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1. EXECUTIVE SUMMARY 

This Biological License Application (BLA) for “Epoetin Hospira” has been re-submitted under Section 
351(k) of the Public Health Service Act. The Applicant is seeking approval of “Epoetin Hospira” as a 
proposed biosimilar to US-licensed Epogen/Procrit licensed under BLA 103234 by Amgen, Inc. The 
Applicant is seeking licensure for all the same indications that US-licensed Epogen/Procrit is currently 
licensed.  

Based on original Clinical Pharmacology Review (dated 09-08-2015), the Applicant submitted two 
clinical pharmacology studies EPOE-12-02 and EPOE-14-01 to evaluate single- and multiple-dose 
pharmacokinetics (PK) and pharamacodynamics (PD) similarity (reticulocyte count and hemoglobin 
level) of “Epoetin Hospira” and US-licensed Epogen/Procrit in healthy subjects: 

 Study EPOE-12-02 was a single-center, randomized, open-label, cross-over study to determine the 
PK and PD (reticulocyte count) of “Epoetin Hospira” and US-licensed Epogen/Procrit following a 
single-dose of 100 U/kg administered subcutaneously in healthy subjects (N=81). The pre-specified 
PK endpoints were baseline-adjusted erythropoetin AUC0-120h, AUC0-INF, and CMAX. The pre-specified 
PD endpoints were reticulocyte count (expressed as a percentage of erythrocytes) AUEC0-456h and 
EMAX. The washout period was 28 days. 

 Study EPOE-14-01 was a single-center, randomized, open-label, parallel group study to determine 
the PK and PD (hemoglobin level) of “Epoetin Hospira” and US-licensed Epogen/Procrit following 
multiple-doses of 100 U/kg administered subcutaneously three times weekly (TIW) for 4 weeks in 
healthy subjects (N=129). The pre-specified PD endpoint was hemoglobin level AUEC0-28d. FDA also 
considered hemoglobin level EMAX as a primary PD endpoint. In addition, the Applicant evaluated 
multiple-dose PK, which was considered supportive by the FDA. The pre-specified PK endpoints 
were erythropoietin AUC0-48h and CMAX post-final dose on Day 26. 

In both studies, PK and PD (reticulocyte count and hemoglobin level) similarity between “Epoetin 
Hospira” and US-licensed Epogen/Procrit were met—90% confidence intervals of the geometric mean 
ratios of all PK and PD endpoints were contained within prospectively defined criteria of 80 – 125%. This 
re-submission contained re-tested immunogenicity results using updated analysis with validated in-study 
cut points. The updated immunogenicity results showed similar rates and titers of anti-drug antibodies 
(ADAs) for both “Epoetin Hospira” and US-licensed Epogen/Procrit, including no detection of 
neutralizing ADAs. Importantly, PK and PD similarity conclusions from studies EPOE-12-02 and 
EPOE-14-01 were not affected by the updated immunogenicity results. 

Overall, the PK, PD and immunogenicity results from studies EPOE-12-02 and EPOE-14-01 support a 
demonstration of no clinically meanginful differences between “Epoetin Hospira” and US-licensed 
Epogen/Procrit. These results add to the totality of the evidence to support a demonstration of 
biosimilarity between “Epoetin Hospira” and US-licensed Epogen/Procrit. This re-submitted BLA is 
approvable from a clinical pharmacology perspective. 
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1.1 Recommendations 
Review Issue Recommendations and Comments 

Pivotal evidence of PK similarity PK similarity was observed between “Epoetin Hospira” and US-
licensed Epogen/Procrit. The 90% CI of the geometric mean ratio of 
“Epoetin Hospira” to US-licensed Epogen for CMAX, AUC0-T and 
AUC0-INF were within the pre-specified margin of 80-125%.  

Pivotal evidence of PD similarity, 
if applicable 

PD similarity was observed between “Epoetin Hospira” and US-
licensed Epogen/Procrit. The 90% CI of the geometric mean ratio of 
“Epoetin Hospira” to US-licensed Epogen for reticulocyte count and 
hemoglobin level EMAX and AUEC0-T were within the pre-specified 
margin of 80-125%. 

Evidence of immunogenicity 
comparability  

There was no observed clinically meaningful difference in 
immunogenicity risk for “Epoetin Hospira” when compared to US-
licensed Epogen. Refer to the Immunogenicity Review for details.  

1.2 Post-Marketing Requirements and Commitments 
None. 
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2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 

2.1 Clinical Pharmacology and Pharmacokinetics 
“Epoetin Hospira” is a proposed biosimilar to US-licensed Epogen/Procrit. US-licensed Epogen/Procrit is 
a 165-amino acid ethryopoiesis-stimulating glycoprotein (molecular weight ~30,400 daltons)—it 
sitmulates erythropoiesis by the same mechanism as endogenous ethropoietin.  

PK and PD similarity assessment results from studies EPOE-12-02 and EPOE-14-01 are provided in 
Table 1. PK and PD results from both studies met the pre-specified PK and PD (reticulocyte count and 
hemoglobin level) similarity criteria to support a demonstration of no clinically meangingful differences 
between “Epoetin Hospira” and US-licensed Epogen/Procrit. Immunogenicty results using updated 
analysis showed similar rates and titers of anti-drug antibodies (ADAs) between “Epoetin Hospira” and 
US-licensed Epogen/Procrit, including no samples testing positive for neutralizing ADAs. The updated 
immunogenicity re-testing results did not affect PK and PD similarity findings. This re-submitted BLA is 
approvable from a clinical pharmacology perspective.  

