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Disclaimer 
 

The views and opinions 

expressed in this 

presentation are entirely 

my own and should not 

be misconstrued as 

those representing any 

regulatory authority 
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Product 

Safety 

Infusion reactions, anaphylactic, hypersensitivity 

reactions, adverse effects 

Efficacy    Antibodies 

  Unwanted Immunogenicity 

PRCA cases in Thailand, Korea  - many marketed products (not 

biosimilars) 

 

 

 

   

  Adalimumab in RA patients 
 

Bartelds et al:JAMA.2011;305(14):1460-68 
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 Clinical Impact 
Efficacy – impaired clinical response  

Safety    – Infusion reactions, hypersensitivity reactions, serum sickness 

              – Cross-reactivity with an endogenous counterpart  

 

Often the ‘real impact’ of ADA only becomes clear in a post-approval setting 

"significant neurological 

abnormalities … after… six 

infusions of natalizumab, …. 

extremely high titers of 

antibodies against the drug."  

" death..from 'rebound 

neuroinflammation as a result 

of the development of 

natalizumab anti-drug 

antibodies." 
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Unwanted Immunogenicity 
                         

                                         Current Position 

     

Human clinical data needed 

Every  product needs to be evaluated for immunogenicity individually and an 

appropriate strategy adopted based on intended clinical use 

Testing for unwanted immunogenicity is integral to product development 

(clinical & post-marketing phase) for ensuring the clinical safety of a 

biotherapeutic and of a biosimilar 

Animal data not predictive of immunogenicity in humans. In silico and T cell 

methods - clinical utility in prospective studies is lacking 
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  Guidance on immunogenicity of therapeutic proteins 

FDA 

• 2014 – Guidance for Industry. Immunogenicity Assessment for Therapeutic Protein Products 

 

• 2019 – Guideline on Immunogenicity Testing of Therapeutic Protein Products – Developing 

and Validating Assays for Anti-Drug Antibody Detection.  

 

EMA 

• 2017 – Guideline on Immunogenicity assessment of therapeutic proteins  

(EMEA/CHMP/BMWP/14327/2006 Rev 1) 

• 2012 – Immunogenicity assessment of monoclonal antibodies intended for in vivo clinical use 

(EMA/CHMP/BMWP/86289/2010) 

                                                 Biosimilars guidance from both agencies 
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Harmonised Approach to Immunogenicity Testing 
EMA 

• General and pragmatic, adopting ‘industry 

practice’ where possible 

• No specific guidance but ‘Guideline on 

bioanalytical method validation’ EMEA/ 

CHMP/EWP/192217/2009 Rev. 1 Corr. 2** 

FDA 

• Prescriptive but useful, aligned with industry 

where possible 

• Specific guidance on ‘Assay development and 

validation’ 

 

 
Concepts and principles generally well-

aligned and harmonized where possible 

Deliver meaningful and clinically  

relevant immunogenicity results for patient 

safety and informed prescribing 
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 EMA Immunogenicity Guideline (2017) 
 

HOW? 

‘Developing an integrated analysis strategy relevant for the 

intended treatment plan is critical for elucidating the clinical 

relevance of immunogenicity data’  

 

       

Comprehensive Assessment 

                     Risk-Based Approach: Analysis of risk factors 

Testing: Well-Designed Studies, Sampling Strategy, Assays   
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Risk Factors 
Product related: 

Nature of the protein (molecular structure - primary sequence, novel epitopes, post-translational 

modifications e.g. glycosylation, oxidation) 

Impurities, contaminants, formulation excipients, aggregates 

Properties (immunomodulatory/ target..) 

