
CENTER FOR DRUG EVALUATION AND 

RESEARCH 
 

 

APPLICATION NUMBER: 

 

125545Orig1s000 
 

PRODUCT QUALITY REVIEW(S) 

 



BLA STN 125545 
Addendum for “Epoetin Hospira” Drug Substance Shelf-life 

 
This memo documents the submission and data used to support the shelf-life of “Epoetin 
Hospira” drug substance (DS) of months when stored at °C. A shelf life of months was 
proposed and supported in the original 351k BLA submission. The proposed shelf life was 
extended to months in the complete response submitted on December 22, 2016.  This shelf 
life is supported by stability data submitted in the December 22, 2016 complete response 
submission, which include real time stability data from 2 commercial scale DS batches stored at 

ºC for up to months. The data remained within the stability specifications for up to
months and do not show adverse trends.  
 

Reference ID: 4266940

(b) (4) (b) (4) (b) (4)

(b) (4)

(b) (4) (b) (4) (b) (4)



Maria
Gutierrez Lugo

Digitally signed by Maria Gutierrez Lugo
Date: 5/15/2018 07:01:10PM
GUID: 50757b3d000038f82ef48db08ba1ceea

Frances
Namuswe

Digitally signed by Frances Namuswe
Date: 5/15/2018 07:00:32PM
GUID: 5114480100018b1165eee57166b2f771

Reference ID: 4266940



  
 

 1 

QUALITY REVIEW 

 Recommendation: Approve 
 

BLA 125545 
Review 3 

Review Date: April 14, 2018 
 
Drug Name/Dosage Form “Epoetin Hospira”/injection 
Strength/Potency Single-dose vial: 2000, 3000, 4000, 10,000, and 40,000 Units/1 mL  
Route of Administration Subcutaneous or intravenous 
Rx/OTC Dispensed Rx 
Indications “Epoetin Hospira” is proposed for: 

 
 Treatment of anemia due to: 

– Chronic Kidney Disease (CKD) in patients on dialysis and 
not on dialysis 

– Zidovudine in HIV-infected patients  
– The effects of concomitant myelosuppressive 

chemotherapy, and upon initiation, there is a minimum of 
two additional months of planned chemotherapy 
 

 Reduction of allogeneic RBC transfusions in patients 
undergoing elective, noncardiac, nonvascular surgery.  

Applicant/Sponsor Hospira, a Pfizer company 
 

Product Overview 
 
“Epoetin Hospira” is a recombinant erythropoietin1 protein that is highly glycosylated. It acts on 
erythroid progenitor cells, primarily in the bone marrow, by binding to the erythropoietin 
receptor. This binding initiates signal transduction that leads to the survival, proliferation, and 
differentiation of erythroid progenitor cells into mature erythrocytes.  
 

Quality Review Team 
 

DISCIPLINE REVIEWER DIVISION 
Drug Substance Frances Namuswe DBRR III 
Drug Product Frances Namuswe DBRR III 
Analytical Similarity Frances Namuswe DBRR III 
Analytical Method Validation Paul Kirwan/Frances Namuswe DBRR III 
Immunogenicity Steven Bowen/Daniela Verthelyi/Susan Kirshner DBRR III 
Labeling Vicky Borders-Hemphill/Jibril Abdus-Samad/ Frances 

Namuswe 
OBP/DBRR 
III 

Microbiology Virginia Carroll/ Patricia Hughes/Maria Stevens Riley DMA 
Facilities Michael Shanks/Peter Qiu  DIA 
Secondary Reviewer Maria-Teresa Gutierrez-Lugo DBRR III 
Tertiary Reviewer Susan Kirshner DBRR III 
                                                                 
1 “Erythropoietin” as used in this document refers to the erythropoietin molecule in  the “Epoetin Hospira” drug 
substance and drug product and in US-licensed Epogen/Procrit. 
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QUALITY REVIEW 

 Multidisciplinary Review Team 
 
DISCIPLINE REVIEWER OFFICE/DIVISION 
RPM and RBPM Beatrice Kallungal and Keith Olin OHOP/DHP 
CDTL/Medical Officer Angelo De Claro  OHOP/DHP 

Clinical Reviewer Lori Ehrlich/Ayache Saleh/Angelo De Claro OHOP/DHP 

Pharm/Tox Natalie E Simpson/Christopher Sheth OHOP/DABT 
Clinical Pharmacology Vicky Hsu/Sarah Schrieber/Bahru 

Habtemariam 
OCP/DCP V 

Biostatistics Lola Luo/Yuan Shen/Thomas Gwise OB/DBIV 
CMC Statistics Chao Wang/Xiaoyu Dong/Meiyu Shen/Yi 

Tsong 
OB/DBVI 

 
Signature Block 

 
Name and Title Signature and Date 

Susan Kirshner, PhD. 
Review Chief, Division of Biotechnology 
Review and Research III 

See electronic signatures at the end of this 
document 

Maria-Teresa Gutierrez-Lugo, PhD 
Division of Biotechnology Review and 
Research III 

See electronic signatures at the end of this 
document 

 
 Submissions Reviewed 

 
Submission Date Received Review Completed 

125545/0 December 16, 2014 Yes 
125545/18 April 29, 2015 Yes 
125545/20 May 4, 2015 Yes 
125545/21 May 7, 2015 Yes 
125545/22 May 22, 2015 Yes 
125545/23 May 29, 2015 Yes 
125545/26 July 2, 2015 Yes 
125545/29 July 9, 2015 Yes 
125545/32 August 28, 2015 Yes 
125545/43, resubmission December 22, 2016 Yes 
125545/47 March 20, 2017 Yes 
125545/53 April 20, 2017 Yes 
125545/55 May 3, 2017 Yes 
125545/58 May 26, 2017 Yes 
125545/61, resubmission November 17, 2017 Yes 
125545/63 February 20, 2018 Yes 
125546/65 March 22, 2018 Yes 
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QUALITY REVIEW, BLA 125545-“Epoetin Hospira” 

 Quality Review Data Sheet 

1. LEGAL BASIS FOR SUBMISSION: 351(k) 
 

2. RELATED/SUPPORTING DOCUMENTS:  
 
A. DMFs: 

DMF 
# 

Type HOLDER ITEM 
REFERENCED 

CODE1 STATUS2 COMMENTS 

III 3 Adequate None 

III 3 Adequate None 

III 3 Adequate None 

V 2 Adequate None 

V 2 Adequate None 

1 Action codes for DMF Table: 1 – DMF Reviewed; Other codes indicate why the DMF was not reviewed, as 
follows: 2 – Reviewed previously and no revision since last review; 3 – Sufficient information in application; 4 – 
Authority to reference not granted; 5 – DMF not available; 6 – Other (explain under "Comments") 

2 Adequate, Adequate with Information Request, Deficient, or N/A (There is enough data in the application, 
therefore the DMF did not need to be reviewed). 

3. CONSULTS: 
 

None 
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QUALITY REVIEW, BLA 125545-“Epoetin Hospira” 

 Executive Summary 
 

I. Recommendations 
A. Recommendation and Conclusion on Approvability 

a. Recommendation 
 

The Office of 18Pharmaceutical Quality (OPQ), CDER, completed review of BLA 125545 for 
“Epoetin Hospira” manufactured by Hospira, a Pfizer company, as a proposed biosimilar to US-
licensed Epogen/Procrit.  This review memo documents the review of a complete response (CR) 
action issued on June 21, 2017. A CR issue regarding the compliance status of Hospira, Inc (FEI 
#1925262) and additional comments were adequately addressed by the applicant in the 
November 17, 2017, resubmission. 
 
The analytical similarity data submitted by the applicant support a conclusion that “Epoetin 
Hospira” is highly similar to US-licensed Epogen/Procrit notwithstanding minor differences in 
clinically inactive components. The data also support that the proposed presentations of  
“Epoetin Hospira” have the same strength as the respective presentations of US-licensed 
Epogen/Procrit. The manufacturing data and information provided in the submission are 
sufficient to support a conclusion that the manufacturing process of “Epoetin Hospira” is well 
controlled and leads to a product that is safe, pure, and potent for the duration of the product 
shelf life. Therefore, OPQ recommends “Epoetin Hospira” be approved for human use under the 
conditions specified in the package insert. 
 

b. Draft approval action letter language 
 

 Manufacturing locations:  
o Drug Substance:  

 
o Drug product:  Hospira, Inc., 1776 N. Centennial Drive, McPherson, 

KS 67460. 
 

 Presentation, fill size, strength, dosage form: Single-dose vial filled in 
2000, 3000, 4000, 10,000, and 40,000 Units/1 mL strengths, injection. 
 

 Dating period 
o Drug Substance: months at ≤ ºC 
o Drug Product: 30 months at 5 ± 3ºC for the 2000, 3000, 4000, and 

10000 U/mL strengths and 24 months at 5 ± 3ºC for the 40000 U/mL 
strengths. 

o Stability option: We have approved the stability protocols in your 
license application for extending the expiration dating period of your 
drug substance and drug product under 21 CFR 601.12 

 Except from lot release per Docket No 95-29960 because “Epoetin 
Hospira” is a recombinant protein.  
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QUALITY REVIEW, BLA 125545-“Epoetin Hospira” 

   
c. Benefit/Risk Considerations  

 
“Epoetin Hospira” is a proposed biosimilar to US-licensed Epogen/Procrit. The applicant 
requested all the indications for which US-licensed Epogen/Procrit is currently licensed. The 
indications are listed on page 1 of this review. 
 
The manufacturing processes and control strategy of “Epoetin Hospira” are sufficient and lead to 
a drug product of acceptable quality to ensure drug safety and effectiveness for patients. The 
drug substance (DS) manufacturing process is well controlled and should consistently deliver DS 
of desired quality. However, enhancements in the DS control strategy can be implemented by 

 
(PMC#1). These enhancements may be conducted post 

licensure as Post Marketing Commitments (PMCs) because the manufacturing process is 
adequate to consistently produce “Epoetin Hospira” DS that is safe, pure, and potent. The 
implementation of the enhancements will improve the long-term robustness of the process.  
 
The drug product (DP) manufacturing process is well controlled and should consistently deliver 
DP of desired quality. Adequate controls are established throughout the DP process. 
However, enhancements in the  control strategy can be implemented by 
including additional testing (PMC#2). Confirmatory information for worst case endotoxin 
studies are also recommended to corroborate findings reported in the license application (PMC 
#3). Because information provided in the license application show that the applicant can 
consistently produce DP that is safe, pure, and potent, the additional testing and confirmatory 
studies may be conducted post licensure as PMCs. 
 
As part of demonstration of biosimilarity, Hospira conducted analytical similarity studies. Fifty- 
four (54) lots of US-licensed Epogen/Procrit, 35 lots of “Epoetin Hospira” drug product (DP), 
and 9 lots of “Epoetin Hospira” drug substance (DS) were evaluated, including lots used in the 
PK/PD similarity and additional clinical studies. This assessment was supported by comparative 
statistical analysis. To determine the comparative analyses that would be used to support 
similarity, quality attributes were ranked into categories of high, medium and low criticality 
using information about the importance of that attribute to product safety, potency, PK and 
immunogenicity. The sponsor then selected the two high criticality attributes most important for 
the mechanism of action of the product and evaluated their similarity using statistical 
equivalence testing.  These attributes are referred as Tier 1 attributes. Per FDA advice, if a Tier 1 
attribute was measured using more than one analytical methods, results from only one of the 
methods need to be evaluated using statistical equivalence testing.  Results from other attributes 
were assessed using descriptive statistics, comparison of “quality ranges” and comparison of 
graphical data Tier 2 and Tier 3 attributes, respectively. The methods and Tier assignment used 
to assess analytical similarity are listed in Table A below and are discussed in detail in the OBP 
primary review. 
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QUALITY REVIEW, BLA 125545-“Epoetin Hospira” 

 Table A. Methods used to assess analytical similarity 
 

Quality Attribute Specific Attribute Measured Criticality Method Tier 

Primary Structure   Amino acid  sequence 
 Disulfide mapping 
 Site of  glycosylation and 

chemical modification 
 Free cysteines 

Very High  Trypsin peptide mapping coupled with Reverse phase ultra-
performance liquid chromatography (RP-UPLC) mass 
spectrometry (MS) detection, tandem MS/MS 

 Glu-C and Lys-C peptide mapping 
 Reverse phase high performance liquid chromatography (RP-

HPLC) 

3 

Post Translational 
Modification 
(Glycosylation) 

 Native and deacetylated N-
linked glycans  

 N-linked glycan antennarity 
 Lactosamine repeats 
 N- and O-acetylation  
 O-glycans profile and site 

occupancy 
 Monosaccharide composition 
 Total sialic acid , sialic acid 

distributions per N-linked 
glycan, types of sialic acids 

 N-glycan site occupancy and 
site specific occupancy  

 N-glycan core fucosylation 
 -Gal-1,3-Gal 
 Isoforms distribution 

Very high  Hydrophilic interaction liquid chromatography-ultra 
performance liquid chromatography (HILIC-UPLC) with 
fluorescence and mass spectrometry detection 

 HILIC-UPLC with enzyme digestion  
 Weak anion exchange chromatography (WAX)  
 Two dimensional WAX-HILIC 
 Trypsin peptide mapping with RP-UPLC-MS 
 RP-HPLC  with weak and strong acid hydrolysis  
 High performance anion exchange chromatography coupled 

with pulse electrochemical detection (HPAEC-PAD)  
 Protease digestion with LC-MS 
 MS with Isotope labeling 
 Capillary Zone Electrophoresis 

2/3 

Molecular weight  Molecular weight High  De-N-Glycosylated Intact Mass (LC-MS) 3 
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QUALITY REVIEW, BLA 125545-“Epoetin Hospira” 

 High Order 
Structure  

 Secondary and Tertiary 
structure 

 Molecular weight of 
glycosylated protein  

Very high  Far- and Near-UV circular dichroism 
 Fourier transform infrared spectroscopy (FTIR) 
 Intrinsic Fluorescence  
 Differential Scanning Calorimetry 
 Sedimentation velocity analytical ultracentrifugation SV-

AUC 

2/3 

Bioactivity  In vivo activity, including 
specific activity and total 
activity per container 

 In vitro activity, including 
specific activity and total 
activity per vial  

 Competitive receptor binding 
 Receptor binding kinetics 

Very high  Reticulocyte count in normocythaemic mice 
 Proliferation of  a human leukemic cell line (UT-7 cells ) 
 Competitive binding with labeled erythropoietin to  an 

immobilized EPO receptor  
 Surface Plasmon Resonance 

1/2/3 

Product related 
Substances and  
impurities 

 Met 54, Trp 64, Trp 88 
oxidation 

 Asp isomerization (Asp 123, 
Asp 43) 

 Deamidation (Asn 147, Asn 47, 
Gln 86) 

 Trisulfide at Cys29-Cys33 and 
Trisulfide at Cys 7-Cys161 

 Disulfide scrambling 
 Trp 51 oxidation 
 Dimer and other HMWS 

Very 
high/high 

 Lys-C peptide map with MS detection 
 Quantitative Western Blot 
 Size Exclusion Chromatography (SEC),  
 Sedimentation Velocity Analytical Ultracentrifugation (SV-

AUC) 
 Electrophoresis (SDS-PAGE silver stain) 

2/3 

Drug product 
attributes 

 Erythropoietin protein content 
 Container fill and deliverable 

volume  
 Particulate matter 

Very 
high/high 

 RP-UPLC 
 Volume USP <1> 
 Micro Flow Imaging and Nanoparticle Tracking Analysis 

2/3 
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QUALITY REVIEW, BLA 125545-“Epoetin Hospira” 

   
The totality of the analytical similarity data support a conclusion that “Epoetin Hospira” is highly 
similar to US-licensed Epogen/Procrit notwithstanding minor differences in clinically inactive 
components. The following residual uncertainties were identified: 
 

1. Levels of some glycosylation species were different between “Epoetin Hospira” and the 
US-licensed Epogen/Procrit. Difference in glycosylation could potentially impact 
biological activity in vivo. However, the different levels of glycosylation species do not 
preclude a conclusion of highly similar because they did not result in observable 
differences in in vivo biological activity using a sensitive mouse assay. Data supporting 
the sensitivity of the mouse assay to changes in this attribute were provided by the 
applicant. 
  

2. Trisulfide species Cys29-Cys33, a product related substance that results from insertion of 
an extra sulfur atom into the Cys29-Cys33 disulfide bond in erythropoietin, was observed 
at 4.5% higher levels in “Epoetin Hospira” compared to US-licensed Epogen/Procrit. The 
potential impact of this difference is on EPO folding and therefore functional activity. 
This difference does not preclude a conclusion of highly similar because “Epoetin 
Hospira” containing higher levels of Cys29-Cys33 trisulfide species did not result in 
differences in receptor binding, higher order structure, and biological activity as 
measured by multiple orthogonal methods.  
 

As discussed in this section, these uncertainties were addressed by the clinical pharmacology, 
immunogenicity and clinical data. Clinical data integrity concerns identified in the first review 
cycle were adequately resolved (refer to OSI review). Below is a summary of the assessment of 
other review disciplines. 
 
The pharmacology/toxicology studies showed no difference in toxicity between “Epoetin 
Hospira” and US-licensed Epogen/Procrit in rats and dogs. However, differences in PK, PD, and 
immunogenicity were observed between the products. In rats, lower exposure, lower PD, and 
higher rate of immunogenicity were observed in the US-licensed Epogen/Procrit arm. In dogs, 
there was lower exposure in the “Epoetin Hospira” arm and higher PD in both test articles. The 
animal study results appear to be confounded by the presence of human serum album present in 
US-licensed Epogen/Procrit, which is immunogenic in rats. Importantly, immunogenicity in 
animals is not predictive of immunogenicity in humans. The differences observed in the 
pharmacology/toxicology studies were addressed by subsequent clinical studies as discussed 
below. 
 
Four PK/PD studies in healthy subjects (HS) and patients with CKD were submitted by the 
applicant. Studies EPOE-12-02 (cross-over, single dose, SC) and EPOE-14-01 (parallel, multiple 
dose, SC) conducted in HS were the most informative for PK and PD similarity. The studies met 
the similarity acceptance criteria of 80-120% for PK and PD, (reticulocyte count and 
hemoglobin) measurements.  These study results support a demonstration of no clinically 
meaningful differences between “Epoetin Hospira” and US-licensed Epogen/Procrit.  
 
Immunogenicity was assessed in four studies in HS and in patients with CKD dosed with the 
products by SC and IV administration. Three parallel studies in healthy volunteers (HV) (EPOE-
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 14-01) and in patients with CKD (EPOE-10-01 and EPOE-10-13) were the most informative for 
immunogenicity assessment. The data from these studies indicated similar rates of treatment-
induced anti-drug antibody (ADA) in the two patient populations. No neutralizing antibodies and 
no cases of PRCA were reported. These results indicate no increase in immunogenicity risk and 
support a conclusion that there are no clinically meaningful differences between “Epoetin-
Hospira” and US-licensed Epogen/Procrit.  
 
Studies EPOE-10-01 and EPOE-10-13, conducted on patients with CKD evaluated safety and 
efficacy endpoints using “Epotein Hospira” and US-licensed Epogen/Procrit. “Epoetin Hospira” 
met the similarity margin of ± 0.5 g/dL for hemoglobin and ± 45 U/kg/week for the dose in both 
studies. No imbalances in safety profiles between patients who received “Epoetin Hospira” and 
US-licensed Epogen/Procrit were observed. These data support a demonstration of no clinically 
meaningful differences between “Epoetin Hospira” and US-licensed Epogen/Procrit.  
 
In conclusion, the clinical pharmacology, clinical and immunogenicity data addressed the 
residual uncertainties identified after conducting analytical and animal studies. The totality of the 
evidence supports a demonstration of biosimilarity between “Epoetin Hospira” and US-licensed 
Epogen/Procrit. Extrapolation to all indications approved for US-licensed Epogen/Procrit was 
justified, among other information, on the scientific understanding of the mechanism of action of 
EPO across indications.  
 

B. Recommendation on Phase 4 (Post-Marketing) Commitments 
 
PMC #1. Complete a storage verification study for  used in the 

“Epoetin Hospira” DS manufacturing process during 
 

 
 
PMC #2. Establish in-process action limits for  

drug product by June 
2019 based on the number of batches produced by that date. 

 
PMC #3. Repeat the endotoxin spike recovery study for two additional lots of 40,000 U/mL drug 

product  to demonstrate reproducible endotoxin recovery of at 
least 50% compared to LAL reagent water control or theoretical spike level. Include 
intermediate time points to obtain at least two consecutive and consistent data points for 
analysis (day 0, 3, 5, 7 is recommended). 
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QUALITY REVIEW, BLA 125545-“Epoetin Hospira” 

 II. Summary of Quality Assessments 
  
A. Identification, Risk and Lifecycle Knowledge Management 

 
Table 1 below provides a summary of critical quality attributes identification and risk 
management. For the purposes of this table, critical quality attributes are limited to attributes 
intrinsic to the drug substance.  

B. Drug Substance Quality Summary 
Table 2 provides a summary of the identification, risk, and lifecycle knowledge management for 
drug substance CQAs that derive from the drug substance manufacturing process and general 
drug substance attributes, including process-related impurities.   

Reference ID: 4266940
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QUALITY REVIEW, BLA 125545-“Epoetin Hospira” 

 Table 1: Drug Substance CQA Identification, Risk and Lifecycle Knowledge Management 

CQA Type 
Source/Introduction 

Risk Control Strategy 

Identity General CQA, intrinsic to 
the molecule 
 
Major influencing factors 
include MCB/WCB 
genetic stability and 

 

Safety and efficacy (high criticality) 

Potency (in 
vivo and in 
vitro 
biological 
activity) 

Intrinsic to the molecule  
 
Major influencing factors 
for in vivo potency are the 
glycosylation structures 
and receptor binding. 
 
 

Directly linked to efficacy 
(high criticality) 

EPO receptor 
binding 

Intrinsic to the molecule Directly linked to efficacy 
(high criticality) 

Glycosylation 
 
-Total sialic 
acids 
 
-N-glycan 
di/tri/tetra –
antennary ratio 

Identity and post 
translational modification  
 
Glycosylation is defined 
by the cell line and the 

 

 

Biological activity, potency, efficacy 
and PK. 
(high criticality) 
 
N-linked glycans, in particular sialic 
acid play a critical role in in vivo 
biological activity and PK. 
Glycosylation may also be important 

Reference ID: 4266940
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-Lactosamine 
repeats 
 
-N-glycan 
sialic 
distribution 
 
-Isoform 
distribution 

 

 
 

for protein stability. 
 
 

Glycosylation 
 
-NeuGc 
 
-High 
Mannose 
structures 
(Man-5, Ma-6) 
 
--Gal-1,3-
Gal 

Product related impurities  
 
Glycosylation is defined 
by the cell line and the 

 
  

Safety, immunogenicity, biological 
activity, potency, efficacy and PK. 
(high criticality) 
 
Humans have antibodies towards -
Gal-1,3-Gal and NeuGc.  
 
High mannose structures may have 
increased in vivo clearance through 
binding to mannose receptors.  

Glycosylation 
 
-O-glycans 
 
 -N-core  
Fucosylation 
 
-O-Acetylated 
species 

Identity and post 
translational modification  
 
Glycosylation is impacted 
by the cell line and the 

 
 

Low criticality  
 
O-acetylation is a naturally occurring 
modification O-glycans do not appear 
to be critical for in vivo activity.  
 
The role of N-fucosylation in 
erythropoietin is not known.  

Higher order 
structure 

Intrinsic to the molecule Directly linked to potency,  efficacy 
and MOA 
(high criticality) 

 Dimer and Product-related impurities  Safety especially immunogenicity 

Reference ID: 4266940
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 other HMWS  
Major contributing factor 
is the production 
bioreactor  
 
Increase in HMWS occurs 
upon heat and light 
exposure.  

(high criticality) 
 
 

Disulfide 
scrambled 
species 

Product-related impurities  
 
Increase in disulfide 
scrambled species occurs 
upon heat and/or light 
exposure.  

Safety especially immunogenicity 
(high criticality) 

Cys 7- Cys161 
Trisulfide  

Product related impurities 
 
Trisulfide species contain 
an extra sulfur atom 
inserted into the native 
Cys7-Cys161 bond. They 
are most likely formed 
during fermentation 

Efficacy and potentially 
immunogenicity 
(high criticality) 
 
The Cys7-Cys161 disulfide bond 
appears to be important for holding the 
erythropoietin structure conformation 
intact. 

Cys29-Cys33 
Trisulfide 

Product related substance 
 
These trisulfide species 
contain an extra sulfur 
atom inserted into the 
Cys29-Cys33 disulfide 
bond. They are most likely 
formed during 
fermentation.  

Potentially safety 
(low criticality). 
 
The sponsor’s data and some scientific 
literature suggest that these species do 
not interfere with biological activity, 
HOS, and receptor binding. In 
addition, data in the literature, suggests 
that trisulfide species are common 
modifications in antibodies and other 
recombinant products and are 
converted back to disulfide species 
within 24 hours in mice. 

Free thiols  Product related impurities Biological activity/efficacy, and 

Reference ID: 4266940
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Cys 7 and 
Cys161  
 
and  
 
Cys29  and 
Cys33   

potential immunogenicity 
(high criticality). 
 
Cys 7 and Cys161 free thiols are high 
criticality CQAs based on the potential 
impact of disrupting the Cys7-Cys161 
disulfide bond on high order structure 
and biological activity.   
 
Free thiols could result in formation of 
mismatched disulfide bonds (disulfide 
scrambling). 

Asn147 
deamidation 
 
 

Product related impurity  
 
Deamidation species can 
be formed as a result of 
the manufacturing process 
and may increase by 
exposure to low pH. 

Biological activity (high 
criticality)  
Asn 147 is located in the high 
affinity binding site and forms 3 H-
bonds with the EPO receptor, two 
of which are important for the D-
helix formation. Mutation in this 
residue resulted in variable loss in 
biological activity.  

Asn 47  and 
Gln 86 
deamidation 
 
 

Product related substances  
 
Deamidation can be 
formed as a result of the 
manufacturing process and 
may increase by exposure 
to low pH. 

Potentially biological activity (low 
criticality)  
 
Asn47 is in a high affinity binding 
pocket and forms two H-bonds with 
the EPO receptor, but is also 
solvent exposed and therefore may 
not be critical. 2) Mutations in Gln 
86 reported in the literature resulted 
in full bioactivity and no 
measurable structural impact. 

Oxidized 
species 

Product-related substances 
 
Introduced during 
manufacturing process and 
storage 

(Low risk and low criticality). 
Oxidized Met and Trp have no impact 
on bioactivity.  Low levels of oxidized 
species were present in the clinical 
material) 

Reference ID: 4266940
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Asp 
Isomerization 
 
Asp 43 and 
Asp 123 

Product related substances  Potential immunogenicity. Low risk 
(low criticality). 
 
Levels of Asp 43 and Asp123 
isomerization for DP samples stored 
under long term conditions were near 
the reporting limit of 0.3% and at 
0.6%, respectively.  
 
According to literature, Asp 123 and 
Asp 43 residues are not located in the 
receptor binding region and site 
directed mutagenesis does not impact 
the epoetin structure or biological 
activity. 

C-terminal 
Arg 166 

Product related substance  
 
Incomplete proteolytic 
processing 

Low risk (Low criticality) 
 
The DNA sequence of human 
erythropoietin codes for a C-terminal 
Arg 166. This residue is proteolitically 
removed in vivo. Low criticality based 
on studies that suggested that 
mutations that involve deletion of the 
C-terminal residues had no impact on 
biological activity. 
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 Table 2: Drug Substance CQA Process Risk Identification and Lifecycle Knowledge Management  

CQA Type 
Source/Introduction 

Risk  Control Strategy  

Identity General CQA, intrinsic to 
the molecule 
 
Major influencing factors 
include MCB/WCB 
genetic stability and 

 

Safety and efficacy (high criticality) 

Potency (in 
vivo and in 
vitro 
biological 
activity) 

Intrinsic to the molecule  
 
Major influencing factors 
for in vivo potency are the 
glycosylation structures 
and receptor binding. 
 
 

Directly linked to efficacy 
(high criticality) 

EPO receptor 
binding 

Intrinsic to the molecule Directly linked to efficacy 
(high criticality) 

Glycosylation 
 
-Total sialic 
acids 
 
-N-glycan 
di/tri/tetra –

Identity and post 
translational modification  
 
Glycosylation is defined 
by the cell line and the 

 

Biological activity, potency, efficacy 
and PK. 
(high criticality) 
 
N-linked glycans, in particular sialic 
acid play a critical role in in vivo 
biological activity and PK. 
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 antennary ratio 
 
-Lactosamine 
repeats 
 
-N-glycan 
sialic 
distribution 
 
-Isoform 
distribution 

 
 

 
 

Glycosylation may also be important 
for protein stability. 
 
 

Glycosylation 
 
-NeuGc 
 
-High 
Mannose 
structures 
(Man-5, Ma-6) 
 
--Gal-1,3-
Gal 

Product related impurities  
 
Glycosylation is defined 
by the cell line and the 

 
.  

Safety, immunogenicity, biological 
activity, potency, efficacy and PK. 
(high criticality) 
 
Humans have antibodies towards -
Gal-1,3-Gal and NeuGc.  
 
High mannose structures may have 
increased in vivo clearance through 
binding to mannose receptors.  

Glycosylation 
 
O-glycans 
 
 N-core  
Fucosylation 
 
O-acetylated 
species 

Identity and post 
translational modification  
 
Glycosylation is impacted 
by the cell line and the 

 
. 

Low criticality CQAs 
 
O-acetylation is a naturally occurring 
modification O-glycans do not appear 
to be critical for in vivo activity.  
 
The role of N-fucosylation in 
erythropoietin is not known.  

Higher order 
structure 

Intrinsic to the molecule Directly linked to potency, efficacy and 
MOA 
(high criticality) 

Reference ID: 4266940
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  Dimer and 
other HMWS. 

Product-related impurities  
 
Major contributing factor 
is the  

  
 
Increase in HMWS occurs 
upon heat and light 
exposure.  

Safety especially immunogenicity 
(high criticality) 
 
 

Disulfide 
scrambled 
species 

Product-related impurities  
 
Increase in disulfide 
scrambled species occurs 
upon heat and/or light 
exposure.  

Safety especially immunogenicity 
(high criticality) 

Cys 7- Cys161 
Trisulfide  

Product related impurities 
 
Trisulfide species contain 
an extra sulfur atom 
inserted into the native 
Cys7-Cys161 bond. They 
are most likely formed 
during fermentation 

Efficacy and potentially 
immunogenicity 
(high criticality) 
 
The Cys7-Cys161 disulfide bond 
appears to be important for holding the 
erythropoietin structure conformation 
intact. 

Cys29-Cys33 
Trisulfide 

Product related substance 
 
These trisulfide species 
contain an extra sulfur 
atom inserted into the 
Cys29-Cys33 disulfide 
bond. They are most likely 
formed during 
fermentation.  

Potentially safety 
(low criticality). 
 
The sponsor’s data and some scientific 
literature suggest that these species do 
not interfere with biological activity, 
HOS, and receptor binding. In 
addition, data in the literature, suggests 
that trisulfide species are common 
modifications in antibodies and other 
recombinant products and are 
converted back to disulfide species 
within 24 hours in mice. 

Reference ID: 4266940
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 Adventitious 
agents 
(Viruses) 

Contamination  
 
Viruses would most likely 
be introduced from the cell 
line during cell culture 
operations. 
 

Safety 
(high criticality) 

Mycoplasma Contamination  
 
Mycoplasma would most 
likely be introduced during 
cell culture operations. 

Safety 
(high criticality) 

Host Cell 
Proteins 
(HCP) 

Process related impurity 
from the production 
cell line and cell culture  

Safety and immunogenicity 
(high criticality) 

Residual DNA Process related impurity 
from the production cell 

Safety 

Reference ID: 4266940
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 line  and cell culture 
Bioburden Contamination  

 
Bioburden can be 
introduced throughout the 
manufacturing process 
(raw materials and 
environment). 

Safety 
(high criticality) 

Endotoxin Contamination  
 
Endotoxin can be 
introduced throughout the 
manufacturing process 
(raw materials and 
environment). 

Safety 
(high criticality). 

Final DS pH General CQA   Safety and efficacy 

Residual 
solvents 

Process related impurities 
 

Safety 

Free thiols  
 
Cys 7 and 
Cys161  
 
and  

Product related impurities Biological activity/efficacy, and 
potential immunogenicity 
(high criticality). 
 
Cys 7 and Cys161 free thiols are high 
criticality CQAs based on the potential 

Reference ID: 4266940
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Cys29  and 
Cys33   

impact of disrupting the Cys7-Cys161 
disulfide bond on high order structure 
and biological activity.   
 
Free thiols could result in formation of 
mismatched disulfide bonds (disulfide 
scrambling). 

Asn147 
deamidation 
 
 

Product related impurity  
 
Deamidation species can 
be formed as a result of 
the manufacturing process 
and may increase by 
exposure to low pH. 

Biological activity (high 
criticality)  
Asn 147 is located in the high 
affinity binding site and forms 3 H-
bonds with the EPO receptor, two 
of which are important for the D-
helix formation. Mutation in this 
residue resulted in variable loss in 
biological activity.  

Asn 47  and 
Gln 86 
deamidation 
 
 

Product related substances 
 
Deamidation can be 
formed as a result of the 
manufacturing process and 
may increase by exposure 
to low pH. 

Potentially biological activity (low 
criticality)  
 
Asn47 is in a high affinity binding 
pocket and forms two H-bonds with 
the EPO receptor, but is also 
solvent exposed and therefore may 
not be critical. 2) Mutations in Gln 
86 reported in the literature resulted 
in full bioactivity and no 
measurable structural impact. 

Oxidized 
species 

Product-related substances 
 
Introduced during 
manufacturing process and 
storage 

(Low risk and low criticality). 
 
Oxidized Met and Trp have no impact 
on bioactivity.  Low levels of oxidized 
species were present in the clinical 
material) 

Reference ID: 4266940
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Asp 
Isomerization 
 
Asp 43 and 
Asp 123 

Product related substances  
 
 

Potential immunogenicity. Low risk 
(low criticality). 
 
Levels of Asp43 and Asp123 
isomerization for DP samples stored 
under long term conditions were near 
the reporting limit of 0.3% and at 
0.6%, respectively.  
 
According to literature, Asp 123 and 
Asp 43 residues are not located in the 
receptor binding region and site 
directed mutagenesis does not impact 
the epoetin structure or biological 
activity. 

C-terminal 
Arg 166 

Product related substance  
 
Incomplete proteolytic 
processing 

Low risk 
(Low criticality) 
 
The DNA sequence of human 
erythropoietin codes for a C-terminal 
Arg 166. This residue is proteolitically 
removed in vivo. Low criticality based 
on studies that suggested that 
mutations that involve deletion of the 
C-terminal residues had no impact on 
biological activity. 

Reference ID: 4266940

(b) (4)



  
 

 23 

QUALITY REVIEW, BLA 125545-“Epoetin Hospira” 

  
B. Drug Substance Quality Summary (cont.)  

a. Names: 
 

 Proprietary Name:  “Epoetin Hospira” 
 Trade Name:  Retracrit (conditionally approved) 
 Non-Proprietary/USAN:   Referred to as “Epoetin Hospira” by the Applicant2 

 CAS name:    Erythropoietin, CAS Registry number: 11096-26-7 

 Common name:    “Epoetin Hospira” or CMO1030 
 INN Name:  TBD 
 Compendial Name: N/A 
 OBP systematic name:  RPROT P01588 (EPO_HUMAN) Erythropoietin  

[“Epoetin Hospira”]3 
 
 

b. Pharmacology category: Erythropoiesis stimulating agent (ESA) 
 

c.    Description  
 
“Epoetin Hospira” is a recombinant glycosylated protein produced in Chinese 
Hamster Ovary (CHO) cells. It contains 165 amino acids, two intramolecular 
disulfide bonds between Cys7-Cys161 and Cys29-Cys33, three N-linked 
glycosylation sites at Asn24, Asn38 and Asn83, and one O-linked glycosylation 
site at Ser126. Its molecular weight is approximately 30.4 kDa, including 
glycosylation. 
 

d. Mechanism of action  
 

“Epoetin Hospira” acts on erythroid progenitor cells, primarily in the bone 
marrow by binding to the erythropoietin receptor. This binding initiates signal 
transduction that leads to the survival, proliferation, and differentiation of 
erythroid progenitor cells into mature erythrocytes.  

 
 
 

                                                                 
2 For purposes of this review, we generally refer to Hospira’s proposed product by the Hospira descriptor “Epoetin 
Hospira.”  FDA has not yet designated a nonproprietary name for Hospira’s proposed biosimilar product that 
includes a distinguishing suffix (see Guidance on Nonproprietary Naming of Biological Products).  

3 The OBP systematic name allows searching for related products in OBP’s database and in the Document 
Archiving, Reporting & Regulatory Tracking System (DARRTS) for safety reasons and it is different from the 
nonproprietary name. The tag at the end is used to separate products from different sponsors and it is generally the 
name used by sponsors to refer to the proposed product in their submissions .   

Reference ID: 4266940
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 e.  Potency Assay  
 
Potency of “Epoetin Hospira” is evaluated using a UT-7 cell-based proliferation 
assay. UT-7 is a human leukemic cell line designed to express the epoetin (EPO) 
receptor on the cell surface. Addition of phenazine ethosulfate (PES) stabilized 
tetrazolium salt (MTS) leads to a colorimetric change that is measured at 490 nm 
and is proportional to the increased cell metabolic activity associated with 
proliferation. Biological activity of the test sample is reported relative to a 
calibrated reference standard. 

 
f. Reference material(s) 

 
The applicant developed and implemented the following two-tiered reference 
standard systems:  

 
 Analytical reference standards (ARS) used for physicochemical measurements 

that require a reference standard, including determination of erythropoietin 
content. 
 

 Bioassay reference standards (BRS) with defined biological activity in U/mL 
used for functional assays. The reference standards were calibrated against 
Biological Reference Preparation Batch 3 (BRP3), established by the 
European Directorate for the Quality of Medicines (EDQM) against BRP2 and 
the 2nd WHO international reference standard. 

 
In addition, the applicant developed and implemented a process-specific HCP 
antigen as a standard for quantitation of residual Host Cell Protein (HCP) in 
“Epoetin Hospira” DS by ELISA. 
 

g. Critical starting materials or intermediates 
 

 
h. Manufacturing process summary 
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i. Container closure  

j. Dating period and storage conditions: months at ≤ ºC 
 

 
C. “Epoetin Hospira” Drug Product Quality Summary 

 

Table 3 provides a summary of the identification, risk, and lifecycle knowledge management 
for drug product CQAs that derive from the drug product manufacturing process and general 
drug product attributes. 

Reference ID: 4266940
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  Table 3: Drug Product CQA Identification, Risk, and Lifecycle Knowledge Management  

CQA Type 
Source/Introduction 

Risk Control Strategy 

Identity General CQA intrinsic to the 
molecule 
 
Largely dependent on the identity of 
the drug substance used for DP 
formulation. 

Safety and Efficacy 
(high criticality) 

Protein 
content 

General CQA. Protein concentration 
is influenced by the formulation and 
mixing steps. 

Safety and Efficacy 
(high criticality) 

Potency 
(biological 
activity)/label 
claim 
 
In vivo 
biological 
activity and in 
vitro 
biological 
activity 

Intrinsic to the molecule 
 
In vivo and in vitro biological 
activity are dependent on both the 
quality and quantity of the drug 
substance used for DP formulation. 

Directly linked to efficacy 
(high criticality) 
 
In vivo biological activity is a measure 
of overall receptor binding, signal 
transduction and glycan role in PK/PD. 
In vitro potency is also used to 
determine the label claim. 
 
In vitro potency is a measure of receptor 
binding and signal transduction.   

Sterility and 
container 
closure 
integrity 

Contamination. Sterility could be 
compromised by contaminants 
introduced throughout DP 
manufacturing or through a 
Container closure integrity failure. 
Container closure integrity is a 
sterility assurance CQA. 

Safety 
(high criticality) 

Endotoxin Contaminant that could be 
introduced throughout DP 
manufacturing or due to a container 
closure integrity failure. 

Safety 
(high criticality) 

Particulate Particulate matter could contain Safety (capillary occlusion) and 

Reference ID: 4266940
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 matter and 
sub-visible 
particles 

product- and process related 
impurities. 
 
Particulate matter could form 
throughout manufacturing and 
during DP storage. 

Immunogenicity 
(high criticality) 

Visual 
Appearance 

General CQA. Appearance might be 
impacted by the formulation process, 
but may also be an indicator of 
product degradation or other changes 
to the product. 

Safety and efficacy 

Extractable 
Volume 

General CQA most likely impacted 
by the filling process. 

Safety and efficacy.  
 
Overfills compliant with USP <1151> 
extraction of the required dose. 

pH General CQA, most likely influenced 
by formulation and mixing. pH may 
be impacted on stability by breaches 
in container  closure integrity or 
container closure leachables. 

Safety and efficacy 

Osmolarity General CQA influenced by buffer 
preparation, formulation and mixing. 
 
No change is expected on stability.  

Safety 

Polysorbate 20 Critical excipient. Polysorbate 20 
levels are influenced by buffer 
preparation, formulation and mixing. 
No changes are expected on stability. 

Safety and efficacy. Polysorbate 20 
levels  

Leachables Leachables could potentially be 
introduced by any product contact 
equipment, container closure and 

Safety 

Reference ID: 4266940
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 consumables. 
Heavy metals Process related impurities 

 
Metals could be introduced into the 
DP from the DS  

, 
excipient raw materials used for 
production.  

Safety  

Glass 
delamination 

Lamellae could be introduced into 
the product from vial delamination 
during product storage.  

Safety (capillary occlusion). 
High criticality 

 Dimer  
 
Other HMWS 
 
 

Product-related impurities that could 
form due to several manipulations in 
the DP manufacturing process e.g. 

 
 

 
Increase is expected upon exposure 
to heat and/or light. 

Safety especially immunogenicity 
(High criticality)  
 
 

Disulfide 
scrambling 

Product related impurities 
 
Disulfide scrambled species could 
form as a result of mis-matched 
disulfides (e.g. Cys 7-Cys 7 or Cys 
33-Cys33). These disulfide bonds are 
indicative of dimers and larger 
HMWS. 
 
Increase is expected upon exposure 
to heat and/or light. 

Biological activity/efficacy, and 
potentially immunogenicity 
(High criticality). 
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 D. “Epoetin Hospira” Drug Product Quality Summary (Cont.) 
 

a. Description and Strength: 
 

 “Epoetin Hospira” (injection) is supplied as a single-dose, preservative-
free, sterile aqueous solution for I.V. or S.C. administration. DP is 
supplied as a 1 mL solution in a 2 mL clear type glass vial 
 

 Strengths: the DP is supplied in five single-dose strengths containing 
2000, 3000, 4000, 10000, or 40000 Units of “Epoetin Hospira” DS per 1 
mL. The proposed presentations of “Epoetin Hospira” have the same 
strength as the respective presentations of US-licensed Epogen/Procrit. 

 
b. Summary of Product Design 

 
“Epoetin Hospira” was developed as a biosimilar to US-licensed Epogen/Procrit 
and targets the quality profile of the US-licensed Epogen/Procrit. 
 

c. List of Excipients 
 

Sodium phosphate monobasic monohydrate (1.3 mg/ml), sodium phosphate dibasic 
anhydrous (4.9 mg/mL), calcium chloride dehydrate (0.01 mg/ml), glycine (7.5 
mg/ml), leucine (1 mg/mL), isoleucine (1 mg/mL), threonine (0.25 mg/mL), L-
glutamic acid (0.25 mg/ml), phenylalanine (0.50mg/mL), sodium chloride (2.4 
mg/mL), Polysorbate 20 (0.1 mg/mL), pH  
 
d. Reference material(s),  

 
The same reference materials are used for DS and DP, except the one used for 
HCPs. 
 

e. Manufacturing process summary 

f. Container closure 

All strengths are supplied as a 1 mL solution in a 2 mL clear type  
glass vial capped with a grey 13 mm 

Reference ID: 4266940
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 stopper. An aluminum seal that does not come into contact with the product is 
affixed to each stopper. The seal has a color coded button for identification of 
each DP strength. 
 

g. Dating period and storage conditions:  30 months at 5 ± 3ºC for the 2000, 3000, 
4000, and 10000 U/mL strengths and 24 months at 5 ± 3ºC for the 40000 U/mL 
strength. 
 

h. List of co-packaged components: not applicable 
 

E. Any Special Product Quality Labeling Recommendations 
 

 Protect from light 

 Do not freeze 

 Do not shake 

 Do not dilute 
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 F. Establishment Information  
 

OVERALL RECOMMENDATION: Approve 
 

DRUG SUBSTANCE 
 

FUNCTION SITE INFORMATION DUNS/FEI NUMBER INSPECTIONAL 
OBSERVATIONS 

FINAL 
RECOMME
NDATION 

 DS Manufacture 
 In-process control 

testing  
 Release and stability 

testing (except potency) 
 Packaging and labeling 
 QA release 
 Storage of DS, RS and 

manufacturing WCB  

Pre-Approval inspection conducted 
on  A five item 
FDA Form 483 was issued with a 
classification of VAI. 
 
A GMP inspection conducted on 

 resulted in a 3-item 
483, the facility was initially 
classified as VAI.  

Acceptable 

Storage of DS 
Hospira, Inc. 
 
1776 N. Centennial Dr., 
McPherson, KS 67460 

FEI Number: 1925262 
DUNS Number: 030606222 Refer to DP section. Acceptable 

Alternate stability testing site 
of DS (except potency) 

Last inspected . No 
483 was issued. 

Acceptable 

In vitro potency release and 
stability testing 

N/A, Approved based on the facility 
CTL profile. 

Acceptable 

Manufacture, testing and 
storage of MCB and WCB 
banks 

Last inspected on . 
A 483 was issued with classification 
of VAI. 

Acceptable 
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 DRUG PRODUCT 

FUNCTION SITE INFORMATION DUNS/FEI NUMBER INSPECTIONAL 
OBSERVATIONS 

FINAL 
RECOMME
NDATION 

 Manufacture 
 Acceptance testing of 

DS 
 In-process control 

testing 
 Release and stability 

testing (Sterility and 
Bacterial endotoxins) 

 Secondary packaging 
and labeling 

 Storage 
  QA Release 

Hospira, Inc. 
 
1776 N. Centennial Drive 
McPherson, KS 67460 

FEI Number: 1925262 
DUNS Number: 030606222 

A comprehensive PAI and cGMP 
inspection conducted on 02/12/2018 – 
02/15/2018 resulted in no FDA Form 
483.  The inspection was NAI and 
had a final recommendation of 
acceptable. 
 
A Pre-Approval for NDA 

  basic medical device 
inspection of a human and veterinary 
drug and combination drug/device 
manufacturer was conducted on May 
16, 2016 – June 8, 2016.  A 14 item 
FDA Form 483 was issued with a 
classification of OAI.  A warning 
letter was issued on February 14, 
2017. A recommendation to withhold 
pending applications was made. 

Acceptable 

Release and stability testing 
(except sterility, bacterial 
endotoxin, and potency) 
 

Refer to DS section. Acceptable 

In vitro potency release and 
stability testing 

Refer to DS section Acceptable 

Rabbit Pyrogen release and 
stability testing 

N/A Acceptable 
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Container-closure Integrity 
by Helium Leak Detection 
for stability testing 

N/A Acceptable 
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 G. Lifecycle Knowledge Management 
 

a. Drug Substance 
i. Protocols approved:  

o Concurrent validation of  
 at commercial scale. 

o Concurrent validation of  
steps at commercial scale. 

o Qualification of analytical and biological reference standards. 
o Post-approval annual stability protocols 
o Protocol for extension of DS shelf life 
o Validation of  stability 

ii. Outstanding review issues/residual risk: none 
iii. Future inspection points to consider: See 483 observations in the 

establishment information section. 
 

b. Drug Product 
i. Protocols approved:  

o Qualification of analytical and biological reference standards. 
o Post-approval stability protocols 
o Protocol for extension of DP shelf life 
o Commercial shipping validation 

ii. Outstanding review issues/residual risk: none 
iii. Future inspection points to consider: See 483 observations in the 

establishment information section.   
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*For purposes of this review, we generally refer to Hospira’s proposed product by the Hospira descriptor “Epoetin 
Hospira.”  FDA has not yet designated a nonproprietary name for Hospira’s proposed biosimilar product that 
includes a distinguishing suffix (see Draft Guidance on Nonproprietary Naming of Biological Products). 
 

 

DEPARTMENT OF HEALTH AND HUMAN SERVICES                                      Public Health Service 

 
Food and Drug Administration 

Center for Drug Evaluation and Research 
WO Bldg. 51, 10903 New Hampshire Ave. 

Silver Spring, MD 20993 
 
Date:      March 28, 2018 
To:   Administrative File, STN 125545-ORIG-1-RESUB-61 
From:    Michael R. Shanks, Reviewer, CDER/OPQ/OPF/DIA 
Endorsement:  Peter Qiu, Ph.D., Branch Chief, CDER/OPQ/OPF/DIA 
Subject:   New Biologic License Application (BLA) 
US License:    1974 
Applicant:   Hospira, Inc.  
Mfg Facility: Drug Substance:  

 
 Drug Product:  Hospira, Inc., McPherson, KS (FEI 1925262)  

Proposed Trade Name: Retacrit  
Nonproprietary Name: To be determined.  (Referred to as “Epoetin Hospira” by the applicant*) 
Dosage: Single-dose, preservative-free, sterile aqueous solution intended for intravenous 

or subcutaneous injection supplied in a 1 mL fill of a 2 mL vial with the 
following presentations for injection, 2000, 3000, 4000, 10,000 or 40,000 
Units/mL. 

Indication: For the treatment of anemia due to: 
 Chronic Kidney Disease (CKD) in patients on dialysis and not on dialysis. 
 Zidovudine in HIV-infected patients 
 The effects of concomitant myelosuppressive chemotherapy, and upon 

initiation, there is a minimum of two additional months of planned 
chemotherapy 

 
Reduction of allogeneic RBC transfusions in patients undergoing elective,  
noncardiac, nonvascular surgery. 
 

Due Date: May 17, 2018 
 
 
Recommendation:  This application is recommended for approval from a facility review 
perspective.   
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SUMMARY 
 
The subject BLA proposes manufacture of “Epoetin Hospira” Drug Substance and Drug Product 
at the following facilities.   
 

     
 is responsible for DS manufacturing, in-process control testing, release testing, and 

stability testing of Drug Substance (except Biopotency assay), packaging and labeling of Drug 
Substance, QA release of Drug Substance, storage of Drug Substance, and reference standard, 
and working cell bank (for manufacturing supply).  A GMP inspection on  was 
conducted on  was VAI with a final recommendation as 
acceptable.  A Pre-license inspection for this BLA was conducted on .  A five 
item FDA Form 483 was issued with a classification of VAI, and a final recommendation as 
acceptable. 
 
The manufacturing of “Epoetin Hospira” DP is performed at Hospira, Inc., McPherson, KS (FEI 
# 1925262).  Additional Hospira, Inc. responsibilities are acceptance testing of Drug Substance 
(DS) (appearance, identity, and bacterial endotoxins), in-process control testing of DP, release 
and stability testing of DP (sterility and bacterial endotoxins), secondary packaging and labeling, 
storage, and QA release of DP.  A comprehensive, PAI and cGMP inspection with coverage of 
the Quality, Production, Materials and Facilities, and Equipment Systems for profiles SVS and 
IDD resulted in no FDA Form 483.  The inspection was NAI and had a final recommendation as 
acceptable.  A cGMP, Basic Medical Device and Pre-approval inspection (for this BLA) was 
conducted on 03/23/2015 - 04/03/2015.  A seven item FDA Form 483 was issued with a 
classification of VAI, and a final recommendation as acceptable.  Currently the Hospira 
McPherson KS facility is has an acceptable compliance status. 
 

 is responsible for 
the manufacture, testing, and storage of master and working cell bank.  A cGMP and Pre-
approval inspection was conducted on .  An FDA Form 483 was issued 
with a classification of VAI, for final recommendation. 
 
All other facilities preforming testing on DS and DP, and DS storage are acceptable or pending 
compliance review.  The facility descriptions submitted in this BLA have been reviewed and 
found to be adequate to support the manufacture of “Epoetin Hospira” Drug Substance and Drug 
Product. 
 
 
 
 
 
 
 
 
 
 
 
 

Reference ID: 4266940

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)



STN 125545/0, Hospira, Inc., Retacrit (“Epoetin Hospira”) 
 

 
   Page 3 of 23  

 

ASSESSMENT 
 
DRUG SUBSTANCE  
3.2.S.2.1 Manufacturers 
 
The proposed “Epoetin Hospira” DS manufacturing, storage, release testing, and stability testing 
sites are listed below in Table 1. 
 
Table 1.  “Epoetin Hospira” Drug Substance Facilities. 

 
Site Name 

 
Address 

 
FEI 

 
Responsibilities 

Drug Substance manufacturing, in-process control testing, 
release testing, and stability testing of Drug Subs tance 
(except Biopotency assay), packaging and labeling of Drug 
Substance, QA release of Drug Substance, storage of Drug 
Substance, and reference standard, and working cell bank 
(for manufacturing supply) 

Hospira, Inc. 1776 N. Centennial Dr. 
McPherson, KS 67460 

1925262 Storage of Drug Substance 

Alternate stability testing site of 
Drug Substance (except Biopotency 
assay) 
In vitro Biopotency release and 
stability testing of Drug Substance 
Manufacture, testing, and storage of Master and Working 
Cell Bank 

 
Review comment:  The facilities for the manufacturing, storage, packaging and labeling, release 
testing, and stability testing for the “Epoetin Hospira” drug substance are adequately described.   
 

—Satisfactory— 
 

Facility Inspection: 
 
Prior Inspection History 
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(b) (4)

 

  

 

 

  

  

 

 

(b) (4)
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—Satisfactory— 
 
3.2.S.2.5  Process Validation and/or Evaluation  
 
Cross Contamination Control 
 
Review comment:  Change over procedures for “Epoetin Hospira” DS and DP, including cross 
contamination control, are discussion in Section 3.2.A.1, Facilities and Equipment, and were 
found adequate during the Pre-license inspection. 
 
 
 
DRUG PRODUCT  
 
3.2.P.2.1 Manufacturers 
 
The proposed “Epoetin Hospira” DP manufacturing, storage, release testing, and stability testing 
sites are listed below in Table 6. 
 
Table 6.  “Epoetin Hospira” Drug Product Facilities. 

 
Site Name 

 
Address 

 
FEI 

 
Responsibilities 

Hospira, Inc. 1776 N. Centennial 
Drive 
McPherson, KS 67460 

1925262 Manufacture of DP, acceptance testing of DS 
(Appearance, Identity, and Bacterial Endotoxins), 
in-process control testing of DP, release testing of 
DP (Sterility and Bacterial Endotoxins), stability 
testing of DP (Sterility and Bacterial Endotoxins), 
secondary packaging and labeling of DP, storage 
of DP, QA Release of DP. 
Release testing site of DP (except Sterility, 
Bacterial Endotoxin, and Biopotency assay), 
stability testing site of DP (except Sterility, 
Bacterial Endotoxins, and Bioactivity assay). 

In vitro Biopotency release and stability testing of 
DP. 
Rabbit Pyrogen release and stability testing of DP. 

Container-closure Integrity by Helium Leak 
Detection for stability testing of DP. 
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Review comment:  The provided information regarding the identity of the facilities for 
manufacturing, storage, release testing, and stability testing for “Epoetin Hospira” DP is 
adequate. 

—Satisfactory— 
 

Prior Inspection History 
 

 
o Hospira, Inc. (FEI #1925262) had a comprehensive, PAI and cGMP inspection per KAN-

DO on 03/23/2015 - 04/03/2015 under FACTS assignment 7849749 for this BLA 
(125545).  This inspection covered Quality, Production, Packaging and Labeling, and 
Laboratory Control Systems in full, and aspects of the Materials and Facilities, and 
Equipment Systems for the following profiles:  BTP, CTX,  SVL, SVS,  

  Pre-Approval coverage included BLA 125545 "Retacrit" (“Epoetin Hospira”) 
Injectable.  This inspection resulted in a FDA Form 483 issued to the firm for an 
inadequate investigation into a failed sterility test in a finished injectable human drug 
product.  Of the PAC Codes for this inspection, 46832, 56002, 56002A, 56002M, 71001, 
and 82845A, only 56002 was VAI, all others were NAI.  For the PAI it was NAI and the 
entire inspection had a final recommendation as acceptable.  The prior three inspections of 
the Hospira, Inc.in McPherson, KS (FEI #1925262) occurred on 04/23/2014 (VAI), 
08/16/2013 (VAI), and 10/24/2012 (VAI).  The 04/23/2014 inspection was a cGMP, Basic 
Medical Device and Pre-approval inspection for drug and device manufacturing including 
coverage for the Quality, Facilities and Equipment, Materials, and Packaging and Labeling 
Systems.  The inspection covered the Pre-approval for two new drugs, a review of three 
NDA/ANDA applications, filed field alerts, DQRS and 3 recalls.  During the course of the 
inspection a fourth recall was initiated. The inspection resulted in a 2 item FDA Form 483 
and the inspection was classified VAI.  Additionally, a recommendation to withhold 
approval on applications pending was made.  
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Conclusion: 
 
The BLA was reviewed from a facility perspective and is recommended for approval. 
 
 
 
 
_______________________________ 
Michael R. Shanks 
Biologist 
OPF Division of Inspectional Assessment 
Branch 1 
 
 
_______________________________ 
Zhihao Peter Qiu, Ph.D. 
Branch Chief 
OPF Division of Inspectional Assessment 
Branch 1 
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Center for Drug Evaluation and Research 
Office of Pharmaceutical Quality 

Office of Process and Facilities 
Division of Microbiology Assessment 

WO Building 22 
10903 New Hampshire Ave. 

Silver Spring, MD 20993 
 

PRODUCT QUALITY MICROBIOLOGY REVIEW AND EVALUATION 

 
Reviewer: Virginia Carroll, Ph.D.  

Acting Branch Chief: Patricia Hughes, Ph.D. 
 
BLA:    125545/0      
Applicant:   Hospira Inc., a Pfizer company 
US License Number:  1974 
Submission Reviewed: Response to Complete Response Letter (CRL) dated 21 June 2017 

for the original BLA submitted 16 December 2014 
Product: Retacrit®/Epoetin Hospira Injection, a biosimilar to the reference 

product, Epogen®/Procrit® (epoetin alfa) 
Indication: Anemia due to chronic kidney disease, zidovudine treatment in 

HIV-infected patients, and myelosuppressive chemotherapy for 
non-myeloid malignancies, and patients at high risk for 
perioperative blood loss from elective, noncardiac, nonvascular 
surgery (same as for Epogen) 

Dosage Form: 2000 U/mL, 3000 U/mL, 4000 U/mL, 10,000 U/mL, and 40,000 
U/mL, 1 mL volume in a single use vial, for intravenous or 
subcutaneous injection  

DS Manufacturing Site:  
DP Manufacturing Site: Hospira, Inc. McPherson, KS USA (1925262) 
FDA Receipt Date:  11/17/2017 
Action Date:   5/17/2018   
 

Conclusion and Approvability Recommendation 
The response to the Complete Response Letter (CRL) dated 21 June 2017 for the BLA was 
reviewed from a sterility assurance and quality microbiology standpoint and is recommended for 
approval. There are 3 post-marketing commitments (PMCs): 
 

1. Complete a storage verification study for the  used in the 
Epoetin Hospira DS manufacturing process during  
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2. Establish in-process action limits for  
 drug product by June 

2019 based on the number of batches produced by that date. 
3. Repeat the endotoxin spike recovery study for two additional lots of 40,000 U/mL drug 

product  to demonstrate reproducible endotoxin recovery of at 
least 50% compared to LAL reagent water control or theoretical spike level. Include 
intermediate time points to obtain at least two consecutive and consistent data points for 
analysis (day 0, 3, 5, 7 is recommended). 
 

Quality Microbiology Information Reviewed 

 

Sequence number Date Description 

0060 November 17, 2017 Response to CRL for Product Quality 

0063 February 20, 2018 Response to IR 

 
The following comments were not approvability issues. See previous quality microbiology 
review of the response to CRL received on December 22, 2016, action date June 21, 2017. 
 

Drug Substance 

FDA Comment 1: 

The data provided in response to FDA Comment 2 (sequence 0057 dated 22 May 2017) do not 
address microbial control during storage of the  

 used during the drug substance (DS) manufacturing process. Complete a storage 
verification study for the  used in the Epoetin Hospira DS 
manufacturing process, to include  

 Update section 
3.2.S.2.5 accordingly. 
 
As stated in the previous response (sequence 0057), Hospira commits to  

 

 
 

copied below: 
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QUALITY REVIEW

Recommendation: Complete Response

BLA 125545
Review 2

Review Date: May 26, 2017

Drug Name/Dosage Form “Epoetin Hospira”/injection
Strength/Potency Single-dose vial: 2000, 3000, 4000, 10,000, and 40,000 Units/1 mL 
Route of Administration Subcutaneous or intravenous
Rx/OTC Dispensed Rx
Indications “Epoetin Hospira” is proposed for:

 Treatment of anemia due to:
– Chronic Kidney Disease (CKD) in patients on dialysis and 

not on dialysis
– Zidovudine in HIV-infected patients 
– The effects of concomitant myelosuppressive 

chemotherapy, and upon initiation, there is a minimum of 
two additional months of planned chemotherapy

 Reduction of allogeneic RBC transfusions in patients 
undergoing elective, noncardiac, nonvascular surgery. 

Applicant/Sponsor Hospira, a Pfizer company

Product Overview

“Epoetin Hospira” is a recombinant erythropoietin1 protein that is highly glycosylated. It acts on 
erythroid progenitor cells, primarily in the bone marrow, by binding to the erythropoietin 
receptor. This binding initiates signal transduction that leads to the survival, proliferation, and 
differentiation of erythroid progenitor cells into mature erythrocytes. 

Quality Review Team

DISCIPLINE REVIEWER DIVISION
Drug Substance Frances Namuswe DBRR III
Drug Product Frances Namuswe DBRR III
Analytical Similarity Frances Namuswe DBRR III
Analytical Method Validation Paul Kirwan/Frances Namuswe DBRR III
Immunogenicity Steven Bowen/Daniela Verthelyi/Susan Kirshner DBRR III
Labeling Vicky Borders-Hemhill/Jibril Abdus-Samad/ Frances 

Namuswe
OBP/DBRR 
III

Microbiology Virginia Carroll/ Patricia Hughes/Maria Stevens Riley DMA
Facilities Michael Shanks/Peter Qiu DIA
Secondary Reviewer Maria-Teresa Gutierrez-Lugo DBRR III
Tertiary Reviewer Susan Kirshner DBRR III

1 “Erythropoietin” as used in this document refers to the erythropoietin molecule in the “Epoetin Hospira” drug 
substance and drug product and in the US-licensed reference product.
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Multidisciplinary Review Team

DISCIPLINE REVIEWER OFFICE/DIVISION
RPM Beatrice Kallungal OHOP/DHP
CDTL/Medical Officer Angelo De Claro OHOP/DHP

Clinical Reviewer Lori Ehrlich/Ayache Saleh/Angelo De Claro OHOP/DHP

Pharm/Tox Natalie E Simpson/Christopher Sheth OHOP/DABT
Clinical Pharmacology Vicky Hsu/Sarah Schrieber/Bahru 

Habtemariam
OCP/DCP V

Biostatistics Lola Luo/Yuan Shen/Thomas Gwise OB/DBIV
CMC Statistics Chao Wang/Xiaoyu Dong/Meiyu Shen/Yi 

Tsong
OB/DBVI

Signature Block

Name and Title Signature and Date
Susan Kirshner, PhD.
Review Chief, Division of Biotechnology 
Review and Research III

See electronic signatures at the end of this 
document

Maria-Teresa Gutierrez-Lugo, PhD
Lead Chemist, Division of Biotechnology 
Review and Research III

See electronic signatures at the end of this 
document

Submissions Reviewed

Submission Date Received Review Completed
125545/0 December 16, 2014 Yes
125545/18 April 29, 2015 Yes
125545/20 May 4, 2015 Yes
125545/21 May 7, 2015 Yes
125545/22 May 22, 2015 Yes
125545/23 May 29, 2015 Yes
125545/26 July 2, 2015 Yes
125545/29 July 9, 2015 Yes
125545/32 August 28, 2015 Yes
125545/43, resubmission December 22, 2016 Yes
125545/47 March 20, 2017 Yes
125545/53 April 20, 2017 Yes
125545/55 May 3, 2017 Yes
125545/58 May 26, 2017 Yes
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Quality Review Data Sheet

1. LEGAL BASIS FOR SUBMISSION: 351(k)

2. RELATED/SUPPORTING DOCUMENTS: 

A. DMFs:

DMF 
#

Type HOLDER ITEM 
REFERENCED

CODE1 STATUS2 COMMENTS

III 3 Adequate None

III 3 Adequate None

III 3 Adequate None

1 Action codes for DMF Table: 1 – DMF Reviewed; Other codes indicate why the DMF was not reviewed, as 
follows: 2 – Reviewed previously and no revision since last review; 3 – Sufficient information in application; 4 – 
Authority to reference not granted; 5 – DMF not available; 6 – Other (explain under "Comments")

2 Adequate, Adequate with Information Request, Deficient, or N/A (There is enough data in the application, 
therefore the DMF did not need to be reviewed).

Reference is made to Type V DMF  (stoppers) 
and Type V DMF  for Container Closure Integrity by Helium Leak test  

, Container Closure Cleaning Processes. The review of these two DMFs is 
deferred to DMA.

3. CONSULTS:

None

Reference ID: 4266940
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Executive Summary

I. Recommendations
A. Recommendation and Conclusion on Approvability

a. Recommendation

The Office of Biotechnology Products, OPQ, CDER, completed review of BLA 125545 for 
“Epoetin Hospira” manufactured by Hospira, a Pfizer company, as a proposed biosimilar to US-
licensed Epogen/Procrit.  This review memo documents the review of a complete response (CR) 
action issued on October 16, 2015. All CR issues described in the first review cycle memo, dated 
September 15, 2015 were adequately addressed by the applicant. 

The analytical similarity data submitted by the applicant support a conclusion that “Epoetin 
Hospira” is highly similar to US-licensed Epogen/Procrit notwithstanding minor differences in 
clinically inactive components. The data also support that the proposed presentations of  
“Epoetin Hospira” have the same strength as the respective presentations of US-licensed 
Epogen/Procrit. The manufacturing data and information provided in the submission are 
sufficient to support a conclusion that the manufacturing process of “Epoetin Hospira” is well 
controlled and leads to a product that is pure and potent for the duration of the product shelf life. 
However, the Division of Inspectional Assessment (DIA) recommends a Complete Response be 
issued to the applicant based on the compliance status of Hospira, Inc (FEI #1925262), the 
proposed “Epoetin Hospira” drug product manufacturing facility.

b. Summary of Complete Response Issues

The proposed “Epoetin Hospira” drug product manufacturing facility, Hospira, Inc (FEI 
#1925262) has GMP deficiencies. 

c. Complete Response Letter Language

During a recent inspection of the Hospira, Inc. (FEI #1925262) manufacturing facility for this 
351 (k) BLA, our field investigator conveyed deficiencies to the representative of the facility. 
Satisfactory resolution of these deficiencies is required before this 351 (k) BLA may be 
approved.

d. Benefit/Risk Considerations 

“Epoetin Hospira” is a proposed biosimilar to US-licensed Epogen/Procrit. The applicant 
requested all the indications for which US-licensed Epogen/Procrit is currently licensed. The 
indications are listed on page 1 of this review.