Table 1. Statistical analyses summary of single- and multiple-dose PK/PD similarity 

Study Endpoint Parameter 
Geometric Mean Ratio 

(90% CI) 

EPOE-12-02 
(single-dose) 

PK 
(pivotal) 

CMAX (mIU/mL) 
AUC0-120h (mIU∙h/mL) 
AUC0-∞ (mIU∙h/mL) 

1.09 (1.01, 1.18) 
1.06 (1.01, 1.11) 
1.03 (0.97, 1.09) 

PD 
(reticulocyte count) 

EMAX (%) 
AUEC0-456h (%∙h) 

1.02 (0.99, 1.05) 
1.01 (0.98, 1.05) 

EPOE-14-01  
(multiple-dose) 

PK 
(supportive) 

CMAX (mIU/mL) 
AUC48h (mIU∙h/mL) 

0.94 (0.84, 1.05) 
0.97 (0.90, 1.06) 

PD 
(hemoglobin level) 

EMAX (g/dL) 
AUEC0-28d (g∙h/dL) 

1.00 (0.99, 1.02) 
1.00 (0.99, 1.02) 

 
2.2 Outstanding Issues 
None. 
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3. CLINICAL PHARMACOLOGY REVIEW OF APPLICANT’S 
COMPLETE RESPONSE TO FDA’S COMPETE RESPONSE LETTER 

3.1 Regulatory Background 

3.1.1 Describe relevant regulatory history for the review of this 351(k) BLA. 
On 12-16-2014, the Applicant submitted a 351(k) BLA to seek approval of “Epoetin Hospira” as a 
proposed biosimilar to US-licensed Epogen/Procrit for all indications for which US-licensed 
Epogen/Procrit is currently licensed. During review of the BLA, the FDA identified approvalability issues 
including clinical and immunogenicity deficiencies which resulted in the issuance of a Complete 
Response Letter (CRL), dated 10-16-2015. The Applicant submitted a Complete Response to FDA’s CRL 
on 12-22-2016—the subject of this review. 

3.2 Clinical Pharmacology Review Questions 

PK and PD Similarity 

3.2.1 What are the design features of the clinical pharmacology and/or clinical studies to support 
biosimilarity?  
Refer to original Clinical Pharmacology Review for details (dated 09-08-2015). Briefly, the Applicant 
conducted 2 pivotal clinical pharmacology studies, as seen in Table 2 below.  
 
Table 2. Summary of “Epoetin Hospira” clinical pharmacology studies, compared to US-licensed Epogen  

Study  Design Population Objectives Dosing 

EPOE-12-02 
 

Randomized, cross-over, 
single-dose 

Healthy 
(n=81) 

Endpoints: 
 PK (AUC and CMAX, n=71) 
 PD (reticulocyte count AUEC 

and EMAX, n=73) 

100 U/kg SC 
single-dose, with 
28-day washout 
period 

EPOE-14-01 
 

Randomized, parallel, 
multiple-dose 

Healthy 
(n=129) 

Endpoints: 
 PK1 (AUC and CMAX, n=61-62) 
 PD (hemoglobin level AUEC 

amd EMAX
2, n=62) 

100 U/kg SC TIW 
for 4 weeks (12 
total doses) 

PK-pharmacokinetics, PD-pharmacodynamics, AUC-area under the curve, AUEC-area under effect curve, CMAX-
maximum concentration, EMAX-maximum effect, %Ret-reticulocyte count (as a percentage of erythrocytes), SC-
subcutaneous, TIW-three times a week 
1FDA considers multiple-dose PK as supportive assessment for PK similarity 
2FDA considers hemoglobin level AUEC and EMAX as co-primary endpoints for multiple-dose PD assessment 
 
PK and PD similarity were concluded if the 90% confidence interval (CI) of the geometric mean ratio 
(GMR) of “Epoetin Hospira” to US-licensed Epogen for PK (single-dose, pivotal) and PD (single-dose 
reticulocyte count, multiple-dose hemoglobin level) were between 80 – 125%. Multiple-dose PK was 
considered supportive in the overall clinical pharmacology similarity assessment. 

The study designs of EPOE-12-02 and EPOE-14-01 were considered adequate, due to the following 
reasons: 
 Conducting the studies in healthy subjects (HS) is acceptable as epoetin may be safely 

administered in HS. Additionally, HS is a more sensitive population, compared to patients, to 
evaluate product differences due to lack of confounding factors such as underlying and/or 
concomitant disease and medications. 

Reference ID: 4106175
Reference ID: 4266940



8 
 

 Subcutaneous (SC) route of administration is acceptable, as it is more sensitive to than 
intravenous route of administration to detect product differences. 

 100 U/kg dose is acceptable, considering PK assay sensitivity, dose-exposure linearity, and 
tolerability in HS. It is also an approved dose for US-licensed Epogen/Procrit. 

 Cross-over design is acceptable in EPOE-12-02, due to short PK half-life (e.g., < 5 days), rapid 
PD response (reticulocyte count), and low incidence of immunogenicity. 

 Parallel design is acceptable in EPOE-14-01, due to the time it takes to elicit appreciable 
hemoglobin level response, a measure of clinical outcome. 

 

3.2.4 Is PK similarity met?  
Yes, refer to original Clinical Pharmacology Review for details (dated 09-08-2015). Briefly, statistical 
analyses summary of single- and multiple-dose PK similarity is shown in Table 3. A summary of PK 
parameters from pivotal PK Study EPOE-12-02 is shown in Table 4. 
 
Table 3. Statistical analyses summary of single- and multiple-dose PK similarity 

Study Endpoints 
Geometric Mean Ratio  

(90% CI) 

EPOE-12-02 
(single-dose PK, pivotal) 

CMAX (mIU/mL) 
AUC0-120h (mIU∙h/mL) 
AUC0-∞ (mIU∙h/mL) 

1.09 (1.01, 1.18) 
1.06 (1.01, 1.11) 
1.03 (0.97, 1.09) 

EPOE-14-01  
(multiple-dose PK, supportive) 

CMAX (mIU/mL) 
AUC48h (mIU∙h/mL) 

0.94 (0.84, 1.05) 
0.97 (0.90, 1.06) 

Geometric Mean Ratio = “Epoetin Hospira” / US-licensed Epogen 
 
Table 4. Summary of PK parameters from pivotal PK Study EPOE-12-02 

PK Parameters1 

(n=71) 
“Epoetin Hospira” 

Mean (%CV)  
US-licensed Epogen 

Mean (%CV) 
CMAX (mIU/mL) 

AUC0-120h (mIU∙h/mL) 
AUC0-∞ (mIU∙h/mL) 

T1/2 (hour) 
TMAX (hour)2 

132 (43%) 
5319 (31%) 
6113 (30%) 

40 (43%) 
12 (6–36) 