Treatment related: 

Dose, route of administration, frequency of administration, duration of therapy, concomitant 

treatment 

Patient related: 

Age, gender, genetic make-up, immune status, disease/medical history, previous exposure 

 
• EGFR mAb – colorectal cancer, squamous cell carcinoma of head and neck  

• 25/76 patients experienced hypersensitivity 

• 17 had pre-existing IgE antibodies against  gal-a-1, 3 gal present on mAb  

• Cases clustered in different US states; IgE antibodies potentially due to tick bites etc 

Product with same antigen as natural immunogen 
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Planning of Studies 
• Sampling strategy for ADA – frequency, timing and analysis dependent on risk assessment  

• Schedule adapted individually for each product and based on clinical trial design 

• Consider the PK of the product and assay capability (drug tolerance) 

• Characterise ADA - kinetics of induction, magnitude, transient/persistent antibodies  

• Include baseline and end of treatment sampling  (to allow conclusions e.g., persistent immune response or 

an immune response that was suppressed by the therapeutic) 

• ON-Drug: 

• Early – 7 days, 3-4 weeks, monthly 

• Prior to re-randomisation 

• End of treatment  

• OFF-Drug – End of study 

• Sufficient interval from last dose to accommodate drug tolerance of assays  

 

• At early developmental stages, frequent, sequential sampling (to assess the risk); based on 

knowledge, consider sampling  

• Less/more frequent sampling during long -term follow up  

• Real time (high risk)/retrospective (low risk) evaluation  
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         EMA Immunogenicity Guideline (2017) 

• Multi-tiered approach 

• Assays, positive controls 

• Data on immunogenicity and analysis  

     ADA profile (incidence, titres, neutralisation, onset, 

     persistence) 

• Data on PK, PD  

• Integrated analysis of clinical impact 

• Conclusion on the risk of immunogenicity –

indication-specific, risk managing and mitigating 

measures, pharmacovigilance etc   

        

   Integrated Summary of immunogenicity  

Integrated planning, analysis and assessment 
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 Antibody assays  
                       

• ELISAs                                                                      Screening 

– Direct format problematical for mAbs 

        – Bridging formats; sensitive and robust          

• Radioimmunoprecipitation assays (RIPA)  

• Other technologies  

–   Surface plasmon resonance (SPR),  

− Electrochemiluminescence (ECL),  

− AlphaLisa etc 

• Bioassay   

− Cell-based                                                                 Neutralization        

− Non-cell-based 
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add sample / control Ab 

& DIG - antigen 

add anti-DIG Ab 

AP conjugate 

Streptavidin (  ) plates 

coat biotinylated antigen  

Add substrate 

& measure OD 

Bridging ELISA Formats  

• Requires labelled therapeutic - 

Labelling may alter epitopes. 

• May fail to detect rapidly 

dissociating antibodies. 

• Affected by therapeutic/target 

interference, matrix components 

e.g. rheumatoid factors  

• Lacks sensitivity toward IgG4 

• Popular – ease of use, throughput 

• Dual arm binding  

• No requirement of secondary  

     antibody  
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Bridging Assay - Electrochemiluminescence (ECL) 



17 

Screening Assays  

• Several platforms for detection of antigen-antibody binding 

- Relative merits and weaknesses need to be considered 

• Selected assay is sensitive, specific and not confounded by: 

• Matrix effects   –  any interfering factors - false positive/negative 

–    Soluble target, disease specific e.g., rheumatoid factors, others 

• Residual therapeutic/immune complexes – false negative 

– mAbs persist or given chronically at high doses so high levels of 

drug and/or immune complexes expected. ‘Drug tolerant’ assay  

• If corrective measures required - must be validated for 

effectiveness & adopted on a case-by-case basis based on their 

suitability and need 
 

 

 



18 

 

Target interference 
                                                         

 

Monomeric soluble target can bind therapeutic, prevent ADA binding  false negative 

Membrane-bound target or multimeric soluble target may form bridge with therapeutic 

 false positive 

 

 

  

 

 

 

 

 

      

Bevacizumab : 

VEGF in sample 
                                                                                            

                                                                             

       

 

       

Mitigation:  Deplete target  - dissociate & affinity capture with Ab 

Block drug target interaction - sol receptor , another Ab 

 

Rituximab:  

Immunodepletion – beads coated  

with another anti-CD20 Ab or  

added antibody; Ultracentrifugation;  

