependent upon binding to either cell surface 
TNFR. 

Etanercept products are dimeric soluble forms of the p75 TNF receptor that can bind 
TNF molecules.  Etanercept products inhibit binding of TNF-α and TNF-β (lymphotoxin 
alpha [LT-α]) to cell surface TNFRs, rendering TNF biologically inactive.  In in vitro 
studies, large complexes of etanercept with TNF-α were not detected and cells 
expressing transmembrane TNF (that binds etanercept products) are not lysed in the 
presence or absence of complement. 

12.2 Pharmacodynamics 

Etanercept products can modulate biological responses that are induced or regulated by 
TNF, including expression of adhesion molecules responsible for leukocyte migration 
(eg, E-selectin, and to a lesser extent, intercellular adhesion molecule-1 [ICAM-1]), 
serum levels of cytokines (eg, IL-6), and serum levels of matrix metalloproteinase-3 
(MMP-3 or stromelysin).  Etanercept products have been shown to affect several animal 
models of inflammation, including murine collagen-induced arthritis. 
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13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility  

Long-term animal studies have not been conducted to evaluate the carcinogenic 
potential of etanercept products or their effect on fertility.  Mutagenesis studies were 
conducted with etanercept in vitro and in vivo, and no evidence of mutagenic activity 
was observed. 

2 Drug Information 

2.1 Drug 

CAS Registry Number 

185243-69-0 

Proper Name 

To be determined 

Code Name 

GP2015, glycoprotein 2015 

Molecular Formula/Molecular Weight 

C4448H6886N1236O1402S72 (not including post-translational sugar moieties) / 934 amino 
acids / ~150 kDa (apparent molecular size determined by SDS-PAGE) 

Structure or Biochemical Description 

GP2015 is a genetically-engineered dimeric fusion protein consisting of the extracellular 
ligand-binding portion of the human 75 kDa tumor necrosis factor receptor (TNFR) 
linked to the Fc portion of human immunoglobulin G1 (IgG1) that contains only the CH2, 
CH3, and hinge region. The GP2015 dimeric fusion protein contains 934 amino acids 
(homo-dimer: 467; Figure 1) produced by recombinant DNA technology in a Chinese 
Hamster Ovary (CHO) mammalian cell expression system. 
 

Figure 1: Amino Acid Sequence of GP2015: Single Chain of Homo-dimer 
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11 Integrated Summary and Safety Evaluation 

11.1 Labeling Evaluation 

The language in the nonclinical sections of the proposed Erelzi label (e.g. Established 
Pharmacological Classification under Indication and Usage in the Highlights of 
Prescribing Information section and Sections 8.1, 8.2, 10, 12.1, 12.2, and 13.1) is 
generally consistent with the labeling for US-licensed Enbrel®.  However, certain 
references to “etanercept” have been revised to “etanercept products” as appropriate. 
The reason for this change is that the information applies to both the reference product 
(US-licensed Enbrel) and the biosimilar product (GP2015).  

The initial 351(k) BLA for GP2015 (BLA 761042) was submitted on July 30, 2015, which 
is after the Pregnancy Lactation Labeling Rule (PLLR) went into effect on June 30, 
2015.  The original draft labeling submitted to the BLA did not comply with PLLR content 
and format requirements.  Sandoz subsequently submitted revised labeling in PLLR 
format on December 11, 2015 (see Section 2.7 Regulatory Background for further 
information).  Recommendations have been made to the nonclinical sections of the 
sponsor’s proposed labeling to comply with the FDA current practice for PLLR labeling 
of biosimilar products.  Clinical Considerations and Human Data under Section 8.1 are 
outside the scope of the nonclinical review and will be addressed by the clinical team in 
collaboration with the Pediatric and Maternal Health Staff (PMHS).   

11.2 Labeling Recommendations 

The recommended text for the nonclinical sections of the Erelzi prescribing information 
is provided below.  The Sponsor’s text is from the revised draft Prescribing Information 
dated December 11, 2015 (SDN 8).  Labeling recommendations were provided for 
Indications and Usage (under Highlights of Prescribing Information), Section 8.1 (only 
“Risk Summary” and “Data”), Section 8.2, Section 8.3, Section 10, Section 12.1, Section 
12.2, and Section 13.  The Maternal Health Team was consulted for Sections 8.1, 8.2, 
and 8.3 to achieve compliance with the Pregnancy and Lactation Labeling Rule (PLLR).  
Deletions in FDA revised text are represented by red strikethrough text and additions 
are indicated by blue underlined text. 

Sponsor’s Proposed Labeling:  

INDICATIONS AND USAGE 
 is a tumor necrosis factor (TNF) blocker indicated for the treatment of: 

• Rheumatoid Arthritis (RA) (1.1) 
• Polyarticular Juvenile Idiopathic Arthritis (JIA) in patients aged 2 years or older 

(1.2)  
• Psoriatic Arthritis (PsA) (1.3)  
• Ankylosing Spondylitis (AS) (1.4)  
• Plaque Psoriasis (PsO) (1.5) 

FDA Proposed Revisions 

INDICATIONS AND USAGE 

Reference ID: 3971564
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ERELZI is a tumor necrosis factor (TNF) blocker indicated for the treatment 
of: 

• Rheumatoid Arthritis (RA) (1.1) 
• Polyarticular Juvenile Idiopathic Arthritis (JIA) in patients aged 2 years or older 

(1.2)  
• Psoriatic Arthritis (PsA) (1.3)  
• Ankylosing Spondylitis (AS) (1.4)  
• Plaque Psoriasis (PsO) (1.5) 

Reviewer Comments: The proprietary name was updated to Erelzi.  Sandoz’s proposed 
Established Pharmacologic Class (EPC) of “tumor necrosis factor (TNF) blocker” is 
consistent with the FDA EPC Text Phrase for etanercept. 

Sponsor’s Proposed Labeling: (Note: Clinical Considerations and Human Data under 
Section 8.1 are outside the scope of this nonclinical review and will not be addressed 
here). 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 

  

Risk Summary 

 Based on limited 
data, etanercept concentration in cord blood at the time of delivery showed that 
etanercept crossed the placenta in small amounts. 

Data 

Animal Data 

Developmental toxicity studies have been performed in rats and rabbits at doses 
ranging from 60- to 100-fold higher than the human dose and have revealed no 
evidence of harm to the fetus due to etanercept.  

 
 

FDA Proposed Revisions 

8.1 Pregnancy 

  

Risk Summary 

  Limited 
published data on use of etanercept in pregnant women are insufficient to inform a 
drug-associated risk.  Published studies with etanercept use during pregnancy have not 
reported a clear association with etanercept and major birth defect or miscarriage risk.  
Based on limited data, etanercept concentration in cord blood at the time of delivery 
showed that etanercept crossed the placenta in small amounts [see Clinical 
Considerations].  Developmental toxicity studies have been performed in rats and 
rabbits at doses ranging from 60- to 100-fold higher than the human dose and have 
revealed no evidence of harm to the fetus due to etanercept [see Data].  Because 
animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. 
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Two distinct receptors for TNF (TNFRs), a 55 kilodalton protein (p55) and a 75 
kilodalton protein (p75), exist naturally as monomeric molecules on cell surfaces and in 
soluble forms.  Biological activity of TNF is dependent upon binding to either cell surface 
TNFR. 

Etanercept is a dimeric soluble form of the p75 TNF receptor that can bind TNF 
molecules.  Etanercept inhibits binding of TNF-α and TNF-β (lymphotoxin alpha [LT-α]) 
to cell surface TNFRs, rendering TNF biologically inactive.  In in vitro studies, large 
complexes of etanercept with TNF-α were not detected and cells expressing 
transmembrane TNF (that binds etanercept) are not lysed in the presence or absence of 
complement. 

12.2 Pharmacodynamics 

Etanercept can modulate biological responses that are induced or regulated by TNF, 
including expression of adhesion molecules responsible for leukocyte migration (eg, E-
selectin, and to a lesser extent, intercellular adhesion molecule-1 [ICAM-1]), serum 
levels of cytokines (eg, IL-6), and serum levels of matrix metalloproteinase-3 (MMP-3 or 
stromelysin).  Etanercept has been shown to affect several animal models of 
inflammation, including murine collagen-induced arthritis. 