121 (43%) 
5066 (29%) 
5976 (28%) 

46 (55%) 
12 (3–24) 

1Based on baseline-adjusted erythropoetin concentrations 
2TMAX expressed as median (range) 
 

3.2.5 Is PD similarity met? 
Yes, refer to original Clinical Pharmacology Review for details (dated 09-08-2015). Briefly, statistical 
analyses summary of single- and multiple-dose PD similarity is shown in Table 5. A summary of PD 
parameters from Studies EPOE-12-02 and EPOE-14-01 is shown in Table 6. 
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Table 5. Statistical analyses summary of single- and multiple-dose PD similarity 

Study Endpoints Geometric Mean Ratio  
(90% CI) 

EPOE-12-02 
(reticulocyte count) 

EMAX (%) 
AUEC0-456h (%∙h) 

1.02 (0.99, 1.05) 
1.01 (0.98, 1.05) 

EPOE-14-01  
(hemoglobin level) 

EMAX (g/dL) 
AUEC0-28d (g∙h/dL) 

1.00 (0.99, 1.02) 
1.00 (0.99, 1.02) 

Geometric Mean Ratio = “Epoetin Hospira” / US-licensed Epogen 
 
Table 6. Summary of PD parameters from Studies EPOE-12-02 and EPOE-14-01 

Study PD Parameters 
“Epoetin Hospira” 

Mean (%CV) 
US-licensed Epogen 

Mean (%CV) 

EPOE-12-02 
(reticulocyte count, n=73) 

EMAX (%) 
AUEC0-456h (%∙h) 

2.22 (19%) 
665 (25%) 

2.19 (22%) 
655 (24%) 

EPOE-14-01  
(hemoglobin level, n=62) 

EMAX (g/dL) 
AUEC0-28d (g∙h/dL) 

17.4 (4.6%) 
10246 (4.0%) 

17.3 (4.6%) 
10210 (4.5%) 

 
 
Immunogenicity  

3.2.6 Is the immunogenicity assay capable of detecting the antidrug antibodies (ADA) in the presence 
of concentration of product in the study samples? 
Yes. The sensitivity of the ADA assay was 13 ng/mL in patients with chronic kidney disease (CKD) and 
9.0 ng/mL in HS. The drug tolerance of the ADA assay was 1.6 μg/mL in patients with CKD and 6.3 
µg/mL in HS at the 40 ng/mL low positive control (LPC), and was >25 μg/mL at 250 ng/mL of positive 
control (the high positive control (HPC) of 1100 ng/mL was not tested for drug tolerance). The 
neutralizing assay was acceptable. Refer to Immunogenicity Review for details regarding the assays. 

3.2.7 Is the sampling plan adequate to capture baseline, early onset, and dynamic profile (transient or 
persistent) of anti-drug antibodies (ADA) formation?  
Studies EPOE-10-01, EPOE-10-13, and EPOE-14-01 were considered to have adequate designs 
(multiple-dose, parallel arms) to allow for comparative assessment of immunogenicity risk between 
“Epoetin Hospira” and US-licensed Epogen. Sampling plans were adequate to detect ADA formation: 
 EPOE-10-01 (IV comparative clinical study, N=612): pre-dose Week 1, mid-treatment (Week 

12), last treatment (Week 24), follow-up 
 EPOE-10-13 (SC comparative clinical study, N=320): pre-dose Week 1 titration, end of titration, 

pre-dose Week 1 maintenance, Week 16 maintenance, follow-up 
 EPOE-14-01 (SC multiple-dose PK/PD, N=129): screening, Days 12 and 28 

3.2.8 What is the incidence of anti-drug antibodies (ADA)? (Provide the incidence of pre-existing 
antibodies at baseline and the incidence of ADA throughout the study.) 
Refer to Immunogenicity Review for details. Overall immunogenicity results are shown in Table 7. The 
results showed similar rates and titers of ADA for both “Epoetin Hospira” and US-licensed 
Epogen/Procrit. No neutralizing antibodies were detected in any of the clinical studies.  
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Table 7. Immunogenicity results from Studies EPOE-10-01, EPOE-10-13, EPOE-14-01 

 
N 

Baseline 
ADA 

Treatment-
Induced ADA 

Neutralizing 
ADA 

EPOE-10-01 (IV, CCS)     
“Epoetin Hospira” 301 0.7% 0.4% 0.0% 
US-licensed Epogen/Procrit 304 1.1% 0.4% 0.0% 

     EPOE-10-13 (SC, CCS) 
    “Epoetin Hospira” (Titration) 80 1.4% 0.0% 0.0% 

US-licensed Epogen/Procrit (Titration) 86 1.3% 0.0% 0.0% 

     “Epoetin Hospira” (Maintenance) 122 0.9% 1.0% 0.0% 
US-licensed Epogen/Procrit (Maintenance) 122 1.0% 0.9% 0.0% 

     EPOE-14-01 (SC, PK/PD) 
    “Epoetin Hospira” 66 4.5% 3.0% 0.0% 

US-licensed Epogen/Procrit 63 3.2% 3.2% 0.0% 
ADA-anti-drug antibody, IV-iintravenous, CCS-comparative clinical study, SC-subcutaneous; PK/PD- 
pharmacokinetics/pharmacodynamics 
Source: FDA analysis of data from Hospira 351(k) BLA submission 

3.2.9 Do the anti-drug antibodies (ADA) have neutralizing activity?  
No neutralizing antibodies were detected.  

3.2.10 What is the impact of anti-drug antibodies (ADA) on the PK, PD and efficacy of the therapeutic 
protein?  
There was no apparent impact of ADA on the PK, PD, efficacy or safety of “Epoetin Hospira” or US-
licensed Epogen/Procrit (data not shown). Note that PK was not collected in Studies EPOE-10-01 and 
EPOE-14-01. Based on the updated immunogenicity assay with more stringent in-study validated cut 
points, the PK and PD similarity conclusions from Studies EPOE-12-02 and EPOE-14-01 were 
unaffected. 