Specificity check - bi-confirmation step  

(spike another anti-CD20 Ab +/- Rituximab) 
 

ADA 

Ruthenylated 

therapeutic 

Biotinylated 

therapeutic 

Adapted from Chen K. et al, 2013,JIM 394:22-31 



19 Lofgren  et al, 2006,JIM 308:101-108; Bourdage et al, 2007, JIM 327:10-17; Smith et al, 2007, Reg.Tox.Pharm.49:230-237: Dai S. et al, 2014, AAPS J 

16:464-477 

 

  

 

• Samples with no/low therapeutic (e.g. washout); increase sample dilution and/or increase 

incubation times, increase conjugate concentration 

•  Acid treatment (e.g. acetic acid 300 mM). Optimize incubation period and pH 

 

 

     Residual therapeutic  

+ acid ADA 

T
m

A
b
 

T
m

A
b

 

+ base 

+ assay 

reagents 

T
m

A
b
 

T
m

A
b

 

ADA 

biotin 

sulfo-Tag  

T
m

A
b
 

T
m

A
b
 

ADA 

sample 

Risks: 

• ADA denaturation due to low pH treatment (may not be seen with PC at development) 

• Acid - dissociation cannot be universally applied to improve capability of ADA assays Potential release of soluble 

target from therapeutic: target complexes  target interference 

Acid dissociation (AD):  



20 

EMA Immunogenicity Guideline (2017) 

Drug Tolerance   

 

The Applicant has to demonstrate that the drug tolerance of the assay 

exceeds the levels of the therapeutic protein in the samples for ADA 

testing. Due to technical limitations it may not be always possible to 

develop fully tolerant assays. If this occurs, the best possible assay 

should be employed and the approach taken should be properly justified. 
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Neutralizing Antibody Assays 

•  For most products, 2 assay types largely dictated by mechanism of action 

Examples -  IFN-beta, Rituximab 

Cell-based bioassay 

 
OR       Competitive ligand binding  

                  assay (CLBA) 

Example - Etanercept 

• Neutralizing capacity of positives needs to be evaluated …..since this often 

correlates with diminished efficacy. Deviation possible if strong justification 

for a waiver e.g., experience (GH, Insulin) 

•  Cell-based : Better insight on functional effects, favored by regulators 

                         Complex assay design, Validation can be difficult 

•  CLBA :         Rapid, Simple assay design, no cells, relatively easy to use 
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    Neutralizing Antibody Assays 
Assay choice: Cell-based - product MOA 

 

 

If sufficient sensitivity, precision, robustness 

not  achieved 

  

 

 

  
Engage with regulators; Strong justification 

and data (transparency) – alternative 

approach may be acceptable 

• Evidence from public domain  

     (benefit to biosimilars)  
                       

•  Experience from TNF mAbs 

                                                                       Cell assays difficult, highly susceptible to 

                                                           therapeutic 



23 

 

        Testing is challenging  

• No perfect screening assay.  

• May need to evaluate more than one assay platform, assay/ assay conditions 

dependent on therapeutic 

• Assays qualitative (no reference standard); controls needed 

– Positive: for development, defining sensitivity, tolerance.  

Hyperimmunised sera - affinity purified, mAbs, anti-idiotypic abs  

– Negative: for threshold/cut-off for ‘discrimination’. 

    Healthy sera, diseased /baseline sera, irrelevant antibody 

 

• Clear criteria for discriminating +ves from –ves  
 

• Regulatory obligation to validate assays 
 

                              Target : Measure Polyclonal response 
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     Immunogenicity Assays: Reporting Data 

• Screening cut point (SCP) - assay threshold at/above which samples are defined as +ve  

• Detect all (potentially) clinically relevant ADA  

• Define statistically using healthy (or diseased) controls (~5% false-positives), check 

suitability of SCP with pre-dose clinical samples; justify outliers, how pre-existing 

antibodies handled, show derivation of SCP  

• Confirmatory cut-point (CCP) - level of signal inhibition at/above which a sample is judged 

to have specific antibody 

• Derived by testing drug-naïve samples with and without therapeutic  

     (for eliminating false positive samples post-screen) 

 

• Titre determination -  maximal dilution giving a signal above SCP 

• Should be informative as it can be linked to ADA of clinical impact. Need to be explicit as 

to how this is defined and calculated.  

