
Therapeutic Monoclonal Antibodies: Aggregation origins & 
characterization - In-vitro evaluation of immunogenicity 
 
 
Stéphane CORNEN 
Head of Clinical Trial Manufacturing 
R&D / BioPharmaceutics Development 
 
Proteinov2016 – November 28 & 29th, 2016 
 
 



Proteinov2016 – November 28 & 29th, 2016 |         2 

Outlook 

● Sanofi R&D : BioPharmaceutics Development 
 

● Biopharmaceutics manufacturing & aggregation  
 

● Analytical panel to monitor aggregation 
 

● Impact of process changes – Case studies 
 

● ABIRISK project for “Anti-Biopharmaceutical Immunization: prediction and 
analysis of clinical relevance to minimize the RISK”  
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• Pharmaceutical Development 
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Integrated Biotherapeutic Platform 

VITRY / ALFORTVILLE 

 
• Translational in vivo models 
• Translational Sciences  
• Medicinal Chemistry 
• Translational Medicine 
• GLP / GMP Skills 
• Culture Cell / Highly Active Molecules  
 

Présentateur
Commentaires de présentation
SANOFI R&D FRANCENOS EXPERTISES COMPLEMENTAIRES : Vitry/AlfortvilleAvec le site de production attenant, le Centre de Recherche de Vitry/Alfortville constitue une plateforme biothérapeutique unique dans le Groupe en France, complètement intégrée : de l’identification des cibles jusqu’au transfert de la fabrication des anticorps aux Affaires Industrielles. Elle représente 2000 collaborateurs au total.Oncologie : Recherche et Développement préclinique et clinique de petites molécules chimiques et produits biologiques (anticorps monoclonaux spécifiques, bispécifiques ou conjugués hautement actifs) principalement via des mécanismes d’onco-immunologie (modulation immune et anticorps ciblé sur la tumeur)  ou d’interaction avec la cellule cancéreuse (voies d’oncogénèse et mutations des lignées)  et en s’appuyant sur des collaborations externes (CIML, Institut Curie, Gustave Roussy , Innate pharma, Evotec,…) Produits biologiques et activités de biotechnologies : Recherche (technologies innovantes de design et fabrication d’anticorps), Développement de procédé de fabrication de principes actifs et de formulations injectables et production de lots précliniques et cliniques en synergie avec les Affaires Industrielles dans les domaines de l’oncologie, cardiométabolique et neurodégénération Soutien et contribution à l’avancement du portefeuille de projets R&D : en oncologie mais aussi diabète, cardiovasculaire, inflammation et neurodegénération  via des capacités (ressources et compétences) en chimie médicinale, modélisation moléculaire et bioinformatique, criblage phénotypique, criblage/profilage eADMET, évaluation sécurité d’utilisation et devenir du médicament , sciences translationnelles (avec notamment des méthodologies innovantes et uniques en histologie moléculaire et imagerie cellulaire et médicale), développement de procédé, sciences analytiques et opérations cliniques (plan et protocole clinique, monitoring, gestion et analyse statistique des données)
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Biopharmaceutical manufacturing 
From cells to patients 

And more complex when Lyophilized form, Devices, Conjugates…  
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Clinical site 

DS manufacturing 

DP manufacturing 



Biopharmaceutical manufacturing 
Aggregation – influencing factors 

Temperature 
Freezing/Thawing 

Agitation Stress (shaking & shearing) 

Protein concentration 

Solvent & surface effects 

Chemical modifications 
Etc…etc… 

StorageS 
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Biopharmaceutical manufacturing 
Aggregation – influencing factors 
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Aggregates & Immunogenicity  
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Aggregates : FDA expectations 
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10 10 

 nm µm mm 

IgG      
≈ 11nm 

Release methods SEC Light Obscuration 

    RMM: Resonant Mass Measurement 
Patel A.R. & Al. Anal. Chem., 2012, 84 (15), pp 6833–6840 

 

Aggregates/Particles characterization 
Toolbox 

Dynamic Light Scattering  

Flow-Imaging 

RMM (Archimedes) 

A4F 

svAUC 
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● Purity by SEC (T0) 
● Similar SEC profile with dimer as main degradation product 

 
 
 
 
 
 
 
 

● Better purity for PIII material 
● Aggregation profile confirmed by orthogonal methods 

Case study I 
Soluble aggregates by SEC-UHPLC 
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● Behavior under thermal stress 
 
 
 
 
 
 
 

● Better purity for PIII material 
● Aggregation profile confirmed by orthogonal methods 

