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BIOSIMILAR DEVELOPMENT BEGINS WITH THOROUGH 
CHARACTERIZATION OF THE REFERENCE PRODUCT

Reference product 
knowledge

• Known mechanism of actions, safety and efficacy profiles

• Knowledge for the same class of molecules

Establish Biosimilar’s

QTPP ranges

• Biosimilar QTPP should be based on RP

• QTPP based on multiple lots of RP

Refine QTPP as 

knowledge increases

• Increased RP data to refine QTPP

• Risk ranking of similarity CQA

Define critical quality 

attributes

• Demonstrated impact to biological activities 

• Potential impact to PK, safety, and immunogenicity 

Clinical safety 
and efficacy

Human PK and PD

Nonclinical PK/PD and 
toxicology as appropriate

Match biological functions and 
pharmacological properties

Demonstrate analytical similarity
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COMPREHENSIVE ANALYTICAL SIMILARITY ASSESSMENT IS 
THE FOUNDATION FOR DEMONSTRATING BIOSIMILARITY

Impurities from host cells

and manufacturing process

Amino acid sequence 

and post-translational 

modifications, eg. 

glycans

Secondary, 

tertiary, and 

quaternary 

structure

Subvisible, submicron 

particles and characteristics

product variants 

and their identities

Degradation profiles 

denoting stability

Properties of the finished drug 

product including strength

Target binding and 

immunochemical 

properties

Liu, BioDrugs (2016)

Stability

Primary 
structure

Biological 
function

Particles 
and 

aggregates

General 
properties

Process-
related 

impurities

Higher order 
structure

Product-related 

substances and 

impurities
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Objective assessment is 

based on criteria that can 

be measured against

Subjective assessment 

requires interpretation by a 

subject matter expert

HOW TO ASSESS COMPLEX DATASET WITH OBJECTIVITY

Liu, BioDrugs (2016)
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Consideration for 
assessment approaches

Reference product data

Reference product knowledge

Stability-indicating properties

Manufacturing process controls

Approaches to establish 
acceptance criteria

Statistical comparison

Non-statistical comparison

(Scientifically justified criteria) 

Qualitative comparison

(Visual)

INCLUSION OF STATISTICAL COMPARISON MAY INCREASE 
OBJECTIVITY IN SIMILARITY ASSESSMENT

Objectivity

Subjectivity
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COMPARISON OF EMA AND FDA EXPECTATIONS FOR USE OF 
STATISTICS IN ANALYTICAL SIMILARITY ASSESSMENT

EU

Ranges should be based primarily on the measured 

quality attribute ranges of the reference medicinal 

product and should not be wider than the range of 

variability of the representative reference medicinal 

product batches, unless otherwise justified. 

A descriptive statistical approach to establish ranges for 

quality attributes could be used, if appropriately justified.

EMA/CHMP/BWP/247713/2012 
Committee for Medicinal Products for Human Use (CHMP) Guideline on 

similar biological medicinal products containing biotechnology-derived 

proteins as active substance: quality issues (revision 1) 

US 

Data analysis should consider Risk Assessment and 

method(s) for Quantitative/Qualitative Data Analysis

Recommendations for Quantitative Data Analysis:

• Quality ranges for assessing quantitative quality 

attributes of high and moderate risk 

• Tolerance intervals are not recommended for 

establishing the similarity acceptance criteria

• The sponsor can propose other methods of data 

analysis, including equivalence testing

FDA May 2019 Biosimilars Guidance for Industry
Development of Therapeutic Protein Biosimilars:  Comparative Analytical 

Assessment and Other Quality-Related Considerations
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Quality Range = mean ± 3 

times standard deviation of the 

reference product lots

QR may underestimate RP 

variability

• DP lots from same DS lot

• Impossible to sample all 

lots to cover RP clinical 

experience

Expect 90% lots fall within the 

quality range

ABP vs EU EU vs US ABP vs US

EU Min -Max US Min -Max

SIMILARITY ACCEPTANCE CRITERIA USING QUALITY RANGE
Quality range confirms visual (Min-max) test 
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Some analytical results are not amenable to statistical analysis

• Data close to or below limit of quantification (LOQ)

• Side-by-side (visual) comparison of chromatograms and spectrum 

• Include objective criteria, e.g. similar profile with no new peaks above detection limits

Acceptance criteria should consider method and instrument capability

• Intermediate precision expected based on method qualification

• Consider both precision and accuracy relative to theoretical values based on RP

Some PQA are unique to biosimilar manufacturing process and should be 

controlled by in-process and lot release specifications

• Process-related impurities

• Formulation-dependents attributes 

• Device-specific properties

NON-STATISTICAL ACCEPTANCE CRITERIA  CAN ALSO BE 
SCIENTIFICALLY JUSTIFIED FOR BIOSIMILAR COMPARISON
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Challenges:

It is impossible to 

obtain reference 

products at T=0

Observed differences 

maybe due to shelf life 

differences between 

tested biosimilar lots 

and reference product 

lots

SIMILARITY ACCEPTANCE FOR STABILITY-INDICATING 
PROPERTIES SHOULD CONSIDER MATERIAL AGE

RP range from 

initial testing 

time point

Biosimilar 

T=0 data 
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EXAMPLE OF AN APPROVED BIOSIMILAR MAB

Attribute Similarity outcome

SE-HPLC ✓

rCE-SDS Minor differences

nrCE-SDS Minor differences

CEX-HPLC Minor differences

Glycan map Minor differences

Potency ✓

ADCC ✓

CDC ✓

10

100

1,000

10,000

Days
60 1913 3125 4438 5650 63

Serum concentration–time profiles 

Predefined equivalence margin

0.738 1.3550.95

4

1.1331.

0

90%

CI

Equivalent PK and Clinical EfficacyMinor Differences in Product Variants
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EXTRAPOLATION IS BASED UPON KNOWLEDGE OF THE REFERENCE PRODUCT, 
TOTALITY OF EVIDENCE, AND SCIENTIFIC JUSTIFICATION1

EXTRAPOLATION

BIOSIMILAR DEVELOPMENT2

Demonstrate biosimilarity to the reference product

MECHANISM OF ACTION

PK

TOXICITY

IMMUNOGENICITY

EFFICACY AND SAFETY

SCIENTIFIC JUSTIFICATION

NRAs previous 

finding of safety 

and efficacy for 

the reference 

product

Extrapolated 

Indication 

Extrapolated 

Indication 

Extrapolated 

Indication 

Extrapolated 

Indication 

Extrapolated 

Indication 

Studied

Indication

1. FDA. Considerations in Demonstrating Biosimilarity to a Reference Product. Guidance for Industry. Published April 2015 https://www.fda.gov/regulatory-information/search-fda-guidance-documents/scientific-

considerations-demonstrating-biosimilarity-reference-product

2. Mysler T, et al. Rheumatol Int. 2016;36:613-615. 3. Declerck P, et al. Pharm Res. 2016;33:261-268 11

Analytical similarity acceptance criteria to 

support a demonstration of highly similar

https://nam03.safelinks.protection.outlook.com/?url=https://www.fda.gov/regulatory-information/search-fda-guidance-documents/scientific-considerations-demonstrating-biosimilarity-reference-product&data=02|01|jamaya@amgen.com|3e581fe2593f46f1402508d82379db32|4b4266a6136841afad5a59eb634f7ad8|0|0|637298353569243621&sdata=zZKWXM26mbtcgjxDNRWoDoIdP7PeBj3fYIm7UYC8DMI=&reserved=0
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• Biologic product complexity is not well suited for product-specific monographs

• Versions of biologic products can differ in relative amounts of product variants 

(size, charge, glycosylation, etc.)  

• Applies to all biologic products, including biosimilars or post-approval changes

• Monographs based on one product at a point in time may not fit another product

• Health authorities should assess totality of evidence justifying quality, safety and 

efficacy

• Compliance with product monographs is not necessary to ensure product 

quality or safety and efficacy and may also restrict innovation

• There is the possibility for a monograph to be inappropriately linked to 

regulatory approval in lieu of a biosimilarity or comparability exercise

ARE PRODUCT-SPECIFIC MONOGRAPHS OBJECTIVE 
STANDARDS FOR ANALYTICAL SIMILARITY? 
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• After approval, biosimilar sponsors may file CMC variations

• Improve manufacturing processes and optimize supply chains

• Introduce new product presentations

• Sponsors should meet regulatory requirements for CMC changes

• Data package and filing based on change level (minor, moderate, major)

• Comparability should be demonstrated to pre-change product (ICH Q5E) and analytical 

comparability acceptance criteria are expected to be applied

• Comparisons to reference product not generally required; therefore, analytical similarity 

acceptance criteria is not relevant

• For some changes, regulatory authorities may require targeted comparisons to 

reference product

• E.g., new product strengths should match reference product strengths if available

• Data necessary to support proposed change should be discussed with regulatory authority

CONSIDERATIONS FOR BIOSIMILAR PRODUCT LIFE CYCLE MANAGEMENT
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SUMMARY

• Analytical similarity acceptance criteria should be 

scientifically justified based on attribute knowledge

• Statistics increase objectivity and confidence for the overall 

analytical similarity assessment conclusion

• Stability-indicating product attributes need to consider 

material age for meaningful comparisons

• Product-specific monographs are not well-suited as objective 

standards for analytical similarity assessment

• Analytical similarity acceptance criteria do not influence 

extrapolation or product lifecycle management beyond the 

initial required demonstration of biosimilarity

science statistics
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