 

 

Unspiked (green bars)  and 

spiked samples (blue bars)  
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                Immunogenicity Results  
• Explicit indication of samples tested, positive/negative/equivocal at timepoints 

• Screen positive ADA samples and subjects by treatment group 

• Baseline, ON-Drug, End of study & OFF-drug samples: treatment emergent, boosted & total  

• Same applies for confirmed positive ADA samples  

• Sequential Data for transient/persistent ADA/post-treatment 

• Assay titres over time 

 

• Presentation of data with summary Tables and Figures 

 

• For PK/PD impact stratified groups based on ADA 

 • Visualise individual profiles in subjects with and without ADA when there is a high incidence of ADA 

formation 

• A subgroup analysis of ADA negative and ADA positive subjects comparing PK parameters between 

treatment groups if feasible 

 

•  Impact on efficacy/safety etc? 
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       Example: Benralizumab (Fasenra) 

• Humanised, afucosylated mAb - IL-5Rα subunit on basophils, eosinophils and induces 

their apoptosis in the presence of NK cells via enhanced ADCC 

• Indication - add-on maintenance therapy for severe asthmatic adults (eosinophilic 

phenotype) 

• Phase III – 2 dosing frequencies; 30 mg sc every 4 weeks vs every 4 weeks  for the 1st 

three doses, then every 8 weeks thereafter 

• 3-tiered testing – screening, confirmatory and titre, NAb assay 

• ADA +ve - Baseline 2%, post-treatment 7-14% study based (boost & new btw 8-16 

wks); median titres peaked ~400; very high titres >25,600 in 0.5% patients  

• 68-80% were NAbs and persistent; high median titres  (ADA and nAb titres) 

• ADA incidence slightly higher and increased NAbs with low freq vs 4-week regimen 

• ADAs impacted trough levels   and eosinophils  to pre-treatment levels (rare) 

• No clear effect of ADAs on efficacy/safety incl hypersensitivity reactions.  

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_Public_assessment_report/human/004433/WC500245333.pdf 
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 Example: Benralizumab (Fasenra) 

• Further data on the long-term impact of persistent neutralising ADAs will be provided 

from the extension trials (2 studies) as part of phamacovigilance & RMP   - Q4 2018 & 

Q4 2019 

 

• SmPC  

 

 

 

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_Public_assessment_report/human/004433/WC500245333.pdf 



28 Bartelds et al : Development of Antidrug Antibodies Against Adalimumab and Association With Disease Activity and 

Treatment Failure During Long-term Follow-up JAMA. 2011;305(14):1460-1468.  

 

Antibodies and clinical impact 
RA patients treated with Adalimumab over 3 years 

Ab -ve 

Low Ab 

High Ab 

Abs develop within 

24 weeks  

 

 

 

diminish levels of 

therapeutic         

A 

B 

compromise efficacy 
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Biosimilars : Comparative immunogenicity  
Historical data cannot be used to compare different products 

 

• Head-to-Head studies  

• Sensitive, homogeneous and clinically relevant patient population (ideally 
naïve). Extrapolation perspective  

• Suitable design, size – allows conclusion on ADA  and clinical impact 

• Same assay platform, sampling points (baseline, sequential, post- 
termination) based on product PK, sampling when therapeutic levels low 
(wash-out period) 

 

• Sampling for ADA (& for drug) in pivotal PK, PD, safety & efficacy studies  

• Study duration – product based; in chronic treatment (1 year normally) 

• Consider risk (previous experience, any potentially immunogenic structures, patient 
population) 
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    Comparative Immunogenicity : Biosimilars  
State-of-art assays  

• Options:  