The manufacturing processes and control strategy of “Epoetin Hospira” are sufficient and lead to 
a drug product of acceptable quality to ensure drug safety and effectiveness for patients. 
However, a recent inspection of Hospira, Inc. (FEI #1925262), the proposed drug product facility 
identified GMP deficiencies, therefore DIA recommends withhold approval of this application.

Reference ID: 4266940
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As part of demonstration of biosimilarity, Hospira conducted analytical similarity studies. Fifty- 
four (54) lots of Epogen/Procrit, 35 lots of “Epoetin Hospira” drug product (DP), and 9 lots of 
“Epoetin Hospira” drug substance (DS) were evaluated, including lots used in the PK/PD 
similarity and additional clinical studies. This assessment was supported by comparative 
statistical analysis. To determine the comparative analyses that would be used to support 
similarity, quality attributes were ranked into categories of high, medium and low criticality 
using information about the importance of that attribute to product safety, potency, PK and 
immunogenicity. The sponsor then selected the two high criticality attributes most important for 
the mechanism of action of the product and evaluated their similarity using statistical 
equivalence testing.  These attributes are referred as Tier 1 attributes. Per FDA advice, if a Tier 1 
attribute was measured using more than one analytical methods, results from only one of the 
methods need to be evaluated using statistical equivalence testing.  Results from other attributes 
were assessed using descriptive statistics, comparison of “quality ranges” and comparison of 
graphical data Tier 2 and Tier 3 attributes, respectively. The methods and Tier assignment used 
to assess analytical similarity are listed in Table A below and are discussed in detail in the OBP 
primary review.

The totality of the analytical similarity support a conclusion that “Epoetin Hospira” is highly 
similar to US-licensed Epogen/Procrit notwithstanding minor differences in clinically inactive 
components. The following residual low uncertainties were identified:

1. Levels of some glycosylation species were different between “Epoetin Hospira” and the 
US-licensed Epogen/Procrit. Difference in glycosylation could potentially impact 
biological activity in vivo. However, the different levels of glycosylation species do not 
preclude a conclusion of highly similar because they did not result in observable 
differences in in vivo biological activity using a sensitive mouse assay. Data supporting 
the sensitivity of the mouse assay to changes in this attribute were provided by the 
applicant.
 

2. Trisulfide species Cys29-Cys33, a product related substance that results from insertion of 
an extra sulfur atom into the Cys29-Cys33 disulfide bond in erythropoietin, was observed 
at 4.5% higher levels in “Epoetin Hospira” compared to US-licensed Epogen/Procrit. The 
potential impact of this difference is EPO folding and therefore functional activity. This 
difference does not preclude a conclusion of highly similar because “Epoetin Hospira” 
containing higher levels of Cys29-Cys33 trisulfide species did not result in differences in 
receptor binding, higher order structure, and biological activity as measured by multiple 
orthogonal methods. 

As discussed in this section, these residual uncertainties were addressed by the clinical 
pharmacology, immunogenicity and clinical data. Clinical data integrity concerns identified in 
the first review cycle were adequately resolved (refer to OSI review). Below is a summary of the 
assessment of other review disciplines.

The pharmacology/toxicology studies showed no difference in toxicity between “Epoetin 
Hospira” and US-licensed Epogen/Procrit in rats and dogs. However, differences in PK, PD, and 

Reference ID: 4266940



6

QUALITY REVIEW, BLA 125545-“Epoetin Hospira”

immunogenicity were observed between the products. In rats, lower exposure, lower PD, and 
higher rate of immunogenicity were observed in the US-licensed Epogen/Procrit arm. In dogs, 
there was lower exposure in the “Epoetin Hospira” arm and higher PD in both test articles. The 
animal study results appear to be confounded by the presence of human serum album present in 
US-licensed Epogen/Procrit, which is immunogenic in rats. Importantly, immunogenicity in 
animals is not predictive of immunogenicity in humans. The differences observed in the 
pharmacology/toxicology studies were addressed by subsequent clinical studies as discussed 
below.

Four PK/PD studies in healthy subjects (HS) and patients with CKD were submitted by the 
applicant. Studies EPOE-12-02 (cross-over, single dose, SC) and EPOE-14-01 (parallel, multiple 
dose, SC) conducted in HS were the most informative for PK and PD similarity. The studies met 
the similarity acceptance criteria of 80-120% for PK and PD, (reticulocyte count and 
hemoglobin) measurements.  These study results support a demonstration of no clinically 
meaningful differences between “Epoetin Hospira” and US-licensed Epogen/Procrit. 

Immunogenicity was assessed in four studies in HS and in patients with CKD dosed with the 
products by SC and IV administration. Three parallel studies in HV (EPOE-14-01) and in 
patients with CKD (EPOE-10-01 and EPOE-10-13) were the most informative for 
immunogenicity assessment. The data from these studies indicated similar rates of treatment-
induced anti-drug antibody (ADA) in the two patient populations. No neutralizing antibodies and 
no cases of PRCA were reported. These results indicate no increase in immunogenicity risk and 
support a conclusion that there are no clinical meaningful differences between “Epoetin-
Hospira” and US-licensed Epogen/Procrit. 

Studies EPOE-10-01 and EPOE-10-13, conducted on patients with CKD were used to assess 
safety and efficacy in “Epotein Hospira” and US-licensed Epogen/Procrit. “Epoetin Hospira” 
met the similarity margin of ± 0.5 g/dL for hemoglobin and ± 45U/kg/week for the dose in both 
studies. No imbalances in safety profiles between patients who received “Epoetin Hospira” and 
US-licensed Epogen/Procrit were observed. These data support a demonstration of no clinically 
meaningful differences between “Epoetin Hospira” and US-licensed Epogen/Procrit. 

In conclusion, the clinical pharmacology, clinical and immunogenicity data addressed the 
residual uncertainties identified after conducting analytical and animal studies. The totality of the 
evidence supports a demonstration of biosimilarity between “Epoetin Hospira” and US-licensed 
Epogen/Procrit. Extrapolation to all indications approved for US-licensed Epogen/Procrit was 
justified, among other information, on the scientific understanding of the mechanism of action of 
EPO across indications. Based on the totality of evidence reviewed and from the analytical 
perspective, “Epoetin Hospira” is expected to have a similar benefit/risk profile as US-licensed 
Epogen/Procrit.
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Table A. Methods used to assess analytical similarity

Quality Attribute Specific Attribute Measured Criticality Method Tier

Primary Structure  Amino acid  sequence
 Disulfide mapping
 Site of  glycosylation and 

chemical modification
 Free cysteines

Very High  Trypsin peptide mapping coupled with Reverse phase ultra-
performance liquid chromatography (RP-UPLC) mass 
spectrometry (MS) detection, tandem MS/MS

 Glu-C and Lys-C peptide mapping
 Reverse phase high performance liquid chromatography (RP-

HPLC)

3

Post Translational 
Modification 
(Glycosylation)

 Native and deacetylated N-
linked glycans 

 N-linked glycan antennarity
 Lactosamine repeats
 N- and O-acetylation 
 O-glycans profile and site 

occupancy
 Monosaccharide composition
 Total sialic acid , sialic acid 

distributions per N-linked 
glycan, types of sialic acids

 N-glycan site occupancy and 
site specific occupancy 

 N-glycan core fucosylation
 -Gal-1,3-Gal
 Isoforms distribution

Very high  Hydrophilic interaction liquid chromatography-ultra 
performance liquid chromatography (HILIC-UPLC) with 
fluorescence and mass spectrometry detection

 HILIC-UPLC with enzyme digestion 
 Weak anion exchange chromatography (WAX) 
 Two dimensional WAX-HILIC
 Trypsin peptide mapping with RP-UPLC-MS
 RP-HPLC  with weak and strong acid hydrolysis 
 High performance anion exchange chromatography coupled 

with pulse electrochemical detection (HPAEC-PAD) 
 Protease digestion with LC-MS
 MS with Isotope labeling
 Capillary Zone Electrophoresis

2/3

Molecular weight  Molecular weight High  De-N-Glycosylated Intact Mass (LC-MS) 3
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High Order 
Structure

 Secondary and Tertiary 
structure

 Molecular weight of 
glycosylated protein 

Very high  Far- and Near-UV circular dichroism
 Fourier transform infrared spectroscopy (FTIR)
 Intrinsic Fluorescence 
 Differential Scanning Calorimetry
 Sedimentation velocity analytical ultracentrifugation SV-

AUC

2/3

Bioactivity  In vivo activity, including 
specific activity and total 
activity per container

 In vitro activity, including 
specific activity and total 
activity per vial 

 Competitive receptor binding
 Receptor binding kinetics

Very high  Reticulocyte count in normocythaemic mice
 Proliferation of  a human leukemic cell line (UT-7 cells )
 Competitive binding with labeled erythropoietin to  an 

immobilized EPO receptor 
 Surface Plasmon Resonance

1/2/3

Product related 
Substances and  
impurities

 Met 54, Trp 64, Trp 88 
oxidation

 Asp isomerization (Asp 123, 
Asp 43)

 Deamidation (Asn 147, Asn 47, 
Gln 86)

 Trisulfide at Cys29-Cys33 and 
Trisulfide at Cys 7-Cys161

 Disulfide scrambling
 Trp 51 oxidation
 Dimer and other HMWS

Very 
high/high

 Lys-C peptide map with MS detection
 Quantitative Western Blot
 Size Exclusion Chromatography (SEC), 
 Sedimentation Velocity Analytical Ultracentrifugation (SV-

AUC)
 Electrophoresis (SDS-PAGE silver stain)

2/3

Drug product 
attributes

 Erythropoietin protein content
 Container fill and deliverable 

volume 
 Particulate matter

Very 
high/high

 RP-UPLC
 Volume USP <1>
 Micro Flow Imaging and Nanoparticle Tracking Analysis

2/3
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II. Summary of Quality Assessments

 
A. Identification, Risk and Lifecycle Knowledge Management

Table 1 below provides a summary of critical quality attributes identification and risk 
management. For the purposes of this table, critical quality attributes are limited to attributes 
intrinsic to the active pharmaceutical ingredient. 

B. Drug Substance Quality Summary
Table 2 provides a summary of the identification, risk, and lifecycle knowledge management for 
drug substance CQAs that derive from the drug substance manufacturing process and general 
drug substance attributes, including process-related impurities.  
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Table 1: Active Pharmaceutical Ingredient CQA Identification, Risk and Lifecycle Knowledge Management

CQA Type
Source/Introduction

Risk Control Strategy

Identity General CQA, intrinsic to 
the molecule

Major influencing factors 
include MCB/WCB 
genetic stability and 

.

Safety and efficacy (high criticality)

Potency (in 
vivo and in 
vitro 
biological 
activity)

Intrinsic to the molecule 

Major influencing factors 
for in vivo potency are the 
glycosylation structures 
and receptor binding.

Directly linked to efficacy
(high criticality)

EPO receptor 
binding

Intrinsic to the molecule Directly linked to efficacy
(high criticality)

Glycosylation

-Total sialic 
acids

-N-glycan 
di/tri/tetra –
antennary ratio

Identity and post 
translational modification 

Glycosylation is defined 
by the cell line and the 

 

 

Biological activity, potency, efficacy 
and PK.
(high criticality)

N-linked glycans, in particular sialic 
acid play a critical role in in vivo 
biological activity and PK. 
Glycosylation may also be important 
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-Lactosamine 
repeats

-N-glycan 
sialic 
distribution

-Isoform 
distribution

 

 

for protein stability.

Glycosylation

-NeuGc

-High 
Mannose 
structures 
(Man-5, Ma-6)

--Gal-1,3-
Gal

Product related impurities 

Glycosylation is defined 
by the cell line and the 

 
 

Safety, immunogenicity, biological 
activity, potency, efficacy and PK. 
(high criticality)

Humans have antibodies towards -
Gal-1,3-Gal and NeuGc. 

High mannose structures may have 
increased in vivo clearance through 
binding to mannose receptors. 

Glycosylation

-O-glycans

 -N-core 
Fucosylation

-O-Acetylated 
species

Identity and post 
translational modification 

Glycosylation is impacted 
by the cell line and the 

 

Low criticality 

O-acetylation is a naturally occurring 
modification O-glycans do not appear 
to be critical for in vivo activity. 

The role of N-fucosylation in 
erythropoietin is not known. 

Higher order 
structure

Intrinsic to the molecule Directly linked to potency,  efficacy 
and MOA
(high criticality)

 Dimer and Product-related impurities Safety especially immunogenicity

Reference ID: 4266940

(b) (4) (b) (4)

(b) (4)

(b) (4)



12

QUALITY REVIEW, BLA 125545-“Epoetin Hospira”

other HMWS
Major contributing factor 
is the  

 

Increase in HMWS occurs 
upon heat and light 
exposure. 

(high criticality)

Disulfide 
scrambled 
species

Product-related impurities 

Increase in disulfide 
scrambled species occurs 
upon heat and/or light 
exposure. 

Safety especially immunogenicity
(high criticality)

Cys 7- Cys161 
Trisulfide 

Product related impurities

Trisulfide species contain 
an extra sulfur atom 
inserted into the native 
Cys7-Cys161 bond. They 
are most likely formed 
during fermentation

Efficacy and potentially 
immunogenicity
(high criticality)

The Cys7-Cys161 disulfide bond 
appears to be important for holding the 
erythropoietin structure conformation 
intact.

Cys29-Cys33 
Trisulfide

Product related substance

These trisulfide species 
contain an extra sulfur 
atom inserted into the 
Cys29-Cys33 disulfide 
bond. They are most likely 
formed during 
fermentation. 

Potentially safety
(low criticality).

The sponsor’s data and some  scientific 
literature suggest that these species do 
not interfere with biological activity, 
HOS, and receptor binding. In 
addition, data in the literature, suggests 
that trisulfide species are common 
modifications in antibodies and other 
recombinant products and are 
converted back to disulfide species 
within 24 hours in mice.

Free thiols Product related impurities Biological activity/efficacy, and 

Reference ID: 4266940

(b) (4)

(b) (4)
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Cys 7 and 
Cys161 

and 

Cys29  and 
Cys33  

potential immunogenicity
(high criticality).

Cys 7 and Cys161 free thiols are high 
criticality CQAs based on the potential 
impact of disrupting the Cys7-Cys161 
disulfide bond on high order structure 
and biological activity.  

Free thiols could result in formation of 
mismatched disulfide bonds (disulfide 
scrambling).

Asn147 
deamidation

Product related impurity 

Deamidation species can 
be formed as a result of 
the manufacturing process 
and may increase by 
exposure to low pH.

Biological activity  (high 
criticality) 
Asn 147 is located in the high 
affinity binding site and forms 3 H-
bonds with the EPO receptor, two 
of which are important for the D-
helix formation. Mutation in this 
residue resulted in variable loss in 
biological activity. 

Asn 47  and 
Gln 86 
deamidation

Product related substances 

Deamidation can be 
formed as a result of the 
manufacturing process and 
may increase by exposure 
to low pH.

Potentially biological activity (low 
criticality) 

Asn47 is in a high affinity binding 
pocket and forms two H-bonds with 
the EPO receptor, but is also 
solvent exposed and therefore may 
not be critical. 2) Mutations in Gln 
86 reported in the literature resulted 
in full bioactivity and no 
measurable structural impact.

Oxidized 
species

Product-related substances

Introduced during 
manufacturing process and 
storage

(Low risk and low criticality). 
Oxidized Met and Trp have no impact 
on bioactivity.  Low levels of oxidized 
species were present in the clinical 
material )

Reference ID: 4266940

(b) (4)
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Asp 
Isomerization

Asp 43 and 
Asp 123

Product related substances Potential immunogenicity. Low risk 
(low criticality).

Levels of Asp 43 and Asp123 
isomerization for DP samples stored 
under long term conditions were near 
the reporting limit of 0.3% and at 
0.6%, respectively. 

According to literature, Asp 123 and 
Asp 43 residues are not located in the 
receptor binding region and site 
directed mutagenesis does not impact 
the epoetin structure or biological 
activity.

C-terminal 
Arg 166

Product related substance 

Incomplete proteolytic 
processing

Low risk (Low criticality)

The DNA sequence of human 
erythropoietin codes for a C-terminal 
Arg 166. This residue is proteolitically 
removed in vivo. Low criticality based 
on studies that suggested that 
mutations that involve deletion of the 
C-terminal residues had no impact on 
biological activity.

Reference ID: 4266940

(b) (4)
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Table 2: Drug Substance CQA Process Risk Identification and Lifecycle Knowledge Management 

CQA Type
Source/Introduction

Risk Control Strategy

Identity General CQA, intrinsic to 
the molecule

Major influencing factors 
include MCB/WCB 
genetic stability and 

.

Safety and efficacy (high criticality)

Potency (in 
vivo and in 
vitro 
biological 
activity)

Intrinsic to the molecule 

Major influencing factors 
for in vivo potency are the 
glycosylation structures 
and receptor binding.

Directly linked to efficacy
(high criticality)

EPO receptor 
binding

Intrinsic to the molecule Directly linked to efficacy
(high criticality)

Glycosylation

-Total sialic 
acids

-N-glycan 
di/tri/tetra –

Identity and post 
translational modification 

Glycosylation is defined 
by the cell line and the 

 
 

Biological activity, potency, efficacy 
and PK.
(high criticality)

N-linked glycans, in particular sialic 
acid play a critical role in in vivo 
biological activity and PK. 

Reference ID: 4266940

(b) (4)

(b) (4)

(b) (4)
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antennary ratio

-Lactosamine 
repeats

-N-glycan 
sialic 
distribution

-Isoform 
distribution

 

 

Glycosylation may also be important 
for protein stability.

Glycosylation

-NeuGc

-High 
Mannose 
structures 
(Man-5, Ma-6)

--Gal-1,3-
Gal

Product related impurities 

Glycosylation is defined 
by the cell line and the 

 
 

Safety, immunogenicity, biological 
activity, potency, efficacy and PK. 
(high criticality)

Humans have antibodies towards -
Gal-1,3-Gal and NeuGc. 

High mannose structures may have 
increased in vivo clearance through 
binding to mannose receptors. 

Glycosylation

O-glycans

 N-core 
Fucosylation

O-acetylated 
species

Identity and post 
translational modification 

Glycosylation is impacted 
by the cell line and the 

 

Low criticality CQAs

O-acetylation is a naturally occurring 
modification O-glycans do not appear 
to be critical for in vivo activity. 

The role of N-fucosylation in 
erythropoietin is not known. 

Higher order 
structure

Intrinsic to the molecule Directly linked to potency,  efficacy 
and MOA
(high criticality)

Reference ID: 4266940

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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 Dimer and 
other HMWS.

Product-related impurities 

Major contributing factor 
is the  

 

Increase in HMWS occurs 
upon heat and light 
exposure. 

Safety especially immunogenicity
(high criticality)

Disulfide 
scrambled 
species

Product-related impurities 

Increase in disulfide 
scrambled species occurs 
upon heat and/or light 
exposure. 

Safety especially immunogenicity
(high criticality)

Cys 7- Cys161 
Trisulfide 

Product related impurities

Trisulfide species contain 
an extra sulfur atom 
inserted into the native 
Cys7-Cys161 bond. They 
are most likely formed 
during fermentation

Efficacy and potentially 
immunogenicity
(high criticality)

The Cys7-Cys161 disulfide bond 
appears to be important for holding the 
erythropoietin structure conformation 
intact.

Cys29-Cys33 
Trisulfide

Product related substance

These trisulfide species 
contain an extra sulfur 
atom inserted into the 
Cys29-Cys33 disulfide 
bond. They are most likely 
formed during 
fermentation. 

Potentially safety
(low criticality).

The sponsor’s data and some scientific 
literature suggest that these species do 
not interfere with biological activity, 
HOS, and receptor binding. In 
addition, data in the literature, suggests 
that trisulfide species are common 
modifications in antibodies and other 
recombinant products and are 
converted back to disulfide species 
within 24 hours in mice.

Reference ID: 4266940

(b) (4)

(b) (4)
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Adventitious 
agents 
(Viruses)

Contamination 

Viruses would most likely 
be introduced from the cell 
line during cell culture 
operations.

Safety
(high criticality)

Mycoplasma Contamination 

Mycoplasma would most 
likely be introduced during 
cell culture operations.

Safety
(high criticality)

Host Cell 
Proteins 
(HCP)

Process related impurity
from the production
cell line and cell culture 

Safety and immunogenicity
(high criticality)

Residual DNA Process related impurity 
from the production cell 

Safety

Reference ID: 4266940

(b) (4)

(b) (4)
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line  and cell culture
Bioburden Contamination 

Bioburden can be 
introduced throughout the 
manufacturing process 
(raw materials and 
environment).

Safety
(high criticality)

Endotoxin Contamination 

Endotoxin can be 
introduced throughout the 
manufacturing process 
(raw materials and 
environment).

Safety
(high criticality).

Final DS pH General CQA  Safety and efficacy

Residual 
solvents 

Process related impurities Safety

Free thiols 

Cys 7 and 
Cys161 

and 

Product related impurities Biological activity/efficacy, and 
potential immunogenicity
(high criticality).

Cys 7 and Cys161 free thiols are high 
criticality CQAs based on the potential 

Reference ID: 4266940

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Cys29  and 
Cys33  

impact of disrupting the Cys7-Cys161 
disulfide bond on high order structure 
and biological activity.  

Free thiols could result in formation of 
mismatched disulfide bonds (disulfide 
scrambling).

Asn147 
deamidation

Product related impurity 

Deamidation species can 
be formed as a result of 
the manufacturing process 
and may increase by 
exposure to low pH.

Biological activity  (high 
criticality) 
Asn 147 is located in the high 
affinity binding site and forms 3 H-
bonds with the EPO receptor, two 
of which are important for the D-
helix formation. Mutation in this 
residue resulted in variable loss in 
biological activity. 

Asn 47  and 
Gln 86 
deamidation

Product related substances

Deamidation can be 
formed as a result of the 
manufacturing process and 
may increase by exposure 
to low pH.

Potentially biological activity (low 
criticality) 

Asn47 is in a high affinity binding 
pocket and forms two H-bonds with 
the EPO receptor, but is also 
solvent exposed and therefore may 
not be critical. 2) Mutations in Gln 
86 reported in the literature resulted 
in full bioactivity and no 
measurable structural impact.

Oxidized 
species

Product-related substances

Introduced during 
manufacturing process and 
storage

(Low risk and low criticality).

Oxidized Met and Trp have no impact 
on bioactivity.  Low levels of oxidized 
species were present in the clinical 
material)

Reference ID: 4266940

(b) (4)
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Asp 
Isomerization

Asp 43 and 
Asp 123

Product related substances Potential immunogenicity. Low risk 
(low criticality).

Levels of Asp43 and Asp123 
isomerization for DP samples stored 
under long term conditions were near 
the reporting limit of 0.3% and at 
0.6%, respectively. 

According to literature, Asp 123 and 
Asp 43 residues are not located in the 
receptor binding region and site 
directed mutagenesis does not impact 
the epoetin structure or biological 
activity.

C-terminal 
Arg 166

Product related substance 

Incomplete proteolytic 
processing

Low risk
(Low criticality)

The DNA sequence of human 
erythropoietin codes for a C-terminal 
Arg 166. This residue is proteolitically 
removed in vivo. Low criticality based 
on studies that suggested that 
mutations that involve deletion of the 
C-terminal residues had no impact on 
biological activity.

Reference ID: 4266940

(b) (4)
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B. Drug Substance Quality Summary (cont.)

a.Names:

 Proprietary Name: “Epoetin Hospira”
 Trade Name: Retracrit (proposed)
 Non-Proprietary/USAN:  Referred to as “Epoetin Hospira” by the Applicant2

 CAS name:  Erythropoietin, CAS Registry number: 11096-26-7

 Common name:  “Epoetin Hospira” or CMO1030
 INN Name: TBD
 Compendial Name: N/A
 OBP systematic name: RPROT P01588 (EPO_HUMAN) Erythropoietin 

[“Epoetin Hospira”]3

b. Pharmacology category: Erythropoiesis stimulating agent (ESA)

c.   Description 

“Epoetin Hospira” is a recombinant glycosylated protein produced in Chinese 
Hamster Ovary (CHO) cells. It contains 165 amino acids, two intramolecular 
disulfide bonds between Cys7-Cys161 and Cys29-Cys33, three N-linked 
glycosylation sites at Asn24, Asn38 and Asn83, and one O-linked glycosylation 
site at Ser126. Its molecular weight is approximately 30.4 kDa, including 
glycosylation.

d. Mechanism of action 

“Epoetin Hospira” acts on erythroid progenitor cells, primarily in the bone 
marrow by binding to the erythropoietin receptor. This binding initiates signal 
transduction that leads to the survival, proliferation, and differentiation of 
erythroid progenitor cells into mature erythrocytes. 

e. Potency Assay 

2 For purposes of this review, we generally refer to Hospira’s proposed product by the Hospira descriptor “Epoetin 
Hospira.”  FDA has not yet designated a nonproprietary name for Hospira’s proposed biosimilar product that 
includes a distinguishing suffix (see Draft Guidance on Nonproprietary Naming of Biological Products).

3 The OBP systematic name allows searching for related products in OBP’s database and in the Document 
Archiving, Reporting & Regulatory Tracking System (DARRTS) for safety reasons and it is different from the 
nonproprietary name. The tag at the end is used to separate products from different sponsors and it is generally the 
name used by sponsors to refer to the proposed product in their submissions.  

Reference ID: 4266940
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Potency of “Epoetin Hospira” is evaluated using a UT-7 cell-based proliferation 
assay. UT-7 is a human leukemic cell line designed to express the epoetin (EPO) 
receptor on the cell surface. Addition of phenazine ethosulfate (PES) stabilized 
tetrazolium salt (MTS) leads to a colorimetric change that is measured at 490 nm 
and is proportional to the increased cell metabolic activity associated with 
proliferation. Biological activity of the test sample is reported relative to a 
calibrated reference standard.

f. Reference material(s)

The applicant developed and implemented the following two-tiered reference 
standard systems: 

 Analytical reference standards (ARS) used for physicochemical measurements 
that require a reference standard, including determination of erythropoietin 
content.

 Bioassay reference standards (BRS) with defined biological activity in U/mL 
used for functional assays. The reference standards were calibrated against 
Biological Reference Preparation Batch 3 (BRP3), established by the 
European Directorate for the Quality of Medicines (EDQM) against BRP2 and 
the 2nd WHO international reference standard.

In addition, the applicant developed and implemented a process-specific HCP 
antigen as a standard for quantitation of residual Host Cell Protein (HCP) in 
“Epoetin Hospira” DS by ELISA.

g. Critical starting materials or intermediates

h. Manufacturing process summary

Reference ID: 4266940

(b) (4)

(b) (4)
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i. Container closure 

j. Dating period and storage conditions: months at  ≤ ºC

C. “Epoetin Hospira” Drug Product Quality Summary

Table 3 provides a summary of the identification, risk, and lifecycle knowledge management 
for drug product CQAs that derive from the drug product manufacturing process and general 
drug product attributes.

Reference ID: 4266940

(b) (4)

(b) (4)

(b) (4) (b) (4)
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 Table 3: Drug Product CQA Identification, Risk, and Lifecycle Knowledge Management 

CQA Type
Source/Introduction

Risk Control Strategy

Identity General CQA intrinsic to the 
molecule

Largely dependent on the identity of 
the drug substance used for DP 
formulation.

Safety and Efficacy
(high criticality)

Protein 
content

General CQA. Protein concentration 
is influenced by the formulation and 
mixing steps.

Safety and Efficacy
(high criticality)

Potency 
(biological 
activity)/label 
claim

In vivo 
biological 
activity and in 
vitro 
biological 
activity

Intrinsic to the molecule

In vivo and in vitro biological 
activity are dependent on both the 
quality and quantity of the drug 
substance used for DP formulation.

Directly linked to efficacy
(high criticality)

In vivo biological activity is a measure 
of overall receptor binding, signal 
transduction and glycan role in PK/PD. 
In vitro potency is also used to 
determine the label claim.

In vitro potency is a measure of receptor 
binding and signal transduction.  

Sterility and 
container 
closure 
integrity

Contamination. Sterility could be 
compromised by contaminants 
introduced throughout DP 
manufacturing or through a
Container closure integrity failure.
Container closure integrity is a 
sterility assurance CQA.

Safety
(high criticality)

Endotoxin Contaminant that could be 
introduced throughout DP 
manufacturing or due to a container 
closure integrity failure.

Safety
(high criticality)

Particulate Particulate matter could contain Safety (capillary occlusion) and 

Reference ID: 4266940

(b) (4)
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matter and 
sub-visible 
particles

product- and process related 
impurities.

Particulate matter could form 
throughout manufacturing and 
during DP storage.

Immunogenicity
(high criticality)

Visual 
Appearance

General CQA. Appearance might be 
impacted by the formulation process, 
but may also be an indicator of 
product degradation or other changes 
to the product.

Safety and efficacy

Extractable 
Volume

General CQA most likely impacted 
by the  filling process.

Safety and efficacy. 

Overfills compliant with USP <1151> 
extraction of the required dose.

pH General CQA, most likely influenced 
by formulation and mixing. pH may 
be impacted on stability by breaches 
in container  closure integrity or 
container closure leachables.

Safety and efficacy

Osmolarity General CQA influenced by buffer 
preparation, formulation and mixing.

No change is expected on stability. 

Safety

Polysorbate 20 Critical excipient. Polysorbate 20 
levels are influenced by buffer 
preparation, formulation and mixing. 
No changes are expected on stability.

Safety and efficacy. Polysorbate 20 
levels  

Leachables Leachables could potentially be 
introduced by any product contact 
equipment, container closure and 

Safety

Reference ID: 4266940

(b) (4)

(b) (4)

(b) (4)
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consumables.
Heavy metals Process related impurities

Metals could be introduced into the 
DP from the DS 

 
excipient raw materials used for 
production. 

Safety 

Glass 
delamination

Lamellae could be introduced into 
the product from vial delamination 
during product storage. 

Safety (capillary occlusion).
High criticality

 Dimer 

Other HMWS

Product-related impurities that could 
form due to several manipulations in 
the DP manufacturing process e.g. 

Increase is expected upon exposure 
to heat and/or light.

Safety especially immunogenicity
(High criticality) 

Disulfide 
scrambling

Product related impurities

Disulfide scrambled species could 
form as a result of mis-matched 
disulfides (e.g. Cys 7-Cys 7 or Cys 
33-Cys33). These disulfide bonds are 
indicative of dimers and larger 
HMWS.

Increase is expected upon exposure 
to heat and/or light.

Biological activity/efficacy, and 
potentially immunogenicity
(High criticality).

Reference ID: 4266940

(b) (4)

(b) (4)

(b) (4)
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D. “Epoetin Hospira” Drug Product Quality Summary (Cont.)

a. Description and Strength:

 “Epoetin Hospira” (injection) is supplied as a single-dose, preservative-
free, sterile aqueous solution for I.V. or S.C. administration. DP is 
supplied as a 1 mL solution in a 2 mL clear type  glass vial

 Strengths: the DP is supplied in five single-dose strengths containing 
2000, 3000, 4000, 10000, or 40000 Units of “Epoetin Hospira” DS per 1 
mL. The proposed presentations of “Epoetin Hospira” have the same 
strength as the respective presentations of US-licensed Epogen/Procrit.

b. Summary of Product Design

“Epoetin Hospira” was developed as a biosimilar to US-licensed Epogen/Procrit 
and thus to target the quality profile of the US-licensed Epogen/Procrit.

c. List of Excipients

Sodium phosphate monobasic monohydrate (1.3 mg/ml), sodium phosphate dibasic 
anhydrous (4.9 mg/mL), calcium chloride dehydrate (0.01 mg/ml), glycine (7.5 
mg/ml), leucine (1 mg/mL), isoleucine (1 mg/mL), threonine (0.25 mg/mL), L-
glutamic acid (0.25 mg/ml), phenylalanine (0.50mg/mL), sodium chloride (2.4 
mg/mL), Polysorbate 20 (0.1 mg/mL), pH 

d. Reference material(s), 

The same reference materials are used for DS and DP, except the one used for 
HCPs.

e. Manufacturing process summary

f. Container closure

All strengths are supplied as a 1 mL solution in a 2 mL clear type  
glass vial capped with a grey 13 mm  

Reference ID: 4266940

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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stopper. An aluminum seal that does not come into contact with the product is 
affixed to each stopper. The seal has a color coded button for identification of 
each DP strength.

g. Dating period and storage conditions:  30 months at 5 ± 3ºC for the 2000, 3000, 
4000, and 10000 U/mL strengths and 24 months at 5 ± 3ºC for the 40000 U/mL 
strength.

h. List of co-packaged components: not applicable

E. Any Special Product Quality Labeling Recommendations

 Protect from light

 Do not freeze

 Do not shake

 Do not dilute

Reference ID: 4266940
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F. Establishment Information 

OVERALL RECOMMENDATION: Withhold

DRUG SUBSTANCE

FUNCTION SITE INFORMATION DUNS/FEI NUMBER INSPECTIONAL 
OBSERVATIONS

FINAL 
RECOMME
NDATION

 DS Manufacture
 In-process control 

testing 
 Release and stability 

testing (except potency)
 Packaging and labeling
 QA release
 Storage of DS, RS and 

manufacturing WCB 

Pre-Approval inspection conducted 
on 2015. A five item 
FDA Form 483 was issued with a 
classification of VAI.

Acceptable

Storage of DS
Hospira, Inc.

1776 N. Centennial Dr., 
McPherson, KS 67460

FEI Number: 1925262
DUNS Number: 030606222 Refer to DP section. Acceptable

Alternate stability testing site 
of DS (except potency)

Last inspected  No 
483 was issued.

Acceptable

In vitro potency release and
stability testing

N/A, Approved based on the facility 
CTL profile.

Acceptable

Manufacture, testing and 
storage of MCB and WCB 
banks

Last inspected on  
A 483 was issued with classification 
of VAI.

Acceptable

Reference ID: 4266940

(b) (4)

(b) (4)

(b) (4)
(b) (4)

(b) (4)
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DRUG PRODUCT

FUNCTION SITE INFORMATION DUNS/FEI NUMBER INSPECTIONAL 
OBSERVATIONS

FINAL 
RECOMME
NDATION

 Manufacture
 Acceptance testing of 

DS
 In-process control 

testing
 Release and stability 

testing (Sterility and 
Bacterial endotoxins)

 Secondary packaging 
and labeling

 Storage
  QA Release

Hospira, Inc.

1776 N. Centennial Drive
McPherson, KS 67460

FEI Number: 1925262
DUNS Number: 030606222

A Pre-Approval for NDA 
 and basic medical device 

inspection of a human and veterinary 
drug and combination drug/device 
manufacturer was conducted on May 
16, 2016 – June 8, 2016.  A 14 item 
FDA Form 483 was issued with a 
classification of OAI.  A warning 
letter was issued on February 14, 
2017. A recommendation to withhold 
pending applications was made.

Unacceptable

Release and stability testing
(except sterility, bacterial
endotoxin, and potency)

Refer to DS section. Acceptable

In vitro potency release and 
stability testing

Refer to DS section Acceptable

Rabbit Pyrogen release and 
stability testing

N/A Acceptable

Container-closure Integrity 
by Helium Leak Detection 
for stability testing

N/A Acceptable

Reference ID: 4266940

(b) (4)

(b) (4)
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G. Lifecycle Knowledge Management

a. Drug Substance
i. Protocols approved: 

o Concurrent validation of  
at commercial scale.

o Concurrent validation of a  
 at commercial scale.

o Qualification of analytical and biological reference standards.
o Post-approval annual stability protocols
o Protocol for extension of DS shelf life
o Validation of  stability

ii. Outstanding review issues/residual risk: none
iii. Future inspection points to consider: See 483 observations in the 

establishment information section.

b. Drug Product
i. Protocols approved: 

o Qualification of analytical and biological reference standards.
o Post-approval stability protocols
o Protocol for extension of DP shelf life
o Commercial shipping validation

ii. Outstanding review issues/residual risk: See CR comment in section 
I.A.c

iii. Future inspection points to consider: See 483 observations in the 
establishment information section.  

Reference ID: 4266940

(b) (4)

(b) (4)

(b) (4)
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Quality Assessment Summary Tables

Table 1: Noteworthy Elements of the Application

# Checklist Yes No N/A

Product Type

1. Recombinant Product X

2. Naturally Derived Product X

3. Botanical X

4. Human Cell Substrate/Source Material X

5. Non-Human Primate Cell Substrate/Source Material X

6. Non- Primate Mammalian Cell Substrate/Source 
Material

X

7. Non-Mammalian Cell Substrate/Source Material X

8. Transgenic Animal Sourced X

9. Transgenic Plant Sourced X

10. New Molecular Entity X

11. PEPFAR Drug X

12. PET Drug X

13. Sterile Drug Product X

14. Other_________________ X

Regulatory Considerations

15. Citizen Petition and/or Controlled Correspondence 
Linked to the Application (#________________)

16. Comparability Protocol(s) X

17. End of Phase II/Pre-NDA Agreements tem) X

18. SPOTS 

(Special Products On-line Tracking System
X

19. USAN Name Assigned X
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20. Other__________________ X

Quality Considerations

21. Drug Substance Overage X

22. Formulation X

23. Process X

24. Analytical Methods X

25.

Design Space

Other X

26. Other QbD Elements X

27. Real Time Release Testing (RTRT) X

28. Parametric Release in lieu of Sterility Testing X

29. Alternative Microbiological Test Methods X

30. Process Analytical Technology in Commercial 
Production 

X

31. Drug Product X

32. Excipients X

33.

Non-compendial Analytical 
Procedures 

Drug Substance X

34. Human or Animal 
Origin

X

35.

Excipients 

Novel X

36. Nanomaterials X

37. Genotoxic Impurities or Structural Alerts X

38. Continuous Manufacturing X

39. Use of Models for Release X

40. Other ________________ X

\

Reference ID: 4266940



35

QUALITY REVIEW, BLA 125545-“Epoetin Hospira”

Reference ID: 4266940

APPEARS THIS WAY ON ORIGINAL



Susan
Kirshner

Digitally signed by Susan Kirshner

Date: 6/02/2017 11:41:23AM

GUID: 508da6db000266b77da0ba4bfa620030

Maria
Gutierrez Lugo

Digitally signed by Maria Gutierrez Lugo

Date: 6/02/2017 11:20:43AM

GUID: 50757b3d000038f82ef48db08ba1ceea

Reference ID: 4266940



                                            
 

Center for Drug Evaluation and Research 
Office of Pharmaceutical Quality 

Office of Process and Facilities 
Division of Microbiology Assessment 

WO Building 22 
10903 New Hampshire Ave. 

Silver Spring, MD 20993 
 

PRODUCT QUALITY MICROBIOLOGY REVIEW AND EVALUATION 
 

Reviewer: Virginia Carroll, Ph.D.  
Acting Branch Chief: Patricia Hughes, Ph.D. 

 

BLA:    125545/0      

Applicant:   Hospira Inc., a Pfizer company 

US License Number:  1974 

Submission Reviewed: Response to Complete Response Letter (CRL) dated 16 October 
2015 for the original BLA submitted 16 December 2014 

Product: Retacrit®/Epoetin Hospira Injection, a biosimilar to the reference 
product, Epogen®/Procrit® (epoetin alfa) 

Indication: Anemia due to chronic kidney disease, zidovudine treatment in 
HIV-infected patients, and myelosuppressive chemotherapy for 
non-myeloid malignancies, and patients at high risk for 
perioperative blood loss from elective, noncardiac, nonvascular 
surgery (same as for Epogen) 

Dosage Form: 2000 U/mL, 3000 U/mL, 4000 U/mL, 10,000 U/mL, and 40,000 
U/mL, 1 mL volume in a single use vial, for intravenous or 
subcutaneous injection  

DS Manufacturing Site:  

DP Manufacturing Site: Hospira, Inc. McPherson, KS USA (1925262) 

FDA Receipt Date:  12/22/2016 

Action Date:   6/22/2017   
 

Conclusion and Approvability Recommendation 
The response to the Complete Response Letter (CRL) dated 16 October 2015 for the BLA was 
reviewed from a sterility assurance and quality microbiology standpoint and is recommended for 
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approval. However, there are four additional comments that should be addressed upon 
resubmission: 

Product Quality Microbiology 

Drug Substance 
1. The data provided in response to FDA Comment 2 (sequence 0057 dated 22 May 2017) do not 
address microbial control during storage of the  
used during the drug substance (DS) manufacturing process. Complete a storage verification 
study for the  used in the Epoetin Hospira DS manufacturing 
process, to include  

 Update section 3.2.S.2.5 accordingly. 
 
Drug Product 
2. In-process endotoxin testing was implemented at the sampling point  

, however action limits have not been provided. Establish an in-
process endotoxin action limit for the  step of the Epoetin Hospira 
drug product manufacturing process based on 20 lots per dose strength. Update section 3.2.P.3.3 
and 3.2.P.3.4 accordingly.  

3. In-process bioburden testing was implemented at the sampling  
, however action limits have not been provided. Establish an in-

process bioburden action limit for the  step of the Epoetin Hospira 
drug product manufacturing process based on 20 lots per dose strength. Update section 3.2.P.3.3 
and 3.2.P.3.4 accordingly.   

4. The endotoxin spike recovery study for Epoetin Hospira drug product held at 2-8°C, presented 
in section 3.2.P.5.3, is incomplete. Additional studies are necessary to ensure that endotoxin can 
be detected in Epoetin Hospira drug product  These additional 
studies should be conducted to show that at least 50% of the spiked endotoxin in the drug 
product  can be detected by the USP BET <85>.  
Quantify the amount of recovered endotoxin from each sample by titration to an endpoint using 
the gel clot method (see USP <85>). This is independent of the ability to detect within 2-fold of 
the detection limit (λ), which you have shown. Include a range of dilutions of the standard 
endotoxin, prepared prior to spiking undiluted product, that cover the range of endotoxin 
concentrations used in the standard series in water. The endotoxin recovery levels can be 
calculated based on the theoretical spike level or the LAL reagent water controls. Two 
consecutive and consistent data points (that is, within or outside the accepted range of 50-200% 
recovery) should be obtained for data analysis.  Include results from the negative control (LAL 
reagent water) and time zero. A bracketing approach including representative lots of 2000 U/mL, 
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10,000 U/mL and 40,000 U/mL Epoetin Hospira is acceptable. Should low endotoxin recovery 
(LER) be observed, provide for an alternative release testing strategy. 
 

Quality Microbiology Information Reviewed 

Sequence number Date Description 

0043 December 22, 2016 

Response to CRL for Product Quality, 
Microbiology, Drug Substance (items 1-6),  

Drug Product (items 1-13), 
and Product Quality, Drug Substance (item 18), 

Drug Product (item 23) 
0049 March 28, 2017 Response to IR 

0052 April 12, 2017 Response to IR, follow-up for DS IR Item 4 

0054 April 25, 2017 Response to IR 

0056 May 19, 2017 Response to IR, follow-up for DS IR Item 3(a) 

0057 May 22, 2017 Response to IR 

 

Drug Substance 
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BLA STN 125545 
 
 

Review Cycle II (Response to CR) 
 

Product USAN name: TBD 
 

    
    “Epoetin Hospira”1

 

  
     
    Hospira, a Pfizer company 

 
 

Division of Biotechnology Review and Research III 
 
 

Primary Reviewer:        Frances Namuswe, Ph.D.  

Team Leader:           Maria Teresa Gutierrez-Lugo, Ph.D.  

Review Chief:                 Susan Kirshner, Ph.D. 

                                                           
1 For purposes of this review, we generally refer to Hospira’s proposed product as “Epoetin Hospira.” FDA has 
not yet designated a nonproprietary name for Hospira’s proposed biosimilar product that includes a 
distinguishing suffix (see Guidance on Nonproprietary Naming of Biological Products). 
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Executive Summary 
 
I recommend approval of 351(k) BLA 125545 for “Epoetin Hospira”. “Epoetin Hospira” was 
developed as a proposed biosimilar to US-licensed Epogen/Procrit. The Sponsor provided data to 
demonstrate that the “Epoetin Hospira” drug substance (DS) and drug product (DP) manufacturing 
processes and the proposed DS and DP control strategies are capable of producing product of 
consistent quality. In addition, they provided sufficient data to support the proposed shelf life of the 
product.  
 
“Epoetin Hospira” was evaluated and compared to US-licensed Epogen/Procrit using multiple 
orthogonal physicochemical and functional methods. The analytical similarity results and publicly 
available information support the conclusion that the two products are “highly similar” based on the 
totality of the analytical data. The data indicate that the amino acid sequences of “Epoetin Hospira” 
and US-licensed Epogen/Procrit are the same. The results from secondary and tertiary structures and 
the biological activity analyses support that protein folding, biological activity and the intrinsic 
properties of the molecule are similar. In addition, the stability profile of “Epoetin Hospira” was shown 
to be similar to that of US-licensed Epogen/Procrit with respect to degradation products and 
degradation pathways. 
 
Evaluation of the glycosylation profile of “Epoetin Hospira” and US-licensed Epogen/Procrit indicated 
that both products have similar glycosylation species, with differences in the levels of some 
glycosylation species between the two products. These differences do not preclude a conclusion that 
the two products are highly similar because these differences did not impact in vivo biological activity 
measured using a sensitive assay. The clinical studies conducted as part of the development of 
“Epoetin Hospira” confirm this assessment. 
 
The product related substances and impurities in “Epoetin Hospira” were shown to be similar to that of 
US-licensed Epogen/Procrit, except for the presence of higher levels (4.5%) of a Cys29-Cys33 
trisulfide species in “Epoetin Hospira”. This difference did not result in differences in the biological 
activity of “Epoetin Hospira” and US-licensed Epogen/Procrit. In addition, levels of this species 
greater than 10% in an earlier version of “Epoetin Hospira” did not result in differences in in vitro and 
in vivo specific activity. Furthermore, scientific literature suggests that trisulfide species convert back 
to disulfide species in vivo. Based on these data and information, this difference is not expected to 
have clinical impact.  Clinical safety data from “Epoetin Hospira” support this assessment. 
 
In conclusion, the totality of analytical data support a determination that “Epoetin Hospira” is highly 
similar to US-licensed Epogen/Procrit not withstanding minor differences in clinically inactive 
components. 
 
However, the Division of Inspectional Assessment (DIA) recommends a Complete Response be issued 
to the applicant based on the compliance status of Hospira, Inc (FEI #1925262), the proposed “Epoetin 
Hospira” drug product manufacturing facility. 
 
Assessment of same strength for “Epoetin Hospira” and US-licensed Epogen/Procrit 
The strength of US-licensed Epogen/Procrit is labeled in units of activity per unit volume (U/mL). US-
licensed Epogen/Procrit is filled in glass vials in volumes of 1 or 2 ml as single dose or multidose 
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 strengths.2  “Epoetin Hospira” is seeking approval only for the following strengths:  2000 U/mL, 3000 
U/mL, 4000 U/mL, 10,000 U/mL and 40,000 U/mL all filled in 1 mL single dose vial presentations.  

Comparative in vivo and in vitro potency (U/ml), total in vivo and in vitro potency (U/container) and 
deliverable volume data reviewed as part of the analytical similarity assessment were used to inform 
the assessment of whether the proposed presentations of “Epoetin Hospira” have the same strength as 
the respective presentations of US-licensed Epogen/Procrit. Based on these comparative data, the 2000 
U/mL, 3000 U/mL, 4000 U/mL, 10,000 U/mL and 40,000 U/mL single dose vial presentations have 
the same total content of drug substance in units of activity in a container and the same concentration 
of drug substance in units of activity per unit volume as the respective presentations of US-licensed 
Epogen/Procrit. These presentations meet the statutory same strength requirement under section 
351(k)(2)(A)(i)(IV) of the PHS Act. 

 
Review of the Complete Response 

 
The information reviewed below is the Sponsor’s response to the Complete Response (CR) letter 
issued after the first review cycle of 351(k) BLA 125545. The Sponsor adequately addressed all the 
CR issues. The Agency’s CR comments are in bold font. The sponsor’s response is included under 
each CR comment in non-bold font. Review comments are in italics.  
 
[Unless otherwise noted, all figures and tables included in this review are copied from the 351(k) 
BLA submission.] 
 
 
Analytical Similarity 
 
1. Your analytical similarity assessment shows that “Epoetin Hospira” drug product has 

approximately 4% higher erythropoietin content as compared to US-licensed Epogen/Procrit. 
This difference in erythropoietin content raises concerns regarding exposure when the 
proposed erythropoietin content release specification for your drug product are considered. 
An  ~4% difference in erythropoietin content between “Epoetin Hospira” and the reference 
product combined with the proposed release acceptance criterion of ± % for the 
erythropoietin content could potentially allow for an unacceptably large difference between 
the two products. You previously indicated that the failed legacy PK study (EPOE-10-08) 
may have resulted from differences in erythropoietin content of approximately 10% between 
“Epoetin Hospira” and the US-licensed reference product. Thus, while revising the 
acceptance criteria for the erythropoietin content of your drug product is necessary, revised 
erythropoietin content specifications alone will not be sufficient to address the concerns 
related to exposure. 
 
To address the differences in erythropoietin content between your proposed product and the 
reference product, you should adjust the erythropoietin content of “Epoetin Hospira” drug 
product to be in agreement with the erythropoietin content of the US-licensed reference 

                                                           
2 US Prescribing Information, Epogen/Procrit. Accessed April 17, 2017 from 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/103234s5360s5364lbl.pdf. 
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 product that you determined in your analytical similarity assessment. To support the 
adjusted drug product formulation, you should evaluate the impact of adjusting 
erythropoietin content on other process and product parameters, including an assessment of 
in-vivo and in-vitro potency. In addition, you should tighten the erythropoietin content 
release and stability specification for “Epoetin Hospira” drug product to a more appropriate 
range, and provide a justification for the revised acceptance criterion. 
 

Sponsor response 

The target erythropoietin content in “Epoetin Hospira” drug product (DP) was adjusted from  
µg/1000 Units to  µg/1000 Units to be consistent with the measured erythropoietin content of US-
licensed reference product. The original target of  µg/1000 Units was based on the average 
erythropoietin content measured in 11 US-licensed reference product lots using a less accurate RP-
HPLC method. The new target of µg/1000 Units is based on the average erythropoietin content of 
35 lots of US-licensed reference product tested using a more accurate RP-UPLC assay. RP-UPLC is 
also used to determine the erythropoietin content in “Epoetin Hospira” DP. The old and new target 
erythropoietin content of each “Epoetin Hospira” DP strength is shown in the table below. 
 
Quantitative composition of each “Epoetin Hospira” DP strength: quantity of a 1 mL fill in a 2 mL single-
dose Vial 

 
Strength (Units) Old quantity of “Epoetin 

Hospira” DS per Unit Dose ( 
same as quantity per mL) 

New quantity of “Epoetin 
Hospira” DS per Unit Dose ( 
same as quantity per mL) 

2000 µg g 
3000 µg g 
4000 µg g 

10000 µg g 
40000 µg µg 

Table made by Reviewer 
 
Nine new lots of “Epoetin Hospira” DP were manufactured using the revised target erythropoietin 
content to support the changes to the DP formulation. The lots include 3 lots each of the 2000 U/mL, 
10,000 U/mL, and 40,000 U/mL strengths. These lots bracket all strengths requested for approval. 
 
To support that the change in erythropoietin content does not impact analytical similarity, the Sponsor 
re-evaluated erythropoietin content, in vivo and in vitro activity, specific activity and total activity. In 
addition, the DP control strategy was improved. The sponsor tightened the DP release specifications 
for protein content from % of the original erythropoietin target to % of the revised 
target. In addition, they implemented  

These changes are evaluated 
below. 
 
Reviewer comment: The number of “Epoetin Hospira” DP lots (nine lots) used to assess adjustment of 
the erythropoietin content is reasonable. These nine lots bracket all the DP strengths for which the 
Sponsor is requesting approval. This allows assessment of the adjusted erythropoietin content at all 
DP strengths. In addition, 9 lots is a reasonable number of lots for Tier 1 statistical analysis. These 
nine lots are considered independent for the purposes of assessing the variability of erythropoietin 
content in the drug product.  
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 Analytical similarity assessment of erythropoietin content 
 
The erythropoietin content in “Epoetin Hospira” and US-licensed reference product was measured 
using the same RP-UPLC methods used in the original application. Therefore “deformulation” was not 
needed prior to analysis of the US-licensed reference product3. The Sponsor’s graphical comparisons 
of the lot mean erythropoietin content for the original and new “Epoetin Hospira” lots and US-licensed 
reference product lots are shown in Figure 3. The data are normalized to dose-independent units of 
µg/1000 units to allow pooling and comparison across different dose strengths. The erythropoietin 
content lot mean for the 9 new “Epoetin Hospira” lots ranges from 8.4 to 8.5 μg/1000 U, while for the 
US-reference product, the range is 8.1 to 8.5 μg/ 1000 U. The lot means for the new “Epoetin Hospira” 
DP lots are within the 3SD range of the lot means of US-licensed reference product. 
 

 
 
Erythropoietin content is a Tier 2 attribute assessed using a quality range defined as meanref ±3 SD. 
The Sponsor’s descriptive statistics are summarized in Tables 10. The overall means of the new 
“Epoetin Hospira” lots and the US-licensed reference product lots were calculated as 8.4 μg/1000 U 
and 8.3 μg/1000 U, respectively. The lot means of the nine new lots are within the quality range of 
meanref ±3 SD (Figure 3 above). 

 
 
Reviewer comment: The Sponsor’s analysis shows that the mean erythropoietin content of the 
“Epoetin Hospira” lots manufactured with the new erythropoietin content target are within the 3SD 
range of the reference product lot means. 
 
 During review of the original 351 (k) BLA, we noted that for some attributes, using lot means obtained 
with different numbers of within lot replicates for “Epoetin Hospira” and US-licensed reference 
product sometimes resulted in an overestimation or underestimation of the variability of one of the 
products. To ensure balanced datasets in my analysis of the erythropoietin content in the original 351 

                                                           
3 “Deformulation” is the remove of human serum albumin from US-licensed reference product prior to its analysis.  
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 (k) BLA, I used a subset of the Sponsor’s data based on the Sponsor’s “age windows” proposed in the 
April 29 2015 amendment to the 351(k) BLA. To minimize the differences in within-lot-replicates, I 
used the earliest stability time point or the average of the earliest stability time points where multiple 
data points existed. 
 
The Sponsor’s analyses in the current submission include different within-lot replicates for “Epoetin 
Hospira” and US-licensed reference product. For consistency with my analysis in the original 
submission, I use the same approach I used before in this submission. The Figure below (left) shows 
comparison of the original and new “Epoetin Hospira” lots and US-licensed reference product. The 
descriptive statistics I calculated are shown in the Table below. In order to assess the potential bias 
from choosing the earliest time point for each lot, I also plotted all the individual lot replicates instead 
of just the earliest time point for each lot of “Epoetin Hospira” and US-licensed reference product. A 
graphical comparison of these results is shown in the figure on the right. The conclusions from these 
data are overall comparable to those obtained using the earliest time point and to the Sponsor’s 
results obtained using lot mean values. Overall, my analysis confirms the Sponsor’s results. 

 

 
 

Descriptive statistics for erythropoietin content (%) 
  Earliest data point All data in age window 
Product # of lots Min Max Mean SD Min Max Mean 
US-Epogen/Procrit 35 8.12 8.65 8.27 0.10 8.10 8.65 8.30 
Original “Epoetin 
Hospira” 

21 8.35 8.78 8.58 0.10 8.42 8.82 8.65 

New “Epoetin 
Hospira” 

9 8.35 8.5 8.43 0.05 8.35 8.5 8.43 

 
In conclusion, the adjustment in target erythropoietin content resolved the difference in erythropoietin 
content between “Epoetin Hospira” and the US-licensed reference product. The mean erythropoietin 
content in the new “Epoetin Hospira” DP is 1 - 2% higher than in the US-licensed reference product 
and the results are all within the quality range mean ref ±3SD.  
 
The concern with ~4% higher erythropoietin content in “Epoetin Hospira” DP was that, combined 
with the proposed acceptance criteria of %, it could potentially allow an unacceptable large 
difference between the two products. Differences in erythropoietin content of ~10% were associated 
with a failed PK study. The revised erythropoietin content in combination with the more stringent 
specifications for erythropoietin content of % provides better control of the erythropoietin 
content in “Epoetin Hospira” DP. Therefore, the lots with the revised erythropoietin content support a 
demonstration that “Epoetin Hospira” is highly similar to US-licensed reference product. 

Reference ID: 4266940
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Assessment of quality attributes potentially impacted by adjustment in erythropoietin content 
 
Container fill and deliverable volume 
“Epoetin Hospira” DP is filled to a target volume of 1 mL, with a labeled volume of 1 mL and an 
overfill of  mL %). The Sponsor defined the target volume to match their experimentally 
determined fill volume of the US-licensed reference product. The % overfill complies with 
USP<1151>. The measures implemented to control erythropoietin content include 

   to  
to reduce the variability of the “Epoetin Hospira” DP fill volume. The nine new “Epoetin Hospira” lots 
were manufactured with the revised criteria for fill weight.  
 
The sponsor proposed to include these attributes in analytical similarity as Tier 2 attributes with a 
quality range of meanref ± 3SD. The fill and deliverable volume results for the nine new lots are 100% 
within the defined quality ranges of 1.085 – 1.125 mL and 1.030 – 1.097 mL, respectively. For the 
original lots, 87% and 96% of the results were within these quality ranges, respectively.   
 
Reviewer comment: Container fill and deliverable volume are not expected to be part of analytical 
similarity. These attributes are reviewed as part of the “Epoetin Hospira” control strategy. Changes in 
the fill weight control strategy appear to have resulted in less variability.  
 
Biological activity  
Data provided by the sponsor indicate that biological activity scales linearly with erythropoietin 
content. Comparative analysis of in vivo and in vitro biological activity was reassessed to evaluate the 
impact of the revised erythropoietin content. For all analyzes, replicates from real-time stability data 
were averaged for each lot, normalized and pooled across strengths. 
 
In vivo biological activity 
The in vivo biological activity lot means for “Epoetin Hospira” DP manufactured using the original 
and new target erythropoietin content, and US-licensed reference product are compared in Figure 2. 
Both the original and new “Epoetin Hospira” lot means are within the lot mean range of 3SD of US-
licensed reference product. 

 
 

                                                           
4 A fill weight of g is equivalent to a fill volume of 1 mL based on the density   of 1.009 g/L for “Epoetin Hospira”. The density of US-
Epogen/Procrit is 1.0054 g/mL. 
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 In vivo biological activity is a Tier 1 attribute analyzed by equivalence testing. The re-analysis of in 
vivo biological activity includes the 9 new “Epoetin Hospira” DP lots and the equivalence margins are 
defined based on the results of all 26 lots of the reference product. The statistical formula for 
equivalence testing was revised to address the imbalanced in sample size (9 “Epoetin Hospira” lots vs 
26 US-licensed reference product lots). In addition, the sponsor explained that the replicates for the 
new lots were defined to match the number of replicates of 9 preselected Epogen/Procrit reference 
product lots. Hospira’s equivalence testing based on the new 9 lots of “Epoetin Hospira” and 26 lots of 
US-licensed reference product showed that in vivo biological activity of the two products was 
equivalent. The 90% confidence interval of the mean difference was contained within the defined 
equivalence margins.  
 
Reviewer comment: The Agency’s statistics reviewer independently analyzed the in vivo biological 
data of the nine new lots of “Epoetin Hospira” DP. The reviewer used the same number of within-lot 
replicates for both products because the different number of replicates submitted by the sponsor may 
result in biased variability between “Epoetin Hospira” and the reference product. The Sponsor was 
also asked to address the issue of different within-lot replicates in their analysis and they provided 
revised analyses using the same within-lot replicates (data not shown). The results from the Agency’s 
statistical analysis are shown in the Figure and Tables below. These data support the conclusion that 
in vivo biological activity of the new “Epoetin Hospira” lots is also similar between the two products. 
 

  
Figure provided by statistics reviewer  
 
Table 1. Statistical analysis of in vivo biological activity 

 
# of 
Lots Range Mean 

(%) 
Std. 
Deva CVb 

Mean 
Diff 

90% CI for 
Mean Diff. 

Equivalence 
Margin 

Statistical 
Equiv? 

“Epoetin Hospira” 9 90 - 107 96.33 5.05 0.052 
-2.82 (-7.29,1.65) (-11.12,11.12) Yes US-Epogen/Procrit  26 88 - 117 99.15 7.41 0.075 

a  Std. Dev is the sample standard deviation for each product;  
b CV: coefficient of variability, computed as the ratio of sample standard deviation to sample mean. 
 Data provided by statistics reviewer  
   
In vivo specific activity 
In vivo specific activity is determined by dividing in vivo biological activity by the measured 
erythropoietin content of the same lot. The in vivo specific activity lot means for the “Epoetin 
Hospira” DP lots manufactured using the original and new target erythropoietin content, and the US-

(a) 

(b
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 licensed reference product lots are compared in Figure 7, and the sponsor’s descriptive statistics in 
Table 11. 

 

 
 

In vivo specific activity is a Tier 2 attribute assessed as using a quality range of meanref ± 3SD. This 
quality range is based on all 26 lots of the reference product. The sponsor’s data in Figure 7 show that 
the in vivo specific activity of both the original and new “Epoetin Hospira” lots is 100% within the 
defined quality range. Therefore in vivo specific activity remained similar following a change in 
erythropoietin content. 
 
Reviewer comment: Specific activity is not expected to change with a change in protein content 
because it is an intrinsic property of the molecule normalized to protein content. In vivo specific 
activity provides information about all the intrinsic properties of the molecule important for the 
mechanism of action, including glycosylation. The specific activity lot means of “Epoetin Hospira” are 
100% within the defined quality range.  
 
As mentioned above, the Sponsor’s analyses using lot means did not always use comparable within-lot 
replicates. For consistency with my analysis used in the original 351 (k) BLA and to have more 
balanced datasets for the two  products, I recalculated the specific in vivo activity using a similar 
number of replicates for the “Epoetin Hospira”  and US-licensed reference product. To minimize the 
differences in within-lot-replicates, I used the earliest time point or an average of the earliest time 
points where multiple data points existed (as I also did in the original 351 (k) BLA). The results I 
obtained show that specific in vivo activity of the original and new “Epoetin Hospira” lots is 100% 
within the defined quality range of meanref ±3SD (see figure and the corresponding descriptive 
statistics below). A slightly lower mean in vivo specific activity observed for the new “Epoetin 
Hospira” lots appears to be within method variability of an in vivo potency assay. I obtained similar 
results using all available lot replicates instead of just the earliest data point.  
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Descriptive Statistics for Specific In vivo Activity 

Productc 
 

# of Lots 
 

Min 
 

Max 
 

Mean Standard 
Deviation a 

 
Mean ± 3SD 

US-Epogen/Procrit 26 106 143.4 118.93 9.25 91.17 –145.68 
Old “Epoetin Hospira” 18 99.9 135.1 118.57 8.95 100% in range 
New ‘Epoetin Hospira” 9 106 128 114 6.12 100% in range 

Figure and Table made by CMC reviewer. 
 
Total in vivo potency 
Total in vivo potency per container was recalculated using the in vivo biological activity and container 
deliverable volume from the new 9 DP lots. Data were pooled across stability time points for each lot 
and across different strengths. The lot mean total in vivo potency results for the original and new 
“Epoetin Hospira” DP lots, and US-licensed reference product lots are compared in Table 22. Total in 
vivo potency is assessed as a Tier 2 attribute using a quality range of meanref ± 3SD.The lot means for 
the original and new “Epoetin Hospira” DP lots are within this quality range. Based on these results, 
Hospira concluded that total in vivo potency is similar. 
 

 
Reviewer comment: Although we did not find the use of lot means obtained with different numbers of 
replicates for the “Epoetin Hospira” and reference product acceptable, for all attributes described 
above, we arrived at the same conclusions using similar number of lot replicates for both products. 
Therefore, based on the Sponsor’s data presented above, total in vivo potency is considered similar.  
 
In vitro biological activity 
The in vitro biological activity lot means for the “Epoetin Hospira” DP lots manufactured using the 
original and new target erythropoietin content and US-licensed reference product are compared in 
Figure 9. Hospira assessed in vitro biological activity as a Tier 2 attribute using a quality range of 
meanref ± 3SD established based on the 35 reference product lots from the original 351 (k) BLA. The 
lot means for 8 out of 9 new lots (89% of the lots) are within the quality range, while 81% of the 
original lots were within this quality range. The overall lot mean is 105% for the original “Epoetin 
Hospira” lots, 103% for the new lots is and 99% for the reference product.  
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The in vitro biological activity results of the new lots did not meet the Sponsor’s criteria of % of 
the “Epoetin Hospira” DP lots must fall within the quality range)” However, Hospira considers these in 
vitro biological activity results “supportive given: 1) the limited number of “Epoetin Hospira” DP lots 
manufactured with the revised erythropoietin content target; 2) the proximity of the outlier lot mean 
(109%) to the upper quality range limit of 108%; and 3) the number of “Epoetin Hospira” DP lots 
within the acceptance criterion range (89%). 
 

 
 
Reviewer comment: Data provided by the sponsor indicate that in vitro biological activity scales 
linearly with protein content. In the original 351 (k) BLA, a difference in in vitro potency of 6% (105% 
for “Epoetin Hospira” vs 99% for US-licensed reference product) and the fact that only 81% of the 
“Epoetin Hospira” lots were within the defined quality range of 90 – 108%  were suspected to be due 
to the differences in erythropoietin content. The results from the 9 new lots show that the adjustment in 
erythropoietin content resulted in a higher % of “Epoetin Hospira” lots within the defined quality 
range.  Based on these data, the in vitro biological activity results of the new “Epoetin Hospira” lots 
support a demonstration that “Epoetin Hospira” is highly similar to US-licensed reference product.  
 
In vitro specific activity 
In vitro specific activity is calculated by dividing in vitro biological activity by erythropoietin content 
for the same lot. The in vitro specific activity lot means for the “Epoetin Hospira” DP lots 
manufactured using the original and new target erythropoietin content, and the US-licensed reference 
product lots are compared in Figure 12. The overall mean in vitro specific activity is 123 U/µg for the 
original “Epoetin Hospira” lots, 122 U/µg for the new lots and119 U/µg for US-licensed reference 
product.   
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 In vitro specific activity is a Tier 1 attribute evaluated by equivalence testing. Equivalence testing uses 
both the original and new “Epoetin Hospira” lots (total of 33 lots) and the 35 lots of US-licensed 
reference product because this attribute is independent of erythropoietin content. Hospira’s analysis 
shows that the 90% confidence interval of the mean difference is contained within the equivalence 
margins defined based on the lot means of the 35 reference product lots.  
 
