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Course Outline

4. Major Challenge of Demonstrating
Biopharmaceutical Product Comparability
After Manufacturing Process Changes

 3 essential elements of an effective
comparability study

 Value of obtaining a contract with the
FDA/EMA for future manufacturing process
and test method changes

CMC Regulatory Compliance Strategy 
For Biopharmaceuticals
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Change is inevitable for a biopharmaceutical manufacturing process! 
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 Improve consistency of manufacturing
− Tightening cell culture or purification controls
− Chromatography resin improvement
− Move to a commercial-oriented CMO

 Improve product quality
− Addition of a new chromatographic polishing step
− Tightening of product release specifications

 Increase manufacturing capacity
− Higher productivity cell line
− Manufacturing site change for scale-up or scale-out

There is always more that can be done to make the manufacturing 
process more robust and the product of higher quality

But every change carries a risk:  benefit-risk ratio
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Effectively managing the process change – 2 parts

1) Systematically control the change
− Change control system (cGMP QA) 
− Process revalidation (if already validated)

2) Evaluate impact of change on product
− Comparability study (post-change to pre-change) 
− Meet the corresponding standard 

• equivalent (chemical drug)
• highly similar (biopharmaceutical)



→ increasing molecular complexity and decreasing analytical analysis  → 
equivalent ‘highly similar’
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“Highly Similar” 
the standard for all biopharmaceutical process changes 

(innovator and biosimilar)

‘Not identical’  ‘Close, but not exact’  SUBJECTIVE
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“The goal of the comparability exercise is to ascertain 
that pre- and post-change drug product 

is comparable in terms of quality, safety, and efficacy.” 

Prior to 
First-in-
Human 
Studies

Clinical Development Commercial

Comparability Exercise
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3 essential elements of an
effective comparability exercise!

Risk-based for 
type of change

2
3
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Risk-Based Analysis 
for Type of Change

1) Assess the potential impact of the
process change on the quality of the
product (e.g., potency, purity, identity)
‒ Some process changes are more major –

requiring more evidence of comparability
‒ Some process changes are more minor –

requiring less evidence of comparability

2) Different levels of risk require different
amounts and types of data to support
product comparability

3) Different levels of risk require different
oversight/approval by regulatory
authorities
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The level of risk determines the degree of evidence 
required to support product comparability
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Regulatory recommendations – during clinical development

Risk Level Examples of  Biopharmaceutical Process Changes

Significant
(FDA CMC 

Amendment)

Substantial
(EU prior-
approval)

‒ Any process change that impacts the impurity profile, 
microbial contamination, viral safety, or TSE

‒ Change in source material (e.g., new MCB)
‒ Addition or removal of a purification step
− Change in formulation and/or container closure system
− Changes that require changes to product 

specifications (e.g., widening of an acceptance criteria, 
changing of test method for analysis)

Not Significant
(FDA Annual 

Report)

Non-substantial

‒ Anything that is not significant or non-substantial
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FDA System for Process Changes
Risk 
Level Major Moderate Minor

Action 
Required

Submit as
Prior Approval 

Supplement 
(PAS)

Submit as 
Change Being 

Effective 
(CBE-30)

Submit in
Annual 
Report

Assessing level of comparability risk ‘after market approval
Regulatory authority guidance for manufacturing process changes

EMA System for Process Changes
Risk 
Level Major Moderate Minor

Action 
Required

Type II 
Variation
(formal 

approval)

Type IB 
Variation
(30 day 

wait)

Type IA 
Variation
(Annual 

Reporting)

Lots of published guidance for 
chemical drugs 

– limited guidance
for biologics 

(need to read the scope)

Same guidance for 
chemical drugs and 

biologics
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Consistent with FDA PAS for biologics

no ‘10X’ allowance

EMA Recommendations – after market approval
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Warning Letter 
January 2017

Erwinaze
(Asparaginase)

360

The issue with manufacturing process change risk assessment –
Get it wrong and incur the wrath of the FDA!
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3 essential elements of an
effective comparability exercise!

