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1 EXECUTIVE SUMMARY AND RECOMMENDATION 
The CMC statistics reviewer in the Office of Biostatistics analyzed the data and reviewed the 
applicant’s analysis for two Tier 1 quality attributes, in vivo biological activity and in vitro 
specific activity, which the applicant submitted as a response to FDA’s recommendation to 
adjust erythropoietin (EPO) content in the proposed “Epoetin Hospira” commercial drug product. 
FDA requested the applicant to correct some issues including inconsistency of data and variable 
numbers of within-lot replicates via an information request during the review period. The revised 
data that the applicant submitted later corrected the issues above. FDA’s independent analysis 
using the applicant’s data showed that both attributes passed the statistical equivalence test for 
Tier 1 attributes, which supported a demonstration that “Epoetin Hospira” is highly similar to 
US-licensed Epogen/Procrit.

2 INTRODUCTION
On December 22, 2016, FDA received the applicant’s response to the Complete Response letter 
(CRL) issued by FDA on October 16, 2015 for 351 (k) BLA 125545, “Epoetin Hospira”. In the 
CRL, FDA expressed concerns regarding exposure to “Epoetin Hospira” drug product which had 
approximately 4% higher EPO content as compared to US-licensed Epogen/Procrit. This 
difference, combined with the proposed erythropoietin content release specifications for the 
commercial “Epoetin Hospira” drug product, could potentially allow for large differences in 
EPO content between the two products.  FDA asked the applicant to adjust the EPO content of 
“Epoetin Hospira” drug product to closely match the EPO content of the US-licensed reference 
product determined by the applicant in the analytical similarity assessment. In their response to 
the CRL, the applicant adjusted the EPO content target of “Epoetin Hospira” drug product. To 
support that the change in EPO content did not impact analytical similarity, the applicant re-
evaluated the Tier 1 quality attributes for “Epoetin Hospira” with EPO content similar to the 
EPO content of US-licensed Epogen/Procrit. 

FDA identified several issues in the applicant’s data. More specifically, the numbers of within-
lot replicates were not the same for “Epoetin Hospira” and US-licensed reference product, while 
FDA recommends that the same number of within-lot replicates be used for both products, 
especially for Tier 1 equivalence testing. In this regard, the applicant was asked to either justify 
why variable numbers were used or redo the analysis using the same number of replicates. In 
addition, the reported values were not consistent in the submitted reports, and the applicant was 
asked to update the lot average data to the precision used in subsequent analysis. FDA sent an 
information request for these issues to the applicant on March 14, 2017.

In the applicant’s response to FDA information request dated March 14, 2017, the applicant 
submitted revised data and analysis on March 17, 2017. The applicant subsampled the originally 
submitted data to obtain data sets with balanced within-lot replicates. For any quality attribute, 
the number of within-lot replicates was chosen so that the selected number of lots was 
reasonably large and for each lot that had more replicates than those needed, the earliest 
measurements were used. The applicant also reported measured values to the precision used in 
its subsequent analysis. 
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In Section 3, we review the current method for equivalence testing recommended by FDA. 
FDA’s independent analysis for the two attributes is reported in Section 4. In Section 5, we 
discuss the recommendation. 

3  METHOD FOR EQUIVALENCE TESTING RECOMMENDED BY FDA

FDA currently recommends a type of average equivalence test in testing equivalence for Tier 1 
quality attributes (QA) between a proposed biosimilar product (B) and the reference product (R). 
To test the equivalence in means, the null and alternative hypotheses are formulated as follows 
respectively,

𝐻0: 𝜇𝐵 ‒  𝜇𝑅 ≤‒ 𝛿 𝑜𝑟 𝜇𝐵 ‒  𝜇𝑅 ≥ 𝛿,

𝐻𝑎: ‒ 𝛿 <  𝜇𝐵 ‒ 𝜇𝑅 < 𝛿, 

where and are the mean responses of the proposed biosimilar and reference product lots, 𝜇𝐵 𝜇𝑅 
respectively, and δ > 0 is the equivalence margin which will be specified later. A test of the 
equivalence hypothesis can be conducted by requiring simultaneous rejection of the following 
two one-sided null hypotheses: 

𝐻10: 𝜇𝐵 ‒ 𝜇𝑅 ≤‒ 𝛿 𝑣𝑒𝑟𝑠𝑢𝑠  𝐻1𝑎 :𝜇𝐵 ‒ 𝜇𝑅 >  ‒ 𝛿,

and

𝐻20: 𝜇𝐵 ‒ 𝜇𝑅 ≥ 𝛿  𝑣𝑒𝑟𝑠𝑢𝑠  𝐻2𝑎: 𝜇𝐵 ‒ 𝜇𝑅 < 𝛿.

Let   and  be the two samples of proposed biosimilar and (𝑋𝐵,𝑗,𝑗 = 1,…,𝑛𝐵 ) (𝑋𝑅,𝑗,𝑗 = 1,…,𝑛𝑅)
reference product lots of sample size and  respectively. It is assumed that for  𝑛𝐵 𝑛𝑅 𝐼 = 𝐵,𝑅, 𝑋𝐼,𝑗

 are independent and identically distributed (IID) as a normal distribution with ~𝐼𝐼𝐷 𝑁(𝜇𝐼,𝜎
2
𝐼)

mean and standard deviation . 𝜇𝐼  𝜎𝐼 > 0 

In practice,  can be the lot value, calculated as the sample mean value of multiple replicated 𝑋𝐼,𝑗
measurements for each drug product lot  of drug . While there is no consensus on how many 𝑗 𝐼
within-lot replicates should be used, it is known that under independent sampling, the more 
number of replicates are collected for each lot, the less the variability of lot-average will be. 

 It is also generally required that the number of within-lot replicates should be the same for all 
drug lots for both test and reference drug products, due to the following reasons.  Note that in 
Tier 1 equivalence test for each drug product (DP) lot, the within-DP lot average is used, whose 
variance is a function of the number of within-DP lot replicates used in computing the average. 
Assume that  is the measured value for a QA from the -th replicate from -th DP lot for 𝑌𝐼,𝑗,𝑘 𝑘 𝑗
drug , and , with  and and  and  𝐼 𝑌𝐼,𝑗,𝑘 = 𝜇 + 𝑟𝑗 +  𝜀𝑗,𝑘 𝑟𝑗 ∼ 𝐼𝐼𝐷 𝑁(0,𝜎 2

𝑑𝑝) 𝜀𝑗,𝑘 ∼ 𝐼𝐼𝐷 𝑁(0,𝜎2
𝜀) 𝑟𝑗 𝜀𝑗,𝑘 

are independent. Since  , . Different number of within-lot 𝑋𝐼,𝑗 =
1
𝑘 ∑𝐾

𝑘 = 1𝑌𝐼,𝑗,𝑘 𝑣𝑎𝑟(𝑋𝐼,𝑗) = 𝜎 2
𝑑𝑝 +

𝜎2
𝜀

𝐾  
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replicates can lead to violation of IID assumption for lot value , I=B, R, j=1,…, , used in the  𝑋𝐼,𝑗 𝑛𝐼
equivalence test. 
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Let   and  be the sample mean and unbiased sample variance estimates respectively for 𝜇𝐼 𝜎2
𝐼

. The test statistics for the two one sided tests  and are defined resepectively as𝐼 = 𝐵,𝑅 𝐻1 𝐻2 

𝜏1 =
𝜇𝐵 ‒ 𝜇𝑅 + 𝛿

( 𝜎2
𝐵

𝑛 ∗  
𝐵

+
𝜎2

𝑅

𝑛 ∗
𝑅

)
1
2

       

,

and

𝜏2 =
𝜇𝐵 ‒ 𝜇𝑅 ‒ 𝛿

( 𝜎2
𝐵

𝑛 ∗  
𝐵

+
𝜎2

𝑅

𝑛 ∗
𝑅

)
1
2

       

,

Where  and  are the adjusted sample sizes 𝑛 ∗
𝐵  =  𝑚𝑖𝑛  (1.5𝑛𝑅, 𝑛𝐵) 𝑛 ∗

𝑅  =  𝑚𝑖𝑛  (1.5𝑛𝐵, 𝑛𝑅)
(Dong, Weng et al. 2017). 

Then  is rejected if  and  is rejected if , where  is α-th 𝐻10 𝜏1 > 𝑡1 ‒ 𝛼,𝑑𝑓 ∗ 𝐻20 𝜏2 < 𝑡𝛼,𝑑𝑓 ∗ 𝑡𝛼,𝑑𝑓 ∗

upper quantile of the t-distribution with degree of freedom , which is approximated by the 𝑑𝑓 ∗  
Satterthwaite method with sample size adjusted and given as follows,

𝑑𝑓 ∗ =

( 𝜎2
𝐵

𝑛 ∗  
𝐵

+
𝜎2

𝑅

𝑛 ∗
𝑅

)2

1
𝑛𝐵 ‒ 1(𝜎2

𝐵

𝑛 ∗
𝐵

)2

+
1

𝑛𝑇 ‒ 1(𝜎2
𝑅 

𝑛 ∗
𝑅

)2.

Equivalently, equivalence is accepted for the quality attribute if the following 100 (1 ‒ 2α) % 
two-sided confidence interval (CI) of the mean difference is within (– δ, δ). 

(𝜇𝐵 ‒ 𝜇𝑅 ‒ 𝑡1 ‒ 𝛼, 𝑑𝑓 ∗ (𝜎 2
𝐵 

𝑛 ∗
𝐵

+
𝜎 2

𝑅 

𝑛 ∗
𝑅  

), 𝜇𝐵 ‒ 𝜇𝑅 + 𝑡1 ‒ 𝛼, 𝑑𝑓 ∗ (𝜎 2
𝐵 

𝑛 ∗
𝐵

+
𝜎 2

𝑅 

𝑛 ∗
𝑅  

)).
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The equivalence margin is set as , where  is the margin multiplier and is recommended 𝛿 = 𝑐𝛿𝑅 𝑐
to be  (Tsong, Dong et al. 2017). In this case, the test would yield a positive result if the 90% 1.5
confidence interval about the difference in sample means lies within (-1.5 σR, 1.5 σR).  For known 
σR, if there were 10 biosimilar and 10 reference product lots, this test would have adequate power 
(at least 85%) to reject the null hypothesis in favor of equivalence when the true underlying 
mean difference between the proposed biosimilar and reference product lots is equal to σR /8, 
assuming a test with α = 0.05.   If the true difference between products is less than σR /8, the 
power will increase.

 In practice,  in the proposed margin is unknown and estimated by the sample standard 𝜎𝑅
deviation of reference product lots estimated from the reference product lots available to the 
biosimilar applicant.

In the following analysis, the nominal size is set as α=0.05.

4 FDA STATISTICAL ANALYSIS

In this section, we report FDA’s independent analysis of the applicant’s data for the two QAs. 
We assume that drug product lots are independent.
 
The data for in vivo biological activity after adjustment of EPO content is shown in Figure 1(a). 
The statistical equivalence test is illustrated in Figure 1(b), which indicates that the 90% CI of 
the mean difference between the two products is entirely within the equivalence acceptance 
criteria of (-11.12, 11.12). Some summary statistics for the data and the detailed test results are 
shown in Table 1.

(a) (b)

Figure 1: (a) Scatter plot of drug product lot values for in vivo biological activity of 
“Epoetin Hospira” (red solid circles) and US-licensed Epogen/Procrit (blue solid 
diamonds); (b) Equivalence test plot for in vivo biological activity. The 90% confidence 
interval for mean difference is represented by a blue segment and equivalence margin by 
the black vertical lines.
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# of 
Lots

Range Mean
(%)

Std. 
Dev

CV Mean
Diff

90% CI for
Mean Diff.

Equivalence
Margin

Statistical
Equiv?

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

Table 1: Statistical analysis of in vivo biological activity.  

The analysis of in vitro specific activity data is presented similarly. The data and equivalence test 
result were illustrated in Figure 2 (a) and (b), respectively. Note that the data for “Epoetin 
Hospira” consist of data both before and after EPO content adjustment, as it is deemed that the 
content adjustment does not affect the specific activity. Detailed data and test summary are 
shown in Table 2.
 

 

(a) (b)

Figure 2: (a) Scatter plot of drug product lot values for in vitro specific activity of “Epoetin 
Hospira” (red solid circles) and US-licensed Epogen/Procrit (blue solid diamonds); (b) 
Equivalence test plot for in vitro specific activity. The 90% confidence interval for mean 
difference is represented by a blue segment and equivalence margin by the black vertical 
lines.

#   of
Lots

Range Mean
(%)

Std. Dev CV Mean
Diff

90% CI for
Mean Diff.

Equivalence
Margin

Statistical
Equiv?

“Epoetin Hospira” 28 109 - 129 121.48 4.65 0.038
US-Epogen/Procrit 33 110 - 126 118.26 3.96 0.033 3.23 (1.36, 5.1) (-5.94, 5.94) Yes

Table 2: Statistical analysis of in vitro specific activity.
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The above analysis with the subsampled data agreed with the applicant’s analysis.

5 CONCLUSION AND RECOMMENDATION

Both Tier 1 QAs, i.e., in vivo biological activity and in vitro specific activity passed the 
equivalence testing and thus support a demonstration that “Epoetin Hospira” is highly similar to 
US-licensed Epogen/Procrit.
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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).
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1. Executive Summary 
Hospira, Inc. (Applicant) re-submitted a biosimilar study (BLA125545) on December 22, 2016.  
BLA125545 has two clinical studies that evaluated efficacy and safety endpoints in support of 
licensure of “Epoetin Hospira”.  Both studies were randomized, double-blinded, parallel group 
studies that enrolled patients with chronic kidney disease on hemodialysis and receiving epoetin 
maintenance treatment with co-primary endpoints of difference between arms in mean weekly 
hemoglobin and mean weekly dose during the last four weeks of the treatment period. One study 
(EPOE-10-13) used subcutaneous (SC) epoetin, and the other study (EPOE-10-01) used 
intravenous (IV) epoetin.  

The applicant first submitted the biosimilar study on December 16, 2014.  However, several 
Good Clinical Practice (GCP) non-compliant sites were discovered after the submission and the 
agency expressed concerns about the quality of the clinical data.  A complete response letter was 
issued on October 16th, 2015.  This review is an amendment to the statistical review from the 
first submission (BLA125545, supporting document#1).  Details of the statistical review were 
provided in this earlier review.  The purpose of this review is to perform re-analyses of the 
efficacy data by removing patients from the GCP non-compliance (8% from the SC study and 
11% from the IV study based on ITT population).  In summary, the 90% CIs for the differences 
between “Epoetin Hospira” and US-licensed Epogen/Procrit in both primary endpoints, 
difference between arms in mean weekly hemoglobin and mean weekly dose during the last four 
weeks of the treatment period, are within the equivalence margins of ±0.5g/dL and 
±45U/kg/week, respectively, in both SC and IV studies, and results obtained from the GCP-
population are similar to the results obtained from the ITT population. Data support a 
demonstration of no clinically meaningful differences in efficacy between “Epoetin Hospira” and 
US-licensed Epogen/Procrit.  However, whether or not the studies can support a biosimilar 
approval to US-licensed Epogen/Procrit based on the totality of evidenced submitted may be 
deferred to clinical judgement.

An oncologic drugs advisory committee (ODAC) meeting took place on 5/25/2017 to discuss 
and vote on whether the totality of evidence presented at the hearing support licensure of 
“Epoetin Hospira” as a biosimilar to US-licensed Epogen/Procrit.  Out of 15 votes, 14 voted 
“yes” and 1 voted “no” in favor of Epoetin Hospira”.   

2. Introduction 
The applicant has submitted a biologics license application (BLA) under section 351(k) of the 
Public Health Service Act (PHS Act) for "Epoetin Hospira", a proposed biosimilar to US-
licensed Epogen/Procrit1 (epoetin alfa) (BLA #103234). 

Amgen’s BLA #103234 for Epogen/Procrit was initially licensed by FDA on June 1, 1989. 

The Applicant is seeking licensure of "Epoetin Hospira" for the same indications as US-licensed 
Epogen/Procrit:

1 For certain figures and tables in this briefing document, the abbreviation “US-Epogen” or “US-Epogen/Procrit” 
may be used instead of “US-licensed Epogen/Procrit” due to space limitations.
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1) 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 cell (RBC) transfusion

2) 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

3) 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

4) 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. 

3. Background
The applicant first submitted the biosimilar study on December 16, 2014.  However, several 
Good Clinical Practice (GCP) non-compliant sites were discovered in both SC and IV studies 
after the submission.  The agency expressed concerns about the quality of the clinical data.  A 
complete response letter was issued on October 16th, 2015.  This review is an amendment to the 
statistical review from the first submission (BLA125545, supporting document#1) by repeating 
the efficacy analyses and removed those patients from the GCP non-compliance sites.  Details of 
the statistical review were provided in this earlier review.

4. Clinical Studies
The Applicant submitted the results from two clinical studies that evaluated efficacy and safety 
endpoints: EPOE-10-13 and EPOE-10-01. Both were randomized, double-blinded, parallel group 
studies that enrolled patients with chronic kidney disease on hemodialysis used to compare 
"Epoetin Hospira" to US-licensed Epogen/Procrit administered subcutaneously (EPOE-10-13) or 
intravenously (EPOE-10-01). Both studies had an optional long-term safety study under separate 
protocols for an additional 48 weeks of treatment. A summary of the two clinical studies is 
provided in Table 1.

Table 1  Summary of clinical studies

Study ID Design Route Number
in ITT Subjects Dose Schedule Primary 

Endpoint

EPOE-10-13 Parallel SC 246 Patients with 
CKD Variable 1-3 times / 

week

Mean weekly Hb
Mean weekly 

dose

EPOE-10-01 Parallel IV 612 Patients with 
CKD Variable 1-3 times / 

week

Mean weekly Hb
Mean weekly 

dose
Abbreviations: SC = subcutaneous, IV = intravenous, CKD = chronic kidney disease, Hb = hemoglobin
Source: Summary based on information from Hospira 351(k) BLA submission

EPOE-10-13 was a randomized, double-blind, parallel group phase 3 study in which patients 
with CKD requiring hemodialysis and receiving EPO maintenance treatment. In the titration 
period of the study, patients who previously received intravenous US-licensed Epogen/Procrit 
were randomized to subcutaneous "Epoetin Hospira" or US-licensed Epogen/Procrit for 12 to 18 
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weeks to achieve 4 weeks of stable dosing. Patients who had been on subcutaneous US-licensed 
Epogen/Procrit were randomized directly into the maintenance period. In the maintenance 
period, patients were randomized to either "Epoetin Hospira" or US-licensed Epogen/Procrit for 
16 weeks. 

EPOE-10-01 enrolled the same patient population with only patients on prior IV US-licensed 
Epogen/Procrit included therefore obviating the need for a titration period. In the maintenance 
period, patients were randomized to intravenous "Epoetin Hospira" or US-licensed 
Epogen/Procrit for 24 weeks. 