Reviewer comment: As mentioned above, specific activity is not expected to change with a change in 
protein content because it is an intrinsic property of the molecule. In the original 351 (k) BLA, the 
Agency’s independent statistical analysis using the same number of lot-replicates for both products 
showed that specific in vitro activity was similar. The Agency’s statistics reviewer independently re-
analyzed the data that includes the 9 new lots manufactured with the revised erythropoietin content 
and confirmed Hospira’s results that in vitro specific activity remained equivalent. The statistics 
reviewer’s results from the analysis and the descriptive statistics are shown in the Figure and Table 
below. These data support the conclusion that in vitro specific activity is similar between the two 
products. 

 
Figure provided by statistics reviewer  
 
Table 2. Statistical analysis of in vitro specific activity 

 
# of 
Lots Range Mean 

(%) 
Std. 
Deva CVb 

Mean 
Diff 

90% CI for 
Mean Diff. 

Equivalence 
Margin 

Statistical 
Equiv? 

“Epoetin Hospira” 28 109 - 129 121.48 4.65 0.038 3.23 (1.36, 5.1) (-5.94, 5.94) Yes 
US-Epogen/Procrit  33 110 - 126 118.26 3.96 0.033 
a  Std. Dev is the sample standard deviation for each product;  
b CV: coefficient of variability, computed as the ratio of sample standard deviation to sample mean. 
Data provided by statistics reviewer  
 
Total in vitro potency 
 
Total in vitro potency per container was recalculated using the in vitro biological activity and container 
deliverable volume from the new 9 DP lots. Data were pooled across stability time points for each lot 
and across different strengths. The lot mean total in vitro potency for the original and new “Epoetin 
Hospira” DP lots, and the Epogen/Procrit reference product lots are compared in Figure 8 and Table 
17. Total in vitro potency is assessed as a Tier 2 attribute. The Sponsor’s analysis shows that 78%  of 
the lot means for the original and 100% of those from the new “Epoetin Hospira” DP lots are within 
the quality range of meanref ± 3SD. Based on these results, Hospira concluded that total in vitro 
potency of the new lots is similar to that of US-licensed reference product. 

(a) 
(b
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Reviewer comment: Although we did not find the use of lot means obtained with difference numbers of 
replicates for “Epoetin Hospira” and reference product acceptable, for all attributes described above, 
we arrived at the same conclusions using the same number of individual values for both products. 
Therefore, based on the Sponsor’s data presented above, total in vitro potency is considered similar. 
 
Additional considerations for analytical similarity 
Based on the Agency’s current thinking, we note that all the “Epoetin Hospira” DP lots used in the 
analytical similarity assessment in the original 351 (k) BLA were manufactured from 4 DS lots (lots 
410344, 410637, 410638, and 410733). To better capture the variability of biological activity in 
“Epoetin Hospira”, the Sponsor was asked to provide additional in vivo and in vitro potency data as 
well as in vivo and in vitro specific activity data from other “Epoetin Hospira” DP lots manufactured 
from different DS lots or from other DS lots. 
 
In response to the IR, the sponsor provided additional in vivo and in vitro potency data from other DS 
lots. For in vitro potency and in vitro specific activity, data are available for up to 26 DS lots because 
the in vitro potency assay is part of the DS release and stability specifications. Graphical comparison 
of the in vitro potency and in vitro specific activity of “Epoetin Hospira” DS, DP and US-Epogen/ 
Procrit is shown in Figures 3 and 4. Similar to the results reported above for the DP, 89% of the DS in 
vitro potency results are within the mean ref ± 3SD quality range of 90 – 108% defined based on the 
reference product. Likewise, 89% of the in vitro specific activity results are with the mean ref ± 3SD 
(107 – 131%) of the reference product. The data suggest that in vitro potency and in vitro specific 
activity of the DS is generally comparable to that of the DP and suggest that the DP lots used in the 
analytical similarity exercise are generally representative of the DS manufacturing variability.   
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For in vivo potency and in vivo specific activity, available data are limited to the earlier DS lots 
because the assay was replaced by the in vitro potency assay. In vivo potency and in vivo specific 
activity stability data are available from 5 independent DS lots. The use of stability data is acceptable 
because stability data of “Epoetin Hospira” remains stable during storage under the recommended 
storage conditions. Graphical comparison of the in vivo potency and in vivo specific activity of 
“Epoetin Hospira” DS, DP and US-Epogen/Procrit is shown in Figures 1 and 2. In addition, in vivo 
potency and in vivo specific activity data for 2 additional DS lots can be obtained by “extrapolation” 
from the DP lots manufactured from these DS lots (data not shown). The in vivo potency and in vivo 
specific activity data of the DS are within the range of the DP and suggest that the DP lots used in the 
analytical similarity exercise are generally representative of the DS manufacturing variability with 
regard to in vivo potency. 
 

 
 
Changes to the DP composition and manufacturing process  
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        DEPARTMENT OF HEALTH & HUMAN SERVICES 

US Food & Drug Administration 
Center for Drug Evaluation & Research 

Office of Biotechnology Products 
  Division of Biotechnology Review and Research III 

 

 

 

STN:  BLA 125545 

Type:  351(k) 

Subject:   Immunogenicity review of CR response 

Submission Date: 12/22/2016  

Primary Reviewer: Steven Bowen, Ph.D., Staff Fellow, DBRR III, OBP, CDER  
Secondary Reviewer: Daniela Verthelyi, Ph.D., Biologist, DBRR III, OBP, CDER. 
 
RPM:  Beatrice Kallungal 

Sponsor: Hospira  

Product:         “Epoetin Hospira” [recombinant human erythropoietin produced in Chinese 
hamster ovary (CHO) cells, proposed biosimilar to Epogen® (Amgen)] 

Route of administration: Subcutaneous or intravenous   

Indications: Anemia due to Chronic Kidney Disease; anemia due to zidovudine in HIV –
infected patients; anemia due to chemotherapy in patients with cancer; reduction of allogeneic 
red blood cell transfusions in patients undergoing elective, noncardiac, nonvascular surgery. 

Proposed Proprietary Name: Retacrit TM 
 
Nonproprietary Name:  Referred to as “Epoetin Hospira” by the Applicant* 
*For purposes of this review, we generally refer to Hospira’s proposed product by the Hospira descriptor “Epoetin 
Hospira.”  FDA has not yet designated a nonproprietary name for Hospira’s proposed biosimilar product that includes a 
distinguishing suffix (see Draft Guidance on Nonproprietary Naming of Biological Products). 

Memorandum 
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General Conclusion: The Sponsor has provided partial re-validation reports of the RIP 
screening and confirmatory assays and the neutralizing antibody (NAb) assay performed at  

. This re-validation included a cutpoint re-calculation based on pre-
dose study samples, sensitivity analysis, suitability control determination, matrix interference 
evaluation, and drug tolerance evaluation. The Sponsor retested all clinical samples from the 
parallel arm, multiple dose studies EPOE-10-01, EPOE-10-13, and EPOE-14-01 using revised 
in-study cutpoints and appropriate suitability controls. The results of clinical testing indicate 
similar rates of binding anti-drug antibodies (ADA) in patients receiving Epoetin Hospira and 
patients receiving Epogen.  No patients developed NAbs to either product and no cases of PRCA 
were reported in these trials. These data suggest similar rates of immunogenicity for Epoetin 
Hospira and Epogen. 
 
REVIEW SUMMARY: 
 
 Hospira is seeking approval of “Epoetin Hospira” as a biosimilar to US-licensed Epogen 
(Amgen). The original BLA 125545 was submitted on 12/15/15 and a Complete Response letter 
was sent by the FDA on 10/16/16 outlining multiple deficiencies related to the testing of clinical 
samples for anti-drug antibodies (ADA).  The immunogenicity CR comments pertained to the 
radioimmunoprecipitation (RIP) screening and confirmatory assays as well as the neutralizing 
antibody (NAb) assay. This review will discuss Hospira’s response to the RIP assay CR 
comments in the first section, the response to the NAb assay CR comments in the second section, 
and the clinical evaluation of immunogenicity in the EPOE-10-01, EPOE-10-03, and EPOE-14-
01 studies in the third section.    
 

1. RIP Screening, Confirmatory, and Titering Assays 
 
10-16-15 Complete Response comments pertaining to RIP assay validation: 
“1. Regarding the radioimmunoprecipitation (RIP) screening and confirmatory assays: 

a. In your July 9, 2015 response to an agency information request, you reported that you 
established fixed screening assay cut points based on the analysis of pre-dose study samples 
from chronic kidney disease (CKD) patients or healthy volunteers. We note that: 

  
1) You did not provide data showing that the mean and the variance of the negative controls 

are consistent across plates for the screening assay. Note that if means and variances are 
not similar amongst plates, the use of a fixed cut point is not appropriate. 
 

2) There was poor reproducibility between the results obtained for individual samples in the 
screening assay used to derive the cut point and the results obtained in the confirmatory 
assay for the same samples. Specifically, in most of the samples retested the % cpm was 
markedly reduced in the confirmatory assay without added competitor, as compared to 
the corresponding samples in the screening assays. This, together with the high percent 
reduction in binding required to confirm a sample as positive (52.1% inhibition for 
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EPOE-10-01 and EPOE-10-13, 45.1% inhibition for EPOE-14-01) raises concerns about 
the reproducibility of the screening assay and the sensitivity of the confirmatory assay 
even when using a 99 percentile cut point. 
 

3) You validated the suitability of your assay using several dilutions of the positive control 
and demonstrated that the assay was capable of detecting low levels of your positive 
control (36 ng/ml). However, you used 1.2 μg/ml of the same control as your Low 
Positive suitability control (LPC) when establishing the assay cut point and testing the 
samples from study EPOE-10-01 and EPOE-10-13. This concentration is much higher 
than the FDA recommendation for suitability controls and does not ensure adequate 
assay performance during routine use. The more appropriate LPC concentration of 60 
ng/ml determined during the 2014 re-validation was not used for the testing of ADA for 
studies EPOE-10-01and EPOE-10-13. 

To address the above deficiencies, you should: 
 

I. Confirm the on-board drug tolerance and matrix interference for the screening and 
confirmatory assays using adequate LPC concentrations for both “Epoetin 
Hospira” and US licensed Epogen. 
 

II. Confirm the cut points for your screening and confirmatory assays using in-study 
samples from treatment naïve subjects. 
 

a. Assay cut points should be confirmed separately for samples from patients with 
chronic kidney disease (CKD) and healthy volunteers. For the patients with CKD, 
include at least 50 samples from patients treated SC (EPOE-10-13) and 50 samples 
from patients treated IV (EPOE-10-01). For the healthy volunteers, include at least 
40 samples from subjects treated SC (EPOE-14-01). Samples should be selected 
using a randomization process. The randomization process you suggested in the 
response to the IR dated June 3rd, 2015 is adequate but you should exclude samples 
from clinical sites that were not GCP compliant. 
 

b. Retest your baseline samples in the presence and absence of competitor using 
appropriate suitability controls that ensure that your assay can identify samples with 
low levels of antibodies consistently. 
 

c. Provide the raw data and statistical analysis for evaluation. Identify any samples that 
were excluded from the cut point calculations statistical outliers or baseline positive 
samples. If a fixed screening assay cut point is selected, provide a justification 
demonstrating that the mean and variance between runs and analysts is not 
statistically different. 
 

d. Confirm the sensitivity of the assays using the new cut points. 
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e. Consider including several LPCs ranging from 60 ng to 300 ng to ensure that the true 
sensitivity of the assay is known.” 
 

A summary of the results obtained in the 2012, 2014, and 2016 validation exercises is shown in 
the table below.  
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FDA Comment: The validation data provided in 2016-B-01-10 is sufficient to 
address the concerns pertaining to the RIP assay that were communicated in the CRL 
(CRL immunogenicity comments I and IIa, IIb, IIc, IId, and IIe). Below are the individual 
CRL comments followed by the data provided by Hospira to address them. 
 

CRL Immunogenicity Comment II.a. 
 

Confirm the cut points for your screening and confirmatory assays using in-study 
samples from treatment naïve subjects. 
 

a. Assay cut points should be confirmed separately for samples from 
patients with chronic kidney disease (CKD) and healthy volunteers. For 
the patients with CKD, include at least 50 samples from patients treated 
SC (EPOE-10-13) and 50 samples from patients treated IV (EPOE-10-01). 
For the healthy volunteers, include at least 40 samples from subjects 
treated SC (EPOE-14-01). Samples should be selected using a 
randomization process. The randomization process you suggested in the 
response to the IR dated June 3rd, 2015 is adequate but you should exclude 
samples from clinical sites that were not GCP compliant. 

Hospira Response: 
 
Sample Selection for In-Study Cutpoint Determination 
 Anti-drug antibodies (ADA) were monitored in all seven clinical studies conducted in support of 
this application (summarized in the table below), however since only the multiple-dose parallel 
arm studies allow a direct comparison of the immunogenicity of “Epoetin Hospira” versus US-
licensed Epogen FDA’s assessment is based primarily on EPOE-10-01, EPOE-10-13, and 
EPOE-14-01.  

 
Study ID Design Route Number Subjects Dose Schedule Sampling 

EPOE-10-01 Parallel Intravenous 

"Epoetin Hospira"-
301 US-

Epogen/Procrit-
304 

CKD Variable 
1-3 times / week 
up to 24 weeks 

Pre-dose week 1, 
Week 12, Week 24, 

Follow up 

EPOE-10-13  Parallel Subcutaneous 

Titration "Epoetin 
Hospira"-80 US-

Epogen/Procrit-86 
Maintenance 

"Epoetin Hospira"-
122 US-

Epogen/Procrit-
122 

CKD Variable 

1-3 times / week 
Titration 12-18 

weeks 
Maintenance up 

to 16 weeks 

Pre-dose Week 1 
titration, End 

titration, Pre-dose 
week 1 

maintenance, Week 
16 maintenance,  

Follow up  

EPOE-14-01  Parallel Subcutaneous 
"Epoetin Hospira"-

66 US-
Epogen/Procrit-63 

Healthy 100 U/kg 
3 times / week 

for 4 weeks 
Pre-dose Day 1, Day 

12, Day 28 
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The Sponsor utilized a simple random sampling method to select pre-treatment serum samples 
from healthy volunteers (EPOE-14-01) or CKD patients (EPOE-10-01 and EPOE-10-13) to 
calculate in-study cutpoints. The selected samples were not collected at sites closed due to GCP 
non-compliance.  
 
FDA Comment: The approach to select samples for determination of the study-specific cutpoints 
is appropriate. 
 
CRL Immunogenicity Comment II.b, II.c 
 

“II.b. Retest your baseline samples in the presence and absence of competitor using 
appropriate suitability controls that ensure that your assay can identify samples with 
low levels of antibodies consistently. 
 
II.c. Provide the raw data and statistical analysis for evaluation. Identify any samples 
that were excluded from the cut point calculations statistical outliers or baseline positive 
samples. If a fixed screening assay cut point is selected, provide a justification 
demonstrating that the mean and variance between runs and analysts is not statistically 
different.” 

 
Hospira Response: 
 
In-study screening assay cutpoint calculation  
 
Pretreatment samples from CKD patients or healthy subjects were tested in six independent runs 
by two analysts with and without 100ug/ml of unlabeled “Epoetin Hospira” competitor.   
 
A high positive control (HPC 1,100 ng/mL) and 5 preliminary low positive controls (LPC1: 
30 ng/mL, LPC2: 60 ng/mL, LPC3: 100 ng/mL, LPC4: 150 ng/mL, and LPC5: 300 ng/mL) were 
included in the determination of the cut points and assay sensitivity. 
 
FDA Comment: The range of LPC concentrations used for this validation are adequate to 
address CR Comment 2.e: “Consider including several LPCs ranging from 60 ng to 300 ng to 
ensure that the true sensitivity of the assay is known.”. The LPC concentrations calculated 
from the sensitivity analysis that will be used for routine sample testing are LPC1=20ng/ml and 
LPC2=40ng/ml.   
 
For the CKD-specific cutpoint, 80 pre-treatment samples from EPOE-10-01 and 80 pre-treatment 
samples from EPOE-10-13 were randomly selected and tested. 
 
For the healthy subject-specific cutpoint 60 pre-treatment samples from EPOE-14-01 were 
randomly selected and tested.   
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For both populations the % CPM distribution of the non-competed samples was not normal, even 
after the removal of statistical outliers, and so the data were log-transformed. Log-transformed 
data were also not normally distributed as determined by Shapiro Wilk normality test.  Box-plots 
of the 12 runs before and after outlier removal are shown below.   
 
 
CKD samples before outlier removal 

 
 

 
 
CKD samples after removal of outliers 
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Healthy subjects before outlier removal 

 
 

 
 
 
 
 
 
 
 
 
Healthy subjects after outlier removal  
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ANOVA analysis was used to determine the appropriateness of a fixed or floating cutpoint. An 
F-test was used to determine if there was a difference in the mean values across runs. For both 
the CKD and healthy serum samples the means across runs were significantly different.  
Levine’s Test for Homogeneity of Variance revealed that the variances were homogeneous for 
the healthy samples but not for the CKD samples (see tables below).  The Sponsor states that the 
variances were comparable between runs for the CKD samples. Based on these results a floating 
cutpoint was calculated for both the CKD and healthy populations. 
 
CKD samples 

 
 

 
 
 
 
 
 
Healthy samples 

 
Since the data were not normally distributed after log-transformation the non-parametric 95% 
cutpoint was used.  After re-transformation to the original scale the average non-parametric 95% 

Variance was not 

homogeneous for CKD runs 
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cutpoint was 0.107% CPM for CKD samples and 0.134% CPM for healthy subjects.  
Multiplicative correction factors were calculated as follows: 
 
For CKD samples 
 

 
 

For Healthy samples 
 

 
 

In these equations SCP.V refers to the 95% non-parametric cutpoint from the validation runs and 
NC.V refers to the mean negative control values for the validation runs.  
 
The floating cutpoint will be calculated for each run as FCP=NC.IS*CF where NC.IS is the in-
study negative control mean and CF is the correction factor.   
 
FDA comment: The approach to establish the validation cutpoints, the correction factors, and 
the floating cutpoints are appropriate.   
 
 
 
In-Study Confirmatory Assay Cutpoints 
 
The samples used to determine the screening assay cutpoint were run in parallel with 1000 ug/ml 
of unlabeled “Epoetin Hospira” competitor. The % inhibition for each individual sample was 
calculated using the following formula: 
 

 
 
The % inhibition data were not normally distributed at the original scale for CKD or healthy 
samples so log-transformation was applied.  Outliers were excluded by box plot analysis and the 
data were not normally distributed. Non-parametric 99% fixed confirmatory cutpoints were 
established empirically from the data.  The calculated confirmatory cutpoints were: 
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CKD patients: 50% inhibition 
Healthy subjects: 33.3% inhibition 
 
The data and calculations are summarized in the tables below. 
 

 
 

 
 

FDA Comment: The approach to determine the in-study confirmatory assay cutpoints is 
reasonable.   
 
 
Titer Cutpoints 
 
The titer cutpoint was determined by the 99% non-parametric cutpoint of the screening assay 
data for CKD and healthy samples.  The method to determine the correction factors was the same 
as for the screening assay cutpoints. A correction factor of 1.94 was determined for CKD 
samples and 1.49 was determined for healthy samples.   
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Thus, the floating cutpoints for the titering assay will be FCP=NC.IS*CF 
 
FDA Comment: The approach for calculating the 99% titering assay cutpoint is appropriate. 
The titer calculation used by the Sponsor is based on a starting dilution of 1:20 (the MRD of the 
assay) and therefore the reported titer results must be multiplied by 20 to obtain the true titer for 
each sample.     
 
 
CR Comment II.d 
 
“Confirm the sensitivity of the assays using the new cut points.” 
 
Hospira Response:  
 
Sensitivity Analysis 
 
Screening Assay Sensitivity Analysis 
 
The Sponsor performed serial dilutions of the positive control antibody in normal human or CKD 
serum. The screening assay sensitivity was evaluated twice (Sensitivity 1 and Sensitivity 2) and 
the results are shown in the figure below. 
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Regression analysis was used to determine the antibody concentration at the floating 95% 
cutpoint and the average was calculated over the runs.  The 95% CI was used as the assay 
sensitivity for CKD (13.45 ng/ml) and healthy samples (9.03 ng/ml). 
 
FDA comment: The analytical approach to determine the screening assay sensitivities for CKD 
and healthy subjects is reasonable. The reported sensitivities of 16.02 ng/ml and 9.03 ng/ml are 
well above the 100 ng/ml recommended by the FDA guidance.   
 
This data was also used to determine a LPC concentration that would give a 1% failure rate by 
taking the 99% CI of the 12 runs. This was determined to be 16.02 ng/ml for CKD and 11.30 
ng/ml for healthy samples. These were adjusted to 20 ng/ml for routine testing (LPC1). A second 
LPC2 of 40 ng/ml will also be included in routine analysis.  
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Acceptance criteria for the suitability controls were established using data from the validation 
exercises using the following method for calculating the upper and lower numerical limits. 
 

 
 
 

 
 

FDA Comment: Due to low drug tolerance of the 20ng/ml LPC1, only the 40ng/ml LPC2 has 
acceptance criteria for routine testing. However, the LPC1 will be included in all runs. The 
acceptance criteria are acceptable.  

 
 

FDA Comment: The Sponsor also evaluated freeze/thaw stability of the new suitability controls. 
The results demonstrate that the LPC1 and LPC2 samples in NHS or CKD serum are stable for 
up to 8 freeze/thaw cycles at -20C/RT. This is acceptable.    

 
 
Confirmatory Assay Sensitivity Analysis 
 
The results for the confirmatory assay sensitivity analysis are shown in the figure and table 
below. The approach was similar to the screening assay sensitivity analysis. 
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The results indicate a sensitivity of 10.34 ng/ml for normal serum and 21.79 ng/ml for CKD 
serum.  
 
 
FDA Comment: This exercise demonstrates that the confirmatory assay (with the in-study 
cutpoints) is capable of detecting 10.34 ng/ml for normal serum and 21.79 ng/ml for CKD serum. 
There is very limited data in the validation package for the performance of the new suitability 
controls of 20ng/ml (LPC1) and 40ng/ml (LPC2) in the confirmatory assay. However, the 
preliminary LPC1 of 30ng/ml was consistently positive in the confirmatory assay throughout 
validation. This is acceptable.      
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CRL Immunogenicity Comment I 
 
“Confirm the on-board drug tolerance and matrix interference for the screening and 
confirmatory assays using adequate LPC concentrations for both “Epoetin Hospira” and US 
licensed Epogen.” 
 
Hospira Response: 
 
Drug Tolerance 
 
The Sponsor evaluated the on-board drug tolerance of the screening and confirmatory assays by  
spiking various concentrations (0.0-25ug/ml) of either “Epoetin Hospira” or Epogen into the 
20ng/ml, 40ng/ml, 60 ng/ml or 250 ng/ml positive controls in either NHS pool or CKD pool 
serum.  This was done with and without 1,000 ug/ml of unlabeled “Epoetin Hospira” competitor 
for the confirmatory assay.  The results are shown in the table below. 
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FDA Comment: The 20ng/ml LPC1 concentration has a poor drug tolerance for both the 
screening and confirmatory assays. At the 40ng/ml LPC2 the drug tolerance for the screening 
assay was well above the serum concentrations observed in the PK/PD studies (~6.3 ug/ml for 
healthy serum and 3.1ug/ml for CKD). Because of the poor drug tolerance the 20ng/ml LPC1 
will be run for routine testing but will not have acceptance criteria.  “Epoetin Hospira” and 
Epogen performed similarly in the assay.  This is acceptable.   
 
Matrix interference 
 
The Sponsor evaluated matrix interference by measuring the recovery of PC samples in normal 
serum or CKD serum compared to a buffer control.  30 normal and 30 CKD serum samples were 
run individually with 20ng/ml, 40ng/ml or 1100ng/ml of PC antibody. The results are 
summarized below.   
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FDA Comment: The % recovery in normal or CKD serum matrix was generally within 80-95% 
of the buffer control. The 40ng/ml and 1100ng/ml PC samples showed no significant difference 
between the healthy and the CKD serum.  This is acceptable.   
 
General Conclusion for section 1: The Sponsor has provided a partial re-validation report of the 
RIP screening and confirmatory assays that includes a cutpoint re-calculation based on pre-dose 
study samples, sensitivity analysis, suitability control determination, matrix interference 
evaluation, and drug tolerance evaluation. The data provided is sufficient to address CRL 
immunogenicity comments I and IIa, IIb, IIc, IId, and IIe.   
 

2. Bioassay for the Detection of Neutralizing ADA 
 
10-16-15 Complete Response comments pertaining to NAb validation: 
 
2. Regarding the assay to detect neutralizing ADA: 
 

a. You derived the cut point for the neutralizing antibody (NAB) assay from commercial 
samples that may have been collected and handled differently than those in your study. 
We note that you did not confirm the cut point using in-study samples and the differences 
noted above may affect the results and the interpretation of your NAB assay. Confirm the 
cut point of the NAB assay with at least 20 in-study samples from treatment naïve 
subjects. Provide the raw data in a table showing for each serum sample tested side by 
side the cell proliferation in the presence and absence of added erythropoietin. A 99% CI 
cut point is recommended to reduce the risk of false negative results. Provide the data 
and calculations that support the new cut point. 
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b. Proliferation of the TF-1 cell line can be affected by multiple molecules in patient 
serum (G-CSF, IL3, GM-CSF). We note that, in order to verify that serum concentrations 
of these molecules do not interfere with assay performance, you tested the effect of sera 
on TF-1 cell proliferation in the presence and absence of erythropoietin stimulation. 
Provide these results when reporting the neutralizing antibody assay data to facilitate 
interpretation. 
 

 
 

A summary of the results obtained in the 2012, 2014, and 2016 validation exercises is 
shown in the table below.  
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FDA Comment: The validation data provided in 2016-B-01-10 is sufficient to 
address the concerns pertaining to the NAb assay that were communicated in the CRL 
comment 2a. CRL immunogenicity comment 2b was addressed with the additional 
clinical data provided in the CR response. 
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CRL Immunogenicity Comment 2a. 
 
a. You derived the cut point for the neutralizing antibody (NAB) assay from commercial 
samples that may have been collected and handled differently than those in your study. 
We note that you did not confirm the cut point using in-study samples and the differences 
noted above may affect the results and the interpretation of your NAB assay. Confirm the 
cut point of the NAB assay with at least 20 in-study samples from treatment naïve 
subjects. Provide the raw data in a table showing for each serum sample tested side by 
side the cell proliferation in the presence and absence of added erythropoietin. A 99% CI 
cut point is recommended to reduce the risk of false negative results. Provide the data 
and calculations that support the new cut point. 
 
 

Hospira Response: 
 
Sample Selection for In-Study Cutpoint Determination 

 
 

The Sponsor utilized a simple random sampling method to select pre-treatment serum samples 
from healthy volunteers (EPOE-14-01) or CKD patients (EPOE-10-01 and EPOE-10-13) to 
calculate in-study cutpoints. 30 random samples were selected from each clinical study. The 
selected samples were not collected at sites closed due to GCP non-compliance and represent a 
subset of the samples that were selected for the revalidation of the RIP assay cutpoint 
(submission date 5/2/16).  
 
FDA Comment: The approach to select samples for determination of the study-specific cutpoints 
is appropriate. 
 
 
In-study screening assay cutpoint calculation  
 
Each set of pretreatment samples (14-01, 10-01, and 10-13) was tested in four independent runs 
by two analysts.  For the CKD-specific cutpoint, 30 pre-treatment samples from EPOE-10-01 
and 30 pre-treatment samples from EPOE-10-13 were randomly selected and tested. For the 
healthy subject-specific cutpoint 30 pre-treatment samples from EPOE-14-01 were randomly 
selected and tested.  For both populations the % inhibition distribution was analyzed after the 
removal of statistical outliers. The data were found to be normally distributed using a Shapiro 
Wilk normality test.   
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CKD samples before outlier removal 
 
 

 
 
 
CKD samples after removal of outliers 
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Healthy subjects before outlier removal 

 
 

 

 
Healthy subjects after outlier removal  
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Since the data for both healthy and CKD sera were normally distributed a parametric 99% 
cutpoint was used in both cases.   
 

CKD:   26.343% inhibition 
Healthy:  21.311% inhibition 

 
The calculations are shown in the tables below. 
 
 
CKD samples 
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Healthy samples 
 

 
FDA comment: The in-study cutpoints are less conservative than the cutpoints derived from the 
2014 validation (16.8% inhibition for healthy serum and 12.6% inhibition for CKD). However 
the approach to calculate the fixed in-study cutpoints is appropriate, and is therefore acceptable.  
 
 
Analysis of TF-1 cell line proliferation without EPO stimulation 
 
For the samples that were used to calculate the in-study cutpoints the data for TF-1 cell line 
proliferation with and without EPO stimulation was provided. Examples of both the raw OD 
values and the baseline adjusted (with Blank sample subtracted) are shown below.   
 

Reference ID: 4266940



Biosimilar: BLA125545 26                                                    Immunogenicity Review 

 

26 

 

 

 
 
The percent signal shown in table 8 is calculated by subtracting the blank (BL1) from the 
proliferation data with and without EPO using the following equation: 
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FDA Comment: These data indicate that the baseline adjusted signal without EPO is generally 
less than 10% of the signal with EPO.  Furthermore the proliferative signal induced by the 
serum without EPO was generally less than 10% higher than the blank. This suggests that 
factors in the serum such as G-CSF, IL3 and GM-CSF had a minimal effect on TF-1 
proliferation.  This is acceptable. 
 
 
Drug tolerance 
 
The drug tolerance of the assay was re-evaluated with the newly calculated in-study cutpoints.  
“Epoetin Hospira” or Epogen was incubated was incubated with the control samples at 
concentrations from 50 pM to 1000 pM.  This was done in both NHS and CKD serum. The drug 
tolerance of the assay was found to be at least 50 pM for LPC2 (1:160,000) which is about 1.5-
fold above the Cmax of the drug and at least 250 pM for LPC1 (1:120,000).  
 
FDA Comment: The drug tolerance of the assay with the newly calculated cutpoints is above the 
level of on-board product expected at the time of sampling. This is acceptable. 
 
 
CR Comment 2.b 
 

b. Proliferation of the TF-1 cell line can be affected by multiple molecules in patient 
serum (G-CSF, IL3, GM-CSF). We note that, in order to verify that serum concentrations 
of these molecules do not interfere with assay performance, you tested the effect of sera 
on TF-1 cell proliferation in the presence and absence of erythropoietin stimulation. 
Provide these results when reporting the neutralizing antibody assay data to facilitate 
interpretation. 

 
 
Hospira Response:  
 
Hospira has provided the results from the retesting of clinical material with the newly validated 
cutpoints with and without EPO stimulation. This is discussed in section 3 of this review. 
 
FDA Comment: The Sponsor is using rabbit polyclonal antiserum as a positive suitability 
control for routine sample testing. The Sponsor indicated in a July 2,2015 IR response that when 
the antibody was affinity purified from the antiserum that it lost its neutralizing activity and so 
could not be used to calculate the assay sensitivity. However 3 monoclonal IgG antibodies of 
known concentration were tested in the assay as part of a WHO EPO reference antibody panel, 
and a sensitivity of 1.95-3.91 ng/ml was calculated.  The supporting data were provided to the 
Agency, and were found to be adequate. 
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3. Clinical evaluation of immunogenicity in studies EPOE-10-01, EPOE-
10-13, and EPOE-14-01 

 
Hospira retested the clinical samples from the 3 parallel-arm multiple-dose clinical studies in 
CKD patients (10-01 and 10-13) and healthy volunteers (14-01) at  using re-
calculated in-study cutpoints and appropriate suitability controls. The MRD of 1:20 was used as 
the starting dilution in the titering assay; therefore the true titers of the positive samples were 
obtained by multiplying all reported titer results by 20.  
 
EPOE-10-01 
 
EPOE-10-01 was a multiple dose parallel arm study with 301 patients randomized to receive 
“Epoetin Hospira” and 304 patients randomized to receive Epogen. CKD patients enrolled in 
EPOE-10-01 were treated with “Epoetin Hospira” or  US-Epogen/Procrit 1-3 times per week for 
up to 24 weeks. Patients were tested for ADA at baseline, week 12, week 24, and the 28-day 
follow-up.  The results of immunogenicity testing are described in clinical study report EPOE-
10-01. The incidence of ADA at baseline, at any time during the study, and at the end of the 
study are summarized in the table below. The reanalyzed samples showed a slightly higher 
incidence of ADA than the original analysis. No samples tested positive for neutralizing 
antibodies during the re-testing of clinical samples from EPOE-10-01.   
 
 

 
 
There were 2/301 patients in the “Epoetin Hospira” group that were confirmed positive for ADA 
at baseline.  One patient (1/301) in the “Epoetin Hospira” group was negative for ADA at 
baseline and tested positive at week 24 for low titer (<1:40) ADA. In the Epogen group 3/304 
patients were positive for ADA at baseline and 1/304 was negative at baseline and tested positive 
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at week 24 for low titer (<1:40) ADA. No ADA positive patients tested positive for NAbs or had 
an impact on efficacy or safety signals. All patients that tested positive in the original analysis 
were also positive upon retesting. 
 

 
 
The acceptance criteria for the RIP screening and confirmatory assays are shown below.  The 
acceptance criteria include acceptable ranges for the normal healthy serum NC (NHSP), chronic 
kidney disease serum NC (CKDP), the ratio of HCP /NHSP, the ratio of LPC2 (40 ng/ml)/ 
CKDP, and the ratio of HPC/LPC2.  In addition LPC2 and HPC must be above the assay 
cutpoint for a run to be valid.   
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Reviewer comment: The acceptance criteria for the RIP assay provides numeric ranges for the 
negative controls and for the ratios of the positive controls to the negative controls.  This is 
sufficient to ensure that the dynamic range of the assay is maintained on each run.  These 
criteria are acceptable. 
 
Examples of the suitability controls for the first 5 assay runs are shown in the table below. 
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Reviewer comment: The levels of LPC and HPC used during the testing of clinical samples 
covered the range of signal that was observed in the samples. The suitability controls performed 
consistently throughout the assay runs.  The suitability controls also performed consistently 
throughout the two NAb assay runs. The performance of the RIP and NAb assays during the 
testing of clinical samples from EPOE-10-01 is acceptable.  
 
EPOE-10-13 
 
Clinical study EPOE-10-13 was a multiple dose parallel arm study that consisted of a titration 
period and a maintenance period. Samples for ADA testing were collected at day 0 of the 
titration period, the end of the titration period, day 0 of the maintenance period, week 16 of the 
maintenance period, and the 28-day follow-up after the end of treatment. The data summaries 
shown in the tables below show the incidence of ADA for the titration period (Table 59A) and 
for the maintenance period (Table 60A).  
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Overall, 3 patients who received Epogen in the titration and maintenance phases of the trial 
developed treatment emergent ADA. One patient receiving Epogen in the titration period tested 
positive at baseline and did not undergo further testing. One patient who received “Epoetin 
Hospira” in the titration and maintenance phases tested positive at baseline and then at multiple 
points during the trial. One patient receiving Epogen during the titration phase and “Epoetin 
Hospira” during the maintenance phase tested positive at the first pre-dose visit of the 
maintenance phase. The titers of the positive samples were all similarly low at ~1:40 and all 
samples were negative for NAbs. All patients that tested positive in the original analysis were 
also positive upon retesting. 
 
During the re-testing of clinical samples from EPOE-10-13 there was a high frequency of invalid 
RIP screening/confirmatory assays (22 of 47 runs). The invalid assays were due to an increase in 
background for the negative control samples. The increase in NC values caused the NC controls 
to above the 0.12% CPM acceptance limit and also caused the LPC2 to be negative due to an 
increase in the floating cutpoint. The Sponsor performed a root cause analysis and determined 
the increase in background signal was likely due to instability of new lots of radiolabeled epoetin 
used in these assay runs. The Sponsor determined that the iodogen tube lot (used to radiolabel 
the Epoetin precursor) was the likely cause of the instability. New lots of radiolabeled Epoetin 
were prepared and the NC values obtained were within an acceptable range.    
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Reviewer comment: The Sponsor repeated the testing for samples that were run in invalid 
assays. The suitability controls and acceptance criteria provide adequate control over assay 
performance to ensure the data obtained from the valid runs are reliable.  
 
The following IR was sent on March 31st, 2017: 
 
“According to Bioanalytical Report 2016-B-10-04 there was a series of invalid assays 
during testing of samples from clinical study EPOE-10-13 due to an increase in the 
background %CPM of the negative control samples. A root cause investigation attributed 
the failures to instability of the 125I-epoetin capture reagent, potentially associated with the 
lot of iodogen used for radio-labeling. Regarding this incident, please provide the 
following information to the Agency: 
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1. A list of bioanalytical runs for the testing of EPOE-10-13 clinical samples identifying the 
run used to assess each sample and indicating which 125I-epoetin lot was used for each of 
the runs. Indicate the order in which the assays were run and whether each of the runs 
was considered valid. 

2. There were several runs that met assay acceptance criteria interspersed with the 
runs that were invalid due to the unstable 125I-epoetin reagent. Are any ADA 
results reported in clinical study report EPOE-10-13 derived from assays that were 
considered valid at the time, but used an 125I-epoetin reagent that was later 
determined to be unstable? Indicate whether the data from those “valid” runs were 
used to report ADA status and whether any of the clinical samples from those runs 
were retested once control over the 125I-epoetin reagent was re-established to 
confirm the data. Include any additional information that might help establish that 
the data reported for EPOE-10-13 clinical samples were derived from valid assays. 

3. Provide an update on the root cause investigation regarding the iodogen reagent 
used for radio-labeling.” 
 

Hospira provided a response on April 4th, 2017. Included in the response was a list of all runs for 
EPOE-10-13 indicating which 125I Epoetin stock lot was used, and what dilution lot was used for 
each run.  
 
The Sponsor noted that the screening result for one sample (  ID 2011) was derived from an 
invalid assay (boxed in red). This was due to the fact that the sample was screened positive in the 
invalid run and was directly tested in the confirmatory assay where it was confirmed positive. 
Since the sample was confirmed positive it was not retested in the screening assay.  
 
The Sponsor explained that the results obtained from the valid assays that were interspersed 
among the invalid assays (boxed in blue) were considered valid because the intra-assay 
suitability controls ensure that the assay is performing appropriately. Each run contains NC, LPC 
and HPC samples. The acceptance criteria for the NC and PC samples include numeric ranges as 
well as ratios of LPC/NC and HPC/NC that ensure that the dynamic range of the assay is 
captured. The LPC in each run must be above the FCP for the run to be valid, ensuring that low 
levels of antibody are captured. 
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Reviewer comment: The Sponsor’s justification for using data from valid runs that utilized 125I-
Epoetin that was later determined to be unstable is reasonable. The system suitability controls 
are sufficient to demonstrate that the assay was performing within an acceptable range for the 
valid assay runs. 
 
Reviewer comment: Regarding the ongoing investigation into the iodogen reagent, Hospira 
stated that there has only been one lot of iodogen produced by the vendor since the incident. This 
lot is currently being tested by Hospira. Additional lots will be tested as they become available 
and the assay runs will continue to be monitored by the system suitability control performance. 
Hospira has committed to update the Agency once three iodogen lots have been evaluated. This 
is acceptable. 
 
 
 
EPOE-14-01 
 
Clinical study EPOE-14-01 was a multiple dose parallel arm study in healthy male volunteers 
who were randomized into “Epoetin Hospira” (n=66) or Epogen (n=63) arms. The study drug 
was administered as 3 subcutaneous injections (100U/kg) per week for 4 weeks. Serum samples 
were collected at baseline, day 12, and day 28 for ADA analysis. In general, similar rates of 
ADA were observed between the two treatment arms as summarized in the table below. 
 

 
 
Descriptions of each ADA subject are shown in the tables below.  In the “Epoetin Hospira” arm, 
3/66 subjects were positive for ADA at baseline and 2/66 subjects were negative at baseline and 
tested positive at day 28. In the Epogen arm 2/63 subjects were positive at baseline and 2/63 
subjects were negative at baseline and developed ADA after exposure. All ADA positive 
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subjects had titers of <1:160 except for subject 01-2098 in the Epogen group who developed an 
ADA titer of 1:5120 during the study. There were no neutralizing antibodies detected in any 
subjects and no impact on safety or efficacy was observed.    
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Post-marketing experience with EU-approved Retacrit (Hospira) 

Two cases of PRCA have been reported following exposure to Hospira’s EU-approved Retacrit 
epoetin alfa product. In both cases neutralizing ADA were detected. Since its approval in 2007 
the cumulative patient exposure to EU-Retacrit is estimated to be greater than 323,108 patient-
years. Sporadic cases of PRCA have been reported for other erythropoietin products and thus the 
frequency of PRCA reported is not different from that reported in the literature { Rossert J, 
Casadevall N, Eckardt KU. Anti-erythropoietin antibodies and pure red cell aplasia. J Am Soc Nephrol. 
2004;15(2):398–406.}.  

 
 
General conclusion: The Sponsor re-calculated in-study cutpoints for EPOE-10-01, EPOE-10-
13 and EPOE-14-01 and re-tested the clinical serum samples with low positive controls in the 
appropriate range. The results demonstrated a low incidence of binding ADA to both “Epoetin 
Hospira” and Epogen. No individuals enrolled in the clinical trials developed neutralizing 
antibodies against the product, and no cases of PRCA were reported in these trials. Overall 
these data support similar rates of immunogenicity for “Epoetin Hospira” and Epogen. 
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*For purposes of this review, we generally refer to Hospira’s proposed product by the Hospira descriptor “Epoetin 
Hospira.”  FDA has not yet designated a nonproprietary name for Hospira’s proposed biosimilar product that 
includes a distinguishing suffix (see Draft Guidance on Nonproprietary Naming of Biological Products). 
 

 

DEPARTMENT OF HEALTH AND HUMAN SERVICES                                     Public Health Service 

 
Food and Drug Administration 

Center for Drug Evaluation and Research 
WO Bldg. 51, 10903 New Hampshire Ave. 

Silver Spring, MD 20993 
 
Date:      May 26, 2017 
To:    Administrative File, STN 125545/Resub 44 
From:    Michael R. Shanks, Reviewer, CDER/OPQ/OPF/DIA 
Endorsement:  Peter Qiu, Ph.D., Branch Chief, CDER/OPQ/OPF/DIA 
Subject:   New Biologic License Application (BLA) 
US License:    1974 
Applicant:   Hospira, Inc.  
Mfg Facility: Drug Substance:   

 
 Drug Product:  Hospira, Inc., McPherson, KS (FEI 1925262)  

Proposed Trade Name: Retacrit  
Nonproprietary Name: To be determined.  Referred to as “Epoetin Hospira” by the applicant*) 
Dosage: Single-dose, preservative-free, sterile aqueous solution intended for intravenous 

or subcutaneous injection supplied in a 1 mL fill of a 2 mL vial with the 
following presentations for injection, 2000, 3000, 4000, 10,000 or 40,000 
Units/mL. 

Indication: For the treatment of anemia due to: 
  

 Chronic Kidney Disease (CKD) in patients on dialysis and not on dialysis 
 Zidovudine in HIV-infected patients 
 The effects of concomitant myelosuppressive chemotherapy, and upon 

initiation, there is a minimum of two additional months of planned 
chemotherapy  

 Reduction of allogeneic RBC transfusions in patients undergoing 
elective, noncardiac, nonvascular surgery 

   
 

Due Date: June 26, 2017 
 
 
Recommendation:  This application is recommended for withhold from a facility review 
perspective.   
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SUMMARY 
 
The subject BLA proposes manufacture of “Epoetin Hospira” Drug Substance and Drug Product 
at the following facilities.   
 

 
is responsible for DS manufacturing, in-process control testing, release testing, and 

stability testing of Drug Substance (except Biopotency assay), packaging and labeling of Drug 
Substance, QA release of Drug Substance, storage of Drug Substance, and reference standard, 
and working cell bank (for manufacturing supply).  A Pre-license inspection was conducted on 

.  A five item FDA Form 483 was issued with a classification of VAI, and a final 
recommendation as acceptable. 
 
The manufacturing of “Epoetin Hospira” DP is performed at Hospira, Inc., McPherson, KS (FEI 
# 1925262).  Additional Hospira, Inc. responsibilities are acceptance testing of Drug Substance 
(DS) (appearance, identity, and bacterial endotoxins), in-process control testing of DP, release 
and stability testing of DP (sterility and bacterial endotoxins), secondary packaging and labeling, 
storage, and QA release of DP.  A cGMP, Pre-Approval (NDA , Erythrocin 
Lactobionate Powder for Injection) and Basic Medical Device inspection of a human and 
veterinary drug and combination drug/device manufacturer was conducted on 05/16/2016 – 
6/08/2016.  A 14 item FDA Form 483 was issued with a classification of OAI, and a final 
recommendation as unacceptable.  A warning letter was issued on February 14, 2017. 
 

 is responsible for 
the manufacture, testing, and storage of master and working cell bank.  A cGMP and Pre-
approval inspection was conducted on .  An FDA Form 483 was issued 
with a classification of VAI, for final recommendation. 
 
All other facilities preforming testing on DS and DP, and DS storage are acceptable or pending 
compliance review.  The facility descriptions submitted in this BLA have been reviewed and 
found to be adequate to support the manufacture of “Epoetin Hospira” Drug Substance and Drug 
Product. 
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ASSESSMENT 
 
DRUG SUBSTANCE  
3.2.S.2.1 Manufacturers 
 
The proposed “Epoetin Hospira” DS manufacturing, storage, release testing, and stability testing 
sites are listed below in Table 1. 
 
Table 1.  “Epoetin Hospira” Drug Substance Facilities. 

 
Site Name 

 
Address 

 
FEI 

 
Responsibilities 

Drug Substance manufacturing, in-process control 
testing, release testing, and stability testing of 
Drug Substance (except Biopotency assay), 
packaging and labeling of Drug Substance, QA 
release of Drug Substance, storage of Drug 
Substance, and reference standard, and working 
cell bank (for manufacturing supply) 

Hospira, Inc. 1776 N. Centennial Dr. 
McPherson, KS 67460 

1925262 Storage of Drug Substance 

Alternate stability testing site of 
Drug Substance (except Biopotency 
assay) 
In vitro Biopotency release and 
stability testing of Drug Substance 
Manufacture, testing, and storage of Master and 
Working Cell Bank 

 
Review comment:  The compliance status of the Hospira, Inc. (FEI #1925262) facility associated 
with the storage of “Epoetin Hospira” drug substance is not adequate and a withhold 
recommendation is made.  All information provided in this submission regarding the identity of 
the facilities for manufacturing, storage, release testing, and stability testing for “Epoetin 
Hospira” DS is adequate.   
 

—Withhold Recommendation— 
 

Facility Inspection: 
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and veterinary drug and combination drug/device manufacturer. The current EI revealed 
significant deficiencies that are similar or the same to deficiencies revealed by the most recent 
and other prior EIs of this firm. The deficiencies pertained to the following systems: Quality, 
Production, Packaging and Labeling and their Device QSR/Combination Products. The 
inspection also found the firm manufacturing sterile, injectable epinephrine without an approved 
application. The firm reported this product is grandfathered and therefore exempt from FDAs 
approval process.  Management stated a written response to the problems would be submitted to 
KAN-DO. No samples were collected. The inspection recommendation was OAI and a warning 
letter was issued on February 14, 2017. 

Review comment:  The compliance status of the facilities associated with the manufacture of 
“Epoetin Hospira” drug substance are not adequate and a withhold recommendation is made 
based on the compliance status of the Hospira, Inc. (FEI #1925262) facility. 
 

—Withhold Recommendation— 
 
 
3.2.A.1 Facilities and Equipment 
 
The Facilities and Equipment was reviewed in the original submission on September 14, 2015.  
There are no changes from this submission and review. 
 
 
 
 
 
DRUG PRODUCT  
 
3.2.P.2.1 Manufacturers 
 
The proposed “Epoetin Hospira” DP manufacturing, storage, release testing, and stability testing 
sites are listed below in Table 6. 
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Table 6.  “Epoetin Hospira” Drug Product Facilities. 
 

Site Name 
 

Address 
 

FEI 
 

Responsibilities 
Hospira, Inc. 1776 N. Centennial 

Drive 
McPherson, KS 
67460 

1925262 Manufacture of DP, acceptance testing of 
DS (Appearance, Identity, and Bacterial 
Endotoxins), in-process control testing of 
DP, release testing of DP (Sterility and 
Bacterial Endotoxins), stability testing of 
DP (Sterility and Bacterial Endotoxins), 
secondary packaging and labeling of DP, 
storage of DP, QA Release of DP. 
Release testing site of DP (except 
Sterility, Bacterial Endotoxin, and 
Biopotency assay), stability testing site of 
DP (except Sterility, Bacterial 
Endotoxins, and Bioactivity assay). 
In vitro Biopotency release and stability 
testing of DP. 

Rabbit Pyrogen release and stability 
testing of DP. 

Container-closure Integrity by Helium 
Leak Detection for stability testing of DP. 

 
Review comment:  The compliance status of the Hospira, Inc. (FEI #1925262) facility 
associated with the manufacture of “Epoetin Hospira” drug product is not adequate and a 
withhold recommendation.  All information provided in this submission regarding the identity of 
the facilities for manufacturing, storage, release testing, and stability testing for “Epoetin 
Hospira” DP is adequate. 

—Withhold Recommendation— 
 

Prior Inspection History 
 
Hospira, Inc. (FEI #1925262) had a comprehensive, PAI and cGMP inspection per KAN-DO on 
03/23/2015 - 04/03/2015.  This inspection covered Quality, Production, Packaging and Labeling, 
and Laboratory Control Systems in full, and aspects of the Materials and Facilities, and 
Equipment Systems for the following profiles:  BTP, CTX,  SVL, SVS,  

.  Pre-Approval coverage included BLA 125545 "Retacrit" (“Epoetin Hospira”) Injectable.  
This inspection resulted in a FDA Form 483 issued to the firm for an inadequate investigation 
into a failed sterility test in a finished injectable human drug product.  Of the PAC Codes for this 
inspection, 46832, 56002, 56002A, 56002M, 71001, and 82845A, only 56002 was VAI, all 
others were NAI.  For the PAI it was NAI and the entire inspection had a final recommendation 
as acceptable.  Additionally, the previous three inspections of the Hospira, Inc. in McPherson, 
KS (FEI #1925262) occurred on 04/23/2014 (VAI), 08/16/2013 (VAI), and 10/24/2012 (VAI).  
The 04/23/2014 inspection was a cGMP, Basic Medical Device and Pre-approval inspection for 
drug and device manufacturing including coverage for the Quality, Facilities and Equipment, 
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Quality Review Data Sheet 

 

1. LEGAL BASIS FOR SUBMISSION: 351(k) 
 

2. RELATED/SUPPORTING DOCUMENTS:  
 

A. DMFs: 

DMF 
# 

Type HOLDER ITEM 
REFERENCED 

CODE1 STATUS2 COMMENTS 

III 3 Adequate None 

III 3 Adequate None 

III 3 Adequate None 

1 Action codes for DMF Table: 1 – DMF Reviewed; Other codes indicate why the DMF was not reviewed, as 
follows: 2 – Reviewed previously and no revision since last review; 3 – Sufficient information in application; 4 – 
Authority to reference not granted; 5 – DMF not available; 6 – Other (explain under "Comments") 

2 Adequate, Adequate with Information Request, Deficient, or N/A (There is enough data in the application, 
therefore the DMF did not need to be reviewed). 

Reference is made to Type V DMF for  (stoppers) 
and Type V DMF for Container Closure Integrity by Helium Leak test (  

), Container Closure Cleaning Processes. The review of these two DMFs is 
deferred to DMA. 

3. CONSULTS: 
 

None 

Reference ID: 4266940

(b) (4) (b) (4)

(b) (4)

(b) (4) (b) (4)

(b) (4)



  
 

 4

QUALITY REVIEW, BLA 125545‐“Epoetin Hospira” 

Executive Summary 
 

I. Recommendations 
A. Recommendation and Conclusion on Approvability 

a. Recommendation 
 

The Office of Biotechnology Products, OPQ, CDER, completed review of BLA 124555 for 
“Epoetin Hospira” manufactured by Hospira Inc., as a proposed biosimilar to US-licensed 
Epogen/Procrit.   
 
The analytical similarity data submitted by Hospira indicate that most quality attributes evaluated 
in “Epoetin Hospira” and the reference product are highly similar. However the erythropoietin 
content in “Epoetin Hospira” is approximately 4.0% higher than that in the reference product. In 
addition, Hospira needs to evaluate whether the two products contain highly sialylated species 
using orthogonal methods. Thus, at this time there is insufficient data to conclude that “Epoetin 
Hospira” is highly similar to US-licensed Epogen/Procrit.  
 
The manufacturing data and information provided in the submission are insufficient to support a 
conclusion that the manufacturing process of “Epoetin Hospira” is well controlled and leads to a 
product that is pure and potent for the duration of the product shelf life. From a CMC 
perspective, OBP recommends a Complete Response be issued to Hospira Inc. to outline the 
deficiencies noted below and the information and data that will be needed to address those 
deficiencies. 
  

b. Summary of Complete Response Issues 
 

The following deficiencies were identified regarding the characterization, manufacturing process 
and control strategy of “Epoetin Hospira”: 

 
1. Deficient protocol for the manufacture of future working cell banks. 
2. “Epoetin Hospira” DS manufacturing process validation: 

a. Insufficient information to support consistency and control of product yield. 
b. Insufficient information about the  used in 

manufacture. 
c. Insufficient information to support  at 

commercial scale. 
d. Inadequate small-scale model and data used to support chemical hold times of 

. 
3. Inadequate acceptance criteria defined in the protocol for concurrent validation of 

. 
4. Deficient protocols for qualification and requalification of the “Epoetin Hospira” 

analytical reference standard. 
5. Insufficient information on potential leachables from the  used to 

store “Epoetin Hospira” DS. 
6. Deficient protocol for concurrent validation of “Epoetin Hospira” DP shipping.   
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7. Insufficient data to support the manufacture of the 3,000 U/mL, 4,000 U/mL and 40,000 
U/mL strengths of “Epoetin Hospira” DP. 

8. Missing tests in the post-approval stability protocols for “Epoetin Hospira” DS and DP. 
9. Control of “Epoetin Hospira” DS and DP: 

a. Missing information on the biological activity of product-related species  
b. Inadequate release and stability acceptance criteria for potency of DS and DP. 
c. Insufficient information to support the use of size exclusion chromatography 

(SEC) to monitor high molecular weight species (HMWS). 
d. Deficient acceptance criteria for identity assays. 
e. Inadequate release and stability acceptance criterion for pH for DS. 
f. Inadequate release and stability acceptance criteria for product-related species 

(product-related impurities and substances) for DS and DP. 
g. Deficient acceptance criterion for extractable volume for DP. 
h. Insufficient information to evaluate coverage of the host cell proteins assay. 
i. Lack of analytical method transfer reports 

 
10. The following analytical similarity issues need to be addressed: 

 
a. Differences in protein content between “Epoetin Hospira” and the US-

licensed reference product. 
b. Investigate whether highly sialylated species potentially present in “Epoetin 

Hospira” may be also present in the reference product. 
c. Clarification on inconsistences in the information provided in the 351 (k) 

BLA regarding the “Epoetin Hospira” lots used in PK/PD similarity study 
EPOE-12-02.  

d. Revision on a in vivo potency assay dataset used to compare “Epoetin 
Hospira” and the reference product. 

e. Clarification on the performance of the trypsin peptide map method used in 
the analytical similarity assessment. 

 
c. Complete Response Letter Language 

 
Analytical Similarity 
 

1. Your analytical similarity assessment shows that “Epoetin Hospira” drug product has 
approximately 4% higher erythropoietin content as compared to US-licensed 
Epogen/Procrit. This difference in erythropoietin content raises concerns regarding 
exposure when the proposed erythropoietin content release specification for your drug 
product are considered. An ~4% difference in erythropoietin content between “Epoetin 
Hospira” and the reference product combined with the proposed release acceptance 
criterion of ± % for the erythropoietin content could potentially allow for an 
unacceptably large difference between the two products. You previously indicated that 
the failed legacy PK study (EPOE-10-08) may have resulted from differences in 
erythropoietin content of approximately 10% between “Epoetin Hospira” and the US-
licensed reference product. Thus, while revising the acceptance criteria for the 
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erythropoietin content of your drug product is necessary, revised erythropoietin content 
specifications alone will not be sufficient to address the concerns related to exposure. 
 
To address the differences in erythropoietin content between your proposed product and 
the reference product, you should adjust the erythropoietin content of “Epoetin Hospira” 
drug product to be in agreement with the erythropoietin content of the US-licensed 
reference product that you determined in your analytical similarity assessment. To 
support the adjusted drug product formulation, you should evaluate the impact of 
adjusting erythropoietin content on other process and product parameters, including an 
assessment of in-vivo and in-vitro potency. In addition, you should tighten the 
erythropoietin content release and stability specification for “Epoetin Hospira” drug 
product to a more appropriate range, and provide a justification for the revised acceptance 
criterion. 
 

2. Inconsistences were noted in the information provided in your 351 (k) BLA regarding  
the “Epoetin Hospira” drug product lots used in the single dose PK/PD similarity study, 
EPOE-12-02. In amendment 20 to the BLA received on May 4, 2015, you stated that 
“Epoetin Hospira” lot CL2-309 was used for PK/PD study EPOE-12-02. However, in 
section 3.2. P.2 Pharmaceutical Development (page 31), you listed lots CL1-044, CL1-
048 and CL1-438 as the drug product (“DP”) lots used in PK/PD study EPOE-12-02. 
Your analytical similarity assessment suggested that lots CL1-044, CL1-048 and CL1-
438 have different protein content than other “Epoetin Hospira” DP lots including lot 
CL2-309. Thus, it is not clear which “Epoetin Hospira” lots were used in this 
comparative study. Clarify the “Epoetin Hospira” lots used in the PK/PD similarity study 
EPOE-12-02.  
 

3. Figure 1 in Section 3.2.R.5.6.4 of your 351(k) BLA provides representative dose-
response curves for the in vivo bioassay comparing “Epoetin Hospira” and the US-
licensed reference product. The data used to plot the curves were not provided. Our 
review of these plots suggested that the dose response curves for the two products 
appeared to be generated from an identical dataset, which raised questions regarding the 
accuracy and identity of the data used to generate them. During inspection of the drug 
substance manufacturing facility conducted on , we evaluated primary 
analytical similarity data, including the in-vivo biological activity data provided by 
representatives from Hospira. At that time, Hospira confirmed that the same dataset was 
inadvertently used to generate the representative in vivo biological activity plots for 
“Epoetin Hospira” and the US-licensed reference product and provided records of the 
correct datasets. Update your submission with the correct primary data and plots for the 
representative in-vivo biological activity data described in section 3.2.R.5.6.4. 
 

4. The chromatograms for native N-linked glycan analysis of “Epoetin Hospira” drug 
substance (e.g. Figure 47, Section 3.2.S.3.1) obtained by High Performance Anion 
Exchange Chromatography with Pulsed Amperometric Detection (HPAEC-PAD) show 
unlabeled peaks between 52 and 60 min. In the HPAEC-PAD method validation report, 
you refer to these peaks as “pentasialylated” species; however no additional information 
was provided regarding the origin and identity of these species and whether they are 
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observed in the US-licensed reference product. Provide data to support the identity of 
these species. In addition, provide data for the analysis of native N-linked glycans in the 
reference product by HPAEC-PAD and address whether these “pentasialylated” species 
are present in the US-licensed reference product. 
 

5. The trypsin peptide map of “deformulated” Epogen (Figure 2, Section 3.2.R.5.6.1.1) 
shows small peaks between 21 and 23 minutes that are not observed in “Epoetin 
Hospira”. Please clarify the identity of these peaks. In addition, comparison of the 
representative “Epoetin Hospira” trypsin peptide maps in Section 3.2.R.5.6.1.1 (Figures 1 
and 2) to the peptide maps of “Epoetin Hospira” Drug substance (DS) lots 410340 and 
410637 in the method qualification report (Figure 1 in Report LF-194-R-222-14) shows 
differences in peak intensities, resolution and retention times that suggest differences in 
method performance between the qualified method and the method used in the similarity 
assessment. Please explain the differences in peak intensities, resolution, and retention 
times observed between the “Epoetin Hospira” trypsin peptide maps provided in the 
method qualification report and in Section 3.2.R.5.6.1.1. 
 

Drug Substance 
 

6. Characterization of process-related impurities in “Epoetin Hospira” drug substance 
(“DS”) detected the presence of an olfactory receptor protein from Cricetulus griseus 
(Chinese hamster). This protein was detected as a low abundance early eluting peak by 
RP-HPLC. The identity of this species was confirmed by LC-MS tryptic peptide 
mapping. You reported that the levels of this impurity in 13 “Epoetin Hospira” drug 
substance lots ranged from 0.2 to 0.3% by RP-HPLC. Provide data to demonstrate that 
the host cell protein (HCP) assay used to quantify HCP as a release method of “Epoetin 
Hospira” drug substance is able to detect and quantify the olfactory receptor protein 
detected by RP-HPLC. 
 

7. Based on the information provided throughout your 351(k) BLA, we are unable to 
determine your final designation of several product related species identified in ‘Epoetin 
Hospira” (e.g. Asn deamidation, and Asp isomerization species) as either product-related 
substances or product-related impurities.  In Table 1 of Section 3.2.S.3.2, you stated that 
“product related species are assigned as product related impurities pending completion of 
studies to evaluate the bioactivity of samples…”.  Provide information as to whether the 
product related species identified in “Epoetin Hospira” under acceptable conditions of 
use, storage, and potential excursions are product-related substances or product-related 
impurities. Data to support their designation as product-related substances or product-
related impurities based on both biological activity and safety should also be provided. 

 
8. In Section S.2.S.2.5 of the BLA, you provided the process performance qualification 

(PPQ) results for the five PPQ lots. One of the lots, lot 410638 showed lower production 
yield starting at the  step and in subsequent downstream 
manufacturing steps. At the stage, this lot had approximately % lower protein 
content compared to the other four PPQ lots. While lower protein content may not impact 
product quality, it may be a measure of process consistency. Provide clarification 
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regarding the root cause of the low product yield of lot 410638 and provide a justification 
as to why the results from your PPQ exercise, with respect to product yield are supportive 
of consistent manufacture. 

 
9. Your proposed action limit for controlling  at 

different steps of the drug substance upstream and downstream manufacturing processes 
is “report results”. This action limit does not allow adequate control of  

. Revise your action limit to define a range of  
 that will ensure control and consistency of protein content in the 

drug substance manufacturing process. 
 

10. For all the  steps involved in the manufacture of “Epoetin Hospira” drug 
substance including  

 you state that alternative or equivalent  
from those listed in your 351(k) BLA may be used. The identity of the 
alternative/equivalent  was not stated and it is not clear whether 
they were validated for use in the “Epoetin Hospira” drug substance manufacturing 
process. In addition, for the  step, the master and executed batch records submitted 
in your  351(k) BLA suggest that there are additional used for this step that are not 
listed in the description of the manufacturing process.  For example, page 364 of the 
executed batch record for lot 410637 shows a list of  some of which are not 
discussed in your description of the manufacturing process. Clarify the  

 used in each step of the manufacturing process and provide information as to 
whether they were validated for use in the manufacture of “Epoetin Hospira” drug 
substance. 
 

11. For qualification of future working cell banks (WCB), you propose to perform functional 
testing of the new working cell bank  of the drug 
substance manufacturing process. This testing is insufficient to confirm the suitability of 
the new working cell bank for manufacture of “Epoetin Hospira” drug substance. 
Following the manufacture of a new WCB, at least one lot of “Epoetin Hospira” drug 
substance should be manufactured and characterized to confirm the suitability of the new 
WCB.  Revise your qualification protocol for qualification of future WCBs to include the 
manufacture and complete characterization of at least one lot of “Epoetin Hospira” drug 
substance to confirm the suitability of future WCBs. 

 
12. The drug substance manufacturing process allows  

 
 
 

 The acceptance 
criteria for concurrent validation of the  

 step are inadequate because the proposed acceptance 
criterion of ≤  is inconsistent with the drug substance 
release specification of total  by  
(NMT %).  

Reference ID: 4266940

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4) (b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4) (b) (4)

(b) (4)



  
 

 9

QUALITY REVIEW, BLA 125545‐“Epoetin Hospira” 

 
 would 

result in drug substance lots failing the release specification. Revise your acceptance 
criteria for  validation to be consistent with the release 
specification of “Epoetin Hospira” drug substance and provide a justification for the 
revised criteria. 
 

13. Concurrent validation of  used in the “Epoetin Hospira’ DS 
manufacturing process at commercial scale is currently underway. Provide any finalized 
or interim validation reports for the  at commercial scale, 
including trending data of the parameters evaluated. 

 
14. In addition to reclassification of process parameters, you implemented additional changes 

to the drug substance manufacturing process following process validation. The changes 
included:  

 
 

  Provide trending lot 
release data for all quantitative quality attributes for all the drug substance lots 
manufactured to date to support your  at commercial scale. 

 
15. The small-scale studies used to support chemical stability of  

 used in the manufacture of “Epoetin Hospira” drug substance are not adequate 
because the containers used for these studies, i.e.  

 are not representative of the commercial scale containers. For example, the  
 are not representative of the  because the 

 introduce an additional material not present in the commercial scale 
process. Provide chemical stability data to support chemical hold times of  

 used in the manufacture of “Epoetin Hospira” drug substance 
using containers representative of commercial manufacture. 

 
16. The protocols for annual requalification of the analytical reference standard and 

qualification of future analytical reference standards are deficient. Because this reference 
standard is used to calculate the erythropoietin content of the drug product using the RP-
UPLC method, you should specify how the standard is calibrated for erythropoietin 
content and how this value is verified over time. The re-qualification acceptance criteria 
of  mg/mL for erythropoietin content may be acceptable provided the 
erythropoietin content is properly calibrated. Revise your protocol for qualification of the 
analytical reference standard to specify how the standard is calibrated for erythropoietin 
content and how this value is verified over time. In addition, the reference standard is 
used in the comparative acceptance criteria for DS and DP identity testing by trypsin 
peptide mapping and the gel based identity assays. Therefore, the qualification 
acceptance criteria for the identity of the analytical reference standard should be revised 
to state that no new species should be observed by these methods. 
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17. You state that the leachables risk assessment for the  used to store 
your drug substance considered the manufacturer’s extractables data, the storage 
conditions of the DS, and the fact that the material of construction conforms to USP  

 However, you did not provide details on the risk assessment including the potential 
leachates and their toxicology assessment. Provide a detailed risk assessment of the 
potential leachables from the container closure components used to store “Epoetin 
Hospira” drug substance. 

 
18. You state in your 351 (k) BLA that the  

used in the manufacture of “Epoetin Hospira” drug substance remains to be 
determined. Provide any finalized or interim validation reports for the  

 at commercial scale. 
 

19. In section 3.2.S.2.5, you provided a description of the scaled-down studies conducted to 
support the proposed  used in the downstream drug 
substance manufacturing process. However, you did not provide the data or study reports 
from these studies. To support the proposed  
provide the results of the scaled-down studies, including control charts that show the 
trends of the measured attributes with the increasing number of  

 step. In addition, for the  steps validated for  
 at small scale, please specify the number of  prior to use in the  

 experiments. 
 

