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Outline

• Background
– BPCI’s definition of biosimilarity

– Stepwise approach 

– Recent regulatory submission

• Analytical similarity assessment
– Classification of critical quality attributes

– Three-tier approach
• Equivalence test for Tier 1 CQAs

• Quality range approach for Tier 2 CQAs

• Raw data and graphical comparison for Tier 3

CQAs

• FDA’s current thinking on Tier approach
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Recall

BPCI’s definition of biosimilarity

A biosimilar product: 

Is highly similar to the reference product 

notwithstanding minor differences in clinically  

inactive components

There are no clinically meaningful differences 

in terms of safety, purity and potency.   

US BPCI Act, 2009
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Recall

scientific factors
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FDA’s guidance

• FDA published three draft guisances on biosimilars in 

2012 (finalized in early 2015)

– Scientific considerations in demonstrating biosimilarity to a 

reference product

– Quality considerations in demonstrating biosimilarity to a 

reference protein product

– Biosimilars: questions and answers regarding 

implementation of the BPCI Act of 2009

• FDA recommends using stepwise approach in order to  

provide totality-of-the-evidence for demonstrating 

biosimilarity

• FDA’s draft guidance on analytical similarity assessment 

is to be circulated for comments any time soon.
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Recall

stepwise approach

• Analytical studies 

– Critical quality attributes at various stages of 

manufacturing process

• Animal studies 

– The assessment of toxicity

• Clinical pharmacology

– Pharmacokinetics (PK) or pharmacodynamics 

(PD)

• Clinical studies 

– The assessment of immunogenicity 

– Safety/tolerability

– Efficacy
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Stepwise approach for obtaining 

totality-of-the-evidence
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Recent regulatory submissions at FDA
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Current status of biosimilar reviewers

 In total, FDA/CDER has 9 biosimilar BLA 
submissions and about a hundred PIND/IND 
submissions.

 2 Approved biosimialr products: Zarxio (biosimilar
to Neupogen) and Inflectra (biosimilar to 
Remicade)

 A few pending biosimilar BLAs are under review: 
the reference products are Humira, Enbrel, 
Neulasta)

2016 DIA/FDA Statistics Forum  - Dr. Yi  Tsong



First regulatory submission at 

US FDA

• Sandoz biosimilar filgrastim recommended for 

approval by FDA Oncologic Drugs Advisory 

Committee (ODAC) on January 7, 2015, which was 

subsequently approved by the FDA on March 6, 

2015

• Biosimilar filgrastim recommended to be approved 

for use in all requested indications in the reference 
product's (Amgen's Neupogen®) label.

• Committee's recommendation based on review of 

extensive data from analytical, non-clinical, clinical 

studies and post-marketing pharmacovigilance.
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FDA recommended 3-tier 

approach

• Classification of critical quality attributes (CQAs) into 

three tiers according to their criticality or risking 

ranking relevant to clinical outcomes

• An appropriate statistical model or scoring system 

based on 

– mechanism of action (MOA) or 

– pharmacokinetic/pharmacodynamics (PK/PD)

– Information available in the literature

should be used whenever possible
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FDA recommended 3-tier approach
• Analytical similarity study:

– Characterize the proposed biosimilar and its reference product;

– Tests for a number of quality attributes (QA);

QAs

Structure

Functional 

Assay

Physico-
chemical 

Attributes

Reference: BLA 125553

The 2015 Duke-Industry Statistics Symposium – Dr. Yi Tsong



FDA recommended 3-tier approach
• The Tiered Approach (OB & OBP): 

– QAs are assigned to different tiers based on its criticality;

– Different statistical/quantitative approaches are applied to each 
tier;

Tier 1 – Critical QAs

Statistical Equivalence Testing

Tier 2 – Less Critical QAs

Quality Range Method:

Tier 3 – Least Critical QAs:

Raw Data/Graphical Comparison

Statistical 

Rigor

The 2015 Duke-Industry Statistics Symposium – Dr. Yi Tsong
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Summary – analytical similarity 

assessment

• Identify critical quality attributes (CQAs) which are 

relevant to clinical outcomes

– Focus on structural/functional assays and 

physicochemical attributes

• Based on MOA and/or PK/PD, classify the identified 

CQAs into the following tiers depending upon their 

criticality (or risk ranking)

– Tier 1: most relevant

– Tier 2: mild to moderate (less) relevant

– Tier 3: least relevant
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Summary of

analytical similarity assessment

• Tier 1 CQAs

– Most relevant to clinical outcomes 

– Equivalence test

• Tier 2 CQAs

– Mild-to-moderate relevant to clinical outcomes

– Quality range approach

• Tier 3 CQAs

– Least relevant to clinical outcomes

– Raw data and graphical comparison
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Equivalence test for Tier 1 CQAs
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Equivalence test for Tier 1 CQAs

• Analytical equivalence (similarity) is 

concluded if the null hypothesis of

inequivalence (dissimilarity) is rejected. 

• Similar to the confidence interval approach 

for bioequivalence testing under the raw data 

model, analytical similarity would be accepted 

for the quality attribute if the (1-2α)100% 

two-sided confidence interval of the mean 

difference is within (– δ, δ).
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Equivalence test for Tier 1 CQAs
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EAC

(equivalence acceptance criterion) 
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Comments on Tier 1 approach
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Comments on Tier 1 approach
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FDA’s recommended approach
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Remarks
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• The equivalence margin is a key element for similarity 
assessment;

• It is very difficult to specify the margin:
– A clinical or scientifically-justified margin is not available
– No unified statistical method to determine the margin is 

desirable
– We usually face a limited number of lots in submissions

• Thus, we need to develop a reasonable and feasible approach to 
determine the margin

• Our proposal: 
– Margin adjusted for sample size & variance
– Larger variance ⇒ larger margin
– Proper power for desirable similarity

332016 DIA/FDA Statistics Forum – Dr. Yi Tsong

FDA’s response to the question
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FDA current thinking on equivalence test
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Proposed Margin - Sample Size and Variance Adjusted Margin

Step 1: Determine the variability of reference product σR
2

Our Proposed Margin: , k > 0

Remarks:

• σR
2 is the variability of the mean response from each lot

• σR
2 are subject to the approval from OBP reviewers for each CQA

• k is determined in order to have sufficient power for a targeted
pre-specified highly similar product (i.e., differs from reference
by Δ*), with practical sample sizes

Determination of equivalence margin 

2016 DIA/FDA Statistics Forum – Dr. Yi Tsong
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Determination of equivalence margin 
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2( ) 1 exp( 0.53948 1.4694 0.00205 )B BnPower n n    B

nB Power

4 65%
10 85%
15 90%
20 92%
25 95%

Proposed Margin : Sample Size and Variance Adjusted Margin

• Step 2: Consider by default,
Give lower power γ* when the number of biosimilar lots is small.

Key concept:
• Provides high passing probability for “targeted” biosimilar product

for practical sample sizes
• Also properly controls the passing probability for small sample sizes

2016 DIA/FDA Statistics Forum  - Dr. Yi Tsong
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Deciding a target biosimilar product for margin setting: 

Step 3: Compute the margin from the power function to achieve pre-
assigned power at step 1 at a given number of batches, reference variability, 
using “targeted biosimilarity” using τ σR with = 1/16, 1/8, 3/16, ¼, and ½. 
After comparing power curves, “target biosimilar” is chosen μB – μR =σR/8.

Remarks:

•μB – μR =σR/8 was chosen as a reasonable value as highly similar; i.e. 
allowing for some difference; power assigned to approve for these quality.