3.2.11 What is the impact of anti-drug antibodies (ADA) on clinical safety? (Provide information on 
the incidence of infusion-related reactions, hypersensitivity reactions, and cross-reactivity to 
endogenous counterparts.)  
There was no apparent impact of ADA on the safety of “Epoetin Hospira” or US-licensed Epogen/Procrit. 
Refer to Clinical Review for details. 
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4. APPENDICES 

4.1 Summary of Bioanalytical Method Validation and Performance 

4.1.1 Pharmacokinetics 
Refer to original Clinical Pharmacology Review for details (dated 09-08-2015). 

4.1.2 Pharmacodynamics 
Refer to original Clinical Pharmacology Review for details (dated 09-08-2015). 
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1 EXECUTIVE SUMMARY

To support the Biologic License Application (BLA) for Retacrit (“Epoetin Hospira”) as a proposed 
biosimilar to US-licensed Epogen/Procrit (licensed under BLA 103234 by Amgen), the applicant submitted 
two pivotal clinical pharmacology studies:

 Study EPOE-12-02 was a single-center, randomized, open-label, cross-over study to determine the 
pharmacokinetics (PK) and pharmacodynamics (PD) similarity of “Epoetin Hospira” and US-
licensed Epogen following a single 100 U/kg subcutaneous (SC) dose in healthy subjects. The PK 
endpoints were baseline-adjusted epoetin AUC0-T and CMAX. The PD endpoints were reticulocyte 
response AUEC0-T and EMAX. 

 Study EPOE-14-01 was a single-center, randomized, open-label, parallel group study to determine 
the PK and PD similarity of “Epoetin Hospira” and US-licensed Epogen following multiple 100 
U/kg SC doses in healthy subjects. The PK endpoints were epoetin AUC0-T and CMAX. The PD 
endpoint was hemoglobin AUEC0-T.

Both studies met the pre-specified PK and PD similarity criteria between “Epoetin Hospira” and US-
licensed Epogen/Procrit. The PK and PD component of the BLA application is acceptable to support a 
demonstration of no clinically meaningful differences. However, the applicant needs to fully characterize 
the immunogenicity of “Epoetin Hospira” as recommended by the immunogenicity reviewers and provide a 
comparative immunogenicity assessment between Epogen and “Epoetin Hospira”. In addition, the applicant 
needs to address the data integrity issues identified by the OSI inspection report. 

Recommendation
The Office of Clinical Pharmacology/Division of Clinical Pharmacology V has reviewed the information 
submitted in BLA 125545 and finds that comparative PK and PD are adequately assessed from a clinical 
pharmacology perceptive to support a demonstration of no clinically meaningful differences between 
“Epoetin Hospira” and US-licensed Epogen/Procrit. However, the comparative immunogenicity between 
“Epoetin Hospira” and US-licensed Epogen/Procrit needs to be assessed before a decision on biosimilarity 
can be made. The submission is not approvable from a clinical pharmacology perspective.  

Signatures

Vicky Hsu, Ph.D.
Clinical Pharmacology Reviewer 
Division of Clinical Pharmacology V

Bahru Habtemariam, Pharm.D.
Team Leader
Division of Clinical Pharmacology V

Cc:  DHP:  RPM – B. Kallungal; MTL – R. Angelo de Claro; MO – S. Ayache 
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1.1 Summary of Important Clinical Pharmacology and Biopharmaceutics Findings

A Biologic License Application (BLA) for “Epoetin Hospira” has been submitted under Section 351(k) of 
the Public Health Service Act (42 U.S.C. 262(k)). The applicant is seeking approval for “Epoetin Hospira” 
as a proposed biosimilar to US-licensed Epogen/Procrit (licensed under BLA 103234 by Amgen), and is 
seeking licensure for all the indications for which US-licensed Epogen/Procrit is currently approved.

The applicant submitted two pharmacokinetic (PK) and pharmacodynamics (PD) studies that evaluated 
single and multiple subcutaneous (SC) doses of 100 U/kg in healthy subjects to evaluate the PK and PD 
similarity of “Epoetin Hospira” with US-licensed Epogen/Procrit. In both studies, PK and PD similarity 
between “Epoetin Hospira” and US-licensed Epogen/Procrit was demonstrated—90% confidence intervals 
of geometric mean ratios of PK and PD endpoints were contained within prospectively defined criteria of 
80 and 125% (Table 1):

Table 1. Summary of single- and multiple-dose PK and PD similarity assessments

Study Endpoints Geometric Mean Ratio 
(90% CI)

Single-dose AUC0-∞ (mIU∙h/mL)
CMAX (mIU/mL)

1.03 (0.97, 1.09)
1.09 (1.01, 1.18)PK

Multiple-dose AUC48h (mIU∙h/mL)
CMAX (mIU/mL)

0.97 (0.90, 1.06)
0.94 (0.84, 1.05)

Single-dose 
(reticulocytes)

AUEC456h (%∙h)
EMAX (%)

1.01 (0.98, 1.05)
1.02 (0.99, 1.05)PD

Multiple-dose 
(hemoglobin)

AUEC28d (g∙h/dL)
EMAX (g/dL)

1.01 (1.00, 1.02)
1.01 (0.99, 1.02)

Reference ID: 3814398
Reference ID: 4266940
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2 QUESTION BASED REVIEW

2.1 General Attributes
2.1.1 What are the proposed dosage(s) and route(s) of administration?
The applicant proposes the same IV or SC dosing regimen as those approved for US-licensed Epogen®:

 CKD Patients: Initial dose: 50 to 100 U/kg 3 times weekly (adults) and 50 U/kg 3 times weekly 
(children on dialysis). Individualize maintenance dose. IV route recommended for patients on 
hemodialysis.

 Zidovudine-treated HIV-infected Patients: 100 U/kg 3 times weekly
 Cancer Patients on Chemotherapy: 40,000 U weekly or 150 U/kg 3 times weekly (adults); 600 

U/kg IV weekly (children ≥ 5 years)
 Surgery Patients: 300 U/kg per day daily for 15 days or 600 U/kg weekly

2.2 General Clinical Pharmacology
2.2.1 What are the design features of the clinical pharmacology studies used to support dosing or 

claims?
PK and PD similarity of “Epoetin Hospira” and US-licensed Epogen were assessed in two studies, as listed 
in Table 2 below.