20. Section 3.2.S.2.1 of the  351 (k) BLA  indicates that   
 is the primary release and stability testing site of “Epoetin Hospira” drug 

substance, with the exception of the potency assay.   is listed as an 
alternative stability testing site for “Epoetin Hospira” drug substance. The validation 
reports provided in your 351(k) BLA for the drug substance stability assays were 
generated by . Method validation and/or method transfer reports to  

were not provided.  Provide method validation or method transfer reports to support 
use of all the relevant methods at  

 
21. You propose to discontinue testing for the non-human sialic acid form N-

Glycolylneuraminic acid (Neu5Gc) species in the drug substance because the species are 
observed in low quantities (<1.3%)  in all drug substance lots tested to date.  You 
classified Neu5Gc as a high criticality CQA due to its potential to elicit an immune 
response in humans. Your overall control strategy does not include specific controls for 
these species. Provide a control strategy for Neu5Gc. 

 
22. For assessment of adventitious agents in the unprocessed bulk, you used a 14 day in vitro 

virus assay (IVV) in place of an IVV 28 day assay that utilizes an additional amplification 
step for detection of slow growing viruses. The risk associated with use of the 14 day 
IVV assay is the inability of the assay to detect adventitious or endogenous agents that 
may replicate slowly in the assay’s indicator cell lines. Provide a risk assessment to 
evaluate the risk of using a 14- day assay instead of an extended assay to detect 
adventitious agents in your unprocessed bulk. The assessment should consider risks 
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including, but not limited to, animal-sourced raw materials used in your manufacturing 
process, raw material testing requirements, the sensitivity of your assay to detect specific 
viruses that may have been introduced, and the consideration that growth of wild type 
viruses may be less robust compared to laboratory virus stocks accustomed to growth in 
cultured cells. 

 
Drug Product 
 

23. You propose to manufacture the 40,000 U/mL presentation on filling line in a batch 
size range of  L using a L tank. Validation of the manufacturing process for the 
40,000 U/mL presentation was conducted using three drug product lots manufactured at 
the L scale in a L tank on filling line  These process validation data support a 

L scale. However, it is not clear how e data support scales larger than L. 
Provide validation data to support the proposed batch size range of L for the 
40,000 U/mL drug product presentation on filing line  
 

24. Validation of the drug product manufacturing process utilized a bracketing strategy for 
the 2000 – 10,000 U/ml presentations.  Two lots each of the 3000 U/mL and 4000 U/mL 
drug product presentations were included in the validation exercise to assess process 
consistency and stability of the drug product.  In your process validation report, the 
results obtained to demonstrate consistency for the 3000 and 4000 U/mL lots, i.e. the 
results of the Critical Process Parameters (CPP), In Process Controls (IPCs) and In 
Process Tests (IPTs) were not provided. It is not clear if these lots were evaluated for 
these parameters as stated in Table 3 of Section 3.2.P.3.5. Provide the CPPs, IPCs and 
IPTs results for the 3000 and 4000 U/mL lots included in the PPQ exercise. 

 
25. The protocol provided in Section 3.2.P.5.5 of the 351 (k) BLA for qualifying the 

performance of the commercial transportation of drug product includes evaluation of two 
parameters; temperature and physical integrity of the shipment. This protocol is deficient 
because it does not include assessment of product quality.  Revise the commercial 
shipping validation protocol to include assessment of product quality. 

 
26. The information provided in your 351 (k) BLA indicates that all drug product release and 

stability testing except testing for endotoxins, sterility and potency, is conducted at  
. The validation report for the trypsin peptide mapping method used for 

analyzing the oxidized species in drug product during release and stability monitoring 
(method validation report LF-194-R-251-10) indicates that validation of the method was 
conducted by Hospira. Therefore, we are unable to determine if the method was validated 
for its intended use at . Provide method validation or method transfer reports to 
support use of this method at  

 
27. The results of your compatibility study of “Epoetin Hospira” drug product with plastic 

syringes from different vendors showed a significant increase in sub-visible particles 
when syringes are used. We are concerned about the increased levels of sub-
visible particles when  syringes are used due to potential link between sub-visible 
particles and safety, particularly immunogenicity. Provide justification to support the use 
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of syringes.  In addition, in this study you evaluated the compatibility of 
“Epoetin Hospira” drug product with plastic syringes ranging in volume from 1 mL to 3 
mL. The extractable/deliverable volume data used to support the fill of your drug product 
were based on extractable volume using a 1.5 mL syringe with a low void volume. It is 
unclear if a 3 ml syringe will deliver the appropriate volume for accurate dosing. If 
syringes larger than 1.5 mL will be used to deliver your drug product, you should provide 
extractable volume data from the syringe volume sizes that you proposed for use. 
Consider revising your product labeling to include specific information that will ensure 
safe use of your product. 

 
Drug Substance and Drug Product 
 

28. Revise your DS and DP post-approval stability protocols to include testing of pH. 
Consider including additional purity tests (such as SDS-PAGE) in the post approval 
stability protocols for DS and DP.  Measurement of pH and additional purity tests may 
provide information not otherwise provided by the proposed purity/impurity assays. 
  

29. Revise your release and stability specifications for “Epoetin Hospira” DS and DP to 
address the following: 

 
a. Your proposed release and stability acceptance criteria for the potency of the 

DS of  U/mg) are not supported by your clinical 
and manufacturing experience and do not consider the results from the 
analysis of the reference product. The specific activities observed for your 
clinical and commercial DS lots ranged from 112,000 – 133,000 U/mg. For 
the reference product, the in vitro specific activity results also ranged from 
112 – 133 U/µg (112000 – 133000 U/mg).   Revise your release and stability 
specifications for potency of DS to be consistent with the clinical and 
manufacturing experience of your product and with your analysis of the 
reference product. 
 

b. The “Epoetin Hospira” DP release and stability specification for potency 
should also be evaluated following adjustment of the erythropoietin content in 
your DP. Determination of appropriate potency acceptance criteria should take 
into consideration the results obtained from your analysis of the reference 
product.  

 
c. The impurities assessment in Section 3.2.S.3.2 of your 351(k) BLA using both 

SEC and SV-AUC suggest that SEC may underestimate the levels of dimers 
and HMWS in your product. The average level of dimers determined by SEC 
in “Epoetin Hospira” DS was 0.2±0.1% and HMWS larger than the dimer 
were not detected.  Assessment of HMWS by SV-AUC shows results ranging 
from 0.7 – 2.6% for dimers and up to 0.3% for HMWS larger than the dimer. 
SEC is used for release and stability testing of DS and DP. SEC is also used to 
establish the % HMWS standard used in the Western blot method. You 
should optimize the SEC used in release and stability testing of DS and DP or 
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provide data to support that SEC provides an accurate assessment of dimers 
and HMW species. In addition, provide data to support that the amount of 
HMWS species of the % HMWS standard used in the Western blot method 
is accurate. 

 
d. The DS and/or DP release acceptance criteria for your identity assays 

including trypsin peptide mapping and the gel-based methods are not adequate 
because they do not address the presence of new peaks/bands that are not 
observed in the reference standard. You should revise your identity assays 
SOPs to state that no new peaks/bands should be present in the peptide maps 
and gels and provide a definition of a new peak/band.  

e. Your proposed release and stability acceptance criterion for the pH of 
“Epoetin Hospira” DS (pH ) is not supported by your clinical and 
manufacturing experience. Although your development studies showed that 
the DS is  stable at significantly lower pH values, the pH observed in your 
clinical and proposed commercial DS lots ranged from  7.5 – 7.8.   Revise the 
pH release and stability specifications for ‘Epoetin Hospira” DS to reflect 
your clinical and manufacturing experience. 

f. Analysis of erythropoietin content in “Epoetin Hospira” by RP-UPLC 
(Method ATM-0813-4) shows a single main peak between 22 and 26 minutes 
with a tailing shoulder, which is integrated with the main peak for the 
determination of erythropoietin content. The identity of the tailing shoulder is 
not addressed in your 351 (k) BLA application.  Clarify the identity of the 
species in the shoulder peak. 
 

g. Your proposed DP release and stability acceptance criterion of % for Met 54 
oxidation for all strengths is not supported by the clinical and manufacturing 
experience. Revise the DP release and stability specifications for Met 54 
oxidation to reflect your clinical and manufacturing experience. You may 
need to establish different acceptance criteria for release and stability, and for 
the different strengths.  

h. The “Epoetin Hospira” DS release and stability acceptance criteria for N-
linked Native glycans by HPAEC-PAD and isoform distribution by Capillary 
Zone Electrophoresis (CZE) are generally wider than your clinical and 
manufacturing experience and may potentially allow for combinations of N-
linked native glycans and charged isoform distribution levels that may be 
different from those observed in your clinical lots and in the analysis of the 
reference product. Revise your DS release and stability acceptance criteria for 
N-linked native glycans by HPAEC-PAD and isoform distribution by CZE to 
be consistent with your clinical and manufacturing experience and with the 
results of the analysis of the reference product. 
 

i. The proposed release acceptance criterion for sialic acid content of NLT
mol/mol is not supported by your clinical and manufacturing experience and 
the results from the analysis of the reference product. Revise your release 
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acceptance criteria for sialic acid content for “Epoetin Hospira” DS to be 
consistent with your clinical and manufacturing experience and with the 
results of the analysis of the reference product. 

 
j. Your release and stability specification for extractable volume of “Epoetin 

Hospira” DP is  mL. Revise your acceptance criterion for extractable 
volume to include two decimal places. In addition, specify the rounding 
procedures applied to extractable volume data.  

 
k. Describe your control strategy for the Cys29-Cys33 trisulfide species and the 

N-linked glycan lactosamine repeats in “Epoetin Hospira” DS and DP. 

30. Section 3.2.P.6 of your 351(k) BLA describes the approach used to establish and qualify 
the Hospira internal primary and secondary biological reference standards PBRS-EPO-
101 and BRS-EPO-101, respectively. Please address the following comments related to 
the information provided in this section: 
 

a. You described the approach used to establish and qualify BRS-EPO-101 and 
align the potency results of “Epoetin Hospira” measured against International 
Biological Reference Preparation 3 (BRP3) in IU/mL with US-licensed 
reference product labeled potency in U/mL. This approach relies on the 
premise that the specific activity of “Epoetin Hospira” and the US- licensed 
reference product measured both in U/µg and IU/µg is the same. You 
provided data supporting that the in-vitro specific activity measured in U/µg is 
the same in both products. However, we are unable to locate the data in your 
351 (k) BLA that supports the claim that in vitro specific activity measured in 
IU/µg between the two products is the same. 
 
In the November 2012 Type C meeting package for IND 100685, you showed 
that there were statistically significant differences in in vitro specific activity 
(IU/µg) between “Epoetin Hospira” drug product formulated based on 
erythropoietin content and the US-licensed reference product. You attributed 
these differences to an overestimation of the erythropoietin content in the US-
licensed reference product due to residual HSA and provided model adjusted 
specific activity data that accounted for the contribution of residual HSA. We 
communicated at that meeting and in a CMC post-meeting comment to the 
June 12, 2014 Type 3 BPD meeting minutes that we do not agree with the use 
of model adjusted data to quantify erythropoietin content. 
 
To support the use of BRS-EPO-101 and PBRS-EPO-101 as bioassay 
reference standards and any potency conversions from IU to U, provide data 
from the analysis of a sufficient number of “Epoetin Hospira” and US-
licensed reference product lots to demonstrate that in vitro specific activity of 
the two products experimentally measured in IU/µg is the same. A 
comparison of specific activity in IU/µg eliminates any biases that could result 
from the assumptions made and subsequent manipulation/adjustment of the 
data to obtain bioactivity results in Units. 
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b. You stated in your 351(k) BLA that you conducted in vitro potency testing 

against the USP Erythropoietin reference standard for bioassays and the 
results obtained confirm that the USP/WHO international Unit (IU) is 
different from the U.S. Amgen Unit (U); however these data were not 
included in your 351(k) BLA. To further support your claim that the IU is 
different from the Amgen Unit, provide the results from this study and discuss 
how the results obtained with the USP Erythropoietin reference standard in IU 
compare to those obtained with BRP3 in IU. 
 

c. You intend to use BRS-EPO-101 to calculate the potency of “Epoetin 
Hospira” drug substance and drug product. Accurate and precise 
determination of the declared erythropoietin content and declared potency of 
BRS-EPO-101 and PBRS-EPO-101 is important to prevent drift in these 
attributes of the reference standard and your product over time. BRS-EPO-
101 (and by association PBRS-EPO-101) has a theoretically defined potency 
of U/mL, which was based on an erythropoietin content of  
µg/mL. You recently determined that the defined potency of the BRS- EPO-
101 should be  U/mL based on a re-measured erythropoietin content of 

µg/mL using a more accurate method (RP-UPLC). You determined that 
the % difference in biological activity is a minor difference and therefore 
retained the defined potency of U/mL. We do not agree with your 
approach of not correcting the defined potency of your reference standard 
because the conversion factor from IU to U and the qualification of future 
biological reference standards relies on data obtained using this value. 
Therefore, you should revise the defined potency of BRS-EPO-101 and 
PBRS-EPO-101. 
 

d. To establish an IU to U conversion factor for use in evaluating historical 
potency data generated in IU, you divided the in vitro potency of US- 
licensed reference product measured against BRS-EPO-101 (in Units) by the 
in vitro potency measured against BRP3 (in IU). An alternative approach 
would be to divide the potency of BRS-EPO-101 in Units (measured against 
labeled US-licensed reference product) by the potency of BRS-EPO-101 in 
IU (measured against BRP3). The second scenario eliminates the use of any 
theoretically defined potency (  U/mL) for BRS-EPO-
101. In addition, the data you provided in Tables 5, 6, and 7 of section 3.2.P.6 
of your BLA suggest that the second scenario may result in a slightly different 
IU to U conversion factor. Accurate determination of the IU to U conversion 
factor is important to ensure that the potency data generated against BRP3 in 
IU is accurately converted to Units. Please clarify why the first scenario was 
chosen and if you choose not to use the proposed second scenario, provide a 
scientific justification as to why you think it is not appropriate. 
 

e. Update tables 5 (in vitro potency), 6 (receptor binding), and 7 (in vivo 
potency) of the biological reference standards document in Section 3.2.P.6, to 
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include the corresponding specific activity and the erythropoietin content 
values. 
 

f. The qualification protocol for future biological reference standards (BRS) is 
inadequate because the acceptance criteria do not ensure adequate control of 
quality attributes of future reference standards and prevent drift over time. For 
example, the acceptance criteria for potency and erythropoietin content of  

%, respectively are too wide and should be revised to 
more stringent criteria. In addition, clarify whether the potency of future BRS 
will be determined based on that of PBRS-EPO-101 or whether it will be 
defined based on the measured erythropoietin content. 
 

g. You did not provide protocols to monitor stability and requalification (if 
applicable) of PBRS-EPO-101 and BRS-EPO-101. Please provide stability 
and requalification protocols for these and future reference standards. The 
protocols should include but not limited to testing parameters, frequency of 
testing, and acceptance criteria. 
 

h. You prepared two assay control samples for use in the system suitability 
evaluation of the in vitro cell based assay and receptor binding. You stated 
that the expected potencies of these control samples are 80% and 100% of a 
10,000 U/mL sample, i.e. 8000 U/mL and 10,000 U/mL, respectively. Please 
clarify whether the potencies of the control samples are experimentally 
determined or defined based on the biological reference standard potency. 

 
Additional Comments (not approvability issues): 
 

1. The molecular weight of “Epoetin Hospira” drug substance reported in sections 3.2.S.1.2 
and 3.2.S.1.3 is “approximately 30,400 Da”. It is not clear whether this value was 
experimentally determined or if it is based on the information from the US-licensed 
reference product labeling. Please clarify. 
 

2. On May 29, 2015, you amended your 351 (k) BLA with up to 12 months of stability data 
for the 40,000 U/mL presenation stored under the proposed long-term storage conditions 
of 2 – 8°C. The shelf life of a product should be based on real time data for product 
stored under the recommended storage conditions. Thus, these stability data support a 
shelf life of 12 months for the 40,000U/mL presentation. If you propose to establish a 
longer shelf life for the 40,000 U/mL presentation, provide additional stability data 
generated under the long-term storage conditions. 

3. The acceptable time for  during drug product formulation is 
NLT  min. The  time for PPQ lots ranged from  min for line  

. Revise your range for  during DP 
manufacture to establish an upper limit for   

4. In Section 3.2.P.7, you provided Hospira’s representative certificates of analysis for the 
DP container closure components received by Hospira. The certificates of analysis 
indicate an accept/reject rate of for vial dimensions. Clarify the meaning of the 
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“accept/reject rate of ” and provide a justification as to why this is appropriate for 
your control of raw materials. 
 

5. You state in your 351 (k) BLA in the post approval stability commitments section that 
testing beyond 60 months for “Epoetin Hospira” DS and 24 months for “Epoetin 
Hospira” DP may be performed on selected lots to generate data in support of increasing 
the “Epoetin Hospira” shelf life.” It is not clear if you plan to amend your 351 (k) BLA 
with protocols to extend the shelf-life of “Epoetin Hospira” DS and DP for approval. 
Please note that if you choose to submit protocols for extension of DS and DP shelf life 
to your 351 (k) BLA and the protocols are approved, the extension of shelf life may be 
reported in an annual report. Otherwise, you will have to submit a prior approval 
supplement to request extension of DS or DP shelf life. 

 
d. Benefit/Risk Considerations  

 
“Epoetin Hospira” is a proposed biosimilar to US-licensed Epogen/Procrit. Hospira requested all 
the indications for which the reference product is currently licensed. The indications are listed on 
page 1 of this review.  

 
As part of demonstration of biosimilarity, Hospira conducted analytical similarity studies. Fifty 
four (54) lots of Epogen/Procrit, 26 lots of “Epoetin Hospira” drug product (DP), and 9 lots of 
“Epoetin Hospira” drug substance (DS) were evaluated, including lots used in the PK/PD 
similarity and additional clinical studies. To support analytical similarity, comparative statistical 
analysis was used for selected attributes. To determine the comparative analyses that would be 
used to support similarity, attributes were sorted into categories of high, medium and low 
criticality using information about the importance of that attribute to product safety and efficacy. 
The sponsor then selected the three high criticality attributes most important for similarity that 
could be analyzed using quantitative analytical methods and evaluated their similarity using 
statistical equivalence testing.  These attributes are referred as Tier 1 attributes. Per FDA advice, 
if a Tier 1 attribute was measured using more than one analytical methods, results from only one 
of the methods needed to be evaluated using statistical equivalence testing.  Results from other 
attributes of lower criticality were assesses by other methods including descriptive statistics, 
comparison of ranges and comparison of graphical data (Tier 2 and Tier 3 attributes). The 
methods and Tier assignment used to assess analytical similarity are listed in Table A below and 
are discussed in detail in the primary review. 
 
Overall, the results from analytical similarity indicate that most quality attributes evaluated in 
“Epoetin Hospira” and the reference product are highly similar. However the erythropoietin 
content in “Epoetin Hospira” is approximately 4.0 % higher than that in the reference product. 
This difference in erythropoietin content is important because this product is dosed in the linear 
range of the dose-response curve and if the range of the “Epoetin Hospira” specification is 
considered  the difference in erythropoietin content could result in higher exposure 
of the product in patients. Another issue is that the sponsor did not investigate whether highly 
sialylated species, purported by the sponsor to be present in “Epoetin Hospira” may be also 
present in the reference product.  
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There are other issues that Hospira needs to address. The first is a clarification about the 
“Epoetin Hospira” drug product lots used in one of the PK/PD similarity studies. The sponsor did 
not provide accurate information about which lots were used in one of the PK/PD similarity 
studies.  The clinical and proposed commercial lots are manufactured by the same process and 
thus there is no concern about comparability between the clinical and commercial lots, however, 
it is important to know the erythropoietin content of the lots used in the PK/PD similarity studies 
to determine how representative are from the rest of the lots included in the analytical similarity 
studies. This information will be requested in the complete response letter.  
 
Another issue is an inconsistency observed in one dataset for the in vivo bioassay evaluated in 
the analytical similarity assessment. The primary data for this dataset were investigated by OBP 
during inspection on  and the correct dataset was discussed with representatives 
from Hospira. After reviewing the primary data of the correct datasets, OBP concluded that this 
dataset is accurate and can be considered with the rest of the data supporting that “Epoetin 
Hospira” and US-licensed Epogen/Procrit behave similarly in the in vivo bioassay. No data 
integrity issues were identified in the investigated data. Hospira is being asked to revise this in 
vivo bioassay dataset in the application so that the record is accurate. In addition, Hospira will be 
asked to provide clarification on the performance of the peptide map method used in the 
similarity assessment. 
 
In summary, at this time there is insufficient data to conclude that “Epoetin Hopira” is highly 
similar to US-licensed Epogen/Procrit. The issues regarding analytical similarity are listed in 
section I.A.b and I.A.c above.  

 
Results from the analytical similarity studies indicate that “Epoetin Hospira” should have a 
similar benefit/risk profile as US-licensed Epogen/Procrit with the following residual 
uncertainties: 
 

1. Levels of some glycosylation species were different between “Epoetin Hospira” and the 
US-licensed reference product. These differences do not result in observable differences 
in in vivo biological activity using a sensitive animal assay; however, the potential impact 
on biological activity and immunogenicity of these differences in humans cannot 
conclusively be predicted based on analytical and animal data. 
 

2. One product related substance that results from insertion of an extra sulfur atom into the 
Cys29-Cys33 disulfide bond in erythropoietin, was observed at 4.5% higher levels in 
“Epoetin Hospira” compared to US-licensed Epogen/Procrit. The potential impact of this 
difference on patient safety, especially immunogenicity, cannot be predicted using 
analytical data. 
 

Residual uncertainty for items 1 and 2 may be addressed through PK/PD similarity studies and 
additional clinical studies including an assessment of immunogenicity.  The results of studies 
performed by the sponsor will be summarized in more detail later in this section.  At this time the 
PK/PD data submitted by the sponsor support a demonstration of no clinically meaningful 
differences.  However, due to data integrity concerns, definitive conclusions from the additional 
clinical studies, including the immunogenicity studies, are pending.  Therefore, at this time FDA 
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cannot determine whether the residual uncertainties from the analytical similarity studies were 
addressed by the PK/PD similarity and additional clinical studies.  
 
The manufacturing process and control strategy of “Epoetin Hospira” are deficient and indicate 
that the sponsor may not be able to consistently manufacture drug product of acceptable quality 
to ensure drug safety and effectiveness for patients. Therefore, OBP recommends this submission 
receive a complete response until the manufacturing deficiencies are resolved. The deficiencies 
are summarized in section I.A.b above.  
 
With respect to the assessment of other review disciplines, the non-clinical reviewer concluded 
that analysis of the pharmacology and toxicology data lead to uncertainties regarding the overall 
similarity of “Epoetin Hospira” to the reference product The non-clinical data indicate that 
“Epoetin Hospira” is similar to the reference product for the i.v. administration based on the 
original ‘pilot scale” “Epoetin Hospira” formulation, but does not support similarity for s.c. 
administration. Therefore, from a pharmacology/toxicology perspective, approval is not 
recommended. 
 
The Office of Clinical Pharmacology/Division of Clinical Pharmacology (OCP/DCP) determined 
that the comparative PK and PD of “Epoetin Hospira” and US-licensed Epogen/Procrit are 
adequately assessed from a clinical pharmacology perspective to support a demonstration of no 
clinically meaningful differences between the two products. This outcome addresses some of the 
residual uncertainties identified after conducting analytical studies. However, comparative 
immunogenicity between “Epoetin Hospira” and US-licensed Epogen/Procrit needs to be 
assessed before a decision on biosimilarity can be made. Thus, OCP concluded that the 
submission is not approvable from a clinical pharmacology perspective.  
 
Hospira conducted seven clinical studies in which immunogenicity was assessed; anti-drug 
antibody formation was monitored in all studies. However, the FDA assessment of 
immunogenicity was based on three multiple-dose parallel arm studies, two of which (EPOE-10-
01 and EPOE-10-13) enrolled patients with chronic kidney disease and one of which (EPOE-14-
01) enrolled healthy volunteers. Hospira’s overall approach to evaluate immunogenicity was 
appropriate, however unresolved issues with the GCP practices at selected testing sites and with 
the confirmatory assay cutpoint render the data not reviewable because of potential unreliability, 
and thus no conclusions can be currently drawn regarding the immunogenicity of “Epoetin-
Hospira” relative to US-licensed Epogen/Procrit. 
 
Good Clinical Practice (GCP) compliance issues with studies EPOE-10-01 and EPOE-10-13, 
designed as comparative safety and efficacy studies and lack of auditing reports impact the 
suitability of part of the clinical data from these studies. Thus, the clinical review team 
concluded that the assessment of no clinically meaningful differences between “Epoetin 
Hospira” and US-licensed Epogen/Procrit cannot be completed at this time, because the final 
population for the comparative efficacy and safety analyses has not been finalized. The clinical 
review team recommends a complete response from the clinical perspective. 
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Table A. Methods used to assess analytical similarity 
 
Quality Attribute Specific Attribute Measured Criticality Method Tier 

Primary Structure  Amino acid  sequence 
 Disulfide mapping 
 Site of  glycosylation and 

chemical modification 
 Free cysteines 

Very High  Trypsin peptide mapping coupled with Reverse phase ultra-
performance liquid chromatography (RP-UPLC) with 
fluorescence and mass spectrometry (MS) detection, tandem 
MS/MS 

 Reverse phase high performance liquid chromatography (RP-
HPLC) 

3 

Post Translational 
Modification 
(Glycosylation) 

 Native and deacetylated N-
linked glycans  

 N-linked glycan antennarity 
 Lactosamine repeats 
 N-acetylated antennary 

structures 
 O-glycans 
 Monosaccharide composition 
 Total sialic acid , sialic acid 

distributions per N-linked 
glycan, types of sialic acids 

 N-glycan site occupancy and 
site specific occupancy  

 N-glycan core fucosylation 
 -Gal-1,3-Gal 
 Isoforms distribution 

Very high  Hydrophilic interaction liquid chromatography-ultra 
performance liquid chromatography (HILIC-UPLC) with 
fluorescence and mass spectrometry detection 

 HILIC-UPLC with enzyme digestion  
 Weak anion exchange chromatography (WAX)  
 Two dimensional WAX-HILIC 
 Trypsin peptide map 
 RP-HPLC  with weak and strong acid hydrolysis  
 High performance anion exchange chromatography coupled 

with pulse electrochemical detection (HPAEC-PAD)  
 Protease digestion with LC-MS 

 
 

 
 
 Capillary Zone Electrophoresis 

2/3 

Molecular weight  Molecular weight High  De-N-Glycosylated Intact Mass (LC-MS) 3 

R
eference ID

: 4266940



  
 

 21

QUALITY REVIEW, BLA 125545‐“Epoetin Hospira”

High Order 
Structure 

 Secondary and Tertiary 
structure 

 Molecular weight of 
glycosylated protein  

Very high  Far- and Near-UV circular dichroism 
 Fourier transform infrared spectroscopy (FTIR) 
 Intrinsic Fluorescence  
 Differential Scanning Calorimetry 
 Sedimentation velocity analytical ultracentrifugation SV-

AUC 

3 

Bioactivity  In vivo activity, including 
specific activity and total 
activity per container 

 In vitro activity, including 
specific activity and total 
activity per vial  

 Competitive receptor binding 
 Receptor binding kinetics 

Very high  Reticulocyte count in normocythaemic mice 
 Proliferation of  a human leukemic cell line (UT-7 cells ) 
 Competitive binding with labeled erythropoietin to  an 

immobilized EPO receptor  
 Surface Plasmon Resonance 

1/2 

Product related 
Substances and  
impurities 

 Met 54, Trp 64, Trp 88 
oxidation 

 Asp isomerization (Asp 123, 
Asp 43) 

 Deamidation (Asn 147, Asn 47, 
Gln 86) 

 trisulfide (Cys29-S-Cys33) and 
trisulfide (Cys 7-S-Cys131) 

 Disulfide scrambling 
 Trp 51 oxidation 
 Dimer and other HMWS 

Very 
high/high 

 Lys-C peptide map with MS detection 
 
 
 
 
 
 
 Quantitative Western Blot 
 Size Exclusion Chromatography (SEC),  
 Sedimentation Velocity Analytical Ultracentrifugation (SV-

AUC) 
 Electrophoresis (SDS-PAGE silver stain) 

2/3 

Drug product 
attributes 

 Protein content 
 Container fill and deliverable 

volume  
 Particulate matter 

Very 
high/high 

 RP-UPLC 
 Volume USP <1> 
 Micro Flow Imaging and Nanoparticle Tracking Analysis 

2/3 

 

R
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II. Summary of Quality Assessments 

  
A. Identification, Risk and Lifecycle Knowledge Management 

 
Table 1 below provides a summary of critical quality attributes identification and risk 
management. For the purposes of this table, critical quality attributes are limited to attributes 
intrinsic to the active pharmaceutical ingredient.  

B. Drug Substance Quality Summary 

Table 2 provides a summary of the identification, risk, and lifecycle knowledge management for 
drug substance CQAs that derive from the drug substance manufacturing process and general 
drug substance attributes, including process-related impurities.   

Reference ID: 4266940
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Table 1: Active Pharmaceutical Ingredient CQA Identification, Risk and Lifecycle Knowledge Management 

CQA Type 

Source/Introduction 

Risk Control Strategy Other-Deficiencies 
included in the CR 

letter 

Identity General CQA, intrinsic to 
the molecule 
 
Major influencing factors 
include MCB/WCB 
genetic stability and 

. 

Safety and efficacy 
(high criticality) 

The proposed 
acceptance criteria for 
the identity methods 
should be revised to 
clearly define the 
profile of the product.  

Potency (in 
vivo and in 
vitro 
biological 
activity) 

Intrinsic to the molecule  
 
Major influencing factors 
for in vivo potency are the 
glycosylation structures 
and receptor binding. 
 
 

Directly linked to 
efficacy 
(high criticality) 

The proposed 
acceptance criteria for 
the release and stability 
specifications are not 
supported by the 
clinical and 
manufacturing 
experience and did not 
consider the results 
from the analysis of the 
reference product. 

EPO receptor 
binding 

Intrinsic to the molecule Directly linked to 
efficacy 
(high criticality) 

 

Glycosylation 
 
-Total sialic 
acids 

Identity and post 
translational modification  
 
Glycosylation is defined 

Biological activity, 
potency, efficacy and 
PK. 
(high criticality) 

The release and stability 
acceptance criteria for 
N-lined native glycan 
and sialic acid should 

R
eference ID

: 4266940

(b) (4)

(b) (4)
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-N-glycan 
di/tri/tetra –
antennary ratio 
 
-Lactosamine 
repeats 
 
-N-glycan 
sialic 
distribution 
 
-Isoform 
distribution 

by the cell line and the 
 

 
 

 

 

 
N-linked glycans, in 
particular sialic acid 
play a critical role in in 
vivo biological activity 
and PK. Glycosylation 
may also be important 
for stability. 
 
 

be revised to be 
consistent with clinical 
and manufacturing 
experience and with 
analysis of the 
reference product. 

Glycosylation 
 
-NeuGc 
 
-High 
Mannose 
structures 
(Man-5, Ma-6) 
 
--Gal-1,3-
Gal 

Product related impurities  
 
Glycosylation is defined 
by the cell line and the 

 
  

Safety, 
immunogenicity, 
biological activity, 
potency, efficacy and 
PK. (high criticality) 
 
Humans have 
antibodies towards -
Gal-1,3-Gal and 
NeuGc.  
 
High mannose 
structures may have 
increased in vivo 
clearance through 
binding to mannose 
receptors.  

A control strategy for 
NeuGc needs to be 
established 

Glycosylation 
 
-O-glycans 
 
 -N-core  

Identity and post 
translational modification  
 
Glycosylation is impacted 
by the cell line and the 

Low criticality  
 
O-acetylation is a 
naturally occurring 
modification O-glycans 

 

R
eference ID

: 4266940

(b) (4)

(b) (4)

(b) (4)
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-Fucosylation 
 
-O-
Aceytylated 
species 

 
 

do not appear to be 
critical for in vivo 
activity.  
 
The role of N-
fucosylation in 
erythropoietin is not 
known.  

Higher order 
structure 

Intrinsic to the molecule Directly linked to 
potency,  efficacy and 
MOA 
(high criticality) 

 

 Dimer and 
other HMWS. 

Product-related impurities  
 
Major contributing factor 
is the  

  
 
Increase in HMWS occurs 
upon heat and light 
exposure.  

Safety especially 
immunogenicity 
(high criticality) 
 
 

Insufficient information 
to support the use of 
SEC to monitor HMWS 

Disulfide 
scrambled 
species 

Product-related impurities  
 
Increase in disulfide 
scrambled species occurs 
upon heat and/or light 
exposure.  

Safety especially 
immunogenicity 
(high criticality) 

Insufficient information 
to support the use of 
SEC to monitor HMWS 

Cys 7- Cys131 
Trisulfide  

Product related impurities 
 
Trisulfide species contain 
an extra sulfur atom 
inserted into the native 

Efficacy and potentially 
immunogenicity 
(high criticality) 
 
The Cys7-Cys131 

 

R
eference ID

: 4266940

(b) (4)(b) (4)

(b) (4)
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Cys7-Cys161 bond. They 
are most likely formed 
during fermentation 

disulfide bond appears 
to be important for 
holding the 
erythropoietin structure 
conformation intact. 

Cys29-Cys33 
Trisulfide 

Product related substance 
 
These trisulfide species 
contain an extra sulfur 
atom inserted into the 
Cys29-Cys33 disulfide 
bond. They are most likely 
formed during 
fermentation.  

Potentially safety 
(low criticality). 
 
The sponsor’s data and 
scientific literature 
suggest that these 
species do not interfere 
with biological activity, 
HOS, and receptor 
binding. In addition, 
data in the literature, 
suggests that trisulfide 
species are common 
modifications in 
antibodies and other 
recombinant products 
and are converted back 
to disulfide species 
within 24 hours in 
mice. 

The sponsor should  
define a control strategy 
for this species 

Free thiols  
 
Cys 7 and 
Cys131  
 
and  
 
Cys29  and 
Cys33   

Product related impurities Biological 
activity/efficacy, and 
potential 
immunogenicity 
(high criticality). 
 
Cys 7 and Cys131 free 
thiols are high 
criticality CQAs based 
on the potential impact 
of disrupting the Cys7-

 

R
eference ID

: 4266940

(b) (4)
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Cys131 disulfide bond 
on high order structure 
and biological activity.  
 
Free thiols could result 
in formation of 
mismatched disulfide 
bonds (disulfide 
scrambling). 

Asn147 
deamidation 
 
 

Designation of this species 
has not been established.  
 
Deamidation can be 
formed as a result of the 
manufacturing process and 
may increase by exposure 
to low pH. 

Biological activity  
(high criticality)  
Asn 147 is located 
in the high affinity 
binding site and 
forms 3 H-bonds 
with the EPO 
receptor, two of 
which are important 
for the D-helix 
formation. Mutation 
in this residue 
resulted in variable 
loss in biological 
activity. 

Evaluation of the 
biological activity of 
this species is needed 
to support the 
control strategy 

Asn 47  and 
Gln 86 
deamidation 
 
 

Deamidation can be 
formed as a result of the 
manufacturing process and 
may increase by exposure 
to low pH. 

Potentially 
biological activity 
(low criticality)  
 
Asn47 is in a high 
affinity binding 
pocket and forms 
two H-bonds with 
the EPO receptor, 
but is also solvent 
exposed and 
therefore may not be 
critical. 2) 
Mutations in Gln 86 
resulted in full 

 

R
eference ID

: 4266940

(b) (4)
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bioactivity and no 
measurable 
structural impact.

Oxidized 
species 

Product-related substances 
 
Introduced during 
manufacturing process and 
storage 

(Low risk and low 
criticality). Oxidized 
Met and Trp have no 
impact on bioactivity.  
Low levels of oxidized 
species have been 
present in clinical 
studies) 

The proposed release 
and stability acceptance 
criteria should be 
revised to be in 
agreement with clinical 
and manufacturing 
experience. 

Asp 
Isomerization 
 
Asp 43 and 
Asp 123 

Designation as a product 
related species or impurity 
has not been established 

Potential 
immunogenicity. Low 
risk (low criticality). 
 
Levels of Asp43 and 
Asp123 isomerization 
for DP samples stored 
under long term 
conditions were near 
the reporting limit of 
0.3% and at 0.6%, 
respectively.  

Evaluation of the 
biological activity of 
these species is needed 
to support the control 
strategy. 

C-terminal 
Arg 166 

Product related substance  
 
Incomplete proteolytic 
processing 

Low risk (Low 
criticality) 
 
The DNA sequence of 
human erythropoietin 
codes for a C-terminal 
Arg 166. This residue is 

 

R
eference ID

: 4266940

(b) (4)
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proteolitically removed 
in vivo. Low criticality 
based on studies that 
suggested that 
mutations that involve 
deletion of the C-
terminal residues had 
no impact on biological 
activity. 

 

Table 2: Drug Substance CQA Process Risk Identification and Lifecycle Knowledge Management  

CQA Type 

Source/Introduction 

Risk Control Strategy Other-Deficiencies 
included in the CR 

letter 

Identity General CQA, intrinsic to 
the molecule 
 
Major influencing factors 
include MCB/WCB 
genetic stability and 

 

Safety and efficacy 
(high criticality) 

The proposed 
acceptance criteria for 
the identity methods 
should be revised to 
state that no new 
species should be 
present 

Potency (in 
vivo and in 
vitro 
biological 
activity) 

Intrinsic to the molecule  
 
Major influencing factors 
for in vivo potency are the 
glycosylation structures 
and receptor binding. 
 
 

Directly linked to 
efficacy 
(high criticality) 

The proposed 
acceptance criteria for 
the release and stability 
specifications are not 
supported by the 
clinical and 
manufacturing 
experience and did not 
consider the results 
from the analysis of the 
reference product. 

R
eference ID

: 4266940

(b) (4)

(b) (4)
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EPO receptor 
binding 

Intrinsic to the molecule Directly linked to 
efficacy 
(high criticality) 

 

Glycosylation 
 
-Total sialic 
acids 
 
-N-glycan 
di/tri/tetra –
antennary ratio 
 
-Lactosamine 
repeats 
 
-N-glycan 
sialic 
distribution 
 
-Isoform 
distribution 

Identity and post 
translational modification  
 
Glycosylation is defined 
by the cell line and the 

 
 

 
 

 

Biological activity, 
potency, efficacy and 
PK. 
(high criticality) 
 
N-linked glycans, in 
particular sialic acid 
play a critical role in in 
vivo biological activity 
and PK. Glycosylation 
may also be important 
for stability. 
 
 

The release and stability 
acceptance criteria for 
N-lined native glycan 
and sialic acid should 
be revised to be 
consistent with clinical 
and manufacturing 
experience and with 
analysis of the 
reference product. 
Further 
characterization of 
highly sialylated species 
is needed to support the 
control strategy. 

Glycosylation 
 
-NeuGc 
 
-High 
Mannose 
structures 
(Man-5, Ma-6) 
 
--Gal-1,3-

Product related impurities  
 
Glycosylation is defined 
by the cell line and the 

 
  

Safety, 
immunogenicity, 
biological activity, 
potency, efficacy and 
PK. (high criticality) 
 
Humans have 
antibodies towards -
Gal-1,3-Gal and 
NeuGc.  

A control strategy for 
NeuGc needs to be 
established 

R
eference ID

: 4266940

(b) (4)

(b) (4)

(b) (4)
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Gal  
High mannose 
structures may have 
increased in vivo 
clearance through 
binding to mannose 
receptors.  

Glycosylation 
 
O-glycans 
 
 N-core  
Fucosylation 
 
O-aceytylated 
species 

Identity and post 
translational modification  
 
Glycosylation is impacted 
by the cell line and the 

 
 

Low criticality CQAs 
 
O-acetylation is a 
naturally occurring 
modification O-glycans 
do not appear to be 
critical for in vivo 
activity.  
 
The role of N-
fucosylation in 
erythropoietin is not 
known.  

 

Higher order 
structure 

Intrinsic to the molecule Directly linked to 
potency,  efficacy and 
MOA 
(high criticality) 

 

 Dimer and 
other HMWS. 

Product-related impurities  
 
Major contributing factor 
is the  

  
 
Increase in HMWS occurs 
upon heat and light 
exposure.  

Safety especially 
immunogenicity 
(high criticality) 
 
 

Insufficient information 
to support the use of 
SEC to monitor HMWS 

R
eference ID

: 4266940

(b) (4)

(b) (4)

(b) (4)
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Disulfide 
scrambled 
species 

Product-related impurities  
 
Increase in disulfide 
scrambled species occurs 
upon heat and/or light 
exposure.  

Safety especially 
immunogenicity 
(high criticality) 

Insufficient information 
to support the use of 
SEC to monitor HMWS 

Cys 7- Cys131 
Trisulfide  

Product related impurities 
 
Trisulfide species contain 
an extra sulfur atom 
inserted into the native 
Cys7-Cys161 bond. They 
are most likely formed 
during fermentation 

Efficacy and potentially 
immunogenicity 
(high criticality) 
 
The Cys7-Cys131 
disulfide bond appears 
to be important for 
holding the 
erythropoietin structure 
conformation intact. 

 

Cys29-Cys33 
Trisulfide 

Product related substance 
 
These trisulfide species 
contain an extra sulfur 
atom inserted into the 
Cys29-Cys33 disulfide 
bond. They are most likely 
formed during 
fermentation.  

Potentially safety 
(low criticality). 
 
The sponsor’s data and 
scientific literature 
suggest that these 
species do not interfere 
with biological activity, 
HOS, and receptor 
binding. In addition, 
data in the literature, 
suggests that trisulfide 
species are common 
modifications in 
antibodies and other 
recombinant products 
and are converted back 
to disulfide species 
within 24 hours in 

The sponsor should  
define a control strategy 
for this species 

R
eference ID

: 4266940

(b) (4)
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mice. 
Adventitious 
agents 
(Viruses) 

Contamination  
 
Viruses would most likely 
be introduced from the cell 
line during cell culture 
operations. 
 

Safety 
(high criticality) 

 

Mycoplasma Contamination  
 
Mycoplasma would most 
likely be introduced during 
cell culture operations. 

Safety 
(high criticality) 

 

Host Cell 
Proteins 
(HCP) 

Process related impurity 
from the production 
cell line and cell culture  

Safety and 
immunogenicity 
(high criticality) 

Characterization of DS 
led to the identification 
of an olfactory protein 
from the cell substrate 
detected at 0.2 to 0.3 % 
levels. There is 
insufficient information 
to determine if the 
current HCP assay 

R
eference ID

: 4266940 (b) (4)

(b) (4)
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 quantifies this olfactory 
protein. 

Residual DNA Process related impurity 
from the production cell 
line  and cell culture 

Safety  

Bioburden Contamination  
 
Bioburden can be 
introduced throughout the 
manufacturing process 
(raw materials and 
environment). 

Safety 
(high criticality) 

 

Endotoxin Contamination  
 
Endotoxin can be 
introduced throughout the 
manufacturing process 
(raw materials and 
environment). 

Safety 
(high criticality). 

 

Final DS pH General CQA   
 

Safety and efficacy The proposed release 
and stability acceptance 
criteria are not 
supported by clinical 
and manufacturing 
experience. In addition, 
pH should be included 
in the stability testing 
program. 

Residual Process related impurities Safety  

R
eference ID

: 4266940

(b) (4)

(b) (4)

(b) (4)
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solvents  

Free thiols  
 
Cys 7 and 
Cys131  
 
and  
 
Cys29  and 
Cys33   

Product related impurities Biological 
activity/efficacy, and 
potential 
immunogenicity 
(high criticality). 
 
Cys 7 and Cys131 free 
thiols are high 
criticality CQAs based 
on the potential impact 
of disrupting the Cys7-
Cys131 disulfide bond 
on high order structure 
and biological activity.  
 
Free thiols could result 
in formation of 
mismatched disulfide 
bonds (disulfide 
scrambling). 

 

Asn147 
deamidation 
 
 

Designation of this species 
has not been established.  
 
Deamidation can be 
formed as a result of the 
manufacturing process and 
may increase by exposure 
to low pH. 

Biological activity  
(high criticality)  
Asn 147 is located 
in the high affinity 
binding site and 
forms 3 H-bonds 
with the EPO 
receptor, two of 
which are important 
for the D-helix 
formation. Mutation 
in this residue 

Evaluation of the 
biological activity of 
this species is needed 
to support the 
control strategy. 

R
eference ID

: 4266940

(b) (4)

(b) (4)
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resulted in variable 
loss in biological 
activity. 

Asn 47  and 
Gln 86 
deamidation 
 
 

Deamidation can be 
formed as a result of the 
manufacturing process and 
may increase by exposure 
to low pH. 

Potentially 
biological activity 
(low criticality)  
 
Asn47 is in a high 
affinity binding 
pocket and forms 
two H-bonds with 
the EPO receptor, 
but is also solvent 
exposed and 
therefore may not be 
critical. 2) 
Mutations in Gln 86 
resulted in full 
bioactivity and no 
measurable 
structural impact.

 

Oxidized 
species 

Product-related substances 
 
Introduced during 
manufacturing process and 
storage 

(Low risk and low 
criticality). 
 
Oxidized Met and Trp 
have no impact on 
bioactivity.  Low levels 
of oxidized species 
have been present in 
clinical studies) 

The proposed release 
and stability acceptance 
criteria should be 
revised to be in 
agreement with clinical 
and manufacturing 
experience. 

Asp 
Isomerization 

Designation as a product 
related species or impurity 

Potential 
immunogenicity. Low 

Evaluation of the 
biological activity of 

R
eference ID

: 4266940

(b) (4)
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Asp 43 and 
Asp 123 

has not been established risk (low criticality). 
 
Levels of Asp43 and 
Asp123 isomerization 
for DP samples stored 
under long term 
conditions were near 
the reporting limit of 
0.3% and at 0.6%, 
respectively.  

these species is needed 
to support the control 
strategy is needed to 
support the control 
strategy. 

C-terminal 
Arg 166 

Product related substance  
 
Incomplete proteolytic 
processing 

Low risk 
(Low criticality) 
 
The DNA sequence of 
human erythropoietin 
codes for a C-terminal 
Arg 166. This residue is 
proteolitically removed 
in vivo. Low criticality 
based on studies that 
suggested that 
mutations that involve 
deletion of the C-
terminal residues had 
no impact on biological 
activity. 

 

 

 

 

R
eference ID

: 4266940

(b) (4)
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B. Drug Substance Quality Summary (cont.)  

a. Names: 
 

 Proprietary Name:  “Epoetin Hospira” 
 Trade Name:  Retracrit (proposed) 
 Non-Proprietary/USAN:   Referred to as “Epoetin Hospira” by the Applicant2 

 CAS name:    Erythropoietin, CAS Registry number: 11096-26-7 

 Common name:    “Epoetin Hospira” or CMO1030 
 INN Name:  TBD 
 Compendial Name: N/A 
 OBP systematic name:  RPROT P01588 (EPO_HUMAN) Erythropoietin  

[“Epoetin Hospira”]3 
 

b. Pharmacology category: Erythropoiesis stimulating agent (ESA) 
 

c.    Description  
 
“Epoetin Hospira” is a recombinant glycosylated protein produced in Chinese 
Hamster Ovary (CHO) cells. It contains 165 amino acids, two intramolecular 
disulfide bonds between Cys7-Cys161 and Cys29-Cys33, three N-linked 
glycosylation sites at Asn24, Asn38 and Asn83, and one O-linked glycosylation 
site at Ser126. Its molecular weight is approximately 30.4 kDa, including 
glycosylation. 
 

d. Mechanism of action  
 

“Epoetin Hospira” acts on erythroid progenitor cells, primarily in the bone 
marrow by binding to the erythropoietin receptor. This binding initiates signal 
transduction that leads to the survival, proliferation, and differentiation of 
erythroid progenitor cells into mature erythrocytes.  

 
e.  Potency Assay  
 

                                                            
2 For purposes of this review, we generally refer to Hospira’s proposed product by the Hospira descriptor “Epoetin 
Hospira.”  FDA has not yet designated a nonproprietary name for Hospira’s proposed biosimilar product that 
includes a distinguishing suffix (see Draft Guidance on Nonproprietary Naming of Biological Products). 

3 The OBP systematic name allows searching for related products in OBP’s database and in the Document 
Archiving, Reporting & Regulatory Tracking System (DARRTS) for safety reasons and it is different from the 
nonproprietary name. The tag at the end is used to separate products from different sponsors and it is generally the 
name used by sponsors to refer to the proposed product in their submissions.   

Reference ID: 4266940
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Potency of “Epoetin Hospira” is evaluated using a UT-7 cell-based proliferation 
bioassay. UT-7 is a human leukemic cell line designed to express the epoetin (EPO) 
receptor on the cell surface. The EPO receptor binds available erythropoietin, 
inducing cell proliferation. Addition of phenazine ethosulfate (PES) stabilized 
tetrazolium salt (MTS) leads to a colorimetric change that is measured at 490 nm 
and is proportional to the increased cell metabolic activity associated with 
proliferation. Biological activity of the test sample is reported relative to a 
calibrated reference standard. 

 
f. Reference material(s) 

 
Hospira developed and implemented the following two-tiered reference standard 
systems:  

 
 An analytical reference standard (ARS) used for physicochemical 

measurements that require a reference standard, including determination of 
erythropoietin content. 
 

 A bioassay reference standard (BRS) with defined biological activity in U/mL 
is used for functional assays. This reference standard was calibrated against 
Biological Reference Preparation Batch 3 (BRP3), established by the 
European Directorate for the Quality of Medicines (EDQM) against BRP2 and 
the 2nd WHO international reference standard. 

 
The qualification and requalification protocols for the ARS and BRS are 
deficient and should be revised to define procedures to calibrate erythropoietin 
content, define more stringent criteria for identity (ARS) and to include 
procedures to calibrate potency (BRS). 

 
In addition, Hospira developed and implemented the following reference 
standards: 

 
 A standard that contains % erythropoietin total high molecular weight 

species (HMWS) used for the quantification of the levels HMWS by Western 
Blot.  

 A process-specific HCP antigen as a standard for quantitation of residual Host 
Cell Protein (HCP) in “Epoetin Hospira” DS by ELISA. 

 
g. Critical starting materials or intermediates 

 

Reference ID: 4266940

(b) 
(4)

(b) (4)
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The protocol for qualification of future WCBs is deficient and should be revised 
to include the manufacture and complete characterization of at least one lot of 
DS to confirm suitability of future WCBs. 

 
h. Manufacturing process summary 

Reference ID: 4266940

(b) (4)

(b) (4)
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i. Container closure  

The sponsor did not provide sufficient information to assess impact on product 
quality of leachables from the DS container closure system. 

 
j. Dating period and storage conditions: months at ºC 

 
C. “Epoetin Hospira” Drug Product Quality Summary 

 

Table 3 provides a summary of the identification, risk, and lifecycle knowledge management 
for drug product CQAs that derive from the drug product manufacturing process and general 
drug product attributes. 

Reference ID: 4266940

(b) (4)

(b) (4)

(b) (4) (b) (4)



  
 

 42

QUALITY REVIEW, BLA 125545‐“Epoetin Hospira”

 Table 3: Drug Product CQA Identification, Risk, and Lifecycle Knowledge Management  

CQA Type 

Source/Introduction 

Risk Control Strategy Other-Deficiencies included 
in the CR letter 

Identity General CQA intrinsic to the 
molecule 
 
Largely dependent on the 
identity of the drug substance 
used for DP formulation. 

Safety and Efficacy 
(high criticality) 

The proposed acceptance 
criteria for identity assays 
should be revised to state 
that no new species should 
be present 

Protein 
content 

General CQA  
 
Protein concentration is 
influenced by the formulation 
and mixing steps. 

Safety and Efficacy 
(high criticality) 

The proposed acceptance 
criteria for release and 
stability should be revised to 
be consistent with the 
erythropoietin content of the 
reference product. In 
addition, the sponsor will be 
asked to clarify the species 
quantified by the RP-UPLC 
method. 

Potency 
(biological 
activity)/label 
claim 
 
In vivo 
biological 
activity and in 
vitro 
biological 
activity 

Intrinsic to the molecule 
 
In vivo and in vitro biological 
activity are dependent on both 
the quality and quantity of the 
drug substance used for DP 
formulation. 

Directly linked to 
efficacy 
(high criticality) 
 
In vivo biological 
activity is a measure of 
overall receptor 
binding, signal 
transduction and 
glycan role in PK/PD. 
In vitro potency is also 

The proposed acceptance 
criteria for the release and 
stability specifications are 
not supported by the clinical 
and manufacturing 
experience and did not 
consider the results from the 
analysis of the reference 
product. 
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used to determine the 
label claim. 
 
In vitro potency is a 
measure of receptor 
binding and signal 
transduction.   

Sterility and 
container 
closure 
integrity 

Contamination. Sterility could 
be compromised by 
contaminants introduced 
throughout drug product 
manufacturing or through a 
Container closure integrity 
failure. 
 
Container closure integrity is a 
sterility assurance CQA. 

Safety 
(high criticality) 

 

Endotoxin Contaminant that  could be 
introduced throughout drug 
product manufacturing or due 
to a container closure integrity 
failure. 

Safety 
(high criticality) 

 

Particulate 
matter and 
subvisible 
particles 

Particulate matter could 
contain product- and process 
related impurities. 
 
Particulate matter could form 
throughout manufacturing and 
during DP storage. 

Safety (capillary 
occlusion) and 
Immunogenicity 
(high criticality) 

 

Visual General CQA  Safety and efficacy  
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Appearance  
Appearance might be impacted 
by the formulation process, but 
may also be an indicator of 
product degradation or other 
changes to the product. 

Extractable 
Volume 

General CQA most likely 
impacted by the filling 
process. 

Safety and efficacy.  
 
Overfills compliant 
with USP <1151> 
extraction of the 
required dose. 

The release acceptance 
criteria for extractable 
volume should be revised to 
include two significant 
figures.   

pH General CQA most likely 
influenced by formulation and 
mixing. pH may be impacted 
on stability by breaches in 
container  closure integrity or 
container closure leachables. 

Safety and efficacy pH should be included in the 
stability specifications 

Osmolarity General CQA influenced by 
buffer preparation, formulation 
and mixing. 
 
No change is expected on 
stability.  

Safety  

Polysorbate 20 Critical excipient. 
 
Polysorbate 20 levels are 
influenced by buffer 
preparation, formulation and 
mixing. No changes are 
expected on stability. 

Safety and efficacy. 
Polysorbate 20 levels 

 

Leachables Leachables could potentially 
be introduced by any product 

Safety  
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contact equipment, container 
closure and consumables. 

Heavy metals Process related impurities 
 
Metals could be introduced 
into the DP from the DS  

 
excipient raw 

materials used for production.  

Safety   

Glass 
delamination 

Lamellae could be introduced 
into the product from vial 
delamination during product 
storage.  

Safety (capillary 
occlusion). 
High criticality 

 

 Dimer  
 
Other HMWS 
 
 

Product-related impurities that 
could form due to several 
manipulations in the DP 
manufacturing process e.g. 

Increase is expected upon 
exposure to heat and/or light. 

Safety especially 
immunogenicity 
(High criticality)  
 
 

Insufficient information to 
support the use of SEC to 
monitor HMWS 

Disulfide 
scrambling 

Product related impurities 
 
Disulfide scrambled species 
could form as a result of mis-
matched disulfides (e.g. Cys 7-

Biological 
activity/efficacy, and 
potentially 
immunogenicity 
(High criticality). 

Insufficient information to 
support the use of SEC to 
monitor HMWS 
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Cys 7 or Cys 33-Cys33). 
These disulfide bonds are 
indicative of dimers and larger 
HMWS. 
 
Increase is expected upon 
exposure to heat and/or light. 
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D. “Epoetin Hospira” Drug Product Quality Summary (Cont.) 
 

a. Description and Strength: 
 

 “Epoetin Hospira” (injection) is supplied as a single-dose, preservative-
free, sterile aqueous solution for I.V. or S.C. administration. DP is 
supplied as a 1 mL solution in a 2 mL clear type  glass vial 
 

 Strengths: the DP is supplied in five single-dose strengths containing 
2000, 3000, 4000, 10000, or 40000 Units of “Epoetin Hospira” DS per 1 
mL.  

 
b. Summary of Product Design 

 
“Epoetin Hospira” was developed as a biosimilar to US-licensed Epogen/Procrit 
and thus to target the quality profile of the reference product. 
 

c. List of Excipients 
 

Sodium phosphate monobasic monohydrate (1.3 mg/ml), sodium phosphate dibasic 
anhydrous (4.9 mg/mL), calcium chloride dehydrate (0.01 mg/ml), glycine (7.5 
mg/ml), leucine (1 mg/mL), isoleucine (1 mg/mL), threonine (0.25 mg/mL), L-
glutamic acid (0.25 mg/ml), phenylalanine (0.50mg/mL), sodium chloride (2.4 
mg/mL), Polysorbate 20 (0.1 mg/mL), pH  
 
d. Reference material(s),  

 
The same reference materials are used for DS and DP, except the one used for 
HCPs. 
 

e. Manufacturing process summary 

The sponsor did not provide sufficient data to support the proposed 
manufacturing conditions for the 3,000U/ml, 4,000 U/ml and 40,000 U/ml 
strengths. In addition, the protocol for qualifying the performance of the 
commercial transportation of DP is deficient and should be revised to include 
assessment of product quality. 

Reference ID: 4266940
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The product labeling should be revised to consider the results from 
compatibility studies of the DP with plastic syringes to ensure safe use of the 
product. 
 

f. Container closure 

All strengths are supplied as a 1 mL solution in a 2 mL clear type  
glass vial capped with a grey 13 mm  
stopper. An aluminum seal that does not come into contact with the product is 
affixed to each stopper. The seal has a color coded button for identification of 
each DP strength. 
 

g. Dating period and storage conditions:  24 months at 5 ± 3ºC 
 
The post approval stability protocol should be revised to include testing of pH 
and consider the inclusion of additional purity tests. 
 

h. List of co-packaged components: not applicable 
 

E. Any Special Product Quality Labeling Recommendations 
 

 Protect from light 

 Do not freeze 

 Do not shake 

 Do not dilute 
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F. Establishment Information  
 

OVERALL RECOMMENDATION: Approve 

DRUG SUBSTANCE 

FUNCTION 
SITE 

INFORMATIO
N 

DUNS/FEI 
NUMBER 

INSPECTIONAL OBSERVATIONS 
FINAL 

RECOMME
NDATION 

 Manufacture 
 In-process 

control testing  
 Release and 

stability testing 
(except 
potency) 

 Packaging and 
labeling 

 QA release 
 Storage of DS, 

RS and WCB 
(for 
manufacturing 
supply) 

Acceptable 

R
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Storage of DS 

Hospira, Inc. 
 
1776 N. 
Centennial Drive 
McPherson, KS 
67460 

FEI Number: 
1925262 
DUNS 
Number: 
030606222 

Refer to DP section Acceptable 

Alternate stability 
testing site of 
DS (except 
potency) 

No 483 was issued Acceptable 

In vitro potency 
release and 

N/A Acceptable 
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stability testing 

Manufacture, 
testing and storage 
of MCB and WCB 
banks 

N/A 

 
Acceptable 

DRUG PRODUCT 

FUNCTION 
SITE INFOR-

MATION 
DUNS/FEI 
NUMBER 

INSPECTIONAL OBSERVATIONS 
FINAL 

RECOMME
NDATION 

 Manufacture 
 Acceptance 

testing of DS 
 In-process 

control testing 
 Release and 

stability testing 
(Sterility and 
Bacterial 
endotoxins) 

 Secondary 
packaging and 
labeling 

 Storage 

Hospira, Inc. 
 
1776 N. 
Centennial Drive 
McPherson, KS 
67460 

FEI Number: 
1925262 
DUNS 
Number: 
030606222 

One observation: for releasing other lots of product prior to identifying 
the root cause of a sterility failure in a product manufactured on the 
same equipment 

Acceptable 
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  QA Release 

Release and 
stability testing 
(except sterility, 
bacterial 
endotoxin, and 
potency) 
 

No 483 was issued Acceptable 

In vitro potency 
release and stability 
testing 

N/A Acceptable 

Rabbit Pyrogen 
release and stability 
testing 

N/A Acceptable 

Container-closure 
Integrity by 
Helium Leak 
Detection for 
stability 
testing 

N/A Acceptable 
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G. Lifecycle Knowledge Management 
 

a. Drug Substance 
i. Protocols approved: None 

ii. Outstanding review issues/residual risk: See CR comments in section 
I.A.c 

iii. Future inspection points to consider: See 483 observations 
 

b. Drug Product 
i. Protocols approved: None 

ii. Outstanding review issues/residual risk: See CR comments in section 
I.A.c 

iii. Future inspection points to consider: See 483 observations   
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Quality Assessment Summary Tables 

Table 1: Noteworthy Elements of the Application 

# Checklist Yes No N/A 

Product Type 

1.  Recombinant Product X   

2.  Naturally Derived Product  X  

3.  Botanical   X  

4.  Human Cell Substrate/Source Material  X  

5.  Non-Human Primate Cell Substrate/Source Material X   

6.  Non- Primate Mammalian Cell Substrate/Source 
Material 

X  
 

7.  Non-Mammalian Cell Substrate/Source Material  X  

8.  Transgenic Animal Sourced  X  

9.  Transgenic Plant Sourced   X  

10.  New Molecular Entity   X  

11.  PEPFAR Drug   X  

12.  PET Drug   X  

13.  Sterile Drug Product X   

14.  Other_________________  X  

Regulatory Considerations 

15.  Citizen Petition and/or Controlled Correspondence 
Linked to the Application (#________________) 

  
 

16.  Comparability Protocol(s)   X  

17.  End of Phase II/Pre-NDA Agreements tem)  X  

18.  SPOTS  

(Special Products On-line Tracking System 
 X 

 

19.  USAN Name Assigned   X  
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20.  Other__________________  X  

Quality Considerations 

21.  Drug Substance Overage   X  

22.  

Design Space 

Formulation  X  

23.  Process  X  

24.  Analytical Methods  X  

25.  Other  X  

26.  Other QbD Elements X   

27.  Real Time Release Testing (RTRT)   X  

28.  Parametric Release in lieu of Sterility Testing   X  

29.  Alternative Microbiological Test Methods  X  

30.  Process Analytical Technology in Commercial 
Production  

 X  

31.  
Non-compendial Analytical 
Procedures  

Drug Product X   

32.  Excipients  X  

33.  Drug Substance X   

34.  

Excipients  

Human or Animal 
Origin 

 X  

35.  Novel  X  

36.  Nanomaterials  X  

37.  Genotoxic Impurities or Structural Alerts  X  

38.  Continuous Manufacturing   X  

39.  Use of Models for Release  X  

40.  Other ________________  X  
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# 
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REFERENCED 
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14.   CONSULTS REQUESTED BY OBP: NONE 
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SUMMARY OF QUALITY ASSESSMENTS 

 

I.  Primary Reviewer Summary Recommendation 
 

I recommend complete response action for this 351(k) BLA application for “Epoetin 
Hospira” as a biosimilar to US-licensed Epogen/Procrit 

 
II.  List Of Deficiencies To Be Communicated 

The list of deficiencies will be included in the secondary review memo. 

III.  List Of Post-Marketing Commitments/Requirement 
Not applicable 

IV.  Review Of Common Technical Document-Quality  Module 1    
 A. Environmental Assessment Or Claim Of Categorical Exclusion   

A categorical exclusion is requested by Hospira under 21 CFR Part 25.31. As stated in 21 CFR 
Part 25.31, approval of this submission will not increase the overall use of the active moiety. 
Therefore we recommend approval of this request. 
 
Primary Container Labeling Review  
 Refer to review by Dr. Jibril Abdus-Samad 

V.  Review Of Common Technical Document-Quality  Module 3.2  
      See below 

VII. Review Of Immunogenicity Assays – Module 5.3.1.4 
Refer to review by Dr. Steven Bowen Dr. Daniela Verthelyi 
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DESCRIPTION OF DRUG SUBSTANCE AND DRUG PRODUCT 

[Unless otherwise stated, the tables and figures in this document are copied from the 
submission] 

S. DRUG SUBSTANCE     

3.2.S.1 DRUG SUBSTANCE       

3.2.S.1.2 Structure 
 

A schematic of the “Epoetin Hospira” amino acid sequence is shown in Figure 1. “Epoetin 
Hospira” is a 165 amino acid erythropoietin2 produced recombinantly in CHO cells with a 
molecular weight of ~30 kDa (including oligosaccharides).  The amino acid sequence of 
“Epoetin Hospira” accounts for ~18 kDa and is identical to the isolated human erythropoietin 
sequence.3 The erythropoietin primary structure contains four cysteine residues that form two 
intramolecular disulfide bonds between Cys7-Cys161 and Cys29-Cys33. The sequence also 
contains three N-linked glycosylation sites at amino acid residues Asn24, Asn38 and Asn83 and 
one O-linked glycosylation site at Ser126. Glycosylation accounts for ~40% of the proteins MW. 
The N-glycans are important for in vivo biological function, while several studies have suggested 
that the O-glycan does not play a critical role. 
 
Erythropoietin is a member of the cytokines family and folds into a canonical four α-helix bundle 
motif. The Cys29-Cys33 disulfide bond forms a disulfide loop connecting helices A and B of the 
four-helix bundle, while the Cys7-Cys161 disulfide bridge links the N- and C-termini of the 
protein. Erythropoietin exists as a monomer in solution, but forms a ternary complex upon 
binding to the dimeric erythropoietin receptor.  
 

 

                                                            
2 “Erythropoietin” as used in this document refers to the erythropoietin molecule in the “Epoetin Hospira” drug substance and drug product and in 
the US-licensed reference product. 
3 Lai, P. et al. (1986) Structural characterization of human erythropoietin, J. Biol. Chem. 261: 3116 – 3121. 
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3.2.S.1.3 General Properties 
 

The general properties of “Epoetin Hospira” Drug Substance are listed in Table 1. “Epoetin 
Hospira” is an erythropoiesis-stimulating agent (ESA) seeking approval for the treatment of 
anemia resulting from different disease states.  The mechanism of action of “Epoetin Hospira” 
and ESAs in general initiates with erythropoietin binding to the Erythropoietin (EPO) receptor 
on lineage committed erythroid progenitor cells. This leads to signal transduction that results in 
the survival, proliferation, and differentiation of erythroid progenitor cells into mature red blood 
cells.  
 
As mentioned above, glycosylation is important for in vivo activity and the pharmacokinetics 
(PK) of this product. However, it does not appear to be needed for binding to the erythropoietin 
receptor. The potency assay used for release and stability testing is an in vitro cell proliferation 
assay using a UT-7 erythropoietin dependent cell line. This assay is not sensitive to 
glycosylation, and therefore does not assess the impact of glycosylation on in vivo biological 
activity. However, the DS specifications include a detailed analysis and control of the 
glycosylation species postulated to be important in in vivo activity and PK. 
 