In both studies, patient demographics and baseline disease characteristics were evenly distributed 
between arms with only minor imbalances. Subject disposition was balanced between treatment 
arms. 

5. GCP Compliance Issues 
The Applicant disclosed that multiple sites in both studies were Good Clinical Practice (GCP) 
non-compliant. Examples of GCP issues from the sites excluded from the analyses include: lack 
of principal investigator oversight, protocol deviations (involving eligibility criteria, dosing 
errors, and drug storage), inconsistent documentation, discrepancies in informed consent 
documentation, and safety under-reporting. Across the two studies, 121 unique sites enrolled 
patients (68 sites in EPOE-10-13 and 95 sites in EPOE-10-01). During the conduct of the study, 
seven sites were closed, and after a post-study audit by the Applicant, two additional sites were 
identified as having GCP compliance issues. In study EPOE-10-13, 3 sites closed which included 
10% (53/556) of enrolled subjects and 8% (20/246) of the subjects in the intent-to-treat 
population. In study EPOE-10-01, seven sites were closed during the study, and two additional 
non-GCP compliant sites identified which represented 14% (140/1017) of subjects enrolled and 
11% (65/612) of subjects in the intent-to-treat (ITT) population. The three sites closed in EPOE-
10-13 also participated in EPOE-10-01. The FDA conducted sensitivity analyses for both 
efficacy and safety endpoints excluding the GCP non-compliant sites to confirm the integrity of 
the initial analysis. 

6. Efficacy Analysis
6.1 Study Design
The primary endpoints for the comparative clinical studies were: 

 Mean weekly hemoglobin (Hb) level during the last 4 weeks of the double-blind 
Treatment Period.

 Mean weekly dosage per kg body weight during the last 4 weeks of the double-blind 
Treatment Period.

6.2 Sample Size Determination
Parameter estimates used to determine the sample size are described in Table 2.

Table 2 Sample size calculation
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Parameter Power Equivalence 
Margin

SD Predicted 
% Missing

Planned 
N

EPOE-10-13 (SC) Hb (g/dL) 90% ± 0.5 0.94 35% 288
Dose (U/kg/week) ± 45 78

EPOE-10-01 (IV) Hb (g/dL) 90% ± 0.5 1.37 30% 564
Dose (U/kg/week) ± 45 118.11

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

Based on the parameters specified in the table, a total of 288 and 564 subjects were planned for 
EPOE-10-13 and EPOE-10-01, respectively.

Selection of Hemoglobin Equivalence Margin of ± 0.5 g/dL 
Applicant proposed this equivalence margin based on the data from the literature which indicate 
that even “stable” patients with renal anemia on stable epoetin doses experience within subject 
fluctuations in Hb of approximately ± 1 g/dL. Thus, an equivalence margin of ± 0.5 g/dL is 
considered relevant to demonstrate the equivalence of the two epoetin products. [Berns et al. 
2003; Eschbach et al. 1987; Krivoshiev et al. 2008; Krivoshiev et al. 2010; Lacson et al. 2003; 
Wizemann et al. 2008]

Selection of Dose Acceptance Margin of ± 45 U/kg/Week 
The dose acceptance margin of ± 45 U/kg/week proposed by the applicant was informed by the 
following:

 The establishment of the no-effect dose of 45 U/kg/week from multiple sources [same 
references as in selection of hemoglobin equivalence margin];

 The demonstration that doses of 150 U/kg/week or higher were needed to provide a 
consistent dose-dependent increase in Hb;

 The recommended increase or decrease of ± 37.5 to ± 75 U/kg/week of the starting dose 
for patients who required a dose modification per the Epogen/Procrit reference product 
labeling;

Reviewer’s Comments: The agency has no objection on either of the two equivalence margins 
proposed by the applicant.

6.3 Analysis Populations
The following are the definitions for the analysis populations.

 Intent-to-treat (ITT) Population: all subjects who were randomized into the Maintenance 
Period.

 Good Clinical Practice (GCP) Population: a subset of the ITT population without the 
subjects from the closed sites. 

 Per Protocol (PP) Population:  a subset of the ITT population who met the following 
criteria:

o Had at least 4 weeks of treatment with study drug in the Maintenance Period
o Had at least 4 weeks of Hb data collected while on study drug during the 

Maintenance Period
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o Had at least 4 weeks of study drug administration data collected while on study 
drug during the Maintenance Period

o Had no important protocol deviation
o Had no use of other ESAs during the last 4 weeks of study drug administration
o Had received no packed red blood cells or whole blood transfusions during study 

conduct.

6.4 Statistical Analysis for Primary Endpoints 
The primary objectives of the studies were to support a demonstration that there are no clinically 
meaningful differences between “Epoetin Hospira” compared to US-licensed Epogen/Procrit 
based on the two co-primary endpoints in both subcutaneous (SC) and intravenous (IV) studies, 
EPOE-10-13 and EPOE-10-01, respectively. 

The 2-sided 90% CIs for the difference in mean between “Epoetin Hospira” and US-licensed 
Epogen/Procrit of two primary efficacy measurements were calculated with an analysis of 
covariance (ANCOVA) and compared with pre-defined therapeutic acceptance ranges. The 
ANCOVA model contains effects for treatment and baseline values (either baseline Hb or 
baseline dose).

In the Applicant’s submitted analysis, 95% confidence intervals were used to test for clinically 
meaningful differences. This is equivalent to testing at the 2.5% type I error level in the 
similarity test. For biosimilar comparisons, FDA accepts a type I error level of 5% which can be 
achieved using 90% confidence intervals.

6.5 Multiple Comparison/Multiplicity 
A hierarchical test strategy was used for the testing of the co-primary endpoints in the following 
order:  difference in the mean Hb level, difference in mean weekly dose in the last 4 weeks of 
Maintenance Period. 

6.6 Missing Data Handling Strategies 
There is no missing data imputation scheme for the primary analysis. 

7. Results 
For the results presented below, FDA used the GCP-population as the primary analysis 
population for the co-primary endpoints.

EPOE-10-13 (SC)
The mean weekly Hb and the mean weekly dose of epoetin per kg of body weight during the last 
4 weeks of the treatment period for the “Epoetin Hospira” and the US-licensed Epogen/Procrit 
treatment groups, as well as the difference in those two co-primary endpoints between the groups 
are shown in Table 3 which includes both the original ITT population and the GCP-population 
without the subjects from the closed sites.

For the ITT population, the least square (LS) mean, which is the mean adjusted for baseline 
values in the ANCOVA model, for the difference between the “Epoetin Hospira” group and the 
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US-licensed Epogen/Procrit group in weekly Hb during the last 4 weeks of the treatment period 
was 0.04g/dL, with a 90% CI of -0.13 to 0.21 g/dL.  For the GCP-population, the LS mean for 
the difference between the “Epoetin Hospira” group and the US-licensed Epogen/Procrit group 
in weekly Hb during the last 4 weeks of the treatment period was 0.04g/dL, with a 90% CI of -
0.13 to 0.22 g/dL. The 90% CIs are contained within the pre-specified acceptance limits of -0.5 
to 0.5 g/dL for both analysis populations. No clinically meaningful difference existed in Hb 
levels between the two treatment groups during the last 4 weeks of the treatment period in either 
analysis population. 

By the hierarchical testing strategy, this conclusion allowed further assessment of the two 
treatment groups for epoetin dose.  For the original ITT population, the LS mean for the 
difference between the two treatment arms during the last 4 weeks of the treatment period was    
-2.34 U/kg/week, with the 90% CI between -12.54 and 7.85 U/kg/week. For the GCP-population, 
the LS mean for the difference between the two treatment arms during the last 4 weeks of the 
treatment period was 0.76 U/kg/week, with a 90% CI of -8.86 to 10.38 U/kg/week. The 90% CI 
for both populations are contained within the pre-specified acceptance limits of -45 to 45 
U/kg/week. No clinically meaningful difference existed in weekly dose per kg body weight 
between the two treatment groups during the last 4 weeks of the treatment period in either 
analysis population.

Table 3 Results for the difference in mean weekly hemoglobin and mean weekly dose in the 
last 4 weeks of double blind treatment period for Study EPOE-10-13, subcutaneous 

treatment
EPOE-10-13 (SC) Original ITT Closed Sites Excluded

“Epoetin 
Hospira”
(n=124)

US-
Epogen/Procrit

(n=122)

“Epoetin 
Hospira”
 (n=112)

US-
Epogen/Procrit 

(n=114)
Hemoglobin (g/dL)
       LS Means (SE) 10.2 (0.07) 10.1 (0.07) 10.2 (0.08) 10.1 (0.08)
       LS Difference 0.04 (0.104) 0.04 (0.108)
       90% CI for Diff. (-0.13, 0.21) (-0.13, 0.22)
      Equivalence Margin (-0.5, 0.5) (-0.5, 0.5)
Dose per Kg Body Weight(U/kg/week)
       LS Means (SE) 79.6 (4.36) 81.9 (4.37) 74.8 (4.15) 74.1 (4.09)
       LS Difference -2.34 (6.175) 0.76 (5.824)
       90% CI for Diff. (-12.54, 7.85) (-8.86, 10.38)
      Equivalence Margin (-45, 45) (-45, 45)
Source: FDA analysis of data from Hospira 351(k) BLA submission

EPOE-10-01 (IV)  
The mean weekly Hb and the mean weekly dosage of epoetin per kg of body weight during the 
last 4 weeks of the treatment period for the “Epoetin Hospira” and the US-licensed 
Epogen/Procrit treatment groups, as well as the difference in those two-co-primary endpoints 
between the groups are shown in Table 3 which includes both the original ITT population and 
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the GCP-population. The results from the co-primary endpoints agree with the primary analysis 
results from the SC study described in the previous section.

For the original ITT population, the LS mean for the difference between the “Epoetin Hospira” 
group and the US-licensed Epogen/Procrit group in weekly Hb during the last 4 weeks of the 
treatment period was -0.12g/dL, with a 90% CI of -0.22 to -0.01 g/dL.  For the GCP-population, 
the LS mean for the difference between the “Epoetin Hospira” group and the US-licensed 
Epogen/Procrit group in weekly Hb during the last 4 weeks of the treatment period was -
0.11g/dL, with a 90% CI of -0.22 to 0.01 g/dL. The 90% CIs for both populations are contained 
within the pre-specified acceptance limits of -0.5 to 0.5 g/dL. No clinically meaningful 
difference existed in Hb levels between the two treatment groups during the last 4 weeks of the 
treatment period in either analysis population. 

By the hierarchical testing strategy, this conclusion allowed further assessment of the two 
treatment groups for epoetin dose.  For the original ITT population, the LS mean for the 
difference between the two treatment arms during the last 4 weeks of the treatment period was 
0.37 U/kg/week, with a 90% CI of -8.67 to 9.40 U/kg/week. For the GCP-population, the LS 
mean for the difference between the two treatment arms during the last 4 weeks of the treatment 
period was 0.80 U/kg/week, with a 90% CI of -8.32 to 9.92 U/kg/week. The 90% CI are 
contained within the pre-specified acceptance limits of -45 to 45 U/kg/week for both populations. 
No clinically meaningful difference existed in weekly dose per kg body weight between the two 
treatment groups during the last 4 weeks of the treatment period in either analysis population.   

Table 4 Results for the difference in mean weekly hemoglobin and mean weekly dose in the 
last 4 weeks of double blind treatment period for Study EPOE-10-01, intravenous 

treatment
EPOE-10-01 (IV) Original ITT Closed Sites Excluded

“Epoetin 
Hospira”
(n=306)

US-
Epogen/Procrit

(n=306)

“Epoetin 
Hospira”
(n=268)

US-
Epogen/Procrit

(n=279)
Hemoglobin (g/dL)
       LS Means (SE) 10.2 (0.05) 10.3 (0.05) 10.2 (0.05) 10.3 (0.05)
       LS Difference -0.12 (0.066) -0.11 (0.070)
       90% CI for Diff. (-0.22, -0.01) (-0.22, 0.01)
      Equivalence Margin (-0.5, 0.5) (-0.5, 0.5)
Dose per Kg Body Weight(U/kg/week)
       LS Means (SE) 90.2 (3.87) 89.8 (3.88) 87.9 (4.02) 87.6 (3.95)
       LS Difference 0.37 (5.483) 0.29 (5.637)
       90% CI for Diff. (-8.67, 9.40) (-9.00, 9.58)
      Equivalence Margin (-45, 45) (-45, 45)
Source: FDA analysis of data from Hospira 351(k) BLA submission

Reviewer’s Comment: Approximately 89% of patients completed both studies.  Missing data 
appear to be balanced across study arms.  
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8. Sensitivity Analyses for the Primary Endpoints (GCP-Population):
For both EPOE-10-13 and EPOE-10-01, sensitivity analyses (ITT population, PP population and 
imputed missing) showed results that were consistent with the results for the GCP population. 

Epo-10-13 (SC):
Primary analysis (GCP-population), ITT, PP population and alternative data imputation 
methodology for the primary analysis population are shown in figure 1 and 2 for Hb and dose.  
The 90% CI for the difference between the two treatment arms for Hb and dose in these different 
analyses are agreeable.  

Figure 1 Forest Plot for the Difference in Mean Weekly Hemoglobin Level (g/dL) and 90% 
CI (SC)

Figure 2 Forest Plot for the Difference in Mean Weekly Dose Usage (U/kg/week) and 90% 
CI (SC)
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Epo-10-01 (IV):
Primary analysis (GCP-population), ITT, PP population and alternative data imputation 
methodology are shown in figure 3 and 4 for Hb and dose.  The 90% CIs for the difference 
between the two treatment arms for Hb and dose in different analyses are agreeable.  

Figure 3 Forest Plot for the Difference in Mean Weekly Hemoglobin Level (g/dL) and 90% 
CI (IV)
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Figure 4  Sensitivity Analyses for the Difference in Mean Weekly Dose Usage (U/kg/week) 
and 90% CI (IV)

9. Subgroup Analyses for the Primary Endpoints (GCP-Population)
Subgroup analyses for sex, age, and race also showed results that were consistent with the results 
from the primary analysis.

Epo-10-13 (SC):
Subgroup analyses by gender (male vs. female), race (white vs. non-white), and age-group (≤65 
years old vs. >65 years old) for the SC study are conducted and the difference in mean weekly 
Hb and dose usage and their 90% CIs are plotted in the forest plots below.  All the confidence 
intervals for the subgroups were within the equivalence margin.  

Figure 5  Subgroup Analyses for the Difference in Mean Weekly Hemoglobin Level (g/dL) 
and 90% CI (SC)
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Figure 6  Subgroup Analyses for the Difference in Mean Weekly Dose Usage (U/kg/week) 
and 90% CI (SC)
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Epo-10-01 (IV):
Subgroup analyses by gender (male vs. female), race (white vs. non-white), and age-group (≤65 
years old vs. >65 years old) for the IV study are conducted and the difference in mean weekly 
Hb and dose usage and their 90% CIs are plotted in the forest plots below.  All the confidence 
intervals for the subgroups were within the equivalence margin.  

Figure 7  Subgroup Analyses for the Difference in Mean Weekly Hemoglobin Level (g/dL) 
and 90% CI (IV)
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Figure 8 Subgroup Analyses for the Difference in Mean Weekly Dose Usage  (U/kg/week) 
and 90% CI (IV)
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10. Oncologic Drug Advisory Committee (ODAC) Meeting 

An ODAC meeting took place on 5/25/2017 to discuss and vote on whether the totality of 
evidence supports licensure of “Epoetin Hospira” as a biosimilar product to US-licensed 
Epogen/Procrit for the indications for which US-licensed Epogen/Procrit is currently licensed 
and for which the Applicant is seeking licensure. This determination requires the following 
criteria to be met:

 “Epoetin Hospira” is highly similar to US-licensed Epogen/Procrit, notwithstanding 
minor differences in clinically inactive components, and

 There are no clinically meaningful differences between “Epoetin Hospira” and US-
licensed Epogen/Procrit.

Out of 15 votes, 14 voted “Yes” and 1 voted “No” in favor of “Epoetin Hospira”.

11. Conclusion
In summary, the 90% confidence intervals for the difference between “Epoetin Hospira” and US-
licensed Epogen/Procrit in both EPOE-10-13 (SC) and EPOE-10-01 (IV) studies are within the 
equivalence margins. Results from sensitivity analyses and subgroup analyses were consistent 
and agree with the primary analysis result.  Results obtained from the GCP-population are 
similar to the results obtained from the ITT population.  The FDA review of the data from both 
studies supports the Applicant’s conclusion that there are no clinically meaningful differences in 
efficacy between “Epoetin Hospira” and US-licensed Epogen/Procrit.  At the ODAC meeting on 
5/25/2017, Out of 15 votes, 14 voted “yes” and 1 voted “no” in favor of Epoetin Hospira” as a 
biosimilar product to US-licensed Epogen/Procrit for the indications for which US-licensed 
Epogen/Procrit is currently licensed.    
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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).
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EXECUTIVE SUMMARY 
The applicant submitted data and final study report of a confirmatory study Epogen-10-
13(subcutaneous (SC) administered) along with a supportive study Epogen-10-01(intravenous 
(IV) administered) to seek full approval to market “Epoetin Hospira” as a proposed biosimilar 
product to the reference product US-licensed Epogen (Amgen) for 

 Treatment of anemia due to 
o Chronic Kidney Disease (CKD) in patients on dialysis and not on dialysis, 
o Zidovudine in HIV-infected patients
o 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.
Both studies were multi-centered, randomized, active-controlled, parallel group, and double-
blind..  The Intent-to-Treat (ITT) population was used for the efficacy analysis with 246 subjects 
in study Epogen-10-13 (124 in  the “Epoetin Hospira” arm and 122 in the US-licensed Epogen 
arm) and 612 subjects in study Epogen-10-01 (306 in “Epoetin Hospira” and in US-Epogen  The 
primary co-endpoints in both studies were the mean weekly Hb level and the mean weekly 
dosage per kg body weight during the last 4 weeks of the clinical study.  The primary objectives 
of the studies were to demonstrate that no clinically meaningful differences of SC “Epoetin 
Hospira” compared to US-Epogen (Amgen) based on the two co-primary endpoints with 
equivalence margin of ±0.5 g/dL for the Hb level and ±45 U/kg/week for the dosage per kg body 
weight.   For study Epogen-10-13, the least square (LS) mean for the difference between the 
“Epoetin Hospira” arm and the US-Epogen arm in weekly Hb during the last 4 weeks of the 
study was 0.04 g/dL with a 90% CI of -0.13 to 0.21 g/dL.  The LS mean for the difference in 
weekly dosage per kg body weight was 2.34 U/kg/week with a 90% CI of -12.54 to 7.85.  For 
study Epogen-10-01, the LS mean for the difference between the “Epoetin Hospira” arm and the 
US-Epogen arm was -0.12 g/dL with a 90% CI of -0.22 to -0.01 g/dL.  The LS mean for the 
difference in weekly dosage per kg body weight was 0.37 U/kg/week with a 90% CI of -8.67 to 
9.40.  The CIs for both primary endpoints in both studies were contained within the pre-defined 
acceptance limits.  Sensitivity analyses were performed by both the applicant and FDA’s 
statistical reviewer showed the primary analysis results were robust for both primary endpoints 
and the results from the secondary endpoints further supported the findings.