FDA Proposed Revisions 

12 CLINICAL PHARMACOLOGY  

12.1 Mechanism of Action 

TNF is a naturally occurring cytokine that is involved in normal inflammatory and 
immune responses.  It plays an important role in the inflammatory processes of RA, 
polyarticular JIA, PsA, and AS and the resulting joint pathology.  In addition, TNF plays 
a role in the inflammatory process of PsO.  Elevated levels of TNF are found in involved 
tissues and fluids of patients with RA, JIA, PsA, AS, and PsO. 

Two distinct receptors for TNF (TNFRs), a 55 kilodalton protein (p55) and a 75 
kilodalton protein (p75), exist naturally as monomeric molecules on cell surfaces and in 
soluble forms.  Biological activity of TNF is dependent upon binding to either cell surface 
TNFR. 

Etanercept products areis a dimeric soluble forms of the p75 TNF receptor that can bind 
TNF molecules.  Etanercept products inhibits binding of TNF-α and TNF-β (lymphotoxin 
alpha [LT-α]) to cell surface TNFRs, rendering TNF biologically inactive.  In in vitro 
studies, large complexes of etanercept with TNF-α were not detected and cells 
expressing transmembrane TNF (that binds etanercept products) are not lysed in the 
presence or absence of complement. 

12.2 Pharmacodynamics 

Etanercept products can modulate biological responses that are induced or regulated by 
TNF, including expression of adhesion molecules responsible for leukocyte migration 
(eg, E-selectin, and to a lesser extent, intercellular adhesion molecule-1 [ICAM-1]), 
serum levels of cytokines (eg, IL-6), and serum levels of matrix metalloproteinase-3 
(MMP-3 or stromelysin).  Etanercept products have has been shown to affect several 
animal models of inflammation, including murine collagen-induced arthritis. 

Reviewer Comments: References to etanercept in the context of mechanism of action 
and pharmacodynamics were revised to “etanercept products” when the information 
applies to both US-licensed Enbrel and Erelzi.  As the in vitro data regarding drug-TNF-
a complex formation was conducted with the US-licensed Enbrel reference product, the 
text was left as “etanercept”. 
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Sponsor’s Proposed Labeling  

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility  

Long-term animal studies have not been conducted to evaluate the carcinogenic 
potential of etanercept or its effect on fertility. Mutagenesis studies were conducted in 
vitro and in vivo, and no evidence of mutagenic activity was observed. 

FDA Proposed Revisions 

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility  

Long-term animal studies have not been conducted to evaluate the carcinogenic 
potential of etanercept products or itstheir effect on fertility.  Mutagenesis studies were 
conducted with etanercept in vitro and in vivo, and no evidence of mutagenic activity 
was observed. 

Reviewer Comments: References to etanercept in the context of carcinogenesis and 
fertility were revised to “etanercept products” because the information applies to both 
US-licensed Enbrel and Erelzi.  As mutagenesis studies were only conducted with the 
US-Enbrel reference product, it is defined in the statement that mutagenesis studies 
were conducted with “etanercept”. 
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Sandoz, Inc.

From: Carol M. Galvis, PhD
Acting Pharmacology and Toxicology Team Leader
Division of Pulmonary, Allergy, and Rheumatology Products (DPARP)

Recommendation
I concur with the primary reviewer, Dr. Andrea Benedict, that the nonclinical 
development program is adequate and the application is recommended for approval 
from the nonclinical pharmacology and toxicology perspective (refer to Dr. Benedict’s 
review dated April 29, 2016).  There are no outstanding nonclinical issues.

Background
Sandoz, Inc. submitted BLA 761042 on July 30, 2015 to support registration of Erelzi 
(etanercept), under section 351(k) of the Public Health Service Act, as a biosimilar to 
US-licensed Enbrel®.  Etanercept is a dimeric soluble form of the p75 TNF receptor that 
binds to TNF and inhibits TNF binding to cell surface receptors.

US-licensed Enbrel® was developed by Immunex Corporation under BLA 103795 and 
was originally approved on November of 1998.  US-licensed Enbrel® is currently 
indicated for the treatment of rheumatoid arthritis, polyarticular juvenile idiopathic 
arthritis, psoriatic arthritis, ankylosing spondylitis, and plaque psoriasis.  Sandoz, Inc. 
seeks approval of Erelzi for the same indications at the same dosing regimens.

Summary of Pharmacology and Toxicology Data 
Dr. Benedict’s review dated April 29, 2016, included pharmacology studies in Tg197 
mice comparing GP2015 vs. EU-approved Enbrel, pharmacokinetic studies in rabbits 
comparing GP2015 vs. EU-approved Enbrel, and a comparative 28-day repeat-dose 
toxicology study of GP2015 and EU-approved Enbrel in the cynomolgus monkey.  As 
noted in Dr. Benedict’s review, an adequate scientific bridge based on analytical 
similarity was demonstrated between GP2015, US-licensed Enbrel, and EU-approved 
Enbrel; therefore nonclinical studies comparing GP2015 and EU-approved Enbrel could 
be used to assess the safety of GP2015.  

Collectively, there was no evidence in the aforementioned nonclinical studies to indicate 
potential safety concerns associated with GP2015 administration.  The toxicokinetic 
profile of GP2015 was considered reasonably similar to that of EU-approved Enbrel in 
cynomolgus monkeys and rabbits.  Further, the efficacy of GP2015 in Tg197 transgenic 
mice (i.e., reduced development of arthritis-related pathology) was similar to that of EU-
approved Enbrel.  

Labeling
Labeling is currently being discussed.  A labeling review will be completed at a later 
date.
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1 Executive Summary 

1.1 Introduction 

BLA 761042 was submitted by Sandoz, Inc. on July 30, 2015, under section 351(k) of 
the Public Health Services Act (PHS Act) to support registration of GP2015 as a 
biosimilar to US-licensed Enbrel® (etanercept).  Etanercept is a dimeric soluble form of 
the p75 TNF receptor that can bind TNF molecules.  Etanercept inhibits binding of TNF-
α and TNF-β (lymphotoxin alpha [LT-α]) to cell surface TNF receptors, rendering TNF 
biologically inactive.  US-licensed Enbrel® (US-Enbrel) is a subcutaneously 
administered product, originally developed by Immunex Corporation (BLA 103795, 
Approval date November 2, 1998), indicated for the treatment of rheumatoid arthritis, 
polyarticular juvenile idiopathic arthritis, psoriatic arthritis, ankylosing spondylitis, and 
plaque psoriasis.  Sandoz intends to obtain approval for GP2015 for all currently 
approved US-Enbrel indications, with dosing regimens that are identical to US-Enbrel. 

1.2 Brief Discussion of Nonclinical Findings 

The pivotal nonclinical toxicology and toxicokinetic study submitted in support of a 
determination of biosimilarity of GP2015 to US-Enbrel was a 28-day comparative 
toxicity study in the cynomolgus monkey of GP2015 and EU-approved Enbrel® (EU-
Enbrel).  Sandoz established an adequate scientific bridge to justify the relevance of 
comparative data obtained using EU-Enbrel to support a demonstration of biosimilarity 
to US-licensed reference product.   

Collectively, there was no evidence in the 28-day comparative repeat-dose toxicity 
study of GP2015 and EU-Enbrel conducted in cynomolgus monkeys to indicate 
potential safety concerns associated with GP2015 administration.  The toxicokinetic 
profile of GP2015 was considered reasonably similar to that of EU-Enbrel in 
cynomolgus monkeys.   

The nonclinical pharmacology, pharmacokinetic, and repeat-dose toxicity data 
submitted in support of the BLA demonstrate the similarity (i.e., comparable achieved 
exposures and safety) between GP2015 and EU-Enbrel from the nonclinical 
Pharmacology and Toxicology perspective. 

1.3 Recommendations 

1.3.1 Approvability 

GP2015 is recommended for approval from the nonclinical Pharmacology and 
Toxicology perspective.  Labeling will be addressed in a separate labeling review. 