 

3.2.S.2 Manufacture 
3.2.S.2.1 Manufacturer(s) 
 
The facilities involved in the manufacture, testing and storage of “Epoetin Hospira” DS are 
shown in the table below. The sponsor provided the cGMP and debarment certification letters 
from all the facilities. 
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3.2.A Appendices Table of Contents 
 
3.2.A.1 Facilities and Equipment  
 
Reviewer comment: Deferred to the DMA Reviewer 
 
3.2.A.2 Adventitious Agents Safety Evaluation  
 
Reviewer comment: See Review of DS. 
 
3.2.A.3 Novel Excipients 
 
There are no novel excipients used in the batch formulation of “Epoetin Hospira” DP 
  
3.2.R Regional Information (U.S.A.) 

 
3.2.R.1 Executed Batch Records 

 

Master batch records and representative executed batch records for “Epoetin Hospira” DS and 
DP were provided in the BLA. 
 
Reviewer’s comment: The master batch records and executed batch records provided in the BLA 
were reviewed. In addition representative executed batch records of “Epoetin Hospira” DS were 
reviewed during the pre-approval inspection. Generally, no discrepancies were identified in the 
process parameters, IPC, and hold times between the batch records and the information 
provided in the BLA. Any differences in the process or parameters observed between the batch 
record and the information in the BLA have been addressed in the respective DS and DP 
sections of the review. 
 

3.2.R.2 Method Validation Package 
 
Reviewer’s comments: The method validation package was reviewed by Dr. Paul Kirwan. His 
review is provided in the method validation section. 

 
3.2.R.3 Comparability Protocols 

 
Reviewer comment: Not applicable. There are no comparability protocols in the BLA. 
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3.2.R.5  Analytical Similarity 
 
The proposed biosimilar product, “Epoetin Hospira” was developed as a biosimilar to US-
licensed Epogen/Procrit. The “Epoetin Hospira” and US-licensed reference product data 
discussed in this section were provided by Hospira and are the basis for the Agency’s 
conclusions about analytical similarity. Unless otherwise noted, all figures and tables included in 
this section are copied from the 351(k) BLA submission. 
 
Summary of Hospira’s overall analytical similarity assessment 
 
Hospira conducted an extensive analytical similarity assessment of “Epoetin Hospira”, and the 
US-licensed reference product, Epogen/Procrit. The assessment included comparative testing of 
54 lots of Epogen/Procrit, 26 lots of “Epoetin Hospira” drug product (DP), and 9 lots of 
“Epoetin Hospira” drug substance (DS). “Epoetin Hospira” DS and DP lots included in this 
assessment were all manufactured by the proposed commercial process between 2009 and 2014 
(DS) and 2011 to 2014 (DP). The “Epoetin Hospira” lots used in the PK/PD similarity and 
additional clinical studies were also manufactured by the proposed commercial process and are 
included in the analytical similarity assessment. Based on Hospira’s estimation of the 
manufacturing dates, the US-licensed reference product lots analyzed span approximately 2.6 
years. Lots of similar ages for the two products were used for each analysis. 
 
The analytical similarity exercise assessed physicochemical and functional properties of the 
products that are important for potency, efficacy, PK, immunogenicity and safety of the product. 
The chosen quality attributes were based on a Critical Quality Attribute (CQA) assessment 
conducted on “Epoetin Hospira” DS and DP and they include primary and high order structure, 
glycosylation, biological activity, and product related substances and impurities. Stability 
profiles of the two products were also assessed. Several orthogonal methods were used for the 
analytical similarity assessment.  
 
The formulation of US-licensed Epogen/Procrit differs from that of “Epoetin Hospira”. US-
licensed Epogen/Procrit contains human serum albumin (HSA)1 as a stabilizer at concentrations 
that interfere with the analysis by several analytical methods. Hospira developed a procedure for 
removing HSA from US-licensed Epogen/Procrit to enable comparative analytical testing. 
Hospira provided data to demonstrate that the procedure used to remove HSA and the resulting 
samples are fit for their intended use. In cases where removal of HSA interferes with the analysis 
of product quality attributes, alternative methods were used to compare those quality attributes in 
samples that contain HSA. The analytical methods and sample manipulation techniques used for 
the analytical similarity assessment are fit for their intended use. Qualification results of the 
assays used in the analytical similarity exercise and representative primary data were verified 
during a pre-approval inspection on . Overall, the data reviewed during 
inspection were consistent with the information provided in the BLA. No data integrity issues 
were identified in the data and assays evaluated.  
 
To support analytical similarity, Hospira used statistical analyses to compare attributes in 
“Epoetin Hospira” and the US-licensed Epogen/Procrit. Hospira assigned the quality attributes 
into three testing tiers based on the criticality of the quality attribute. Formal equivalence testing 
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was used for attributes assigned to Tier 1, including in vivo biological activity and specific in 
vitro biological activity because these attributes are relevant to the mechanism of action of the 
US-licensed reference product. Quality attributes assigned to Tier 2 and Tier 3 were analyzed by 
statistical methods commensurate with their criticality. The CMC review team evaluated 
Hospira’s statistical analyses and tier assignments and conducted independent statistical analyses 
for select quality attributes to confirm Hospira’s results. In some cases, quality attributes were 
evaluated using different similarity acceptance criteria than those proposed by Hospira.  
 
Overall, the analytical similarity data indicate that the majority of the quality attributes evaluated 
in the analytical similarity exercise as described above are highly similar between “Epoetin 
Hospira” and US-licensed Epogen/Procrit. However, we identified the following analytical 
similarity issues that need to be addressed by the sponsor: 
 
1. “Epoetin Hospira” DP contains ~4% more erythropoietin than the reference product. Hospira 

was asked to adjust the erythropoietin content of “Epoetin Hospira” DP to be in agreement 
with the erythropoietin content of the reference product. Hospira stated that they have 
adjusted the erythropoietin content in their product and submitted data for nine DP lots 
manufactured with the adjusted erythropoietin content to the 351(k) BLA on 8/28/2015. 
These data constitute a substantial amendment to the 351(k)BLA and will be reviewed in the 
next review cycle. 
 

2. Hospira needs to investigate whether the highly sialylated species, purported by the sponsor 
to be present in “Epoetin Hospira” may also be present in the US-licensed reference product. 

 
In addition, the sponsor needs to provide clarification on the following issues: 
 
1. Clarification on the “Epoetin Hospira” lots used in the single dose PK/PD similarity study 

EPOE-12-02. Inconsistencies were noted in the information provided in the analytical 
similarity section (3.2.R.5) and the drug product pharmaceutical development section 
(3.2.P.2) of the BLA regarding the “Epoetin Hospira” DP lots used in this PK/PD similarity 
study.  
 

2. Revision of an in vivo potency assay dataset used to compare “Epoetin Hospira” and the US-
licensed reference product. 

 
3. Clarification on the performance of the trypsin peptide mapping method 
 
In summary, at this time there is insufficient data to conclude that “Epoetin Hospira” is highly 
similar to US-licensed Epogen/Procrit. However, based on the data reviewed, the following 
residual uncertainties remain:  
 
1. The levels of some glycosylation species are different between “Epoetin Hospira” and the 

US-licensed reference product. These differences do not result in observable differences in in 
vivo biological activity using a sensitive animal assay; however, the potential impact on 
biological activity and immunogenicity of these differences in humans cannot conclusively 
be predicted based on analytical and animal data. 
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2. One product related substance that results from insertion of an extra sulfur atom into the 

Cys29-Cys33 disulfide bond in erythropoietin, is observed at 4.5% higher levels in “Epoetin 
Hospira” compared to US-licensed Epogen/Procrit. The potential impact of this difference on 
patient safety, especially immunogenicity, cannot be predicted using analytical data. 

 
These residual uncertainties can be addressed in the PK/PD similarity studies and additional 
clinical studies including an assessment of immunogenicity.   
 
Description of the US-licensed reference product and proposed biosimilar product, 
“Epoetin Hospira” 
 
Erythropoietin in US-licensed Epogen/Procrit is a 165-amino acid glycoprotein recombinantly 
produced in Chinese Hamster Ovary (CHO) cells, with an identical amino acid sequence to the 
isolated natural human erythropoietin.11 US-licensed Epogen/Procrit is formulated as a single 
dose and a multi-dose sterile, colorless liquid in vials. The single-dose presentations are supplied 
in multiple strengths containing 2000, 3000, 4000, 10,000 or 40,000 Units per mL of 
erythropoietin, while the multi-dose vials are supplied in two strengths containing either 10,000 
(20,000 units/2mL) or 20,000 Units/mL. 
 
Hospira requested licensure of “Epoetin Hospira” as a biosimilar to US-licensed Epogen/Procrit 
only for the single-dose presentations (i.e. 2000, 3000, 4000, 10,000 or 40,000 Units per mL). 
“Epoetin Hospira” has the same dosage form and was developed to have the same strengths and 
routes of administration as the reference product. “Epoetin Hospira” is also manufactured in 
CHO cells and has the same amino acid sequence as the erythropoietin in US-Epogen/Procrit, as 
concluded from analysis of primary structure below. The formulations of the single dose US- 
Epogen/Procrit product and “Epoetin Hospira” DP are shown in the Table below: 
 
Product 
Attribute 

US-licensed Epogen/Procrit  “Epoetin Hospira” DP 

API Erythropoietin (CHO cells) Erythropoietin (CHO cells) 
N/A Polysorbate 20 
Human Serum Albumin (HSA) Glycine, Leucine, Isoleucine, Threonine, 

Glutamic acid, Phenylalanine 
Sodium Chloride Sodium Chloride 

Calcium Chloride 
Sodium citrate, citric acid or 
Sodium phosphate monobasic and sodium phosphate 
dibasic anhydrate (40,000 U/mL dosage form only) 

Sodium Phosphate 

pH 
Table made by CMC reviewer 

Reviewer comment: “Epoetin Hospira” DP formulation differs from that of the US-licensed 
reference product in that instead of HSA, it contains amino acids . In addition, it 
contains  (Polysorbate 20) and is adjusted to a higher final pH. A determination of 
whether the differences in formulation are clinically meaningful will be based on the totality of 
the evidence. 
                                                            
11 http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/103234s5323lbl.pdf 
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Samples used for the analytical similarity assessment  
 
The analytical similarity assessment included: 
 

 Fifty-four lots of Epogen/Procrit, acquired over a period of ~2.6 years. 25 of these lots 
were used in PK/PD similarity and additional clinical studies. Hospira estimated the 
manufacturing dates of the US-licensed reference product based on their labeled expiry 
date and the date they received each lot. 
 

 Twenty-six lots of “Epoetin Hospira” DP, all manufactured by the proposed commercial 
process over a period of ~2.7 years. Nine of these lots were used in PK/PD similarity and 
additional clinical studies. 

 
 Nine lots of “Epoetin Hospira” DS manufactured over a period of ~4.4 years were 

included in the analytical similarity assessment.  
 

Additional information about the reference product and “Epoetin Hospira” lots used in the 
analytical similarity assessment, including the specific lots used in the single-dose (EPOE-12-02) 
and multi-dose PK/PD similarity studies (EPOE-14-01), the comparative efficacy and safety 
studies (EPOE-10-01 and EPOE-10-13), and the long term safety studies (EPOE-11-03 and 
EPOE-11-04) is provided in Appendix 3. It is important to mention that all “Epoetin Hospira” 
lots used in these studies were manufactured using the proposed commercial process (filing lines 

) and formulation. Thus the clinical and commercial processes are the same. 
 
Reviewer comment: The “Epoetin Hospira” lots included in the analytical similarity exercise 
include clinical and commercial lots and span ~3 years. Of the 26 “Epoetin Hospira” DP lots, 
25 were manufactured from 3 DS lots (410637, 410638, 410344). These DS lots are comparable 
to other DS manufactured by Hospira.  
  
The expiration dates of the US-licensed Epogen/Procrit lots range from December 2012 to July 
2015, providing ~3 years of manufacturing variability. The manufacturing dates and hence shelf 
life of the US-reference product are proprietary information. According to Hospira, publicly 
available information suggests that the reference product shelf-life was reduced from 24 to 9 
months as a result of glass delamination, but later extended to > 15 months likely due to 
implementation of new vials by Amgen with enhanced delamination resistance.  The estimated 
manufacturing dates were used to assess the impact of approximate lot age on the product 
related substances and impurities profile and to determine approximate rates of change in 
product attributes over time.  
 
Hospira used a bracketing strategy for analysis of the different strengths of “Epoetin Hospira” 
and US-licensed Epogen/Procrit. Thus, most of the product lots analyzed are from the 2000 
U/mL, 10000 U/mL, and 40,000 U/mL strengths which bracket the 3000 and 4000 U/ml 
strengths. This is acceptable because most quality attributes are not expected to change between 
the different strengths, with the exception of some species such as methionine oxidized species. 
Hospira provided data to show that these oxidized species are product related substances that do 
not impact biological activity.  
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All clinical studies were conducted with the 2000 U/mL and 10000 U/mL strengths for both 
products. As stated above, several quality attributes are not expected to change between different 
strengths, except the expected differences in potency and erythropoietin content. Of note, 
Hospira’s formulation for all strengths is the same. For the reference product, the 40,000U/mL 
strength is formulated in a buffer that is different from the other strengths12.   
 
The Agency recommends that sponsors include in the lots used in PK/PD and additional clinical 
studies in the analytical similarity exercise. As shown in Appendix 3, “Epoetin Hospira” lots 
used in clinical studies were included in the analytical similarity section. However, 
inconsistences were noted in the information provided in the 351(k) BLA regarding the “Epoetin 
Hospira” DP lots used in the single dose PK/PD similarity study, EPOE-12-02. In this section of 
the BLA, Hospira stated that “Epoetin Hospira” lot CL2-309 DP was used in the single dose 
PK/PD similarity (EPOE-12-02) study. However, in section 3.2.P.2, Pharmaceutical 
Development (page 31), Hospira stated that DP lots CL1-043, CL1-044, and CL1-438 were used 
in the single dose PK/PD similarity study EPOE-12-02. Thus, it is not clear which “Epoetin 
Hospira” lots were used in the single dose PK/PD comparative study. Hospira will be asked to 
clarify the “Epoetin Hospira” lots used in the PK/PD similarity study EPOE-12-02.   This is a 
CR issue. 
 
Non-clinical “Epoetin Hospira” DP lots were not included in the analytical similarity exercise. 
These lots were manufactured by an earlier process that targeted the amount of erythropoietin in 
the DP based on an in vivo assay (Process 1). However, this product resulted in lower 
erythropoietin content. This issue led to the modification of the process. Thus, the proposed 
commercial process now formulates erythropoietin content based on a more accurate strategy. 
Refer to pharmaceutical development for further information. Comparability between the non-
clinical and clinical/commercial lots was demonstrated, except for erythropoietin content which 
was lower approximately by 10% in the non-clinical DP. Since comparability of several quality 
attributes was demonstrated between the non-clinical and clinical/proposed commercial 
products, inclusion of non-clinical DP in the analytical similarity exercise is not necessary.  
 
US-licensed Epogen/Procrit “deformulated” lots 
 
The formulation of US-licensed Epogen/Procrit contains HSA at concentrations ranging from 7 
to 145-fold higher than erythropoietin, which limits analysis by several analytical methods. To 
enable comparative analytical testing, Hospira developed a procedure for removing HSA from 
the US-licensed Epogen/Procrit, referred to by Hospira as the “deformulation” procedure. 
Briefly, “deformulation” of the reference product is achieved using two chromatography 
columns and two erythropoietin concentration steps. Most of the HSA (~99%) is removed by the 
first chromatography step using a hydrophobic interaction butyl sepharose column. The eluted 
erythropoietin pool from the first step is concentrated and buffer exchanged into a buffer suitable 
for the blue sepharose affinity column used in the second chromatography step. In the final step, 
the erythropoietin pool from the affinity column is concentrated and buffer exchanged into a 
suitable matrix for storage and analytical testing. 
 

                                                            
12 http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/103234s5323lbl.pdf 
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The deformulation procedure was qualified using “Epoetin Hospira” DS samples prepared in the 
Epogen/Procrit DP buffers with and without HSA. Samples prepared without HSA were used to 
evaluate the impact of HSA on the “deformulation” procedure. The impact of “deformulation” 
on the assessment of erythropoietin primary and high order structure, glycosylation and isoform 
distribution, bioactivity, and product related substances/impurities including High Molecular 
Weight Species (HMWS) was assessed by comparing the results for the “Epoetin Hospira” 
materials prior to and after “deformulation”. The qualification study showed that 
“deformulation” does not substantially impact the assessment of most quality attributes except 
HMWS and some disulfide variants. For these species, alternative analytical methods that do not 
require the use of “deformulated” samples were used in the analytical similarity exercise. We 
found the “deformulation” procedure fit for intended use. Additional details about the 
“deformulation” process and its qualification are described in Appendix 4.  
 
The subset of reference product lots “deformulated” for use in analytical similarity exercise 
include 7 lots of the 40,000 U/mL strength, 12 lots of the 10,000 U/mL and 1 lot of the 2000 
U/mL strength (Table 3, Appendix 3).  The “deformulated” Epogen/Procrit samples are 
concentrated and buffer exchanged into “Epoetin Hospira” DS or DP buffers for subsequent 
analyses. Figure 1 shows the specific uses for the “deformulated” and non “deformulated” 
samples in analytical testing. “Deformulated” US-Epogen/Procrit samples were used when HSA 
interfere with the analytical methods or in cases where analytical methods required higher 
erythropoietin concentrations. “Epoetin Hospira” DS was used when polysorbate 20 in “Epoetin 
Hospira” DP interfered with the method. 

 
 
Reviewer comment: The subset of US-Epogen/Procrit lots chosen for “deformulation” is 
representative of the total lots obtained, ranging in expiration dates from August 2013–July 2015 
(~2 years). Due to the high quantity of material needed, “deformulation” of the reference 
product was conducted for the 10,000 U/mL and 40,000 U/mL Epogen/Procrit lots, and only one 
2000 U/mL lot. As such, the analytical similarity assessments that require “deformulated” 
samples were only conducted with the higher dose strengths. This is acceptable because several 
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product quality attributes are expected to be comparable between the different strengths. 
However, some attributes, such as the levels of Met54 oxidation, show differences between the 
lower and higher strengths. For those attributes, the overall conclusions about analytical 
similarity will be determined based on a risk assessment. It is important to note that the 
evaluation of erythropoietin content and bioactivity was conducted using non-“deformulated” 
Epogen/Procrit samples. 
 
Reference Standards 
 
The reference standards used in the analytical similarity assessment are: 
 

 BRS-EPO-101, internal bioassay reference standard used for all functional assays 
 , analytical reference standards used for other 

measurements 
For more on reference standards, the reader is referred to section 3.2.S.5. 
  
Methods used for analytical similarity 
 
The methods used in the analytical similarity assessment are provided in the tables below. 
Review of method qualification for the methods amenable to qualification is included in 
Appendix 5. Overall, the methods are fit for intended use. However, Hospira will be asked to 
provide clarification on the performance of the trypsin peptide map method. This is a CR 
comment. 
 
Quality Attribute Specific Attribute Measured Method 

Primary 
Structure 

 Amino acid  sequence 
 Disulfide mapping 
 Site of  glycosylation and 

chemical modification 

 Trypsin peptide mapping coupled with Reverse 
phase ultra performance liquid chromatography 
(RP-UPLC) with fluorescence and mass 
spectrometry (MS) detection, tandem MS/MS 

 Free cysteines   Reverse phase high performance liquid 
chromatography (RP-HPLC) 

Post Translational 
Modification 
(Glycosylation) 

 Native and deacetylated N-
linked glycans  

 N-linked glycan antennarity 
 Lactosamine repeats 
 N-acetylated antennary 

structures 
 O-glycans 
 Monosaccharide composition 
 Total sialic acid , Sialic acid 

distributions per N-linked 
glycan, types of sialic acids 

 N-glycan site occupancy and 
site specific occupancy  

 N-glycan core fucosylation 
 -Gal-1,3-Gal 

 Hydrophilic interaction liquid chromatography-
ultra performance liquid chromatography 
(HILIC-UPLC) with fluorescence and mass 
spectrometry detection 

 HILIC-UPLC with enzyme digestion  
 Weak anion exchange chromatography (WAX)  
 Two dimensional WAX-HILIC 
 Trypsin peptide map 
 RP-HPLC  with weak and strong acid hydrolysis 
 High performance anion exchange 

chromatography coupled with pulse 
electrochemical detection (HPAEC-PAD)  

 Protease digestion with LC-MS 
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Isoforms distribution  Capillary Zone Electrophoresis 

Molecular weight  Molecular weight  De-N-Glycosylated Intact Mass (LC-MS) 

High Order 
Structure 

 Secondary and Tertiary 
structure 

 Molecular weight of 
glycosylated protein  

 Far- and Near-UV circular Dichroism 
 Fourier transform infrared spectroscopy (FTIR) 
 Intrinsic Fluorescence  
 Differential Scanning Calorimetry 
 Sedimentation velocity analytical 

ultracentrifugation SV-AUC 

Bioactivity  In vivo activity, including 
specific activity and total 
activity per container 

 In vitro activity, including 
specific activity and total 
activity per vial  

 Competitive receptor binding 
 Receptor binding kinetics 

 Reticulocyte count in normocythaemic mice 
 

 Proliferation of  a human leukemic cell line (UT-
7 cells ) 

 
 Competitive binding with labeled erythropoietin 

to  an immobilized EPO receptor  
 Surface Plasmon Resonance 

Drug product 
attributes 

 Protein content  RP-UPLC 

 Container fill and deliverable 
volume 

 Volume USP <1> 

 Total in vivo and in vitro 
bioactivity per vial 

 See bioassays above 

 Particulate matter  Micro Flow Imaging and Nanoparticle Tracking 
Analysis 

Product related 
Substances and  
impurities 

 Met 54, Trp 64, Trp 88 
oxidation 

 Lys-C peptide map with MS detection 

 Asp isomerization (Asp 123, 
Asp 43) 

 Deamidation (Asn 147, Asn 
47, Gln 86) 

 trisulfide (Cys29-S-Cys33) and 
trisulfide (Cys 7-S-Cys131) 

 Disulfide scrambling 
 Trp 51 oxidation 

 Trypsin peptide Map (RP-UPLC-MS) 

 Dimer and other HMWS  Quantitative Western Blot 
 Size Exclusion Chromatography (SEC),  
 Sedimentation Velocity Analytical 

Ultracentrifugation (SV-AUC)  
 Electrophoresis (SDS-PAGE silver stain) 

Note: Table prepared by CMC reviewer 
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Statistical analysis to support analytical similarity 
 
Hospira used statistical analysis to support the quantitative comparison of high criticality 
erythropoietin attributes. The attributes included in the statistical analysis were chosen based on 
their relationship to the mechanism of action, protein structure, purity, strength, the quantity of 
the attribute, and whether the data are amenable to statistical analysis. Hospira assigned the 
attributes to one of three testing tiers (Tier 1, Tier-2 and Tier-3), which determined the rigor of 
statistical analysis performed. Tier assignments were initially based on the attribute’s ranking 
relative to its importance to safety and/or efficacy obtained by calculating a Risk Priority 
Number (RPN). The RPN values were obtained by multiplying the impact score from the Critical 
Quality Attributes (CQA) assessment by the occurrence scores for the attribute assigned based 
on the relative abundance of the attribute and link to the therapeutic mechanism of action.   
 
Additional information on the CQA assessment and assignment of impact scores is discussed in 
section 3.2.S.2.6. Occurrence scores of 9, 5 or 1 were assigned based on the relative abundance 
of each attribute in “Epoetin Hospira” product and the US-licensed reference product, with 9 
indicating the most abundant attributes or fundamental structural or functional properties of 
erythropoietin. The resulting RPN scores are provided in Table 3, Appendix 3. In general, 
attributes with higher RPN scores were assigned to higher testing tiers. Based on RPN scores 
alone, attributes with an RPN value greater than 50  (15 attributes) would be assigned Tier 1, 
values between 20 and 50 would have been assigned to Tier 2, and values less than 20 would 
have Tier 3. To limit the number of attributes in each Tier, Hospira considered the following 
additional criteria: 
 
 In cases where multiple attributes and methods are closely related, e.g. different functional 

assays, higher tier assignment was given to the attribute or method that is most relevant in 
terms of mechanism of action, safety, purity, and potency of the product, with the supportive 
orthogonal attributes or methods moved to a lower tier.  

 
 In cases where multiple methods were used to report the same attribute, e.g. for the HOS, the 

attributes determined using the primary method were assigned to a higher testing tier and the 
attributes determined using orthogonal methods were assigned to a lower tier. Attributes 
were also moved to lower testing tiers based on the capability of the analytical method used 
to measure the attribute or the nature of the analytical data for the attribute (e.g. attributes 
with non-numerical (qualitative) results or discrete numerical results that are not normally 
distributed) 

 
 Attributes whose data were not amenable to statistical analysis were excluded from the 

formal statistical evaluation but not from the analytical similarity assessment. These 
attributes will be discussed further in the respective sections and are also summarized in 
Table 4 in Appendix 3. They include attributes with measured levels at or near the limits of 
quantitation (LOQ) or detection (LOD) of the analytical method. The primary structure was 
also not included in the statistical analyses as the composite attributes had to be identical 
between “Epoetin Hospira” and the US-licensed reference product and the data are not 
amenable to statistical analysis. 
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The tier assignments for the individual “Epoetin Hospira” attributes included in the statistical 
analysis are listed in Table 1.  
 

 
 
Statistical methods for Tier 1  
The Tier 1 attributes were analyzed by statistical equivalence using the two one-sided t test 
(TOST).  The 90% two-sided confidence interval for the absolute difference between the means 
of the “Epoetin Hospira” and US-licensed reference product for the measured quality attribute 
had to fall within the pre-specified equivalence acceptance criteria of ± 1.5 standard deviations 
of the attribute results of US-licensed Epogen/Procrit.   
Statistical methods for Tier 2  
Hospira analyzed Tier 2 attributes by evaluating the percentage of “Epoetin Hospira” lots that 
fall within a pre-determined range of US-licensed Epogen/Procrit. For all attributes except 
erythropoietin content, the quality range was defined as mean ± 3 standard deviations of the US-
licensed Epogen/Procrit lots based on the assumption that 99.7% of the populations are contained 
within the mean ± 3SD. The claim for analytical similarity for each attribute is based on the 
percentage of “Epoetin Hospira” lots within the defined range as shown in Table 3.  For 
erythropoietin content, the range was defined as ±5% of the US-licensed reference product mean 
erythropoietin content to align with 95 to 105% protein content manufacturing specification for a 
“mature originator biologic product”.  
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Methods for Tier 3 
Tier 3 attributes were compared graphically using a combined histogram and box plot of the 
individual measurements for the “Epoetin Hospira” and US-licensed Epogen/Procrit. Qualitative 
inferences regarding the shape and spread of the data for the “Epoetin Hospira” and US-licensed 
Epogen/Procrit were used for Tier 3 attribute comparisons.  
 
Reviewer comments: The use of the three testing tiers with varying statistical rigor to support 
the analytical similarity exercise is in line with Agency recommendations. The criteria used to 
assign attributes to different Tiers, i.e. using RPN scores with the additional considerations 
outlined above overall are reasonable. The resulting Tier assignments are overall reasonable 
with the exception of in vitro potency assigned to Tier 2. In-vitro potency should be evaluated by 
statistical equivalence testing (Tier 1) because the attribute measures a functional property of 
the molecule, the assay is less variable than the in-vivo assay, and the assay is sensitive to 
protein concentration differences. The results of this assay are also used to determine the label 
strength in Units/mL.  
 
Specific in vitro potency and in-vivo potency were assigned to Tier 1. Specific in vitro potency 
(units of activity/mass of erythropoietin) is scientifically justified as a Tier 1 attribute because it 
compares biological function of the products relative to the same unit of mass. In-vivo biological 
activity is appropriate as a Tier 1 attribute because this attribute provides the most information 
on the impact of glycosylation on in-vivo biological activity, a key aspect of erythropoietin. The 
appropriateness of the statistical analyses used and the results obtained for the Tier 1 attributes 
are reviewed by the CMC statistics reviewer.  
 
As noted in Table 2 above, Hospira proposed a similarity acceptance range for Tier 2 attributes 
as the mean ± 3 SD calculated from US-licensed Epogen/Procrit data. Depending on the number 
of “Epoetin Hospira” lots that fall into this range, the assessment would fall into three 
categories. In a 4/10/2015 IR, Hospira was asked to provide justification for the proposed range 
of mean ± 3 SD and why ≥80% of “Epoetin Hospira” lots falling within the proposed range is 
sufficient to support a demonstration that “Epoetin Hospira” is highly similar to the reference 
product.  
 
In response to the 4/10/2015 IR, Hospira stated that the mean ±3 SD includes 99.7% of the data 
population and therefore provides a “meaningful measure to assess the similarity of “Epoetin 
Hospira” relative to the population of Epogen/Procrit reference product lots used to define the 
range”. To address the appropriateness of the acceptance criteria of ≥80%, Hospira presented 
an analysis using more stringent criteria of ≥90% lots within the mean ±3 SD range to 
demonstrate highly similar. With the more stringent acceptance criteria, all Tier 2 attributes 
were considered to be highly similar (i.e. ≥ 90% lots within the reference product quality range) 
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with the exception of erythropoietin content and Asn 147 deamidation species. Hospira noted 
that if less than 100% of “Epoetin Hospira” lots fall within the defined range, the attributes are 
evaluated further using functional assays.  
 
We do not fully agree with the justification for the similarity acceptance criteria; therefore, we 
will evaluate Tier 2 attribute ranges on a case by case basis. Depending on the criticality of the 
Tier 2 attribute, the attribute may be evaluated using more stringent criteria such as mean ±2 
SD. In addition, Hospira considered certain quality attributes as “non-CQA” and thus did not 
assign them to a testing Tier. Once more, we do not agree with this consideration. The reviewer 
will assign the “non-CQAs” into a statistical Tier commensurate with their criticality.  These 
considerations will be discussed in detail for each quality attribute in the corresponding section. 
 
The similarity acceptance criterion for erythropoietin content, proposed by Hospira were ± 5% 
to the erythropoietin content of US-license Epogen/Procrit. Hospira was asked to justify the 
acceptance criterion. On 4/10/2015, Hospira provided a response. This will be discussed in 
detail in the corresponding section in this document. 
 
The use of graphical comparison for Tier 3 attributes is acceptable. 
 
Data pooling prior to tiered statistical analysis 
 
Hospira noted that the number of lots tested for each attribute was based on the testing tier 
assignment for the particular attribute, the data needed to establish the reference product attribute 
range, the precision of the analytical method(s) and reference product availability.  
 
In the original BLA, the statistical analyses of the Tier 1 attributes, several Tier 2 attributes (e.g. 
protein content and in vitro potency), and some Tier 3 attributes (e.g. receptor binding) used 
different sample pooling strategies to increase the sample size of the combined data set and the 
“precision of the statistical inference”. For both the “Epoetin Hospira” and US-licensed 
Epogen/Procrit, samples were pooled across drug product lots of the same strength, drug product 
lots of different strengths, and real time stability time points for each drug product lot. Real time 
stability data were pooled if Hospira determined that there were no statistically significant trends 
over time for an attribute within a particular lot. The stability data from different time points 
were considered “replicates” for each lot and used to obtain the lot average values used in the 
statistical analyses.  If a lot had a statistically and/or practically significant slope over time, the 
stability time points were not pooled and comparisons were performed on a per time point basis, 
if applicable. 
 
For attributes such as erythropoietin content and potency that vary proportionately with strength, 
the measured values were normalized prior to pooling the data. When pooling across strengths 
was not warranted from a statistical and/or practical consideration, subsequent tiered statistical 
analyses was performed on a per dose basis. 
 
To determine whether data could be pooled, the data were fitted with a linear model and the 
statistical significance of the model was evaluated. Only lots with more than 3 stability time 
points were used for model fitting because stability trends cannot be defined with less data. If 
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any model term involving Dose or Month had a p-value ≥ 0.05, the slope(s) of the applicable 
lot(s) were considered to be statistically significant and the data not poolable across strengths 
(Dose term) or time (Month term). The practical significance of the statistically significant Dose 
and Month terms was considered based on the analytical variability and overall data trend. 
 
In addition, the averaged real-time stability data were used in the supportive analyses conducted 
to support linearity between erythropoietin content and labeled potency and linearity between 
measured potency and labeled potency. These analyses were conducted to justify pooling data 
across different DP strengths and to support the bracketing strategy. An example of data pooling 
across stability time points is discussed below for erythropoietin content. 
 
The normalized real-time stability data for erythropoietin content (μg/1000 U) for the five DP 
strengths are presented in Figure 6 for US-Epogen/Procrit (left) and for “Epoetin Hospira” 
(right). The data were fit with a linear model and the model terms generated are shown under 
each plot. 
 

 
 
According to Hospira, the normalized data are comparable across strengths for “Epoetin 
Hospira” and US-licensed Epogen/Procrit. However, based on the slopes (p-values < 0.05), the 
erythropoietin content trend upward for both products over time, being more evident for 
“Epoetin Hospira”. Erythropoietin content is not expected to increase over time under the long-
term storage conditions. Hospira attributed the statistically significant results to the highly 
precise RP-UPLC method, which leads to small differences appearing statistically significant 
compared to noise or random error. Results for an “Epoetin Hospira” control sample measured 
by RP-UPLC over a period of 8 weeks were provided and they ranged from 8.5 to 8.7µg/1000 U 
(data not shown). Hospira claims that the variability of the method over a longer period of time 
may be greater than this. Based on this information, Hospira justified poolability across strengths 
and across stability time points for each lot.  
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The linear fits of the average erythropoietin content (μg/mL) results and strength for “Epoetin 
Hospira” DP and US-Epogen/Procrit are shown in Table 8 and Figure 9. The data were used to 
show that the erythropoietin content scales linearly with strength for both products from 2000 
U/mL to 40,000 U/mL.  
 

 

 
 
Review comment: In a November 6, 2014 correspondence to Hospira regarding their proposed 
statistical analysis program, we informed Hospira that pooling DP lots of the same strength and 
pooling across strengths was acceptable provided linearity was demonstrated between 
erythropoietin content and potency; which was demonstrated (Figure 9). However, pooling real 
time stability data was not acceptable. In the 4/10/2015 IR, Hospira was asked to revise their 
statistical analysis to eliminate the use of stability time points as “replicates” for the following 
reasons: 

 For some quality attributes, the number of “replicates” (i.e. stability data points) per 
“Epoetin Hospira” DP lot included in the assessment is larger than the number of 
replicates per US-licensed Epogen/Procrit lot. This results in larger variability for the 
US-licensed reference product than the variability of “Epoetin Hospira”, leading to a 
wider equivalence margin. As I show later in the review, these issues are particularly 
evident for in vivo potency where the US-licensed reference product lots have only one 
stability data point, while “Epoetin Hospira” DP lots have multiple stability data points. 

 The statistical analysis of erythropoietin content included “Epoetin Hospira” DP lots 
(CL1-044, CL1-438, and CL1-043) that at the time of measurement were older than the 
proposed shelf life of 24 months for this DP. The protein content of these lots is 
consistently lower than that of “Epoetin Hospira” lots measured within 24 months. These 
data appear to have a favorable impact on the demonstration of similar protein content 
between the “Epoetin Hospira” and US-licensed Epogen/Procrit as the erythropoietin 
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content data from the reference product appear to be lower than the majority of “Epoetin 
Hospira” lots used in the analysis. 
 

Additional issues identified by the statistics reviewer were also communicated to Hospira. 
 

Hospira was asked to reanalyze all relevant Tier-1, Tier-2 and Tier-3 attributes and the 
supportive analyses to preclude the use of stability time points as “replicates”. Hospira was 
asked to consider data sets derived from a similar number of lots and replicates per lot and 
similar age of the products at time of testing and to justify the data sets included in the analysis. 
 
Revised statistical approach 
 
Hospira’s revised statistical approach (the “product age windows” approach) involves analyzing 
reference product and “Epoetin Hospira” lots of similar age. Hospira defined age windows for 
the reference product based on the estimated age of the reference product lot at the time of 
testing and the availability of a sufficient number of lots within the product age window for the 
attribute under consideration. “Epoetin Hospira” lots within the same product age window were 
included in the comparative data set. For each attribute, lots were divided into multiple, narrower 
overlapping age windows. The size of age windows was adjusted to capture a sufficient sample 
size amenable to statistical analysis. For example, the data considered for the In Vitro Specific 
Activity were divided in three overlapping windows of 3 to 8 month, 5 to 11 months, and 8 to 14 
month (Table 1 below). For each attributed, a full product age window, in this case 3 to 14 
months was also included in the analysis to understand the potential influence of product age on 
the statistical conclusions. This window approach resulted in exclusion of some “Epoetin 
Hospira” data included in the original analytical similarity assessment. For example, in the case 
of specific in vitro potency, “Epoetin Hospira” testing data at lot ages <3 months and >14 
months was excluded from the current analyses due to the unavailability of corresponding 
reference product lots at these ages in the open market. 
 

 
To eliminate the use of stability data, the data sets for Tier 1 attributes in each “product age 
window” include only the earliest stability time point for a particular lot in a specific product age 
window. For the Tier 2 and Tier 3 attributes, Hospira randomly generated data sets for each 
attribute across each product age window from the analytical data included in the original 351(k) 
BLA. These data sets reportedly include individual randomly selected results from an identical 
number of “Epoetin Hospira” and reference product lots. The number of lots included in the 
randomly generated data sets for Tier 2 and Tier 3 attributes was dictated by the product with the 
lowest number of lots for a given product age window. 
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The acceptance criteria for each age window are based on the ranges of the reference product lots 
included in that age window, and could therefore vary from one age window to the other. 
 
The supportive analyses were also redone using data obtained from the age window approach. 
 
Reviewer comment: Overall, Hospira’s approach of dividing the lots into smaller age windows 
appears to address the potential impact of lot age on the quality attribute under evaluation. For 
Tier 1 attributes, the issue related to unbalanced replicates between the products and potential 
bias due to lot age appears to be resolved by taking only the earliest stability time point in each 
window. The appropriateness of the use of randomly generated data sets for Tier 2 and Tier 3 is 
questionable. It is noted that Hospira’s “product age window” approach to statistical analysis 
of analytical similarity data is unique. One of the weaknesses of this approach is the potential for 
cherry-picking data.  Thus, to allow an independent assessment of the data provided in the 
revised statistical analyses, Hospira was asked to provide all the raw data for the Tier 1, Tier 2, 
and Tier 3, without random sampling and additional simulations (5/14/2015 IR).  
 
The raw data were independently analyzed by the Agency. Overall, for most attributes, the 
conclusions regarding analytical similarity obtained from the revised data are not different from 
the Agency’s assessment. Where differences were observed between the original and new data, a 
discussion is included under the respective attributes.  
 
Analytical Similarity Results 
 
Primary Structure 
 
Human erythropoietin contains 165 amino acids, two intramolecular disulfide bonds between 
Cys7-Cys161 and Cys29-Cys33, three N-linked glycosylation sites at Asn24, Asn38 and Asn83, 
and one O-linked glycosylation site at Ser126.13,14  The erythropoietin in the US-licensed 
reference product is a 165-amino acid protein produced recombinantly from the human 
erythropoietin gene, and it has an identical amino acid sequence to that of the isolated urinary 
erythropoietin.15 Hospira used the analytical methods and number of test samples listed in the 
Table below, publicly available information, and additional characterization of “Epoetin 
Hospira” to demonstrate that the amino acid sequence of US-licensed Epogen/Procrit and 
“Epoetin Hospira” are identical.  
 
Sample Type Trp Peptide map RP-UPLC-MS  

(AA sequence,  disulfide bonds, sites 
of post-translational modification) 

De-N-glycosylated 
Intact Mass (LC-MS) 
(Molecular weight) 

Free sulfhydryls 
(RP-HPLC) (free 
thiols) 

“Epoetin Hospira” DS 9 5 9 
“Epoetin Hospira” DP   24 
“Deformulated” Epogen 8 4 2 
“Deformulated” Procrit 4 4 1 
Note: Table prepared by CMC reviewer 
                                                            
13 Lin F.K. et al. (1985) Cloning and expression of the human erythropoietin gene. Proc. Natl. Acad. Sci. USA. 82: 7580 – 7584. 
14 Lai, P. et al. (1986) Structural characterization of human erythropoietin, J. Biol. Chem. 261: 3116 – 3121. 
15 http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/103234s5323lbl.pdf 
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Peptide Mapping 
 
Trypsin peptide mapping of N-deglycosylated erythropoietin (from which N-linked glycans have 
been removed) was run under non-reduced conditions (in order to retain the disulfide bonds). A 
total of 21 peptides were generated from the digestion. The identity of these peptides is described 
in Section 3.2.S.3.1. Elucidation of structure and other characteristics.  Comparative peptide 
maps of “Epoetin Hospira” and US-licensed Epogen/Procrit are shown in Figure 2 below.  
 

 
 
Reviewer comment: The “Epoetin Hospira” and US-licensed reference product have similar 
tryptic peptide maps, with some noted exceptions discussed below. The measured masses for all 
the peaks observed in “Epoetin Hospira” and US-Epogen/Procrit samples were provided, and 
they are in agreement with the theoretical monoisotopic masses provided by Hospira. The 
presence of the two disulfide bonds was confirmed in the peaks for peptides T2=T20 (Cys7-
Cys161) and T5 (Cys29-Cys33), and Ser126 O-glycosylation was confirmed in peptide T13. The 
presence of disulfide bonds in “Epoetin Hospira” was further confirmed by the absence of free 
cysteine residues using RP-UPLC (discussed below). Based on a 1 Da mass shift observed per 
Asn residue, the studies also confirm that the N-linked glycosylation sites are Asn24 and Asn38 
(T5) and Asn83 (T9).  The following differences were observed in the peptide maps of the two 
products: 
 
 The peak T13^ region, which contains the Ser-126 O-glycan structure, is different. Hospira 

attributes this to the differences in the quantities of mono- and di-sialylated O-linked glycans 
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observed in the “Epoetin Hospira” and US-reference product. O-glycan heterogeneity is not 
indicative of differences in the primary sequence of the two products. O-linked glycan 
heterogeneity will be discussed in the “post translational modification” section. 
  

 There is an additional T5:Trisulfide peak that appears to be only present in “Epoetin 
Hospira”. This peak corresponds to a trisulfide species that contains an additional sulfur 
inserted in the Cys29-Cys33 disulfide bond. These species are additional species and do not 
have an impact on the demonstration of same primary sequence of erythropoietin. Trisulfide 
species are discussed in the “Product Related Substances and Impurities” section of this 
review. 

 
 There are additional low intensity peaks between 21-23 min in the “deformulated” reference 

product that are not observed in the “Epoetin Hospira”. The retention time of these species 
suggest that they may constitute O-glycan heterogeneity. Hospira will be asked to confirm. 
This comment will be included in the CR letter.  

 
Analysis by tryptic peptide mapping provides 95.2% sequence coverage. These results were 
complemented by analysis of “Epoetin Hospira” using trypsin, Glu-C and Lys-C peptide 
mapping. The results of the combined peptide mapping methods showed that the amino acid 
sequence of “Epoetin Hospira” is identical to the published amino acid sequence of 
erythropoietin expressed from the human erythropoietin gene16 as well the sequence of isolated 
human urinary erythropoietin17. As indicated above, the sequence of the US-licensed reference 
product is identical to that of the isolated urinary erythropoietin.  
 
Intact Mass of De-N-glycosylated Erythropoietin by LC/MS 
 
Comparative analysis of “Epoetin Hospira” and US-Epogen/Procrit molecular mass was 
conducted using de-N-glycosylated, O-glycosylated samples.  Representative deconvoluted mass 
spectra of “Epoetin Hospira” and US-Epogen/Procrit are shown in Figures 4 below. The masses 
of the two largest peaks in the spectra of all products correspond to the mono- and di-sialylated 
O-glycans. The spectra indicate the presence of acetylated O-linked glycan species in US-
licensed Epogen and Procrit. In addition, the measured molecular weight after deconvolution 
indicates presence of a completely non-glycosylated protein with a mass of 18,239 Da for all 
three products. This is consistent with the theoretical mass of 18,239 Da for intact non-
glycosylated protein, and accounts for the 3 Da mass increase resulting from conversion of 
Asn24, Asn38 and Asn83 to aspartic acid upon removal of the N-linked glycans.  
 

                                                            
16 Lin F.K. et al. (1985) Cloning and expression of the human erythropoietin gene. Proc. Natl. Acad. Sci. USA. 82: 7580 – 7584. 
17 Lai, P. et al. (1986) Structural characterization of human erythropoietin, J. Biol. Chem. 261: 3116 – 3121. 
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Reviewer comment: The mass of the completely deglycosylated protein of 18,239 supports the 
fact that “Epoetin Hospira” and US-licensed reference product have the same amino acid 
sequence.  The differences observed in the mass spectra can be attributed to differences in O-
glycosylation species as this sample is only N-degycosylated.  Notably, the spectra of the 
reference product show multiple peaks with a mass difference of 42 Da, indicative of acetyl 
groups. Hospira attributes this to higher levels of acetylation at the O-glycan in the reference 
product compared to “Epoetin Hospira”.  As mentioned above, differences in the O-linked 
glycan do not preclude a demonstration of same amino acid sequence, and are discussed under 
the post translational modifications section. 
 
Mass analysis by LC/MS only compares the masses of N-deglycosylated   protein, but not of the 
full intact protein. This information would be useful in the context of differences in glycosylation 
but no so much for the assessment of primary structure. The molecular weight of the fully intact 
monomeric species is compared by SV-AUC under the High Order Structure section. In addition, 
molecular weight analysis of the fully intact “Epoetin Hospira” DS showed peaks that 
correspond to erythropoietin (18,235.7 Da) + glycans with the compositions of NeuAc10-14 
Hexn+3 HexNAcn Fuc3 (n = 16-24).  
 
Mass analysis of de-N-glycosylated “Epoetin Hospira” DS during characterization revealed the 
presence of a product related substance with a C-terminal Arg166 residue in the levels of ~2% of 
the total protein. This species is discussed under product related substances and impurities.  
 
Free Thiols 
 
Erythropoietin contains four cysteine residues, all involved in disulfide bond formation. The free 
thiol content of the “Epoetin Hospira” and US-reference product were measured and compared 
using 4,4’-dithiodipyridine, which reacts with free thiol groups under denaturing conditions to 
generate free 4-thiopyridone as described in Section 3.2..S.3.1 Elucidation of  structure and other 
characteristics. The reported levels of free thiols for both “Epoetin Hospira” and US-reference 
product were below the LOQ of 0.019 mol of free cysteine per mol of erythropoietin of the 
method. These data suggest that the expected erythropoietin disulfide bonds are fully formed in 
both “Epoetin Hospira” and US-licensed reference product.  
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Reviewer comment: If all cysteines were reduced, one would expect four moles of free 
cysteines/mole of erythropoietin. Therefore, the data suggest that there are no quantifiable free 
cysteine residues in both the “Epoetin Hospira” and reference product. These data support the 
presence of fully formed disulfide bonds in both products and absence of free cysteines.   
 
Reviewer’s overall assessment of primary structure 
 
Hospira used various orthogonal methods, publicly available information, and additional 
characterization of “Epoetin Hospira” to demonstrate that the amino acid sequence of the US-
licensed Epogen/Procrit and “Epoetin Hospira” are identical. 
 
The trypsin peptide maps of N-deglycosylated erythropoietin show that most peptide peaks are 
similar in the two products, except peaks T13 and T5, which are not indicative of differences in 
the primary sequence of the products as discussed above. The results of the combined peptide 
mapping methods showed that the amino acid sequence of “Epoetin Hospira” is identical to the 
published amino acid sequence of erythropoietin expressed from the human erythropoietin gene 
as well the sequence of isolated human urinary erythropoietin.  
 
Trypsin peptide mapping under non-reducing conditions and mass spectrometry analysis were 
used to confirm the presence of two intramolecular disulfide bonds and the sites of glycosylation 
in both products. The presence of disulfide bonds in “Epoetin Hospira” was further confirmed 
by the absence of free cysteine residues using RP-UPLC and free thiol analysis. 
 
The same primary structure for the two products is further supported by mass spectrometry 
analysis of N-degycosylated samples from the two products. The molecular mass of the two 
products is the same.  In addition, the DNA sequence of “Epoetin Hospira” expression construct 
indicates that the plasmid encodes the human erythropoietin gene. Restriction analysis of the 
expression plasmid extracted from the Master Cell Bank and cell cultures maintained beyond the 
regular production period showed the expected fragments for the erythropoietin expression 
cassette. 
 
Taken together, these data provide strong evidence that the primary structure of “Epoetin 
Hospira” and US-licensed reference product are the same.  
 
High Order Structure (HOS) 
 
Erythropoietin is a four helical bundle monomeric protein that forms a ternary complex with the 
dimeric erythropoietin receptors. The secondary and tertiary structures of erythropoietin in 
“Epoetin Hospira” and the US-licensed reference product were compared using the methods and 
test samples listed in the Table below. 
 
Sample Type 2o structure by 

Far-UV CD (-
helix, -structure, 
random coil) 

2o structure by 
FTIR (spectral 
“Comparability” 
Index) 

3o structure 
by IF (max) 

3o structure 
by DSC 
(Tm) 

3o structure by 
Near-UV CD 
(Peak max for Phe 
1, Phe 2, Tyr, Trp) 

3o structure 
by SV-AUC 
(molecular 
weight) 

“Epoetin 9 9 9 9 9 9 
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Hospira” DS 
“Epoetin 
Hospira” DP 

      

Deformulate
d Epogen 

7 5 8 7 4 6 

Deformulate
d Procrit 

6 3 6 5 4 3 

Sponsor’s 
Statistical Tier 

2 3 3 2 3 3 

Note: Table prepared by CMC reviewer.  
SV-AUC here was only used to assess the hydrodymanic properties of the erythropoietin monomer. The 
HMWS by SV-AUC are discussed under product related substances and impurities. 
 
Reviewer comment: The methods used for comparative assessment of the erythropoietin 
secondary and tertiary structure can detect large/obvious differences in the structure of the 
protein, but may not be able to detect less obvious/local structural differences between the 
“Epoetin Hospira” and US-reference product. However, structural similarity is also indirectly 
assessed by the functional assays; therefore, the methods included here are acceptable.  
 
Circular Dichroism (Far-UV) 
 
Representative CD spectra comparing the key secondary structural elements of erythropoietin in 
“Epoetin Hospira” and the US-licensed reference product are shown in Figure 1 below. The 
average measurements from all samples tested are listed in Table 4. The data suggest that 
erythropoietin present in “Epoetin Hospira” and US-licensed reference product has similar 
secondary structures, and ratios of -helix, -turn and parallel and antiparallel -sheets. 
 

 
 
The percentage of -helix, -structure and random coil were assessed as Tier 2 attributes and 
compared using a mean ±3SD range calculated form US-licensed Epogen/Procrit data. All 
structural elements were 100% within the mean ±3SD quality range and thus determined as 
highly similar by Hospira. Representative data are shown in Figures 5 and 6 for -helix and 
random coil, respectively.  
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Reviewer comment: The Far-UV CD results for the two products are consistent with high -
helix content expected for a protein with an -helical bundle. All “Epoetin Hospira” lots are 
within the mean± 3 SD range of the reference product. Differences of ~ 5% are noted between 
“Epoetin Hospira” DS lots manufactured up to 2012 and those manufactured in 2013 (DS lots 
410733 – 410751). This is graphically represented in Figure 5, in which the -helical content of 
the lots manufactured before 2013 ranges from 57-61%, while the lots manufactured in 2013 
have -helical contents ranging from 65-67%. These differences may be related to the variability 
of the assay or due to manufacturing variability. The data in Figure 5 show that the -helical 
content for all US-reference product lots ranges from 58-63%, with only one Procrit lot with an 
-helical content of 65%. Manufacturing consistency is addressed in the review of “Epoetin 
Hospira” DS and DP manufacturing and control.  An assessment of similarity of HOS is based 
on all orthogonal methods used to evaluate this quality attribute as well as the results from 
receptor binding and biological activity assays. 
 
Fourier Transform Infrared Spectroscopy (FTIR) 
 
The amide I band at ~1650 cm-1 observed by IR corresponds to backbone C=O stretching 
vibrations of a protein and is sensitive to changes in secondary structure. Analysis of this spectral 
region for “Epoetin Hospira” and US-licensed Epogen/Procrit was conducted. Spectral 
similarities were determined using a “spectral comparability index” determined by quantitation 
of the area of overlap of the normalized baseline-corrected second derivative spectra of each 
sample relative to the Hospira Analytical Reference Standard (ARS). A “spectral comparability 
index” of 1.0 represents 100% overlap of the FTIR structural features between the sample and 
the ARS. Representative FTIR spectra are shown in Figure 8 and the average “comparability 
indexes” for “Epoetin Hospira” and US-Epogen/Procrit in in Table 8. 
 
The FTIR “spectral comparability index” was assigned as a Tier 3 attribute and compared 
graphically as shown in Figure 9. Hospira noted that the higher average index value for “Epoetin 
Hospira” relative to US- Epogen/ Procrit is because “Epoetin Hospira” lots are expected to have 
a near perfect spectral match to ARS because ARS is an “Epoetin Hospira” lot. However, note 
that the overlap is not 100% (index of 1). This is likely due to assay variability. 
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Reviewer comment: The amide 1 band at 1656 cm-1 is similar for the two products based on 
“spectra comparability indexes” close to 0.9. This suggests that the secondary structure of both 
products is primarily composed of an -helical structure, which is in agreement with the 
canonical 4- helical structure for cytokines.  
 
Intrinsic Fluorescence 
 
Epoetin contains three tryptophan and four tyrosine residues. The intrinsic fluorescence emission 
depends on the local environment of tryptophan primarily but also on the tyrosine residues. 
Differences in the emission wavelength maximum suggest structural differences. Representative 
fluorescence emission spectra for the “Epoetin Hospira” and US-licensed reference product are 
shown in Figure 10. The results for all lots analyzed are summarized in Table 10. Intrinsic 
fluorescence was assigned as a Tier 3 attribute and the emission wavelengths compared 
graphically (data not shown). The distribution of the intrinsic fluorescence maximum emission 
wavelengths for “Epoetin Hospira” is similar to that of US-Epogen/Procrit.  
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Reviewer comment: Similar max values for the “Epoetin Hospira” and US-licensed reference 
product suggest similar local structural environments for the Trp and Tyr residues. Differences 
in fluorescence intensity are likely due to slight differences in protein concentration, buffer 
components or quenching. Based on intrinsic fluorescence, the tertiary structures of the 
“Epoetin Hospira” and US-licensed reference product are highly similar. 
 
Differential Scanning Calorimetry (DSC) 
 
Melting temperature is a measure of protein conformational stability. DSC was used to evaluate 
and compare temperature-induced conformational changes of erythropoietin in multiple lots of 
the “Epoetin Hospira” and the US-licensed reference product. Similar melting temperatures (Tm) 
for the two products (Figure 13) suggest that the erythropoietin tertiary structure is highly 
similar. Tm was assessed as Tier 2 attribute against a range of US-Epogen/Procrit of mean 
±3SD. The Tm results for all “Epoetin Hospira” lots (Figure 15) are within the reference product 
range and are determined to be highly similar.  
 

 
 
Reviewer comment: Similar Tm values for the “Epoetin Hospira” and US-licensed reference 
product suggest that the erythropoietin in the two products has similar thermal unfolding 
properties. “Epoetin Hospira” and US-licensed reference product both show multiple 
overlapping transitions in the spectra, which might be due to the heterogeneity from post-
translational modifications. In one literature paper that compares the thermal stability of two 
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epoetin alfa products, similar protein unfolding was observed for the two proteins. However, 
differences were noted in their thermal reversibility under extreme conditions.18 These results 
suggest that similar Tm values for two erythropoietin proteins might not provide all the 
information needed to draw conclusions about the similarity of their thermal stability. The 
conclusions of similar structure for “Epoetin Hospira” and US-licensed reference product is 
based on the combination of information from all HOS assays. 
 
Circular Dichroism (Near-UV) 
 
Near-UV CD was used to compare the environment of the aromatic amino acids in the folded 
erythropoietin protein. Figure 16 shows representative spectra of the two products and Table 15 
summarizes the results from all the lots used for these measurements.  The results suggest similar 
environments for the aromatic residues in “Epoetin Hospira” and US-licensed Epogen/Procrit. 
Graphical comparison of the distributions of the Near-UV CD bands for “Epoetin Hospira” (Tier 
3) showed that they are in the range of those for US-Epogen/Procrit (data not shown). 
 

 
 
Sedimentation Velocity-Analytical Ultracentrifugation (SV-AUC) 
 
The hydrodynamic properties of monomeric erythropoietin in the two products were compared 
by SV-AUC analysis.  HMWS species were not compared in this analysis because 
“deformulated” Epogen and Procrit samples were used, and as shown earlier, the 
“deformulation” procedure impacts HMWS. The calculated sedimentation coefficient (s) and 
molecular weight of the erythropoietin monomer are shown in Table 16 below. 
 

                                                            
18 Deechongkit. S. et. al. (2006) Biophysical comparability of the same protein from different manufacturers: A case study using epoetin 
alfa from Epogen and Eprex.  Journal of Pharmaceutical Sciences, 95: 1931 - 1943 
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Reviewer comment: The molecular mass of glycosylated erythropoietin in the US-licensed 
reference product is 30.4 kDa19. The SV-AUC data were not assigned to a statistical tier but 
suggest that the calculated average molecular weight of the erythropoietin monomeric species in 
the two products is similar and is consistent with the value reported for the US-licensed 
reference product. The similarity assessment of the HMWS is discussed under product related 
substances and impurities. 
 
Reviewers’ Overall assessment of HOS 
 
The secondary and tertiary structures of the products were evaluated by a variety of orthogonal 
methods. Secondary structure was compared by UV CD spectroscopy, which provide 
information about secondary structural elements such as ˜-helix, ˜-sheet and random coil 
structures. The representative Far UV CD spectra and tabular data shown above for “Epoetin 
Hospira” and US-licensed reference product suggest that the two products have highly similar 
secondary structural elements. The FTIR results corroborate the conclusion of similar secondary 
structure. 
 
Comparison of the tertiary structure of the two products by Near UV CD spectroscopy suggests 
that the aromatic residues are in similar environments in “Epoetin Hospira” and US-licensed 
Epogen/Procrit. Similarity of the tertiary structure is supported by overlapping intrinsic 
fluorescence emission maxima for “Epoetin Hospira” with US-Epogen/Procrit, and similar 
melting temperatures for the two products measured by DSC. 
 
Additional structural comparison of the two products was conducted by SV-AUC analysis, which 
evaluates the rate at which protein molecules move freely in solution in response to a centrifugal 
force.  The sedimentation rate provides information about mass and the shape of the protein. The 
calculated sedimentation coefficient(s) and molecular weight of the erythropoietin monomer 
support that the two products are highly similar with respect to these attributes. 
 
The data derived from the different methods used to assess HOS indicate that the HOS of the two 
products is highly similar. This is further supported by highly similar receptor binding and 
biological activity results discussed in the following sections. 
 
 

                                                            
19 http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/103234s5323lbl.pdf 
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Enzymatic Post-Translational Modification 
 
As already described in Section 3.2.S.3.1 Elucidation of Structure and Other Characteristics, 
erythropoietin contains highly heterogeneous N-linked glycans at Asn24, Asn38 and Asn83. For 
example, these glycans can contain different types and levels of antennary structures, sialic acid 
residues, and lactoasmine repeats. The heterogeneity of the O-linked glycans is primarily 
influenced by the level of sialylation and whether the sialic acids are acetylated. The importance 
of glycosylation in the secretion, stability and biological activity of erythropoietin is well 
documented.20,21  Several studies have demonstrated that the N-linked glycans are important for 
erythropoietin in vivo activity and bioavailability because they increase the half-life of 
circulating erythropoietin, while the O-linked glycan does not appear to be critical for in vitro 
and in vivo activity.22,23,24 
 
Hospira compared the glycosylation profiles of “Epoetin Hospira” and US-licensed 
Epogen/Procrit using the analytical methods and samples listed in the Table below. 
“Deformulated” US-Epogen/Procrit samples where used for these studies. 
 
N-linked glycan structures were primarily analyzed by Hydrophilic Interaction Liquid 
Chromatography (HILIC-UPLC) coupled with fluorescence and MS detection.  
 

 HILIC-UPLC coupled with fluorescence detection was used to evaluate native and de-
acetylated N-linked glycans 

 HILIC-UPLC coupled with weak anion exchange chromatography (2D WAX-HILIC) 
was used to confirm the HILIC peak assignments and resolve isobaric N-linked glycan 
structures 

 2D WAX-HILIC was also used to analyzed de-acetylated samples to reduce the 
complexity of native N-glycans and enable quantitative comparison of the products 

 HILIC-UPLC after double enzyme digestion with Sialidase C and (1-4)-Galactosidase 
was used to analyzed native N-linked glycans for quantitative comparison of the 
antennary structures, lactosamine repeats and N-acetylation 

 
The additional characterization to confirm specific glycan structural attributes was conducted on 
a subset of the lots. The analytical methods used for analytical similarity assessment were also 
used to characterize the glycosylation profile of “Epoetin Hospira” DS, and their detailed 
descriptions are provided in section 3.2.S.3.1.  
 
 
 

                                                            
20 Toyoda T. et al. (2000) Stabilization of human recombinant erythropoietin through interaction with the highly branched N-glycans.  J. 
Biochem,. 128: 731 – 737. 
21 Wasley L.C. et al. (1991) The importance of N- and O-linked oligosaccharides for the biosynthesis and in vitro and in vivo biological activities 
of erythropoietin. Blood. 77: 2624 – 2632. 
22 Egrie J.C. et al. (2003) Darbepoetin alfa has a longer circulating half-life and greater in vivo potency than recombinant human  erythropoietin. 
Experimental Hematology. 31: 290 – 299. 
23 Jelkmann W.  (2002) The enigma of the metabolic fate of circulating erythropoietin (Epo) in view of the pharmacokinetics of the recombinant 
drugs rhEpo and NESP. Eur J. Haematol. 69: 265 - 274 
24 Elliott, S. et al. (2004) Control of rHuEPO biological activity: The role of carbohydrate. Experimental Hematology 32: 1146–1155 
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Attribute Method “Epo Hosp” 
DS 

“Epo Hosp” 
DP 

Def 
Epogen 

Def 
Procrit 

Tier 

Native N-glycans (native 
sialylated antennary structures 
with and w/o lac repeats and O- or 
N-acetylation) 

HILIC-UPLC with Fluorescence 
and MS 

9  11 5 3 

HILIC Peak Identity confirmation 2D WAX- HILIC-UPLC-MS 1    N/A 
De-acetylated Native N-glycans Deacetylated Native N-glycan 

HILIC-UPLC 
9  6 4 3 

N-glycan antennary structures 
N-acetyl lactosamine repeats 
N-acetylated Antennary structures 
N-glycan core fucosylation 

Double enzyme (sialidase & 
galactosidase) digested N-glycan 
HILIC-UPLC with fluorescence 
and MS detection 

9  7 4 3 
 
 
 

Sialic acid distribution WAX 8  4 3 3 
Site-specific N-glycans Double  protease digestion LC-

MS (trypsin and Glu-C) 
1  1 

 
 3 

N-glycan site occupancy LC-MS peptide mapping 
(trypsin and Glu-C) followed by 
de-N-glycosylation in H2O18 

1  1  3 

Total sialic acid content Weak acid hydrolysis and RP-
HPLC 

8  3 4 2 

Monosaccharides Strong acid hydrolysis and RP-
HPLC  

4  3 1 3 

-Gal-1,3-Gal HPAEC-PAD 6  5 4 3 
O-glycans LC-MS analysis of T13 peak 

from tryptic peptide mapping 
5  5 5 3 

O-glycan site occupancy  
Isoform Distribution CZE 8 26 6 4 3 
Note: Table prepared by CMC reviewer: Epo Hosp is “Epoetin Hospira”; Def Epogen is “Deformulated” 
Epogen; Def Procrit is “Deformulated” Procrit, N/A: not applicable 
 
Native and de-acetylated N-linked glycan analysis by HILIC-UPLC-FLD 
 
Prior to analysis by HILIC with fluorescence detection (HILIC-UPLC-FLD), the N-linked 
glycans were cleaved from the erythropoietin using PNGase F and labeled with 2-
aminobenzamide (2-AB). Representative HILIC-UPLC chromatograms of the native N-linked 
glycans from “Epoetin Hospira” and “deformulated” US-Epogen/Procrit are shown in Figure 3. 
The corresponding peak assignments by MS and relative peak areas are provided in Table 4 of 
Appendix 3. Figure 3 shows a heterogeneous mixture of N-linked glycan structures, and clearly 
shows differences in the levels of the different species in the “Epoetin Hospira” and US-
Epogen/Procrit. Notably, there is a difference in the number of acetylated isomers eluting 
between peak 5 and peak 13 in US-Epogen/Procrit compared to the “Epoetin Hospira”. Based on 
the peak height, the acetylated species in the reference product are in low levels. 
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O-acetylation of the sialic acids attached to the N-linked glycans adds to the complexity of native 
N-glycan analysis. O-acetylation is determined from the HILIC-UPLC-MS analysis based on the 
42 Dalton (Da) shift observed for each O-acetyl group. To reduce the complexity and enable 
quantitative comparison of the native N-glycan profiles by HILIC-UPLC, the N-glycan sialic 
acids of a subset of “Epoetin Hospira” DS and US-licensed reference product lots were de-
acetylated by treatment with 0.2N NaOH for 1hr at 0°C followed by neutralization with 0.2N 
HCl prior to cleavage PNGase F. Representative spectra of the N-linked glycans after 
deacetylation for “Epoetin Hospira” and US-licensed Epogen/Procrit are shown in Figure 8. The 
peak assignments and relative percent peak areas for the peaks in Figure 8 were provided (data 
not shown). Overall the data show variable amounts of sialylation, antennarity and lactosamine 
repeats between the “Epoetin Hospira” and US-Epogen/Procrit.  
 
N-linked glycans with tetra-antennary and tetra-sialylated structures (maximum antennarity and 
sialylation), with and without Lac repeats, were unambiguously assigned by HILIC-UPLC with 
MS detection. HILIC-UPLC peak assignments for the di-, tri- and tetra-antennary structures with 
fewer than the maximum number of terminal sialic acids were confirmed by 2-dimensional 
WAX/HILIC-UPLC chromatography following sialidase and galactosidase digestion. The 2D-
WAX/HILIC-UPLC confirmatory studies were conducted on the de-acetylated N-glycans of a 
single “Epoetin Hospira” DS lot, and an example of the results obtained from this analysis are 
shown in Figure 4 below. N-linked glycan fractions were collected every 0.5 min across the 
WAX elution window and subsequently analyzed by HILIC-UPLC-MS. The top panel 
corresponds to the WAX spectrum of a mixture of de-acetylated N-glycans. The middle WAX 
chromatogram shows a re-run and confirmation of the WAX peak at ~36 minutes from the top 
panel. The bottom panel is the HILIC-UPLC-FLD chromatogram of the same peak, and 
corresponds to peak #2 in Figure 8 at ~24.5 min retention time. 
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Reviewer comment: Several differences are observed by HILIC-UPLC in both the native and de-
acetylated N-glycan profiles of “Epoetin Hospira” and the US-licensed reference product. The 
differences observed in the deacetylated N-linked glycans suggest that many of these differences 
are not related to the heterogeneity resulting from sialic acid acetylation. Overall, the relative 
percent peak areas reported (data not shown) suggest that there are more species containing 
lactosamine repeats in “Epoetin Hospira” and more species containing tetraantennary 
structures in the reference product. These differences will be explored further in the following 
sections dedicated to each N-glycan structure.  
 