However, several GCP non-compliant sites were discovered after the submission and it was 
determined that at least 10% of the data from the ITT population in each study were derived 
from GCP non-compliant sites and therefore potentially unreliable (Summary of Clinical 
Efficacy, Module 2.7.3, page 62 of 140).  The agency expressed concerns about the quality of the 
clinical data.  At this time, a definite conclusion cannot be made due to the on-going 
investigation of the clinical sites.

1 INTRODUCTION
1.1 Background
Erythropoietin for clinical use is produced by recombinant deoxyribonucleic acid technology 
using mammalian cells as an expression system, and was first administered to patients with end-
stage renal failure in 1984. Over the last 2 decades, it has been shown in several trials that 
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genetically engineered erythropoietin (epoetin) administered to anemic chronic renal failure 
patients resulted in clinically significant increases in Hb. Epoetin alfa, the first available 
recombinant human erythropoietin (rhEPO), has been given to treat anemia due to chronic 
kidney disease (CKD) in patients on dialysis as well as in those not yet receiving dialysis [12].  
In addition to treating anemia in CKD patients, Epoetin alfa currently also indicated for 
treatment of anemia due to Zidovudine in HIV infected patients, chemotherapy in patients with 
cancer as well as reduction of allogeneic red Blood cell transfusions in patients undergoing 
elective, noncardiac, nonvascular surgery.  In Europe, Hospira’s Retacrit® has been approved as 
a biosimilar to Epoetin alfa for all of the same indications as approved for Epoetin alfa (Eprex® 
or Erypro®).

Hospira is now developing a proposed biosimilar to US-Epogen. The manufacturing process for 
Retacrit, currently marketed in Europe, was originally developed at STADA Arzneimittel AG, 

.  Study EPOE-10-13 and 
Study EPOE-10-01are designed to support a demonstration of no clinically meaningful 
differences between “Epoetin Hospira” and Epogen® (Amgen; US-Epogen) for the treatment of 
anemia in patients with chronic renal failure and on hemodialysis. Study EPOE-10-13 (SC) is 
regarded as the confirmatory study and Study EPOE-10-01 is regarded as the supportive study.

1.2 Statistical Analysis Plan Critical Amendments
In EPOE-10-13, first subject was enrolled on January 17, 2012 and last subject completed on 
February 28, 2014.  The statistical analysis plan (SAP) was finalized on April 8, 2014.  In EPOE-
10-01, first subject was enrolled on December 2nd, 2011 and last subject completed on February 
14, 2014.  The statistical analysis plan was finalized on March 31, 2014. 

Some important protocol /SAP amendments for Epogen-10-13 are summarized below:
 Definition of Full Analysis Set (FAS) has been expanded to include patients who had the 

last week of dose held in the Maintenance Period.
 The Intent to Treat (ITT) analysis set has been added. According to FDA comments, the 

ITT will be used as the primary analysis set for efficacy. The FAS will be used for 
sensitivity analyses.

 The Per Protocol population is a subset of the ITT population instead of the FAS 
population.

 Add clarification in Statistical Methods [Primary Endpoints] (Protocol V5. Amendment 
#4 (April 29, 2014)) that the mean hemoglobin level during the last 4 weeks of the 
Maintenance Period will be tested prior to testing whether there is a difference in the 
mean weekly dose during the Maintenance Period for consistency with the current 
Statistical Analysis Plan.

Some important protocol /SAP amendments for Epogen-10-01 are summarized below:
 Definition of Full Analysis Set (FAS) has been expanded to include patients who had the 

last week of dose held in the Treatment Period.
 The Intent to Treat (ITT) analysis set has replaced the non-screen fail (NSF) analysis set. 

The definition for ITT is the same as the definition for NSF. According to FDA 
comments, the ITT will be used as the primary analysis set for efficacy. The FAS will be 
used for sensitivity analyses.
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 The Per Protocol population is a subset of the ITT population instead of the FAS 
population.

1.3 Clinical Studies
The applicant has proposed “Epoetin Hospira” as a biosimilar product to US-Epogen which is an 
erythropoiesis-stimulating agent (ESA) for the treatment of anemia due to:

 Chronic kidney disease (CKD)
 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.

To support the proposed indication above, the applicant has conducted one confirmatory efficacy 
and safety, EPOE-10-13, and one supportive efficacy and safety, EPOE-10-01, studies.  The 
major study design characteristics of these studies are summarized in Table 1. 

Table 1 Overview of the Studies
Study Name Study Description Treatment Groups No. of

Subjects
Epoe-10-13 a multicenter, randomized, 

active-controlled, parallel 
group, double-blind, Phase III
study evaluating the efficacy 
and safety of SC administered 
“Epoetin Hospira” in subjects 
aged 18 to 80 years treated 
for anemia associated with
CKD.

Treatment A:
“Epoetin Hospira”, SC
 
Treatment B:
US-Epogen (Amgen)

Randomized 246 subjects 

“Epoetin Hospira”: 124 
Epogen: 122 

Epoe-10-01 a multicenter, randomized, 
active-controlled, parallel 
group, double-blind, Phase III
study evaluating the efficacy 
and safety of IV administered 
“Epoetin Hospira” in subjects 
aged 18 to 80 years treated 
for anemia associated with
CKD.

Treatment A:
“Epoetin Hospira”, IV
 
Treatment B:
US-Epogen (Amgen)

Randomized 612 subjects 

“Epoetin Hospira”: 306 
Epogen: 306 

1.4 Data Sources 
Reviewed data were provided electronically with the standard analysis data formats. SAS 
programs used to create key efficacy and safety outputs for the two studies EPOE-10-13 and 
EPOE-10-01 were submitted electronically with this application. 

The path to the CDER Electronic Document Room (EDR) to store the data is:
\\Cdsesub1\evsprod\BLA125545\0000\m5\datasets
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2 STATISTICAL EVALUATION

2.1 Data and Analysis Quality

Data from studies EPOE-10-13 and EPOE-10-01 study were provided with SDTM and ADaM. 
Documentations on datasets and programming for the key study endpoints were included with 
sufficient details for verifications.

2.2 Evaluation of Efficacy 

2.2.1 EPOE-10-13  

2.2.1.1 Study Design
EPOE-10-13 was a multicenter, randomized (1:1), active-controlled, parallel group, double-
blind, Phase III study evaluating the efficacy and safety of subcutaneously (SC) administered 
“Epoetin Hospira” (1 to 3 times per week) in patients aged 18 to 80 years treated for anemia 
associated with chronic renal failure requiring hemodialysis and receiving US-Epogen (Amgen) 
maintenance treatment. 

The study will consist of a Screening Period (up to 4 weeks), a 12 to 18 week double-blind 
Titration Period, a 16 week double-blind Maintenance Period, and a Follow-Up Visit.  

Figure 1 EPOE-10-13 Study Schematic
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Screening Period:
The Screening Period can occur within a 4 week period prior to randomization and will 
determine patient eligibility for progression to the Titration Period.

A patient can be re-screened only if they can demonstrate 4 consecutive weeks of protocol 
defined optimal stable dosing from the date of initial screen failure or exclusion, and meet all 
other study entry criteria. Patients will be allowed up to 2 rescreens.  Optimal stable dosing is 
defined as meeting all of the following requirements during the 4 weeks prior to randomization 
and prior to entrance into the Maintenance Period:

 A change in Epogen dosing of no more than 10% from the mean
 Mean Hb between 9.0 and 11.0 g/dL
 No more than one Hb result outside of range from 9.0-11.0 g/dL
 No Hb result more than ±1 g/dL from the mean Hb level

Patients on Subcutaneous Epogen (Amgen)
If the patient had been on stable SC US-Epogen (Amgen) for 4 consecutive weeks prior to
Screening and all other entry criteria are met, the patient may be randomized into the
Titration Period, receive study drug assignment and then receive study drug assignment directly 
into the Maintenance Period.

Patients on Intravenous US-Epogen (Amgen)
If a patient is on IV US-Epogen (Amgen) before or at Screening, then the patient must meet all 
entry criteria before being randomized and receiving study drug assignment into the Titration 
Period.

Titration Period:
At Week 1 of the Titration Period, eligible patients on IV Epogen will be randomized in a 1:1 
ratio to 1 of 2 treatment groups to receive either “Epoetin Hospira” or US-Epogen (Amgen) by 
SC bolus injection administered 1 to 3 times per week at a 20-30% reduction from the IV weekly 
dose as the patient received during the last week of the Screening Period.  

This randomization number will be used for both the Titration Period and the Maintenance 
Period. 

Subjects were treated for 12 to 18 weeks in the Titration Period before advancing to the 
Maintenance Period and were titrated to their optimal and stable dose of epoetin using weekly 
Hb assessments as an indication of treatment efficacy (dose adjustment period).  The subject 
must have demonstrated optimal stable dosing by Week 12 at the earliest (i.e., from Weeks 9 
through 12) and Week 18 at the latest (i.e., from Weeks 15 through 18), or during any 
intervening period of 4 consecutive weeks beginning at Week 9, to be considered for entry into 
the Maintenance Period.

Maintenance Period:
At the beginning of Week 1 of the Maintenance Period, subjects from the Titration Period who 
met the qualification criteria were randomized to receive either “Epoetin Hospira” or US-Epogen 
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by SC injection administered 1 to 3 times per week for a fixed duration of 16 weeks, at the 
optimal dose demonstrated during the previous Titration Period. The Titration Period study drug 
dose was used as a stratification variable for study drug assignment into the Maintenance Period. 
The dose levels were categorized as low, medium or high (low [<60 U/kg/week], medium [60-
165 U/kg/week], or high [>165 U/kg/week]). All subjects discontinuing the randomized study 
drug earlier than 16 weeks were to be treated with SoC erythropoietinstimulating agent (ESA) 
treatment for the remainder of the 16 weeks.

At the end of the 16-week double-blind Maintenance Period, subjects were presented with an 
option to enter a 48-week open-label LTSS (Long Term Safety Study) assessing the long-term 
safety of SC “Epoetin Hospira”. Subjects not participating in the LTSS were treated with non-
study drug SoC treatment and underwent a Follow-up Visit, 4 weeks after the end of study drug 
treatment or the end of the Maintenance Period assessments. Subjects who elected to enter the 
LTSS were not required to undergo the Follow-up assessments.

Follow-up Visit:
Follow-up visit starts from end of maintenance Period (weeks 16) to weeks 20 for 4 weeks. 

Study Treatment:
Patients who meet the Randomized phase eligibility criteria were to be randomized in a 1:1 ratio 
to:

 “Epoetin Hospira” or
 US-Epogen (Amgen). 

Rescue Therapy
If any rescue therapy is indicated, patients may receive standard of care treatment including ESA 
(non-study drug), blood transfusions or other therapies as judged by the treating physician.  All 
patients receiving any non-study drug ESAs would not receive any additional study drug.  
However, if the patient is in the Maintenance Period they would continue to receive standard of 
care ESA and would be followed per the protocol’s Schedule of Study Activities for up to 16 
weeks.   

Primary Efficacy Endpoint:
 Mean weekly Hb level during the last 4 weeks of the double-blind Maintenance Period.
 Mean weekly dosage per kg body weight during the last 4 weeks of the double-blind 

Maintenance Period.

Secondary Efficacy Endpoints:
 Weekly Hb level in 16 weeks of treatment in the Maintenance Period. 
 Mean weekly dosage per kg body weight delivered in 16 weeks of treatment in the 

Maintenance Period.
 Total dose delivered during the 16 weeks of treatment in the Maintenance Period.
 Proportion of patients with a weekly mean Hb level within the target range (9.0 to 11.0 

g/dL) at Weeks 8 and 16 of the Maintenance Period.
 Proportion of patients requiring permanent dose changes during the Maintenance Period.
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 Proportion of patients requiring temporary dose changes during the Maintenance Period.
 Proportion of patients with any transient change of Hb level >1.0 g/dL during the 

Maintenance Period.
 Proportion of patients with any Hb measurement outside the target range (9.0 to 11.0 

g/dL) during the Maintenance Period.
 Proportion of patients qualifying as optimally titrated and stable at the end of the 

Titration Period.
 Incidence of patients receiving blood transfusions for each treatment group during the 

Maintenance Period.

The following efficacy variables were assessed for each treatment group during the 
Maintenance Period (no comparisons between treatments will be conducted).

 Relationship between mean administered dose and Hb level.
 Rise or decline in Hb level in cases with >2.0 g/dL total change in Hb level.

2.2.1.2 Statistical Methodologies
Sample size determination:
Sample size determination is calculated based upon available data on the literature. In a similarly 
designed therapeutic equivalence study between Epotein Hospira and Epoetin alfa administered 
SC, estimates of the mean and standard deviation (SD) for Hb levels and dose during the last 4 
weeks of treatment with Epoetin alfa were presented in Table 2 based on Krivoshev, et., al, 2010 
[1] and parameter estimates used in determining the sample size are in Table 3.

Table 2 Summary of Means and SDs of Hgb and Dose 

Parameter Epoetin alfa
Mean (SD)

Epoetin Hospira
Mean (SD)

Krivoshev, et., al. 2010 [1]
Hb (g/dL) 11.02 (0.94) 10.94 (0.89)
Dose (IU/kg/week) 86.0 (78.0) 97.0 (94.3)

Table 3 Sample Size Calculation

Parameter Power Equivalence
Limits

Standard
Deviation

N per 

group

 

Total

Evaluable

Total

Randomized 

  Hb (g/dL) 90% ±0.5 g/dL 0.94 g/dL 93 186 288
Dose (U/kg/week) 90% ±45 U/kg/week 78 U/kg/week 

U k / k
80 160 246

A sample size of 186 (93 per treatment group) is required to achieve 90% power to show 
equivalence in mean Hb levels during the last 4 weeks of treatment in the Maintenance Period 
using two one-sided tests with a 2.5% significance level assuming the mean difference of 0 g/dL 
between two treatment groups, the SD of 0.94 g/dL, and equivalence limits of ±0.5 g/dL.
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A sample size of 160 (80 per treatment group) would achieve 90% power to show equivalence in 
mean dose levels during the last 4 weeks of treatment in the Maintenance Period using two one-
sided tests with a 2.5% significance level assuming the mean difference of 0 U/kg/week between 
two treatments, a SD of 78 IU/kg/week, and equivalence limits of ±45 U/kg/week.

Assuming approximately 35% may drop-out before the end of the Maintenance Period and may 
not qualify for the Per Protocol analysis, approximately 288 patients (144 per treatment group) 
would be randomized into the Titration Period to account for this drop-out rate. The sample size 
was determined without considering multiple comparisons.
 
More detailed justification of the margin used for mean weekly Hgb level and   the mean weekly 
dose per kg of body weight are shown in Appendix 1.  The following is a brief summary of the 
justification:

Selection of Hemoglobin Equivalence Margin of ± 0.5 g/dL

The data from the literature indicate that even “stable” patients with renal anemia on stable 
epoetin doses experience intra-individual fluctuations in Hb of approximately ± 1 g/dL.  Thus, an 
equivalence margin of ± 0.5 g/dL is considered relevant to demonstrate the equivalence of the 
two epoetin products.

Selection of Dose Acceptance Margin of ± 45 U/kg/Week

The dose acceptance margin of ± 45 U/kg/week has been informed by the following:

 The establishment of the no-effect dose of 45 U/kg/week from multiple sources

 The demonstration that doses of 150 U/kg/week or higher were needed to provide a 
consistent dose-dependent increase in Hb

 The recommended increase or decrease of ± 37.5 to ± 75 U/kg/week of the starting dose 
for patients who required a dose modification per the Epogen reference product labeling

 The use of this acceptance margin to demonstrate similarity of Eprex and EU Retacrit in 
previous studies. 

Efficacy Analysis Populations:
 Non-Screen Failed (NSF) Population:  all subjects who were randomized into the 

Titration Period.
 Intent-to-treat (ITT) Population: all subjects who were randomized into the Maintenance 

Period.
 Titration Only Population:  all subjects randomized into the Titration Period who 

received at least one dose of study drug treatment during the Titration Period and were 
not assigned study drug treatment in the Maintenance Period.

 Full Analysis Set (FAS) Population:  all randomized subjects who: (1) received study 
drug treatment during the Maintenance Period; (2) had both Hb and dose data for Weeks 
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13-16 of treatment in the Maintenance Period although they may have had the dose held 
during the last week; and (3) had not discontinued study drug during Weeks 13-16.

 Modified Full Analysis Set (mFAS) Population:  all subjects randomized to study drug in 
the Maintenance Period who received at least one dose of study drug treatment during the 
Maintenance Period and must have had both Hb and dose data for at least two 
consecutive weeks of treatment with study drug in the Maintenance Period.

 Retained Set (RET) Population:  all subjects who: (1) were randomized to study drug in 
the Maintenance Period and received at least one dose of study drug treatment during the 
Maintenance Period; and (2) did or did not discontinue study drug during the 
maintenance treatment but stayed on study.

 Per Protocol (PP) Population:  a subset of the ITT population who met the following 
criteria:

o Had at least 4 weeks of treatment with study drug in the Maintenance Period
o Had at least 4 weeks of Hb data collected while on study drug during the 

Maintenance Period
o Had at least 4 weeks of study drug administration data collected while on study 

drug during the Maintenance Period
o Had no important protocol deviation
o Had no use of other ESAs during the last 4 weeks of study drug administration
o Had received no packed red blood cells or whole blood transfusions during study 

conduct. 

Statistical Analysis for Primary Efficacy Endpoint:
The primary objective of this study is to demonstrate there is no clinically meaningful difference 
of SC “Epoetin Hospira” compared to US-Epogen (Amgen) based on the two co-primary 
endpoints.

The 2-sided 95% CIs for the difference in mean between “Epoetin Hospira” and US-Epogen 
(Amgen) of 2 primary efficacy measurements were calculated with an analysis of covariance 
(ANCOVA) and compared with pre-defined therapeutic acceptance ranges. The ANCOVA 
model contains effect for treatment   and baseline value (either baseline Hb or baseline dose).

If the 2-sided 95% CIs for difference in mean weekly Hb level in the last 4 weeks of the 
Maintenance Period is contained within (-0.5, 0.5) g/dL, then no clinically meaningful difference 
in Hb levels will be concluded. If the difference between treatments in mean weekly dose per kg 
body weight in the last 4 weeks of the Maintenance Period is contained within (-45, 45) 
U/kg/week, no clinically meaningful difference in dosing will be concluded. If both no clinically 
meaningful difference in Hb levels and no clinically meaningful difference in dosing are 
concluded, it will be concluded that there is no clinically meaningful differences between 
“Epoetin Hospira” and US-Epogen (Amgen).