A. 2 assays using administered therapeutic product (true immunogenicity) 

      with similar sensitivity & specificity and no bias in recognition 

B. Single assay using ‘biosimilar’ for both arms (relative). Should detect 

antibodies to all epitopes of the biosimilar followed by a confirmatory step 

using both products *  

 *Minimises Variability: risk of under-estimating RMP immunogenicity       

(acceptable) 
  

                                            
   Expectation 

         Antigenic equivalence shown and assay suitable (antibody control/s)   

        Clinical sample data showing concordance (excess drug – equivalence) 
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Comparative Immunogenicity 
Approved  biosimilars of Humira 

Approach for ADA assay    
 

 

 

Biosimilar Manufacturer Screening Assay Neutralizing Antibody Assay 

Imraldi Samsung Bioepis ECL (1-assay) Competitive ligand binding  

Cyltezo1 Boehringer Ingelheim ECL (1-assay) Cell-based2 

Amgevita/Solymbic Amgen ECL (1-assay) Cell-based3 and ligand-binding  

Hyrimoz Sandoz ECL (1-assay) Competitive ligand binding  

Hulio Mylan ECL (1-assay) Competitive ligand binding3 

Idacio Fresenius Kabi 

Deutschland GmbH 

ECL (1-assay) Competitive ligand binding  

Information taken from EPARs of the different products from EMA website 

Product withdrawn in Europe in 2019, 2 ADCC assay; 3cell-based initially and superseded with ligand binding assay due to poor 

drug tolerance.  
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                Comparative Immunogenicity  

Expectation :  

Antigenic equivalence 

using antibody controls  

Ryding et al (2017) Bioanalysis 9(18), 1395-1406 
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Comparative Immunogenicity: Biosimilars 
• Data assessed in context of totality of evidence 

• Similar ADA incidence, titres, neutralisation, kinetics of development  

• Identify root cause of any differences e.g. impurities, aggregates etc 

– Excess immunogenicity not compatible with biosimilarity  BUT 

– Lower immunogenicity does not preclude biosimilarity: Justification 

required 

• Expectation -  Clinical consequences / impact no worse than RMP 

– Compare clinical impact of ADA on PK,PD,  efficacy, safety etc 

• Post-approval surveillance of immunogenicity  

• Key requirement for biosimilars: monitoring any immune-mediated adverse 
effects 

• Special studies in high risk situations  

– Where serious but rare effects (anaphylaxis) known with reference product 
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                           Some Examples 
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           Remsima vs Remicade 

• Initial testing with a single antigen (reference product)  no difference seen 

 
• Assay using biosimilar as antigen developed  no difference, including ADA titers 

  

• Cross testing of sera with both assays  

    good concordance  evidence for similar immunogenicity  

 

• Indications studied              Remsima          Remicade (reference) 

     Ankylosing Spondylitis          37.5%                 36.1% 

     Rheumatoid arthritis    55.6%                  54.3% 

 

• Similar impact on clinical efficacy and safety 

 

 

 
APPROVED - EMA 
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Etanercept Biosimilar: Benepali (SB4) vs Enbrel 

  ADA Incidence (any positive) 

Phase  III 

timepoint 

SB4 EU Enbrel® 

N=299 (%) N =297 (%) p 

Week 24 2 0.7 39* 13.2 < 0.001 

Week 52 3 1.0 39* 13.2 

Sampling: Baseline, Weeks 2, 4, 8, 12, 16 & 24; 1 patient NAb+ve * 

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Public_assessment_report/human/004007/WC500200380.pdf; 

 Phase 3 in RA patients (+ MTX): ECL assay with SB4 as target (One assay approach)  

Reviewed validation of ADA assay 
• Assay drug tolerance close to mean trough 

concentrations which differed at weeks 4, 8 
• Sufficient to cause bias in ADA testing? 
• Re-evaluated – Ignoring week 4, 8 samples 

Rationale for putative lower immunogenicity? 