1.3.2 Additional Non Clinical Recommendations 

There are no nonclinical Pharmacology and Toxicology recommendations or 
outstanding issues at this time. 
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2 Drug Information 

2.1 Drug 

CAS Registry Number:  

185243-69-0 

Proper Name: 

To be determined 

Code Name: 

GP2015, glycoprotein 2015 

Molecular Formula/Molecular Weight: 

C4448H6886N1236O1402S72 (not including post-translational sugar moieties) / 934 amino 
acids / ~150 kDa (apparent molecular size determined by SDS-PAGE) 

Structure or Biochemical Description: 

GP2015 is a genetically-engineered dimeric fusion protein consisting of the extracellular 
ligand-binding portion of the human 75 kDa tumor necrosis factor receptor (TNFR) 
linked to the Fc portion of human immunoglobulin G1 (IgG1) that contains only the CH2, 
CH3, and hinge region. The GP2015 dimeric fusion protein contains 934 amino acids 
(homo-dimer: 467; Figure 1) produced by recombinant DNA technology in a Chinese 
Hamster Ovary (CHO) mammalian cell expression system. 

Figure 1: Amino Acid Sequence of GP2015: Single Chain of Homo-dimer 

 

Note: TNFR domain in black, Fc domain in red (excerpted from the sponsor’s submission) 

Pharmacologic Class: 

Tumor necrosis factor blocker 
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There are no nonclinical safety concerns for L-lysine HCl at a maximum daily dose of 
4.6 mg. 

2.5 Comments on Impurities/Degradants of Concern 

There are no impurities of degradants of concern. 

2.6 Proposed Clinical Population and Dosing Regimen 

The proposed clinical population and dosing regimen for GP2015 are identical to those 
of the reference product.   

The indications include: 
• Rheumatoid Arthritis 
• Polyarticular Juvenile Idiopathic Arthritis in patients aged 2 years or older  
• Psoriatic Arthritis 
• Ankylosing Spondylitis  
• Plaque Psoriasis 

The US-licensed Enbrel® dosage for adult patients with Rheumatoid Arthritis or Psoriatic 
Arthritis is 50 mg once weekly with or without methotrexate.  For Ankylosing Spondylitis, 
the treatment regimen is 50 mg once weekly.  For adults with Plaque Psoriasis, the 
dosage is 50 mg twice weekly for 3 months, followed by 50 once weekly.  For patients 
aged 2 years or older with Polyarticular Juvenile Idiopathic Arthritis, the treatment 
regimen is 0.8 mg/kg weekly, with a maximum dose of 50 mg per week. 

2.7 Regulatory Background 

Sandoz submitted IND 114187 on July 14, 2015, for the development of GP2015 as a 
proposed biosimilar to US-Enbrel, for the same patient populations and dosing regimen 
as the reference product.  The opening IND comparative clinical study (Protocol GP15-
301) was allowed to proceed on August 18, 2015.  On July 30, 2015, Sandoz submitted 
the 351(k) BLA 761042 for the registration of GP2015 as a biosimilar to US-Enbrel. 

The nonclinical pharmacology and toxicology information in support of BLA 761042 was 
fully reviewed under IND 114187 (see the Nonclinical 30-day Safety Review of Dr. 
Andrea L. Benedict; IND 114187, August 13, 2015, in Section 12 Appendix).  A 
Nonclinical IR was sent to the sponsor on November 9, 2015, to request nonclinical 
information to address nonclinical issues that were noted during the 30-day safety 
review under IND 114187.  The sponsor provided the requested nonclinical information 
on November 20, 2015, via email to Leila P. Hann, which was considered adequate to 
address the nonclinical deficiencies.  The requested nonclinical information was formally 
submitted under IND 114187 on April 20, 2016.  See the Nonclinical Memo Review of 
Dr. Andrea L. Benedict (April 25, 2016) for further information.   

3 Studies Submitted 

3.1 Studies Reviewed  

There were no new nonclinical pharmacology and toxicology studies submitted in 
support of the registration of GP2015 under BLA 761042. 

Reference ID: 3924321



BLA # 761042   Reviewer: Andrea L. Benedict, Ph.D. 
 

9 

3.2 Studies Not Reviewed  

The nonclinical pharmacology and toxicology studies provided in support of the 
registration of GP2015 under BLA 761042 were reviewed at the time of the IND 
submission under IND 114187.  The reviewed nonclinical pharmacology and toxicology 
studies are listed in Table 2 below. 

Table 2: Nonclinical studies submitted in support of BLA 761042 (reviewed under 
IND 114187) 

Study Type Study # Title Comparison 

Primary 
Pharmacology 

GP15-004 Assessment of the therapeutic profile of 
Enbrel

®
 on the development of inflammatory 

polyarthritis in the human TNF transgenic 
model of arthritis (Tg197) 

n/a 

GP15-007 Comparative study on the therapeutic efficacy 
of GP2015 and Enbrel

®
 in preventing arthritic 

symptoms in the Tg197 transgenic mouse 
model of arthritis 

GP2015 vs. EU-
approved etanercept 

Pharmacokinetics GP15-001 Comparative pharmacokinetic study of two 
qualities of Enbrel

®
 and five formulations of 

GP2015 following single subcutaneous 
administration to rabbits 

GP2015 vs. EU-
approved etanercept 

GP15-006 Comparative single s.c. dose 
pharmacokinetic study in rabbits on GP2015 
(GMP DS) in 50 mM Citrate/Lysine 
formulation and GP2015 (GMP DS) in 
originator-like formulation vs. Enbrel

®
 

GP2015 vs. EU-
approved etanercept 

General 
Toxicology 

GP15-003 GP2015 and Enbrel
®
: Comparative Toxicity 

Study in the Cynomolgus Monkey with 
Subcutaneous Administration over 28 Days 

GP2015 vs. EU-
approved etanercept 

GP15-
003-
BA11012 

Quantification of Etanercept in Cynomolgus 
monkey serum of preclinical study 8240755 
(GP15-003) by ELISA (Note: Reviewed under 
GP15-003) 

GP2015 vs. EU-
approved etanercept 

GP15-
003-
BA11014 

Detection of anti-Etanercept antibodies in 
Cynomolgus monkey serum of preclinical 
study 8240755 (GP15-003) by an ECL 
Bridging Immunogenicity Assay (Note: 
Reviewed under GP15-003) 

GP2015 vs. EU-
approved etanercept 

3.3 Previous Reviews Referenced 

Review Author Date Notes 

Nonclinical 30-day Safety Review of  

IND 114187 
A.L. Benedict August 13, 2015 

See Section 
12: Appendix 

Nonclinical Memo Review of IND 114187 A.L. Benedict April 25, 2015 
Not included 
in this review 

Nonclinical Pharmacology and Toxicology 
Review of BLA (BLA 103795) 

M.D. Green October 30, 1998 
Not included 
in this review 
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4 Pharmacology 

4.1 Primary Pharmacology 

The primary pharmacology studies (GP15-004 and GP15-007) were reviewed under 
IND 114187.  See the Nonclinical 30-day Safety Review of Dr. Andrea L. Benedict; IND 
114187 (August 13, 2015) in Appendix, for full details. 

4.2 Secondary Pharmacology 

There were no secondary pharmacology studies submitted in support of BLA 761042. 

4.3 Safety Pharmacology 

There were no safety pharmacology studies submitted in support of BLA 761042. 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

The comparative single-dose pharmacokinetic studies in rabbits (GP15-001 and GP15-
006) were reviewed under IND 114187.  See the Nonclinical 30-day Safety Review of 
Dr. Andrea L. Benedict; IND 114187 (August 13, 2015) in Appendix, for full details. 

6 General Toxicology 

6.1 Single-Dose Toxicity 

There were no single-dose toxicity studies submitted in support of BLA 761042. 

6.2 Repeat-Dose Toxicity 

The comparative repeat-dose toxicity study in the cynomolgus monkey (GP15-003; 
including GP15-003-BA11012 and GP15-003-BA11014) was reviewed under IND 
114187.  See the Nonclinical 30-day Safety Review of Dr. Andrea L. Benedict; IND 
114187 (August 13, 2015) in Appendix, for full details. 

Reference ID: 3924321



BLA # 761042   Reviewer: Andrea L. Benedict, Ph.D. 
 

11 

7 Genetic Toxicology 

Genetic toxicology studies are not applicable to biologic products. 

8 Carcinogenicity 

There were no carcinogenicity studies submitted. 