Double Enzyme Digested N-Linked Glycan Analysis  
 
 HILIC-UPLC analysis of the N-linked glycans following sequential digestion with sialidase C 
and -1-4- Galactosidase simplifies analysis by removing isobaric interferences. Representative 
HILIC-UPLC chromatograms obtained for the enzyme-digested N-linked glycans from “Epoetin 
Hospira” DS and US-licensed Epogen/Procrit  are shown in Figure 12.This procedure was used 
to compare the relative percentages of each antennary structure (FA2, FA3, FA4), structures with 
different numbers of Lac repeats (+0R, +1R, +2R, +3R, +4R) and the level of N-Acetylation of 
GlcNAc.  
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Antennary Structures 
 
The results from the antennary structure analysis in Table 7 show that both “Epoetin Hospira” 
and US-licensed reference product contain primarily core-fucosylated tetra antennary structures 
(FA4). In agreement with the results obtained using the deacetylated samples, antennary 
structure analysis shows slightly lower levels of tetra-antennary structures and slightly higher 
levels of tri- and di-antennary structures in “Epoetin Hospira” compared to the US-licensed 
reference product. The di-, tri-, and tetra-antennary structures were assigned to Tier 3 and 
compared graphically as shown in Figures 14 – 16. The slight differences observed in the 
distribution of the relative percentage of antennary structures in “Epoetin Hospira” and US-
licensed reference product are reflected in these graphical comparisons. 
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Reviewer comment: Overall, both products primarily contain tetra antennary structures. Slightly 
higher level of tetra-antennary structures are observed in US-licensed Epogen/Procrit (~73%) 
compared to “Epoetin Hospira” (~65%). In the literature, highly branched N-linked glycans 
have been associated with higher in vivo activity25 and have been postulated to play a role in 
stabilizing the conformation of erythropoietin.26  For example, Takeuchi et al. concluded from 
their study that a higher ratio of tetra- to di-antennary structures results in higher in vivo 
biological activity.15 Proposed potential roles of higher antennarity on in vivo activity and PK 
are to reduce the rate of erythropoietin renal filtration27 and rate of binding to the Epo receptor 
by increasing the hydrodynamic volume of erythropoietin. However, the role of increased 
antennarity on in vivo biological activity may be hard to dissociate from the contribution of the 
subsequent increase in the level of sialylation, which may increase in vivo biological activity 
through other mechanisms discussed above. In addition, assessment of the impact of the 
observed differences in antennarity between the two products and in general assessment of the 
impact of the isolated contribution of each different glycan on in vivo biological activity is 
complicated by the presence of multiple overlapping or opposite effects of the glycan species. 
The overall impact of the observed glycosylation differences on biological activity will be 
assessed by the in vivo bioactivity data under “Functional assays”. 
 
Lactosamine Repeats 
 
The results for the N-linked antennary structures with different numbers of lactosamine repeats 
generated from nine DS lots of “Epoetin Hospira” and eleven US-licensed reference product lots 
are shown in Table 11. Both “Epoetin Hospira” and the US-licensed reference product primarily 
contain antennary structures with 0, 1 or 2 lactosamine repeats. Overall “Epoetin Hospira” 
(Figures 21-23) contains higher levels of lactosamine repeats than the US-licensed reference 
product. The lactosamine repeat structures were assigned to Tier 3 and were compared 
graphically as shown in Figures 20 – 23. 
 

                                                            
25 Takeuchi M et al. (1989a) Relationship between sugar chain structure and biological activity of recombinant human erythropoietin produced in 
Chinese hamster ovary cells. Proc Natl Acad Sci USA. 86:7819-7822. 
26 Toyoda T. et al. (2000) Stabilization of human recombinant erythropoietin through interaction with the highly branched N-glycans.  J. 
Biochem,. 128: 731 – 737. 
27 Jelkmann W.  (2002) The enigma of the metabolic fate of circulating erythropoietin (Epo) in view of the pharmacokinetics of the recombinant 
drugs rhEpo and NESP. Eur J. Haematol. 69: 265 - 274 
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Reviewer comment: Overall, “Epoetin Hospira” contains a higher level of single (34.5%) and 
multiple (~ 17.5% of the +2R and ~1.5% of the +3R) lactosamine repeats than the reference 
product (~30% of the +1R, ~9% of the +2R and ~0.7% of the +3R). Some studies suggest that 
the number of lactosamine repeats does not correlate with bioactivity.28 Other studies have 
arrived at different conclusions regarding the role of lactosamine repeats on clearance and 
subsequent biological activity.29, 30 Thus, the role of lactosamine repeats remains largely unclear. 

                                                            
28 Cointe D et al. (2000) Unusual N-glycosylation of a recombinant human erythropoietin expressed in a human lymphoblastoid cell line does 
not alter its biological properties. Glycobiology. 10:511-519. 
29 . Burg J et al. (2005) Erythropoietin with high specific activity. US patent number US20050288220 A1 
30 Fukuda M. N. et. al (1989); “Survival of recombinant erythropoietin in the circulation: the role of carbohydrates”. Blood, 73, 84–89. 
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Hospira’s analysis shows highly similar in vivo biological activity for the “Epoetin Hospira” 
and reference product. The assessment of this conclusion and sensitivity of the in vivo assay to 
the observed differences in glycosylation is discussed under “functional assays”. 
 
N-Acetylation of GlcNAc 
 
N-acetylation occurs by covalent attachment of an acetyl group to the amine group of GlcNAc. 
Removal of O-acetylated sialic acids prior to HILIC-UPLC analysis indicates that N-acetylated 
GlcNAc structures can be distinguished from O-acetylated sialic acid structures, since they both 
result in a +42 Da mass increase. HILIC-UPLC-MS analysis of sialidase C and -1-4-
Galactosidase digested N-glycans showed N-acetylation of the antennary GlcNAc residues for 
both the “Epoetin Hospira” and US-licensed reference product (Figure 24). A slightly higher 
level of tri antennary structures with N-acetylation (by ~0.8%) was observed in “Epoetin 
Hospira” compared to US-licensed Epogen/Procrit. 
 

 
 
Reviewer comment: The importance of N-acetylated GlcNAc is unknown. Some differences are 
observed in the level of N-acetylation between the “Epoetin Hospira” and US-licensed reference 
product. However, the levels of these species in both products appear to be generally low based 
on the percent peak areas. The impact of the differences in these species on biological activity is 
assessed using the in vivo bioassay.  However, like all other glycan species that show differences 
between the “Epoetin Hospira” and reference product, there is residual uncertainty regarding 
the potential impact of the observed differences on biological activity and immunogenicity in 
humans, as these cannot conclusively be predicted based on analytical data. These uncertainties 
can be addressed in the PK/PD and additional clinical studies including an assessment of 
immunogenicity.  
 
Terminal α-Gal-1,3-Gal Structures 
 
Presence of the unnatural  α-Gal-1,3-Gal linkage is linked to potential immunogenicity. The 
amount of α-Gal-1,3-Gal linkage in “Epoetin Hospira” and US-licensed Epogen/Procrit  was 
compared in six lots of “Epoetin Hospira” DS and ten lots of “deformulated”  US-licensed 
Epogen/Procrit. Samples were digested with α-galactosidase and quantitated by HPAEC-PAD as 
described in Section 3.2.S.3.1. The amount of galactose released is equivalent to the amount of 

Reference ID: 4266940



 
 
 

291 
 

                                            BLA  125545                     USAN name: TBD 

terminal α-Gal-1,3-Gal (mol/mol) present in the samples. Overall, both the “Epoetin Hospira” 
and US-licensed reference product had α-Gal-1,3-Gal below LOQ (≤0.005 moles/mole of 
protein), except for two lots of “Epoetin Hospira” which had quantities of 0.006 and 0.007 moles 
of α-Gal-1,3-Gal per mole of protein. As a result, in the Tier 3 analysis (data not shown for 
brevity ), the distribution for the α-Gal-1,3-Gal concentrations for “Epoetin Hospira” lots is 
slightly wider than the distribution for the US-licensed reference product. 
 
Reviewer comment: Overall, the levels of α-Gal-1,3-Gal in the “Epoetin Hospira” and US-
licensed reference product are similar. The α-Gal-1,3-Gal above the LOQ in 2 out of 6 lots of 
“Epoetin Hospira” DS are also still significantly low and not likely to result in a clinically 
meaningful difference in the two products in terms of safety and efficacy. Therefore the products 
are highly similar with regard to this attribute. 
 
Site specific N-glycans analysis and N-glycan site occupancy  
 
For comparative analysis of site specific N-linked glycans in “Epoetin Hospira” DS and US-
licensed Epogen/Procrit, samples were double digested with trypsin and Glu-C to produce three 
different glycopeptides containing the Asn 24, Asn 38, and Asn 83 N-linked glycosylation sites. 
The glycopeptides were separated by RP-HPLC and analyzed by ESI as described in Section 
3.2.S.3.1. A qualitative comparison of the results was performed and showed a heterogeneous 
mixture of N-glycans at each site in both “Epoetin Hospira” and the US-licensed reference 
product. Representative LC-MS spectra for the peptide containing Asn 38 are shown in Figures 
32 and 33. The data suggest that generally, for both the “Epoetin Hospira” and US-licensed 
reference product, Asn 38 and Asn 83 glycosylation sites contain high levels of tetra-antennary 
glycans (blue peaks in the figures below for Asn 38), low levels of tri-antennary glycans (red 
lines), and hardly any di-antennary glycans. Asn 24 on the other hand contains more di- and tri-
antennary glycans and less tetra-antennary glycans (data not shown). In addition, the Asn 38 and 
Asn 83 glycans contain higher levels of lactosamine repeats compared to the Asn 24 glycan. 
Also, based on a 42 Da mass difference (marked by green lines), the US-licensed reference 
product has higher levels of O-acetylated sialic acid relative to “Epoetin Hospira”. Since these 
data are qualitative, statistical analysis was not performed.  
 

 
 
N-glycan site occupancy was compared using 18O labeling of the glycosylated sites as described 
in section 3.2.S.3.1. The percentage of site occupancy was calculated by comparing the peak area 
of the O18 modified peak to the peak area of the un-glycosylated peptide. The results of this 
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analysis are shown in Table 16. For comparative purposes, the N-glycan site occupancy of 
“Epoetin Hospira” Biological Reference Standard (BRS-EPO-101), which was also 
manufactured from “Epoetin Hospira” DS lot 410637 was determined.  
 

 
 
Reviewer comment: The data provided suggest that N-glycan site occupancy in “Epoetin 
Hospira” DS and US-Epogen is similar. For both products, more than 97% of the erythropoietin 
protein is glycosylated at positions Asn 24, Asn 38, and Asn 83. Any observed differences are 
likely related to method variability as these differences are also observed between “Epoetin 
Hospira” DS and the reference standard manufactured from the same DS lot. The nature of the 
glycans found at each site shows that the glycans found at Asn 38 and Asn 83 mostly contain 
tetra-antennary structures, and those at Asn 24 mostly contain di- and tri-antennary. 
 
Additional reviewer comments about Hospira’s analysis of N-linked glycans:  
 
 Hospira’s CQA assessment in Section 3.2.S.2.6 indicates that high mannose structures are 

high criticality attributes due to their potential impact on in vivo activity and 
pharmacokinetics. Glycoproteins containing high mannose structures can be cleared faster 
from circulation by binding to the mannose receptor or mannose-phosphate receptor. 
Hospira’s original analytical similarity assessment did not include an assessment of high 
mannose structures. In response to a May 14, 2015 IR, Hospira provided data to show that 
only phosphorylated high mannose-5 and phosphorylated high mannose-6 structures were 
detected in “Epoetin Hospira” DS. They also provided data to show that the quantities of 
these high mannose structures in 9 lots of “Epoetin Hospira” DS and  7 lots US-licensed 
reference product  analyzed are below the 0.2% reporting limit of the HILIC method used. 
Therefore, these species are considered to be highly similar in the two products. 
 

 As part of “Epoetin Hospira” DS characterization, Hospira characterized the native N-
linked glycans by HPAEC-PAD. The HPAEC-PAD chromatograms for the native N-linked 
glycan present in “Epoetin Hospira” drug substance (Figure 47, Section 3.2.S.3.1) show 
unlabeled peaks between 52 and 60 min. In the HPAEC-PAD method validation report, 
Hospira referred to these peaks as “pentasialylated” species; however no additional 
information was provided regarding the origin and identity of these species and whether they 
are observed in the US-licensed reference product. In a CR comment, Hospira will be asked 
to clarify the identity and origin of these species and to provide characterization data for the 
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analysis of native N-linked glycans in the reference product by HPAEC-PAD to assess 
whether these “pentasialylated” species are present in the US-licensed reference product. 
This is a CR issue. 

 
O-Glycan Structures 
 
Comparative analysis of the O-linked glycan at Ser 126 was performed by negative mode ESI-
RP-UPLC-MS of the T13 tryptic peptide that contains the Ser126 O-glycosylation site 
(117EAISPPDAASAAPLR131), as described in Section 3.2.S.3.1. The average relative % of 
each O-glycan structure (mono-sialylated, di-sialylated, O-acetylated mono- and di-sialylated 
structures) and non-glycosylated levels in five lots of “Epoetin Hospira” DS and ten lots of US-
licensed reference product is shown in Table 30. The data show that in both products, >95% of 
the Ser-126 sites are glycosylated. A slightly higher level of non-glycosylated O-glycans (by ~1-
3.5%) and hence a lower Ser 126 O-glycan site occupancy is observed in “Epoetin Hospira” than 
in the US-licensed reference product. A 1:1 ratio of mono- to di-sialylated O-glycan species is 
observed in US-licensed Epogen/Procrit, while a much higher quantity of the mono-sialylated 
residues (by ~25%) is observed in “Epoetin Hospira”. The data also show a slightly higher level 
of O-acetylation in US-Epogen/Procrit than the “Epoetin Hospira”. Tier 3 analysis of the O-
glycan structures (data not shown for brevity) reflects the differences in the relative abundances 
of the mono- and di-sialylated O-glycan structures. 
 

 
 
Reviewer comment: Several studies have suggested that O-linked glycans do not play a 
significant role in in-vitro and in-vivo activity. Based on this information, O-linked glycans were  
assigned to Tier 3. However, one study suggested that O-linked glycans might prevent 
proteolytic digestion and hence maintain in-vivo stability.31 Regarding O-glycan sialylation, the 
levels of sialylated O-glycans should have some impact on the distribution of charged isoforms. 
However, in comparison to N-linked glycan sialylation, the overall contribution of O-glycan 
sialylation is likely to be small. Therefore, the differences observed in the O-glycan structures 
should not preclude a conclusion of highly similar based on the expected low impact on 
biological activity.  
 

                                                            
31 Dube, S et al. (1988) Glycosylation at specific sites of erythropoietin is essential for biosynthesis, secretion, and biological function. J Biol 
Chem. 263:17516-17521. 
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Monosaccharide composition analysis (O- and N-Linked)  
 
The neutral N- and O-linked monosaccharides in “Epoetin Hospira” and US-licensed reference 
product were released from the protein using acid hydrolysis and analyzed by RP-HPLC with 
fluorescence detection as described in section 3.2.S.3.1. There are five neutral monosaccharides 
identified in both products— Man, Gal, GlcNAc, GalNac, and Fuc. For all five 
monosaccharides, lot to lot variability of up to 22% (Table 24) was observed for both “Epoetin 
Hospira” and the US-licensed reference product. To account for this variability, the results were 
normalized based on the number of Mannose residues per N-glycan as described in Section 
3.2.S.3.1. The normalized results for 4 lots of “Epoetin Hospira” DS and 4 lots of 
“deformulated” US-licensed reference product are shown in Table 26. The expected number of 
monosaccharides for each N-glycan is shown in Table 27. The number of monosaccharides per 
N-glycan is similar for “Epoetin Hospira” and US-licensed reference product, except for GlcNAc 
which is higher by 0.6% in the “Epoetin Hospira”. This is consistent with a higher number of 
tetra-antennary structures with 1 and 2 Lac repeats (FA4G4+1R and FA4G4+2R) observed for 
“Epoetin Hospira”. GalNAc is only found in the O-glycan. The 0.3 value for GalNAc in both 
products is consistent with the expected one O-linked glycan per three N-glycans.  
 

 
 

 
 

 
 
Reviewer comment: The results from the monosaccharide analysis are consistent with other 
results that suggest that overall, the identity of the glycan composition in the “Epoetin Hospira” 
and US-Epogen/Procrit is similar. The differences observed in the levels of the individual 
monosaccharides is overall consistent with the differences observed by other methods, such as 
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differences in the number of lactosamine repeats. The Gal content of the O-linked glycans was 
not discussed. However, since the predominant N-glycan structures (FA4G4+1R and 
FA4G4+2R) account for 5-6 Gal residues, the calculated Gal values higher than 6 suggests that 
they likely include the O-glycan Gal residue (expected value is 0.3). The impact of method 
variability on these results cannot be ruled out.   For the fucose residues, one core fucose is 
expected per glycan. The reported values consistently >1 for both products may be due to 
method variability. However, we note that a literature paper that obtained similar results for the 
fucose residue showed the presence of Lewis X structures.32 Hospira does not discuss the 
possible presence of these species in either or both products. It is noted that the cell line used to 
manufacture the erythropoietin in that paper is different. Statistical analysis was not used to 
compared the monosaccharides due to the limited number of lots examined. However, the results 
obtained in other studies conducted by Hospira corroborate the monosaccharide results and 
provide more information about the heterogeneity of the N- and O-glycans. 
 
Total sialic acids analysis by RP-HPLC (O- and N-Linked) 
 
For comparative analysis of total sialic acid content, the sialic acids were cleaved from the 
proteins using mild acid hydrolysis and analyzed by RP-HPLC with fluorescence detection as 
described in Section 3.2.S.3.1. A representative chromatogram from this analysis is shown in 
Figure 36. Neu5Ac (the human form) is the predominant form of sialic acid in both US-
Epogen/Procrit and “Epoetin Hospira”; however the average amount of Neu5Ac in “Epoetin 
Hospira” DS (392.5 ± 46.8 nmol/mg of erythropoietin) is higher than that in “deformulated” US-
Epogen (344.5± 32.2 nmol/mg) and “deformulated” US-Procrit (342.21± 32.2nmol/mg). The 
data show higher quantities of Neu5Gc (the non-human form from murine species, by 2-5 
nmol/mg) and acetylated Neu5Ac (Neu5,9Ac2 by ~35 nmol/mg) in US-Epogen/Procrit than the 
“Epoetin Hospira” (Table 18); however, the mean total sialic acid content (Neu5Ac, Neu5Gc, 
and Neu5,9Ac2) are highly similar for the two products (Table 18). 
 
Total sialic acid content was assessed as a Tier 2 attribute and the results from the statistical 
analysis of are shown in Table 21 and Figure 39. With 100% of the total sialic acid results for 
“Epoetin Hospira” DS lots within the ±3SD quality range, Hospira concluded that total sialic 
acid content is highly similar. The modified sialic acids Neu5Gc and Neu5,9Ac2 were assigned 
to Tier 3 and graphically show differences between the “Epoetin Hospira” and US-licensed 
reference product. 
 

                                                            
32 Cointe D et al. (2000) Unusual N-glycosylation of a recombinant human erythropoietin expressed in a human lymphoblastoid cell line does 
not alter its biological properties. Glycobiology. 10:511-519. 
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Reviewer comment: Erythropoietin can contain up to 14 sialic acids per molecule (4 per N 
linked and 2 per O-linked glycan). Based on the data provided (total nmol of sialic acid/mg of 
protein), the reviewer calculated ~ 12 moles  of sialic acid/mole of erythropoietin reported in 
both “Epoetin Hospira” and US-licensed reference product, which is in agreement with the 
observed partial antennarity and sialylation.  
 
Several studies have indicated that sialic acid content is important for in vivo biological activity 
and PK. One mechanism believed to contribute to clearance of de-sialylated erythropoietin is 
through uptake by the hepatocytic-galactose receptor, which recognizes non-sialylated galactose 
residues.33 Several studies have reported that removal of sialic acid residues (de-sialylation) 
resulted in reduced to no in vivo biological activity. A more compelling argument under 
physiological conditions is that higher sialic acid content increases the half-life of circulating 
erythropoietin by decreasing binding to the EPO receptor through electrostatic hindrance.34 ,35 
                                                            
33 Takeuchi M et al. (1990) Role of sugar chains in the in vitro biological activity of human erythropoietin produced in recombinant Chinese 
hamster ovary cells. J Biol. Chem. 265: 12127-12130. 
34 Jelkmann W.  (2002) The enigma of the metabolic fate of circulating erythropoietin (Epo) in view of the pharmacokinetics of the recombinant 
drugs rhEpo and NESP. Eur J. Haematol. 69: 265 - 274 
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Of note, sialic acid content is not important for in vitro activity and several studies have shown 
an inverse relationship between sialic acid content and receptor binding and in vitro biological 
activity.36, 37 These results suggest that the higher sialic acid content potentially interferes with 
EPO receptor binding, which would result in longer time in circulation.  
 
Hospira’s original statistical analysis with 3SD suggests that the total content of sialic acid is 
highly similar. The revised statistical approach did not change these conclusions. Since sialic 
acid content is critical for in vivo potency and PK, the reviewer also evaluated its similarity with 
a similarity range of mean ±2SD (similarity range of 325-461nmol/mg protein) and 100% of the 
“Epoetin Hospira” lots are within this range. Therefore, the reviewer concludes that total sialic 
acid content is highly similar, assuming Neu5Gc and sialic acid O-acetylation do not impact the 
potency of the product. The presence of less Neu5Gc in “Epoetin Hospira” compared to the 
reference product does not compromise the safety profile of “Epoetin Hospira” from an 
immunogenicity perspective. The impact of sialic acid O-acetylation on safety and/or potency 
remains unknown.  However, it has been suggested that acetylation could protect sialic acids 
from degradation by sialidases, which in turn enhances their effect. 38 
 
Weak Anion Exchange chromatography (WAX) - Sialic acid distribution (S1, S2, S3, S4) 
 
Even with similar content of total sialic acids, the distribution of the sialic acids across the N-
glycans contributes to the heterogeneity of the product. WAX-HPLC was used to determine the 
relative ratio of N-linked glycans with 1 – 4 terminal sialic acid residues and to compare the 
sialic acid distribution in the “Epoetin Hospira” and US-licensed Epogen/Procrit. The analysis is 
conducted using 2-AB labeled native N-linked glycans without exoglycosidase digestion. 
Representative WAX chromatograms are shown in Figure 25 (S1, S2, S3 and S4 regions are 
labeled) and the analytical similarity results from 8 lots of the “Epoetin Hospira” and 7 lots of 
the US-Epogen/Procrit are summarized in Table 16. The results indicate that most of the 
structures in both products are tetra-sialylated (S4), with the amount of mono-sialylated 
structures (S1) ≤2%. The “Epoetin Hospira” lots show slightly lower S4 structures and slightly 
higher S2 and S3 structures compared to US-licensed Epogen/Procrit. 
 
Sialic acid distribution was assigned to Tier 3 and compared graphically for S2, S3 and S4 as 
shown in Figures 27 – 29. More variability is observed in the sialic acid distribution of the 
“Epoetin Hospira” lots compared to the reference product. 
 

                                                                                                                                                                                                
35 Darling, R.J. et al. (2002) Glycosylation of Erythropoietin Affects Receptor Binding Kinetics: Role of Electrostatic Interactions. Biochemistry. 
41, 14524-14531 
36 Morimoto K et al. (1996) Biological and physicochemical characterization of recombinant human erythropoietin fractionated by Mono Q 
column chromatography and their modification with sialyltransferase. Glucoconj J. 6:1013-1020. 
37 Widness J.A. (1996) In vivo 125I-erythropoietin pharmacokinetics are unchanged after anesthesia, nephrectomy and hepatectomy in sheep. J. 
Pharmacol Exp. Ther. 279: 1205 – 10. 
38 Hua S. et. al.  (2015) Technologies for glycomic characterization of biopharmaceutical erythropoietins. Trends in Analytical Chemistry 68: 18 
– 27. 
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Reviewer comment: A higher degree of sialylation correlates with increased in vivo activity for 
the reasons explained above. The higher level of S4 structures in the reference product is 
consistent with the higher level of tetra-antennary structures observed. Since “Epoetin Hospira” 
and US-licensed reference product have similar total sialic acid content, the differences in the 
distribution of sialic acid are thus likely responsible for the differences in isoform distribution 
discussed below, where the higher level of tetra-sialylated structures in the US-licensed 
reference product results in an increased amount of the higher charged isoforms.  
 
Isoform distribution 
 
Charged isoform distribution was evaluated by CZE, where isoforms 3, 4, 5, 6 and 7 correspond 
to erythropoietin glycosylated forms containing 10, 11, 12, 13 and 14 terminal sialic acids, 
respectively, as described in Section 3.2.S.3.1. Isoform distribution was assessed for all 26 lots of 
“Epoetin Hospira” DP, 8 lots of “Epoetin Hospira” DS, and 10 lots of US-licensed 
Epogen/Procrit. The results show the same type of isoforms in “Epoetin Hospira” and US-
licensed reference product (Figure 53 and Table 32), but differences in the levels of the isoforms 
are observed. Graphical comparison of the distribution of isoforms 4 to 7 (Tier 3 analysis)  
shows different and non-overlapping distributions and means for Isoform 4, 6, and 7, and barely 
overlapping distributions for Isoform 5. Hospira attributes these differences to differences 
observed in the O-glycan sialylation, N-linked antennary structures, sialic acid distribution (S2, 
S3 and S4) and lactosamine repeats of the two products. 
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Reviewer comment: The CZE data show similar types of charged isoforms, but slight differences 
in the levels of charged isoforms in “Epoetin Hospira” and US-licensed Epogen/Procrit were 
observed. The predominant isoform in “Epoetin Hospira” contains 12 sialic acids (Isoform 5) 
while US-Epogen/Procrit contains a slightly higher relative abundance of Isoform 6 with 13 
sialic acids. The differences in charged isoform distribution is consistent with the differences in 
sialic acid distribution discussed above, and correlate with the higher tetra-sialylated N-glycans 
and di-sialylated O-glycans in the reference product. Several studies have suggested a 
correlation between highly charged isoforms and higher in vivo activity. The impact of isoform 
distribution on in vivo bioactivity is assessed under “Functional assays”. 
 
Reviewers’ overall assessment of glycosylation profiles 
 
Comparative analysis of the glycosylation profiles of “Epoetin Hospira” and US-licensed 
reference product was conducted using multiple orthogonal methods.  
 
For both products, more than 97% of the erythropoietin protein is glycosylated at positions Asn 
24, Asn 38, and Asn 83, and more than 95% is glycosylated at Ser 126. Hospira’s data showed 
that the nature of the glycan species found at each glycosylation site, including the 
monosaccharides and complex structures such as the number of branched chains and 
lactosamine repeats is highly similar in the “Epoetin Hospira” and the US-licensed reference 
product. No glycan species not present in the US-licensed reference product was reported in 
“Epoetin Hospira”. The glycans found at Asn 38 and Asn 83 mostly contain tetra-antennary 
structures, those at Asn 24 are mostly di- and tri-antennary, and the glycan at Ser 126 contains a 
single glycan chain. Overall, both products contain >50% core fucosylated tetra-antennary tetra 
sialylated N-glycan structures with zero or one lactosamine repeats.  
 
The levels of several glycan species are highly similar between the two products. However, 
differences in the levels of some glycan species were observed. For example, although the total 
content of sialic acids (charged monosaccharides) is highly similar between the two products, 
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differences were observed in the levels of the acetylated sialic acid species. In addition, 
distribution of the sialic acids on each glycan and the resulting charged isoforms is slightly 
different. Some differences were also observed in the relative amounts of each N-glycan 
antennary structure and the levels of lactosamine repeats in the two products. Minor structural 
differences, such as differences in the levels of glycosylated species do not necessarily preclude a 
conclusion of highly similar. However, the impact of those differences has to be adequately 
evaluated and addressed to demonstrate that the differences are not clinically meaningful 39.  
 
As stated above, erythropoietin glycosylation is important for in vivo biological activity. While 
the role of some glycan species in in vivo biological activity has been clearly elucidated, it 
remains a topic of debate for others. Assessment of the isolated contribution of each different 
glycan on in vivo biological activity is complicated by the presence of multiple overlapping or 
opposing effects of the glycan species. 
 
Hospira provided data from comparative analysis of in vivo bioactivity of “Epoetin Hospira” 
and the US-licensed reference product. In vivo bioactivity assesses the overall impact of all 
glycosylation forms on biological activity. The results show that the two products have highly 
similar in vivo activity (see functional assays section). Hospira provided data to demonstrate 
that the normocythaemic mouse assay used for these studies is sensitive to the observed 
differences in glycosylation. Highly similar in vivo bioactivity suggests that the differences in 
glycosylation do not result in an observable net effect on in vivo bioactivity in mice. Therefore, 
overall glycosylation of the products is considered analytically highly similar with the residual 
uncertainty of their potential impact on biological activity and immunogenicity in humans.  
 
Drug product Attributes 
 
Container fill and deliverable volumes, erythropoietin content, total in vitro and in vivo potency 
per container, and particulate matter were compared as part of the analytical similarity exercise. 
The analytical methods and samples used for volume, erythropoietin content and particulate 
matter are included in the Table below. The Tier assignments and the results from the analyses 
are discussed for each attribute. Total in vitro and in vivo potency per container are discussed as 
part of the functional assays in the next section. 
 
Attribute Method “Epoetin 

Hospira” DP 
Epogen Procrit Tier 

Volume (fill and deliverable 
volume) 

USP <1> 23 26 4 2 (fill 
only) 

Erythropoietin  content RP-UPLC 
RP-UPLC with HSA 

26 28 7 2 

Particulate matter (≥2 µm, ≥5µm 
≥10 µm, ≥25µm) 

MFI 23 35 9 3 

Particulate matter (0.1 – 1 µm) Nanosight 1 1 1 3 

Note: Table prepared by CMC reviewer.  
 
 

                                                            
39 Guidance for Industry. Scientific Considerations in Demonstrating Biosimilarity to a Reference Product. April 
2015. 
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Container Fill and Deliverable Volumes 
 
The target container fill volume of “Epoetin Hospira” DP is 1 mL, and was defined to match 
the experimentally determined fill volumes of the US-licensed reference product. For analytical 
similarity, the container fill volume for each DP lot is the average of five individually weighed 
vials from that lot for both “Epoetin Hospira” and US-Epogen/Procrit.  The container fill volume 
for each vial = (Weight of full vial with closure components-weight of empty vial with closure 
components)/density of fill solution; where the density for “Epoetin Hospira” is 1.009 g/mL and 
that of US-Epogen/Procrit is 1.0054 g/mL. The deliverable volume is also reported as the 
average of five individual deliverable volume determinations extracted from the vials a low dead 
volume syringe . 
 
The individual fill and deliverable volume results from 23 lots of “Epoetin Hospira” DP, 26 lots 
of US-licensed Epogen and 4 lots of US-licensed Procrit are plotted in Figure 1 and the averages 
and standard deviations for each product and strength are shown in Table 3. The difference 
between the fill and deliverable volumes represents solution hold-up of ~ 0.04 mL in the  
syringes, according to Hospira. 
 
Container fill volume was assessed as a Tier 2 attribute. The statistical analysis determined with 
the similarity range of mean ± 3SD of the Epogen/Procrit results (1.085 – 1.125 mL) is shown in 
Figure 2. According to Hospira, 87% of the data are within the similarity range, therefore the 
container fill volumes are highly similar. 
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Reviewer comment:  The ability to extract the correct volume is important for patient dosing, 
and appropriate overfill is a regulatory requirement as per 21 CFR 201.51 (g). Overfill is not 
necessarily a similarity issue; however, the proposed biosimilar product has to abide by the 
overfill requirements, which are based on USP <1151>. “Epoetin Hospira” overfill is within 
these requirement. The data appear to show slightly more variability for “Epoetin Hospira” lots 
than the US-licensed reference product (Figure 2), which could potentially be due to less 
manufacturing experience compared to the reference product; however these differences are 
negligible (< 0.02 ml). 
 
Erythropoietin Content 
 
RP-UPLC was used for the comparative assessment of the erythropoietin content in “Epoetin 
Hospira” and the US-licensed reference product. The RP-UPLC methods used to determine the 
erythropoietin content in the two products are slightly different in that the method used for US-
Epogen/Procrit uses standards containing HSA to match the Epogen/Procrit buffer.  Both RP-
UPLC methods were validated for their intended use and they show comparable performance. 
For both products, real-time stability data of DP stored under the recommended storage 
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conditions of 2-8°C was pooled and included in the original analytical similarity assessment for 
erythropoietin content as described earlier.  
 
Graphical comparisons of the individual erythropoietin content results for the 2000 U/mL, 
10,000 U/mL, and 40,000 U/mL strengths of “Epoetin Hospira” and US-licensed Epogen 
provided in the original BLA are shown in the left panels of Figure 3, 4, and 5, and the lot 
average results on the right in each figure. In the original BLA, average erythropoietin content in 
the “Epoetin  Hospira” samples ranges from 8.0 to 8.8 µg/1000 U, while for the US-reference 
product, the range is 8.1 to 8.5 µg/ 1000 U.  
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Erythropoietin content was assigned to Tier 2 and compared to a range determined as the mean ± 
5% of the erythropoietin content in the US-licensed reference product. The statistical analysis 
results for the normalized erythropoietin content pooled across the five strengths of both 
products are shown in Figure 10 and Table 9. Based on these results, Hospira concluded that the 
erythropoietin content in “Epoetin Hospira” DP and US-licensed Epogen/Procrit are highly 
similar. 
 

 
 
Reviewer comment: The pooled erythropoietin content data suggest that overall “Epoetin 
Hospira” DP lots have higher erythropoietin content than the US-licensed reference product by 
~4%, with the exception of “Epoetin Hospira” lots highlighted with red boxes for the 2000 U/mL 
and 10,000 U/mL strengths which were beyond proposed 24-month expiry when tested. If these 
data are eliminated from comparison, the difference in protein content between “Epoetin 
Hospira” and US-Epogen/Procrit becomes more apparent. In response to the 4/10/2015 IR, 
these lots were excluded from the analysis. 
 
Hospira was asked to justify the acceptance criteria of ±5% for protein content taking into 
consideration that “Epoetin Hospira” DP containing approximately 10% lower erythropoietin 
content than that of the reference product was used in a legacy PK/PD similarity study that 
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failed the PK/PD similarity acceptance criteria. The failure was attributed to the lower 
erythropoietin content in “Epoetin Hospira”. The failed study suggested that PK/PD is sensitive 
to erythropoietin content and thus erythropoietin content should be carefully controlled. 
 
Hospira assessed the biological significance of the ±5% acceptance criteria for protein content 
using in vivo potency data, the two PK/PD studies, and the four efficacy and safety clinical 
studies. For example, the mean difference in protein content between the “Epoetin Hospira” and 
reference product lots used for the PK/PD studies is 3.4% and 3.7% for the single dose and 
multi-dose studies, respectively and both studies met the PK/PD acceptance criteria. The 
individual lot results show differences of up to 5.3%. Hospira states that based on their data, 
differences in erythropoietin of ~5% did not result in differences in in-vivo potency, PK/PD and 
additional clinical studies. Therefore, Hospira believes that differences in protein content of up 
to 5% should not result in biologically meaningful differences.  
 
As stated earlier, there is a discrepancy between the information provided in this section and in 
section 3.2.P.2. regarding the lots used in the single dose PK/PD similarity study, EPOE-12-02.. 
Hospira will be asked to clarify the “Epoetin Hospira” lots used in this PK/PD similarity study.   
See CR comment in the “Summary of Hospira’s overall analytical similarity assessment” above. 
 
Revised erythropoietin content analysis 
 
In the revised analysis based on product “age windows”, the lots used for protein content 
analysis were divided into 3 overlapping windows (3 to 8 months, 6 to 10 months, and 8 to 13 
months) shown in Table 28 below. Erythropoietin content results from “Epoetin Hospira” DP 
lots CL1-043, CL1-044, and CL1-438 beyond the proposed 24 month shelf-life were excluded 
from this analysis. Hospira’s results from this analysis show that protein content is not highly 
similar between the two products for all the product age windows (Table 30). The actual percent 
mean difference in protein content obtained from descriptive statistics is similar to that observed 
with the original data of ~4%. My independent analysis of the data from the overall window (3 to 
13 months) using only the earliest time points to avoid stability replicates and the descriptive 
statistics obtained are shown in the Figure and Table below, and they confirm these results.   
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Erythropoietin Content of “Epoetin Hospira” and US-licensed reference product from 1 to 
13 months product age window* 

 
*Analysis done by reviewer.  Data from the 3 to 13 months window was plotted and compared to the data from the 1 to 13 
month window. The data did not show changes in the mean erythropoietin content. Shown in the figure here is the data from the 
1 to 13 month window.  
 
Descriptive Statistics for erythropoietin Content (%) 

Producta # of Lots Min Max Mean 
Standard 

Deviation b 
CV(%)c 

US-Epogen/Procrit 35 8.12 8.65 8.27 0.10 1.21 
“Epoetin Hospira” 21 8.35 8.78 8.58 0.10 1.16 
Descriptive statistics based on the reviewer’s analysis 
a Std.Dev is the sample standard deviation for each product;  
b CV: coefficient of variability, computed as the ratio of sample standard deviation to sample mean; 
c”Epoetin Hospira” lots span approximately 1 to 12 months whereas the lots of US-licensed Epogen/Procrit span approximately 3 
to 12 months 
 
Reviewer comment: Based on these data, the Agency determined that the difference in 
erythropoietin content between the two products needs to be addressed because it raises 
concerns regarding exposure when the proposed erythropoietin content release specification of 
the DP are considered. An ~4% difference in erythropoietin content between “Epoetin Hospira” 
and the reference product combined with the proposed release acceptance criterion of ± % for 
the erythropoietin content could potentially allow for an unacceptably large difference between 
the two products. A failed legacy PK study (EPOE-10-08) may have resulted from differences in 
erythropoietin content of approximately 10% between “Epoetin Hospira” and the US-licensed 
reference product. Thus, while revising the release specifications for the erythropoietin content 
of “Epoetin Hospira” DP is necessary, revised erythropoietin content specifications alone will 
not be sufficient to address the concerns related to exposure.  
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The higher erythropoietin content in “Epoetin Hospira” appears to be due to a manufacturing 
issue that can likely be resolved. An IR was sent to Hospira on June 22, 2015 asking them to 
adjust the erythropoietin content of “Epoetin Hospira” DP to be in agreement with the 
erythropoietin content of the US-licensed reference product determined by Hospira. In addition, 
Hospira was asked to tighten the erythropoietin content release and stability specification for 
“Epoetin Hospira” DP to a more appropriate range, and provide a justification for the revised 
acceptance criterion. It should be noted that the Agency considered the implications of changing 
the erythropoietin content on the PK/PD data submitted to support this BLA. An internal 
interdisciplinary evaluation between OBP and OCP concluded that additional PK/PD studies 
would most likely not be necessarily following this change in protein content, given the 
magnitude of changes being made.  
 
Hospira agreed to address this concern by revising the erythropoietin content target to  μg 
per 1000 Units instead of the current  μg per 1000 Units target. The revised μg per 
1000 Units target is based on the mean of the measured erythropoietin content lot means for 35 
lots of US-licensed Epogen/Procrit  using RP-UPLC. Hospira is manufacturing nine more lots of 
“Epoetin Hospira” DP with the correct erythropoietin. In addition, the proposed commercial 
specification for erythropoietin content will be tightened based on the results from the testing for 
the nine additional “Epoetin Hospira” DP lots manufactured using the revised erythropoietin 
content target. Hospira committed to provide these data by August 14, 2015. The data were 
formally submitted to the BLA on 8/28/2015. These data constitute a substantial amendment to 
the BLA and will be reviewed in the next review cycle. 
 
Particulate matter 
 
Comparison of particulates in “Epoetin Hospira” DP and US-Epogen/Procrit across all strengths 
(2,000, 3,000, 4,000, 10,000 and 40,000(Procrit) U/mL) was conducted by MFI for particles ≥ 2 
μm, ≥ 5 μm, ≥ 10 μm and ≥ 25 μm, and Nanosight for particles in the 0.1 to 1 μm size range. 
Hospira stated that HIAC could not be performed for Epogen using their current HIAC sensor 
configuration due to the high particle counts in the ≥ 2 to ≥ 5 μm size range in the Epogen lots.  
 
Micro-Flow Imaging (MFI) 
 
Testing by MFI included all strengths (2,000, 3,000, 4,000, 10,000 and 40,000 U/mL) for both 
products, and included pooling of stability data across time points for each lot. To justify the use 
of stability data, Hospira provided the MFI results plotted as a function of product age and 
showed that the sub-visible particles do not increase during product storage for both “Epoetin 
Hospira” and the US-licensed reference product.  
 
A log scale plot of the average number of sub-visible particles determined by MFI in both 
products is shown in Figure 19 below. For all presentations, higher particle counts were reported 
for US-licensed Epogen relative to “Epoetin Hospira” (average particle count is ~ ten-fold higher 
in Epogen). In each particle size range, the numbers of sub-visible particles in Procrit were 
higher than in “Epoetin Hospira” DP samples but lower than those in US-licensed Epogen.  
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NanoSight  
 
NanoSight was used to analyze nanoparticles in the range of 0.1 – 1 µm. One lot each of 
“Epoetin Hospira” DP, US-licensed Epogen and US-licensed Procrit were tested six times. The 
mean value of the six measurements was used to obtain the nanoparticle size concentration 
distributions. The 10,000 U/mL strength was chosen for all three products to confirm that the 
difference in concentration was not a contributing factor to any differences observed, especially 
between US-licensed Epogen and US-licensed Procrit. Hospira reported that the US-licensed 
Epogen (10,000 U/mL) sample contained too many particles for the software to effectively track 
the nanoparticle content. Therefore, it was diluted three fold in water and reanalyzed to obtain a 
nanoparticle distribution within the dynamic range of the instrument. The data (Figure 23) show 
a substantially higher nanoparticle content for the 3X diluted US-licensed Epogen sample 
relative to US-licensed Procrit and “Epoetin Hospira” DP. 
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Reviewer comment: Sub-visible particles are a critical quality attribute for erythropoietin 
because of their association with potential immunogenicity and capillary occlusion. Hospira’s 
assessment of particulates overall suggests that “Epoetin Hospira” has less sub-visible and 
nano-particles than the US-licensed reference product. Comparative statistical analysis was not 
conducted for particulates because Hospira found the attributes to be not amenable to 
comparative analysis. 
 
The reviewer had the following concerns with Hospira’s analytical similarity assessment of sub-
visible particles: 1) Use of pooled and averaged stability data results in a different number of 
replicates for “Epoetin Hospira” and the US-licensed reference product, which impacts the 
overall variability observed for the two products; 2) the meaningfulness of the averaged data is 
questionable given the variability of the method. For example, for one of “Epoetin Hospira” 
2000 U/mL DP lots, 1345 and 7134 particles ≥2 µm were measured on the same lot of the same 
age (3 months) in two different experiments; 3) Particulates should have been assigned to a 
testing tier for analysis because it is a CQA with important implications on the safety of the 
product. Based on the differences in particulates observed between the products, the attribute 
should have been assigned to Tier 3.  
 
The reviewer made an independent comparative assessment of particulates using min-max 
ranges. The table below shows the min-max range for the individual data points across all time 
points for different particle sizes. The data show that for the ≥2, ≥5, and ≥10 µm particles, US-
licensed Epogen overall has more particles than “Epoetin Hospira” by ~ at least 5 fold. Procrit 
also has ~double the particles that in “Epoetin Hospira” for the≥ 2 µm and ≥5µm  particles, but 
similar numbers for the ≥10µm particles.  Overall, the reviewer’s conclusions that US-licensed 
Epogen and US-licensed Procrit have more of these particles than the “Epoetin Hospira” are in 
agreement with Hospira’s findings. However, given method variability of this assay, the 
magnitude of the differences seen by the reviewer are sometimes smaller than those reported 
defined by the sponsor.  
 
 ≥2 µm range ≥5 µm range ≥10 µm range ≥25 µm range 
Epogen 3213 – 29195 485 – 6849 74 – 1880 0 – 243 
Procrit 1377 – 8858  180 – 1051 28 – 290 8– 52 
“Epoetin Hospira” 170 – 7190 8 – 4085 0 – 573 0 – 182 
 
Differences in particles are likely related to differences in the manufacturing process, DP 
formulation and/or container closure between the “Epoetin Hospira” and reference product. 
The difference in the number of particles observed between the Epogen and Procrit samples 
could be related to  the respective formulations. Of note, 
the combination of the citrate buffer formulation of the reference product and the quality of glass 
vials used as container closure were implicated in the glass delamination problems observed by 
Amgen that resulted in product recalls in 2010.40 Amgen has made several attempts to reduce 
glass delamination, such as setting specifications for vial surface alkalinity and using vials that 
are less susceptible to delamination; 30 however the presence of sub-visible particles within USP 

                                                            
40 IPQ “In the News,” August 10, 2011, “Amgen Glass Lamellae Investigation Sheds Light on Biopharma’s Control Challenges and Solutions” 
(http://www.gmp-navigator.com/daten/forum_download/IPQ_82011_AmgenGlassLamellaeInvestigation.pdf) 
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recommended acceptance criteria and even smaller particles that are not routinely monitored 
cannot be ruled out.  
 
Overall, the differences observed in particulate matter do not have a negative impact in product 
quality of “Epoetin Hospira”; therefore, the products are considered to be highly similar with 
regard to this attribute. 
 
 
Functional Assays 

The biological activity of “Epoetin Hospira” and US-licensed reference product were compared 
using assays that assess various aspects of the erythropoietin mechanism of action including 
binding to the EPO receptor, induction of cell proliferation, and production of reticulocytes. The 
assays include an in vivo normocythaemic mouse assay, an in vitro cell-based proliferation assay, 
a competitive erythropoietin receptor binding assay (CRBA), and erythropoietin receptor binding 
affinity and kinetics (KD, kon and koff) by SPR. These assays are described in section 3.2.S.3.1.  
 
Comparative assessment of biological activity did not need “deformulation” of US-licensed 
Epogen/Procrit; therefore, the studies were conducted using “Epoetin Hospira” DP and non-
“deformulated” US-licensed Epogen/Procrit DP. The number of samples used for each method in 
the original BLA are listed in the Table below. A bracketing approach using 2000, 10,000 and 
40,000 U/mL strengths was used for this assessment. The 3000 and 4000 U/mL strengths were 
included primarily to support the claim of linearity between erythropoietin content and labeled 
potency. 
 

Attribute Method “Epoetin 
Hospira” DP 

Epogen Procrit Tier 

In vivo potency  
Normocythaemic mouse 

assay 
 

26 22 4 1 
In vivo specific activity 2 
Total in vivo potency per 
container (% x mL) 

23 18 4 2 

In vitro potency  
UT7 Cell based assay 

26 28 7 1* 

In vitro specific activity 1 

Total in vitro potency per 
container (% x mL) 

23 21 4 2 

Receptor binding (% relative 
potency) 

Receptor binding 26 27 7  

Receptor binding kinetics (KD, 
kon and koff) 

SPR 26 18 2 3 

Note: Table prepared by CMC reviewer. *Hospira assigned in vitro potency to Tier 2. For reasons 
explained in the review, the review team assessed this attribute as a Tier 1 attribute. 
 
The bioactivity data from all functional assays except the receptor binding kinetic parameters 
were expressed as units of activity per volume (e.g. U/ml) or as percentages relative to Hospira’s 
in-house Biological Reference Standard (BRS-EPO-101), which has a defined potency in Units 
of activity. This reference standard was calibrated against an international reference standard for 
erythropoietin. In addition, Hospira compared the in-vivo and in-vitro specific activity (units of 
activity per mass of erythropoietin, U/µg) of “Epoetin Hospira” and the US-licensed reference 
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product. The erythropoietin content used for calculating specific activity is the average protein 
content of each lot determined by RP-UPLC. 
 
Reviewer comment: The lots included in the assessment are representative of the clinical/ 
commercial process.  
 
In Vivo Normocythaemic Mouse Assay 
 
This assay measures the ability of erythropoietin administered subcutaneously to increase the 
number of reticulocytes. The in vivo assay is important in the similarity assessment of 
erythropoietin products because if performed correctly, it is the only functional assay that 
assesses the combination of effects from receptor binding, signal transduction and the effect of 
glycosylation on the half-life of erythropoietin. Hospira justified the use of the normocythaemic 
mouse assay described in Ph. Eur. with a single injection of erythropoietin followed by 
reticulocyte count after 4 days as follows: 

 The normocythaemic mouse model is sensitive to differences in glycosylation 
 The normocythaemic mouse model has more dynamic range than the polycythaemic 

mouse model.  
 A multiple injection normocythaemic model has higher variability. 

 
Reviewer comment: An IR comment was sent to Hospira on 5/14/2015 asking for data to 
demonstrate that the in vivo assay used in this analysis is sensitive enough to evaluate the impact 
of the differences observed in the glycosylation profiles of the “Epoetin Hospira” and US-
licensed reference product. These data were provided and are reviewed at the end of this section. 
 
In the comparative testing exercise, samples of “Epoetin Hospira” and US-licensed reference 
product were compared to the Biological Reference Standard (BRS-EPO-101) to obtain the 
reported potencies. Representative dose response curves for “Epoetin Hospira” DP and US-
licensed reference product in comparison to BRS-EPO-101 are shown in Figure 1. 
 

 
Reviewer comment: The representative dose response curves for the two products look identical 
but the data used to generate them were not provided. Our review of these plots suggests that the 
dose response curves for two products may have been generated from an identical dataset and 
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raises questions regarding the accuracy and identity of the data used to generate them. During 
the pre-approval inspection of , we evaluated primary analytical 
similarity data from some assays, including the in-vivo biological assay. Hospira representatives 
were asked to provide the raw data used to obtain these curves and the data provided did not 
correspond to these curves. Hospira stated that the same data set was inadvertently used to 
generate the representative plots and provided records of the correct datasets.  Hospira’s 
explanation during inspection addressed the reviewer’s concerns regarding these data. 
However, the information in this comment will be communicated to Hospira in a CR comment 
and Hospira will be asked to formally submit the correct information to the 351(k) BLA 
application so the record is accurate. This is a CR issue. 
 
In the original BLA submission, real-time in vivo potency stability data for the five DP strengths 
were normalized and pooled across strengths as described earlier in the review. The resulting 
average % relative in vivo potency results for “Epoetin Hospira” DP and US-licensed 
Epogen/Procrit are shown graphically in Figure 2 below (right). The individual lot values used to 
obtain the average values are also shown in Figure 2 (left). 
 
Hospira analyzed in vivo potency as a Tier 1 attribute. The results of Hospira’s equivalence 
testing based on 26 lots for both the “Epoetin Hospira” and the US-licensed reference product 
showed that in vivo potency of the two products was equivalent. The 90% confidence interval of 
the mean difference, [0.9045, 4.9339] was contained within the equivalence margins [-11.024, 
11.024]. The reviewer’s comment on the appropriateness of all the in vivo potency data is 
included at the end of this section. 
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In vivo specific activity (U/μg) 
 
In vivo specific activity in the original BLA submission was calculated based on the average 
pooled in vivo potency results discussed above for each lot and the average pooled data for 
erythropoietin content discussed above. The in vivo specific activity (U/μg) results for “Epoetin 
Hospira” DP and the US-licensed reference product are shown in Figure 7 for both the individual 
values (left) and average values (right). In vivo specific activity (U/μg) was assessed as a Tier 2 
attribute against the mean ± 3SD similarity range of the reference product. The results (Figure 8) 
are all within the similarity ranges of the US-licensed reference product and Hospira concluded 
that in vivo specific activity was highly similar to the US-licensed reference product.  
 

 
 
Total in vivo potency per container 
 
Similarity of total in vivo potency per container was compared using pooled in vivo potency data 
across stability time points and strengths, and the average fill volume for each lot calculated from 
5 vials as discussed above.  For each lot, total in vivo potency per container was calculated by 
first multiplying the individual In vivo potency (% relative potency) results obtained from each 
stability data points for that lot by the corresponding average container fill volume for the lot. 
Then the individual total in vivo potency per container values from multiple test points were 
averaged to generate a lot average total in vivo potency per container. Total In vivo potency per 
container is expressed in units of % relative potency × mL (% × mL). The normalized data (% 
relative potency X mL) is then pooled across strengths. A plot showing the individual total in 
vivo potency per container results for each lot of “Epoetin Hospira” DP and US-licensed 
Epogen/Procrit is shown in Figure 13 (left). The lot average total in vivo potency per container 
results are shown on the right.  Hospira assigned total in vivo potency per container to Tier 2 and 
concluded that it was highly similar to the US-licensed reference product based on the mean 
±3SD similarity range (Figure 14).  
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Reviewer comment: As stated earlier, pooling data across stability time points is not acceptable. 
The results of the in vivo potency assay clearly show the problems associated with pooling 
stability data when a different number of replicates is available for the two products. The 
individual in vivo potency, specific in vivo activity and total in vivo potency per container data 
plotted on the left of Figures 2, 7 and 13, respectively show that the number of individual 
replicates included in the analysis is higher for “Epoetin Hospira” than for the US-licensed 
reference product. The individual data also show similar or even higher variability in “Epoetin 
Hospira” than in the US-licensed reference product. However, the averaged values on the right 
of Figures 2, 7 and 13 show significantly reduced variability for “Epoetin Hospira” compared to 
the reference product. The average “Epoetin Hospira” values are obtained from multiple tests 
per lot, whereas the US-licensed Epogen/Procrit values were for the most part obtained from 
one measurement per lot. Thus, it is not surprising that average values for “Epoetin Hospira” 
show less variability than the US-licensed reference product. Clearly, the number of replicates 
per lot has implications on the interpretation of the data. This type of data manipulation is not 
acceptable and as mentioned earlier, Hospira was asked to reanalyze the data using comparable 
data sets, with proper justification for the chosen data set. Further assessment of in vivo potency 
similarity (discussed below) was conducted once Hospira provided acceptable data.  
 
Regarding total potency per container, we informed Hospira in the 4/10/2015 IR that we do not 
agree with the use of fill volumes for the determination of total (in vivo and in vitro) potency per 
container. Total potency per container should be calculated using deliverable volume, which is 
more appropriate for demonstrating similarity in the amount of product available to the patient. 
In addition, we reiterated to Hospira that the use of average lot volume instead of the individual 
vial volumes (of the vials used in the potency assay) to determine total potency reduces the 
impact of the variability in the individual volumes on total potency. Therefore, if lot average 
deliverable volumes are used, the impact of using lot average volumes instead of individual vial 
deliverable volumes on the statistical analysis of this attribute should be addressed. 
 
Revised in vivo potency analysis  
 
In the revised analysis based on product age windows, the lots used for in vivo potency analysis 
were divided into two overlapping windows (3 to 8 months and 6 to 13 months) with a third full 
overlapping window from 3 to 13 months (Table 3). Only data from the earliest stability time 
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point was used for analysis in each window. I found the in-vivo biological activity of “Epoetin 
Hospira” and the US-licensed reference product in each age window similar based on graphical 
representations of the data and the descriptive statistics provided by Hospira. 
 
To support analytical similarity, Hospira conducted equivalence testing for each window using 
the lots shown in Table 3 and showed that in vivo potency was statistically equivalent in each 
product age windows (data not shown for brevity). The Agency’s statistics reviewer 
independently analyzed the data from all the product age windows and confirmed Hospira’s 
results that in vivo potency was equivalent in all age windows. The statistics reviewer’s results 
from the analysis of the overall product age window (3 to 13 months) using only the earliest time 
points and the descriptive statistics obtained are shown in the Figure and Tables below. These 
data support the conclusion that in vivo potency is highly similar between the two products.  
 

 
 
In vivo biological activity of “Epoetin Hospira” (closed circles) and US-licensed reference 
product (open circles) 

 
Figure made by statistics reviewer. Data from the 3 to 13 months window was plotted and compared to the data from the 1 to 13 
month window. The data did not show changes in the mean values. Shown in the figure here is the data from the 1 to 13 month 
window.  
 

Statistics Reviewer’s Descriptive Statistics for In-vivo Biological Activity (%) 
 

 Number of Lots Range Mean (%) Std. Deva CVb 
“Epoetin Hospira”c 21 92 - 116 102.9 7.2 7.0 
US-licensed reference 
product c 

26 88 - 117 99.3 7.3 7.4 

a  Std. Dev is the sample standard deviation for each product;  
b CV: coefficient of variability, computed as the ratio of sample standard deviation to sample mean. 
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c The lots of “Epoetin Hospira” evaluated span approximately 1 to 8 months whereas the lots of US-licensed Epogen/Procrit span 
approximately 3 to 12 months. 

 
Statistic’s reviewer’s results for statistical equivalence test of in-vivo biological activity (%)  
 

 
Number of 
lots 

Mean 
Difference 

Confidence 
Interval 

Equivalence 
Acceptance 
Criterion 

Statistical 
Equivalence? 

“Epoetin Hospira” 
vs. US-licensed 
reference product 

21 vs. 26 3.56 (-0.03, 7.15) 
 

(-11.02, 11.02) Yes 

 
Specific Activity 
 
In vivo specific activity was reassessed as a Tier 2 attribute using the same 3 product age 
windows as in vivo potency. The reanalyzed the in-vivo specific activity of “Epoetin Hospira” 
and the US-licensed reference product is similar based on graphical representations of the data 
and the descriptive statistics provided by Hospira. I recalculated the specific in vivo activity for 
the overall window from 3 to 13 months, taking only the earliest time point. The results I 
obtained in the Figure below and the corresponding descriptive statistics show that specific in 
vivo activity is highly similar with 100% of “Epoetin Hospira” lots within the similarity range of 
the reference product.  
 
Specific in vivo biological activity of “Epoetin Hospira” and US-licensed reference product  
 

 
Figure made by CMC reviewer 

 
Descriptive Statistics for Specific In vivo Activity 

Productc # of Lots Min Max Mean 
Standard 

Deviation a 
Mean ± 3SD  

US-Epogen/Procrit 26 106 143.4 118.93 9.25 91.17 –145.68 
“Epoetin Hospira” 18 99.9 135.1 118.57 8.95 100% in range 
Descriptive statistics based on CMC reviewer’s analysis 
 
a Std.Dev is the sample standard deviation for each product;  
c “Epoetin Hospira” lots span approximately 3 to 9 months whereas the lots of US-licensed Epogen/Procrit span approximately 3 
to 12 months 
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Total in vivo activity per container 
  
With respect to total in vivo potency per container, two changes to the data provided in the 
original 351(k) BLA were made in the revised analysis. First, average deliverable volume was 
used instead of average fill volume to calculate the total in vivo potency. Then the data were 
divided into three age windows. The results obtained from this analysis did not change the 
original conclusions of highly similar total in vivo potency per container.   
 
The impact of using average deliverable volume instead of the individual vial volumes was 
evaluated. For this, Hospira took the total in vivo potency per container for each lot and divided 
it by the average deliverable lot volume to obtain in vivo potency for the lot. The in vivo potency 
was then multiplied by individual vial deliverable volumes for the corresponding lot to obtain 
total in vivo potency based on individual deliverable vial volume. The individual vial deliverable 
volumes were obtained from different vials than those used for the In Vivo potency testing 
because the two tests are performed in different laboratories. The use of individual deliverable 
vial volumes instead of the average deliverable vial volumes did not change the conclusions 
about similarity of total in vivo potency per container. The variability of the individual vial 
deliverable volumes for “Epoetin Hospira” lots is slightly higher than the variability for the 
reference product lots; however the contribution of the deliverable volume is relatively small 
relative to the variability of the in vivo assay. 
 
Reviewer comment: The in vivo potency testing results suggest that the in vivo potency of 
“Epoetin Hospira” is highly similar to that of the reference product, notwithstanding the 
differences in glycosylation noted above. The types of glycosylation species observed between 
the two products are the same. However, quantitative differences were observed in the levels of 
some species such as lactosamine repeats, sialic acid distribution, acetylated sialic acids, and 
the distribution of charged isoforms. On May 14, 2015, Hospira was asked to provide data to 
demonstrate that the in vivo assay is sensitive to evaluate the impact of differences in 
glycosylation profiles. 
 
Sponsor’s response 
 
Hospira provided additional studies using enriched erythropoietin isoform fractions isolated from 
“Epoetin Hospira” DS to demonstrate that the normocythaemic mouse assay is sensitive for 
evaluating the impact of differences in glycosylation profiles. In addition, in vivo and in vitro 
testing was conducted using commercially available Aranesp, which contains two additional N-
linked glycosylation sites and higher sialylation relative to erythropoietin. 
 
The enriched isoforms were generated at lab scale  

 

 
 The erythropoietin content in each isoform fraction was 

determined by RP-UPLC. In addition, the isoforms were tested for physicochemical 
characteristics including primary structure, HMWS, charge distribution, and glycosylation. Other 
than the expected differences in glycosylation (N-glycan antennarity, terminal sialylation and 
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number of lactosamine repeats), Hospira reported no significant differences in other 
physicochemical characteristics of the different enriched isoforms.  
The results from isoform analysis by IEF and CZE are shown in Figures 43 and 44, and the 
relative quantity of each isoform in the enriched isoform fractions is shown in Table 40.The 
results show that the enriched fractions contain mixtures of different charged isoforms. The 
enriched isoform fractions are labeled according to the most abundant isoform in the mixture. 
Glycan analysis of the isoforms shows that all isoforms contain more tetra-antennary species 
compared to other species. The isoform fractions 6 and 7 have a higher percentage of tetra-
antennary, tetra-sialylated species relative to isoform fractions 3, 4 and 5. Isoform fractions 6 and 
7 have similar levels of tri-and tetra-antennary structures, however the isoform 6 fraction 
contains ~15% higher levels of tetra-antennary structures with one lactosamine repeat relative to 
the isoform 7 fraction. Isoform fractions 3 and 4 have similar percentages of tri-antennary and 
tetra-antennary structures and sialic acid distribution. 
 

 

 
 
The results from the functional testing of the different enriched isoforms using all the functional 
assays described earlier are provided in Table 41.  
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The in vivo assay results show that isoform 3 and isoform 4 that contain a lower number of sialic 
acids per erythropoietin molecule have reduced in vivo bioactivity relative to the isoforms 
containing higher N-linked glycan sialylation. These results are in line with several findings 
reported in the literature. Isoforms 5, 6 and 7 show similar in vivo potency, which suggests that 
the differences in their N-linked glycans and terminal sialic acids do not result in a noticeable 
difference in in vivo activity. Isoform 6 fraction with 15% higher lactosamine repeats has 
comparable in vivo activity to the isoform 7 fraction that contains similar levels of tetra-
antennary N-glycan structures and terminal sialic acids, but less lactosamine repeats. These 
results suggest that lactosamine repeat differences of up to 15% may not have a noticeable 
impact on in vivo bioactivity. The role of lactosamine repeats in in vivo bioactivity remains 
largely unclear in the literature.  
 
Overall, the data suggest that the normocythaemic mouse model is sensitive to the studied 
differences in N-linked glycosylation. In addition, the observed trends in in vivo activity with 
isoform distribution using this assay are consistent with those reported by Amgen in U.S. patent 
5,856,298 using a polycythemic mouse assay.  
 
Based on the in vitro activity and the receptor binding data, Hospira concluded that there are no 
meaningful differences between the different enriched isoform fractions in terms of in vitro 
activity and receptor binding parameters. We note that enriched isoform fractions 4, 5, and 6 
have comparable in vitro potency and receptor binding, while isoform fractions 3 and 14 have 
slightly reduced in vitro bioactivity and receptor binding. In addition, although the receptor 
binding kinetics for all isoforms are within method variability, the Kon values suggest a 
downward trend with increasing isoform charge. This trend is in line with the published literature 
studies that show an inverse relationship between isoform charge and receptor binding.  
 
The measured in vivo, in vitro, and receptor binding activity for Aranesp which has 18 to 22 
terminal sialic acids are in line with what has been reported in the literature and they further 
support the trends observed between the different erythropoietin isoforms.  
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Reviewer’s comment: The data describe above support a demonstration that the 
normocythaemic mouse assay is sensitive for evaluating the impact of differences in 
glycosylation profiles. Therefore, the in vivo similarity data comparing “Epoetin Hospira” and 
EU-licensed Epogen/Procrit support the conclusion that in vivo bioactivity is highly similar 
between the two products and the observed differences in glycosylation do not impact in vivo 
activity. 
 
In Vitro cell-based assay 
 
The in vitro cell-based assay measures erythropoietin-dependent proliferation of a commonly 
used UT-7 cell line resulting from binding of erythropoietin to the EPO receptor and subsequent 
signal transduction. The erythropoietin dose response is determined relative to an in-house 
Biological Reference Standard (BRS-EPO-101). The in vitro cell-based proliferation assay is 
also used for release and stability testing of “Epoetin Hospira” DS and DP. Representative dose 
response curves for the in vitro cell-based bioassay are shown in Figure 9 for “Epoetin Hospira” 
and US-licensed reference product.  
 

 
 
In the original BLA submission, real-time in vitro potency stability data for the five DP strengths 
were normalized and pooled across strengths as described earlier in the review. Pooling across 
strength was supported by linearity assessment of the experimentally determined In vitro potency 
(U/mL) and the labelled strength (U/mL) for both “Epoetin Hospira” DP and US-licensed 
Epogen/Procrit. The individual and average in vitro potency results for the 2000 U/mL, 3000 
U/mL, 4000 U/mL, 10,000 U/mL and 40,000 U/mL strengths and the number of measurements 
conducted for each lot were provided. The results of these measurements are shown in Figures 
10, 11 and 12 for the 2000 U/mL, 10,000 U/mL and 40,000 U/mL, respectively. The plots on the 
right show the individual determinations per lot and those on the right show the average values 
for each lot.  
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In vitro potency was assessed as a Tier 2 attribute using the mean ±3SD similarity range. Based 
on the results shown in Figure 15 below, Hospira concluded that the in vitro potency of “Epoetin 
Hospira” was highly similar to that of the US-licensed reference product because 81% of the 
results were within the similarity range. In vitro potency was reassessed by the review team as a 
Tier 1 attribute. Additional details are discussed later in this section. 
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In Vitro specific activity (U/μg) 
 
The In vitro specific activity (U/μg) results for “Epoetin Hospira” DP and US-licensed 
Epogen/Procrit are shown in Figures 16, 17, and 18, respectively. They were obtained by 
dividing the in vitro potency (U/mL) results by the average erythropoietin content (μg/mL) for 
the same lot. Specific in vitro potency was assigned to Tier 1. Hospira’s results from equivalence 
testing are summarized in Table 18.  The 90% confidence interval of the mean difference, 
[0.8242, 4.5663] is contained within the equivalence margins [-5.5965, 5.5965]. 
 