Table 2. Summary of “Epoetin Hospira” clinical pharmacology studies, using US-licensed Epogen as the 
reference product

Study (Dates) Design Features Objectives Dose/Route/Duration
EPOE-12-02
(24-Jul-2013 to 18-Oct-
2013)

Randomized, cross-over, 
single-dose in HS 
(n=81)

Similarity of primary 
endpoints:
 PK (AUC and CMAX, 

n=71)
 PD (%Ret AUEC 

and EMAX, n=73)

100 U/kg SC single dose 
with 28-day washout 
period

EPOE-14-01
(14-Jul-2014 to 24-Sep-
2014)

Randomized, parallel 
group, multiple-dose in 
HS (n=129)

Similarity of primary 
endpoints:
 PK (AUC and CMAX, 

n=61-62)
 PD (hemoglobin 

AUEC, n=62)

100 U/kg SC TIW for 4 
weeks

HS-healthy subjects, PK-pharmacokinetics, PD-pharmacodynamics, AUC-area under the curve, AUEC-
area under the effect curve, CMAX-maximum concentration, EMAX-maximum effect, %Ret-percent 
reticulocytes, SC-subcutaneous, TIW-three times a week

EPOE-12-02 was a single-center, open-label, randomized, two-period, cross-over study to evaluate single-
dose PK and PD (reticulocyte count) of “Epoetin Hospira” and US-licensed Epogen in healthy male 
subjects. Subjects received a single SC dose of 100 U/kg with a 28-day washout between periods. EPOE-
12-02 study design is shown in Figure 1.

Reference ID: 3814398
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Figure 1. EPOE-12-02 study design
(Source: Figure 1 from Applicant’s EPOE-12-02 Study Report)

EPOE-14-01 was a single-center, open-label, randomized, parallel design study to evaluate multiple-dose 
PK and PD (hemoglobin level) of “Epoetin Hospira” and US-licensed Epogen in healthy male subjects. 
Subjects received “Epoetin Hospira” or US-licensed Epogen three times weekly for 4 weeks (total number 
of doses = 12). EPOE-14-01 study design is shown in Figure 2.

Figure 2. EPOE-14-01 study design
(Source: Figure 1 from Applicant’s EPOE-14-01 Study Report)

2.2.2 What is the basis for selecting the response endpoints (i.e., clinical or surrogate endpoints) or 
biomarkers?

For PK similarity, the applicant evaluated AUC0-T and CMAX as primary PK endpoints following single- and 
multiple-dose administration. Reticulocyte count (reflective of erythropoietin mechanism of action) and 
hemoglobin levels (reflective of clinical outcome) were used as PD markers. For PD similarity, the 
applicant evaluated reticulocyte AUEC and EMAX following single-dose administration and hemoglobin 
AUEC following multiple-dose administration. 

The single-dose study is considered the pivotal study by FDA for evaluating PK similarity. For the 
multiple-dose evaluation of PD similarity, the FDA also considers hemoglobin EMAX to be a primary PD 
endpoint.
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2.2.3 What are the PK and PD pre-defined similarity margins?
For PK, the pre-defined similarity criteria were that the 90% confidence intervals (CIs) for AUC and CMAX 
geometric mean ratio should fall within 80 to 125%. The similarity criteria proposed by the applicant are 
acceptable, as these have generally been well applied in the bioequivalence assessment of generic drugs 
and for the biocomparability evaluation of biological products.

For PD, the pre-defined similarity criteria were that the 95% CIs for reticulocyte AUEC and EMAX 
geometric mean ratios should fall within 80 to 125% and that the 95% CI for hemoglobin AUEC geometric 
mean ratio should fall within 96.5 to 103.5%. The similarity criteria proposed by the applicant are 
acceptable, as they are tighter and more conservative than the generally acceptable criteria of 90% CI of the 
ratio within 80 to 125%. Post-BLA submission, the applicant was asked to present the 90% CIs for these 
PD parameters including for hemoglobin EMAX.

2.2.4 Are the active moieties in the plasma (or other biological fluid) appropriately identified and 
measured to assess pharmacokinetic parameters and exposure response relationships?

The applicant collected plasma samples to characterize the PK of “Epoetin Hospira” and US-licensed 
Epogen using a validated assay.

2.2.5 Exposure-Response
2.2.5.1 Are the dose(s) selected for PK and PD studies appropriate? 
In regards to single-dose PK, increases in epoetin systemic exposure were observed with increases in 
epoetin dose in healthy subjects (dose range: 10 to 2400 IU/kg epoetin). Similarly, in regards to single-dose 
PD, increases in reticulocyte counts were observed with increases in epoetin dose (dose range: 50 to 1800 
IU/kg epoetin) [1, 2]. In Study EPOE-12-02, the applicant evaluated the PK and PD (reticulocyte count) 
following a single subcutaneous 100 U/kg epoetin dose in healthy subjects. Since the 100 U/kg falls on the 
steep parts of the dose-exposure and dose-response curves, it was considered sensitive in showing any PK 
or PD differences between the proposed biosimilar product and the reference product.

In regards to multiple-dose PD, increases in hemoglobin levels were observed (dose range: 150 to 300 
IU/kg TIW or 40,000 IU QW in healthy subjects, 30 to 140 IU/kg QD in patients) [3-5]. For correction of 
anemia in hemodialysis patients, a higher biological response is not observed at doses exceeding 300 IU/kg 
TIW [6]. In Study EPOE-14-01, the applicant evaluated the PK and PD (hemoglobin levels) following 
multiple subcutaneous 100 U/kg epoetin doses TIW for 4 weeks, and this was acceptable.

2.2.6 What are the PK characteristics of the drug and its major metabolite?
2.2.6.1 What are the single- and multiple-dose PK and PD parameters in healthy volunteers? 
EPOE-12-02 Results
Mean epoetin concentration vs. time profiles for “Epoetin Hospira” and US-licensed Epogen are shown in 
Figure 3 (linear scale) and Figure 4 (log scale). Mean %Ret vs. time profile for “Epoetin Hospira” and 
US-licensed Epogen is shown in Figure 5. This study demonstrated both PK and PD (reticulocyte 
response) similarity between “Epoetin Hospira” and US-licensed Epogen following single dose 
subcutaneous administration, as seen in Table 3, in which 90% CI of the geometric mean ratios for PK and 
PD parameters are contained within prospectively defined criteria of 80 to 125% for similarity.
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Figure 3. Baseline-adjusted epoetin concentration vs. time profile (linear scale) following single SC 
administration of 100 U/kg of “Epoetin Hospira” or US-licensed Epogen to healthy subjects (data shown as 
mean±SD).