The assumption of normality of the response variable was investigated through residuals and   
transformations (i.e., log, arc-sign square root) may be used to assure a good fit of the data. If a 
log transformation is used for dose data, the dose values of 0 (zero) was imputed with the value 
of 1 so that the log-transformed value would be 0. If there is sufficient evidence that the response 
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variable is not normally distributed, then a non-parametric analysis may be carried out as a 
sensitivity analysis.

Statistical Analysis for Secondary Efficacy Endpoints:
The following endpoints will be displayed for the ITT:

 Mean weekly Hb level (g/dL)
 Mean administered weekly dose per kg body weight (U/kg/week).
 The proportion of subjects with weekly mean Hb level within and outside the target 

range (9.0 to 11.0 g/dL).
 The incidence of blood transfusion during the maintenance period.

Multiple Comparison/Multiplicity:
A hierarchical test strategy will be used for the testing of the co-primary endpoints. It will test 
whether there is a clinically meaningful difference in the mean Hb level during the last 4 weeks 
of the Maintenance Period prior to testing whether there is a clinically meaningful difference in 
the mean weekly dose during the Maintenance Period. If no clinically meaningful difference in 
Hb levels is concluded based on Hb results (95% 2-sided confidence interval [CI] within the ± 
0.5 g/dL acceptance limits), the difference in mean weekly dose during the last 4 weeks of 
treatment will be tested. Since the test on the mean weekly dosage will only be performed if no 
clinically meaningful difference in in Hb is determined, type I error would be preserved for 
testing of the two co-primary endpoints.  

Reviewer’s Comment: Secondary endpoints are exploratory in nature and not for any labeling 
claim since no multiplicity adjustment has been proposed.

Missing Data Handling Strategies: 
There is no missing data imputation scheme for the primary analysis.  For subjects who did not 
have 4 weeks of Hb and/or dose by weight data during the last 4 weeks of the Treatment Period, 
the actual number of weeks was used in the calculation of the mean weekly Hb and/or dose by 
weight for the last 4 weeks of treatment. For subjects with no weekly Hb and/or dose data on 
treatment, baseline value Hb and/or dose by weight was used as the mean weekly Hb and/or dose 
by weight during the last 4 weeks of treatment.  The last known dose would be used for a 
completer with a dose held in the last week of Maintenance Period. 

Patients may discontinue treatment during the Maintenance Period but continue with scheduled 
assessments. Patients that discontinue treatment during the Titration Period were discontinued 
from the study.  For sensitivity analysis, some of the missing data were imputed only 

 Where patients discontinued study drug during the Maintenance Period due to AE:  the 
missing dose(s) was imputed using the dose which is the farthest from the mean dose 
(during the last 4 weeks). Similar imputation was completed for Hb data where needed 
(ITT – AE).

 Where patients discontinued from the study at any time during the study, but had at least 
4 weeks of dose and Hb data, data from the last 4 week period would be used (ITT - >4 
Weeks).
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Reviewer’s Comment:  This reviewer conducted her own sensitivity analysis to assess the 
robustness of the parameter estimates for both primary endpoints by replacing the missing 
values with the average weekly value by treatment arm and found the result from the sensitivity 
analysis is in agreement with the result from the primary analysis.

2.2.1.3 Patient Disposition, Demographic and Baseline Characteristics

Subject Disposition:
320 subjects were randomized into the Titration Period, 160 subjects to “Epoetin Hospira” and 
160 subjects to US-Epogen.  A total of 246 subjects constituting the ITT Population were 
randomized into the Maintenance Period, 124 subjects to “Epoetin Hospira” and 122 subjects to 
US-Epogen.  For the 246 subjects entered into the Maintenance Period, 150 subjects received no 
treatment in the Titration Period:  74 were randomized to “Epoetin Hospira” and 76 to US-
Epogen; 96 subjects received treatment in the Titration Period: 50 were randomized to “Epoetin 
Hospira” and 46 to US-Epogen.

Table 4 Subject Populations (Enrolled Population)

Titration Period Maintenance Period
“Epetin 

Hospira”
(N=160)
N (%)

US-Epogen
(N=160)
N (%)

Total
(N=320)
N (%)

“Epetin 
Hospira”
(N=124)
N (%)

US-Epogen
(N=122)
N (%)

Total
(N=246)
N (%)

NSF 160 (100) 160 (100) 320 (100) 124 (100) 122 (100) 246 (100)
ITT 125 (78.1) 121 (75.6) 246 (76.9) 124 (100) 122 (100) 246 (100)
Tirtration 
Only

33 (20.6) 37 (23.1) 70 (21.9) n/a n/a n/a

FAS 80 (50.0) 69 (43.1) 149 (46.6) 71 (57.3) 78 (63.9) 149 (60.6)
mFAS 123 (76.9) 117 (73.1) 240 (75.0) 122 (98.4) 118 (96.7) 240 (97.6)
RET 108 (67.5) 102 (63.8) 210 (65.6) 105 (84.7) 105 (86.1) 210 (85.4)
PP 88 (55.0) 90 (56.3) 178 (55.6) 86 (69.4) 92 (75.4) 178 (72.4)
Safety 80 (50.0) 86 (53.8) 166 (51.9) 122 (98.4) 122 (100.0) 244 (99.2)

For the Enrolled Population, during the Maintenance Period, 123 subjects (99.2%) in the 
“Epoetin Hospira” group and 121 subjects (99.2%) in the US-Epogen group received treatment 
with study drug.  A comparable percentage in each group (81%) completed Maintenance Period 
Week 16 on study drug.  Eight subjects (6.5%) in the “Epoetin Hospira” group and 7 subjects 
(5.7%) in the US-Epogen group discontinued study drug prior to Week 16 of the Maintenance 
Period but remained in the study receiving non-study drug prior to Week 16 of the Maintenance 
Period and completed the study procedures through Week 16 of the Maintenance Period.  

The majority of subjects (84.7% and 81.1% in the “Epoetin Hospira” and US-Epogen groups, 
respectively) never received non-study drug SoC ESA during the Maintenance Period.

Eight subjects (6.5%) in the “Epoetin Hospira” group and seven subjects (5.7%) in the US-
Epogen group discontinued the study during the Maintenance Period;  three subjects (2.4%) in 
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the “Epoetin Hospira” group and two subjects (1.6%) in the US-Epogen group discontinued the 
study during the Maintenance Period for an adverse event.

Table 5  Summary of Subject Disposition (Enrolled Population)

ITT Population
Titration Only

(N=70)
N (%)

“Epoetin 
Hospira”
(N=124)
N (%)

US-Epogen
(N=122)
N (%)

Total
(N=246)
N (%)

Number of Subjects Treated 70 (100.0) 123 (99.2) 121 (99.2) 244 (99.2)

Number of Subjects Received Wrong Treatment 
Assignment

6 (8.6) 4 (3.2) 3 (2.5) 7 (2.8)

Never Treated in Treatment Period 0 1 (0.8) 1 (0.8) 2 (0.8)

Completion Treatment Period Status
    Completed on Study Drug 28 (40.0) 100 (80.6) 99 (81.1) 199 (80.9)
    Completed on Standard of Care 17 (24.3) 8 (6.5) 7 (5.7) 15 (6.1)
    Discontinued Study Drug and Study         
    Prior to Last Week

25 (35.7) 16 (12.9) 15 (12.3) 31 (12.6)

    Not Treated with Study Drug in 
    Treatment Period

0 0 1 (0.8) 1 (0.4)

Completed Study 0 106 (85.5) 105 (86.1) 211 (85.8)
    Completed Safety Follow-up Period 0 19 (15.3) 19 (15.6) 38 (15.4)
    Completed Safety Follow-up Period and 
    Enrolled in LTSS

0 0 2 (1.6) 2 (0.8)

    Enrolled in LTSS 0 87 (70.2) 84 (68.9) 171 (69.5)

Discontinued Study 70 (100.0) 18 (14.5) 17 (13.9) 35 (14.2)
    Discontinued during Titration Period 28 (40.0) 0 0 0
    Discontinued during Maintenance 
    Period

0 8 (6.5) 7 (5.7) 15 (6.1)

    Discontinued during Follow-Up 42 (60.0) 10 (8.1) 10 (8.2) 20 (8.1)

Reason for Study Discontinuation
    Withdrawal Of Consent 3 (4.3) 3 (2.4) 6 (4.9) 9 (3.7)
    Adverse Event 8 (11.4) 3 (2.4) 2 (1.6) 5 (2.0)
    Lost To Follow-Up 2 (2.9) 0 2 (1.6) 2 (0.8)
    Physician Decision 0 1 (0.8) 2 (1.6) 3 (1.2)
    Did Not Meet Criteria For maintenance 
    Period

32 (45.7) 0 1 (0.8) 1 (0.4)

    Other 25 (35.7) 11 (8.9) 4 (3.3) 15 (6.1)

Reason for Study Drug Discontinuation
    Withdrawal Of Consent 3 (4.3) 3 (2.4) 4 (3.3) 7 (2.8)
    Adverse Event 8 (11.4) 6 (4.8) 2 (1.6) 8 (3.3)
    Lost To Follow-Up 2 (2.9) 0 2 (1.6) 2 (0.8)
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    Physician Decision 0 1 (0.8) 2 (1.6) 3 (1.2)
    Other 21 (30.0) 9 (7.3) 4 (3.3) 13 (5.3)
    Non-Study ESA 8 (11.4) 5 (4.0) 8 (6.6) 13 (5.3)
       Vacation 0 1 (0.8) 0 1 (0.4)
       Temperature Excursion 7 (10.0) 1 (0.8) 1 (0.8) 2 (0.8)
       Other 1 (1.4) 3 (2.4) 7 (5.7) 10 (4.1)

Discontinued Study Drug but Stayed in Study 8 (11.4) 9 (7.3) 9 (7.4) 18 (7.3)

Subject Non-Study Drug ESA
    Subject Never Received Non-Study Drug ESA 51 (72.9) 105 (84.7) 99 (81.1) 204 (82.9)
    Subject Received Non-Study Drug ESA and 
    Returned to Study Drug

8 (11.4) 11 (8.9) 14 (11.5) 25 (10.2)

    Subject Received Non-Study ESA and Did not 
    return to Study Drug

11 (15.7) 8 (6.5) 9 (7.4) 17 (6.9)

Eligible to Enter LTSS 0 106 (85.5) 105 (86.1) 211 (85.8)

Demographics and Other Baseline Characteristics:

Demographics
Demographic characteristics were generally matched between the treatment groups.  For the 
safety population, for subjects entering the Maintenance Period, male and female subjects were 
generally balanced, constituting 51.6% and 48.4%, respectively, of the “Epoetin Hospira” group 
and 45.1% and 54.9%, respectively, of the US-Epogen group.   In the “Epoetin Hospira” group, 
56.6% of subjects were categorized as White and 39.3% as Black; the comparable data for the 
US-Epogen group were 47.5% White and 49.2% Black.  The mean age for subjects in the 
“Epoetin Hospira” group was 57.36 years and for subjects in the US-Epogen group was 56.50 
years.  Mean weight and mean BMI were similar between the “Epoetin Hospira” and US-Epogen 
groups at approximately 85 vs. 87 kg and 30 vs. 31 kg/m2, respectively. 

Reviewer’s Comment: This reviewer believes the analyses results with the safety data set and the 
ITT data set are not materially different because the differences in data sets are minimal.

Table 6  Demographics (Safety Population)  
Maintenance Period

Titration Only
(N=70)

“Epoetin 
Hospira”
(N=122)

US-Epogen
(N=122)

Total
(N=244)

Sex [n (%)]  
    Female 32 (45.7) 59 (48.4) 67 (54.9) 126 (51.6)
    Male 38 (54.3) 63 (51.6) 55 (45.1) 118 (48.4)

Race [n (%)]
    White 30 (42.9) 69 (56.6) 58 (47.5) 127 (52.0)
    Black or African American 36 (51.4) 48 (39.3) 60 (49.2) 108 (44.3)
    Native Hawaiian or other Pacific Islander 2 (2.9) 0 1 (0.8) 1 (0.4)
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    Asian 2 (2.9) 4 (3.3) 2 (1.6) 6 (2.5)
    American Indian or Alaska Native 0 1 (0.8) 1 (0.8) 2 (0.8)
    Other 0 0 0 0

Ethnicity [n (%)]
    Hispanic or Latino 9 (12.9) 34 (27.9) 31 (25.4) 65 (26.6)
    Not Hispanic or Latino 61 (87.1) 88 (72.1) 91 (74.6) 179 (73.4)

Age (years)
    N 70 122 122 244
    Mean (SD) 56.23 (11.239) 57.36 

(11.925)
56.50 

(13.419)
56.93 

(12.675)
    Median 60.00 59.50 58.50 59.00
    Min, Max 29.0, 74.0 25.0, 80.0 24.0, 79.0 24.0, 80.0

Age Categories [n (%)]
    18-40 7 (10.0) 11 (9.0) 17 (13.9) 28 (11.5)
    41-65 45 (64.3) 78 (63.9) 73 (59.8) 151 (61.9)
    66-75 18 (25.7) 28 (23.0) 30 (24.6) 58 (23.8)
    >75 0 5 (4.1) 2 (1.6) 7 (2.9)

Weight (kg)
    N 70 122 122 244
    Mean (SD) 90.67 (23.407) 85.04 

(22.881)
86.59 

(25.175)
85.82 

(24.018)
    Median 88.65 81.10 84.15 82.90
    Min, Max 41.2, 172.0 42.8, 161.8 39.2, 171.5 39.2, 171.5

Body Mass Index (kg/m2)
    N 70 122 122 244
    Mean (SD) 31.13 (7.380) 30.07 (7.010) 30.68 (7.872) 30.38 

(7.444)
    Median 30.31 29.72 29.15 29.53
    Min, Max 16.1, 57.7 17.6, 51.4 16.9, 56.7 16.9, 56.7

Primary Cause of Chronic Kidney Disease (CKD):
In the Non-Screen Failed Population, for subjects entering the Maintenance Period, 
approximately 80% of subjects in each treatment group reported the primary cause of CKD as 
either diabetes or hypertension.

Reviewer’s Comment: It is noted that the-Screen Failed (246 subjects) and ITT (246 subjects) 
population appear to be the same in the Maintenance Period.

Table 7  Primary Cause of Chronic Kidney Disease (Non-Screen Failed Population)
Maintenance Period

Not Randomized  into 
the Maintenance Period

(N=74)
N (%)

“Epoetin 
Hospira”
(N=124)
N (%)

US-Epogen
(N=122)
N (%)

Total
(N=246)
N (%)

Primary Cause of Chronic Kidney 
Disease
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    Diabetes 29 (39.2) 56 (45.2) 41 (33.6) 97 (39.4)
    Hypertension 28 (37.8) 43 (34.7) 58 (47.5) 101 (41.1)
    Nephropathies 11 (14.9) 13 (10.5) 16 (13.1) 29 (11.8)
    Congenital renal disease 4 (5.4) 5 (4.0) 3 (2.5) 8 (3.3)
    Other 2(2.7) 7 (5.6) 4 (3.3) 11 (4.5)
    Unknown 0 0 0 0

Other Baseline Characteristics:
Baseline for the Maintenance Period was the last value determined prior to first dose of study 
drug in the Maintenance Period.  For the Safety Population, for the subjects entering the 
Maintenance Period, the two treatment groups were well-matched for other baseline 
characteristics. 

 
Table 8  Baseline Characteristics (Safety Population) 

Maintenance Period
Titration Only

(N=70)
“Epoetin 
Hospira”
(N=122)

US-Epogen
(N=122)

Total
(N=244)

Average Duration of Hemodialysis (minutes)
    N 70 122 122 244
    Mean (SD) 222.67 

(27.912)
221.09 

(27.675)
217.52 

(31.445)
219.31 

(29.613)
    Median 240.00 225.00 210.00 220.50
    Min, Max 120.0, 272.0 165.0, 300.0 105.0, 330.0 105.0, 330.0

Frequency of Hemodialysis (times/week) [n (%)]
    1 0 0 0 0
    2 0 1 (0.8) 0 1 (0.4)
    3 69 (98.6) 121 (99.2) 122 (100) 243 (99.6)
    Missing 1 (1.4) 0 0 0

Time from First Diagnosis of Chronic Kidney 
Disease to Randomization (months)
    N 70 122 122 244
    Mean (SD) 83.44 (85.406) 75.34 

(65.228)
80.78 

(60.763)
78.06 

(62.964)
    Median 59.50 57.50 63.50 59.50
    Min, Max 5.0, 611.0 3.0, 351.0 -1.0, 335.0 -1.0, 351.0

Time from Start of Regular Dialysis Treatments 
to Randomization (months)
    N 70 122 122 244
    Mean (SD) 65.90 (42.037) 54.25 

(52.435)
57.94 

(41.518)
56.10 

(47.231)
    Median 56.50 41.50 48.00 45.00
    Min, Max 5.0, 173.0 2.0, 336.0 4.0, 187.0 2.0, 336.0

Baseline Weekly Dose by Body Weight 
(U/kg/week)
    N 70 121 122 243
    Mean (SD) 78.51 (66.299) 93.53 85.91 89.70 
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(112.453) (82.075) (98.251)
    Median 65.25 56.76 53.00 56.57
    Min, Max 10.3, 432.4 3.2, 644.5 4.9, 383.0 3.2, 644.5

Baseline Hemoglobin (g/dL)
    N 70 122 122 244
    Mean (SD) 10.34 (0.785) 10.36 (0.775) 10.28 (0.780) 10.32 (0.777)
    Median 10.40 10.30 10.40 10.40
    Min, Max 7.8, 11.9 8.2, 12.8 7.4, 12.1 7.4, 12.8

Baseline Hematocrit (%)
    N 70 122 122 244
    Mean (SD) 33.08 (2.973) 32.72 (2.708) 32.48 (2.872) 32.60 (2.788)
    Median 33.10 32.55 32.35 32.50
    Min, Max 24.7, 42.5 25.8, 41.7 24.3, 40.7 24.3, 41.7

Baseline Ferritin (ng/mL)
    N 70 122 122 244
    Mean (SD) 1010.6 

(342.47)
990.9 

(413.37)
927.7 

(396.81)
959.3 

(405.57)
    Median 1019.0 989.0 922.5 945.0
    Min, Max 18, 1850 125, 2085 82, 2026 82, 2085

Baseline TSAT (%)
    N 70 122 122 244
    Mean (SD) 33.2 (11.91) 36.1 (13.40) 34.2 (14.50) 35.2 (13.96)
    Median 32.0 32.0 31.0 32.0
    Min, Max 7, 76 16, 89 8, 96 8, 96

Baseline stdKdt/V
    N 70 122 122 244
    Mean (SD) 2.31 (0.28) 2.32  (0.30) 2.27  (0.36) 2.30 (0.33)
    Median 2.33 2.36 2.34 2.34
    Min, Max 1.08, 3.15 0.85, 3.06 0.24, 2.99 0.24, 3.06

Baseline Anti-rhEPO Antibodies [n(%)]
    Negative RIP 67 (95.7) 113 (92.6) 112 (91.8) 225 (92.2)
    Positive RIP 0 1 (0.8) 0 1 (0.4)
    Neutralizing Positive 0 0 0 0
    Missing 3 (4.3) 8 (6.6) 10 (8.2) 18 (7.4)

Efficacy Results 

Primary Efficacy Endpoint – Primary Analysis
The mean weekly Hb and the mean weekly dosage of epoetin per kg of body weight during the 
last 4 weeks of the Maintenance Period for the “Epoetin Hospira” and the US-Epogen treatment 
groups, as well as the differences in those two co-primary endpoints between the groups are 
shown in table 9 and table 10 below for the ITT Population.
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For the ITT Population, the least square (LS) mean for the difference between the “Epoetin 
Hospira” group and the US-Epogen group in weekly Hb during the last 4 weeks of the 
Maintenance Period was 0.04 g/dL, with a 90% CI of -0.13 to 0.21 g/dL. As this CI was 
contained within the pre-specified acceptance limits of -0.5 to 0.5 g/dL (justification of the 
margin is in Appendix 1), it was concluded that no clinically meaningful difference existed in Hb 
levels between the two treatment groups during the last 4 weeks of the Maintenance Period. By 
the hierarchical testing strategy, this conclusion allowed further assessment of the two treatment 
groups for epoetin dose. For the ITT Population, the LS mean for the difference between the 
“Epoetin Hospira” group and the US-Epogen group in weekly epoetin dose per kg body weight 
during the last 4 weeks of the Treatment Period was -2.34 U/kg/week, with a 90% CI of -12.54 
to 7.85 U/kg/week. As this CI was contained within the pre-specified acceptance limits of -45 to 
45 U/kg/week (justification of the margin is in Appendix 1), it was concluded that no clinically 
meaningful difference existed between the two treatment groups in weekly epoetin dose per kg 
body weight during the last 4 weeks of the Maintenance Period.