•This approach also rewards a biosimilar product with good quality 
because the power would be higher than the pre-specified power when

• the true mean difference is less than σR/8, or

• the variability of biosimilar product is less than σR

Determination of equivalence margin 

2016 DIA/FDA Statistics Forum – Dr. Yi Tsong
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Proposed Margin : Sample Size and Variance Adjusted Margin

Calculation Examples: margin (δ) calculations are performed at equal 
sample sizes, equal variances, μB – μR =σR/8 , type I error rate = 5% and 
power = assigned power at step 1;

nB = nR 4 5 6 7 8 9 10 11 12 13 14

Power 67% 71% 74% 77% 79% 82% 84% 85% 87% 88% 89%

δ/σR 2.11 1.89 1.74 1.64 1.55 1.50 1.45 1.39 1.36 1.33 1.30

nB = nR 15 16 17 18 19 20 21 22 23 24 25

Power 90% 91% 91% 92% 93% 93% 93% 94% 94% 94% 95%

δ/σR 1.27 1.25 1.21 1.20 1.19 1.16 1.13 1.13 1.11 1.09 1.09

Determination of equivalence margin 

2016 DIA/FDA Statistics Forum – Dr. Yi Tsong

• If we choose a consistent margin limit at δ = 1.5σR , with μB – μR =σR/8 
and nB = nR = 10, the passing probability of equivalence test (power) is 
recalculated to be 87%.

• This power increases with smaller mean difference.



nT=nR Margin Power for 1/8σR

Confidence
Level (%)

6 1.50σR
78% 78.4

7 1.50σR
82% 81.4

8 1.50σR
84% 85.0

9 1.50σR
86% 87.4

10 1.50σR
87% 90.0

15 1.50σR 90% 90.0

II. Determination of Equivalence Margin (5)

• Confidence level used for fixed 1.50σ margin under 

equivalent sample sizes and variances

2016 DIA/FDA Statistics Forum 39
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Summary and discussion 
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Fixed Margin Proposal

Constant for all QAs; e.g. (80 ~ 
125%) for ratio of means

Adjusted for sample sizes, variability, 
power

Tends to be too wide
Lower confidence level requirement for 
small  sample sizes

Power depends on sample size
Control passing power for small sample 
sizes (e.g. 65%~90% for nb < 15)

When variance is large, may need 
unreasonably large sample sizes;

Reward large sample sizes

• Comparisons among margin determination methods for 
statistical equivalence test:

2016 DIA/FDA Statistics Forum – Dr. Yi Tsong



Comments on FDA’s response to 

question of sample size requirement
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Comments on Tier 1 approach

• Fixed approach vs. random approach

– Current proposal is a fixed approach depending 

upon the selected reference lots

– The fixed approach is a conditional approach

• Sample sizes requirement for Tier 1 equivalence 

test

– How many reference lots are required?

– How many test lots are required?

– Is there a need to match reference lots?
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Fixed approach vs. random approach

• Fixed approach

– Sensitive to the selected reference lots

– Potential selection bias

– Difficult to deal if the selected reference lots are either 

best lots or worst lots

– Where to draw the line?

• Random approach

– Reference lot follows similar distribution with similar but 

different mean and similar but different standard 

deviation

– What if a selected reference lot is not biosimilar to 

another selected reference lot?
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Sample size requirement
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Sample size requirement
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FDA’s current thinking

• For equivalence test in analytical similarity, we 
recommend sample size unbalance adjustment with a 
maximum ratio (Method B).

– Encourage similar sample sizes 

– Reduce the impact of ad-hoc analysis after a failed test

• The proposed approach nR
* = Min(1.5×nT, nR) :

– Utilize all available information to estimate reference 
variabiliity and mean value

– Controls the Type I Error probability

– Ensure high power with decent mean difference

• Satterthwaite approximation is recommended for CI 
computation.

46DIA/FDA Stat Forum 2016 – Dr. Xiaoyu Dong



Chow, Song, and Bai (2016) proposal
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Quality range approach for Tier 2 

CQAs 
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Comments on Tier 2 approach
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Comments on Tier 2 approach

• Tier 1 equivalence test supposes to be more 

rigorous than Tier 2 quality range approach. That 

is, passing Tier 1 test will pass Tier 2 test

– In practice, there is no guarantee that a given CQA 

which passes Tier 1 test will pass Tier 2 test and 

vice versa. Why?