9 Reproductive and Developmental Toxicology 

There were no reproductive and development toxicology studies submitted. 

10 Special Toxicology Studies 

There were no special toxicology studies submitted. 

11 Integrated Summary and Safety Evaluation 

BLA 761042 was submitted by Sandoz, Inc. on July 30, 2015, to support registration of 
GP2015 as a biosimilar to US-licensed Enbrel®.  Sandoz provided primary 
pharmacology studies, single-dose pharmacokinetic studies, and a comparative 28-day 
repeat-dose toxicology study of GP2015 and EU-Enbrel in the cynomolgus monkey as 
nonclinical support for BLA 761042.  These nonclinical studies were previously 
reviewed under IND 114187 (see the Nonclinical 30-day Safety Review of Dr. Andrea L. 
Benedict; IND 114187, August 13, 2015, in Appendix).   

An adequate scientific bridge based on analytical similarity was demonstrated between 
GP2015, US-Enbrel, and EU-Enbrel; therefore nonclinical studies comparing GP2015 
and EU-Enbrel could be used to assess the safety of GP2015.   

Efficacy of GP2015 was demonstrated by Sandoz in Tg197 transgenic mice, which 
constitutively express human TNFα and develop a chronic, inflammatory polyarthritis.  
In this comparative efficacy study, no differences in efficacy (i.e., reduced development 
of arthritis-related pathology) were observed between GP2015 and EU-Enbrel, as 
compared to vehicle control mice, at a biweekly dose of 10 mg/kg for 2 or 4 weeks, 
when treatment was initiated at 6 weeks of age in Tg197 mice (Study GP15-007). 

In a single-dose subcutaneous comparative PK study in male rabbits, PK profiles were 
shown to be similar between GP2015 and EU-Enbrel at a dose of 8 mg/kg (Study 
GP15-006).   

For the pivotal nonclinical support of GP2015, Sandoz provided a comparative 28-day 
repeat-dose toxicology study of GP2015 and EU-Enbrel in the cynomolgus monkey 
(Study GP15-003).  Sandoz selected the cynomolgus monkey to examine repeat-dose 
toxicity as it was determined to be the most relevant nonclinical species during the 
development of the reference product, due to the formation of neutralizing antibodies in 
rodent species (i.e., mouse, rat, and rabbit) with repeat-dose subcutaneous 
administration.  A single dose level of 15 mg/kg of GP2015 or EU-Enbrel, given once 
every 3 days for 28-days (10 total treatments), was selected based on the highest dose 
examined in repeat-dose studies during the development of the reference product (i.e., 
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US-Enbrel) in the cynomolgus monkey, which was found to be well tolerated and did not 
lead to dose-limiting toxicities.  Additionally, repeated subcutaneous administration of 
lower doses of US-Enbrel (i.e., 1 or 5 mg/kg SC twice weekly) in cynomolgus monkeys 
resulted in decreased systemic exposure of etanercept with repeat dosing; whereas a 
dose level of 15 mg/kg US-Enbrel SC twice weekly suppressed the development of 
ADA and did not result in reduced systemic exposure with repeat dosing.   The GP2015 
formulation used in this study was identical to the final GP2015 drug product 
formulation.  The vehicle control group received the GP2015 formulation without the 
API.   

There were no treatment-related deaths with GP2015 or EU-Enbrel in the 28-day study.  
Treatment-related injection site reactions, consisting of moderate to severe 
erythema/rash, were noted in one GP2015-treated male and two EU-Enbrel-treated 
males on study Days 26-32, with correlating changes in red and white blood cell 
parameters and decreased platelets on Days 29-32.  Additionally, increased body 
temperature and clinical chemistry changes on Day 26 were observed in the GP2015-
treated male only.   These findings may be the result of immunogenicity, which was 
supported by the observation of reduced systemic exposure in these animals on Day 
28; however, immunogenicity could not be confirmed due lack of correlating ADA.   

Microscopic findings were similar in GP2015- and Enbrel-treated animals.  These 
included inflammatory lesions (hyperkeratosis, dermatitis, myositis, and cellulitis) of 
injection sites and minimal cortical eosinophilia/hypertrophy of the adrenal gland.       

Systemic exposure (AUC0-72 and Cmax) was similar in male and female monkeys 
receiving 15 mg/kg GP2015 or EU-Enbrel on Days 1 and 7.  On Day 28, systemic 
exposure decreased in all drug-treated groups and systemic exposure was 2.2-fold 
higher in GP2015-treated males compared to females.  The decreased systemic 
exposure in drug-treated animals and gender difference in the GP2015 groups on Day 
28 were likely due to the development of ADAs.  Etanercept-specific ADAs were 
confirmed in 2 GP2015 females, and 2 EU-Enbrel animals.  However, as most GP2015- 
and EU-Enbrel-treated animals had decreased systemic exposure on Day 28, the 
incidence of ADA may have been underestimated due to lack of assay sensitivity in the 
presence of etanercept in the serum samples. 

The overall safety, immunogenicity, and toxicokinectic profiles of GP2015 and EU-
Enbrel in the cynomolgus monkey in the 28-day repeat-dose toxicity study were 
determined to be similar and do not indicate potential safety concerns associated with 
GP2015 administration.      

The nonclinical pharmacology, pharmacokinetic, and repeat-dose toxicity data 
submitted in support of the BLA demonstrate the similarity (i.e., comparable nonclinical 
efficacy, achieved exposures, and safety profiles) between GP2015 and EU-Enbrel from 
the nonclinical Pharmacology and Toxicology perspective. 

The BLA is recommended for approval from the nonclinical perspective.  No additional 
animal studies are required.  There are no outstanding issues from the nonclinical 
Pharmacology and Toxicology perspective. 
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12 Appendix/Attachments 

Appendix 1: Nonclinical 30-day Safety Review of Dr. Andrea L. Benedict; IND 114187, 
August 13, 2015  
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1 Executive Summary

1.1 Introduction

IND 114187 was submitted for the development of GP2015, a proposed etanercept 
biosimilar product.  The proposed opening IND study (Protocol GP15-301) is a Phase 3, 
48-week, randomized, double-blind, parallel-group, 2-treatment period study in patients 
with moderate to severe RA using GP2015 and EU-authorized Enbrel® (EU-Enbrel) at 
subcutaneous doses of 50 mg/week.  Previous clinical experience with GP2015 
includes two Phase 1 PK similarity studies in healthy volunteers using GP2015 and EU-
Enbrel (Protocol GP15-101) or GP2015 and US-licensed Enbrel® (US-Enbrel) (Protocol 
GP15-102) at subcutaneous doses of 50 mg, as well as an ongoing Phase 3, 52-week,
safety and efficacy study (Protocol GP15-302) in patients with moderate to severe 
plaque psoriasis using GP2015 and EU-Enbrel.

1.2 Brief Discussion of Nonclinical Findings

In vitro pharmacological similarity assays between GP2015, US-Enbrel, and
EU-Enbrel, including TNFα neutralization, TNFα binding, C1q binding, FcγRIa, FcγRIIa, 
FcγRIIIa, and FcRn binding, as well as apoptosis, ADCC, and CDC bioassays were 
provided as part of the product quality assessment and were evaluated by the product 
quality review team. Data indicate that GP2015 has similar pharmacological activity as 
etanercept (Enbrel).

A comparative efficacy study was conducted in a Tg197 human TNFα-expressing 
transgenic mouse model of polyarthritis (Study GP15-007).  No differences in efficacy 
(i.e., reduced development of arthritis-related pathology) were observed between EU-
Enbrel and GP2015 treatment, at a biweekly dose of 10 mg/kg for 2 or 4 weeks, when 
treatment was initiated at 6 weeks of age.  

A GLP single-dose (SC) comparative PK study was conducted in rabbits (Study GP15-
006).  In this study, a single 8 mg/kg subcutaneous administration of two GP2015 
formulations (i.e., an originator-like formulation or a formulation containing 50 mM 
Citrate/25 mM Lysine as the buffer/amino acid components) and EU-Enbrel produced 
no clinical signs or signs of local intolerance in male rabbits.  In general, no major 
differences in PK parameters were noted between the two GP2015 formulations and 
EU-Enbrel.