Figure 4. Baseline-adjusted epoetin concentration vs. time profile (log scale) following single SC 
administration of 100 U/kg of “Epoetin Hospira” or US-licensed Epogen to healthy subjects (data shown as 
mean±SD).
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Figure 5. %Ret vs. time profile following single SC administration of 100 U/kg of “Epoetin Hospira” or 
US-licensed Epogen to healthy subjects (data shown as mean±SD).

Table 3. Statistical analyses of PK and PD parameters in Study EPOE-12-02

Study Endpoint Geometric Mean Ratio (90% CI)

AUC0-∞ (mIU∙h/mL) 1.03 (0.97, 1.09)PK
(post-single dose)

CMAX (mIU/mL) 1.09 (1.01, 1.18)

AUEC456h (%∙h) 1.01 (0.98, 1.05)
PD 

(reticulocytes)
EMAX (%) 1.02 (0.99, 1.05)

EPOE-14-01 Results
Mean epoetin concentration vs. time profiles for “Epoetin Hospira” and US-licensed Epogen are shown in 
Figure 6 (linear scale) and Figure 7 (log scale). Mean hemoglobin vs. time profile for “Epoetin Hospira” 
and US-licensed Epogen is presented in Figure 8. Although EPOE-12-02 (single dose study) is considered 
the pivotal study to assess PK similarity, EPOE-14-01 also demonstrated PK similarity as well as PD 
(hemoglobin response) similarity between “Epoetin Hospira” and US-licensed Epogen, as shown in Table 
4, in which 90% CI of the geometric mean ratios for PK and PD parameters are contained within 
prospectively defined criteria of 80 to 125% for similarity. 
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Figure 6. Epoetin concentration vs. time profile (linear scale) 48 hours post-final dose following SC 
administration of 100 U/kg TIW for 4 weeks of “Epoetin Hospira” or US-licensed Epogen to healthy 
subjects (data shown as mean±SD).

Figure 7. Epoetin concentration vs. time profile (log scale) 48 hours post-final dose following SC 
administration of 100 U/kg TIW for 4 weeks of “Epoetin Hospira” or US-licensed Epogen to healthy 
subjects (data shown as mean±SD).
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Figure 8. Hemoglobin vs. time profile following SC administration of 100 U/kg TIW for 4 weeks of 
“Epoetin Hospira” or US-licensed Epogen to healthy subjects (data shown as mean±SD).

Table 4. Statistical analyses of PK and PD parameters in Study EPOE-14-01

Study Endpoint Geometric Mean Ratio (90% CI)

AUC48h (mIU∙h/mL) 0.97 (0.90, 1.06)PK
(48h post-final dose 

on Day 26) CMAX (mIU/mL) 0.94 (0.84, 1.05)

AUEC28d (g∙h/dL) 1.01 (1.00, 1.02)
PD 

(hemoglobin)
EMAX (g/dL) 1.01 (0.99, 1.02)

In regards to the hemoglobin PD profile, it is apparent that a significant portion of the AUEC is contributed 
by baseline hemoglobin values, therefore causing the overall profile to be potentially insensitive to detect 
PD differences between products. To explore this potential  insensitivity, FDA conducted de novo analysis 
of the observed hemoglobin profiles by calculating baseline-adjusted values, as shown side-by-side with 
mean hemoglobin profile in Figure 9. Further, FDA used a linear regression model on both hemoglobin 
and baseline-adjusted hemoglobin profiles to compare the effect of treatment arm and time on hemoglobin 
values, as seen in Figure 10. The results showed that hemoglobin increases by approximately 0.086 g/dL 
for every increase in day, and that the interaction effect was not significant between day and arm (p=0.760 
for hemoglobin profile, p=0.697 for baseline-adjusted hemoglobin profile). This provides further evidence 
to support similarity of hemoglobin PD response between “Epoetin Hospira” and US-licensed Epogen.
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Figure 9. Hemoglobin vs. time profile using hemoglobin values (left) and baseline-adjusted hemoglobin 
values (right) (data shown as mean±SD).

Figure 10. Linear regression model of hemoglobin profile (left) and baseline-adjusted hemoglobin profile 
(right).

2.2.6.2 How does the PK and PD of the drug and its major active metabolites in healthy volunteers 
compare to that in patients?

All PK and PD data provided in the submission were collected from heathy subjects. 

2.3 Intrinsic Factors
2.3.1 Immunogenicity. What is the incidence (rate) of the formation of the anti-product antibodies 

(APA), including the rate of pre-existing antibodies, the rate of APA formation during and 
after the treatment, time profiles and adequacy of the sampling schedule?

In EPOE-12-02, one subject (subject 1019) tested positive for anti-product antibodies (APA) prior to 
dosing. In EPOE-14-01, two subjects (subjects 01-2022 and 01-2098) tested positive for APA prior to 
dosing. No treatment-emergent APA or neutralizing antibodies were detected in either study. 

Please refer to the CMC immunogenicity review for more information regarding the assay and screening 
and positive immunogenicity cut-points.
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2.3.1.1 Does the immunogenicity affect the PK and/or PD of the therapeutic protein? 
PK and PD of epoetin alfa did not appear to be affected in subjects who tested positive for APA prior to 
dosing.

2.3.1.2 Do the anti-product antibodies have neutralizing activity?
No neutralizing antibodies were detected in either study. 

2.3.1.3 What is the impact of anti-product antibodies on clinical efficacy?
This review covers the clinical pharmacology PK and PD studies only.

2.3.1.4 What is the impact of anti-product antibodies on clinical safety?
This review covers the clinical pharmacology PK and PD studies only.

