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Recent Events 
EC approves first biosimilar monoclonal Antibody 
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What are “biosimilar” medicines? 
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Why similar and not identical? 
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Question of interchangability? 

New question which was introduced in the 2012 released Q&A   

• Responsibility on interchangeably lies with healthcare professionals!  

 

• Will we see patients on originator medication switching to biosimilars?  
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Non-clinical and clinical issues 

GUIDELINE ON SIMILAR BIOLOGICAL 

MEDICINAL PRODUCTS CONTAINING 

BIOTECHNOLOGY-DERIVED PROTEINS AS 

ACTIVE SUBSTANCE: QUALITY ISSUES 

EMEA/CHMP/BWP/49348/2005 

London, 22 February 2006 

Currently under revision 

Quality issues 

GUIDELINE ON SIMILAR BIOLOGICAL 

MEDICINAL PRODUCTS CONTAINING 

BIOTECHNOLOGY-DERIVED PROTEINS AS 

ACTIVE SUBSTANCE: NON-CLINICAL AND 

CLINICAL ISSUES 

EMEA/CHMP/BWP/42832/2005 

London, 22 February 2006 

Guideline on similar biological products 

containing monoclonal antibodies – 

non-clinical and clinical issues 

EMA/CHMP/BMWP/403543/2010 

London, 20 May 2012 

Guidelines for similar biological products 
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Non-clinical and clinical issues Guideline on similar biological products 

containing monoclonal antibodies – 

non-clinical and clinical issues 

EMA/CHMP/BMWP/403543/2010 

London, 20 May 2012 

Guidelines for similar biological products 

• In future a reduced non-clinical/clinical testing regime may be feasible? 

 

• Biosimilars become more attractive from a return of investment point of view! 
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GUIDELINE ON SIMILAR BIOLOGICAL 

MEDICINAL PRODUCTS CONTAINING 

BIOTECHNOLOGY-DERIVED PROTEINS AS 

ACTIVE SUBSTANCE: QUALITY ISSUES 

EMEA/CHMP/BWP/49348/2005 

London, 22 February 2006 

Quality issues 

Guidelines for similar biological products 

The guideline addresses: 
 

• manufacturing process 

• comparability exercise for quality 

• choice of reference material 

• analytical methods 

• physicochemical characterisation 

• biological activity 

• purity 

• specifications of the biosimilar 
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Quality issues 

Approach to display biosimilarity 
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Analytical methods 

• Mass spectrometry → detailed product characterisation. 

 

• Capillary electrophoresis → product quality, purity (charge variants,  

                                                  molecular weight, heterogeneity). 

 

• HPLC → product quality, purity (charge variants, molecular weight,         

                    heterogeneity). 

 

• ELISA → characterisation of biological activity, product quality. 

 

• Cell-bases assay → characterisation of biological activity 
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• N- and C-terminal processing variants 

• Glycosylation and variants 

• Oxidation 
• Deamidation 

• Disulphide bond formation and shuffling 
• Glycation 

• Degradation by enzymatic hydrolysis 

Structure of monoclonal antibodies 

The amino acid sequence (primary structure) should be invariant! 

Cell type, clone specific & fermentation 

Fermentation 

Downstream processing 
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• Characterisation of the originator. 

     → identification of all modifications, characterisation of sugar composition… . 

 

• Identification of quality determining attributes (QDA). 

     → modifications that can be controlled during down-stream processing. 

  

• Definition of critical-quality-attributes (CQA). 

     → modifications that are produces by the cell line/clone used.  

     → modifications that are difficult or impossible to influence by the down-stream process.  

In-depth characterisation of the originator product 
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Specifications  

The specifications are set by the originator! 

CQA (e.g. sialylation of glyco-structure)  

Variability batches 1 & 2. 

QDA (e.g. Methionine oxidation)  

Variability batches 1 & 2. 
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Variability batches 3 & 4. 
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S
p

e
c
if
ic

a
ti
o

n
 

mailto:steven.watt@am-labor.de
mailto:steven.watt@am-labor.de
mailto:steven.watt@am-labor.de


A&M STABTEST GmbH, steven.watt@am-labor.de 

Specifications  

The specifications are set by the originator! 

CQA (e.g. sialylation of glyco-structure)  

Variability batches 1 & 2. 

QDA (e.g. Methionine oxidation)  

Variability batches 1 & 2. 
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Variability batches 3 & 4. 

Variability batches 3 & 4. 

• The more originator batches tested the more precise the specification. 

 

• Only batches which are approved in the EU can be used! 

 

• Organisation of sufficient batches may be difficult. 
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Characterisation of the originator 

Analysis of the originator product: 

Peptide mass map of a mAb: 

• file size:                                       ~500.000 KB  

• obtained mass spectra:               ~6.000 

• amount of tryptic peptides:          ~60 (without modifications) 
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LC-MS data evaluation 

We use the Mass Map software to perform an extensive 

characterisation of the originator.  

• Data reduction by deleting background ions. 

 

• Set an identification threshold ( usually >1%). 

 

• Peptides are identified according to mass and isotopic distribution. 

 

 

• Signals of identified peptides are removed from the file. 

 

• Signals that are still >1% have to be assigned manually. 