Risk-based 
for type of 

change

Stepwise
3
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Stepwise Approach 

 Approach the studies needed to confirm
product comparability from a series of
distinct steps

‒ Step 1 (analytical & functional 
characterization) alone may be 
sufficient to address quality and 
regulatory concerns 

‒ If residual risk remains, consider step 2 
(nonclinical animal studies) 

‒ If residual risk still remains, consider 
also step 3 (human clinical studies)

ICH Q5E 



Step 1
• Quality Comparability

much, much more than just meets specs!

1) Relevant, comprehensive physicochemical, biological and
functional assay characterization (head-to-head testing preferred)

2) Accelerated and Stress stability slope comparison (potential
differences in molecular variant formation)

3) Consistency batches (spec comparison before and after change)

4) Historical data analysis (potential “drift” in CQAs)
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Analytical & Functional Testing



The extent of ‘relevant, comprehensive’ product characterization today
is illustrated in biosimilarity testing – Enbrel (recombinant Fc fusion protein)

364

Sandoz 
EPAR 2017

Biosimilars have to be 
highly similar not equivalent
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366



367
EPAR
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Avastin (monoclonal antibody) – 50oC; 4 days 2017 FDA Advisory 
Committee  Amgen

Comparison of stability stress studies today
illustrated by biosimilarity testing – Avastin monoclonal antibody
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4 case examples – different outcomes 

 Recombinant protein – rejected, not comparable
‒ Process changes: lyo → liquid, formulation composition
‒ Quality comparability not done head-to-head, and weakness of 

analytical methods used

 Recombinant protein – comparable, but only after more testing
‒ Process change:  manufacturing site change
‒ Stress stability testing ‘appeared’ different

 Genetically engineered virus – comparable
‒ Process change: plasmid vector construct for transient virus 

production

 Genetically engineered cell – not comparable, but better
‒ Process change: manufacturing site change

Regulatory authorities question the step 1 
quality comparability results presented in submissions!
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Rejected, not comparable:  IFN-β1 recombinant protein

BioPartners
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Comparable, but only after more testing:  recombinant protein enzyme

Biomarin Vimizim (elosulfase alfa)
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Comparable:  change in plasmid vector for transient production 
of genetically engineered virus
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FDA

Not comparable, but better:  change in manufacturing 
site for production of genetically engineered cells

Kymriah
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Step 1

• Quality Comparability
(Analytical Studies)

Comparability Exercise – Stepwise!

Step 2

• Nonclinical Comparability
(Animal Studies)

Step 3

• Clinical Comparability
(Human Studies)

continue if residual uncertainty remains
Optional for innovator biopharmaceuticals
Mandatory for biosimilars
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Biosimilar Mfg
full CMC knowledge of 

their own biosimilar product
Blinded to innovator’s 

CMC knowledge

“highly similar”  ICH Q5E
3 steps optional 

Residual uncertainty drives need for Steps 2 and/or 3

Innovator Mfg
full CMC knowledge of 

their own biologic product

Original 
Process A

Process 
Changes

“highly similar”  ICH Q5E
3 steps mandatory 
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Residual uncertainty in a biosimilar: Ogivri
(Mylan’s biosimilar to Genentech’s monoclonal antibody Herceptin)

2017 FDA Advisory Committee Meeting

Glycosylation not comparable

Residual uncertainly addressed by human PK (Step 3)
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3 essential elements of an
effective comparability exercise!

Risk-based for 
type of change

Stepwise
Risk-based for 
stage of clinical 

development
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Manufacturing Process Changes

regulatory concern increases if 
efficacy data could be impacted

comparability testing to be 
‘adequate’

comparability testing to be 
‘comprehensive and thorough’ 
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‘During early phases of nonclinical and clinical studies, 
comparability testing is generally not as extensive

as for an approved product.  