Table 9  Primary Efficacy Endpoint – Mean Weekly Hemoglobin (g/dL)– EPOE-10-13 (SC)

“Epoetin Hospira”
(n=124)

US-Epogen
 (n=122)

Difference

n 124 122
Mean (SD) 10.17 (0.821) 10.11 (0.838) 0.06
Median 10.20 10.15
Min, Max 8.1, 13.4 8.1, 12.0

LS Means (SE) 10.16 (0.073) 10.12 (0.074) 0.04 (0.104)
90% CI for LS Mean Diff. (-0.13, 0.21)
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Table 10  Primary Efficacy Endpoint – Mean Weekly Epoetin Dose by Body Weight 
(U/kg/week) – EPOE-10-13 (SC)

Reviewer’s Comments: 
 The applicant calculated 95% CI for the LS mean difference estimates.  This statistical 

reviewer calculated the 90% CI and presented in the tables above in accordance with 
current FDA guidance to sponsors.

 This reviewer has checked the normality assumption of the model and found the response 
variable, mean hemoglobin value at the last four weeks of the maintenance period is 
indeed normally distributed.  However, the mean weekly dosage is not.  Data 
transformations were applied (natural log, square root), however, the dosage data were 
still not normally distributed (This finding is similar to applicant’s finding reported in the 
study report 11.4.2.1.1).  The applicant used the original data for the mean weekly 
dosage in the primary analysis due to the failed attempts to transform the data to a 
normal form.  This reviewer performed sensitivity analysis, which is explained in detail in 
the next section, to validate the result and found the estimate and the 90% CI is robust 
despite the fact that the normality assumption is violated. 

Primary Efficacy Endpoint – Sensitivity Analysis 
The sensitivity analyses with different analysis populations and alternative data imputation 
methodologies for the ITT population are summarized in table 11.  Forest plots are presented in 
figure 2 (mean weekly Hb) and figure 3 (mean weekly dose by body weight).  The estimated LS 
mean of the difference, SE and 90% CIs between the “Epoetin Hospira” and US-Epogen 
treatment groups for the mean weekly Hb and mean weekly dose of epoetin per kg of body 
weight for last 4 weeks of the Maintenance Period are presented.

“Epoetin 
Hospira”
(n=124)

US-Epogen
 (n=122)

Difference

n 124 122

Mean (SD) 82.07 (95.517) 79.14 (82.264) 2.93

Median 52.20 46.65

Min, Max 0.0, 611.8 0.0, 399.1

LS Means (SE) 79.57 (4.356) 81.91 (4.373) -2.34 (6.175)

90% CI for LS Mean Diff. (-12.54, 7.85)
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Table 11  Mean Weekly Hb and Mean Weekly Epoetin Dose by Body Weight during the 
Last 4 Weeks of the Maintenance Period

 
Mean Weekly Hb (g/dL) level Mean Weekly Dose (U/kg/Week)

Estimate of 
Difference

LS Mean (SE)

90% CI Estimate of 
Difference

LS Mean (SE)

90% CI

Per Protocol 0.00 (0.118) (-0.19, 0.19) 1.63 (7.152) (-10.13, 13.39)
Full Analysis Set 0.12 (0.124) (-0.08, 0.32) -1.26 (8.084) (-14.56, 12.04)
Modified Full 
Analysis Set

0.07 (0.106) (-0.10, 0.24) -1.91 (6.283) (-12.24, 8.42)

Retained Set 0.13 (0.111) (-0.05, 0.31) -2.38 (6.862) (-13.67, 8.91)
ITT - AE 0.04 (0.104) (-0.13, 0.21) -2.73 (6.183) (-12.90, 7.44)
ITT - ≥ 4 weeks 0.04 (0.104) (-0.13, 0.21) -2.34 (6.175) (-12.50, 7.82)
ITT - Avg 0.14 (0.093) (-0.02, 0.29) 1.07 (6.129) (-9.04, 11.19)
ITT - Resample 0.04 (0.100) (-0.14, 0.21) -2.36 (5.989) (-12.42, 7.70)

Figure 2 LS Mean Difference in Weekly Hemoglobin (g/dL) – EPOE-10-13 (SC)
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Figure 3  LS Mean Difference in Weekly Epoetin Dose by Body Weight (U/kg/week) – 
EPOE-10-13 (SC)

Reviwer’s Comments: 
 Approximately 15% of the data were missing in these two studies and several sensitivity 

analyses were performed to investigate its impact on the primary analysis results.  The 
applicant used different analysis populations (PPS, FAS, mFAS, and retained) as wells 
as single imputation methods (ITT – AE and ITT > 4 Weeks).  This statistical reviewer 
performed an additional single imputation method (replace the missing values with the 
weekly average by treatment arm (ITT – Avg)) and found that the sensitivity analysis 
results based on different populations or imputation methods did not differ from the 
primary analysis results significantly.  

 Dosage data is not normally distributed and several transformation attempts have 
failed to transform the original data to a normally distributed form.  The applicant used 
the original data (non-normally distributed) for the primary analysis.  However, fitting 
a non-normal data using the ANCOVA model might undermine the validity of the result 
since the model is based on the assumption that the response variable is normally 
distributed.    This reviewer performed a resampling method (ITT – Resample) as a 
sensitivity analysis to validate the robustness of the primary analysis results and found 
the estimates are indeed robust. 
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Secondary Efficacy Endpoints:

Mean Weekly Hemoglobin Levels:
For the ITT Population, the mean and its 90% CI for the weekly Hb for each week for both the 
“Epoetin Hospira” and US-Epogen treatment groups are shown in Figure 4.  The mean Hb value 
ranged between 10.0 and 10.5 g/dL.  

Figure 4  Mean Weekly Hemoglobin Level (g/dL) (90% CI) during the Maintenance Period 
- ITT

Mean Weekly Epoetin Dosage by Body Weight:
Figure 5 provide a graphical illustration of the mean and 90% CI for the weekly dosage of 
epoetin per kg body weight (U/kg/week) for each week of the Maintenance Period.  
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Figure 5  Mean Weekly Epoetin Dose by Body Weight (U/kg/week) (90% CI) during the 
Maintenance Period - ITT

Reviewer’s Comments: Figure 4 shows that the 90% CIs for the mean weekly Hb in the 
“Epoetin Hospira” and US-Epogen arms overlapped over the 16-week Maintenance period.  
Figure 5 also shows that the 90% CIs for the mean weekly dosage were overlapped between the 
two treatment arms.  Even though these secondary endpoints are exploratory in nature due to the 
lack of multiplicity adjustments, the two plots support the findings from the primary analysis of 
no clinical meaningful difference between the two treatment arms.

Proportion of Subjects with Weekly Mean Hemoglobin within and outside the Target 
Range at Weeks 8 and 16 of the Maintenance Period:
For the ITT Population, at both Weeks 8 and 16 of the Maintenance Period, the incidence of 
weekly mean hemoglobin levels within and outside the target range of 9.0 to 11.0 g/dL were 
consistent between the treatment groups  demonstrated from the nominal p-values (>0.05).  

Table 12 Proportion of Subjects with Weekly Mean Hemoglobin Level within and outside 
the Target Range (9.0 to 11.0 g/dL) at Week 8 and 16 of the Maintenance Period - ITT

Week No. of valid Hb 
value at given week

“Epoetin Hospira”
(N=124)
N (%)

US-Epogen
(N=122)
N (%)

Nominal P-value*

Week 8 223
Within Target Range 83 (73.5) 67 (60.9) 0.0632
Out of Target Range 30 (26.5) 43 (39.1)
Hb < 9.0 g/dL 9 (8.0) 9 (8.2)
Hb > 11.0 g/dL 21 (18.6) 34 (30.9)

Reference ID: 3818701
Reference ID: 4266940



Week 16 208
Within Target Range 83 (79.8) 77 (74.0) 0.4108
Out of Target Range 21 (20.2) 27 (26.0)
Hb < 9.0 g/dL 4 (3.8) 9 (8.7)
Hb > 11.0 g/dL 17 (16.3) 18 (17.3)
*Based on Fisher’s exact test.

Incidence of Subjects Receiving Blood Transfusions during the Maintenance Period:
For the ITT population, over the entire 16-week of Maintenance Period, 5 subjects (4.0%) in the 
“Epoetin Hospira” group and 5 subjects (4.1%) in the US-Epogen group received a blood 
transfusion. Conversely, 119 subjects (96.0%) in the Epoetin Hospira group and 117 subjects 
(95.9%) in the US-Epogen group did not receive a blood transfusion. The nominal p-values 
based on Fisher’s Exact Test are all greater than 0.05 which indicates no difference in incidence 
of blood transfusion observed between the two treatment groups. 

Table 13 Incidence of Subjects Receiving Blood Transfusions during the Maintenance 
Period - ITT

“Epoetin Hospira”
(N=124)

US-Epogen
(N=122)

Weeks

N Yes No N Yes No

Nominal 
P-value*

At Any time 124 5 (4.0) 119 (96.0) 122 5 (4.1) 117 (95.9) >0.9999

Week 1-4 124 1 (0.8) 123 (99.2) 122 1 (0.8) 121 (99.2) >0.9999

Week 5-8 121 0 (0.0) 121 (100) 119 2 (1.7) 117 (98.3) 0.2448

Week 9-12 117 2 (1.7) 115 (98.3) 115 2 (1.7) 113 (98.3) >0.9999

Week 13-16 112 2 (1.8) 110 (98.2) 111 2 (1.8) 109 (98.2) >0.9999
*Based on Fisher’s exact test.

Reviewer’s Comments:  The results from the proportion of subjects with weekly mean Hb level 
within and outside the target range and the incidence of subjects receiving blood transfusion 
during the maintenance period for the ITT population support the primary analysis results since 
they were consistence between the treatment groups and difference between treatment arms 
cannot be observed.   

2.2.2 EPOE-10-01

2.2.2.1 Study Design
This was a multicenter, randomized, active-controlled, parallel group, double-blind, Phase III 
study evaluating the efficacy and safety of IV administered “Epoetin Hospira” (1 to 3 times per 
week) in male and female subjects aged 18 to 80 years treated for anemia associated with
CKD on stable Epogen treatment for 4 weeks and stable, adequate hemodialysis for at least
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12 weeks prior to randomization. An estimated 564 subjects (282 per treatment group) were to be 
randomized into the Treatment Period at 87 sites. Subjects with concurrent inflammatory 
conditions, iron deficiency, or clinically relevant elevations in CRP levels, or requiring 
maintenance doses of Epogen >600 Units (U)/kg per week were excluded. The study consisted 
of a Screening Period (up to 4 weeks), followed by a 24-week double-blind Treatment Period, 
and a Follow-up Visit. Subject eligibility was determined during the Screening Period within 4 
weeks prior to randomization.

Randomization:
Subjects who met all inclusion criteria and none of the exclusion criteria were randomized at 
Day 1/Week 1 of the Treatment Period to one of two treatment groups (randomization ratio of 
1:1): subjects received either “Epoetin Hospira” or US-Epogen as IV bolus injections 
administered 1 to 3 times per week at the same stable weekly dose that the subject received 
during the last week of the Screening Period (see study scheme below). The randomization is not 
stratified. 

 
Figure 6  Study Scheme

Study treatment:
 “Epoetin Hospira” 
 US-Epogen (Amgen) 

 
Subjects were treated for 24 weeks in the Treatment Period. Co-primary efficacy endpoints were 
derived from data collected during the last 4 weeks of the Treatment Period.

Reference ID: 3818701
Reference ID: 4266940



Primary Endpoint:
 Mean weekly Hb level during the last 4 weeks of the double-blind treatment period

 Mean weekly dosage per kg body weight during the last 4 weeks of the double-blind 
treatment period

Secondary Endpoints:
 Mean weekly Hb level in 24 weeks of treatment
 Mean weekly dosage per kg body weight delivered in 24 weeks of treatment
 Total dose delivered during the 24 weeks of treatment in the Treatment Period
 Proportion of patients with a weekly mean Hb level within the target range (9.0 to 11.0 

g/dL) at
 Weeks 12 and 24 of the Treatment Period
 Proportion of patients requiring permanent dose changes during the Treatment Period
 Proportion of patients requiring temporary dose changes during the Treatment Period
 Proportion of patients with any transient change of Hb level >1.0 g/dL during the 

Treatment Period
 Proportion of patients with any Hb measurement outside the target range (9.0 to 11.0 

g/dL) during the Treatment Period
 Incidence of patients receiving blood transfusions for each treatment group

The following efficacy variables were assessed for each treatment group (no comparisons 
between treatments will be conducted)
 Relationship between mean administered dose and Hb level
 Rise or decline in Hb level in cases with >2.0 g/dL total change in Hb level

2.2.2.1 Statistical Methodologies 
Sample size determination: 
Sample size determination is calculated using an equivalence test of means using a two-sided test 
on data from a similarly designed (parallel-group) therapeutic equivalence study between 
“Epoetin Hospira” and Epoetin alfa administered IV [2]; a total sample size of 394 evaluable 
patients (197 per treatment group) is estimated.  After reviewing the literature, it was determined 
that STADA study, CT-830-04-003[2], is most relevant.  Based on data from CT-830-04-003, 
the following information regarding Hb and weight-adjusted weekly dose over the last 4 weeks 
of treatment was obtained in Table 14 [2].  Sample size requirements are provided in Table 15.

Table 14 Summary of Study: STADA CT-830-04-003
Parameter Reference Mean (SD) Test Mean (SD)

Hemoglobin (g/dL) 11.63 (1.37) 11.61 (1.27)

Dose (IU/kg/week) 166.14 (109.85) 182.20 (118.11)
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Table 15  Sample Size Calculations 
Parameter Power Equivalence

Limits
Standard
Deviation

N per 
group

Total
Evaluable

Total
Randomized 
(30% non- 
evaluable)

Hemoglobin
(g/dL)

90% ± 0.5 1.37 197 394 564

Dose
(U/kg/week)

90% ± 45 118.11 181 362 518

Approximately 564 patients (282 per treatment group) will be randomized into this study. As 
approximately 30% of the randomized patients may be non-evaluable before the end of the 
Treatment Period, a total sample size of 394 evaluable patients (197 per treatment group) is 
required to account for this drop-out rate and to achieve a power of 90% for the two-sided test of 
equivalence for both primary endpoints. The sample size was determined without considering 
multiple comparisons.

 Difference of the Mean Hemoglobin Level: A total sample size of 394 evaluable patients 
(197 per treatment group) is required to achieve 90% power using two one-sided tests at a 
2.5% significance level when the true difference between the means is 0 g/dL, the SD of 
the test and reference is 1.37 g/dL, and the equivalence limits are -0.5 g/dL and 0.5 g/dL. 
The rationale for the choice of the relevant acceptance range regarding Hb is the fact that 
a range of ±1.0 g/dL has often been used by clinicians to adjust the epoetin dose and is 
also used as an equivalence range in verum-controlled clinical studies (data from the 
‘European Public Assessment Report on Epoetin delta’). To assess biosimilarity of the 2 
products, the chosen equivalence range of ±1.0 g/dL for difference in Hb was reduced to 
±0.5 g/dL.

 Difference of Mean Weekly Dosage: A total sample size of 362 evaluable patients (181 
per treatment group) is required to achieve 90% power using two one-sided tests at a 
2.5% significance level when the true difference between the means is 0 U/kg/week, the 
SD of the test and reference is 118.11 U/kg/week, and the equivalence limits are -45 
U/kg/week and 45 U/kg/week.

For detailed justification of the equivalence limits on both primary endpoints, please refer to 
Appendix 1.

Efficacy Analysis Population:
 Intent-to-treat (ITT) Population: all subjects who were randomized into the Treatment 

Period.  ITT will be used for the primary variable analysis.
 Full Analysis Set (FAS) Population:  all randomized subjects who: (1) have started 

therapy and have any Follow-Up information regarding the primary endpoints; (2) have 
both Hb and dose data in  Weeks 21 – 24 of treatment with study drug although they may 
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have the dose held during the last week;  and (3) who have not discontinued study drug 
during Weeks 21-24. 

 Modified Full Analysis Set (mFAS) Population:  all randomized subjects who have both 
Hb and dose data for at least 2 consecutive weeks of treatment with study drug.

 Retained Set (RET) Population:  all randomized subjects who: (1) have started therapy 
and have any Follow-Up information regarding the primary endpoints; and (2) may or 
may not have discontinued study drug during treatment, but stay on study.

 Per Protocol (PP) Population:  a subset of the ITT population who met the following 
criteria:

o Had at least 4 weeks of treatment with study drug in the Maintenance Period
o Had at least 4 weeks of Hb data collected while on study drug during the 

Maintenance Period
o Had at least 4 weeks of study drug administration data collected while on study 

drug during the Maintenance Period
o No important protocol deviation
o No use of other ESAs during the last 4 weeks of study drug administration.
o No packed red blood cells or whole blood transfusions during study conduct.
o Other

Statistical Analysis for Primary Efficacy Endpoint:
The primary objective of this study is to demonstrate there is no clinically meaningful difference 
of IV “Epoetin Hospira” compared to US-Epogen (Amgen) based on the two co-primary 
endpoints.

The statistical analysis method for the two co-primary endpoints are the same as those described 
in Section 2.2.1.2 Statistical Methodologies for Study EPOE-10-13.
 
