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As shown in Tables 1 and 2, the results from the statistical equivalence testing of Protein Content 

as assessed by UV-280 and Relative Potency as assessed by Proliferation Inhibition Bioassay 

support a demonstration that the proposed biosimilar MYL-1401H is highly similar to US-

licensed Neulasta. The results also support the analytical portion of the scientific bridge to justify 

the relevance of EU-approved Neulasta data from the comparative clinical study. 

 
2 INTRODUCTION 
 
On December 9, 2016, Mylan GmbH. submitted to the U.S. Food and Drug Administration 

(FDA) a 351(k) BLA which included an analytical similarity assessment of comparing the Tier 1 

quality attributes for MYL-1401H, US-licensed Neulasta and EU-approved Neulasta. 

 

Mylan GmbH. used 10 MYL-1401H drug product lots for the Tier 1 analytical similarity 

assessment.  This encompasses lots used in stability studies,  lots used in clinical studies and 

process validation. Multiple MYL-1401H drug substance lots manufactured using the proposed 

commercial process are included to represent the expected MYL-1401H process variability. For 

parameters primarily influenced by the drug substance manufacturing process, data from a single 

drug product lot representing each of the 10 unique MYL-1401H drug substance lots is included 

in the similarity assessment. The 10 MYL-1401H lots used for analytical similarity are 

summarized in Table 3. MYL-1401H lots used in the analytical similarity assessment are 

between 2-29 months of age. The approximate ages at testing months for the 10 MYL-1401H 

drug product lots used for the analytical similiarity assessement were all within the shelf lives.  

 

Neulasta drug product was sourced from both the US and EU on a regular basis, over a period of 

approximately 5 years by Mylan GmbH. The Neulasta drug product lots used in the similarity 

assessment had ages at analysis of approximately 8 to 35 months. A total of 30 US-licensed 

Neulasta lots and 38 EU-approved Neulasta lots, including all lots used in the clinical trials, were 

tested as part of the analytical similarity assessment. The US-licensed Neulasta and EU-approved 

Neulasta lots used in the similarity assessment for Tier 1 quality attributes are provided in Table 

4 and Table 5, respectively.  Some of the US-licensed Neulasta lots and EU-approved Neulasta 

lots were not used for the Tier 1 analytical similarity assessment and the sponsor justified that 

“the analytical data generated for US-licensed Neulasta and EU-approved Neulasta lots for a 

given technique is based on availability of developed and qualified methods for analysis” and 

“the number of lots chosen for analysis in each individual assay/test was based on the criticality 
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of attribute, availability of an orthogonal technique, assessment of analytical method variability, 

complexity and suitability of method for large number of lots (e.g.: AUC) and availability of the 

material at the time of analysis.”  In the end, 10 MYL-1401H drug product lots, 21 US-licensed 

Neulasta lots,  27 EU-approved Neulasta lots were used for equivalence testing for Protein 

Content; and 10 MYL-1401H drug product lots, 18 US-licensed Neulasta lots, 21 EU-approved 

Neulasta lots were used for equivalence testing for Relative Potency. It is also noted that 2 

reference standards (Neulasta US  and ) were used during the assay 

of relative potency data for both US-licensed Neulasta and EU-approved Neulasta. FDA CMC 

reviewer sent out two information requests to Mylan GmbH. on April 19, 2017 and May 10, 

2017. FDA requested Mylan GmbH. to compare the relative potency values of the 2 different 

reference standards and submit data to support the qualification of the reference standards or 

describe how the data support the bridge. The response from Mylan GmbH. was received on 

May 11, 2017 and FDA CMC reviwer, Dr. James Kirwan, reviewed data in response to the 

information request (refer to section 3.2.R for the Analytical Similarity Assessment for 

information on the comparability of the two reference standards used in the relative potency 

assay). On August 29, 2017, Dr. James Kirwan concluded that the two reference standards used 

in the relative potency assay for analytical similarity are comparable.Therefore, in this statistical 

review report, the potency data is evaluated for statistical equivalence based on individual results 

obtained using both reference standards. 