• SB4 - lower aggregate content and HCP  

• Insufficient to explain difference in immunogenicity 

• ADAs appeared early (between weeks 2 - 8) and 

most disappeared after week 12 

Emery P et al Ann Rheum Dis. 2017; 76(1):51-57.  

Conclusion:  
SB4 no less immunogenic than Enbrel  

https://www.ncbi.nlm.nih.gov/pubmed/26150601
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Benepali (SB4) versus Enbrel 

Emery P et al Ann Rheum Dis. 2017; 76(1):51-57.  

No impact on PK and safety..... 

No difference in efficacy noted..  

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Public_assessment_report/human/004007/WC500200380.pdf; 

APPROVED - EMA 

Week 24 - ACR20 response rate in the per-protocol set was 78.1% for SB4 and 80.3% for ETN 

https://www.ncbi.nlm.nih.gov/pubmed/26150601
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              Adalimumab ABP 501 vs Humira 

https://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/arthritisadvi

sorycommittee/ucm510293.pdf 

APPROVED 



39 

Clinical Impact of ADA  
 

ADA incidence and impact: Similar for the reference and biosimilar ABP501 

For both products: 

• ADA-positive patients had a lower exposure (troughs) 

• ADA-positive patients had inferior efficacy 

• Hypersensitivity/injection-site reactions were similar regardless of ADA status 

• NAbs did not have a statistically significant differential impact on efficacy 

between the two products 

Conclusion : Both products (reference and ABP501) analytically and clinically 

similar in terms of efficacy, safety and immunogenicity              

                                                                                         

                                                                                                         APPROVED 

 
Markus R et al (2019) A Review of the Totality of Evidence Supporting the Development of the First Adalimumab Biosimilar ABP 501. Adv Ther. 36(8):1833-1850. doi: 10.1007/s12325-019-00979-6. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=immunogenicity+of+Amgevita
https://www.ncbi.nlm.nih.gov/pubmed/?term=immunogenicity+of+Amgevita
https://www.ncbi.nlm.nih.gov/pubmed/?term=immunogenicity+of+Amgevita
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What is required?  
− Risk Assessment 

– Choice of methods and justification,  

– Strategy of testing (Screening, Confirmatory, Neutralization), 

– Validated assays (reports);  

 

– Antibody incidence and titre (incl pre-existing)  

– Kinetics of response i.e., onset, duration - transient/persistent,    

persistence after treatment cessation? How long?                           Data 

– Neutralizing capacity of the antibodies (yes/no and titre)  

– Any Impact on PK, PD etc (for pre-existing too) 

– Any Impact on Efficacy, Safety etc (for pre-existing too) 

 

     In some cases, further characterization 

− Determine isotype, epitopes                                                              Data 

       

Antibodies for host cell proteins if appropriate. 

 

 

 Methods 
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An immunogenicity testing approach based on 

- scientific knowledge and risk considerations with sufficient data which 

- informs the prescriber of product immunogenicity and potential 

outcomes for clinical decision-making 

 Conclusion 

Immunogenicity is an issue for all biologicals (incl biosimilars)……. 

  

Image : From Wikimedia Commons, the free media repository 
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Validation Aspects and Terminology 

• EMA Guideline on bioanalytical method validation’ EMEA/CHMP/EWP/192217/2009 Rev. 1 Corr. 2** 

• Shankar et al  (2008) Recommendations for the validation of immunoassays used for detection of host 

antibodies against biotechnology products.  J Pharm Biomed Anal, 48, 1267-81 

• Gupta et al (2011) Recommendations for the validation of cell-based assays used for detection of 

neutralizing antibody immune responses elicited against biological therapeutics. J Pharm Biomed Anal, 

55, 878-88 

• Shankar et al (2014) Assessment and reporting of the clinical immunogenicity of therapeutic proteins 

and peptides-harmonized terminology & tactical recommendations.  AAPS J 16(4):658-73 

• Devanarayan V (2017) Recommendations for Systematic Statistical Computation of Immunogenicity Cut 

Points. AAPS J 19(5):1487–1498  
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 Thank You! 