 

 
 
Total in vitro potency per container 
 
Similarity of total in vitro potency per container was assessed using pooled in vitro potency data 
across stability time points and strengths and the average fill volume for each lot following the 
same procedure described for total in vivo potency. Total in vitro potency per container is 
expressed in units of % relative potency × mL (% × mL).  A plot showing the individual total in 
vitro potency per container results for each lot of “Epoetin Hospira” DP and US-licensed 
Epogen/Procrit is shown in Figure 11 below (left). The lot average total in vitro potency per 
container results are shown on the right. Total in vitro potency per container was assigned to Tier 
2 and compared to the mean ±3SD similarity range. With 70% of the results within this 
similarity ranges (Figure 12), Hospira concluded that total in vitro potency is similar to the US-
licensed reference product.  
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Reviewer comments:  
 In vitro assays are not predictive of in vivo activity for erythropoietin products because they 

are not sensitive to differences in glycosylation. However, they provide information about the 
ability of erythropoietin to bind to the EPO receptor, elicit signal transduction, and induce 
cell proliferation. The UT-7 cell proliferation assay used for similarity assessment is a 
commonly used cell line in erythropoietin assays and is used for release and stability testing 
of “Epoetin Hospira” DP.  

 Overall, the in vitro data and total in vitro per container data show higher potency for 
“Epoetin Hospira” than for the US-licensed reference product. Hospira attributed these 
differences to higher erythropoietin content in “Epoetin Hospira”. This assessment is 
reasonable because the specific in vitro activity data, which accounts for erythropoietin 
concentration, is highly similar.  

 “Epoetin Hospira” should have the same total drug substance as the reference product both 
in units of activity per container closure and in units of activity per unit volume. The 
implications of the observed differences in in vitro potency and total in vitro potency per 
container will be re-assessed in the “Epoetin Hospira” lots manufactured with a revised 
erythropoietin content (refer to erythropoietin content section).  

 Regarding the data provided, Hospira was asked in the 4/10/2015 to re-assess the in vitro 
potency similarity data without the use of stability replicates and to recalculate total in vitro 
potency using deliverable volume. The revised data is discussed below. 

 
Revised in vitro potency analysis 
 
In the revised analysis based on product age windows, the lots used for in vitro potency analysis 
were divided into three overlapping windows (3 to 8 months, 5 to 11 months, and 8 to 14 
months) with a forth full overlapping window from 3 to 14 months. Based on graphical 
representations of the data and the descriptive statistics provided by Hospira, I found the mean in 
vitro potency of “Epoetin Hospira” to be ~6 - 7% higher than that of the reference product in all 
product age windows. Hospira assessed in vitro potency as a Tier 2 attribute and concluded that 
in vitro potency is highly similar between the two products.  
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To address the potential differences in in vitro potency that I observed, the statistics reviewer 
independently analyzed the data from all the product age windows by equivalence testing. The 
Agency analyzed in vitro potency as a Tier 1 because the attribute measures a functional 
property of the molecule, the assay is less variable than the in-vivo assay, and the assay is 
sensitive to protein concentration differences. The results of this assay are also used to determine 
the label strength in Units/mL.  
 
The Agency’s analysis indicates a lack of statistical equivalence with respect to mean values and 
confirmed that in vitro activity of “Epoetin Hospira” is higher in all age windows.  The statistics 
reviewer’s results from the analysis of the overall product age window (3 to 14 months) using 
only the earliest time points and the descriptive statistics obtained are shown in the Figure and 
Tables below, and they suggest that mean in vitro potency is ~4.4% higher in the “Epoetin 
Hospira”.  
 
In vitro biological activity of “Epoetin Hospira” (closed symbols) and the US-licensed 
reference product (open symbols) 

 
Figure made by statistics reviewer. Data from the 3 to 14 months window was plotted and compared to the data from the 1 to 
13 month window. The data did not show changes in the mean values. Shown in the figure here is the data from the 1 to 13 
month window.  
 

Table 4: Descriptive Statistics for In-vitro biological activity (%) 
 Number of Lots Range Mean 

(%)
Std. Deva CVb 

“Epoetin Hospira” 20 90 – 113 104.6 5.5 5.3 
US-licensed 
reference product 35 91 – 110 100.2 4.4 4.3 

a  Std. Dev is the sample standard deviation for each product;  
b CV: coefficient of variability and it is computed as the ratio of sample standard deviation to 
sample mean; 
 

 
Table 5 – Results of Statistical Equivalence Test of In-vitro Potency (%) 

Product 
Number of 
lots 

Mean 
Difference 

Confidence 
Interval 

Equivalence 
Acceptance 
Criterion 

Statistical 
Equivalence? 

“Epoetin Hospira” 
vs. US-licensed 20 vs. 35 4.40 (2.14, 6.66)  

 Noa 
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reference product (-6.54, 6.54) 
aThe 90% CI of the mean difference between the Epoetin Hospira” vs. US-licensed reference product is (2.14, 6.66)%, which is 
not entirely within the equivalence acceptance criterion of (-6.54, 6.54)%. 
 
In vitro specific activity 
 
In-vitro specific activity based on the same product age windows is statistically equivalent with 
respect to mean values (see Tables below provided by the statistics reviewer). This assessment 
supports a demonstration that the in-vitro specific activity of “Epoetin Hospira” and US-licensed 
Epogen/Procrit is highly similar, and suggests that the intrinsic properties of the molecule that 
contribute to in-vitro activity are highly similar.  Thus, the differences in in-vitro activity can be 
attributed to the differences in erythropoietin content discussed earlier.  
 

Descriptive Statistics for In-vitro Specific Activity (U/μg) 
Producta Number of Lots Range Mean Std. Devb CVc 

“Epoetin 
Hospira” 20 103 - 130 121.6 6.5 5.4 

US-licensed 
reference 
product 

35 112 - 133 120.8 4.8 
4.0 

a  “Epoetin Hospira” lots span approximately 1 to 8 months whereas the lots of US-licensed Epogen/Procrit span approximately 3 
to 12 months 
b Std. Dev is the sample standard deviation for each product;  
c CV: coefficient of variability, computed as the ratio of sample standard deviation to sample mean. 
 

Results of Statistical Equivalence Test for In-vitro Specific Activity (U/μg) 
 

 
Number of 
lots 

Mean 
Difference 

Confidence 
Interval 

Equivalence 
Acceptance 
Criterion 

Statistical 
Equivalence? 

“Epoetin Hospira” 
vs. US-licensed 

reference product 
20 vs. 35 0.76 (-1.83, 3.35) 

 
(-7.26, 7.26) Yes 

 
Total in vitro potency per container 
 
Total in vitro potency per container was recalculated using the product age window approach and 
average deliverable volume. The results obtained for in vitro potency largely track with the 
results of in vitro potency discussed above. They show that on average, total in vitro potency per 
container is higher in “Epoetin Hospira” than US-licensed reference product by ~6% (same 
difference Hospira reported for in vitro potency). In vitro potency per container should be 
recalculated once the protein content issues discussed above are fixed.  
 
Reviewer comment: The differences observed in in vitro potency and total in vitro potency per 
container are expected to be resolved by the adjustment to protein content of “Epoetin Hospira” 
discussed earlier. Both assays will be revisited once the protein content issues are fixed. 
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Competitive Receptor Binding 
 
Competitive binding of erythropoietin with biotin-labeled erythropoietin to an immobilized 
erythropoietin-Fc fusion receptor was compared for the two products. Binding to the EPO 
receptor is calculated by comparing the dose response for the test sample to the Biological 
Reference Standard (BRS-EPO-101). The results are reported in Units of activity or as 
percentage potency relative to the reference standard. Comparison of the individual results as 
well as the lot averages for each lot obtained from testing across the products shelf-life are 
shown in the Figures 23, 24 , and 25 for the 2000 U/mL, 10,000 U/mL and 40,000 U/mL. 
 

  
 

 
 
Receptor binding was evaluated as a Tier 2 attribute using the mean ±3SD similarity range 
determined from the reference product data. For statistical analysis, data were pooled across 
strengths and stability time points for both “Epoetin Hospira” DP and US-licensed 
Epogen/Procrit as described for other functional assays. The normalized receptor binding results 
in % relative potency are shown in Figure 27. Based on these data, Hospira concluded that 
receptor binding of the “Epoetin Hospira” and US-licensed reference product was highly similar. 
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Re-analysis of receptor binding data based on Hospira’s product age window approach does not 
change the conclusion of highly similar. I recalculated receptor binding using the earliest time 
point from Hospira’s full age window of 3 to 12 months. The results I obtained below show that 
receptor binding is highly similar. 
 
Receptor binding of “Epoetin Hospira” and US-licensed reference product 
 

 
Figure made by CMC reviewer 

 
Descriptive Statistics for Competitive Receptor Binding 

Productc # of lots Min Max Mean 
Standard 

Deviation a 
Mean ± 3SD  

US-Epogen/Procrit 33 82 114 99.2 7.9 75.5 –122.8 
“Epoetin Hospira” 23 78 111 101.1 7.8 100% in range 
Descriptive statistics based on CMC reviewer’s analysis 
a Std.Dev is the sample standard deviation for each product;  
c”Epoetin Hospira” and US-licensed Epogen/Procrit lots both span approximately 3 to 10 months  
 
Reviewer comment: The results of the analysis show similar receptor binding between the 
“Epoetin Hospira” and the US-licensed reference product 
 
Receptor Binding Kinetics by Surface Plasmon Resonance (SPR)  
 
The kinetics of erythropoietin binding to the immobilized erythropoietin receptor-Fc fusion 
protein was compared by SPR. The data were fit to a 1:1 binding model to generate kon (M-1s-1), 
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koff (s-1), and KD (pM). Graphical comparisons of the results for each lot are shown in Figures 
29, 20, and 31, and a summary of the results pooled across all lots in Table 26. The receptor 
binding parameters were evaluated as Tier 3 attribute. Hospira concluded that their distributions 
were similar by graphical comparison. 
 

 

 
 
Reviewer comment: The SPR summary data in Table 26 suggest that “Epoetin Hospira” and 
US-licensed reference product have similar receptor binding activity. The differences observed 
in the median values for Koff (and hence KD) appear to be within method variability for this 
assay. Since correct protein folding is important for receptor binding, these data overall support 
the structural data that show no dramatic differences in high order structure between “Epoetin 
Hospira” and the reference product.  
 
Reviewers’ overall assessment of functional activity 
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Both the in vivo and in vitro biological activity require binding of the products to the EPO 
receptor and subsequent signaling that leads to cell proliferation. The results provided 
demonstrate that binding of “Epoetin Hospira” and US-licensed Epogen/Procrit to the EPO 
receptor is highly similar. In addition, “Epoetin Hospira” and US-licensed Epogen/Procrit have 
highly similar specific biological activity (units of activity per mass of erythropoietin, U/µg). 
This indicates that the intrinsic properties of the two molecules are highly similar. The in vivo 
bioactivity assay measures reticulocyte production and captures the contribution of 
glycosylation as well as receptor binding and signaling on circulating erythropoietin activity. 
The results of the in vivo bioactivity assay indicate that the in vivo biological activity is highly 
similar between the two products. These results suggest that differences in the glycosylation 
profiles between the two products do not result in observable differences in biological activity in 
mice. 
 
Based on these results, it is concluded that “Epoetin Hospira” and the US-licensed reference 
product have the same mechanism of action for each of the conditions of use for which licensure 
is sought. This is further supported by a demonstration that both products have the same amino 
acid sequence, sites of glycosylation, and highly similar secondary and tertiary structure. 
 
Comparative testing of product-related substances and product-related impurities  
 
The product related substances and impurities observed in “Epoetin Hospira” and the US-
licensed reference product stored under the long term storage conditions of 2 – 8°C are listed in 
Table 4 below.  
 

 
 
Comparison of these product related substances and impurities was conducted using the methods 
listed in the Table below. “Deformulated” Epogen/Procrit samples were used for all testing 
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except dimers and HMWS. Qualification of the “deformulation” procedure indicated that 
“deformulation” does not substantially impact the nature and quantity of most of the 
erythropoietin related substances and impurities in the “deformulated” samples except the 
disulfide scrambled species and HMWS.  Therefore, disulfide scrambled species were not 
directly compared between the “Epoetin Hospira” and US-licensed reference product. Instead, 
dimers and HMWS, which may include species with disulfide-variants, were analyzed by various 
orthogonal techniques including SEC, SV-AUC, SDS-PGE and Western Blot. The DP lots tested 
in the side-by-side comparative analysis are shown in the table below. The estimated ages of the 
samples used in these studies ranged from 2 to 9 months (Epogen), 6 to 10 months (Procrit) and 
6 to 28 months (“Epoetin Hospira”). 
 

Attribute Method “Epo Hosp” 
DS 

“Epo Hosp” 
DP 

*Def Epogen 
/Def Procrit 

Epogen/
Procrit  

Deamidation (Asn 147, 
Asn 47, Gln 86) 
Asp Acid Isomerization 
(Asp 123, Asp 43) 
T5 Trisulfide 
T2=T20 trisulfide  
Oxidation (Trp 51) 

 
 
Trypsin peptide mapping 
(RP-UPLC-MS)   

  
 
 

26 

 
 
 

11 

 

Oxidation (Met 54, Trp 64, 
Trp 88) 

Lys C peptide mapping (K4 
peptide) 

 21 10  

 
 
Dimer and other HMWS 

SDS-PAGE  silver stain  4  4 
SEC  26  3 

SV-AUC 9   3 
Quantitative Western blot  22  14 

Note: Table prepared by CMC reviewer: *Deformulation is done using 10,000 and 40,000 dose strengths 
because of the quantity of material required for the deformulation procedure. However, one lot of 
deformulated Epogen 2000 U/mL (lot 1047561) was added to the analytical similarity of product related 
attributes. Epo Hosp is “Epoetin Hospira”; Def Epogen is “Deformulated” Epogen; Def Procrit is 
“Deformulated” Procrit. The number listed in the table refers to the number of lots used. 
 
Deamidation 
  
The deamidation products observed by tryptic peptide mapping in both “Epoetin Hospira” and 
US-licensed Epogen/Procrit are at Asn 47, Gln 86, and Asn 147. Asn 47 and Gln 86 were 
observed in trace levels near the 0.3% reporting limit of the method for both products (Table 6) 
and the data were not amenable to statistical analysis.  
 
Slightly higher levels of Asn 147 were observed in “Epoetin Hospira” (mean: 0.9%) compared to 
US-licensed Epogen/Procrit (mean: 0.4%) (Table 6 and Figure 3). These species do not appear to 
increase significantly over 28 months when stored at 2-8 C. Deamidation of Asn 147 was 
assessed as a Tier 2 attribute and compared using a similarity range determined from the US-
licensed reference product data. Both the analysis results provided in the original 351(k) BLA 
and re-analysis of the data using the age window approach provided the same results. 
 
Hospira concluded that although the levels of Asn 147 deamidation in “Epoetin Hospira” are 
higher than those in the US-licensed reference product, the differences are not significant 
because the levels in both products are relatively low (≤1.5%) and do not show an impact on in 
vitro biological activity. A linear fit of the in vitro cell-based activity and the percent of 

Reference ID: 4266940



 
 
 

331 
 

                                            BLA  125545                     USAN name: TBD 

deamidation at Asn 147 shows no correlation between the amount of deamidated Asn 147 
ranging from 0.4 to 1.5% and biological activity (data not shown). Hospira also noted that the 
levels of deamidation measured in “Epoetin Hospira” clinical lots ranged from 0.5 to 1.3%. 
Hospira also argues that Asn 147 is solvent exposed based on the NMR structure and is therefore 
expected to deamidate readily in vivo based on published studies for other proteins with solvent 
accessible Asn residues. Therefore, they concluded that the difference in the levels of 
deamidated Asn 147 does not affect the safety and efficacy of “Epoetin Hospira”. Hospira has 
not yet determined if Asn-147 is a product-related impurities or a product-related substance. 
 

 
 

 
 
Reviewer comment:  The levels of Asn47 and Gln86 deamidated species are similar between 
“Epoetin Hospira” and US-licensed Epogen/Procrit. However, the levels of Asn147 deamidated 
species in “Epoetin Hospira” are low but about twice those in the US-licensed reference 
product. These species do not appear to increase during storage under the recommended long 
term conditions for the DP. The in vitro potency data provided by Hospira suggest that Asn147 
deamidation doesn’t impact bioactivity at the levels observed, but the species are designated as 
product related impurities pending completion of studies to evaluate the bioactivity of samples 
with modifications. In a CR comment, Hospira will be asked to confirm whether these species 
are product-related substances or product related impurities and to provide data to support their 
designation.  This is a CR issue. However, the fact that Asn 147 species are observed in 
relatively low levels and that deamidation of sites susceptible to deamidation in vitro also readily 
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occurs in vivo at similar rates or slightly faster in vivo41,42 reduces the immunogenicity concerns 
of the Asn 147 species observed in “Epoetin Hospira”.   
 
Asp Isomerization 
 
Two Asp isomerization products, Asp 43 and Asp 123, were detected by tryptic peptide mapping 
at the DP recommended storage conditions of 2 – 8 ºC. The levels of Asp 43 isomerization were 
near the 0.3% reporting limit for “Epoetin Hospira” and slightly higher (0.4% to 0.6%) for US-
licensed Epogen/ Procrit. In both products, the levels do not appear to increase over time under 
the recommended storage conditions.  Asp 123 isomerization start low (~0.3%) in “Epoetin 
Hospira” samples and increases up to ~1% over 28 months. The levels of these species starts 
higher (~1.2%) in the US-licensed reference product, and does not appear to increase over the 10 
months storage period. Asp 123 isomerization was assigned as a Tier 3 attribute and compared 
graphically. 

 
 
Reviewer comment: Overall, “Epoetin Hospira” has lower levels of Asp isomerization (e.g. 0.3-
1.0% for Asp 123) than the US-licensed reference product (0.9-1.5%). The differences observed 
between the two products do not appear to be strength dependent. Although the levels of Asp 123 
isomerization appear to increase in “Epoetin Hospira” over time, the levels remain lower that 
the US-licensed reference product over comparable storage periods of ~ 9 months. The lower 
levels of the isomerized product in “Epoetin Hospira” does not negatively impact product 
quality and thus this attribute is highly similar in both products.  
 
Trisulfide species 
 
Two trisulfide species formed by insertion of a sulfur atom into the Cys7-Cys161 and Cys29-
Cys33 disulfide bonds (tryptic peptide map peptides T2=T20:trisulfide and T5:trisulfide) were 
compared by trypsin peptide mapping in the two products. The tryptic peptide mapping results 
(Table 13 below) show that the Cys7-Cys161 trisulfide variant (T2=T20 trisulfide peptide peak) 
was below the method reporting limit (< 0.3%) for “Epoetin Hospira” and below the method 
detection limit (< 0.1%) for US-licensed Epogen /Procrit. Therefore, these data are not amenable 

                                                            
41
 Liu et al., 2009, Human antibody Fc deamidation in vivo, Biologicals 37, 313‐322. 

42
 Yin et al., (2013) Characterization of Therapeutic Monoclonal Antibodies Reveals Differences Between In Vitro and In Vivo Time‐Course 

Studies, Pharm Res 30:167‐178 
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to statistical analysis.  Cys7-Cys161 and its variants are CQAs for the reasons discussed 
elsewhere in this memo.   
 
The data show that “Epoetin Hospira” DP has higher levels of the Cys29-Cys33 trisulfide variant 
(T5: Trisulfide peptide peak) at an average level of 4.5±0.5% compared to US-licensed 
Epogen/Procrit with levels below the 0.3% reporting limit (Table 13). The T5 trisulfide variant 
was assessed as a Tier 3 attribute and the result (not included for brevity) show that the levels of 
the T5 Trisulfide variant in “Epoetin Hospira” DP are higher and outside the range of US-
licensed Epogen/Procrit. Cys29-Cys33 disulfide bond and the related trisulfide species are 
designated by Hospira as “non-CQAs” because they do not appear to be critical for 
erythropoietin structure or function as discussed elsewhere in the review.  
 

 
 
Reviewer comment: Unlike most disulfide related species, the levels of the trisulfide variants do 
not appear to be impacted by the “deformulation” procedure. The difference in Cys7-Cys161 
trisulfide species (T2=T20) is less significant since the quantities of these species are <0.1% in 
the US-licensed reference product and generally <0.3% in “Epoetin Hospira”.  
 
“Epoetin Hospira” has ~4.5% higher levels of trisulfide Cys29-S-Cys33 species than the US-
licensed reference product (Table 13). These species are most likely formed during fermentation. 
Trisulfide species have been reported in some human and recombinant proteins including 
monoclonal antibodies, human growth hormone (hGH), recombinant truncated interleukin-6 and 
Cu,Zn superoxide dismutase.43,44,45  The exact chemistry of their formation is not clearly 
understood, but one proposed mechanism in recombinant proteins is through reaction of the 
disulfide bond with hydrogen disulfide produced during fermentation.43,44 A study assessing the 
impact of these species on the structure, function and stability of monoclonal antibodies suggests 
that these species are thermally stable under in-vitro conditions, and their presence does not 
appear to impact monoclonal antigen binding. 
 
In-vivo (in mice), trisulfide species appear to be converted to disulfide species within the first 24 
h of circulation.42  Conclusions that the presence of trisulfide species has no effect on receptor 
binding were also reached by Anderson, Thomsen, and Moutiez  for hGH and Vasopressin.46,47,48 
                                                            
43 Nielsen, R. W. et al. (2011) Trisulfide in proteins. Antioxidants & Redox signaling. 15: 67 - 75 
44 Gu, S. et al. (2010) Characterization of trisulfide modification in antibodies. Analytical Chemistry. 400: 89 – 98. 
45 Liu, H. et al. (2012) Disulfide bond structures of IgG molecules. Structural variations, chemical modifications and possible impacts to stability 
and biological function. Landesbioscience 1: 17 – 23. 
46 Andersson C, et. al. (1996) Isolation and characterization of a trisulfide variant of recombinant human growth hormone formed during 
expression in E. coli. Int J Peptide Protein Res 47: 311–321 
47 Thomsen MK, (1994) Pharmacological characterization of a biosynthetic trisulfide-containing hydrophobic derivative of human growth 
hormone: Comparison with standard 22 K growth hormone. Pharmacol. Toxicol. 74: 351–358. 
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However, according to other references cited in Nielsen R. W. et al 43, receptor binding and/or 
biological activity were altered by the presence of trisulfide species in IL-6, SOD, oxytocin and 
deaminoaxytocin. 
 
“Epoetin Hospira” and US-licensed reference product have highly similar in vivo and in vitro 
specific activities (U/µg), as well as highly similar receptor binding.  An earlier “version” of 
“Epoetin Hospira” manufactured by a slightly different process, which results in levels of 
trisulfide Cys29-S-Cys33 of >10% shows similar specific in vitro and in vivo biological activity. 
These data suggest that the presence of this species in “Epoetin Hospira” at levels of up to 10% 
does not appear to have an effect on receptor binding, and in-vivo and in-vitro biological 
activity. However, the impact of this species on patient safety, especially immunogenicity cannot 
be predicted based on analytical data, and therefore leaves residual uncertainty. These 
uncertainties should be addressed in the PK/PD similarity and additional clinical studies, 
including immunogenicity. 
 
Oxidation 
 
The primary site of oxidation is Met54, but oxidation is also observed at Trp51, Trp64 and Trp88 
under the recommended storage conditions of 2 – 8ºC. Comparative assessment of Met54, Trp64 
and Trp88 oxidation was assessed by Lys-C peptide mapping (peptide K4). Oxidation of Trp51 
was assessed by tryptic peptide mapping. For both products, the levels of Trp51, Trp64, and 
Trp88 oxidation are similarly below or near the reporting limit of the respective methods.  
 
The levels of Met5 oxidation observed range from 0.5 to 3.9% in “Epoetin Hospira” stored for 0 
– 12 months and 1.5 – 2% in the reference product stored for 2 – 14 months.  The observed 
levels in “Epoetin Hospira” suggest that Met54 oxidation is higher in the lower strengths, for 
example, ranging from 0.7 – 3.9% for the 2000 U/mL and 0.5 – 1.6% for the 10000 U/mL both 
stored for 0 – 12 months.  The data also suggest that Met54 oxidation increased over time at least 
for the lower strength of “Epoetin Hospira”.  For the US-licensed reference product, the available 
data do not show the trends observed for “Epoetin Hospira”. Due to the high quantity of material 
required for the “deformulation” process, only one 2000 U/mL “deformulated” reference product 
lot was included in the evaluation. A summary of the results from the Met54 oxidation are 
provided in Table 16 below.  Met54 oxidation was assigned to Tier 3.  
 

                                                                                                                                                                                                
48 Moutiez M. et. al. (1997) Synthesis, NMR study and affinity studies with V1 and V2 subtypes receptors. Bioorg. Med. Chem. Lett. 7: 719–724. 
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Reviewer comment: Trp oxidation is similar between “Epoetin Hospira” and the US-licensed 
reference product. Comparison of data from the same strength and similar age for the two 
products shows that the reference product has similar levels of methionine oxidation than in 
“Epoetin Hospira” (Table 16). Forced degradation studies conducted by Hospira, in which 
levels of Met54 oxidation were up to 99% resulted in only small changes in protein thermal 
stability but did not have a substantial impact on the protein’s higher order structure and 
function. Based on the above differences in methionine oxidation do not negatively impact 
product quality, therefore Met 54 oxidation was determined to be highly similar.  
 
High Molecular Weight Species (HMWS)  
 
HSA in the US-licensed reference product formulation interferes with the qualitative and 
quantitative comparative assessment of HMWS by most standard methods. In addition, the 
“deformulation” procedure removes HMWS in the products and thus precludes quantitative 
assessment of HMWS. Therefore, comparison of HMWS in “Epoetin Hospira” and US-licensed 
Epogen/Procrit using SEC, SDS-PAGE silver stain, and SV-AUC was only qualitative. 
Quantitative comparison was conducted using SDS-PAGE Western blot.  
 
Qualitative comparison of the two products by SEC is shown in Figure 15. The erythropoietin  
monomer, dimer and HMWS peaks in the US-licensed reference product co-elute with the HSA 
peaks. The albumin and erythropoietin peak assignments were determined by monitoring the 
SEC elution using static light scattering and refractive index detection (Figure 16) to calculate 
the molecular weight of erythropoietin and albumin standards. The calculated molecular weight 
for the erythropoietin monomer is 28 – 28.5 kDa for “Epoetin Hospira” and 35.7 kDa for US-
licensed Epogen/Procrit. Hospira attributes the higher value observed for the reference product to 
contribution from HSA. The molecular weight of the erythropoietin dimer and HMWS could not 
be confirmed by this method in the products due to low abundance and presence of HSA. 
However, AUC provides information about the MW of these species (see below). 
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Representative SDS-PAGE silver stain gels of samples run under non-reducing conditions for the 
10,000 U/mL and 40,000 U/mL strengths of the US-licensed reference product and “Epoetin 
Hospira” are shown in Figure 14. The erythropoietin monomer band in the US-licensed reference 
product overlaps with the HSA monomer peak, which precludes its quantitation.  
 

 
Reviewer comment: Several lower and higher MW bands are observed in the reference product. 
These are likely associated with HSA and would not preclude a demonstration of similarity. 
 
A comparison of the size distribution of “Epoetin Hospira” and the US-licensed reference 
product by SV-AUC is shown in Figures 17 and 18 below.  “Epoetin Hospira” DS was used for 
these experiments due to the low erythropoietin concentration in the DP samples and interference 
of Polysorbate 20 in the “Epoetin Hospira” DP buffer with the method. 
 
The data show that the most abundant HMWS in “Epoetin Hospira” DS are dimer/trimer species, 
which are not resolved by the method. US-licensed Epogen/Procrit shows a more complex SV-
AUC distribution due to the presence of HSA. Monomeric erythropoietin has a similar 
sedimentation coefficient in the two products at s~2.5. In Figure 18, the erythropoietin monomer 
peak increases with erythropoietin concentration in the sample, as expected. However, dimeric 
erythropoietin, if any, is obscured by the albumin monomer peak, which has similar molecular 
weight and s value as the erythropoietin dimer. In addition, the distribution shows several peaks 
that correspond to HMWS likely derived from HSA (see Western Blot). 
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Reviewer comment: Again, the presence of additional species related to HSA do not preclude a 
demonstration of highly similar. 
 
Western Blot under non-reducing was used to quantitate the amount of erythropoietin HMWS in 
“Epoetin Hospira” and US-licensed Epogen/Procrit. An erythropoietin HMWS standard curve 
prepared in “Epoetin Hospira” DP or Epogen formulation matrix is used to quantitate the HMWS 
in “Epoetin Hospira” and US-licensed Epogen/Procrit, respectively. Representative gels for 
“Epoetin Hospira 40,000 U/mL and US-licensed Procrit are shown in Figures 20 and 22. Bands 
corresponding to erythropoietin HMWS are observed for both products with band intensities 
below those observed for the 1% HMWS control sample. A large erythropoietin-related HMWS 
that migrates just below the loading well is observed only in the US-licensed Epogen/Procrit 
samples. Hospira ruled out sample preparation procedures as the cause for this band. In addition, 
Hospira provided data to show that the band is not observed after sample reduction, and is 
therefore likely a disulfide linked HMWS formed between erythropoietin and albumin or other 
components of the HSA.  
 
The calculated % of total HMWS are all below the LOQ for the method of 0.4% for “Epoetin 
Hospira” and most reference product lots. HMWS by Western blot were assigned to Tier 3 and 
the results shown in Table 24 suggest that the total erythropoietin HMWS levels in “Epoetin 
Hospira” DP are similar to or lower than that of US-licensed Epogen/Procrit. 
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Reviewer comment: SEC, SDS-PAGE silver stain and SV-AUC have limited use in assessing 
similarity of HMWS due to the presence of HSA in the US-licensed reference product that 
interferes with the assays. However, Western blot analysis can semi-quantitatively assess HMWS 
in the products. The data suggest that the US-licensed reference product contains HMWS that 
elute at the top of the gel and these species are absent in “Epoetin Hospira”. Overall, the 
HMWS in both products are <1% and considered to be highly similar.  
 
Other Product-related Species 
 
In addition to the product related substances and impurities assessed in the comparative analysis 
above, other product-related species were evaluated in “Epoetin Hospira” alone. These include 
sequence variants, disulfide scrambled species, glycation species, and glycans resulting from 
incomplete glycosylation such as high mannose structures. Details about these species are 
included in section 3.2.S.3.2. None of the product-related species investigated were detected 
above the quantitation limit of the methods in “Epoetin Hospira, except for a C-terminal 
Arginine variant, present at levels of 2% and an N-terminal variant lacking the first two N-
terminal amino acids present in levels of ~0.5% in “Epoetin Hospira”. 
 
The C-terminal Arg-166 variant contains an additional Arginine residue at position 166. Based 
on its DNA sequence, human erythropoietin is reported to contain 166 amino acids, including an 
Arg in position 166. The C-terminal Arg-166 variant results from incomplete proteolytic 
processing of the C-terminal of the mature erythropoietin.49  
 
The second proline from the N-terminal of erythropoietin makes the protein amenable to 
intramolecular aminolysis to form a diketopipezarine molecule resulting in a protein 
erythropoietin species missing the first two N-terminal amino acids.  
 
The presence of these sequence variants at low levels does not preclude a determination of 
highly similar. The expression construct for a proposed biosimilar product should encode the 
same primary amino acid sequence as its reference product. However, minor modifications, such 
as N or C terminal truncations that will not have an effect on safety, purity, or potency, may be 
justified by the applicant 50. As mentioned above, “Epoetin Hospira” has the same amino acid 
sequence as the reference product.  The C-terminal Arg166 variant, present at 2% levels is not 
expected to impact immunogenicity of the product because this species naturally occurs in 
humans. In addition, the N-terminal variant present at 0.5% is not expected to impact safety and 
efficacy, because 1) it is  in relatively low quantities, 2) recombinant erythropoietin molecules 

                                                            
49. Recny M. A. et al.  (1987) Structural characterization of natural human urinary and recombinant DNA-derived erythropoietin. Identification of 
des-arginine 166 erythropoietin. The Journal of biological chemistry; 262: 17156-63. 
50. Guidance for industry Quality Considerations in Demonstrating Biosimilarity of a Therapeutic Protein Product to a Reference Product, April 
2015. http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm291134.pdf 
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with N-terminal mutations show full biological activity, and 3) one study suggests that site 
specific antibodies directed towards the NH2-terminal region of erythropoietin are not 
neutralizing(ref).51  
 
Comparative stability testing 
 
The primary changes to erythropoietin determined from the forced degradation studies on 
“Epoetin Hospira” DS include oxidation, disulfide scrambling, erythropoietin aggregation, Asn 
deamidation, and Asp isomerization. These changes can be induced by heat stress, accelerated 
storage temperatures, acid, base, oxidizing agents, light, and H2S. 
 
Side-by-side stability testing was conducted for “Epoetin Hospira” and the US-licensed reference 
product using samples stored under DP real time (2 - 8°C), accelerated (25ºC) and stressed 
(40°C) temperature conditions for 6 weeks. In addition, forced degradation studies were 
conducted to compare the primary mechanisms of degradation in “Epoetin Hospira” and the US-
licensed reference product. The forced degradation conditions included oxidation by hydrogen 
peroxide, agitation at elevated temperature (45°C), and ICH Q1B photo stress conditions. These 
conditions were selected based on forced degradation studies previously performed using 
“Epoetin Hospira” DS. 
 
Stability testing was conducted using “deformulated” samples of “Epoetin Hospira” and 
“deformulated” US-licensed Epogen/Procrit diluted into “Epoetin Hospira” DP matrix at a 
concentration of 10,000 U/mL (Table 1). For the “deformulated “Epoetin Hospira” samples, 
“Epoetin Hospira” DS was formulated with 2.5 mg/mL HSA in the Epogen matrix at the 10,000 
U/mL dose and then processed by the same “deformulation” procedure used for US-licensed 
Epogen/Procrit to ensure that the levels of residual HSA in “Epoetin Hospira” samples were 
similar in the two products.  Approximately 1 mL of each sample was filled into 2 mL  
vials. The stability storage conditions and time points for the comparative stability study are 
shown in Table 3 below along with the specific erythropoietin attributes assessed. The test 
methods used for the comparative stability and forced degradation analyses were shown to be 
stability indicating. 
 

                                                            
51 Sue JM, Sytkowski AJ. (1983) Site-specific antibodies to human erythropoietin directed toward the NH2-terminal region. Proc. Natl. Acad. 
Sci. U S A; 80(12): 3651-5. 
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Short-term stability studies 
 
The results of the comparative short-term stability studies of samples stored at 2 to 8°C, 25°C, 
and 40°C for six weeks were provided. For both products, under stressed conditions (40°C) and 
to some extent under accelerated conditions (25°C), a noticeable increase in Asn deamidation, 
Asp isomerization, Met and Trp oxidation, disulfide scrambling, and a decrease in erythropoietin 
content and potency were observed. Summary plots showing the slopes of the linear regression 
fits to the stability data versus time for each attribute are presented in Figures 8, 9, and 10 (* 
indicates attributes with R2 ≤ 0.5). These slopes show the rate of change in the attribute per week. 
 
Visually, differences in slopes of “Epoetin Hospira” and US-licensed reference product are 
observed for samples under stressed conditions for  the following attributes:T5: Trisulfide 
species, erythropoietin content, HMWS, receptor binding, and in vitro potency. 
 
Hospira’s statistical comparison (ANCOVA (T-test)) of the slopes for each attribute concluded 
that the only statistically significant difference in slope between the two products is for the 
T5:trisulfide species at 40°C (P=0.008). The quantity of T5: Trisulfide increases much faster in 
the reference product than in “Epoetin Hospira”. It is noted however that the US–licensed 
reference product starts with a much lower concentration of T5:trisulfide species compared to 
“Epoetin Hospira” (near 0.3% LOQ versus 2.8%). After 6 weeks at 40°C, the T5:trisulfide 
content in the two products is similar at 4.1% for US-Epogen and 4.4% for “Epoetin Hospira”.  
 
For the HMWS, Hospira notes that the levels of HMWS in the two products reflect the residual 
albumin and albumin-related HMWS. Starting levels of HMWS in “deformulated” Epoetin 
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Hospira” and “deformulated” Epogen were between 4.5 to 5.7% due to the residual HSA but did 
not increase substantially over 6 weeks study under the conditions examined.  
 

 
 
Reviewer comment: Similar degradation products are observed in the two products. However, 
differences are observed in the degradation slopes of some attributes between “Epoetin 
Hospira” and the US-licensed reference product. Visually faster degradation appears to be 
observed in the reference product. Based on Hospira’s statistical analysis, these differences are 
not statistically significant except for the T5:trisulfide species. The studies overall suggest that 
“Epoetin Hospira” does not degrade faster than the reference product. Therefore, the rates and 
routes of degradation for “Epoetin Hospira” and US-Epogen are similar. It is important to note 
that using deformulated samples of both products in these studies allowed comparison of several 
disulfide scrambled species that could not be compared in the earlier studies using “non-
deformulated” Epoetin Hospira” and “deformulated” reference product.  
 
Comparative forced degradation studies 
 
Forced degradation studies included oxidation, agitation at elevated temperature, and photo 
stress. Forced oxidation was achieved by adding hydrogen peroxide (10 ppm) to the samples and 
incubating at ambient conditions. Agitation was performed by shaking the sample vials on a 
platform shaker at 350 RPM at 45°C. For the photo stress studies, the samples were incubated at 
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25°C/60% Relative Humidity in a light chamber using ICH Q1B (Option 2) conditions. The 
testing schedule and attributes tested for each forced degradation study are shown in Table 7.  
 

 

 
 
The results from the forced oxidation study show that for both products, oxidation does not 
significantly impact most erythropoietin attributes with the exception of Met54 oxidation, which 
increased from ~2% on day zero to ~ 35% on day 3 for all products (Figure 15). Other changes 
observed under these conditions include a small (<4%) decrease in erythropoietin content for all 
samples, and a decrease in the Kon rate. Overall, the rates of change for most attributes were 
similar between “Epoetin Hospira” and US-licensed Epogen/Procrit.  The only slopes that appear 
to be different between the two products are for the Trp 64/Trp88 oxidation species (Figure 14). 
However, these differences do not appear to reflect real differences between the “Epoetin 
Hospira” and the US-licensed reference product because the slopes for Procrit and Epogen 
appear to also be different. These differences may be related to method variability. 

 
 
Agitation under elevated temperatures (45°C) results in changes to several erythropoietin 
attributes as shown by the slopes (rate of change) for these attributes in Figures 25 and 26. 
Visually, the rate of change for several attributes appears to be different between “Epoetin 
Hospira” and US-licensed Epogen/Procrit. However, Hospira’s statistical comparison concluded 
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that the only attributes that showed statistically significant differences in the rates of change 
between the two products were erythropoietin content, T5 Trisulfide, Gln 86 deamidation, 
disulfide scrambled species (T2=T2 ), and the disulfide degradants C29/C33-dehyroalanine( 
DHA) and lanthionine (LAN).  For all these attributes, the rate of change in the US-licensed 
reference product is higher than the “Epoetin Hospira”.  
 

 
 
Reviewer comment: These studies suggest that with respect to these forced degradation 
conditions, “Epoetin Hospira” does not degrade faster than the reference product under the 
same buffer conditions. Therefore, degradation of the two products is considered to be similar. 
 
Photo stress resulted in changes to several erythropoietin attributes as shown by the slopes of the 
linear regression fits in Figures 35 and 36. The rates of change for several attributes were similar 
for “Epoetin Hospira” and US-licensed Epogen/Procrit. The attributes that visually show 
differences in the rate of change per day between the products are the T5 trisulfide species, 
T2=T5 disulfide species, in vitro potency, receptor binding and receptor binding kinetics, and 
HMW species by Western blot. However, Hospira noted that the only attributes that showed 
statistically significant differences in the rates of change between the two products were HMWS 
by Western blot and disulfide scrambled species (T2=T5). For these attributes, the rate of change 
in the US-licensed reference product is higher than the “Epoetin Hospira”.  
 

 
 
Reviewer comment: The results of this study suggest that the “Epoetin Hospira” does not 
degrade faster than the reference product under these conditions. Therefore, degradation of the 
two products is considered to be similar. 
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Reviewers’ overall assessment of product related substances, product related impurities, and 
product stability 
“Epoetin Hospira” and the reference product are highly similar with respect to the type and 
levels of product related substances and impurities evaluated, except the presence of higher 
levels of a trisulfide (Cys29-Cys33) species in “Epoetin Hospira”. Highly similar means that the 
same species was observed in the two products and the levels of the species in the two products 
were comparable. The differences observed in the trisulfide (Cys29-Cys33) species do not have 
an effect on receptor binding, and in-vivo and in-vitro biological activity. However, the impact of 
these species on patient safety, especially immunogenicity cannot be predicted based on 
analytical data, and therefore leaves residual uncertainty, which should be addressed in the 
PK/PD similarity and additional clinical studies, including immunogenicity.  
 
Comparative stability studies under long term, accelerated, and stress storage conditions 
indicate that the two products have similar degradation pathways and degradation products.  
 
 
 
 
5.3.1.4  Reports of Bioanalytical and Analytical Methods for Human Studies 
See separate immunogenicity review 
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Appendix 1 

Description of the drug substance manufacturing process 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES                                           
 
 
Food and Drug Administration 
Center for Drug Evaluation and Research 
Office of Pharmaceutical Quality 
Office of Process and Facilities 
Division of Microbiology Assessment 
 
 

PRODUCT QUALITY MICROBIOLOGY REVIEW AND EVALUATION 
 

REVIEWER: Marla Stevens-Riley, Ph.D. 
SECONDARY REVIEWER: Colleen Thomas, Ph.D. 

 

BLA:       125545            

Applicant:     Hospira, Inc.  

US License Number:   1974   

Submission Reviewed:  Original 351(k) BLA  
 
Manufacturing Sites: Hospira, Inc., 1776 N. Centennial Drive, McPherson, KS 67460 

(FEI=1925262) 

Product:      Referred to as “Epoetin Hospira” by the applicant*      

Indication: Anemia due to chronic kidney disease; anemia due to zidovudine in HIV-
infected patients; anemia due to chemotherapy in patients with cancer; 
reduction of allogeneic red blood cell transfusions in patients undergoing 
elective, noncardiac, nonvascular surgery 

Dosage Form: Injectable in 2000, 3000, 4000, 10,000, and 40,000 units/mL strengths. The 
route of administration is for injection (I.V. and S.C.) 

FDA Receipt Date:   12/16/2014 

Primary review date:   09/10/2015 

Action Date:     10/16/2015 

*For purposes of this review, we generally refer to Hospira’s proposed product by the Hospira descriptor 
“Epoetin Hospira.”  FDA has not yet designated a nonproprietary name for Hospira’s proposed 
biosimilar product that includes a distinguishing suffix (see Draft Guidance on Nonproprietary Naming 
of Biological Products). 
 
Conclusion and Approvability Recommendation 
The BLA is not recommended for approval from a microbial control, sterility assurance, and microbiology 
product quality perspective for the drug product.  The following complete response items should be 
communicated to the sponsor: 
 
Quality Microbiology Drug Product (DP): 
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Deficiencies: 
1. Incomplete information was submitted for container closure integrity validation testing.  Provide the 

following additional details for the microbial ingress and dye immersion tests: 
a. To assess the sensitivity of both tests, perform a study to confirm that both test methods are capable 

of detecting small defects that could allow microbial ingress. Perform the studies with positive 
controls that have defect sizes of ≤ 20 microns and test containers subjected to vacuum and/or 
pressure.  Additionally, for the dye immersion test use an analytical method other than visual 
analysis for detection of dye in test units because visual analysis is not considered a reproducible 
and accurate analytical method. 

b. For the dye immersion test, indicate the length of time that the test and positive control vials 
were immersed in the dye solution and exposed to vacuum conditions. 

 
2. Incomplete information was submitted for environmental monitoring of the manufacturing areas for 

the drug product. Respond to the following comments:  
a. Provide the media and incubation conditions used for environmental monitoring of 

microorganisms in air, on surfaces, and on personnel in the Class  areas.  
b. It is stated that results exceeding the alert and action levels for surfaces, air, and personnel 

prompt an investigation per the SOP X-0332.  However, details of this investigation, other than 
 are not provided. Provide additional details regarding 

the actions taken during and as a result of an investigation when an environmental monitoring 
sample result exceeds the alert and/or action level.  

c. Indicate the alert and action levels established for bioburden and endotoxin of the  
 that will be used in the compounding of the drug product. Additionally, indicate 

if there is a rotation of monitoring various points in the  system, such that there is daily 
monitoring of at least one point. 

 
3. Regarding the studies for monitoring the in-process samples for bioburden, it is not clear whether the 

40,000 U/mL formulation used in the method validation for USP <61> Microbial Enumeration Tests 
is representative of the 40,000 U/mL commercial product formulation.  In addition, data supporting 
the designation of the 40,000 U/mL product formulation as worst-case for microbial recovery was 
not provided.  Respond to the following comments: 
a. Report MP-194-R-008-14, Attachment 1 in Section R.3 indicates that the 40,000 U/mL 

formulation had a revision in the content of sodium chloride and sodium phosphate. Clarify 
whether the 40,000 U/mL formulation used in the method validation for USP <61> Microbial 
Enumeration Tests is the exact same formulation as that to be used for commercial production. If 
the formulation used for validation of the enumeration testing has any difference in concentration 
of sodium chloride or sodium phosphate from what will be used in commercial production, then 
provide justification for not using the revised formulation. Although the osmolality may not have 
changed, the differences in the salts could affect microbial growth. Additionally describe studies 
performed to determine that the slight changes in salt concentration and type do not affect 
microbial recovery. 

b. Report MP-194-R-008-14, Attachment 1 in Section R.3 indicates that the concentration of 
sodium chloride and sodium phosphate in all drug product formulations (2000, 3000, 4000, 
10,000, and 40,000 U/mL) varies, such that the formulation with the higher concentration of drug 
substance has a proportionally lower concentration of the salts and the lower concentration has a 
proportionally higher concentration of salts. Further, it was proposed that the highest 
concentration of the drug substance would be the worst-case.  Provide data from studies 
performed to determine whether microbial recovery for the USP <61> Enumerations Test differs 
depending on the product formulation. 
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8. The release testing strategy for pyrogen and/or endotoxin testing of finished product is not clearly 
described. Section P.5.1 states that the finished product release specification for all configurations of 
the drug product includes the Rabbit Pyrogen Test conducted per USP <151>.  However, this test is 
not included on the certificates of analysis for the commercial scale drug product batches provided in 
Section P.5.4.  Clarify whether the commercial finished drug product will be subject to both USP 
<85> and <151> testing prior to release.  Additionally, statements in Section P.5.6 suggest that 
rabbit testing will only be performed as an interim test.  Explain how interim testing will be 
implemented. 

 
9. Incomplete information was provided for the validation of the USP <71> Sterility Test for finished 

product release.  Respond to the following comments: 
a. Report MP-194-R-001-13, Attachment 1 in Section R.3 indicates that the 40,000 U/mL 

formulation had a revision in the content of sodium chloride and sodium phosphate.  Clarify 
whether the 40,000 U/mL formulation used in the bacteriostasis/fungistasis validation for the 
USP <71> Sterility Test is the exact same formulation as that to be used for commercial 
production. If the formulation used for bacteriostasis/fungistasis testing has any difference in 
concentration of sodium chloride or sodium phosphate from what will be used in commercial 
production, then provide justification for not using the revised formulation. Additionally, 
describe studies performed to determine that the slight changes in salt concentration and type do 
not affect microbial recovery. 

b. Report MP-194-R-001-13, Attachment 1 in Section R.3 indicates that the concentration of 
sodium chloride and sodium phosphate in all drug product formulations (2000, 3000, 4000, 
10,000, and 40,000 U/mL) varies, such that the formulation with the higher concentration of drug 
substance has a proportionally lower concentration of the salts and the lower concentration has a 
proportionally higher concentration of salts. Further, it was proposed that the highest 
concentration of the drug substance would be the worst-case.  Provide data from studies 
performed to determine whether microbial recovery of the USP <71> Sterility Test differs 
depending on the product formulation.   

 
10. Incomplete information was submitted for qualification of the USP <85> Bacterial Endotoxins Test.  

Respond to the following comments:  
a. Method Validation report MP-194-R-001-09 (p. 5 of 35) states that “a minor revision to the 

calculated amount of salts added to the 40,000 U/mL formulation was made post-validation; 
however, this change does not impact the validity of this microbiological validation.”  Confirm 
that the revised and currently proposed 40,000 U/mL formulation (that will be used in 
commercial production) was used in the August 2012 and March 2014 inhibition/enhancement 
studies described on page 10 of 35 of the report.  

b. The effect of hold times during manufacturing on the recovery of endotoxin from the finished 
product was not assessed.  Provide endotoxin recovery data from studies performed by spiking a 
known amount of endotoxin standard (RSE or CSE) into undiluted finished drug product and 
then testing for recoverable endotoxin at various points. Perform these studies with the 2000 
U/mL, 10,000 U/mL, and 40,000 U/mL formulations that were used in the inhibition and 
enhancement studies for validation of the bacterial endotoxin test.  Use sample containers of 
similar composition to those that will be used during routine production.  
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11. Clarify the maximum patient dose listed in the package insert. Values of  
are indicated in the application. Additionally, clarify that the correct dose was used in the 

performance of the USP <151> Rabbit Pyrogen Test.  
  

12. The stability testing strategy for pyrogen and/or endotoxin testing of the finished product is not 
clearly described.  The post-approval stability specification provided in Section P.8.2 includes both 
bacterial endotoxins testing per USP <85> and the rabbit pyrogen test per USP <151>.  However, 
statements in Section P.5.6 suggest that rabbit testing will only be performed as an interim test.  
Explain how interim testing will be implemented. 

 
13. Respond to the following comments regarding hold time validation and in-process bioburden 

sampling. 
a. For the laboratory-scale hold time study, clarify whether the term  (P.3.5, page 

16 of 136) refers to  
 

b. Clarify whether the bulk drug product sample taken immediately prior to  
 during commercial-scale hold time validation was collected upstream of both of 

the .  
c. Clarify whether the bulk drug product sample taken immediately prior to  

 during commercial production will be collected upstream of  
. In addition, clarify whether the bulk drug product will be sampled for 

 step during routine commercial production.  
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Product Quality Microbiology Assessment:  Drug Product 

Drug Product Quality Microbiology Information Reviewed 

Sequence number Date Description 

0000 12/16/14 Original new BLA submission 

0014 3/13/15 IR response to FDA Day 74 letter received on February 27, 2015-
Rabbit pyrogen test data 

0023 5/29/15 Day 120 CMC Update-Stability summary and stability data 

 
Module 3.2 
P.1  Description and Composition of the Drug Product 

The following tables show the components of the different strengths of the drug product (reproduced 
from the submission, Section 3.2.P.1, p.1). The 40,000 U/vial has a different ratio of the amount of 
phosphate and sodium chloride to other excipients.  
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SATISFACTORY 
 
P.2  Pharmaceutical Development 
P.2.4   Container Closure System 
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SATISFACTORY 

 
P.8 Stability 
P.8.1  Stability Summary 

The long term storage condition for the stability lots of drug product is 2-8°C with a proposed 24 month 
shelf-life.  Long term storage and accelerated studies (6 months at 25°C/40% humidity and 25°C/60% 
humidity) were conducted on 26 primary stability lots.   

 
For long term storage, the following microbiologically relevant tests were performed: 

• Sterility: per USP <71> at 0 (upright), 12 (inverted), 18 (inverted) , 24 (inverted), and 36 
(inverted)  months 

• Endotoxin: per USP <85> at 0 (upright), 12 (inverted), 18 (inverted) , 24 (inverted), and 36 
(inverted)  months 
 

For accelerated storage, the following microbiologically relevant tests were performed: 
• Sterility: per USP <71> at 0 (upright) and 6 months (upright and inverted) 
• Endotoxin: per USP <85> at 0 (upright) and 6 months (upright and inverted) 

 
SATISFACTORY 

 
 
P.8.2   Post-Approval Stability Commitment 

The microbiologically relevant post approval stability specification will include the following 
microbiologically relevant tests: 

• Sterility: per USP <71> with the specification of “meets USP Specifications” 
• Container Closure Integrity (Helium Leak:) with the specification of NMT 

• Bacterial Endotoxins: per USP <85> with the specification of  EU/U 
• Rabbit Pyrogen Test: per USP <151> with the specification of “meets USP requirements for the 

absence of pyrogens.” Clarification will be requested to determine interim testing will be 
performed on stability as described for release.  

 
The test conditions and time points for post approval stability studies are: 

Test Interval at 2-8°C 
Sterility USP <71> 0 months-inverted 12 months-inverted 24 months-inverted 
Container/Closure Integrity 0 months-inverted 12 months-inverted 24 months-inverted 
Bacterial Endotoxins USP <85> 0 months-inverted Not tested 24 months-inverted 
Rabbit Pyrogen Test USP <151> 0 months-inverted Not tested 24 months-inverted 

 
The post-approval stability commitment states that the sponsor commits that the first commercial lot of 
drug product 2000 U/mL (minimum dose strength) and 40,000 U/mL (maximum dose strength) will be 
placed into the stability program and tested according to the post-approval stability protocol.  Thereafter, 
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at least 1 commercial lot of drug product 2000 U/mL and 40,000 U/mL will be placed into the stability 
program annually.  
 

Deficiencies: 
The stability testing strategy for pyrogen and/or endotoxin testing of the finished product is not 

clearly described.  The post-approval stability specification provided in Section P.8.2 includes both 
bacterial endotoxins testing per USP <85> and the rabbit pyrogen test per USP <151>.  However, 
statements in Section P.5.6 suggest that rabbit testing will only be performed as an interim test.  Explain 
how interim testing will be implemented. 

 
UNSATISFACTORY 

 
 

Container closure integrity testing (Section P.8.2, p. 5 of 7) 
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SATISFACTORY 
 
P.8.3  Stability Data 

Stability studies are being carried out on 26 commercial-scale lots, 1 clinical lot, and 1 pilot scale lot.  
All strengths were tested upright and inverted on long term and accelerated conditions. 
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SUMMARY BASIS OF RECOMMENDATION:  
 

a. Recommendation: The Office of Biotechnology Products (OBP) does not 
recommend approval of this 351(k) BLA.  OBP is recommending a Complete 
Response action  

b. Justification: The Sponsor conducted seven clinical studies in which 
immunogenicity was assessed; anti-drug antibody formation was monitored in all 
studies. However, the FDA assessment of immunogenicity was based on three 
multiple-dose parallel arm studies, two of which (EPOE-10-01 and EPOE-10-13) 
enrolled patients with chronic kidney disease and one of which (EPOE-14-01) 
enrolled healthy volunteers.  The Sponsor’s overall approach to evaluate 
immunogenicity was appropriate, however unresolved issues with the GCP 
practices at selected testing sites and with the confirmatory assay cutpoint render 
the data not reviewable because of potential unreliability, and thus no conclusions 
can be currently drawn regarding the immunogenicity of “Epoetin-Hospira” 
relative to US-licensed Epogen.   
 

 
DEFICIENCIES TO CONVEY TO THE SPONSOR: 
 

1. Regarding the radioimmunoprecipitation (RIP) screening and confirmatory assays: 
a. In your July 9, 2015 response to an agency information request, you reported 

that you established fixed screening assay cut points based on the analysis of 
pre-dose study samples from chronic kidney disease (CKD) patients or 
healthy volunteers. We note that:  

i. You did not provide data showing that the mean and the variance of 
the negative controls are consistent across plates for the screening 
assay. Note that if means and variances are not similar amongst plates, 
the use of a fixed cut point is not appropriate. 

ii. There was poor reproducibility between the results obtained for 
individual samples in the screening assay used to derive the cut point 
and the results obtained in the confirmatory assay for the same 
samples. Specifically, in most of the samples retested the % cpm was 
markedly reduced in the confirmatory assay without added competitor, 
as compared to the corresponding samples in the screening assays.  
This, together with the high percent reduction in binding required to 
confirm a sample as positive (52.1% inhibition for EPOE-10-01 and 
EPOE-10-13, 45.1% inhibition for EPOE-14-01) raises concerns about 
the reproducibility of the screening assay and the sensitivity of the 
confirmatory assay even when using a 99 percentile cut point.   

iii. You validated the suitability of your assay using several dilutions of 
the positive control and demonstrated that the assay was capable of 
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detecting low levels of your positive control (36 ng/ml). However, you 
used 1.2 µg/ml of the same control as your Low Positive suitability 
control (LPC) when establishing the assay cut point and testing the 
samples from study EPOE-10-01 and EPOE-10-13. This concentration 
is much higher than the FDA recommendation for suitability controls 
and does not ensure adequate assay performance during routine use. 
The more appropriate LPC concentration of 60 ng/ml determined 
during the 2014 re-validation was not used for the testing of ADA for 
studies EPOE-10-01and EPOE-10-13.  

  

To address the above deficiencies, you should: 

I. Confirm the on-board drug tolerance and matrix interference 
for the screening and confirmatory assays using adequate LPC 
concentrations for both “Epoetin Hospira” and US-licensed 
Epogen.  

II. Confirm the cut points for your screening and confirmatory 
assays using in-study samples from treatment naïve subjects. 

a. Assay cut points should be confirmed separately for 
samples from patients with chronic kidney disease 
(CKD) and healthy volunteers. For the patients with 
CKD, include at least 50 samples from patients treated 
SC (EPOE-10-13) and 50 samples from patients treated 
IV (EPOE-10-01). For the healthy volunteers, include 
at least 40 samples from subjects treated SC (EPOE-14-
01).  Samples should be selected using a randomization 
process. The randomization process you suggested in 
the response to the IR dated June 3rd, 2015 is adequate 
but you should exclude samples from clinical sites that 
were not GCP compliant. 

b. Retest your baseline samples in the presence and 
absence of competitor using appropriate suitability 
controls that ensure that your assay can identify 
samples with low levels of antibodies consistently.  

c. Provide the raw data and statistical analysis for 
evaluation. Identify any samples that were excluded 
from the cut point calculations statistical outliers or 
baseline positive samples.  If a fixed screening assay 
cut point is selected, provide a justification 
demonstrating that the mean and variance between runs 
and analysts is not statistically different. 

d. Confirm the sensitivity of the assays using the new cut 
points.  
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e. Consider including several LPCs ranging from 60 ng to 
300 ng to ensure that the true sensitivity of the assay is 
known. 

III. Determine whether the study samples need to be rescreened for 
antibodies using adequate suitability controls that ensure the 
sensitivity of the assays used.  

IV. All samples deemed positive in the screening assay should be 
tested in the confirmatory assay using the appropriate cut point, 
suitability controls and concentration of inhibiting drug.    

V. All samples that confirm positive should be evaluated for titer 
and neutralizing activity.  
 

2. You use PRCA patient sera as a positive control in the validation of your assays. 
Describe the basis for selection of the “high” and “low” serum concentrations used in 
your studies.   

 
3. Regarding the assay to detect neutralizing ADA:  

a. You derived the cut point for the neutralizing antibody (NAB) assay from 
commercial samples that may have been collected and handled differently 
than those in your study.  We note that you did not confirm the cut point using 
in-study samples and the differences noted above may affect the results and 
the interpretation of your NAB assay. Confirm the cut point of the NAB assay 
with at least 20 in-study samples from treatment naïve subjects.  Provide the 
raw data in a table showing for each serum sample tested side by side the cell 
proliferation in the presence and absence of added erythropoietin.   A 99% CI 
cut point is recommended to reduce the risk of false negative results. Provide 
the data and calculations that support the new cut point. 
 

b. Proliferation of the TF-1 cell line can be affected by multiple molecules in 
patient serum (G-CSF, IL3, GM-CSF). We note that, in order to verify that 
serum concentrations of these molecules do not interfere with assay 
performance, you tested the effect of sera on TF-1 cell proliferation in the 
presence and absence of erythropoietin stimulation. Provide these results 
when reporting the neutralizing antibody assay data to facilitate interpretation. 

 
4. For all samples that test positive for binding or neutralizing antibodies, provide an 

analysis of the correlation with observed PK, safety and efficacy signals for the 
subject. 
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REVIEW SUMMARY: 
 
Hospira is seeking approval of “Epoetin Hospira” as a biosimilar to US-licensed Epogen 
(Amgen). In support of this application the Sponsor conducted seven clinical studies, the details 
of which are outlined in the table below. Anti-drug antibodies (ADA) were monitored in all 
seven studies, however since only the multiple-dose parallel arm studies allow a direct 
comparison of the immunogenicity of “Epoetin Hospira” versus US-licensed Epogen FDA’s 
assessment is based primarily on EPOE-10-01, EPOE-10-13, and EPOE-14-01.  
 
 

 
 
A summary of the ADA results for the parallel-arm multidose studies using a 99% confirmatory 
assay cutpoint are shown below. However, since the assay cutpoints used to evaluate the clinical 
samples were not appropriately validated, the interpretation of these results is unclear. 
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The testing strategy for anti-drug antibodies (ADA) consisted of a RIP-based screening assay, a 
confirmatory assay based on cold competition with unlabeled drug product, and an assessment of 
neutralizing activity using a TF-1 human erythroleukemia cell line that proliferates in response to 
erythropoietin. ADA titers were also determined for samples that tested positive in the 
confirmatory assay. The approach is outlined in the schematic below. 
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At the request of the FDA, serum samples from study EPOE-14-01 were also tested for the 
presence of anti-drug IgM by a two-step procedure consisting of an ECL-based screening assay 
followed by a Biacore-based surface plasmon resonance (SPR) confirmatory assay specific for 
IgM detection. No clinical samples tested positive in the ECL assay and thus the SPR assay was 
not used. Analytical approaches for ADA assessment were modified throughout the course of the 
trials and assay validation reports for changes to the standard operating procedures (SOP) were 
submitted with this application. All assays were validated by  
This review evaluates the validation data for the immunogenicity assays as well as the results of 
EPOE-10-01, EPOE-10-13 and EPOE-14-01.  Two information requests were sent to the 
Sponsor throughout the course of this review (June 3, 2015 and June 17, 2015) and the relevant 
responses are included.  
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ASSAY DEVELOPMENT AND VALIDATION 
 

 

Parallel arm efficacy and safety studies: EPOE-10-13,  EPOE-10-01, EPOE-11-

04 and EPOE-11-03 

 
 
Immunogenicity of “Epoetin Hospira” was assessed in comparison to the reference product, US-
licensed Epogen (Amgen), in two randomized, double-blind, parallel arm clinical studies. EPOE-
10-13 and EPOE-10-01 consisted of patients with chronic kidney disease requiring hemodialysis 
and receiving erythropoetin maintenance treatment.  For EPOE-10-13 “Epoetin Hospira” or US-
licensed Epogen was administered subcutaneously at a dose determined during a 12-18 week 
titration period and maintained for 16 weeks.  For EPOE-10-01 erythropoietin was administered 
intravenously at the same dose that was given prior to the start of the treatment period and 
continued for 24 weeks. At the end of the study period some patients continued treatment in the 
long term safety studies (LTSS) EPOE-11-04 (for EPOE-10-13 patients) or EPOE-11-03 (for 
EPOE-10-01 patients) in which ADAs were monitored for up to 48 weeks.  
 

Radio immunoprecipitation (RIP) screening and confirmatory assay for EPOE-10-13,  EPOE-

10-01, EPOE-11-04 and EPOE-11-03 

 
The RIP assay procedure used to detect human antibodies to epoetin was originally 
developed by IPM Biotech to investigate serum samples from patients who developed 
Pure Red Cell Aplasia (PRCA) as a result of originator product immunogenicity in 
Europe, Canada and Australia between 1998 and 2003.  

  
 
The RIP assay used to test clinical samples from the “Epoetin Hospira” clinical trials was 
originally validated by  The assay validated 
in 2006 was used to evaluate samples from the legacy PK study EPOE-10-08.  The assay 
was re-validated in 2012 ( 2012-B-05-03) with significant modifications consistent 
with evolving regulatory guidance. These modifications included establishment of a 
floating cut point for the screening assay and the implementation of a confirmatory assay 
based on inhibition with unlabeled drug. The assay validated in 2012 was used to 
evaluate samples from the efficacy/safety studies EPOE-10-13, EPOE-10-01, EPOE-11-
04 and EPOE-11-03 as well as the crossover PK/PD study EPOE-12-02.  The assay was 
again re-validated in 2014 ( 2014-B-05-06) with changes to the SOP including a 
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modified correction factor, confirmatory assay cut point, positive control antibody 
concentration, and competing drug concentration. Additional components of the 2014 
validation were performed to address FDA concerns that were communicated to the 
sponsor on February 28th, April 28th and June 3rd, 2014.  The assay specifications, key 
assay components and the validation results for each assay (and corresponding clinical 
study) are summarized in the tables below. 
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The general procedure of the RIP assay is as follows:  

 
Patient serum is initially diluted 1:20 (5% serum in 1x TBS) and incubated with 125I-
labeled “Epoetin Hospira” at 2-8C overnight. During this incubation any ADAs present 
in the serum will bind to the radiolabeled drug. The next day, a Protein G-sepharose bead 
suspension is added to the serum/25I- “Epoetin Hospira” mixture and incubated for ~1 
hour on a shaker. Protein G will specifically bind to IgG molecules in the serum which 
can be pulled out of solution by centrifugation. Any IgG molecules bound to radiolabeled 
drug will produce a signal when the sample is evaluated on a -counter. The radioactivity 
of the precipitate is measured in counts per minute (CPM) and is expressed as a 
percentage (%CPM) of the total radioactive counts (TC).   
 

Reference ID: 4266940

(b) (4) (b) (4)

(b) (4)

(b) 
(4)



Biosimilar: BLA125545         Wednesday, September 9th, 2015 12                                                    

Immunogenicity Review 

 

12 

 

Assay Controls 
 
Negative Controls 
 
The negative controls used for the 2012-B-05-03 validation report consisted of 60 
normal human serum samples obtained commercially from In.vent Diagnostica (Berlin, 
Germany).  
 
FDA Comment: The negative control serum used for assay validation is from normal 
healthy individuals, however the serum samples being analyzed in these studies are from 
patients with chronic kidney disease. Since kidney dysfunction can result in altered levels 
of proteins and other soluble factors in the blood, it is possible that the performance of 
the assay will be different with the study samples. However, since the negative control 
samples were generally close to the floating cutpoint for validation and clinical testing 
this is acceptable. 
 
Positive Controls 
 
Two types of positive control were used to validate the RIP assay:  
 

1) Anti-epoetin antibodies were affinity purified from the serum of rabbits 
immunized with EU-Retacrit and used at a low positive control (LPC) 
concentration of 1.2 ug/ml and a high positive control (HPC) of 9.2 ug/ml. 
Acceptance criteria were >2% CPM for the LPC and >20% CPM for the HPC.   
 

2) Serum from a PRCA patient who developed ADAs to the originator drug was 
also used as a clinically relevant positive control at a “low” and “high” 
concentration although the exact titers are not given in the validation report. 
This control was used for validation but not for routine sample evaluation.  

 

- FDA Comments: The antibody concentration of the LPC (1.2ug/ml) is not adequate to 
support the reported sensitivity of the assay. The LPC was recalculated in the 2014 
validation to 60ng/ml which is acceptable, but the samples from the CKD patient 
studies were not re-evaluated with the lower LPC.   