• Does FDA require all CQAs at Tier 2 pass the 

test?

– If not, about what percentage of CQAs need to pass 

in order to pass Tier 2 test?

– Are there any rule to follow?
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Raw data and graphical comparison 

for Tier 3 CQAs

• For CQAs in Tier 3 with lowest risk ranking, FDA 

recommends an approach that uses raw 

data/graphical comparisons. The examination of 

similarity for CQAs in Tier 3 by no means is less 

stringent, which is acceptable because they have 

least impact on clinical outcomes in the sense that a 

notable dis-similarity will not affect clinical 

outcomes.
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Comments on Tier 3 approach

• Evaluation based on raw data and graphical 

presentation, it is not only somewhat subjective, but 

also biased.

• Tier 1 and Tier 2 tests suppose to be more rigorous 

than Tier 3 approach. That is, passing Tier 1 and Tier 2 

test will pass Tier 3 test
– In practice, there is no guarantee that a given CQA which 

passes Tier 1 or Tier 2 test will pass Tier 3 test and vice 

versa. Why?

• Does FDA require all CQAs at Tier 3 pass the test?
– If not, about what percentage of CQAs need to pass in 

order to pass Tier 3 test?

– Are there any rule to follow?
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Comment on FDA’s current thinking
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DESIGN AND ANALYSIS OF BIOSIMILAR STUDIES

All the 3 lectures of the whole course are available to download courtesy of Annual Biosimilars Forum event series

at the Forum’s official website: www.biosimsforum.com.

1

Lecture 1: 

Assessing Biosimilarity: 
Issues and Recent Development

2

Lecture 2: 

Assessing Interchangeability: Issues, 
Designs and Statistical Methods

3

Lecture 3: 

Analytical Similarity Assessment in 
Biosimilar Studies

The event series will continue in 2017

Join us on 5-6 October, 2017 in Budapest for our 

2nd Annual Biosimilars Forum regarding hot topics 

related to the drug development of Bio- and 

Nanosimilars with a strong scientific FOCUS ON 

Statistical and Regulatory perspectives. Visit:

www.biosimsforum.com

http://biosimsforum.com/
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The Annual Biosimilars Forum event series was founded in 2016 by two prestigious Central
European scientific societies, the Viennese Section of the IBS and the Hungarian Society for
Clinical Biostatistics in cooperation with the Accelsiors CRO Ltd., aimed at increasing effectiveness
of clinical research and in order to provide even more effective support in sharing of recent
scientific and practical knowledge for biosimilar drug development professionals.

ABOUT THE ORGANIZERS 

The Viennese Section of the 

International Biometric Society is 

part of the ROeS, the Austrian Swiss 

Region of the International 

Biometric Society (IBS). WBS is an 

independent, non-profit 

organization which provides a 

professional forum for discussions 

of how to apply statistical methods 

in biological and medical science.

The Hungarian Society for Clinical 

Biostatistics is a national group of 

International Society for Clinical 

Biostatistics (ISCB), and it was 

founded to stimulate research into 

the principles and methodology 

used in the design and analysis of 

clinical research and to increase the 

relevance of statistical theory to the 

real world of clinical medicine.

Accelsiors Ltd. – as a scientific driven 

CRO – has been a committed supporter 

of biosimilar drug development, many of 

their professionals were involved into 

biosimilar drug development from the 

early beginnings, guided and managed 

the first biosimilar drug development 

projects and professionally supporting 

clinical trials as well as registration in this 

innovative field and being active in the 

clinical research arena in the past two 

decades.

CLICK HERE TO LEARN MORE!

Join us on 5-6 of October, 2017 at Budapest for the 

2nd Biosimilars Forum and meet world’s prominent 

biosimilar development experts!

http://accelsiors.com/
http://www.biosimsforum.com/