Statistical Analysis for Secondary Efficacy Endpoints:
Please refer to Section 2.2.1.2 Statistical Methodologies for Study EPOE-10-13.

Reviewer’s Comment: Secondary endpoints are exploratory in nature and not for any labeling 
claim since no multiplicity adjustment has been proposed.

Multiple Comparison/Multiplicity:
An identical hierarchical test strategy was used for testing of two co-primary endpoints as those 
described in Multiple Comparison/Multiplicity under Section 2.2.1.2 Statistical Methodologies 
for Study EPOE-10-13.

Missing Data Handling Strategies: 
There is no missing data imputation scheme for the primary analysis.  For subjects who did not 
have 4 weeks of Hb and/or dose by weight data during the last 4 weeks of the Treatment Period, 
the actual number of weeks was used in the calculation of the mean weekly Hb and/or dose by 
weight for the last 4 weeks of treatment. For subjects with no weekly Hb and/or dose data on 
treatment, baseline value Hb and/or dose by weight was used as the mean weekly Hb and/or dose 
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by weight during the last 4 weeks of treatment.  The last known dose would be used for a 
completer with a dose held in the last week of the Treatment Period. 

For sensitivity analysis, some of the missing data were imputed only 
 Where patients discontinued study drug due to AE:  the missing dose(s) was imputed 

using the dose which is the farthest from the mean dose (during the last 4 weeks). Similar 
imputation was completed for Hb data where needed (ITT – AE).

 Where patients discontinued from the study at any time during the study, but had at least 
4 weeks of dose and Hb data, data from the last 4 week period would be used (ITT - >4 
Weeks).

Reviewer’s Comment:  This reviewer conducted her own sensitivity analysis to assess the 
robustness of the parameter estimates for both primary endpoints by replacing the missing 
values with the average weekly value by treatment arm and the result from the sensitivity 
analysis is in agreement with the result of primary analysis.

2.2.2.2 Patient Disposition, Demographic and Baseline Characteristics

Table 16  Subject Population (Enrolled Population)

Enrolled
(N=1017)

N (%)

Epetin 
Hospira
(N=306)
N (%)

US-
Epogen
(N=306)
N (%)

Total
(N=612)
N (%)

Subject Enrolled 1017 306 306 612

Intent-to-Treat (ITT) 612 (60.2) 306 (100) 306 (100) 612 (100)

Full Analysis Set (FAS) 314 (30.9) 161 (52.6) 153 (50.0) 314 (51.3)

Modified Full Analysis Set 
(mFAS)

595 (58.5) 295 (96.4) 300 (98.0) 595 (97.2)

Retained (RET) 606 (59.6) 301 (98.4) 305 (99.7) 606 (00.0)

Per Protocol (PP) 396 (38.9) 204 (66.7) 192 (62.7) 396 (64.7)

Safety 605 (59.5) 301 (98.4) 304 (99.3) 605 (98.9)

Subject Disposition:
For the ITT Population, 300 subjects (98.0%) in the “Epoetin Hospira” group and 305 subjects 
(99.7%) in the US-Epogen group received treatment with study drug.  A comparable percentage 
in each group (approximately 70%) completed Treatment Period Week 24 on study drug.  Forty-
six subjects (15.0%) in the “Epoetin Hospira” group and 54 subjects (17.6%) in the US-Epogen 
group discontinued study drug prior to Week 24 of the Treatment Period, but remained in the 
study receiving non-study drug SoC ESA and completed the study procedures through Week 24 
of the Treatment Period.  The most common reason for study drug discontinuation was SoC ESA 
use by 42 subjects (13.7%) in the “Epoetin Hospira” group and 43 subjects (14.1%) in the US-
Epogen group.  The majority of subjects (76.5%) in each group never received non-study drug 
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SoC ESA. Fifty-four subjects (17.6%) in the “Epoetin Hospira” group and 47 subjects (15.4%) in 
the US-Epogen group discontinued the study; eight subjects (2.6%) in each group discontinued 
the study due to an AE.  

Table 17  Subject Disposition (Intent-to-Treat Population)  

“Epoetin 
Hospira”
(N = 306)

n (%)

US-
Epogen 
(N =306) 

n (%)

Total
Randomized

(N = 612)
n (%)

Number of Subjects Treated 300 (98.0) 305 (99.7) 605 (98.9)

Number of Subjects who Received Wrong or no Treatment 6 (2.0) 3 (1.0) 9 (1.5)

Treatment Period Week 24 Status
Completed on Study Drug 214 (69.9) 213 (69.6) 427 (69.8)
Completed on Standard of Care* 38 (12.4) 46 (15.0) 84 (13.7)
Discontinued Study Drug and Study Prior to Week 24 54 (17.6) 47 (15.4) 101 (16.5)

Completed Study 252 (82.4) 259 (84.6) 511 (83.5)
Completed Safety Follow-up Period 43 (14.1) 54 (17.6) 97 (15.8)
Completed Safety Follow-up Period and Enrolled in LTSS 2 (0.7) 6 (2.0) 8 (1.3)
Enrolled in LTSS 207 (67.6) 199 (65.0) 406 (66.3)

Discontinued Study 54 (17.6) 47 (15.4) 101 (16.5)

Reason for Study Discontinuation
Withdrawal of Consent 4 (1.3) 7 (2.3) 11 (1.8)
Randomization Error 3 (1.0) 1 (0.3) 4 (0.7)
Adverse Event 8 (2.6) 8 (2.6) 16 (2.6)
Lost to Follow-up 4 (1.3) 2 (0.7) 6 (1.0)
Physician Decision 1 (0.3) 4 (1.3) 5 (0.8)
Non Compliance with Study Procedures 0 0 0
Other 34 (11.1) 25 (8.2) 59 (9.6)

Reason for Study Drug Discontinuation
Withdrawal of Consent 4 (1.3) 6 (2.0) 10 (1.6)
Randomization Error 3 (1.0) 1 (0.3) 4 (0.7)
Adverse Event 9 (2.9) 10 (3.3) 19 (3.1)
Lost to Follow-up 4 (1.3) 2 (0.7) 6 (1.0)
Protocol Deviation/Violation 0 4 (1.3) 4 (0.7)
Physician Decision 1 (0.3) 4 (1.3) 5 (0.8)
Other 29 (9.5) 23 (7.5) 52 (8.5)
Standard of Care ESA 42 (13.7) 43 (14.1) 85 (13.9)

Vacation 1 (0.3) 2 (0.7) 3 (0.5)
Temperature Excursion 15 (4.9) 20 (6.5) 35 (5.7)
Other 26 (8.5) 21 (6.9) 47 (7.7)

Discontinued Study Drug but Stayed in Study* 46 (15.0) 54 (17.6) 100 (16.3)

Non-Study ESA Standard of Care Use
Subject Never Received Non-Study ESA 234 (76.5) 234 (76.5) 468 (76.5)
Subject Received Non-Study ESA and Returned to Study
Drug 30 (9.8) 27 (8.8) 57 (9.3)
Subject Received Non-Study ESA and Did Not Return to
Study Drug in Treatment Period 42 (13.7) 45 (14.7) 87 (14.2)
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Eligible to Enter LTSS 252 (82.4) 256 (83.7) 508 (83.0)

*Subjects discontinuing study drug treatment earlier than 24 weeks were offered standard of care 
Erythropoiesis-Stimulating Agent.

Source: from table 7 in epoe-10-01-report-body.pdf  

Demographics and Other Baseline Characteristics:

Demographics:
For the Safety Population, demographic characteristics were well-matched between treatment 
groups. The numbers of male and female subjects in both groups were generally balanced 
(51.8% male in the “Epoetin Hospira” group and 57.6% male for the US-Epogen group). In the 
“Epoetin Hospira” group, 46.8% of subjects were categorized as White, 48.5% were categorized 
as Black, and 31.2% were categorized as Hispanic or Latino ethnicity. The comparable data for 
the US-Epogen group were 49.3% White, 41.1% Black, and 32.6% Hispanic or Latino ethnicity. 
The mean age for subjects in the “Epoetin Hospira” group was approximately 55 years and for 
subjects in the US-Epogen group was approximately 57 years. Mean weight and mean BMI were 
similar between the “Epoetin Hospira” and US-Epogen groups at approximately 87 kg and 31 
kg/m2, respectively.

Reviewer’s Comment: This reviewer believes that there won’t be any significant difference in 
the results between the safety (605 subjects) and ITT (612 subjects) population due to the small 
difference of five subjects from the “Epoetin Hospira” arm and 2 subjects from the US-Epogen 
arm.

Table 18  Demographics (Safety Population)
Category “Epoetin 

Hospira”
  

US-Epogen
(N = 304)

Total
(N = 605)

Sex [n (%)]
Female 145 (48.2) 129 (42.4) 274 (45.3)
Male 156 (51.8) 175 (57.6) 331 (54.7)

Race [n (%)]
White 141 (46.8) 150 (49.3) 291 (48.1)
Black or African American 146 (48.5) 125 (41.1) 271 (44.8)
Native Hawaiian or other Pacific Islander 2 (0.7) 4 (1.3) 6 (1.0)
Asian 4 (1.3) 13 (4.3) 17 (2.8)
American Indian or Alaska Native 0 1 (0.3) 1 (0.2)
Other 8 (2.7) 10 (3.3) 18 (3.0)
Missing 0 1 (0.3) 1 (0.2)

Ethnicity [n (%)]
Hispanic or Latino 94 (31.2) 99 (32.6) 193 (31.9)
Not Hispanic or Latino 207 (68.8) 204 (67.1) 411 (67.9)
Missing 0 1 (0.3) 1 (0.2)

Age (years)
n 301 304 605
Mean (SD) 55.24 (13.079) 57.36 (11.488) 56.30 (12.340)
Median 57.00 58.00 57.00
Min, Max 21.0, 78.0 25.0, 80.0 21.0, 80.0
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Age Categories [n (%)]
18-40 41 (13.6) 27 (8.9) 68 (11.2)
41-65 188 (62.5) 192 (63.2) 380 (62.8)
66-75 65 (21.6) 76 (25.0) 141 (23.3)
>75 7 (2.3) 9 (3.0) 16 (2.6)

Weight (kg)
n 301 303 604
Mean (SD) 87.28 (23.798) 86.42 (22.465) 86.84 (23.124)
Median 83.60 84.00 83.75
Min, Max 43.2, 195.1 38.5, 194.2 38.5, 195.1

Body Mass Index (kg/m2)
n 301 303 604
Mean (SD) 31.08 (8.548) 30.60 (7.928) 30.84 (8.239)
Median 29.80 29.40 29.65
Min, Max 15.4, 89.8 17.1, 96.3 15.4, 96.3

Source: from table 8 in epoe-10-01-report-body.pdf

Primary Cause of CKD:
The primary cause for CKD was either diabetes or hypertension in both treatment groups 
accounting for approximately 80% of the study population and was generally similar between the 
treatment groups.

Table 19  Primary Cause of Chronic Kidney Disease (ITT Population)

“Epoetin Hospira”
(N=306)

US-Epogen
(N=306)

Total
(N=612)

Primary Cause of CKD
    Diabetes 145 (47.4) 151 (49.3) 296 (48.4)
    Hypertension 105 (34.3) 85 (27.8) 190 (31.0)
    Nephropathies 36 (11.8) 44 (14.4) 80 (13.1)
    Congenital renal disease 6 (2.0) 10 (3.3) 16 (2.6)
    Other 10 (3.3) 12 (3.9) 22 (3.6)
    Unknown 3 (1.0) 3 (1.0) 6 (1.0)
Source: from table 9 in epoe-10-01-report-body.pdf

Other Baseline Characteristics:
For the Safety Population, the two treatment groups were well-matched for other baseline 
characteristics. For both groups, the mean baseline Hb was 10.43 g/dL, and the median baseline 
Hb was 10.40 g/dL for the “Epoetin Hospira” group and 10.50 g/dL for the US-Epogen group. 
For both groups, the mean weekly dose per kg body weight at baseline was approximately 107 
U/kg/week. For both groups, the mean baseline ferritin was approximately 930 ng/mL and the 
mean baseline TSAT was approximately 34%, indicating that both groups were iron replete prior 
to entering the study. For both groups, the mean average duration of hemodialysis was 
approximately 221 minutes, and approximately 99.5% of subjects had hemodialysis three times 
per week. For both groups, the mean time from diagnosis of CKD to randomization was 
approximately 69 months, and the mean time from the start of regular dialysis treatments to 
randomization was approximately 52 months. For both groups, the mean baseline stdKdt/V was 
2.25. No subject in either treatment group had anti-rhEPO antibodies at baseline.
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Table 20  Baseline Characteristics (Safety Population)

Category “Epoetin 
Hospira”
N  301

US-Epogen
(N = 304)

Total
(N = 605)

Average Duration of Hemodialysis (minutes)
n 301 304 605
Mean (SD) 220.02 (29.931) 221.74 (32.609) 220.89 (31.291)
Median 210.00 225.00 220.00
Min, Max 146.0, 360.0 150.0, 450.0 146.0, 450.0

Frequency of Hemodialysis (times/week) [n (%)]
1 0 0 0
2 0 3 (1.0) 3 (0.5)
3 301 (100) 301 (99.0) 602 (99.5)
Missing 0 0 0

Time from First Diagnosis of Chronic Kidney Disease to Randomization (months)
n 296 304 600
Mean (SD) 67.62 (62.334) 70.42 (70.774) 69.04 (66.703)
Median 48.50 48.00 48.00
Min, Max 4.0, 434.0 4.0, 514.0 4.0, 514.0

Time from Start of Regular Dialysis Treatments to Randomization (months)
n 301 304 605
Mean (SD) 51.17 (50.526) 53.66 (51.004) 52.42 (50.740)
Median 35.00 38.50 37.00
Min, Max 4.0, 434.0 3.0, 351.0 3.0, 434.0

Baseline Weekly Dose by Body Weight (U/kg/week)
n 301 303 604
Mean (SD) 106.21 (97.697) 107.54 (104.124) 106.88 (100.891)
Median 73.99 76.68 75.63
Min, Max 2.6, 582.9 1.3, 675.6 1.3, 675.6

Baseline Hemoglobin (g/dL)
n 300 304 604
Mean (SD) 10.43 (0.762) 10.43 (0.711) 10.43 (0.736)
Median 10.40 10.50 10.45
Min, Max 8.3, 13.6 8.6, 12.6 8.3, 13.6

Baseline Hematocrit (%)
n 300 304 604
Mean (SD) 33.12 (2.758) 33.11 (2.644) 33.12 (2.699)
Median 33.25 33.15 33.20
Min, Max 24.6, 42.7 26.0, 41.5 24.6, 42.7

Baseline Ferritin (ng/mL)
n 301 304 605
Mean (SD) 921.1 (436.93) 936.8 (418.85) 929.0 (427.66)
Median 874.0 901.5 884.0
Min, Max 105, 4704 209, 2814 105, 4704

“Epoetin 
Hospira”
N  301

US-Epogen
(N = 304)

Total
(N = 605)
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Baseline TSAT (%)
n 301 304 605
Mean (SD) 34.2 (11.66) 33.3 (10.85) 33.8 (11.26)
Median 33.0 31.0 32.0
Min, Max 11, 91 9, 81 9, 91

Baseline stdKdt/V
n 300 304 604
Mean (SD) 2.262 (0.339) 2.236 (0.376) 2.249 (0.358)
Median 2.310 2.300 2.310
Min, Max 0.27, 3.13 0.27, 3.09 0.27, 3.13

Baseline Anti-rhEPO Antibodies [n(%)]a
Negative RIP 269 (89.4) 265 (87.2) 534 (88.3)
Positive RIP 0 0 0
Neutralizing positive 0 0 0
Missingb 32 (10.6) 39 (12.8) 71 (11.7)

Source: from table 10 in epoe-10-01-report-body.pdf

2.2.2.3 Efficacy Results
Primary Efficacy Endpoint – Primary Analysis
The mean weekly Hb and the mean weekly dose of epoetin per kg of body weight during the last 
4 weeks of the Treatment Period for the “Epoetin Hospira” and the US-Epogen treatment groups, 
as well as the differences in those parameters between the groups are shown in table 21 and table 
22 for the ITT Population.

For the ITT Population, the LS mean for the difference between the “Epoetin Hospira” group and 
the US-Epogen group in weekly Hb during the last 4 weeks of the Treatment Period was -0.12 
g/dL, with a 90% CI of -0.22 to -0.01 g/dL. As this CI was contained within the pre-specified 
acceptance limits of -0.5 to 0.5 g/dL, it was concluded that no clinically meaningful difference 
existed in Hb levels between the two treatment groups in maintaining target Hb levels during the 
last 4 weeks of the Treatment Period. By the hierarchical test strategy, this conclusion allowed 
further assessment of the two treatment groups for epoetin dose. For the ITT Population, the LS 
mean for the difference between the “Epoetin Hospira” group and the US-Epogen group in 
weekly epoetin dose per kg body weight during the last 4 weeks of the Treatment Period was 
0.37 U/kg/week, with a 90% CI of -8.67 to 9.40 U/kg/week.  As this CI was contained within the 
pre-specified acceptance limits of -45 to 45 U/kg/week, it was concluded that no clinically 
meaningful difference existed between the two treatment groups in weekly epoetin dose per kg 
body weight needed to maintain Hb in the target range during the last 4 weeks of the Treatment 
Period. 

Table 21  Primary Efficacy Endpoint – Mean Weekly Hemoglobin (g/dL)- EPOE-10-01 
(IV)

“Epoetin Hospira”
(n=306)

US-Epogen
(n=306)

Difference

n 306 306
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Table 22  Co-Primary Efficacy Endpoint – Mean Weekly Epoetin Dose per kg (U/kg/week)- 
EPOE-10-01 (IV)

“Epoetin Hospira”
(n=306)

US-Epogen
(n=306)

Difference

n 305 305
Mean (SD) 89.61 (99.824) 90.37 (88.492) -0.76

Median 56.20 64.90

Min, Max 0.0, 532.7 0.0, 766.9

LS Means (SE) 90.16(3.874) 89.79 (3.880) 0.37 (5.483)

90% CI for LS Mean Diff. (-8.67, 9.40)

Reviewer’s Comments: 
 The applicant calculated 95% CI for the LS mean difference estimates.  This statistical 

reviewer calculated the 90% CI and presented in the tables above in accordance with 
current FDA guidance to sponsors.

 The applicant claimed the mean hemoglobin value at the last 4 weeks of the treatment 
period is normally distributed (see section 11.4.2.1.1 of the study report).  However, this 
reviewer found the mean hemoglobin value is not normally distributed.  Although it is 
unusual, this finding may suggest that the hemoglobin values are more volatile with IV 
administered drug than SC administered drug.  Both the applicant and this reviewer 
found the mean weekly Epoetin Dose per kg is not normally distributed.   The applicant 
used the original data (non-transformed) for both endpoints in the primary analysis.  This 
reviewer performed sensitivity analysis, which is explained in detail in the next section, to 
validate the primary analysis results and found the estimates and the 90% CIs for both 
endpoints are robust despite the fact that the normality assumption is violated. 