 
The sponsor does not adequately explain how the PRCA patient serum was prepared 
for use in the validation assays. It should be clarified how the serum was diluted to 
establish “high” and “low” concentrations. This will be communicated to the 
Sponsor.  
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Specificity of the RIP Assay 

 
The sponsor evaluated the specificity of the RIP assay for anti-epoetin antibodies as part 
of the original 2006 assay validation ( Validation Report 2006).  Serum from a 
PRCA patient was diluted 1:100 and 1:500 and pre-adsorbed with buffer, 5ug or 50ug of 
epoetin. Pre-adsorption with epoetin substantially reduces the %CPM obtained from the 
sample. 
 

  
 
 

Screening Assay Cut Point Determination 
The original assay validation report ( Validation Report 2006) established a fixed 
screening assay cut point of 0.3% CPM.  This was modified in the 2012 re-validation 

-2012-05-03) to implement a floating cut point (FCP) for each run.  The calculation 
for the FCP was determined as follows: 
 
60 serum samples from normal healthy individuals were run in duplicate and the mean 
%CPM, standard deviation (SD) and coefficient of variation (%CV) were calculated for 
each sample. Statistical outliers were excluded by using a box-plot analysis in the 
GraphPad PRISM 5.0 software package. The raw data are shown in the table below. 
Outliers are marked with *.  
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The distribution of these data (excluding outliers) was determined to be normal using the 
D’Agostino-Pearson algorithm in the GraphPad PRISM 5.0 software package. The 95% 
CI screening cut point for this particular data set was 0.081% CPM according to the 
calculations outlined in the table below.  
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The run-specific FCP was calculated using the following equation: 
 

 
The NC.IS value was calculated to be 0.06% CPM by averaging the %CPM values for all 
negative control samples throughout the entire validation exercise. These data are 
summarized in the table below. 
 

 
The CF was calculated according to the following equation:  
 
CF=SCP.CV-NC.CV 
 
where SCP.CV is the screening cut point from cross validation (0.08% CPM) and NC.CV 
is the negative control from cross validation (0.06% CPM).  Thus, the CF value that was 
used in all further analysis was 0.02% CPM. The screening assay FCP for all serum 
samples analyzed in these clinical studies was the mean of the negative controls in the 
run plus 0.02% CPM. 
 
FDA Comment:  The approach to establish the screening assay cutpoint based on the 
95% CI of 60 commercially obtained sera from healthy donors is reasonable. However, 
the cutpoint needs to be verified in the pre-dose samples from the study-specific clinical 
population.  The screening assay cutpoint was re-assessed in the 2014 validation and the 
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correction factor was modified to 0.04% CPM. However the modified cutpoint was not 
retroactively applied to the clinical samples from 10-01, 10-13, 11-03 and 11-04. 
 
A comment was sent to the sponsor on June 3, 2015 requesting that they recalculate the 
assay cutpoints using pre-treatment samples from the study subjects.  The sponsor 
performed this analysis and provided the results to the FDA on July 9, 2015.   
 
Screening assay cutpoint recalculation using CKD patient serum:   

 
The combined results from EPOE-10-01 and EPOE-10-13 pre-dose samples (816 total) 
were used to determine a fixed screening assay cutpoint for CKD patients. 10 outliers 
were removed. The data were found to be not normally distributed by a Shapiro-Wilk 
normality test, even after log-transformation and so the 95% CI value was used as the 
fixed cutpoint of 0.210% CPM. The statistical approach is outlined in the table below. 
 

 

 
 
 
The fixed cutpoint of 0.210% CPM is higher than the floating cutpoints used in the initial 
analysis, which were generally between 0.05% CPM and 0.15% CPM.  Consequently, re-
analysis of the clinical samples from CKD patients with the new fixed cutpoint revealed 
no samples that were newly positive but many samples that became negative (see table 
below).The use of a fixed cutpoint should be statistically justified by demonstrating that 
the mean and variance values between runs and analysts are statistically similar. This 
analysis was not provided. This issue is reflected in the comments to the sponsor.  
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Given that the original floating cutpoint is more conservative and minimizes the risk of 
false negative results it should be used for the evaluation of clinical samples from these 
studies.  This was communicated to the Sponsor.   
 

 
Matrix Effects and Assay Sensitivity 

 
Rabbit anti-epoetin polyclonal antibody was subjected to two-fold serial dilutions in both 
1x TBS buffer and in 5% normal healthy serum in 1x TBS buffer.  The range of antibody 
concentration analyzed was 36ng/ml – 2,302,000 ng/ml. The results, depicted in the table 
below, demonstrate that at the lowest concentration of antibody analyzed (36ng/ml) the 
%CPM value is above the screening assay cut point of 0.08% CPM.  It also shows 
variation between the two matrices expressed as the %CV for each antibody 
concentration. 
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FDA Comment: At low antibody concentrations there appears to be a substantial (15-
25%) reduction in signal due to the 5% serum in the matrix.  This is a concern because 
the assay may be insufficient to detect low ADA concentrations due to matrix 
interference. However, the lowest positive control antibody concentration analyzed 
(36ng/ml) gave a value above the screening assay cut point of 0.08% CPM for the 5% 
serum matrix suggesting that the assay remains sensitive with 5% serum.  

Intra-Assay Precision 
 
To test intra-assay precision the sponsor performed twelve replicate runs of rabbit anti-
epoetin in 5% NHS (high and low concentrations) and antiserum from a PRCA patient 
(high and low concentrations) and calculated the %CV of the %CPM values. For each 
treatment the %CV met the acceptance criteria <20% CV.  The results are shown in the 
table below. 
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Inter-Assay Precision 
 
High and low concentrations of rabbit anti-epoetin and PRCA patient serum were 
assessed in five independent runs on three separate days.  Samples were run in duplicate 
for each run. The %CV for each treatment met acceptance criteria of <20% CV.  The 
results are summarized below. 
 

 
 

FDA Comment: In order to demonstrate inter-assay precision the samples should be run 
over multiple days by more than one analyst. The sponsor does not specify that more than 
one analyst performed this assessment. 
 
The assessments of intra- and inter-assay precision demonstrate a variability <20% CV 
for both the affinity-purified rabbit positive control as well as the human PRCA serum. 
Therefore the precision of the assay would seem acceptable.  However, because the QC 
chosen are well above the cutpoint for the assay they are not informative to the 
variability at the lower end of the assay. This concern is further reinforced by the 
observation that there was low reproducibility between the results obtained in the 
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screening and confirmatory assay by the same samples and under the same conditions. 
This is reflected in the comments to the Sponsor.   
 

 
 
 

Drug Tolerance 
 
The tolerance of the RIP assay for on-board drug was determined by analyzing HPC and 
LPC in the presence of 0.2-100ug/ml of “Epoetin Hospira”. For all concentrations of drug 
the %CPM values for both the HPC and LPC were above the screening cut point of 
0.08% CPM. According to the sponsor, the maximum concentration of 100ug/ml is 
equivalent to 11,765 IU/ml which is in excess of the 110-120 mIU/ml maximum PK 
concentration observed in the EPOE-14-01 clinical study.   
 

 
 
 
 
 

 
FDA Comment: The drug tolerance assay demonstrates that up to 100ug/ml of on-board 
drug would be tolerated by the low positive control antibody concentration. However the 
LPC for this exercise was too high (1.2ug/ml, later changed to 60ng/ml in 2014 
validation 2014-B-05-06).  Therefore the level of on-board drug tolerated by lower 
antibody concentrations needs to be demonstrated.   
 

FDA Comment: Data supporting the robustness of the screening assay was not provided in 
validation report 2012-B-05-03. This deficiency was communicated to the sponsor on 
February 28th, 2014 and the data were provided in the later validation package ( 2014-B-
05-06). This can be found on page 50 of this review.  
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Confirmatory Assay Cut Point Determination 
 
Any samples that had %CPM values above the FCP in the screening assay were subjected 
to a RIP-based confirmatory assay. Serum samples were incubated overnight with 0.5 
mg/ml unlabeled “Epoetin Hospira” at 2-8C prior to overnight incubation with the 125I-
”Epoetin Hospira”.  ADAs are blocked by the unlabeled drug and prevented from binding 
the radiolabeled drug, resulting in an inhibition of the signal. The value of the 
confirmatory assay is expressed as % Inhibition as calculated in the following equation: 
 
% Signal Inhibition=100*[1-(rhEPO spiked/unspiked sample)] 
 
To determine the cut point for the confirmatory assay the same 60 normal human serum 
samples used for screening assay validation were pre-incubated with unlabeled “Epoetin 
Hospira” before incubation with 125I-”Epoetin Hospira”. The %CPM of the duplicate 
samples was calculated. Statistical outliers were excluded by using a box-plot analysis in 
the GraphPad PRISM 5.0 software package.  
 

 
 

 
 
 
The % inhibition for each sample was calculated using values for the inhibited and uninhibited 
runs as shown in the table below.  
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The distribution of the data (excluding outliers) was determined to be normal using a 
D’Agostino and Pearson omnibus normality test.  The sponsor set the 99.9% CI 
confirmatory assay cut point at 69.52% based on the calculations summarized below. 

 
 

FDA Comment: The confirmatory assay cut point of 69.52% inhibition is too stringent. A 
99% cut point is recommended for confirmatory assays as 99.9% cut points may produce 
false negatives. This point was communicated to the sponsor in an information request 
sent on June 3, 2015. The sponsor provided confirmatory assay results calculated with 
the 99% CI cutpoint for all of the clinical studies. The new subjects with confirmed ADA 
when using the 99% CP (assay results between the 99% CI cutpoint and the 99.9% CI 
cutpoint), including the subjects that seroconverted and those that were positive at 
baseline are summarized in the table below.   
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It should be noted that changing the CP from 99.9 to 99% for study 10-01 added a total 
of 7 patients (2.33%) in the “Epoetin-Hospira” group had treatment-induced ADA with 
the 99% confirmatory cutpoint compared to 1 patient (0.33%) in the Epogen group.   
 
It was communicated to the sponsor that the appropriateness of the confirmatory cutpoint 
should also be verified in treatment-naïve patient sera for each study.  Based on the 
results obtained from the pre-dose clinical samples the cutpoint should be recalculated.  
Any new samples that confirm positive with the modified cutpoint should be analyzed for 
ADA titers as well as neutralizing activity.   
 
Deficiencies regarding the amount of unlabeled epoetin used in the confirmatory assay 
and a comparison between “Epoetin Hospira” and Epogen were communicated to the 
sponsor on February 28th, 2014.  These deficiencies were addressed in the 2014 RIP 
assay validation.   
 
 

 

Cell-based Assay for the Detection of Neutralizing Antibodies for EPOE-10-13,  EPOE-10-01, 

EPOE-11-04 and EPOE-11-03 

 
Serum samples that confirmed positive for ADAs in the RIP assay were subjected to a 
cell-based assay to assess the neutralizing capacity of the antibodies. The version of the 
assay used to analyze samples from the efficacy/safety clinical trials (EPOE-10-13,  
EPOE-10-01, EPOE-11-04 and EPOE-11-03) was validated in 2008 and utilizes the TF-1 
erythroleukemia cell line that proliferates in response to erythropoietin and other 
cytokines including IL-3. The assay cut point was modified in May 2014 using the 
original validation data but excluding data from Systemic Lupus Erythematosus patient 
serum.  The assay was re-validated in August, 2014 and the modified SOP was used to 
analyze samples from EPOE-14-01.  The specifications, key components and validation 
results for each SOP version (and corresponding clinical study) are summarized in the 
tables below. 
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The general procedure for the NAb assay is as follows: 
 
TF-1 cells are cultivated for 19-42 days post-thaw in the presence of recombinant human 
IL-3.  Serum samples are initially diluted 1:50 (2% serum) and mixed with 40,000 TF-1 
cells in RPMI + 20% fetal bovine serum and 20pM “Epoetin Hospira”. The cells are 
incubated for 48 hours at 37C with 5% CO2. Cell proliferation is measured using 
CellTiter 96 Aqueous One (Promega), a tetrazolium derivative that is converted by 
proliferating cells into colored formazan which is quantified on a spectrophotometer.   
The neutralizing activity of the serum antibodies is expressed as the % inhibition, 
determined by the following calculation: 
 

 
In this equation BL1 represents the control sample with no “Epoetin Hospira” stimulation 
and BL2 represents the control sample with “Epoetin Hospira” but without antibodies.  
Thus the background signal (BL1) is subtracted from the experimental sample and the 
positive control signal. The ultimate value of this calculation is the % inhibition of 
proliferation for the experimental sample compared to the BL2 positive control with no 
inhibiting antibodies.  All samples are run in triplicate. 
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Assay Controls 

 
Positive Controls 
 
Rabbits were immunized with EU Retacrit drug substance and polyclonal antiserum was 
collected. This antiserum was diluted into the negative control human serum (NCHS) 
pool at three stock concentrations, 1:400, 1:800 and 1:1600. These were further diluted in 
assay medium at three quality control concentrations (QC1, 1:20,000; QC2, 1:40,000; 
QC3, 1:80,000) which were used for analysis during assay validation 
 
One human serum sample from a confirmed PRCA patient was used for NAb assay 
validation. 
 
 
Negative Controls   
 
Serum samples from 12 normal healthy individuals were obtained and combined 
(approximately 6.5ml each) to create a negative control human serum (NCHS) pool. The 
source of the serum is not stated in the validation report.   
 

Matrix Effects 
 
The sponsor evaluated the effect of serum matrix factors on assay performance by 
assessing proliferation in response to a titration of EPO (1-10,000pM) in the presence of 
0%, 1%, 2%, 5%, and 10% NCHS pool.  The EC50 (pM) and the span of OD490 results 
were calculated at days 1, 2 and 3 for each serum concentration. The results are 
summarized in the table below. 
 

 
The acceptance criteria used to interpret the assay are as follows: 
 

 The EC50 value for each serum concentration must be within 40% of the 0% 
serum samples (EC50serum = EC50no serum +/- 40%).  
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 The span of the OD490 for each serum concentration must be within 40% of the 

0% serum samples (Span ODserum = Span ODno serum +/- 40%).  
 

These values are presented as Diff [%] in the table above. 
 
FDA Comment: The FDA agrees that the serum concentration that varies least from the 
0% sample and with the lowest variability between replicates is optimal. The sponsor 
proposes that the 2% sera is the best option since it deviates the least from the 0% serum. 
Side by side comparison was not provided but the curves seem similar enough to expect 
that matrix interference will be minimal with 2% sera. 
 
Dose response curves for the 0% and 2% serum samples over the three day time course 
are shown below.  
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FDA Comment: The mean EC50 for the 0% and 2% serum samples were determined to 
be 17.49 pM and 15.30 pM respectively.  Based on these values an epoetin concentration 
of 20pM was established for this assay. This concentration falls in the linear portion of 
the dose response curve and is acceptable. 
 

Cytokine Effects on TF-1 Proliferation 
 
TF-1 cells are known to be responsive to both erythropoietin and IL-3. Therefore assay 
performance could be compromised by elevated levels of these cytokines in patient 
serum.  The sponsor assessed background levels and activity of erythropoietin found in 
serum of 12 healthy individuals using an ELISA assay and found the average activity to 
be 8.1 mlU/ml (see table below). When diluted to the final NAb assay concentration this 
activity is predicted to be in the range of 0.162 mlU/ml, compared to the 100 mlU/ml 
used for stimulation.  

 

 
 

 
According to the sponsor patient serum samples with elevated IL-3 levels will be pre-
adsorbed with anti-IL3 antibodies to reduce IL-3 concentration before the assay is run. To 
evaluate the effect of IL-3 on the inhibitory function of neutralizing anti-epoetin 
antibodies in this assay the sponsor titrated IL-3 (0 pg/ml-1,000 pg/ml) into NCHS spiked 
with two dilutions of rabbit anti-epoetin antiserum (1:40,000 and 1:160,000).  Each IL-3 
concentration was also pre-adsorbed with 40ug/ml anti-IL3 antibody (Sigma). The % 
inhibition was calculated for each set of conditions as shown in the table below. 
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FDA Comment: This experiment demonstrates that IL-3 levels between 0-100pg/ml can 
be tolerated by the assay as the % inhibition for both antibody concentrations remains 
consistent at 0pg/ml, 50pg/ml, and 100pg/ml. A decrease in % inhibition becomes 
apparent at 500pg/ml. Pre-adsorption with anti-IL3 antibodies appears to prevent the IL-
3 dependent loss of inhibition at high concentrations at the 1:40,000 antibody 
concentration.  The sponsor notes that the pre-adsorbed samples for the 1:160,000 
antibody concentration were below the limit of quantitation.  
 
IL-3 background levels in normal healthy individuals were evaluated by ELISA using 
serum samples 12 healthy individuals.  The results are shown in the table below. 
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The mean IL-3 concentration for the 12 samples was 26.8pg/ml, within the demonstrated 
tolerated range of 0-100pg/ml.   
 
FDA Comment: TF-1 cells are also sensitive to G-CSF.  G-CSF interference was 
evaluated as part of the later validation package 2014-B-05-06 after this deficiency 
was communicated by the FDA on February 28th, 2014.  This information was  provided 
and can be found on page 55 of this review.  
 

Cell-based Assay Cut Point Determination 
 
To determine the cut-point of the neutralizing antibody assay the sponsors analyzed sera 
from three patient populations: normal healthy individuals (NHC, n=10), patients with 
Wegener’s Granulomatosis (WG, n=10) and patients with systemic lupus erythematosus 
(SLE, n=20).  Initial analysis revealed that the data were normally distributed for the 
NHC and WG samples but not for the SLE patients (see table below).  Therefore the data 
from the SLE patients was excluded from the cut point calculation.   
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A single cut point 17.3% inhibition was calculated based on the combined data from the 
NHC and WG samples by taking the mean % inhibition plus 3 standard deviations.  The 
data is shown in the table below. 
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FDA Comment: This cut-point was revalidated based on 30 normal human serum 
samples in 2014.  The new cut-point was determined to be 16.8% inhibition which is 
close to the 2008 cutpoint of 17.3% inhibition. In 2014 a separate cutpoint of 12.6% 
inhibition was established based on 20 commercially obtained epoetin-naïve CKD patient 
sera. When this cutpoint was applied to all confirmed positive (99.9% CP) samples from 
10-01 and 10-13 no new samples were positive for neutralizing antibodies.   
  

Assay Specificity 
 

To demonstrate that the assay detects neutralizing activity of antibodies specific for 
epoetin (and not non-specific serum effects) the sponsor tested neutralizing activity of 
rabbit anti-epoetin antiserum on IL-3 stimulation of TF- cells.  IL3 was titrated under 
four conditions: IL3-alone, 1:20,000 anti-epoetin, 1:80,000 anti-epoetin, and 1:160,000 
anti-epoetin.  The dose response curves and calculated EC50 values are shown below.   
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For each antibody concentration the deviation from the IL-3 only curve was less than the 
acceptable 40% as shown in the table below.  The EC50 values were also within this 
acceptance criteria. 

 
Limits of Quantitation and Detection 

 
The sponsor defines the limit of quantitation (LOQ) as the highest rabbit anti-epoetin 
antiserum dilution at which the triplicate wells have a % inhibition with a %CV of ≤ 
30%.  The limit of detection (LOD) is defined by the sponsor as the lowest rabbit anti-
epoetin antiserum dilution for which the triplicate wells have a % inhibition with a %CV 
of >30%. To assess the LOQ and LOD the sponsor serially diluted rabbit anti-epoetin 
antiserum with a fixed “Epoetin Hospira” concentration of 20 pM. The results are shown 
in the table below.  
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Based on these data the sponsor assigned a LOQ value of 1:160,000 and an LOD value of 
1:360,000.   
 
FDA Comment: The sponsor used whole rabbit antiserum to determine the LOQ and 
LOD of the assay. Since the antiserum has an unknown concentration of epoetin-specific 
antibodies, these values are not informative for determining the sensitivity of the assay.  
These values should be determined using affinity purified anti-epoetin antibodies of a 
known concentration. This deficiency was communicated to the sponsor in an IR on 
6/3/15 and the sponsor stated than when antibodies were affinity purified from the 
antiserum that neutralizing activity was lost. Therefore using an antibody of known 
concentration to measure sensitivity is not currently possible. The sponsor should still 
confirm the sensitivity of the assay using the control they have as a worst case scenario. 
This is reflected in the comments to the sponsor. 
 

Inhibition of TF-1 Proliferation by Anti-epoetin Antibodies: Dose Response 
 
 
The relationship between antibody dilution and inhibition of TF-1 proliferation was 
established by diluting rabbit anti-epoetin antiserum and PRCA patient serum in 2% 
NCHS in the presence of 20pM epoetin. The dose response curves are shown in the 
figure below. 
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Linear regression analysis using Graph Pad Prism 5.0 software revealed an R2 value of 
0.9803 for rabbit antiserum and 0.9729 for PRCA patient serum. This indicates a high 
degree of correlation between antibody concentration and % inhibition of proliferation 
for both antibody preparations, suggesting comparable capacity to neutralize the 
biological activity of erythropoietin.  According to the sponsor this justifies the use of 
rabbit antiserum as quality controls for the detection of human anti-epoetin neutralizing 
antibodies.   
 
FDA comment: Since the slopes of the curves appear similar based on linear regression 
analysis the FDA agrees that the rabbit antiserum has a similar ability to neutralize EPO 
function as human PRCA serum, and is thus an acceptable for QC.   
 

Intra-assay Precision   
 
QC1, QC2 and QC3 were spiked into 2% NCHS and run in three sets of triplicate within 
the same microtiter plate. The results are shown below. Variability was determined using 
the %CV between the three sets of triplicates for each QC concentration. 
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FDA comment: All sets of triplicates were well below the acceptable %CV of ≤30% for 
each QC concentration and therefore the intra-assay precision is acceptable. 
 

Inter-assay Precision 
 
Three independent preparations of QC1, QC2 and QC3 were run in triplicate on three 
separate plates. All sets of triplicates were below the acceptable %CV of ≤40% for each 
QC concentration.  
 

 
 
 
Additionally, inter-assay precision was measured by having two different operators run 
the QC samples on two separate days.  All sets of triplicates were below the acceptable 
%CV of ≤40% for each QC concentration.  
 

 
 

FDA comment: All comparisons between runs and operators had a variability below the 
acceptable %CV of ≤30% for each QC concentration and therefore the inter-assay precision is 
acceptable.  
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MTS Reaction  

The sponsor evaluated how the duration of the MTS reaction as well as the length of time 
after the reaction is stopped affects the OD490 values obtained in the assay. The reaction 
was allowed to proceed for 3hr, 4hr and 5 hrs and read immediately after the reaction was 
stopped.  The results for % inhibition indicate that there was not significant variability 
between 3 and 5 hours of MTS reaction. 
 

 
The amount of allowable time after the MTS reaction is stopped to be analyzed was also 
assessed. The plates were allowed to sit for 0min, 15min and 30min after stopping and 
the OD490 values were taken. The results for % inhibition indicate that there was not 
significant variability between 0 and 30 minutes after the reaction is stopped. 
 

 
 

 
FDA Comment: Although there is not significant variability in the % inhibition of the QC 
samples it is possible that the raw OD490 values obtained from the reagent are affected 
by duration of the reaction and the time after stopping.  However, since the normalized 
values are stable over the time periods analyzed the the 3-5 hour incubation and the 0-30 
min time after stopping the reaction stated in the SOP are acceptable.   
 

Cell Density and Age 
 
Inhibition of cell proliferation by QC1, QC2 and QC3 was analyzed at cell densities 
between 100,000 cells/ml and 600,000 cells/ml.  
 
FDA Comment: The results show no significant variability in assay performance within 
this range of cell density.   
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The impact post-thaw age of cells on inhibition by QC1, QC2 and QC3 was evaluated in 
cells 19-41 days post-thaw.   
 
FDA Comment: No significant variability was found due to cell age within this range. 
 

 
 

Stability of Rabbit Anti-epoetin Antiserum 
 
Short-term, long-term and freeze/thaw stability of the diluted QC samples in 2% NCHS 
was evaluated.  
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FDA Comment: These data demonstrate that the QC samples are stable for up to 3 days 
at 2-8C, up to 3 weeks at -20C, and for up to 3 freeze/thaw cycles. These stability 
attributes are acceptable. 
 

Parallel arm PK/PD study: EPOE-14-01 

 
Immunogenicity of “Epoetin Hospira” and the Epogen reference product was evaluated 
in a single-center, randomized, open-label, muli-dose, parallel-arm study in healthy drug-
naïve male volunteers (EPOE-14-01).  The patients were given 100 U/kg subcutaneously 
3 times per week for 4 weeks (12 total doses).    
 
The screening, confirmatory, and cell-based assays for the detection of ADAs to “Epoetin 
Hospira” were re-validated in 2014 as outlined in the validation packages 2014-B-
05-06 (RIP assay) and 2014-B-05-07 (cell-based neutralization assay) provided with 
this submission.  The re-validation exercises were done, in part, in response to agency 
requests communicated to the sponsor on February 28, April 8 and June 3, 2014.  In 
addition to the RIP and cell-based neutralization assays, the serum samples from EPOE-
14-01 were also subjected to an ELISA-based elecrochemoluminescence (ECL) assay 
and a Biacore-based surface plasmon resonance (SPR) assay to specifically detect the 
presence of IgM antibodies for the purpose of analyzing their effect on PK and safety.  
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Radio immunoprecipitation (RIP) screening and confirmatory assay for EPOE-14-01 

 
The re-validation of the RIP screening and confirmatory assays that is summarized in 

2014-B-05-06 led to multiple changes to the assay specifications shown in bold in 
the table below.  
 

 
 

Screening Assay Cut-point Determination-2014 Validation 
 
The following comment was sent to the sponsor on February 28th, 2014 regarding the 
floating cut point for the screening assay: 
 

“Selection of a floating cut-point for your screening assay should be supported by 
observed inter-assay variability. Provide raw data and corresponding analysis to 
support your choice.” 
 

The sponsor re-calculated the screening assay cut-point using 51 normal healthy serum 
samples run six independent times by two analysts.  None of the data sets were found to 
be normally distributed (despite removal of outliers) by the Shapiro-Wilk algorithm and 
so a non-parametric statistical approach was used to establish the cut-point. Data were 
log-transformed and outliers removed by a box-plot analysis. The 95% percentile was 
calculated for each of the six runs and re-transformed to non-log values.  The screening 
cut point (SCPvali) for these data was the mean 95% percentile values for the six 
independent runs (0.125% CPM).  
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The overall mean %CPM of the negative control sera was calculated and is shown in the 
table below.  

 
 
 
Based on this cut point and negative control serum (NCvali) mean a new correction factor 
was calculated according to the following formula. 
 

 
 

The correction factor of 0.04% is different from the 0.02% used in the 2012 assay 
validation and alters the floating cut point used for analysis of EPOE-14-01 samples, 
calculated as NC(in-study)+0.04%.  
 
The use of a floating rather than fixed cut point was justified by analyzing run-to-run 
variation for each analyst and between analysts.  For Analyst 1 the means of the three 
runs were statistically different. For Analyst 2 they were not.  Overall the means of the 
six runs were statistically different. According to the sponsor, Bartlett’s test for equal 
variance revealed that the variance of the variances was similar and thus the floating cut 
point was justified.  
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FDA Comment: As with studies 10-01, 10-13, 11-03 and 11-04 the sponsor was 
requested to re-calculate the screening assay cutpoint for study 14-01 using pre-dose 
samples from the study subjects.  The cutpoint was also re-calculated for the crossover 
study 12-02. A summary of this analysis is shown in the table below. 
 

 
 
The sponsor determined a fixed cutpoint of 0.08% CPM for study 14-01 based on the 
95% CI, which is generally lower than the floating cutpoints used for the initial sample 
analysis (~0.1-0.15% CPM). Consequently 78 samples that had tested as negative with 
the original floating cutpoint became positive with the new fixed cutpoint (see table 
below). 
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Positive control antibody concentrations- 2014 Validation 
 
The following FDA comment was communicated to the sponsor on February 28th, 2014: 
 

“The selection of a low positive control (PC) should represent a concentration 
that is set to fail the assay 1% of the time to ensure detection of low positives. 
Select your low PC concentration taking in consideration the comment provided 
and the value for your assay cut-point.” 
 

Affinity purified rabbit antibodies to “Epoetin Hospira” were titrated (0-320,000 ng/ml) 
in six independent assay runs.  For each run, the lowest concentration of antibody to 
consistently give %CPM values above the cut point of 0.125% CPM was 19.5-39.1 ng/ml 
(see table below). 
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The lowest antibody concentration above the cut-point for each run was averaged 
(26.1ng/ml) and the LPC with a 99% positive rate was calculated with the formula: 
mean+ t0.01,dF x SD (with t0.01,dF = 3.365 ). The LPC was determined to be 59.8 ng/ml.  
 

 
 

An HPC concentration of 1,100ng/ml was established, which is in the linear range of the 
dose response curve but significantly higher than the LPC. 
 
FDA comment: The new LPC concentration of 60ng/ml is close to the assay sensitivity of 
36ng/ml and is acceptable as a suitability control. The drug tolerance should be re-
evaluated with the new LPC. This is reflected in the comments to the sponsor. 
 
 

Acceptance Criteria for Positive Controls- 2014 Validation 
 
The acceptable ranges of positive control values were derived from all validation runs. 
These criteria were also applied in-study for patient sample evaluation. Positive controls 
in each run were normalized by dividing the positive control CPM value by the negative 
control CPM value and the range was determined using the following formula: 
 

 
 

The acceptable range of % CPM values for the positive controls are shown in the table 
below: 
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Confirmatory Assay- 2014 Validation 

 
The following comments regarding the confirmatory assay was sent to the sponsor on 
February 28th, 2014: 
 

“Regarding your confirmatory assay: 
 
a. The selection of competing drug concentration for confirmation of positive 
samples is not supported by validation data. 
 
b. Clarify whether “Epoetin Hospira” or US-licensed Epogen was used as the 
competitor. 
 
c. Provide data on the performance of the assay when “Epoetin Hospira” or US 
licensed Epogen was used as a competitor. 

 
To answer these questions, you should demonstrate that samples spiked with 
increasing concentrations of “Epoetin Hospira” or US-licensed Epogen 
representative of the concentration expected to be present in serum samples show 
a similar noise to signal ratio compared to un-spiked serum samples.” 
 

The concentration of competing “Epoetin Hospira” in the confirmatory assay as well as 
the confirmatory assay cut point were re-established as part of the 2014-B-05-06 
validation report. The new concentration of competing “Epoetin Hospira” was 
determined by titrating the drug (0-200ug/ml) into the HPC (1,100ng/ml) concentration 
of affinity purified rabbit anti-epoetin. Two separate runs were performed. The lowest 
concentration of Epoetin Hopira to inhibit the assay below the cut-point of 0.128 % CPM 
was 100ug/ml (see table below). The sponsor set the competing drug concentration at 
1,000ug/ml, 10-fold above the lowest inhibiting concentration.  
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The confirmatory assay cut point was re-calculated based on analysis of the same 51 
normal healthy serum samples used for screening assay validation.  The samples were run 
in the absence and presence of 1mg/ml “Epoetin Hospira” in three independent runs. The 
% inhibition was calculated using the same formula as previous confirmatory assay 
validation: % inhibition=100 x [1-(study drug spiked sample/ unspiked sample)]. 
Each of the three data sets were normally distributed after the removal of outliers. The 
values for % inhibition are shown below. 
 

 

 
 

The 99.9% CI cut point was calculated independently for each of the three runs and the 
mean (57.60% inhibition) was taken as the overall confirmatory assay cut point (as 
shown in the table below). 
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FDA Comment: The confirmatory assay cut point of 57.6% inhibition is too stringent. A 
99% cut point is recommended for confirmatory assays as 99.9% cut points may produce 
false negatives.  
 
According to the clinical study report for EPOE-14-01  re-calculated LPC concentration 
of 60ng/ml was tested in the confirmatory assay a total of six times throughout  the 
course of this study. Two out of those six runs failed to reach the 99.9% confirmatory 
assay cutpoint of 57.6% inhibition (shown below).  This raises concerns about the 
sensitivity of the confirmatory assay with the 99.9% cutpoint. Both of these samples 
would have tested positive with the 99% CI cutpoint of 45.1% inhibition.   
 

 

 
Results of the confirmatory assay for 14-01 were re-evaluated with a 99% CI cutpoint of 
45.1% inhibition and no additional positives were identified.  However the 78 samples 
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that became positive with the study-specific screening assay cutpoint have not been tested 
in the confirmatory assay.  This is reflected in the comments to the sponsor. 
 
 

Anti-“Epoetin Hospira” versus Anti-Epogen Antibody Detection- 2014 
Validation 

The ability of the RIP assay to detect antibodies to both “Epoetin Hospira” and Epogen 
was evaluated. 6 rabbits were immunized with either “Epoetin Hospira” or Epogen.  Sera 
were collected 49 days post-immunization and serially diluted for RIP analysis. The 
results, shown in the figures below demonstrate that antibodies raised against “Epoetin 
Hospira” and Epogen perform similarly in the RIP assay.   
 

 
 

The capacity of “Epoetin Hospira” and Epogen to inhibit both types of antibodies in the 
confirmatory assay was evaluated. Various concentrations (0-10ug/ml) of either “Epoetin 
Hospira” or Epogen were pre-incubated with either anti-Epoetin Hopira or anti-Epogen 
antiserum. Both drugs appear to have similar inhibitory capacity in the RIP assay, 
regardless of which drug was used to raise the antibodies (see tables and figures below).   
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Stability of Radiolabeled “Epoetin Hospira”- 2014 Validation 
 
The stability of radiolabeled “Epoetin Hospira” was assessed by using the same batch of 
125I-”Epoetin Hospira” once per week for six weeks with the negative and positive 
controls. The results of the six week study period are shown in the table below. 
 

 
 

Over the course of six weeks all positive control samples remained above the FCP and 
negative control samples remained below the FCP, however the total counts (TC) 
gradually declined over the course of the study period. 
 
FDA Comment: The sponsor has demonstrated that the radiolabeled epoetin reagent 
yields values above the FCP for the 6 weeks analyzed. The four-week maximum storage 
of this reagent noted in the SOP is acceptable.  
 

Robustness- 2014 Validation 
 
The following FDA comment was communicated to the sponsor on February 28th, 2014:  
 

“You did not provide adequate data to support the robustness of the screening 
assay. As part of the report to demonstrate suitability of the assay, provide data 
justifying your choice of incubation and hold times and temperatures, plate 
coating concentrations and methods, and acceptance criteria for the radiolabeled 
“Epoetin Hospira”. Additionally, ensure the freeze/thaw stability of QC 
antibodies is adequate to meet testing needs.” 
 

The sponsor validated the robustness of the following variables: 
 

 Amount of 125I EPO: 25,000 vs. 50,000 vs. 100,000 cpm of total counts 
 Incubation time of 125I EPO: 16 h vs. 20 h vs. 24 h at +4 to +8°C 
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 Volume of Protein G Sepharose: 10 μl vs. 25 μl vs. 50 μl 
 Incubation time of protein G Sepharose: 30 min vs. 60 min vs. 120 min 
 Incubation temperature of protein G Sepharose: 18°C vs. 23.7°C vs. 25°C 
 Freeze/Thaw stability: one, two, three and four -20C freeze/thaw cycles of 
positive control antibodies in human serum. 
 

The results, summarized in the tables below, indicate that the assay remains robust across 
the conditions tested. 
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FDA Comment: The use of the following SOP specifications are supported by the 
robustness data: 
 

  Amount of 125I EPO: 100,000 cpm of total counts 
 Incubation time of 125I EPO: 20 h +/- 30min at +4 to +8°C 
 Volume of Protein G Sepharose: 50 μl 
 Incubation time of protein G Sepharose: 60 min +/- 5 min 
 Incubation temperature of protein G Sepharose: 20-24C 
 Freeze/Thaw stability: up to four -20C freeze/thaw cycles of positive control 
antibodies in human serum. 

 

Cell-based Assay for the Detection of Neutralizing Antibodies for EPOE-14-01 

 
The TF-1 cell-based assay for neutralizing antibodies against epoetin was revalidated in 
2014 and the results were provided in Validation Report 2014-B-05-07.  Most of the 
validation exercises were done in response to FDA comments communicated to the 
sponsor on February 28th, 2014. Three of the assay specifications were modified as a 
result of the re-validation (shown in bold in the table below) including the cut-point for 
normal human serum, the cut-point for disease specific serum, and the assay tolerance of 
G-CSF. 
 

 
 

Neutralizing Assay Cut Point Determination- 2014 Validation 
 
In the previous NAb assay validation package ( Validation Report 2008) the assay 
cut point was determined using 10 sera from normal healthy individuals and 10 sera from 
Wegener’s granulomatosis (WG) patients.  Data were pooled and a single cut point was 
established. The deficiency of this approach was communicated to the sponsor in an FDA 
comment on February 28th 2014: 
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“Your neutralizing assay cut-point was calculated using a limited number of individual 
serum samples. Current guidances recommend that neutralizing assay cut-points be 
estimated using around 30 serum samples to obtain representative information on assay 
variability. Recalculate your neutralizing assay cut-point taking into consideration the 
comments provided. Additionally, your established cut-point should be confirmed using 
sera from the patient population you intend to treat, since different pathological 
conditions result in different matrix components.” 
 

A cut-point for normal healthy individuals was recalculated using serum from 30 normal human 
blood donors.  The % inhibition was calculated as previously described for Validation 
Report 2008 in the presence of 20nM “Epoetin Hospira”.  The positive controls were anti-sera 
from rabbits immunized with epoetin at 1:40,000 (HPC), 1:80,000 (MPC) and 1:120,000 (LPC) 
and the acceptance criteria for the positive controls were as follows: 
 

 
 

Each of the 30 serum samples were measured in triplicate and the results are summarized below. 
The data for % inhibition were normally distributed and contained no outliers.  A 99.9% CI cut-
point was established the mean (% inhibition)+ 3.09 x SD (see tables below). A cut point of 
16.8% inhibition for normal healthy serum was established. 
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A separate cut point was calculated for sera from the target disease population.  20 serum samples 
from patients with chronic kidney disease (CKD) were obtained from  

 The samples were run in triplicate and the % inhibition was calculated. One outlier was 
removed prior to the establishment of a normal distribution and the calculation of a cut point of 
12.6% inhibition (see tables below).  
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FDA Comment: The FDA acknowledges the difficulty of obtaining epoetin-naïve serum from 
CKD patients, and thus the 20 samples used to determine the patient-specific cutpoint are 
acceptable. This CKD patient-specific cutpoint was applied to samples that confirmed as ADA 
positive in 10-01 and 10-13 (using the 99.9% confirmatory cutpoint) and no new samples were 
found to be NAb positive. However, this cutpoint needs to be confirmed in pre-treatment sera 
from the study participants.  This is reflected in the comments to the sponsor. 
 
 

NAb Assay Tolerance of G-CSF- 2014 Validation 
 
The TF-1 cell line is responsive to erythropoietin, IL-3 and G-CSF.  Previous assay validation 
exercises assessed the influence of erythropoietin and IL3 present in the serum on assay 
performance.  On February 28th, 2014 the following comment was made to the sponsor regarding 
G-CSF: 
 

“The cell line selected to assess neutralizing activity (TF-1) is also capable of 
responding to other growth factors (IL-3 and G-CSF). The presence of these cytokines 
in human serum may compromise the sensitivity of the assay by modifying the 
proliferation of TF-1 cells to EPO. You provided a strategy to minimize potential 
interference of IL-3 in the performance of your assay but no data on G-CSF 
interference. To address this concern, you should also develop a strategy to 
demonstrate that the presence of human serum G-CSF does not interfere with the 
reported assay sensitivity. Provide data to demonstrate that there is no interference of 
any residual serum G-CSF in the performance of your assay. If that is not feasible, 
consider developing a ligand-binding assay where reduced serum interference is 
expected to complement your current bioassay.” 

 
The sponsor analyzed the effect of various concentrations (0-1000pg/ml) of recombinant G-CSF 
on the inhibitory capacity of the HPC and LPC controls.  According to the sponsor the levels of 
G-CSF measured correspond to levels ~10-fold higher than would be found in patient serum. The 
results are shown in the graph below.   
 
FDA Comment: For all concentrations of G-CSF measured there is little effect on the % 
inhibition values obtained from the no-antibody control, the HPC and the LPC. However, the 
levels of G-CSF in patient serum were not determined to ensure that the concentrations used in 
this assessment are relevant to the patient population. However, clinical samples are routinely 
run with and without epoetin stimulation, which should reveal any assay interference due to 
matrix factors. Therefore this is acceptable. 
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Anti-“Epoetin Hospira” versus Anti-Epogen Antibody Detection in the NAb 
Assay- 2014 Validation 

 
It is critical that the neutralizing assay is sufficient to measure the neutralizing capacity of 
antibodies to both “Epoetin Hospira” and Epogen. As summarized above for the RIP assay, 
rabbits were immunized with either “Epoetin Hospira” (rabbit 1/2) or US lisenced Epogen (rabbit 
6/2) and antiserum was collected.  The antisera were tested in 2-fold serial dilutions and the % 
inhibition was calculated for each dilution.   
 
FDA Comment: As shown in the graph below the slopes of the anti-“Epoetin Hospira” and anti-
Epogen dose-response curves are similar suggesting that the antibody preparations have similar 
capacities to neutralize epoetin. The dissimilar positions of the curves may reflect different 
antibody titers in the antiserum, but is not directly addressed.  
 

 

 

Detection of Additional Ig Isotype ADAs using Electrochemoluminescence (ECL) 

 
The RIP assay used for screening and confirmation of serum ADAs is only capable of detecting 
antibodies of the IgG isotype.  However, IgM antibodies to epoetin have been detected in patients 
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with PRCA. The FDA communicated the necessity for an assay to detect IgM ADAs on June 3, 
2014 in the following comment: 
 

“Anti-EPO antibodies of the IgM isotype have been detected in patients who developed 
Pure Red Cell Aplasia (PRCA) in the past and may change the PK profile of therapeutic 
proteins. We recommend that you include an additional sample collection time at day 14 for 
the evaluation of anti-EPO antibodies, of the IgM isotype, to assess and compare their impact 
on the safety, PK, and PD profiles of “Epoetin Hospira” and US-licensed Epogen. Testing 
for anti-EPO antibodies at Day 14 will enable monitoring for the potential impact on those 
responses. We further emphasize that healthy volunteers who test positive for anti-EPO 
antibodies at any time point during the study should be monitored until anti-EPO antibody 
levels revert to baseline.” 
 

The sponsor provided validation data for an ELISA-based electrochomoluminescence (ECL) 
screening assay capable of detecting antibodies of all isotypes as well as a Biacore surface 
plasmon resonance (SPR) assay specific for IgM. No samples from EPOE-14-01 tested positive 
by the ECL assay and thus the SPR assay was not used. 
 
ECL Method Validation  
 
The principle of the ECL assay for the detection of anti-Epoetin antibodies of all isotypes in 
human serum is summarized in the schematic below. 

 
 
Briefly, “Epoetin-Hospira” was conjugated to either biotin or ruthenium (Sulfo-Tag TM). 
Biotinylation was done using the ChromaLink TM Biotin Antibody Labeling Kit (solulink TM) and 
the associated commercial protocol. Ruthenylation was done using the sponsor’s in-house 
protocol MSD Sulfo-tag TM NHS-Ester: 17794-v2-2008May.  Serum samples were mixed with 
both labeled forms of “Epoetin-Hospira” and then transferred to a strepatividin coated plate. After 
overnight incubation the unbound material was washed out. The levels of antibody-drug 
complexes were measured by the application of an electric current to the plate. The amount of 
signal (in relative light units, RLU) was proportional to the level of antibody-drug complex 
formation. The confirmatory portion of the assay involved the inhibition of the assay by 
preincubating the serum with 1mg/ml of unlableled “Epoetin-Hospira”.   
 
Validation of the ECL assay was carried out in 2014 and is documented in validation report 
2014-B-08-01.  The specifications of the assay are shown in the table below. 
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Assay Controls 
 
 Negative Controls 
 
Serum from 10 normal healthy subjects was obtained commercially (in.vent Diagnostica GmbH, 
Hennigsdorf, Germany).  These samples were combined to generate the NHS-Pool and were 
stored at -20oC.  
 
Positive Controls 
 
High (1,100ng/ml) and low (100ng/ml) concentrations of affinity purified rabbit anti-Epoetin 
antibodies were spiked into the NHS-Pool serum for use as positive controls.  
 
FDA comment: The LPC should be set to fail the assay 1% of the time. The LPC concentration of 
100ng/ml is close to the assay sensitivity and is therefore acceptable.   
 

Acceptance Criteria 
 
The following plate acceptance criteria were established based on performance of the control 
samples throughout assay validation (raw control values are shown in the table below: 
 

Reference ID: 4266940



Biosimilar: BLA125545         Wednesday, September 9th, 2015 59                                                    

Immunogenicity Review 

 

59 

 

 
 

 
 
FDA Comment: The acceptable range for the LPC and HPC are very wide and overlapping. Thus 
there is a risk that the LPC and HPC could have the same value and still be acceptable. An 
additional criteria should be implemented in which the NC<LPC<HPC in order for the run to be 
acceptable. 
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Minimum Required Dilution 

 
To determine the optimal matrix concentration for use in the ECL assay the sponsor tested the 
NC, LPC and HPC in various concentrations of serum matrix.  It was determined that undiluted 
serum (100% serum) gave the best sensitivity and signal-to-noise ratio for the LPC and HPC. 
 

 

 
 

Screening Assay Cutpoint Determination 
 
51 individual serum samples from normal healthy individuals were divided into three groups of 
17samples. Three assay batches were run, each one consisting of three assay plates (see below). 
Each group of 17 samples was run on a different plate in each batch to minimize positional 
effects between assay runs and plates. 
 

 
 

The data for the three runs are summarized in the table below. 
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The data from each run were screened for outliers using a box-plot analysis. Two outliers were 
identified. 
 

 
The remaining values were found to be normally distributed using a Shapiro-Wilk normality test. 
The 95% CI cutpoint of 162.4 RLU was calculated from these data as summarized below. 
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The use of a floating cutpoint for the screening assay was justified using an analysis of variance 
(ANOVA) between the runs.  It was found that the means between the runs were significantly 
different, but by a Bartlett’s test it was found that the variances were equal, thus a floating 
cutpoint is justified. 
 

 
 

The additive correction factor for the floating cutpoint was calculated as 22 RLU using the 
following equation:  

 
Where CF=correction factor, SCPval= the screening cutpoint from validation and NCval=the 
mean negative control from validation.  As shown below the mean of the negative samples from 
validation 140 RLU. 
 

 
 

The floating cutpoint used for each plate will be calculated as NC (RLU) + 22 RLU. 
 
FDA comment: The approach to determine the screening assay cutpoint based on the 95% CI of 
50 healthy human serum samples is reasonable.   
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ECL Screening Assay Sensitivity 
 
Six serial dilutions of the LPC ranging from 100ng/ml-10ng/ml were tested in three singlicates in 
three assay runs. 
 

 
The lowest antibody concentration that gave a signal above the floating cut-point is shown in 
bold. Across the nine runs the average concentration to give a signal above the FCP was 
calculated: 
 

 
 

The assay sensitivity was calculated as the mean of the lowest antibody concentration above the 
FCP (27.8 ng/ml) + (t0 01,df*SD) resulting in a value of 70.7 ng/ml. 
 
FDA comment: Three of the nine assay runs the lowest antibody concentration to give a signal 
above the FCP was 10 ng/ml, which was the lowest concentration of antibody tested.  Had the 
antibody been titrated down further it is possible that the sensitivity of these runs would have 
been lower.  Thus the sensitivity estimate is likely higher than the actual sensitivity of the assay.   
 

Intra-assay Precision 
 
Six replicates of the LPC and HPC were run on the same plate.  The %CV of the replicates was 
below the acceptance criteria of ≤20%CV. 
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Inter-assay Precision 

 
The NC,  LPC and HPC were run by two operators (Op1 and Op2) in six separate runs.  The 
inter-assay precision for the LPC and HPC was 5.3% and 15% respectively. Both of these values 
are below the acceptance criteria of ≤20%CV 
 

 
On-Board Drug Tolerance 

 
The NC, LPC and HPC were spiked with various concentrations of “Epoetin-Hospira” ranging 
from 0-100 ug/ml.  The drug tolerance is defined as the highest concentration of unlabeled drug 
that can be present without bringing the LPC and HPC below the FCP. These values were 
observed to be 25 ug/ml for the LPC and 100 ug/ml for the HPC.   
 

 
FDA comment: The FDA notes that, even though the values do not fall below the cutpoint, as 
little as 0.10 ug/ml of on-board drug can have an effect on assay performance, as indicated by the 
~40% reduction for the LPC and the ~25% reduction for the HPC between 0-0.10 ug/ml of 
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unlabeled drug. However, the Cmax observed in the 14-01 PK study was equivalent to ~1ng/ml 
so interference due to on-board drug should be minimal.   
 

Selectivity 
 
Normal and hemolytic serum samples from 5 individuals were tested for selectivity either 
unspiked or spiked with the LPC or the HPC. The results are summarized below. The floating 
cutpoint for this experiment was 164 RLU. All spiked samples of both the normal and hemolytic 
serum had values above the assay cutpoint. However there is a marked reduction in signal 
between the normal and hemolytic samples for four of the five individuals tested.   
 

 
 

Hook Effect 
 
The Hook Effect was evaluated in the ECL assay by titering high concentrations of positive 
control antibody from 0-1.15mg/ml.  As is typical of bridging assays, inhibition of the assay was 
observed at high antibody concentrations (above 230.2 ug/ml).  
 

 
 

Confirmatory Assay Cutpoint Determination 
 
The same 51 individual serum samples used to determine the screening assay cutpoint were tested 
in the absence and presence of excess (1mg/ml)  “Epoetin-Hospira” in three runs on three 
different plates.  The % inhibition was calculated as 100 x [1-(drug spiked sample/ drug unspiked 
sample)].   4 outliers were excluded based on box-plot analysis using GraphPad PRISM 5.0 
software. 
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The remaining values in each run were found to be normally distributed using a Shapiro-Wilk 
normality test. The 99.9% CI cutpoint for each run was calculated and the average of the three 
runs was taken as the confirmatory cutpoint of 39.1% inhibition. 
 

 
 

FDA Comment: The sponsor does not provide data to validate the concentration of inhibiting 
drug used in the confirmatory assay. The concentration of inhibiting drug should be 
experimentally determined in a dose response curve. Concentrations in the linear part of the 
curve are generally appropriate for the confirmatory assay.   
 
The 99.9% CI confirmatory cutpoint may be too stringent.  A 99% CI cutpoint is recommended 
for confirmatory assays to minimize the risk of false negative results. This has been 
communicated to the sponsor. 
 

Robustness 
 
Robustness of the ECL assay was evaluated by varying the incubation times for the antibody-
labeled drug complex formation step and for the streptavidin binding step. Assay performance 
appears to be robust over the time points analyzed for both steps. 
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LPC and HPC Stability 
 
The stability of the diluted LPC and HPC was tested short-term at room temperature (18-24oC) 
and 4oC and long-term at -20oC and after four freeze/thaw cycles. All samples were run on the 
same plate in a single run. The controls for this plate are shown in the table below.  All test values 
were normalized to the NC for this plate. 
 

 
Storage at 18-25oC: 

 
Storage at 4oC: 
 

 
Freeze/thaw stability: 
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Drug Comparison 
 
Antibodies were affinity purified from rabbits immunized with either “epoetin-Hospira” or 
deformulated Epogen. Equal concentrations of these antibodies were pre-adsorbed with various 
concentrations (0-100ug/ml) of both drugs and run in the ECL assay. Tabular and graphic results 
are shown below. 
 

 

 
 
FDA Comment: The ECL assay appears to be able to detect antibodies to both “Epoetin-
Hospira” and Epogen.  However it is noted that at low concentrations of inhibiting drug the anti-
“Epoetin-Hospira” antibodies appear to have lower activity in the assay compared to the anti-
Epogen antibodies for both drugs. The competing drug concentration used for the confirmatory 
assay is 1,000 ug/ml which is within a range where the curves overlap, so the performance of the 
confirmatory assay is unlikely to be affected by the difference in the low range of inhibiting drug. 
 
The sponsor does not state the concentration of purified antibody used in the experiment however 
the LPC (70ng/ml) and HPC (1100ng/ml) used for QC are reasonable.   
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BLA:  125545           

Applicant: Hospira, Inc.     
US License Number: 1974 

Submission Reviewed: Original 351(k) BLA  

Manufacturing Site:  
  

Product:  Referred to as “Epoetin Hospira” by the Applicant*      

Indications: Anemia due to chronic kidney disease; anemia due to zidovudine in HIV –infected 

   patients; anemia due to chemotherapy in patients with cancer; reduction of 

   allogeneic red blood cell transfusions in patients undergoing elective, noncardiac, 

   nonvascular surgery     

Dosage Form: Injectable in 2000, 3000, 4000, 10,000 and 40,000 Units/mL strengths. The route 
of administration is for injection (I.V. and S.C.)   

FDA Receipt date: 12/16/2014  

Primary review date: August 21, 2015 

Action date: October 16, 2015   

*For purposes of this review, we generally refer to Hospira’s proposed product by the 
Hospira descriptor “Epoetin Hospira.”  FDA has not yet designated a nonproprietary name 
for Hospira’s proposed biosimilar product that includes a distinguishing suffix (see Draft 
Guidance on Nonproprietary Naming of Biological Products). 
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Conclusion and Approvability Recommendation: 
The drug substance section of the BLA is not recommended for approval from a microbial 
control and microbiology product quality perspective. The following complete response items 
should be communicated to the sponsor: 
 
Quality Microbiology Drug Substance (DS): 
 

1. The  in the DS manufacturing process is not monitored for bioburden and 
endotoxin.  Monitor and establish bioburden and endotoxin limits at the  

 process.  
2. The  bioburden limits at the  step are 

high and should be re-adjusted to reflect process capabilities. Re-adjust the n 
bioburden limits from > CFU/10 mL to > CFU/10 mL. Re-adjust the  
limits for bioburden in the  

 from > CFU/10 mL to >  CFU/10 mL. 
3. The bioburden action limits for th  

 are the same 
throughout the process and do not reflect the capabilities of the  process to 

 as the process proceeds toward the . 
Re-evaluate and re-adjust the bioburden and endotoxin in-process action limits to reflect 
process capabilities after the execution of 30 lots at scale.   

4. Only one batch was completed at scale to validate the <  
 step. Conduct another two runs to support the established hold 

conditions of .   
5. Only one lot was used to qualify the method for the  in-process 

samples and for the  (S.4.3).  Submit the qualification data from two 
additional batches of in-process samples and for the . 

6. Recent studies indicate that USP <85> Bacterial Endotoxin Test may underestimate the 
amount of endotoxin in formulations containing certain excipients such as phosphate and 
polysorbate (Chen, J. 2013 PDA Annual; Williams and Chen 2013, PDA Letter;  
Meeting; Hughes, et al., BioPharma Asia, 4/2, 2015).  The  

 finished drug product are formulated with phosphate and polysorbate 
20 and are likely to be affected by low endotoxin recovery. In order to assess the validity 
of the USP <85> Kinetic Turbidimetric Assay, conduct a study to assess recoverability of 
endotoxin from the  
spiked with known amounts of endotoxin (RSE or CSE)  
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Module 3.2 
 
S.1 General Information 
The Epoetin Hospira Drug Substance (DS) is manufactured from CHO cells and is the active 
pharmaceutical ingredient in “Epoetin Hospira” Drug Product (DP).  

.  The DP presentation is for a single-dose, preservative-free, sterile 
aqueous solution for IV or SC injection.  The DP formulation consist of sodium phosphate 
monobasic monohydrate, sodium phosphate dibasic anhydrous, sodium chloride calcium 
chloride dehydrate, polysorbate 20, glycine, leucine, isoleucine, threonine, L-glutamic acid, and 
phenylalanine.  The DP contains 2000, 3000, 4000, 10,000, or 40,000 Units of DS per mL. The 
final pH is and the DP is . The 
finished DP is stored at 2-8˚C. 
 
S.2 Manufacture 
S.2.1  Manufacturers 
This section of the BLA lists the manufacturing sites and their respective FEI and DUNS 
numbers.  The DS is manufactured a  

. This site is responsible for 
the manufacture of the DS, in-process control testing of DS, release testing of DS (except 
biopotency), stability testing (except biopotency) of DS, packaging and labeling of DS, QA 
release of DS, storage of DS, storage of reference standard and storage of WCB for 
manufacturing supply. The DS is also stored at Hospira, Inc. in McPherson, KS 67460 (FEI 
1925262).   is an alternative 
stability testing site for the DS (except for Biopotency).  The in vitro Biopotency release and 
stability assay for the DS is conducted at  

. The MCB and WCB are manufactured, tested and stored at  
 

Review comment: manufacturing sites associated with this application are in panorama and are 
evaluated by DIA. The GSK facility in Rockville, MD was inspected by DIA and OBP 
reviewers/inspectors. 
 
S.2.2  Manufacturing Process and Controls 
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S.7  Stability 
S.7.1 Stability Summary and Conclusions 
S.7.2 Post-Approval Stability Protocol and Stability Commitment 
The BDS is stored long term at ˚C.  The sponsor plans to test the BDS initially and after 60 
months for bacterial endotoxin using the USP <85> method and for bioburden using the <61> 
method. The post approval endotoxin specification is LT EU/mg for endotoxin and for 
bioburden is NMT CFU/100 mL.  
Reviewer comments: Table 1 in this section lists the USP methods as the analytical procedures 
for the Post –approval specifications.  Footnotes 2 and 3 in the Table state that microbiological 
test methods are provided in Section 3.2.S.4.2 and validation data are provided in Section 
3.2.S.4.3.  
 
Hospira, Inc. commits to place one commercial scale lot of BDS on stability each year.  The 
samples will be tested in accordance to the post-approval stability protocol. Stability results will 
be submitted in the annual report. 
 
Satisfactory 
 
S.7.3 Stability Data 
This section of the BLA contains data from ten lots of BDS. Nine lots are commercial scale lots 
manufactured at  Long term storage conditions are at ˚C for 60 
months. Available data from lots on stability (410340, 410344, 410632, 410637, 410638, 
410733, 410740, 410744, 410751, M3) indicate that the proposed specifications for bacterial 
endotoxin <85> and bioburden <61> meet criteria at the initial time point. The data is presented 
in Tables in Section 9. Future stability samples will be tested after 60 months for endotoxin and 
bioburden. 
Reviewer comment: the stability samples were tested initially and after 60 months of storage at -

˚C.  Test results from the 60 month storage samples may not provide useful information 
because growth and/or contamination of these samples is not expected to occur during ˚C 
storage conditions. However, the sponsor intends to test the 60 month samples of the post-
approval stability samples. 
 
Satisfactory 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES                                     Public Health Service 

 
Food and Drug Administration 

Center for Drug Evaluation and Research 
WO Bldg. 51, 10903 New Hampshire Ave. 

Silver Spring, MD 20993 
 
Date:      September 14, 2015 
To:    Administrative File, STN 125545/0 
From:    Michael R. Shanks, Reviewer, CDER/OPQ/OPF/DIA 
Endorsement:  Peter Qiu, Ph.D., Branch Chief, CDER/OPQ/OPF/DIA 
Subject:   New Biologic License Application (BLA) 
US License:    1974 
Applicant:   Hospira, Inc.  
Mfg Facility: Drug Substance:   

 
 Drug Product:  Hospira, Inc., McPherson, KS (FEI 1925262)  

Proposed Trade Name: Retacrit  
Nonproprietary Name: To be determined.  Referred to as “Epoetin Hospira” by the applicant*) 
Dosage: Single-dose, preservative-free, sterile aqueous solution intended for intravenous 

or subcutaneous injection supplied in a 1 mL fill of a 2 mL vial with the 
following presentations for injection, 2000, 3000, 4000, 10,000 or 40,000 
Units/mL. 

Indication: For the treatment of anemia due to:. 
  

 Chronic Kidney Disease (CKD) in patients 
on dialysis and not on dialysis 

 Zidovudine in HIV-infected patients 
 The effects of concomitant myelosuppressive 

chemotherapy, and upon initiation, there is a 
minimum of two additional months of 
planned chemotherapy 

  Reduction of allogeneic RBC transfusions in patients 
undergoing elective, noncardiac, nonvascular 
surgery 

 
Due Date: October 16, 2015 
 
 
Recommendation:  This application is recommended for approval from a facility review 
perspective.   
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SUMMARY 
 
The subject BLA proposes manufacture of “Epoetin Hospira” Drug Substance and Drug Product 
at the following facilities.   
 

 
is responsible for DS manufacturing, in-process control testing, release testing, and 

stability testing of Drug Substance (except Biopotency assay), packaging and labeling of Drug 
Substance, QA release of Drug Substance, storage of Drug Substance, and reference standard, 
and working cell bank (for manufacturing supply).  A Pre-license inspection was conducted on 

.  A five item FDA Form 483 was issued with a classification of VAI, and a final 
recommendation as acceptable. 
 
The manufacturing of “Epoetin Hospira” DP is performed at Hospira, Inc., McPherson, KS (FEI 
# 1925262).  Additional Hospira, Inc. responsibilities are acceptance testing of Drug Substance 
(DS) (appearance, identity, and bacterial endotoxins), in-process control testing of DP, release 
and stability testing of DP (sterility and bacterial endotoxins), secondary packaging and labeling, 
storage, and QA release of DP.  A cGMP, Basic Medical Device and Pre-approval inspection 
was conducted on 03/23/2015 - 04/03/2015.  A seven item FDA Form 483 was issued with a 
classification of VAI, and a final recommendation as acceptable. 
 

 is responsible for 
the manufacture, testing, and storage of master and working cell bank.  A cGMP and Pre-
approval inspection was conducted on .  An FDA Form 483 was issued 
with a classification of VAI, for final recommendation. 
 
All other facilities preforming testing on DS and DP, and DS storage are acceptable or pending 
compliance review.  The facility descriptions submitted in this BLA have been reviewed and 
found to be adequate to support the manufacture of “Epoetin Hospira” Drug Substance and Drug 
Product. 
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ASSESSMENT 
 
DRUG SUBSTANCE  
3.2.S.2.1 Manufacturers 
 
The proposed “Epoetin Hospira” DS manufacturing, storage, release testing, and stability testing 
sites are listed below in Table 1. 
 
Table 1.  “Epoetin Hospira” Drug Substance Facilities. 

 
Site Name 

 
Address 

 
FEI 

 
Responsibilities 

Drug Substance manufacturing, in-process control 
testing, release testing, and stability testing of 
Drug Substance (except Biopotency assay), 
packaging and labeling of Drug Substance, QA 
release of Drug Substance, storage of Drug 
Substance, and reference standard, and working 
cell bank (for manufacturing supply) 

Hospira, Inc. 1776 N. Centennial Dr. 
McPherson, KS 67460 

1925262 Storage of Drug Substance 

Alternate stability testing site of 
Drug Substance (except Biopotency 
assay) 
In vitro Biopotency release and 
stability testing of Drug Substance 
Manufacture, testing, and storage of Master and 
Working Cell Bank 

 
Review comment:  The facilities for the manufacturing, storage, packaging and labeling, release 
testing, and stability testing for the “Epoetin Hospira” drug substance are adequately described.   
 

—Satisfactory— 
 

Facility Inspection: 
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The last three inspections of the Hospira, Inc.in McPherson, KS (FEI #1925262) occurred on 
04/23/2014 (VAI), 08/16/2013 (VAI), and 10/24/2012 (VAI).  The 04/23/2014 inspection was a 
cGMP, Basic Medical Device and Pre-approval inspection for drug and device manufacturing 
including coverage for the Quality, Facilities and Equipment, Materials, and Packaging and 
Labeling Systems.  The inspection covered the Pre-approval for two new drugs, a review of three 
NDA/ANDA applications, filed field alerts, DQRS and 3 recalls.  During the course of the 
inspection a fourth recall was initiated. The inspection resulted in a 2 item FDA Form 483 and 
the inspection was classified VAI.  Additionally, a recommendation to withhold approval on 
applications pending was made.  
 

Hospira, Inc. (FEI #1925262) had a comprehensive, PAI and cGMP inspection per KAN-DO on 
03/23/2015 - 04/03/2015 under FACTS assignment 7849749.  This inspection covered Quality, 
Production, Packaging and Labeling, and Laboratory Control Systems in full, and aspects of the 
Materials and Facilities, and Equipment Systems for the following profiles:  BTP, CTX,  

 SVL, SVS, .  Pre-Approval coverage included BLA 125545 "Retacrit" 
(“Epoetin Hospira”) Injectable.  This inspection resulted in a FDA Form 483 issued to the firm 
for an inadequate investigation into a failed sterility test in a finished injectable human drug 
product.  Of the PAC Codes for this inspection, 46832, 56002, 56002A, 56002M, 71001, and 
82845A, only 56002 was VAI, all others were NAI.  For the PAI it was NAI and the entire 
inspection had a final recommendation as acceptable. 
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Review comment:  The compliance status of the facilities associated with the manufacture of 
“Epoetin Hospira” drug substance are adequate. 
 

—Satisfactory— 
 
3.2.A.1 Facilities and Equipment 
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DRUG PRODUCT  
 
3.2.P.2.1 Manufacturers 
 
The proposed “Epoetin Hospira” DP manufacturing, storage, release testing, and stability testing 
sites are listed below in Table 6. 
 
Table 6.  “Epoetin Hospira” Drug Product Facilities. 

 
Site Name 

 
Address 

 
FEI 

 
Responsibilities 

Hospira, Inc. 1776 N. Centennial 
Drive 
McPherson, KS 
67460 

1925262 Manufacture of DP, acceptance testing of 
DS (Appearance, Identity, and Bacterial 
Endotoxins), in-process control testing of 
DP, release testing of DP (Sterility and 
Bacterial Endotoxins), stability testing of 
DP (Sterility and Bacterial Endotoxins), 
secondary packaging and labeling of DP, 
storage of DP, QA Release of DP. 
Release testing site of DP (except 
Sterility, Bacterial Endotoxin, and 
Biopotency assay), stability testing site of 
DP (except Sterility, Bacterial 
Endotoxins, and Bioactivity assay). 
In vitro Biopotency release and stability 
testing of DP. 

Rabbit Pyrogen release and stability 
testing of DP. 

Container-closure Integrity by Helium 
Leak Detection for stability testing of DP. 

 
Review comment:  The provided information regarding the identity of the facilities for 
manufacturing, storage, release testing, and stability testing for “Epoetin Hospira” DP is 
adequate. 

—Satisfactory— 
 

Prior Inspection History 
 
The last three inspections of the Hospira, Inc.in McPherson, KS (FEI #1925262) occurred on 
04/23/2014 (VAI), 08/16/2013 (VAI), and 10/24/2012 (VAI).  The 04/23/2014 inspection was a 
cGMP, Basic Medical Device and Pre-approval inspection for drug and device manufacturing 
including coverage for the Quality, Facilities and Equipment, Materials, and Packaging and 
Labeling Systems.  The inspection covered the Pre-approval for two new drugs, a review of three 
NDA/ANDA applications, filed field alerts, DQRS and 3 recalls.  During the course of the 
inspection a fourth recall was initiated. The inspection resulted in a 2 item FDA Form 483 and 
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