A repeat-dose toxicology study comparing GP2015 and EU-Enbrel was conducted in 
cynomolgus monkeys. Monkeys (n = 3/sex/group) received 0 (GP2015 placebo 
control), 15 mg/kg GP2015, or 15 mg/kg EU-Enbrel by subcutaneous injection (SC)
once every 3 days for 28-days. 

Findings observed in GP2015 and EU-Enbrel treatment groups were generally similar, 
however one GP2015-treated male and two EU-Enbrel-treated males developed 
injection site reactions after the ninth injection (~Days 26-32).  Symptoms were more 
severe in the GP2015-treated male, including a slight fever on Days 26-27, a more 
extensive rash involving the injection sites, right hind limb, and the right inguinal and 
abdomen region that also displayed ecchymosis, and more substantial changes in 
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hematology (RBC and WBC parameters) and clinical chemistry parameters.  However 
due to the small number of animals utilized in this study, the significance of the 
increased symptom severity in this GP2015-treated animal is unclear.  

Changes in hematology parameters occurred mainly in GP2015- and EU-Enbrel-treated 
males on Days 29-32, and included increased WBCs and absolute and relative 
reticulocytes, lymphocytes, monocytes and LUCs, and decreased absolute and relative 
neutrophils.  Platelets were decreased on Days 22 [GP2015 males] and 29 and 
increased on Days 31-32. Platelet crit was also increased on Days 31-32.  The 
changes in group means for the GP2015- and EU-Enbrel-treated males were largely 
driven by the changes observed in the individual animals with injection site reactions.  

Microscopic findings in GP2015- and EU-Enbrel-treated animals included inflammatory 
lesions (hyperkeratosis, dermatitis, myositis, and cellulitis) in injection sites, as well as 
minimal cortical eosinophilia/hypertrophy of the adrenal gland, versus controls. The 
incidence of injection site myositis and cellulitis was increased in GP2015 animals 
compared to EU-Enbrel animals.  

Systemic exposure to GP2015 and EU-Enbrel was similar on Days 1 and 7, and 
decreased in both treatment groups on Day 28, likely due to ADA formation in both 
GP2015 and EU-Enbrel treatment groups.  GP2015 and EU-Enbrel groups developed 
ADA to a similar extent (2/6 animals per treatment group).  However, the presence of 
etanercept in serum may have impaired the detection of anti-etanercept antibodies in 
the assay system, leading to false negative ADA results for other GP2015- and EU-
Enbrel-treated animals, as evidenced by decreased systemic exposure in most drug-
treated animals on Day 28.

1.3 Recommendations

1.3.1 Clinical Study (ies) Safe to Proceed: Yes

The proposed clinical study (Protocol GP15-301) is reasonably safe to proceed from the 
nonclinical perspective.

1.3.3 Additional Recommendation(s) (Non-hold comments/advice to sponsor) if 
any.

The following nonclinical non-hold comments should be conveyed to the sponsor:

1) The original study protocol and the ECG data for the 28-day toxicology study in 
the cynomolgus monkey (GP15-003) were absent from the final study report
document.  Provide the full, signed study protocol and line listings of animal ECG 
data to the IND for review.

2) The drug product and GP2015 placebo/vehicle formulations were not clearly 
described in the study reports for the following in vivo nonclinical studies: GP15-
007, GP15-006, GP15-003.  Provide a full description of the vehicle and drug 
product formulations used in these nonclinical studies.
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2 Drug Information

2.1 Drug

CAS Registry Number: 185243-69-0

Generic Name: Etanercept biosimilar

Code Name: GP2015

Molecular Formula/Molecular Weight: C4448H6886N1236O1402S72 / ~150 kDa (Apparent 
molecular size determined by SDS-PAGE)

Structure or Biochemical Description:

GP2015 is a genetically-engineered dimeric fusion protein consisting of the extracellular 
ligand-binding portion of the human 75 kDa tumor necrosis factor receptor
(TNFR) linked to the Fc portion of human immunoglobulin G1 (IgG1) that contains only 
the CH2, CH3, and hinge region. The GP2015 dimeric fusion protein contains 934 amino 
acids (homo-dimer: 467; Figure 1) produced by recombinant DNA technology in a 
Chinese Hamster Ovary (CHO) mammalian cell expression system.

Figure 1: Amino Acid Sequence of GP2015: Single Chain of Homo-dimer

Note: TNFR domain in black, Fc domain in red (excerpted from the sponsor’s submission)

Pharmacologic Class: Anti-TNF-α fusion protein

2.2 Relevant INDs, NDAs, BLAs and DMFs

BLA 103795/BLA (Enbrel; etanercept)

2.3 Drug Formulation

GP2015 drug product is formulated for subcutaneous (SC) injection at a concentration 
of 50 mg/mL.  GP2015 drug product contains sodium citrate, citric acid, sodium 
chloride, sucrose, and L-lysine-HCl in water for injection, pH 6.3.  Sodium hydroxide and 
hydrochloric acid will be used for pH adjustment as needed.  The composition of the 
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GP15-007 Comparative study on the therapeutic efficacy of GP2015 and 
Enbrel® in preventing arthritic symptoms in the Tg197 
transgenic mouse model of arthritis

Pharmacokinetics

GP15-001 Comparative pharmacokinetic study of two qualities of Enbrel®

and five formulations of GP2015 following single subcutaneous 
administration to rabbits

GP15-006 Comparative single s.c. dose pharmacokinetic study in rabbits 
on GP2015 (GMP DS) in 50 mM Citrate/Lysine formulation and 
GP2015 (GMP DS) in originator-like formulation vs. Enbrel®

General Toxicology

GP15-003 GP2015 and Enbrel®: Comparative Toxicity Study in the 
Cynomolgus Monkey with Subcutaneous Administration over 28 
Days

GP15-003-BA11012 Quantification of Etanercept in Cynomolgus monkey serum of 
preclinical study 8240755 (GP15-003) by ELISA (Note: 
Reviewed under GP15-003)

GP15-003-BA11014 Detection of anti-Etanercept antibodies in Cynomolgus monkey 
serum of preclinical study 8240755 (GP15-003) by an ECL 
Bridging Immunogenicity Assay (Note: Reviewed under GP15-
003)

3.2 Studies Not Reviewed 

None.

3.3 Previous Reviews Referenced

None.

4 Pharmacology

4.1 Primary Pharmacology

Comparative pharmacodynamic (PD) effects and efficacy of GP2015 versus EU-Enbrel 
were assessed in the human TNFα-expressing Tg197 transgenic mouse model of 
rheumatoid arthritis.  The pilot study to establish the optimal EU-Enbrel dose in the 
Tg197 mouse model (GP15-004) and the comparative single and multiple dose study 
with GP2015 and EU-Enbrel (GP15-007) are summarized below.

GP15-004: Assessment of the therapeutic profile of ENBREL® on the development 
of inflammatory polyarthritis in the human TNF transgenic model of arthritis 
(Tg197)

Objective: Study GP15-004 was a single and multiple dose pilot study in the Tg197 
mouse to establish the optimal EU-Enbrel dosing level that would likely reveal any 
potential differences in efficacy between GP2015 and EU-Enbrel.  

Methods: In this study, Tg197 mice were separated into 15 groups of 8 age-matched 
mice (n = 3 males and 5 females/group).  Treatments were initiated upon the 
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changes in females on Day 22 included increased reticulocytes, monocytes, and 
LUC in the GP2015-treated group and increased absolute LUC in the EU-Enbrel-
treated group.

 The GP2015 male with fever and injection site reactions (5M) had changes (as 
compared to its pre-treatment values) in the following clinical chemistry 
parameters, that correlated with the onset of the symptoms on Day 26: increased 
AST (+190%), ALT (+113%), ALP (+40.5%), and total bilirubin (+430%) and 
decreased GGT (-45.5%), sodium (-5%), potassium (-16%), chloride (-5%), 
calcium (-10.4%), albumin (-31%), AG ratio (-46%), and glucose (-57.5%).  

 IgM levels were elevated in all GP2015 males (+126%), notably Animal No.4 
(+375%), and in two EU-Enbrel-treated males (7M; +59% and 9M; +77.5%), as 
compared to controls.   IgG levels were elevated in EU-Enbrel-treated male 8M 
(+49.8% vs control group mean).