 

The Agency carefully evaluated the data for Protein Content and Relative Potency provided in 

the BLA submission. Our comments regarding Mylan GmbH.’s equivalence testing (Tier 1 

approach) is provided in Section 3, and our independent statistical equivalence testing analyses 

are presented in Section 4. 
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3 APPLICANT’S STATISTICAL EQUIVALENCE TESTING   
 
In this submission, Mylan GmbH. conducted Tier 1 statistical equivalence testing with the 

margin defined as ሺെ1.5σෝୖ,൅1.5σෝୖሻ for Protein Content and Relative Potency. Pairwise 

comparisions were used for the assessment of the Tier 1 quality attributes. Similarity is 

demonstrated if all the two-sided 90% confidence intervals of the difference between means for 

MYL-1401H vs. US-licensed Neulasta, MYL-1401H vs. EU-approved Neulasta, and EU-

approved Neulasta vs. US-licensed Neulasta are within the EAC of	ሺെ1.5σෝୖ,൅1.5σෝୖሻ, where R 

represents the product variability of US-licensed Neulasta or the product variability of EU-

approved Neulasta in each of the 3 pairwise comparisions. Mylan GmbH. presumed unequal 

variances for the two-sided 90% confidence interval. FDA CMC statistics reviewer’s conclusion 

on Mylan GmbH.’s equivalence testing is: Mylan GmbH.’s statistical approach followed the 

agent’s current recommendation for Tier 1 analytical similarity assessment.  FDA CMC 

statistical reviewer also performed the independent analysis and confirmed the results in Section 

4. 

 
4 FDA STATISTICAL ANALYSES 
 
To evaluate analytical similarity, the Agency recommends a tiered approach. That is, product 

quality attributes are assigned to three tiered based on their criticality. The quality attributes with 

potential highest risk in product quality, efficiency, safety and PK/PD are assigned to Tier 1, in 

which analytical similarity is assessed by statistical equivalence test. Quality attributes with 

lower impact are assigned to Tier 2 and their analytical similarity is evaluated by Quality Range 

approach. That is, a high percentage of the biosimilar data should be covered by (Mean – X*SD, 

Mean + X*SD) defined by the reference product. Here, the multiplier X typically ranges from 2 

to 4. The quality attributes with the lowest risk are assigned to Tier 3 and their analytical 

similarity is evaluated by side-by-side comparison using graphic display. This review focuses on 

the equivalence testing in Tier 1. 

 
4.1 Statistical method 

 

Let μ୘ and μୖ be respectively the population means of the quality attribute for the test product 

and the population mean of the quality attribute for the US-licensed Neulasta product. Let σୖ be 

the standard deviation of the quality attribute of interest for the US-licensed Neulasta. In order to 

conclude the equivalence in the quality attribute of interest between the test product and the US-
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licensed Neulasta product, we aim to reject the null hypothesis of the following null and 

alternative hypotheses: 

 

H଴:	μ୘ െ μୖ ൑ θଵ				or				μ୘ െ μୖ ൒ θଶ 

Hଵ:	θଵ ൏ μ୘ െ μୖ ൏ θଶ 

    . 

Here	θଵ ൌ െ1.5σୖ, θଶ ൌ 1.5σୖ , θଵ and θଶ are equivalence margins.  