2.4 Extrinsic Factors
Not applicable for this submission.

2.5 General Biopharmaceutics
2.5.1 Based on the biopharmaceutics classification system (BCS) principles, in what class is this 

drug and formulation? What solubility, permeability, and dissolution data support this 
classification?

Not applicable for this submission.

2.6 Analytical Section
2.6.1 What bioanalytical methods are used to assess PK concentrations and PD measurements?
Serum epoetin concentrations were determined using a validated ELISA assay (Human Erythropoietin 
Quantikine IVD ELISA Kit from R&D Systems Inc., range: 10.0 to 500 mIU/mL). A summary of the 
ELISA assay validation is shown in Table 5.

Table 5. Summary of ELISA method validation for PK determination of recombinant human 
erythropoietin

(Source: Table 4 from Applicant’s 2.7.1 Summary of Biopharmaceutic Studies and Associated Analytical Methods)
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Reticulocyte counts were determined using automated Beckman-Coulter LH 780 (used in EPOE-12-02) 
and 750 (used in EPOE-14-01) hematology analyzers in a clinical laboratory setting (range: 0.0 to 30%). 
This measurement is based on flow cytometry and impedance particle counting. A summary of precision 
for the Beckman-Coulter hematology analyzers is provided in Table 6.

Table 6. Summary of precision for the Beckman-Coulter LH 780 and 750 hematology analyzers

(Source: Table 5 from Applicant’s 2.7.1 Summary of Biopharmaceutic Studies and Associated Analytical Methods)

Hemoglobin levels were determined using an automated Beckman-Coulter LH 750 hematology analyzer 
(range: 0.0 to 25.0 g/dL). The precision for hemoglobin is ≤ 0.8% CV for an approximate hemoglobin level 
of 14 to 16 g/dL. The accuracy is a mean difference of ± 0.2 g/dL and a mean percent difference of ± 3.0%.

2.6.2 What bioanalytical methods are used to assess the formation of the anti-product antibodies?  
A radioimmunoprecipitation (RIP) assay was used to screen all sera for the presence of IgG APA. Sera that 
were confirmed as positive were then tested in a cell-based assay for antibodies that neutralized the 
biologic activity of erythropoietin. An electrochemiluminescence (ECL) assay followed by surface plasmon 
resonance (SPR) was used to screen sera for the presence of IgM APA. Specifically, a tiered approach was 
used: starting with a screening assay (tier 1) followed by a confirmatory assay (tier 2) in which any 
confirmed positive samples are then characterized by titration using analysis in serial serum dilutions (tier 
3) and the detection of neutralizing antibodies. Refer to the CMC immunogenicity review for further details 
on the assays. During OSI inspection of clinical sites, a non-GCP was found (site of Mohamed El-
Shahawy, MD, which enrolled subjects from clinical comparative efficacy and safety Studies EPOE-10-01 
and EPOE-10-13). Therefore, immunogenicity and safety data collected from that site could not be reliably 
assessed.

2.6.2.1 What is the performance of the binding assay(s)?
Refer to the CMC immunogenicity review for information and details regarding the performance of the 
binding assays. 

2.6.2.2 What is the performance of the neutralizing assay(s)?
Refer to the CMC immunogenicity review for information and details regarding the performance of the 
neutralizing assays. 
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3 APPENDICES

3.1 OCP Filing/Review Form

Office of Clinical Pharmacology
New Drug Application Filing and Review Form

This Biologic License application (BLA) for RetacritTM (“Epoetin Hospira”) has been submitted by Hospira, Inc. under Section 351(k) of the Public 
Health Service Act (42 U.S.C. 262(k)). The applicant is seeking approval for RetacritTM as a biosimilar product to the US-licensed Epogen®/Procrit® 
licensed under BLA 103234 by Amgen for the same indications. Key Clinical Pharmacology studies included in the submission are listed below:

Protocol Title Subjects Objectives Route/Dose/Duration
EPOE-12-02 A Phase 1, randomized, single-dose, 

crossover study evaluating the PK and 
PD of “Epoetin Hospira” compared to 
Epogen (Amgen) following SC 
administration to healthy male 
volunteers

Healthy 
(n=81)

Comparability of: 
-PK (AUC and CMAX)
-PD (reticulocyte count 
AUEC and EMAX)
-Safety

100 U/kg SC single 
dose with 28-day 
washout

EPOE-14-01 A randomized, open-label, multiple-
dose, parallel group study evaluating the 
PD and PK of “Epoetin Hospira” 
compared to Epogen (Amgen) following 
SC administration to healthy male 
volunteers

Healthy 
(n=129)

Comparability of:
-PK (AUC and CMAX)
-PD (hemoglobin AUEC)
-Safety

100 U/kg SC TIW for 
4 weeks

Information Information
NDA/BLA Number BLA 125545 Proposed Trade Name Retacrit
OCP Division (I, II, III, IV, V) V

Nonproprietary  Name
“Epoetin Hospira”

Medical Division DHP Drug Class erythropoiesis-stimulating 
agent

OCP Reviewer Vicky Hsu Indication(s) -- For the treatment of anemia 
due to chronic kidney disease 
(CKD), including patients on 
dialysis and not on dialysis to 
decrease the need for red blood 
count (RBC) transfusion.
-- For the treatment of anemia 
due to zidovudine administered 
at ≤ 4200 mg/week in HIV-
infected patients with 
endogenous serum 
erythropoietin levels of ≤ 500 
mUnits/mL.
-- For the treatment of anemia 
in patients with non-myeloid 
malignancies where anemia is 
due to the effect of 
concomitant myelosuppressive 
chemotherapy, and upon 
initiation, there is a minimum 
of two additional months of 
planned chemotherapy.
-- To reduce the need for 
allogeneic RBC transfusions 
among patients with 
perioperative hemoglobin > 10 
to ≤ 13 g/dL who are at high 
risk for perioperative blood 
loss from elective, noncardiac, 
nonvascular surgery.
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OCP Team Leader Bahru Habtemariam Dosage Form 2 mL single-dose vial (1 mL 
fill volume): 2,000, 3,000, 
4,000, 10,000, and 40,000 
U/mL 