 Microscopic findings in GP2015- and EU-Enbrel-treated animals included 
inflammatory lesions (hyperkeratosis, dermatitis, myositis, and cellulitis) in 
injection sites, as well as minimal cortical eosinophilia/hypertrophy of the adrenal 
gland, as compared to controls. The incidence of injection site myositis and 
cellulitis was increased in GP2015 animals compared to EU-Enbrel animals.

 On Days 1 and 7, systemic exposure to GP2015 was similar in animals (males 
and females) receiving 15 mg/kg GP2015 or EU-Enbrel.  On Day 28, systemic 
exposure decreased in all drug-treated groups and systemic exposure was 2.2-
fold higher in GP2015-treated males compared to females.  The decrease in
systemic exposure and gender difference in the GP2015 groups on Day 28 are
likely due to the presence of ADAs, though this was not confirmed with ADA 
data. 

 Etanercept-specific ADAs were confirmed in two GP2015 females (13F and 14F), 
and 2 EU-Enbrel animals (8M and 16F).  Levels of etanercept in serum may have 
interfered with the detection of anti-etanercept antibodies leading to false 
negative ADA results for other GP2015- and EU-Enbrel-treated animals.
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Methods
Doses: 0 (vehicle matching GP2015), 15 mg/kg 

GP2015, 15 mg/kg EU-Enbrel® (Etanercept)
Frequency of dosing: Once every 3 days for 28 days on Days 1, 4, 7, 

10, 13, 16, 19, 22, 25, and 28
Route of administration: Subcutaneous injection; Four injection sites (IJ) 

in the dorsal thoracic region were used (left 
anterior [IJ1], right anterior [IJ2], left posterior
[IJ3], right posterior [IJ4]). Each injection site 
was used in turn.

Dose volume: 0.3 mL/kg; Loaded syringes were weighed prior 
to dosing and on completion of dosing of each 
animal.  The study report states that 
administered volumes of each test article were 
within the range 99% to 108% of the expected 
volumes based on the assumption that 1 ml of 
formulation weighs 1 g.

Formulation/Vehicle: GP2015 placebo buffer: citrate/lysine/50 
formulation (50 mM citrate/25 mM lysine), 
sponsor states in the Nonclinical Summary (IND 
Item 8: Section 4.4) that the formulation 
contained the following excipients: citric 
acid , L-lysine HCl, sodium 
chloride, , and water for injection, 
which is the intended clinical formulation.  Study 
report did not contain a detailed description of 
the formulation. This will be requested in a non-
hold comment.

Species/Strain: Macaca fascicularis / Cynomolgus monkey
Number/Sex/Group: 3/sex/group

Age: 143-218 weeks at treatment initiation
Weight: Males: 4.62-6.71 kg and Females: 3.8-5.12 kg at 

treatment initiation
Satellite groups: None

Unique study design: None
Deviation from study protocol: Deviations from the protocol did not adversely 

affect study outcome or data interpretation

Observations and Results

Mortality

Animals were examined for mortality and moribundity twice daily, in the morning and 
evening.

All animals survived until the scheduled necropsies at the termination of the dosing 
phase.
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8M

Male
Enbrel

IJ1: Rash
Well 

defined 
erythema

IJ2: Rash
Well 

defined 
erythema

IJ3: Rash
Slight 

erythema

IJ4
Slight 

Erythema

IJ1: Rash
Slight 

erythema

IJ2: Rash
Well 

defined 
erythema

IJ3: Rash
Slight 

erythema

IJ2: Rash
Slight 

erythema

IJ4
Slight 

erythema

IJ2: Rash
Well 

defined 
erythema

IJ1: Rash
Slight 

erythema

IJ2: Rash
No 

erythema

(IJ) Injection Site Number, * On Days 28-30, 5M also had erythematous blotches in the inguinal and 
abdomen region (right side), which displayed ecchymosis, and rashes on the right hind limb.

Body Weights

Body weights were recorded on Day -9, each day of dosing, and at necropsy.

No treatment-related changes in body weight were observed following administration of 
GP2015 or Enbrel.

Feed Consumption

Food consumption for each animal was measured qualitatively by daily visual 
monitoring.

The study report did not contain data or summary information for the qualitative food 
consumption monitoring.  However, since there were no treatment-related changes in 
body weight or body weight gain for either GP2015- or EU-Enbrel-treated groups, it is 
unlikely food consumption was greatly affected by treatment.

Ophthalmoscopy

Ophthalmic exams were performed on all animals pre-treatment and in Week 4.  A 
mydriatic agent was instilled into the eyes before examinations.

No treatment-related ophthalmic changes were noted following administration of 
GP2015 or EU-Enbrel.

ECG

ECG, heart rate, and blood pressure recordings were performed on all animals pre-
treatment and 23 to 25 hours post-dosing on Days 5 and 26.   ECG tracing were 
recorded using fixed limb leads I, II, and III, and the augmented leads aVR, aVL, and 
aVF.  Heart rate (in BPM) was quantitatively measured from lead II. Qualitative 
assessment for rhythm and wave abnormalities was performed and reported.  Systolic, 
diastolic, and mean arterial blood pressure were measured by indirect high definition 
oscillometry (HDO) blood pressure monitor.  

The study report states that qualitative assessment of the ECG tracings did not indicate 
any abnormalities and no data were presented in the report.  This data will be requested 
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in a non-hold comment for review.  There were no treatment-related changes in heart 
rate or blood pressure with administration of GP2015 or EU-Enbrel.

Body temperatures were recorded pre-treatment and between 23 and 25 hours post-
dosing on Days 5 and 26 on all animals.  Additional body temperatures were taken from 
Animal No. 5 (GP2015-treated male) on Days 27 and 28, due to being warm to the 
touch when handled, and on Day 29 until necropsy for all male animals, due to rash 
development in some male animals.

The body temperature of one GP2015-treated male (5M) was found to be slightly 
elevated above the normal range (37-40°C) on Day 26 (40.1°C) and Day 27 (40.1, 40.2, 
40.4°C). This correlated with the injection site reactions and rashes observed in this 
animal.

Hematology

Blood samples (~0.5 mL each for hematology and coagulation parameters) were 
collected, after an overnight fast, from the femoral vein or artery from all animals pre-
treatment (Week -1) and on Day 22.  Additional blood samples were collected from
Animal No. 5M on Day 28, due to elevated temperature, and all male animals on Day 
29, 31, and 32, due to the appearance of rashes. An adequate battery of hematology 
parameters was examined.  

Changes in group mean hematology parameters compared to controls are presented in 
Table 10.  Hematology changes in individual animals with injection site reactions 
compared to the control group means or compared to the last individual analysis for that 
parameter before the onset of the change are presented in Table 11.  

For many parameters, the mean pre-dose values (i.e., Week -1) varied largely from the 
mean control values.   However, taking the pre-dosing changes from controls and small 
sample size (i.e., n = 3/sex/group) into account, several parameters still indicated 
potential treatment-related changes in both the GP2015 and EU-Enbrel groups, 
especially for males on Days 29-32.  

For GP2015- and EU-Enbrel-treated males, several changes in hematology parameters 
were observed on Days 29-32, and also on Day 28 for the GP2015-treated male with 
the slight fever and injection site reactions (5M).  These included increased WBCs and 
absolute and relative reticulocytes, lymphocytes, monocytes and LUCs, and decreased 
absolute and relative neutrophils.  Platelets were decreased on Days 22 [GP2015 
males] and 29 and increased on Days 31-32. Platelet crit was also increased on Days 
31-32. However, the changes in group means for the GP2015- and Enbrel-treated 
males were largely influenced by the changes observed in the individual animals with 
injection site reactions (i.e., Animal Nos. 5M, 7M and 8M), as shown in Table 11.  The 
GP2015-treated male with the slight fever and injection sites reactions (5M) also had 
decreased hemoglobin and RBCs on Day 28 as compared to its individual values on 
Day 22 and relative to the vehicle control group means on Day 29-32 (~ -27%).  This 
animal also had increased prothrombin time and activated partial thromboplastin time 
on Day 28.  One of the EU-Enbrel-treated males with injection site reactions (8M) also 
had increased prothrombin time on Day 28.
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On Day 26, elevations in aspartate aminotransferase (+190%), alanine 
aminotransferase (+113%), alkaline phosphatase (+40.5%), and total bilirubin (+430%)
were seen in the GP2015 male with fever and injection site reactions (5M) as compared 
to its pre-treatment values. In addition, this animal showed decreases in gamma 
glutayltransferase (-45.5%), sodium (-5%), potassium (-16%), chloride (-5%), calcium (-
10.4%), albumin (-31%), AG ratio (-46%), and glucose (-57.5%) as compared to its pre-
treatment values. Elevated total bilirubin was also observed in one EU-Enbrel-treated 
male (9M) on Day 29 (+135%) and another GP2015-treated male (6M) on Day 22 
(+140%), in addition to 5M, as compared to pre-treatment values.