 

We reject H଴ if 90% confidence interval for the mean difference in the quality attribute of 

interest falls within	ሺെ1.5σୖ, 1.5σୖሻ. In other words, we conclude that the equivalence in the 

quality attribute of interest between the test product and the US-licensed Neulasta product if 90% 

confidence interval for the mean difference in the quality attribute of interest falls 

within	ሺെ1.5σୖ, 1.5σୖሻ. This specific equivalence margin was set as 1.5 times the standard 

deviation of the quality attribute for the US-licensed Neulasta product to ensure an adequate 

power for the case in which a small but sufficient number of lots are available for testing. For 

example, the probability of rejecting H଴ in the above two one-sided tests procedure with the 

equivalence margin being ሺെ1.5σୖ, 1.5σୖሻ is 87% if the true mean difference is 0.125σୖ for a 

sample size of 10 biosimilar lots and 10 US-licensed Neulasta lots. When the number of lots is 

smaller than 10, the test size may be relaxed somewhat, but agreement on this should be reached 

in advance with FDA scientists. First we estimate σୖ by the sample variability of the US-

licensed Neulasta product and then in the statistical analysis, θଵ and θଶ are treated as a constant, 

not a random variable. 

 

Let X୘୨ be the observed value of the quality attribute of interest for Batch j of the test product 

(the proposed biosimilar product) and Xୖ୨  be the observed value of the quality attribute of 

interest for Batch j of the US-licensed Neulasta product.  Since the two products are 

manufactured by two manufacturers, two groups are independent. Xഥ୧ ൌ
∑ ଡ଼౟ౠ
౤౟
ౠసభ

୬౟
 and S୧

ଶ ൌ

∑ ൫ଡ଼౟ౠିଡ଼ഥ౟൯
౤౟
ౠసభ

ሺ୬౟ିଵሻ
, where n୧ is the number of lots in the ith product, i ൌ T, R.  
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Under the unequal variance of the test product and the US-licensed Neulasta product, the 

ሺ1 െ 2αሻ ൈ 100% confidence interval of the mean difference in the quality attribute of interest 

can be calculated as:  

ቆXഥ୘ െ Xഥୖ െ t஑ሺvሻට
ୗ౐
మ

୬౐
൅

ୗ౎
మ

୬౎
, Xഥ୘ െ Xഥୖ ൅ t஑ሺvሻට

ୗ౐
మ

୬౐
൅

ୗ౎
మ

୬౎
ቇ         (1) 

Here t஑ሺvሻ  is the ሺ1 െ αሻ quantile and v is the degrees of freedom calculated by Satterthwaite’s 

approximation. 

 

If nୖ ൐ 1.5n୘, the ሺ1 െ 2αሻ ൈ 100% confidence interval of the mean difference in the quality 

attribute of interest can be calculated as:  

ቆXഥ୘ െ Xഥୖ െ t஑ሺv∗ሻට
ୗ౐
మ

୬౐
൅

ୗ౎
మ

୬౎
∗ , Xഥ୘ െ Xഥୖ ൅ t஑ሺv∗ሻට

ୗ౐
మ

୬౐
൅

ୗ౎
మ

୬౎
∗ ቇ         (2) 

 

Here nୖ
∗ ൌ min	ሺnୖ, 1.5n୘ሻ and v∗ ൌ

ቆ
౏౐
మ

౤౐
ା
౏౎
మ

౤౎
∗ ቇ

మ

భ
౤౐షభ

ቆ
౏౐
మ

౤౐
ቇ
మ

ା భ
౤౎షభ

ቆ
౏౎
మ

౤౎
∗ ቇ

మ 

If the number of biosimilar lots, n୘, is 50% more than the number of reference lots, nୖ, we can 

apply a similar approach as above with n୘
∗ ൌ min	ሺn୘, 1.5nୖሻ for the confidence interval 

calculation. In the following analyses, we use α ൌ 0.05. 

 

4.2 FDA statistical equivalence testing for Protein Content 
 
The Protein Content data distributions of MYL-1401H, US-licensed Neulasta and EU-approved 

Neulasta are displayed in Figure 1. Ten lots of MYL-1401H, 21 lots of US-licensed Neulasta, 

and 27 lots of EU-approved Neulasta are included in the Protein Content dataset for statistical 

equivalence testing. Descriptive statistics for the Protein Content data of MYL-1401H, US 

licensed Neulasta, and EU-approved Neulasta are listed in Table 6. 
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