Primary Efficacy Endpoint – Sensitivity Analysis:
The sensitivity analyses with different analysis populations and alternative data imputation 
methodologies for the ITT population are summarized in table 23, figure 9 (mean weekly Hb) 
and figure 10 (mean weekly dose by body weight).  The LS mean estimate of the difference and 
90% CIs between the “Epoetin Hospira” and US-Epogen treatment groups for the mean weekly 

Mean (SD) 10.17 (0.847) 10.28 (0.839) -0.11

Median 10.10 10.30

Min, Max 7.6, 12.6 8.1, 13.7

LS Means (SE) 10.17 (0.047) 10.28 (0.047) -0.12 (0.066)

90% CI for LS Mean Diff. (-0.22, -0.01)
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Hb and mean weekly dose of epoetin per kg of body weight for last 4 weeks of the Treatment 
Period are presented.

Table 23 Mean Weekly Hb and Mean Weekly Epoetin Dose by Body Weight during the 
Last 4 Weeks of the Treatment Period - EPOE-10-01 (IV)

Mean Weekly Hb (g/dL) level Mean Weekly Dose (U/kg/Week)
Estimate of 
Difference

LS Mean (SE)

90% CI Estimate of 
Difference

LS Mean (SE)

90% CI

Per Protocol -0.10 (0.083) (-0.24, 0.04) -2.41 (6.796) (-13.59, 8.77)
Full Analysis Set -0.12 (0.085) (-0.26, 0.02) -6.48 (7.726) (-19.19, 6.23)
Modified Full 
Analysis Set

-0.13 (0.068) (-0.24, -0.02) -0.17 (5.597) (-9.38, 9.04)

Retained Set -0.11 (0.068) (-0.22, 0.00) -5.37 (6.876) (-16.68, 5.94)
ITT – AE -0.12 (0.066) (-0.23, -0.01) 0.57 (5.487) (-9.60, 8.46)
ITT - ≥ 4 weeks -0.12 (0.066) (-0.23, -0.01) 0.37 (5.483) (-9.39, 8.65)
ITT - Avg -0.11 (0.060) (-0.21, -0.02) -7.72 (5.402) (-16.62, 1.18)
ITT - Resample -0.11 (0.067) (-0.22, -0.01) 0.16 (5.245) (-8.83, 9.15)

Figure 7  LS Mean Difference in Weekly Hemoglobin (g/dL) – EPOE-10-01 (IV)
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Figure 8  LS Mean Difference in Weekly Epoetin Dose per kg (U/kg/week) - EPOE-10-01 
(IV)

Reviwer’s Comments: 
 Approximately 15% of the data were missing in these two studies and several sensitivity 

analyses were performed to investigate its impact on the primary analysis results.  The 
applicant used different analysis populations (PPS, FAS, mFAS, and retained) as wells 
as single imputation methods (ITT – AE and ITT > 4 Weeks).  This statistical reviewer 
performed an additional single imputation method (replace the missing values with the 
weekly average by treatment arm (ITT – Avg)) and found the the sensitivity analyses 
based on different populations and imputation methods did not affect the primary 
analysis results significantly.  

 Hb level and Dosage data are not normally distributed.  The applicant used the original 
data (non-normally distributed) for the primary analysis due to failure to transform the 
data into normal forms.  However, fitting a non-normal data using the ANCOVA model 
might undermine the validity of the results since the model is based on the assumption 
that the response variable is normally distributed.    This reviewer performed a 
resampling method (ITT – Resample) as a sensitivity analysis to validate the robustness 
of the primary analysis results and found the point estimates and the corresponding 
90% CI are indeed robust. 
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Secondary Efficacy Endpoints:

Mean Weekly Hemoglobin Levels:
For the ITT Population, for both the “Epoetin Hospira” and US-Epogen treatment groups, the 
mean weekly Hb for each 4-week interval during the 24-week Treatment Period ranged between 
10.15 and 10.39 g/dL.  Figure 9 below shows for each week during the 24-week Treatment 
Period, the results indicate that the 90% CI of the mean weekly Hb were overlapped between 
“Epoetin Hospira” and US-Epogen over the duration of the Treatment Period.

Figure 9  Mean Weekly Hb (90% CI) during the Treatment Period for EPOEN-10-01 (IV)

Mean Weekly Epoetin Dosage by Body Weight:
For the ITT Population, the mean weekly epoetin dose per kg body weight for each 4-week 
interval during the 24-week Treatment Period ranged between approximately 84 and 91 
U/kg/week for the “Epoetin Hospira” group, and between approximately 87 and 94 U/kg/week 
for the US-Epogen group.

Figure 10 provides a graphical representation of the mean weekly dose of epoetin per kg body 
weight (U/kg/week) for each treatment.  It shows that the 90% CI of the mean weekly dose per 
kg body weight were overlapped for “Epoetin Hospira” and US-Epogen over the Treatment 
Period.
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Figure 10  Mean Weekly Epoetin dosage (90% CI) during the Treatment Period for 
EPOEN-10-01 (IV)

Reviewer’s Comments: Figure 9 shows that the 90% CIs for the mean weekly Hb were 
overlapped between “Epoetin Hospira” and US-Epogen over the 24-week Treatment period.  
Figure 10 also shows that the 90% CIs for the mean weekly dosage were overlapped between the 
two treatment arms.  Even though these secondary endpoints are exploratory in nature due to the 
lack of multiplicity adjustments, the two plots support the findings from the primary analysis of 
no meaningful clinical difference between the two treatment arms.

Proportion of Subjects with Weekly Mean Hemoglobin within and outside the Target 
Range at Weeks 12 and 24 of the Treatment Period:
For the ITT Population, at Week 12, mean weekly Hb was within the target range of 9.0 to
11.0 g/dL for more subjects in the “Epoetin Hospira” group than in the US-Epogen group: 221 
subjects (81.0%) in the “Epoetin Hospira” group and 199 subjects (73.2%) in the US-Epogen 
group.

Reviewer’s comments: This observed treatment difference may indicate a potentially difference 
in proportions of patients with weekly mean Hb outside of the target range at weeks 12 and 24.  
However, since there is no multiplicity adjustment, such finding of treatment difference could be 
just by chance alone.

At Week 24, the proportions of subjects within the ITT Populations with weekly mean Hb levels 
within and outside of target range were consistent between the treatment groups.

Further, the proportion of subjects in each treatment group with Hb levels outside the target 
range was stable over the course of the Treatment Period. For both treatment groups in the ITT 
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Populations, more subjects who were out of range had Hb values above 11.0 g/dL than below 9.0 
g/dL throughout the Treatment Period.

Table 24 Proportion of Subjects with Weekly Mean Hemoglobin Level within and outside 
the Target Range (9.0 to 11.0 g/dL) at Week 12 and 24 of the Treatment Period - ITT

Week No. of valid Hb 
value at given week

“Epoetin Hospira”
(N=306)
N (%)

US-Epogen
(N=306)
N (%)

Nominal
P-value*

Week 12 545
Within Target Range 221 (81.0) 199 (73.2) 0.0327
Out of Target Range 52 (19.0) 73 (26.8)
Hb < 9.0 g/dL 14 (5.1) 19 (7.0)
Hb > 11.0 g/dL 38 (13.9) 54 (19.9)

Week 24 516
Within Target Range 188 (73.2) 185 (71.4) 0.6945
Out of Target Range 69 (26.8) 74 (28.6)
Hb < 9.0 g/dL 14 (5.4) 19 (7.3)
Hb > 11.0 g/dL 55 (21.4) 55 (21.2)
*Based on Fisher’s exact test.

Incidence of Subjects Receiving Blood Transfusions during the Treatment Period:
For the ITT population, over the entire 24-week of Treatment Period, 19 subjects (6.3%) in the 
“Epoetin Hospira” group and 18 subjects (5.9%) in the US-Epogen group received a blood 
transfusion. Conversely, 284 subjects (93.7%) in the “Epoetin Hospira” group and 287 subjects 
(94.1%) in the US-Epogen group did not receive a blood transfusion. It appears that all nominal 
p-value based on Fisher’s exact test are greater than 0.05. 

Table 25 Incidence of Subjects Receiving Blood Transfusions during the Treatment Period 
- ITT

“Epoetin Hospira”
(N=306)

US-Epogen
(N=306)

Weeks

N Yes No N Yes No

Nominal 
P-value*

At Any time 303 19 (6.3) 284 (93.7) 305 18 (5.9) 287 (94.1) 0.8670

Week 1-4 303 3 (1.0) 300 (99.0) 305 1 (0.3) 304 (99.7) 0.3721

Week 5-8 295 2 (0.7) 293 (99.3) 297 3 (1.0) 294 (99.0) >0.9999

Week 9-12 291 4 (1.4) 287 (98.6) 292 5 (1.7) 287 (98.3) >0.9999

Week 13-16 285 2 (0.7) 283 (99.3) 284 6 (2.1) 278 (97.9) 0.1762

Week 17-20 277 7 (2.5) 270 (97.5) 275 3 (1.1) 272 (98.9) 0.3393

Week 21-24 271 3 (1.1) 268 (98.9) 269 2 (0.7) 267 (99.3) >0.9999
*Based on Fisher’s exact test.
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Reviewer’s Comments:  The results from the proportion of subjects with weekly mean Hb level 
within and outside the target range at Week 24 and the incidence of subjects receiving blood 
transfusion during the treatment period for the ITT population appear to support the primary 
analysis results since they were consistence between the treatment groups.

2.3 Evaluation of Safety 
Please refer to clinical review on the Safety issues of study Epoe-10-13 and Epoe-10-01.

3 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS

3.1 Gender, Race, Age, and Geographic Region
Subgroup analysis results are presented in this section by gender, race and age.  The subgroup 
analysis by geographic region was not performed because almost all subjects are from US.

3.1.1 EPOE-10-13

Figure 11 Subgroup Analyses for Mean weekly Hb value (g/dL) – EPOE-10-13
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Figure 12  Subgroup Analyses for Mean weekly Epoetin Dose Usage (U/kg/week)– EPOE-
10-13

Reviewer’s Comments:  For study EPOE-10-13, the results of mean weekly Hb values and mean 
weekly Epoetin dose usage from the different subgroups (gender, race, age category) seem to 
agree with each other and with the results from the primary analysis for both primary endpoints. 

3.1.2 EPOE-10-01
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Figure 13  Subgroup Analyses for Mean weekly Hb value (g/dL) - EPOE-10-01

Figure 14  Subgroup Analyses for Mean weekly Epoetin Dose Usage (U/kg/week) – EPOE-
10-01
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Reviewer’s Comments:  For study EPOE-10-01, the results of mean weekly Hb values and mean 
weekly Epoetin dose usage from the different subgroups (gender, race, age category) also seem 
to agree with each other and with the results from the primary analysis for both primary 
endpoints.  

4 SUMMARY AND CONCLUSIONS

4.1 Statistical Issues and Collective Evidence
The results from studies EPOE-10-13 and EPOE-10-01 are provided in this section.  However, 
several GCP non-compliant sites were discovered after the submission and it was determined 
that at least 10% of the data from the ITT population were derived from GCP non-compliant 
sites and therefore potentially unreliable.

4.1.1 EPOE-10-13
Summary of Efficacy Results: 

 For the ITT Population, the LS mean for the difference between the “Epoetin Hospira” 
group and the US-Epogen group in weekly Hb during the last 4 weeks of the 
Maintenance Period was 0.04 g/dL, with a 90% CI of -0.13 to 0.21 g/dL. Based on 
current data submission, this 90% CI was contained within the pre-specified acceptance 
limits of -0.5 to 0.5 g/dL.  

 For the ITT Population, the LS mean for the difference between the “Epoetin Hospira” 
group and the US-Epogen group in weekly US-Epoetin dose per kg body weight during 
the last 4 weeks of the Treatment Period was -2.34 U/kg/week, with a 90% CI of -12.54 
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to 7.85 U/kg/week.  Based on current data submission, this 90% CI was contained within 
the pre-specified acceptance limits of -45 to 45 U/kg/week,

 Summary of Statistical Issues:
 If either of the co-primary endpoints is not normally distributed, the validity of the 

results from the ANCOVA model could be undermined due the violation of the 
normality assumptions.   This reviewer found that the mean weekly dosage is not 
normally distributed.  However, the results appear to be robust after this reviewer used a 
resampling method to confirm if the parameter estimates and the 90% CI are consistent 
with the primary efficacy results.

 Both studies contained about 15% of missing data.  Several sensitivity analyses were 
performed to investigate the impact of these missing data on the primary analysis 
results.  The applicant used different analysis populations (PPS, FAS, mFAS, and 
retained) as wells as single imputation methods (ITT – AE and ITT > 4 Weeks).  This 
statistical reviewer performed a single imputation method (replace the missing value 
with the weekly average by treatment arm).  The results showed the sensitivity analyses 
did not affect the primary analysis results significantly.

4.1.2 EPOE-10-01
Summary of Efficacy Results

 For the ITT Population, the LS mean for the difference between the “Epoetin Hospira” 
group and the US-Epogen group in weekly Hb during the last 4 weeks of the Treatment 
Period was -0.12 g/dL, with a 90% CI of -0.22 to -0.01 g/dL. Based on current data 
submission, this 90% CI was contained within the pre-specified acceptance limits of -0.5 
to 0.5 g/dL.  

 For the ITT Population, the LS mean for the difference between the “Epoetin Hospira” 
group and the US-Epogen group in weekly epoetin dose per kg body weight during the 
last 4 weeks of the Treatment Period was 0.37 U/kg/week, with a 90% CI of -8.67 to 
9.40 U/kg/week.  Based on current data submission, this 90% CI was contained within 
the pre-specified acceptance limits of -45 to 45 U/kg/week.

Summary of Statistical Issues:
 If either of the co-primary endpoints is not normally distributed, the validity of the 

results from the ANCOVA model could be undermined due the violation of the 
normality assumptions.  This statistical reviewer found that the mean weekly Hb level 
and the mean weekly dosage are not normally distributed.  However, the results appear 
to be robust after this reviewer used a resampling method to confirm if the parameter 
estimates and the 90% CI are consistent with the primary efficacy results.

 Both studies contained about 15% of missing data.  Several sensitivity analyses were 
performed to investigate the impact of these missing data on the primary analysis 
results.  The applicant used different analysis populations (PPS, FAS, mFAS, and 
retained) as wells as single imputation methods (ITT – AE and ITT > 4 Weeks).  This 
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statistical reviewer performed a single imputation method (replace the missing value 
with the weekly average by treatment arm).  The results showed the sensitivity analyses 
did not affect the primary analysis results significantly.

4.2 Conclusions and Recommendations
The CIs for both primary endpoints in both studies were contained within the pre-defined 
acceptance limits.  Sensitivity analyses were performed by both the applicant and FDA’s 
statistical reviewer showed the primary analysis results were robust for both primary endpoints 
and the results from the secondary endpoints further supported the findings. However, several 
GCP non-compliant sites were discovered after the submission and it was determined that at least 
10% of the data from the ITT population in each study were derived from GCP non-compliant 
sites and therefore potentially unreliable (Summary of Clinical Efficacy, Module 2.7.3, page 62 
of 140).  The agency expressed concerns about the quality of the clinical data.  At this time, a 
definite conclusion cannot be made due to the on-going investigation of the clinical sites.

4.3 Labeling Recommendations 
Based on this statistical review, summaries of the primary efficacy results in the ITT population 
from study EPOE-10-13 and EPOE-10-01, as currently submitted, are not appropriate to be 
included in the labeling due to the concern of data reliability.  
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Appendix 1: 
Justification of Equivalence Margins for the Co-Primary Endpoints

Selection of Hemoglobin Equivalence Margin of ± 0.5 g/dL

For the difference between the mean weekly Hb levels observed with “Epoetin Hospira” and 
Epogen, the equivalence margin of ± 0.5 g/dL was used.  The rationale for selecting this 
equivalence margin was based on previous studies with Eprex® (Janssen-Cilag) and EU 
approved Retacrit® (Hospira UK Limited) [7].  The High intra-individual variability of Hb levels 
in patients with renal anemia is described in the literature.  One observational study in 987 
epoetin-treated HD patients found that the Hb variability ranges that encompassed 90% of 
patients using 1-month, 3-month, and 6-month rolling averages were 4.4 g/dL, 3.7 g/dL, and 
3.2 g/dL, respectively [8].  Fewer than 50% of these patients had Hb variability values within the 
range of 1.0 g/dL recommended by the National Kidney Foundation-Kidney Disease Outcome 
Quality Initiative (NKF-KDOQI), even when a 6-month rolling average was applied.  Another 
study evaluated Hb variability in 48,133 patients with end stage renal failure [5].  The average 
individual patient was calculated to have an expected fluctuation of ± 1.4 g/dL in 3-month rolling 
average Hb levels per year.  Therefore, the data from the literature indicate that even “stable” 
patients with renal anemia on stable epoetin doses experience intra-individual fluctuations in Hb 
of approximately ± 1 g/dL.  Thus, an equivalence margin of ± 0.5 g/dL is considered relevant to 
demonstrate the equivalence of the two epoetin products.
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Selection of Dose Acceptance Margin of ± 45 U/kg/Week

The rationale for selecting the acceptance margin of ± 45 U/kg/week  for the difference between 
the mean weekly dose per kg of body weight observed with “Epoetin Hospira” and Epogen was 
based on the following considerations:

45 U/kg/week is a No Effect Dose

In a combined Phase 1 and 2 study with six dose levels of Epogen (1.5, 5.0, 15.0, 50, 150, and 
500 U/kg TIW), the two lowest doses of 1.5 and 5.0 U/kg TIW demonstrated no consistent 
response (i.e., increase of Hb).  A dose of 15 U/kg TIW (i.e., 45 U/kg/week) revealed a slight 
response (Hct of 28 g/dL) in one subject, but even in this responding subject, the target Hct was 
not reached.  At doses of 150 U/kg/week (50 U/kg TIW) or higher, a consistent dose-dependent 
increase in target parameters was seen [9]. 

In the assessment of the application for approval of Epogen, the FDA also noted that 15 U/kg 
TIW did not produce a rise in Hb.  The following citation can be found in the respective 
Freedom of Information Act (FOIA) documentation of the Summary Basis of Approval:  

Groups of patients were treated with Epoetin in doses of 1.5, 5, 15, 50, 150, 500, and 
1500 U/kg T.I.W.  At doses of 1.5-15 U/kg, there was no increase in hematocrit or 
hemoglobin [10].

Per the Epogen US Package Insert [4, 5], the recommended US minimally effective starting dose 
is 50 U/kg TIW, with a starting range of 50 to 100 U/kg TIW.

A similar conclusion that 45 IU/kg/week (3x15 IU/kg/week) is close to a no-effect dose was 
reached by the European Agency for the Evaluation of Medicinal Products (EMEA) on 
reviewing dose-response studies with epoetin:  

In healthy subjects epoetin delta had a non-linear dose-related effect on 
pharmacodynamic parameters studied with increased HGB slope with increased dose 
(p=0.0001).  The 15 IU/kg dose was close to the no-effect dose while 40 U/kg [sic] and 
100 U/kg [sic] doses were distinguishable from placebo.  Over a four week period the 
increase in haematocrit was 0.12 and 0.18%/day with 40 and 100 IU/kg, which is 
comparable to results for epoetin alfa for the same two doses [11].