All IgE levels, including controls, were below the level of detection.  In comparison to the 
vehicle controls, IgM levels were elevated in all GP2015 males (+126%), notably Animal 
No.4 (+375%), and in two EU-Enbrel-treated males (7M; +59% and 9M; +77.5%).  In 
comparison to the range of individual control values, IgG levels were elevated in EU-
Enbrel-treated male 8M (+49.8% vs control group mean).

Urinalysis

Urine samples were collected via quick catch from all animals pre-treatment and in 
Week 4.  During urine collection, food was not offered and water was removed. An 
adequate battery of urinalysis parameters was examined.

No treatment-related changes in urinalysis parameters were noted with either GP2015 
or EU-Enbrel.

Gross Pathology

Necropsies were performed 3 days after the last dose administration.  All animals were 
given a ketamine sedative followed by an intravenous overdose of sodium 
pentobarbitone.  Once death had been confirmed, the animal was exsanguinated.  A full 
macroscopic examination was performed under the general supervision of the study 
pathologist and all lesions were recorded.

No treatment-related changes in macroscopic findings were noted with either GP2015 
or EU-Enbrel.

Organ Weights

The following organs were weighed: adrenals, brain, heart, kidneys, liver, lungs, 
ovaries, pituitary, prostate, spleen, testes with epididymides, thyroids with parathyroids, 
uterus including cervix.  Bilateral organs were weighed together.  Organ weights relative 
to terminal body weight were also calculated.

Mean organ weight changes, as compared to controls, are presented in Table 12 below.  
Increased adrenal gland and spleen weights were observed in certain animals in the 
GP2015- and EU-Enbrel-treated groups compared to vehicle controls, which resulted in 
higher group means for these organs. Adrenal gland weight was increased by 109% in 
1/3 EU-Enbrel-treated males (9M) and by approximately 31.5% in 2/3 EU-Enbrel-treated 
females (16F and 17F).  Spleen weight was increased in 1/3 GP2015-treated males 
(5M: +99%), 2/3 EU-Enbrel-treated males (7M: +58%; 8M: +145%), and 1/3 EU-Enbrel-
treated females (16F: +47%).  Variability in organ weight was noted for other organs in 
both treatment groups (i.e., kidneys, thyroid/parathyroid, and pituitary); however, the 
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Histopathology

Adequate Battery: The following tissues were fixed in 10 % neutral buffer formalin (with 
the exception of eyes/optic nerve and testes, which were fixed in Davidson’s fluid and 
Bouin’s fixative, respectively): Adrenals, aorta, brain, cecum, colon, dosing sites, 
duodenum, eyes with optic nerves, femur (with femur and articular surface), gall 
bladder, gross lesions, heart, ileum (including Peyer’s patch), jejunum, kidneys, larynx, 
liver, lungs, lymph nodes (mandibular and mesenteric), mammary area, muscle, 
esophagus, ovaries, oviducts, pancreas, pituitary, prostate, rectum, salivary glands 
(submandibular, parotid, and sublingual), sciatic nerve, seminal vesicles, skin/subcutis, 
spinal cord (cervical), spleen, sternum (with bone marrow), stomach, testes with 
epididymides, thymus, thyroid with parathyroids, tongue, trachea, ureters, urinary 
bladder, uterus and cervix, and vagina.

Tissues listed above were appropriately processed, stained with hematoxylin and eosin,
and examined microscopically.

Peer Review: A peer review was not conducted.

Histological Findings

A summary of the microscopic findings are presented in Table 13.

At the injection sites (i.e., IJ1-4), perivascular mononuclear cell infiltration was noted in 
the three males with injection site reactions, (i.e., GP2015-treated male 5M and EU-
Enbrel-treated males 7M and 8M), as well as another GP2015-treated male (4M), all 
GP2015-treated females and two EU-Enbrel-treated females (16F and 18F).  The 
sponsor suggests that this change generally correlated with those animals 
demonstrating decreased exposure and production of ADAs and as such was 
considered to be related to immunogenicity.  However, this cannot be definitively 
determined due to the lack of sensitivity of the ADA assay for clearly determining ADA 
positive animals.  Additionally, there was an overall increase in inflammatory lesions in 
the skin at the injection sites of treated animals compared with control animals, 
including hyperkeratosis, dermatitis, myositis, and cellulitis, which the sponsor 
considered to be non-specific inflammatory responses to administration of GP2015 and 
EU-Enbrel.  The incidence of myositis and cellulitis was slightly increased in animals 
treated with GP2015 as compared to EU-Enbrel.  As the injection site findings are 
generally minimal in severity and clinically monitorable, they are not considered adverse 
or dose-limiting.

Minimal cortical eosinophilia/hypertrophy of the adrenal gland was observed in 1/3 
GP2015-treated males and females, 3/3 EU-Enbrel-treated males, and 1/3 EU-Enbrel-
treated females.  This finding was characterized by increased eosinophilic cytoplasm in 
cortical adrenocytes without an overall increase in adrenal gland size.  This finding was 
not observed in any control-treated animal.  The sponsor suggests that this finding is 
consistent with minor stress rather than direct adrenal gland toxicity.  While cortical 
hypertrophy of the adrenal gland can be associated with stress responses1, the ability to 
differentiate direct toxicity from indirect stress-related effects can be difficult, given the 
                                           
1

Everds et al. (2012) Interpreting the stress responses during routine toxicity studies: A review of the 
biology, impact, and assessment. Toxicologic Pathology. (00): 1-55.
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52-week, safety and efficacy study in patients with plaque psoriasis using GP2015 and 
EU-Enbrel.

A Type B Pre-IND meeting was held with the sponsor on July 9, 2012.  At this meeting 
the sponsor was advised that since the in vivo nonclinical studies utilized EU-Enbrel as 
the comparator product, an adequate bridge to US-Enbrel would be required to use the 
nonclinical safety data, which would likely include a bridging 3-way clinical PK/PD study, 
as well as a direct physico-chemical comparison of all 3 products (US-licensed Enbrel, 
EU-approved Enbrel, and GP2015).  In an email dated August 3, 2015, the quality 
reviewer confirmed that adequate 3-way analytical similarity was established between 
GP2015, US-Enbrel, and EU-Enbrel, which is important as the comparative PD, PK,
and toxicology studies in support of this IND were conducted with GP2015 and EU-
Enbrel, not US-Enbrel.

In support of the safety of the proposed clinical protocol, this review evaluated the 
results of a comparative efficacy study in Tg197 human TNFα-expressing transgenic 
mice (Study GP15-007), a GLP single-dose (SC) comparative PK study in rabbits 
(Study GP15-006), and a GLP comparative 28-day SC toxicology study in the 
cynomolgus monkey (Study GP15-003).   

In the comparative efficacy study in a Tg197 human TNFα-expressing transgenic 
mouse model of polyarthritis (Study GP15-007), no differences in efficacy (i.e., reduced 
development of arthritis-related pathology) were observed between EU-Enbrel and 
GP2015, at a biweekly dose of 10 mg/kg for 2 or 4 weeks, when treatment was initiated 
at 6 weeks of age.  

In the GLP single-dose (SC) comparative PK study in rabbits (Study GP15-006), a 
single 8 mg/kg subcutaneous administration of two GP2015 formulations (i.e., an 
originator-like formulation or a formulation containing 50 mM Citrate/25 mM Lysine as 
the buffer/amino acid components) and EU-Enbrel, produced no clinical signs or signs 
of local intolerance in male rabbits.  The animals treated with GP2015 in the originator-
like formulation had a slightly longer tmax than the EU-Enbrel-treated animals.  In 
general, no major differences in PK parameters were noted between the two GP2015 
formulation and EU-Enbrel.