Pharmacometrics Reviewer None Dosing Regimen -- CKD pts: initial dose 50-100 
U/kg TIW (adults) or 50 U/kg 
TIW (children on dialysis).
-- Zidovudine-treated HIV pts: 
100 U/kg TIW
-- Cancer pts on chemotherapy: 
40,000 U weekly or 150 U/kg 
TIW (adults); 600 U/kg IV 
weekly (children ≥ 6 years)
-- Surgery pts: 300 U/kg QD 
for 15 days or 600 U/kg 
weekly

Date of Submission 12/16/2014 Route of Administration IV and SC
Estimated Due Date of OCP Review 08/21/2015 Sponsor Hospira, Inc.
Medical Division Due Date 09/04/2015 Priority Classification Standard
PDUFA Due Date 10/16/2015

Clin. Pharm. and Biopharm. Information
“X” if included 

at filing
Number of 
studies 
submitted

Number of 
studies 
reviewed

Critical Comments If any

STUDY TYPE                                                                                                                           

Table of Contents present and sufficient to 
locate reports, tables, data, etc.

X                                                 

Tabular Listing of All Human Studies X                                                 
HPK Summary X                                                 
Labeling X                                                 
Reference Bioanalytical and Analytical 
Methods

X                                                 

I.  Clinical Pharmacology                                                                                                  
    Mass balance: N/A
    Isozyme characterization: NA
    Blood/plasma ratio: N/A
    Plasma protein binding: N/A
    Pharmacokinetics (e.g., PK similarity Study)- X 2 2 EPOE-12-02, EPOE-14-01

3.1.1 Healthy Volunteers-
single dose: X 1 1 EPOE-12-02

multiple dose: X 1 1 EPOE-14-01

Patients-
                                                                                                 

single dose:
multiple dose:

   Dose proportionality -                                                                                                  
fasting / non-fasting single dose: N/A

fasting / non-fasting multiple dose: N/A
    Drug-drug interaction studies -                                                                                                                           

In-vivo effects on primary drug: N/A
In-vivo effects of primary drug: N/A

In-vitro:
    Subpopulation studies -                                                                                                                           

ethnicity: N/A
gender: N/A

pediatrics: N/A
geriatrics: N/A

renal impairment: N/A
hepatic impairment: N/A

    PD -                                                                          
PK similarity, proof of concept: X 1 1 EPOE-10-08 (legacy)
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comparative clinical study: N/A
    PK/PD -

PK similarity, proof of concept: N/A
comparative clinical study: N/A

    Population Analyses -                                                  
Data rich: N/A

Data sparse: N/A
II.  Biopharmaceutics                                                                                                                           
    Absolute bioavailability N/A
    Relative bioavailability - N/A                                                                                                  

solution as reference: N/A
alternate formulation as reference: N/A

    PK similarity studies -                                                                                                                           
traditional design; single / multi dose: N/A

replicate design; single / multi dose: N/A
    Food-drug interaction studies N/A
    Bio-waiver request based on BCS N/A
    BCS class N/A
   Dissolution study to evaluate alcohol induced
   dose-dumping

N/A

III.  Other CPB Studies                                                                                                                           
    Genotype/phenotype studies N/A
    Chronopharmacokinetics N/A
    Pediatric development plan
    Literature References X
Total Number of Studies 3

Other Comments
Comments

QBR (Key issues to be considered) -- What are the physicochemical properties of the drug product and how do they compare to 
the US-licensed reference product?
-- Given the totality of the data, is the PK/PD US-reference product comparability study 
EPOE-12-02 that evaluated 100 U/kg SC single dose adequate?
-- Given the totality of the data, is the PK/PD US-reference product comparability study 
EPOE-14-01 that evaluated 100 U/kg SC multiple dose adequate?
-- Were the PK and PD assessments adequate to determine similarity of the drug product to 
the US-licensed reference product?
-- Do the PK and PD parameters meet the predefined criteria for determining similarity to the 
US-licensed reference product?
-- What is the immunogenicity incidence rate and does it impact the safety/activity/PK?
-- Is there an exposure-response relationship?

Other comments or information not included 
above

none

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

Criteria for Refusal to File (RTF): This OCP checklist applies to NDA, BLA submissions and their supplements

No Content Parameter Yes No N/A Comment
1 Did the applicant submit PK similarity data comparing to-be-marketed 

product(s) and those used in the pivotal clinical studies?
X EPOE-12-02 

and EPOE-14-
01 compared to-
be-marketed 
product to US-
licensed product

2 Did the applicant provide metabolism and drug-drug interaction 
information? (Note: RTF only if there is complete lack of information)

X 351K

3 Did the applicant submit pharmacokinetic studies to characterize the 
drug product, or submit a waiver request?

X

4 Did the applicant submit comparative bioavailability data between X
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proposed drug product and reference product for a 505(b)(2) 
application?

5 Did the applicant submit data to allow the evaluation of the validity of 
the analytical assay for the moieties of interest?

X

6 Did the applicant submit study reports/rationale to support dose/dosing 
interval and dose adjustment?

X

7 Does the submission contain PK and PD analysis datasets and PK and 
PD parameter datasets for each primary study that supports items 1 to 
6 above (in .xpt format if data are submitted electronically)?

X

8 Did the applicant submit the module 2 summaries (e.g. summary-clin-
pharm, summary-biopharm, pharmkin-written-summary)?  

X

9 Is the clinical pharmacology and biopharmaceutics section of the 
submission legible, organized, indexed and paginated in a manner to 
allow substantive review to begin?
If provided as an electronic submission, is the electronic submission 
searchable, does it have appropriate hyperlinks and do the hyperlinks 
work leading to appropriate sections, reports, and appendices?

X

           Complete Application
10 Did the applicant submit studies including study reports, analysis 

datasets, source code, input files and key analysis output, or 
justification for not conducting studies, as agreed to at the pre-NDA or 
pre-BLA meeting?  If the answer is ‘No’, has the sponsor submitted a 
justification that was previously agreed to before the NDA 
submission?

X

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION 
FILEABLE? ___Yes___

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

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter.
None.

Vicky Hsu, Ph.D. Date
Reviewing Clinical Pharmacologist

Bahru Habtemariam, Pharm.D Date
Team Leader/Supervisor
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