On the basis of these data, an equivalence margin of ± 45 U/kg/week was used to demonstrate 
therapeutic equivalence of Eprex and EU-approved Retacrit in previous published studies [6, 7, 
2].  

Recommended Dose Changes

The Epogen US Package Inserts [3, 4] recommends a starting dose of 50-100 U/kg 3 times a 
week for CKD patients, corresponding to 150-300 U/kg/week.  The Package Insert indicates that 
if the patient does not respond adequately or if the Hb rises rapidly, a 25% dose increase or 
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decrease is recommended.  This percentage dose change equates to a dose change of ± 37.5 to 
± 75 U/kg/week.  

Relevance of Acceptance Margin of ± 45 U/kg/week to Demonstrate Similarity of Two Epoetin 
Products

The dose acceptance margin of ± 45 U/kg/week has been informed by the following:

 The establishment of the no-effect dose of 45 U/kg/week from multiple sources

 The demonstration that doses of 150 U/kg/week or higher were needed to provide a 
consistent dose-dependent increase in Hb

 The recommended increase or decrease of ± 37.5 to ± 75 U/kg/week of the starting dose 
for patients who required a dose modification per the Epogen reference product labeling

 The use of this acceptance margin to demonstrate similarity of Eprex and EU Retacrit in 
previous studies 
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I. EXECUTIVE SUMMARY  

This review provides results of statistical equivalence test for the critical quality attributes of In-
vivo Biopotency (%RP) and in-vitro Specific Activity (U/μg) to support a demonstration that the 
proposed biosimilar “Epoetin Hospira” is highly similar to US-licensed Epogen/Procrit.  
 
The summarized results of statistical equivalence test are provided in Table 1. From Table 1, 
FDA reviewer’s conclusions are  
 

• For In-vivo Biopotency (%RP), the results of statistical equivalence test support the 
demonstration that “Epoetin Hospira” is highly similar to US-licensed Epogen/Procrit 
because statistical equivalence in means is established between the proposed biosimilar 
product and US-licensed reference product.  

• For In-vitro Specific Activity (U/μg), the results of statistical equivalence test support the 
demonstration that “Epoetin Hospira” is highly similar to US-licensed Epogen/Procrit 
because statistical equivalence in means is established between the proposed biosimilar 
product and US-licensed reference product. 

 
Table 1 – Summarized Results of Statistical Equivalence Test from FDA Reviewer’s Analyses 

 
a Equivalence margin is set as 1.5×σR, where σR is the standard deviation of the reference product; 
b Statistical equivalence in mean values is established if the obtained confidence interval of the mean difference 

is completely within the equivalence margin. 
 

 
II. INTRODUCTION 

 
On December 15, 2014, Hospira Inc. submitted BLA 125545 seeking for licensure for “Epoetin 
Hospira” as a biosimilar to US-licensed Epogen/Procrit under section 351(k) of the Public Health 
Service Act. “Epoetin Hospira” is manufactured in a recombinant Chinese Hamster Ovary 
(CHO) cell line. “Epoetin Hospira” Drug Product is in the presentation of single-dose vials 
(1mL) with 2000, 3000, 4000, 10,000 or 40,000 Units of drug substance. The reference product 
is US-licensed Epogen/Procrit manufactured by Amgen.  
 
The sponsor’s analytical similarity study is reported in section 3.2.R.5 entitled “Analytical 
Biosimilarity Assessment” in the BLA 125545 submission package. The sponsor applied 

Quality Attribute Comparison 
Number 
of Lots 

Mean 
Difference 

Confidence 
Interval 

Equivalence 
Margin a 

Statistical 
Equivalence? b 

In-vivo Biopotency 
(%RP) 

“Epoetin Hospira” 
vs.  
US-licensed  
Epogen/Procrit 

26 vs. 26 3.02 (-0.47, 6.51) (-11.02,11.02) Yes 

In-vitro Specific 
Activity (U/μg) 25 vs.35 0.80 (-1.63,3.23) (-7.26, 7.26) Yes 
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statistical equivalence test in their analytical similarity assessment using an age window 
approach. In this review, FDA reviewer evaluated the sponsor’s proposed approach and also 
performed independent statistical analyses for in-vivo Biopotency (%RP) and in-vitro Specific 
Activity (U/μg). Those two critical quality attributes are subject to statistical equivalence test as 
recommended by FDA. 

 
The sponsor’s equivalence tests on in-vivo Biopotency (%RP) and in-vitro Specific Activity 
(U/μg) are briefly described in Section III, followed by FDA reviewer’s comments on the their 
analyses. Section IV provides FDA reviewer’s independent statistical equivalence test for 
Bioactivity and Protein Concentration. The overall conclusions are summarized in Section V. 

 
 

III. SPONSOR’S STATISTICAL EQUIVALENCE TEST 

The sponsor applied statistical equivalence test for in-vivo Biopotency (%RP) and in-vitro 
Specific Activity (U/μg) based on an age window approach. The overview of their proposed 
approach with the review’s comments is provided in Section III.1. The sponsor’s analyses and 
results on those two quality attributes are provided in Section III.2 and Section III.3.  

 

III.1. OVERVIEW OF SPONSOR’S AGE WINDOW APPROACH 

In the original BLA submission, the sponsor proposed “provided there are no statistically 
significant trends over time for an attribute within a lot, the real-time stability results may be 
considered as replicates for that lot. The lot average results for the attribute will then be used in 
the tiered statistical analyses.” FDA reviewer does not agree with this approach of pooling 
stability data for the following reasons.  
 

1. The replicates for each lot should be measured within a relative short period under the 
same or very similar conditions. The variability occurs in the replicates should reflect the 
random error of the analytical method. In your approach, “replicates” from the stability 
data were measured over a long time period during which the measurement conditions 
may have changed. In addition, the variability of stability data does not a measure of the 
random error of the analytical method.  

2. The non-significant results of the trend test do not necessarily indicate there is no trend 
because the trend test is a significant-test-based approach which has a known limitation 
of showing non-significant results when the number of data points is small. In your 
analytical data, there are only 2 to 4 data points within each lot for most lots. Thus, the 
trend tests are likely to have non-significant results. 
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3. We observe that the number of stability data points of the “Epoetin Hospira” PD lots is 
more than that of the US-licensed Epogen Reference Product/Procrit Lots for most lots. 
In this case, by averaging the stability data by lot, the reference product would have 
larger variability than the “Epoetin Hospira”, leading to a wider equivalence margin. 
Particularly, for in vivo biopotency, the reference lots have only one stability data point. 
However, the “Epoetin Hospira” PD lots have multiple stability data points. 

4. In addition, we observe that the length of time tested for the reference product is shorter 
than that of the “Epoetin Hospira” for most lots. Such a difference in time span would 
become a cofounding factor for the analytical similarity assessment.  

Thus, the sponsor revised their analytical similarity assessment based on an age window 
approach. Their revised study report was submitted to the Agency on April 28, 2015. In the 
proposed age window approach, the sponsor divided lots into multiple, overlapping windows 
based on the age at the time of testing. The lots assigned to each window have similar ages. In 
addition, the number of lots in each window between the proposed biosimilar and US-licensed 
reference product is similar. The sponsor performed the analytical similarity assessment within 
each age window.  
 
The reviewer has the following comments regarding the proposed age window approach. For 
critical quality attribute assigned for statistical equivalence test, the equivalence in means should 
be established across all age windows to support a demonstration of similarity. Thus, it is the 
sponsor’s own risk to conduct multiple tests. In addition, the equivalence test results may be 
impacted by multiple factors, such as the choice of age windows, the length of age window, and 
the number of age window. However, there are no clear criteria on determination of those 
factors. Thus, the reviewer performed independent statistical equivalence tests on the earliest 
stability data points only. Please note, the reviewer also repeated the proposed age window 
approach to confirm the sponsor’s results. Please refer to Section VI for detailed analyses.  
 

III.2. SPONSOR’S AGE WINDOW APPROACH ON IN-VIVO BIOPOTENCY 

In-vivo Biopotency is a critical quality attribute for analytical similarity assessment. The results 
were reported as Units per volume (U/mL). In-vivo Biopotency (RP%) were measured as the 
biopotency value relative to the reference standard. In-vivo Biopotency is determined by the in-
vivo normocythaemic mouse assay. This assay measures “the ability of epoetin administered 
subcutaneously at titrated doses to increase reticulocyte count”.  
 
The sponsor performed the equivalence test on In-vivo Biopotency (%RP) by the proposed age 
window approach. Specifically, the sponsor divided lots of the proposed biosimilar and US-
licensed reference product into three age windows: lots with age from 3 to 8 months, lots with 
age from 6 to 13 months, and lots with age from 3 to 13 months. Please note, the age of lots from 
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US-licensed reference product is estimated. The descriptive statistics for each assigned age 
window are provided in Table 2. The sponsor’s results of equivalence test in means for each age 
window are provided in Table 3 below.   
 

Table 2 – Sponsor’s Descriptive Statistics for In-vivo Biopotency (%RP) for Each Age Window 
 

 
 
 

Table 3 – Sponsor’s Results of Statistical Equivalence Test for In-vivo Biopotency (%RP) for 
Each Age Window 
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III.3. SPONSOR’S EQUIVALENCE TEST ON IN-VITRO SPECIFIC ACTIVITY 

In-vitro specific activity (U/μg) is another critical quality attribute for statistical equivalence test. 
The results were obtained by dividing the in-vitro Biopotency (U/mL) by the measured Epoetin 
Content (μg/mL) for the same lot.  
 

 
 

The sponsor performed the equivalence test on In-vitro Specific Activity for each age window. 
Specifically, the sponsor divided lots of the proposed biosimilar and US-licensed reference 
product into four age windows: lots with age from 3 to 8 months, lots with age from 5 to 11 
months, lots with age from 8 to 14 months, and lots with age from 3 to 14 months. Please note, 
the age of lots from US-licensed reference product is estimated. The descriptive statistics for 
each assigned age window are provided in Table 4. The sponsor’s results of equivalence test in 
means for each age window are provided in Table 5 below.   
 
 

Table 4 – Sponsor’s Descriptive Statistics for In-vitro Specific Activity for Each Age Window 
 

 
 

Table 5 – Sponsor’s Descriptive Statistics for In-vitro Specific Activity for Each Age Window 
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IV. FDA REVIEWER’S STATISTICAL EQUIVALENCE TEST 

IV.1. OVERVIEW  

For the critical quality attributes, FDA recommends statistical equivalence test in means to assess 
the similarity between the proposed biosimilar and US-licensed reference product. To assess the 
overall similarity, FDA reviewer conducted the statistical equivalence test using the earliest 
stability data point for each lot only. The statistical hypothesis being conducted is as follows. 

 
H0: μT – μR ≤ -1.5σR or μT – μR ≥ 1.5σR  

versus 
Ha:  -1.5σR < μT – μR ≤ 1.5σR 

 
where μT and μR respectively are the mean responses of the test and the reference products and σR  
is the standard deviation of the reference product. In above hypothesis, the equivalence margin 
was set to ensure an adequate power to pass the equivalence test, when a small but sufficient 
number of lots are available for testing. After examining a range of possible values for the 
constant, FDA scientists and statisticians agreed on defining the margin as ±1.5σR. This margin 
gives 87% power of passing the equivalence test, if the true mean difference is 1/8 × σR, with 10 
biosimilar lots and 10 reference lots used for testing and assuming a Type I error rate of α = 5% 
(i.e., use of a 90% confidence interval for the equivalence testing procedure).  When the number 
of lots is smaller than 10, the test size α may be relaxed somewhat. However, we recommend 
sponsors discuss the relaxed test size with FDA in advance.  
 
Statistical equivalence in means is established if the 90% confidence interval of the mean 
difference falls inside the equivalence margin of (-1.5σR, 1.5σR).When the sample variances of 
the test and reference products are similar, we can use formula (1) below to compute the 
confidence interval. 
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Confidence Interval = 𝑋�𝑇 − 𝑋�𝑅 ± t1- α, NT + NR – 2 × 𝑆𝑝𝑝𝑝𝑝�
1
𝑁𝑇

+ 1
𝑁𝑅

   (1) 

 
where α = 5%,  𝑆𝑝𝑝𝑝𝑝2 = (𝑁𝑇−1)𝑆𝑇

2+(𝑁𝑅−1)𝑆𝑅
2

𝑁𝑇+𝑁𝑅−2
 is the pooled sample variance  with equal variance 

assumption. When the variances of the test and the reference products are different, we can use 
formula (2) to compute the confidence interval 
 

   Confidence Interval = 𝑋�𝑇 − 𝑋�𝑅 ± t1- α, v ×�
𝑆𝑇
2

𝑁𝑇
+ 𝑆𝑅

2

𝑁𝑅
    (2) 

 
where the degree of freedom v is computed by the Satterthwaite approximation.  
 
Applying the above approach, FDA reviewer’s equivalence testing results for in-vivo Biopotency 
(%RP) and in-vitro Specific Activity are summarized below.  
 
 

IV.2. FDA REVIEWER’S STATISTICAL EQUIVALENCE TEST ON BIOACTIVITY 

In-vivo Biopotency is a critical quality attribute for analytical similarity assessment. The results 
were reported as Units per volume (U/mL). In-vivo Biopotency (RP%) were the biopotency 
value relative to the reference standard. In-vivo Biopotency is determined by the in-vivo 
normocythaemic mouse assay. This assay measures “the ability of epoetin administered 
subcutaneously at titrated dose to increase reticulocyte count”.  
 
FDA reviewer’s plot of lot values and descriptive statistics are provided in Figure 1 and Table 
6, respectively. Please note, for each lot, the lot value is the earliest stability data points for the 
same lots. If there are replicates at that time points, average is computed as the lot value.  

 

To further assess the analytical similarity between the proposed biosimilar and US-licensed 
reference product, FDA reviewer performed statistical equivalence test in means using the 
earliest stability data points for each lot only. Table 7 below shows the results of the equivalence 
test conducted by the FDA reviewer. Again, the statistical equivalence in means is established if 
the 90% confidence interval (CI) of the mean difference is completely cover by the equivalence 
margin of ±1.5×σR, where σR is the standard deviation of the reference product. In addition, σR is 
estimated by the sample standard deviation and is treated as a constant in our analyses.  
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Figure 1– FDA Reviewer’s Plot of Lot Values of In-vivo Bioactivity (%RP) of “Epoetin 
Hospira” (Solid Circle) and US-licensed Epogen/Procrit (Open Circle)  

 
 

Table 6 - Descriptive Statistics for In-vivo Biopotency (%RP) based on FDA Reviewer’s Analyses 

 Number of Lots Min Max Mean 
Standard 
Deviation 

“Epoetin Hospira” 26 87 116 102.4 7.7 
US-licensed 
Epogen/Procrit 26 88 117 99.35 7.3 

 
 

Table 7– FDA Reviewer’s Equivalence Test Results for In-vitro Bioactivity (%RP) 

a
 Equivalence margin is set as ±1.5×σR, where σR is the standard deviation of the reference product. 

 
As can be seen from Table 7, the 90% CI of the mean difference between the proposed 
biosimilar and US-licensed Epogen/Procrit is (-0.47, 6.51), which is completely covered by the 
equivalence margin of (-11.02, 11.02). Thus, the statistical equivalence in means for in vivo 
Biopotency is established. 
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“Epoetin Hospira” vs.  
US-licensed  
Epogen/Procrit 

26 vs. 26 3.02 (-0.47, 6.51) (-11.02,11.02) Yes 
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IV.3. FDA REVIEWER’S STATISTICAL EQUIVALENCE TEST ON IN-VITRO 
SPECIFIC ACTIVITY 

In-vitro specific activity (U/μg) is another critical quality attribute for statistical equivalence test. 
The results were obtained by dividing the in-vitro Biopotency (U/mL) by the measured Epoetin 
Content (μg/mL) for the same lot.  
 
FDA reviewer’s plot of lot values and descriptive statistics for in-vitro specific activity are 
provided in Figure 2 and Table 8, respectively. Please note, for each lot, the lot value is the 
earliest stability data points for the same lots. If there are replicates at that time points, average is 
computed as the lot value.  
 

Figure 2– FDA Reviewer’s Plot of Lot Values of In-vitro Specific Activity (U/μg) of 
“Epoetin Hospira” (Solid Diamond) and US-licensed Epogen/Procrit (Open Diamond)  

 

 
 

Table 8 - Descriptive Statistics for In-vitro Specific Activity U/μg) based on FDA Reviewer’s 
Analyses 

 Number of Lots Min Max Mean 
Standard 
Deviation 

“Epoetin Hospira” 25 103 130 121.6 6.4 

US-licensed 
Epogen/Procrit 35 112 133 120.8 4.8 
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To further assess the analytical similarity between the proposed biosimilar and US-licensed 
reference product, FDA reviewer performed statistical equivalence test in means using the 
earliest stability data points for each lot only. Table 9 below shows the results of the equivalence 
test conducted by FDA reviewer. Again, the statistical equivalence in means is established if the 
90% confidence interval (CI) of the mean difference is completely cover by the equivalence 
margin of ±1.5×σR, where σR is the standard deviation of the reference product. In addition, σR is 
estimated by the sample standard deviation and is treated as a constant in this analysis.  
 

Table 9– FDA Reviewer’s Equivalence Test Results for In-vitro Specific Activity (U/μg) 

 

a
 Equivalence margin is set as ±1.5×σR, where σR is the standard deviation of the reference product. 

 
As can be seen from Table 9, the 90% CI of the mean difference between the proposed 
biosimilar and US-licensed Epogen/Procrit is (-1.63, 3.23), which is completely covered by the 
equivalence margin of (-7.26, 7.26). Thus, the statistical equivalence in means for In-vitro 
Specific Activity (U/μg) is established. 

 

 

V. CONCLUSIONS 

From FDA reviewer’s independent analysis, the overall conclusions are: 
 

• For In-vivo Biopotency (%RP), the results of statistical equivalence test support the 
demonstration that “Epoetin Hospira” is highly similar to US-licensed Epogen/Procrit 
because statistical equivalence in means is established between the proposed biosimilar 
and US-licensed reference product.  

• For In-vitro Specific Activity (U/μg), the results of statistical equivalence test support the 
demonstration that “Epoetin Hospira” is highly similar to US-licensed Epogen/Procrit 
because statistical equivalence in means is established between the proposed biosimilar 
and US-licensed reference product. 

In-vitro Specific Activity 
(U/μg) 

Number of 
Lots 

Mean 
Difference 

90% 
Confidence 

Interval 

Equivalence 
Margin a 

Statistical 
Equivalence? 

“Epoetin Hospira” vs.  
US-licensed  Epogen/Procrit 25 vs.35 0.80 (-1.63,3.23) (-7.26, 7.26) Yes 
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