In the GLP comparative 28-day SC toxicology study in the cynomolgus monkey (Study 
GP15-003), Cynomolgus monkeys received 0 mg/kg (vehicle: GP2015 Placebo), 15 
mg/kg GP2015, or 15 mg/kg EU-Enbrel once every 3 days for 28 days.  No treatment-
related effects on mortality, body weight, food consumption, ophthalmic exams, ECG, 
urinalysis, or macroscopic findings were observed.

Injection site reactions (i.e., erythema/rash; moderate to severe) were observed after 
the 9th injection in one GP2015-treated male (Animal No. 5M) and two EU-Enbrel-
treated males (Animals No. 7M and 8M), and these resolved before the termination of 
the study on Day32, except for a slight erythema in Animal No. 8M.  These animals also 
had correlating red and white blood cell parameter changes.  Increased body 
temperature (Days 26-27) and clinical chemistry changes (Day 26) were also observed 
in GP2015 animal 5M.  These changes were generally most marked in the GP2015-
treated animal (5M) that displayed the most pronounced skin reaction and included 
decreases (up to -26%) in hemoglobin and red blood cells and a concomitant increase 
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of reticulocytes (up to 2.6-fold).  Additionally, a marked decrease (-31 to -50%) in 
platelets was seen in the GP2015-treated male 5M and the EU-Enbrel-treated males 
7M and 8M. This was followed by a rebound increase, and slightly prolonged clotting 
times were also seen in animals 5M and 8M.  The sponsor indicates that the spectrum 
of the findings observed in these drug-treated animals (e.g., injection site 
rash/erythema, abdominal/inner thigh ecchymosis, regenerative anemia as a 
consequence of red blood cell hemolysis and thrombocytopenia) may be the clinical 
consequence of immunogenicity, which was supported by the observed reduced 
systemic exposure of these animals on Day 28.  This may be a reasonable explanation; 
but cannot be confirmed due lack of correlating ADA data.  In addition, apparent 
treatment-related findings observed in GP2015-treated animal 5M were more severe 
than in the two Enbrel-treated males. However due to the small number of animals 
utilized in this study per treatment group, it cannot be concluded that increased
symptom severity in the GP2015-treated animal represents a true difference between 
GP2015 and EU-Enbrel.  Based on the prior human experience with GP2015 and 
clinical monitorability, there are no nonclinical concerns at this time.

Hematology findings in GP2015- and EU-Enbrel-treated males occurred mostly on Days 
29-32, and included increased WBCs and absolute and relative reticulocytes, 
lymphocytes, monocytes and LUCs, and decreased absolute and relative neutrophils.  
Platelets were decreased on Days 22 [GP2015 males] and 29 and increased on Days 
31-32. Platelet crit was also increased on Days 31-32.  The changes in group means 
for the GP2015- and EU-Enbrel-treated males were largely driven by the changes 
observed in the individual animals with injection site reactions, as described above.  
Hematology changes in females on Day 22 included increased reticulocytes, 
monocytes, and LUC in the GP2015-treated group and increased absolute LUC in the 
EU-Enbrel-treated group.

For clinical chemistry parameters, the GP2015 male with fever and injection site 
reactions (5M) had changes that correlated with the onset of the symptoms on Day 26, 
including increased AST (+190%), ALT (+113%), ALP (+40.5%), and total bilirubin 
(+430%) and decreased GGT (-45.5%), sodium (-5%), potassium (-16%), chloride (-
5%), calcium (-10.4%), albumin (-31%), AG ratio (-46%), and glucose (-57.5%).  

IgM levels were elevated in all GP2015 males (+126%), notably Animal No.4 (+375%), 
and in two EU-Enbrel-treated males (7M; +59% and 9M; +77.5%), as compared to 
controls.   IgG levels were elevated in EU-Enbrel-treated male 8M (+49.8% vs control 
group mean).

Microscopic findings in GP2015- and Enbrel-treated animals included inflammatory 
lesions (hyperkeratosis, dermatitis, myositis, and cellulitis) in injection sites, as well as 
minimal cortical eosinophilia/hypertrophy of the adrenal gland, as compared to controls. 
The incidence of injection site myositis and cellulitis was increased in GP2015 animals 
compared to EU-Enbrel animals.

On Days 1 and 7, systemic exposure to GP2015 was similar in animals (males and 
females) receiving 15 mg/kg GP2015 or EU-Enbrel.  On Day 28, systemic exposure 
decreased in all drug-treated groups and systemic exposure was 2.2-fold higher in 
GP2015-treated males compared to females.  The decrease in systemic exposure and 
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gender difference in the GP2015 groups on Day 28 are likely due to the development of 
ADAs, but was not confirmed by ADA data. 

Etanercept-specific ADAs were confirmed in two GP2015 females (13F and 14F), and 2 
EU-Enbrel animals (8M and 16F).  However, the presence of etanercept in serum may 
have interfered with the detection of anti-etanercept antibodies in the assay system,
leading to false negative ADA results for other GP2015- and EU-Enbrel-treated animals, 
as evidenced by decreased systemic exposure in most drug-treated animals on Day 28.

Nonclinical Conclusion and Recommendation

Analytical similarity was demonstrated between GP2015 and etanercept (US- and EU-
Enbrel), so nonclinical studies comparing GP2015 and EU-Enbrel could be used to 
assess the safety of GP2015.  Based on similar PK and toxicity profiles of GP2015 and 
EU-Enbrel, there are no nonclinical safety concerns for the proposed clinical study in 
RA patients, in which subjects will receive the approved dose of EU-Enbrel (50 
mg/week). There is also previous clinical experience with GP2015.
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
BLA 761042

BLA Number: 761042 Applicant: Sandoz, Inc. Stamp Date: 7/30/2015

Drug Name: GP2015 BLA Type: 351(k)

On initial overview of the NDA/BLA application for filing:

Content Parameter Yes No Comment
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?  

X

2 Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin? 

X

3 Is the pharmacology/toxicology section 
legible so that substantive review can 
begin? 

X

4 Are all required  and requested IND studies 
in accord with 505 b1 and b2 including 

referenced literature) completed and 
submitted (carcinogenicity, mutagenicity, 
teratogenicity, effects on fertility, juvenile 
studies, acute and repeat dose adult animal 
studies, animal ADME studies, safety 
pharmacology, etc)?

X

The pivotal in vivo pharmacology and 
toxicology studies compared GP2015 vs. 
EU-approved etanercept.  An assessment of 
biosimilarity between GP2015 and the 
reference product based on these studies, as 
well as in the in vitro biochemical 
characterization assays, will preclude the 
necessity for conduct of safety 
pharmacology, carcinogenicity, 
mutagenicity, and teratogenicity studies.

5 If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA).

X

The formulation to be marketed is the same 
formulation used in the pivotal in vivo 
pharmacology and toxicology studies.  

6 Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route?

X

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations?

X
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Content Parameter Yes No Comment
8 Has the applicant submitted all special

studies/data requested by the Division 
during pre-submission discussions?

X

9 Are the proposed labeling sections relative 
to pharmacology/toxicology appropriate 
including human dose multiples expressed 

in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57?

X

Sections 8.1, 8.3, 12.1, 12.3, and 13.1 are 
consistent with the labeling for the 
reference product.  Changes in labeling, 
including PLLR formatting, will be 
addressed in a labeling review.

10 Have any impurity, degradant, 
extractable/leachable, etc. issues been 
addressed?    (New toxicity studies may not 
be needed.)

To be determined in consultation with the 
Product Quality reviewer.

11 If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted?

Not applicable.

12 If the applicant is entirely or in part 
supporting the safety of their product by 
relying on nonclinical information for 
which they do not have the right to the 
underlying data (i.e., a 505(b)(2) application 
referring to a previous finding of the agency 
and/or literature), have they provided a 
scientific bridge or rationale to support that 
reliance? If so, what type of bridge or 
rationale was provided (e.g., nonclinical, 
clinical PK, other)?

Not applicable.

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? Yes

If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant.

The BLA is fileable from the nonclinical perspective.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter.

There are no potential review issues from the nonclinical perspective at this time.
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