As knowledge and information accumulate, 
and the analytical tools develop, the comparability 
exercise should utilise available information and 

will generally become more comprehensive.’

Phase-Appropriate Comparability
Early clinical phase (Phases 1/2)

Note all the issues with a phase-appropriate approach mentioned earlier 
due to expedited (seamless) clinical studies, biosimilars, and gene therapies



Biopharmaceutical companies aggressively 
make changes during the early clinical stages Case example

381
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‘Where process changes are introduced in late stages 
of development and no additional clinical studies 

are planned to support the marketing authorisation, the 
comparability exercise should be as comprehensive and 

thorough as one conducted for an approved product.’

Phase-Appropriate Comparability
Late clinical phase (Phase 3 and Commercial)
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2 case examples of manufacturing process changes 
at late clinical phase

 Monoclonal antibody produced by CHO cells
‒ Process changes: DS & DP manufacturing site(s), 

new dosage form (prefilled syringe)
‒ Comparability outcome: SUCCESSFUL

 Recombinant protein produced by CHO cells
‒ Process change: DS manufacturing scale
‒ Comparability outcome: VERY INTERESTING
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Amgen – monoclonal antibody from CHO
Prolia (denosumab)

Early   Phase 3 Proposed
Clinical Clinical Commercial
ATO DS ACO DS + BID DS

ATO DP vial  BIP DP PFS

ACO DS
APR DP vial + PFS

ATO – Amgen California ACO – Amgen Colorado   APR – Amgen Puerto Rico
BIP – Boehringer Ingelheim Germany 

Goal: convince both FDA and EMA of biologic comparability 
between 2 different DS and DP manufacturing sites 

and between 2 different dosage forms

(product comparability 
needed to support changes)
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Step 1
• Quality Comparability

(Analytical & Functional Studies)

Product comparability between the two DS manufacturing sites
(Amgen site and Boehringer Ingelheim site)

Step 2
• Nonclinical Comparability

(Animal Studies)
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Product comparability between the two DP dosage forms
(glass vial and pre-filled syringe)

Step 3
• Clinical Comparability

(Human Studies)

Step 1
• Quality Comparability

(Analytical & Functional Studies)
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Goal was achieved!

ACO (DS) → APR (DP vial + DP PFS)

ACO (DS) → 
BIP (DP PFS)

BIP   (DS) → 

MAA Approval
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Genzyme – recombinant protein from CHO
Myozyme

Goal: convince both FDA and EMA of biologic comparability 
between 2 different drug substance manufacturing scales

Early Phase 3 Proposed
Clinical Clinical Commercial

160L DS scale 160L + 2000L DS scales
2000L DS scale

(late introduction)

(product comparability 
needed to support scale-up)

Both DS manufacturing scales needed to meet 
anticipated worldwide supply needs!  (~36 kg/year)
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Genzyme CMC strategy for the 2000L DS scale up

Targeted scale-up – minimize changes to the process

The challenge: the late introduction during Phase 3 of the 2000L scale!
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Step 1
• Quality Comparability

(Analytical & Functional Studies)

 Upon review of BLA:  FDA raised significant concerns
about the difference in phosphorylated and sialylated
glycan pattern between the 160L and 2000L product

 Upon review of MAA:  EMA raised significant concerns
about the higher process-related impurity levels
(especially the host cell proteins) in the 160L product
compared to the 2000L product

Product comparability between the two DS scales
(160L and 2000L)
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Desired goal was not exactly achieved!

160L scale – approved
2000L scale – rejected

160L scale – rejected
2000L scale - approved

MAA Approved – March 2006

BLA Approved – April 2006

(Furthermore, all references to the 2000L scale 
had to be removed from Module 3 

and the BLA resubmitted)

Also of note, when the 2000L scale material (actually 4000L) was finally approved 
by the FDA in 2010, because of the glycan differences, 

it was considered a separate product from the 160L material – Lumizyme BLA
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Case Example
Savient Pharm – recombinant protein enzyme

Krystexxa (PEGloticase)

WARNING
Do not make manufacturing process changes 

while your market application dossier is under review!