 

• Result table is generated: 

 

User has to accept the generated results! 

retention time, mass, mass error, isotopic pattern, peak area… 
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RT: 0.00 - 50.00 SM: 5G
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Batch 1 

Batch 2 

Batch 3 

Batch 4 

Batch 5 

Batch 6 

Analysis of 6 originator batches  

The result table is used to evaluate further batches: 

Total ion chromatogram zoomed to 5% intensity 
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Statistical evaluation of all peptides and modifications  

Example: statistical evaluation of methionine oxidation: 

Mean value and standard deviation can be used to define acceptance criteria. 
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When to start with the comparability exercise? 

Best to start with the optimal clone! 

 
• optimal not meaning highest yield!!! 

• optimal in terms of product characteristics! 
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Clone selection 

1. Step: identify a sub-set of suitable clones. 

 
• Production of desired product → molecular weight, structure 

• Production efficiency → semi quantitative screening 

• Biological activity → e.g., binds to the desired epitope 

Capillary electrophoresis Gel electrophoresis ELISA 

>100 clones 

<20 clones 
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2. Step: identify clones that fit the defined critical quality 

attributes 

 
• Compare CQA to the originator specification → reduced  

      characterisation by MS 

Clone selection 

<20 clones 

~5 clones 
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Comparison of the originator to a biosimilar producing clone 

Simple example: oxidised methionines 

5 methionine containing peptides → 2 degrees of freedom   

Pep1 Met 
Pep1 Met-ox. 
Pep2 Met 
Pep2 Met-ox. 
Pep3 Met 

Pep3 Met-ox. 
Pep4 Met 
Pep4 Met-ox. 

Pep5 Met 
Pep5 Met-ox. 
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easy if you are only comparing 1 

clone to the originator.  

easy for “simple” modifications.  
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Comparison of the originator to a biosimilar producing clone 

Complex example: N-glycosylation 

1 peptide → 13 (glyco-structures) degrees of freedom   

difficult to compare.  

complex modification.  

Data reduction by calculating 

classification figures!  
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Calculation classification figures 

Definition of the classification figures: 

Comparison of calculated classification figures: 

The closer these values are to 0 the more similar are both proteins! 
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Example pharmaceutical equivalence study of a natural 

source product 

“Worst case scenario”…  

• only a few known actives 

 

• many unknown actives 

 

• quality dependent in natural source and processing 
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Originator 

Biosimilar 

Subtractive display of LC-MS Data: 

In total 884 peaks were detected! 

Do we need to consider all peaks? 
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Qualitative pharmaceutical equivalence 

total number of detected peaks: 884 

Ions smaller that the core structure of the active: -20 

peaks that are not always > LOD: -454 

peaks that are not always > 0.1% intensity threshold: -116 

peaks corresponding to the placebo or formulation: -185 

peaks detected in all 9 originator and biosimilar batches: 109 

peaks excluded by MS/MS data evaluation: -3 

peaks that have to be evaluated: 106 

Consideration threshold for qualitative PE is >0.1% peak intensity  
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106 peaks analysed 

68% → 72 Peaks always >0.1% in both products  

24% → 25 Peaks always >0.1% in one and >LOD in the other product  

5% → 6 Peaks always >0.1% in one and at least once >LOD in the other product  

3% → 3 Peaks always >0.1% present in only one of the products 

Evaluation of the qualitative pharmaceutical equivalence 

• 2 peaks are only present in the originator. → efficacy concern? 

• 1 peak is only present in the biosimilar. → safety concern 
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Quantitative pharmaceutical equivalence 

For the quantitative PE peaks with >1% have to be considered:  

• qualitative pharmaceutical equivalence (>0.1%):                          106 peaks 

• quantitative pharmaceutical equivalence (>1%):                             23 peaks 

CG-FID and LC-MS methods were validated for all 23 peaks: 

• spiking experiments with standards for known compounds:           10 peaks 

• experiments with different product concentrations for unknowns:  13 peaks 

mailto:steven.watt@am-labor.de
mailto:steven.watt@am-labor.de
mailto:steven.watt@am-labor.de


A&M STABTEST GmbH, steven.watt@am-labor.de 

Acceptance criteria 

Acceptance criteria from USP for the known compounds in the drug product: 

Compound: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

The acceptance criteria (ranges) of the minor compounds were take to define 

criteria for the unknown peaks. 

mid point: 

1.2 

2.4 

1.75 

1.5 

3.4 

2.95 
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Correlation of range and mid point  

The graph will be used to define the ranges (acceptance criteria) for the 

minor unknown compounds. 
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mean intensity in 

originator 

Calculation of the ranges and acceptance criteria for unknown 

compounds 

The mean intensities of the 13 unknown components were established in 

the 9 testes originator batches 
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mean area % of the originator  

mean area % of the biosimilar 

Evaluation of the quantitative pharmaceutical equivalence 

All but 3 peaks show quantitative pharmaceutical equivalence! 
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Conclusion 

• It is possible to conduct a comparability study even with very complex products. 

 

• Mass spectrometry is the best technique to perform comparability exercises. 

 

• Sophisticated software tools are needed to handle high-content data. 

 

• In future we will see more mAb biosimilars entering the market. 

 

 

• Uncertain profitability of mAb biosimilars due to clinical test. 

 

• Acceptance with medical professionals and patients (interchangeability). 
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