While BLA was under FDA review
‘minor’ process change

Submitted in BLA
Phase 3 process

pegylation of drug product 
was changed from 9 PEGs per 
protein molecule to 10 PEGs
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“The major issue resulting in a recommendation to not approve the 
original BLA application centered on the fact that 

the sponsor made a major change 
to the manufacturing process after the Phase 3 clinical trial. 

This change resulted in a to-be-marketed product that was 
not physico-chemically comparable 

to the product used in the Phase III clinical trial.”

After a 10-month review, FDA issues a 
Complete Response Letter (CRL)  July 2009

“Additional clinical studies are necessary to support the use of 
pegloticase manufactured with the commercial process 

or, alternately, 
you may validate the Phase 3 process for commercialization.”

FDA gave Savient Pharm a choice

Which option would you choose?

Market approval September 2010 (16 month delay)
First commercial campaign (2011) – batches rejected for failing to meet specs
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Process changes continue even after going commercial!
sharing information on innovators by biosimilar manufacturers
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3 essential elements of an
effective comparability exercise!

R___-b___ 
for t___ of c____

S___w___

R___-b___ 
for s____ of 

c_____ d__________

Quick Quiz
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Prior to 
First-in-
Human 
Studies

Clinical Development Commercial

Comparability Exercise

Market 
Application 

Dossier 
Review

FDA: CP    EMA, ICH: PACMP

Managing Future Process Changes 
Regulatory Authority Contracts
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Comparability Protocols (CPs)
Post-Approval Change Management Protocols (PACMPs)

Regulatory Authority ‘Contracts’ 

 Prospective (for future process changes)
 Comprehensive (must contain sufficient detail)

‒ exactly where the process change is occurring
‒ what will be done to control the change
‒ how will the change be carried out

 Acceptance Criteria (must be pre-defined)
‒ what testing will be carried out
‒ relevant and clearly defined acceptance criteria
‒ reporting outcome to regulatory authority
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“Potential” Benefit of a Contract
Time to implementation (reduced review time) after study submission!

Caution: if the manufacturer does not follow the ‘contract’ or if 
pre-defined acceptance criteria are not met → defaults to PAS!
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Contracts are not easy to obtain!
regulatory agency major concerns with submissions

 a lack of data to support the acceptance criteria
 acceptance criteria for comparability that are the

same as the release criteria
 very few descriptions of the mechanism for

evaluating stability with respect to comparability
 requests for downgrade of submissions that are

just not going to be able to be downgraded,
because there are requirements in addition to
comparability, such as GMP inspections
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Contracts that should be considered 
most likely future changes

 Changing over to a new Working Cell Bank

 Changing over to a new Reference Material

 Extending the approved product shelf life

 Drug product manufacturing site change

 Any other manufacturing process change that 
might happen – e.g., reprocessing due to an 
integrity test failure after a sterile filtration of 
the formulated bulk drug prior to filling
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Guidance on contact expectations
Qualification for a New Working Cell Bank
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Guidance on contract expectations
Qualification for a New Reference Standard
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Contracts used to extend the approved shelf life 

Typically these are the post-approval stability protocols 
listed in the commitment of Module 3.2.S.7.2 and 3.2.P.8.2

Statement not included in the FDA market approval letter!
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Contracts used to add a new drug product manufacturing site
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Hard to get a contract to add a new drug substance manufacturing site

Blincyto
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All to easy to make a mistake (be excessively optimistic and too subjective) 
in interpreting product comparability – get a second honest opinion!
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www.springer.com

www.amazon.com

www.RAPS.org

340 pages

Thank you! 

2nd edition currently ranked
in the top 1,000,000 best 

selling books
in the top 3000 best selling 

pharmacy books
on Amazon.com

3rd edition (March 2019)

http://www.amazon.com/