A
U

-0.004

-0.002

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

0.016

0.018

0.020

0.022

0.024

0.026

0.028

0.030

0.032

0.034

0.036

0.038

0.040

0.042

0.044

0.046

0.048

0.050

0.052

0.054

0.056

0.058

0.060

0.062

0.064

0.066

0.068

0.070

Minutes
5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40 6.60 6.80 7.00 7.20 7.40 7.60 7.80 8.00 8.20 8.40 8.60 8.80 9.00 9.20 9.40 9.60 9.80 10.00 10.20 10.40

PIII batch T0 & 4w 40°C 

A
U

-0.004

-0.002

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

0.016

0.018

0.020

0.022

0.024

0.026

0.028

0.030

0.032

0.034

0.036

0.038

0.040

0.042

0.044

0.046

0.048

0.050

0.052

0.054

0.056

0.058

0.060

0.062

0.064

0.066

0.068

0.070

Minutes
5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40 6.60 6.80 7.00 7.20 7.40 7.60 7.80 8.00 8.20 8.40 8.60 8.80 9.00 9.20 9.40 9.60 9.80 10.00 10.20 10.40

PII batch T0 & 4w 40°C 

M
on

om
er

 

di
m

er
 

LM
W

 1
 

LM
W

 2
 

H
M

W
 1

 

H
M

W
4 

H
M

W
 3

 

Case study I 
Soluble aggregates by SEC-UHPLC 

A4F-MALS SV-AUC 

Species (MW) PII PIII Species 
(S and MW) 

PII PIII 

~150kDa (monomer)  92.2 (+/-0.2)% 92.9 (+/-0.3)% 6S and ~150kDa   
(monomer) 

94.3 (+/-1.1)% 94.9 (+/-0.3)% 

~300 kDa (Ag1=dimer) 4.6 (+/-0.2)% 3.8 (+/-0.1)% 9S and ~300kDa 
(Ag1=dimer) 

3.6 (+/-0.7)% 2.8 (+/-0.2)% 

HMW 2.6 (+/-0.3)% 2.9 (+/-0.2)% HMW 1.7 (+/-0.6)% 2.2 (+/-0.2)% 

LMW 0.6 (+/-0.1)% 0.5 (+/-0.0)% LMW 0.4 (+/-0.2)% 0.2 (+/-0.1)% 
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Case Study I 
Soluble aggregates – stress study 
 

● Soluble aggregates 
● Dimer increase 

• Slopes ratio (PIII/PII) = 100% 
● Other HMWs 

• Slopes ratio (PIII/PII) = 96% 
 
 

● Fragments  
● Slope ratio(PIII/PII) = 90% 

 
 

 Compliant with acceptance criteria 
proposed from HA (PI/PII outcome)  
 80% and 125% 
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    14 

● Aggregation by DLS (sub-micron aggregation) 

Case Study I 
Soluble aggregates – stress study 

Similar Zav increase 
 after 4W/40°C 

No significant change of SVPs by 
Flow-Imaging 

Zave (nm) Pdi (%)

PII 12,4 30

PIII 12,3 27
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Case Study II 
Soluble aggregates – stress study 

● HMWs increase (SEC - 1month +40°C) 

Highly similar degradation between scales: comparable 
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Case Study III 
Submicron aggregation (DLS) 

● Main degradation pathway: soluble aggregates by DLS 
● Profile comparison under stress (1m/40°C) & accelerated conditions (6m/25°C) 

● 3 different bioreactors 
 
 
 
 
 
 
 
 
 
 
 
 

● Profile highly similar between 2 bioreactors 
● Slightly higher increase for the third one at both temperatures 
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● HMW at t=0 and Aggregation Kinetic FDS Process I vs. Process II 
• Monomer conversion plotted versus time, 
• 72h stress condition at +25°C 

 
 
 
 
 
 
 
 
 
 
 
 
 

● Two sets of data: Quality Process I / Process II 
● Aggregation rate lower (around 3 times) for Process II FDS batches 
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Case Study IV 
Process improvement to decrease HMWs 
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ABIRISK project 

 
● The ABIRISK project for “Anti-Biopharmaceutical Immunization: prediction and 

analysis of clinical relevance to minimize the RISK”  
● Consortium made up of thirty-eight partners including academic institutions, 

EFPIA member companies and small and medium enterprises (SMEs). 
● Thirteen countries. 
● Goal: to analyze the mechanisms and consequences of immunization against 

biopharmaceutical products.  
● Organized in 5 Working Packages (WPs).  
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ABIRISK project 

Co-leaders 
B. Maillere, CEA  
C. P. Ross, Novo Nordisk 
S. Spindeldreher, Novartis Pharma 
 

Assess effects of aggregation on 
immunogenicity 
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http://www.abirisk.eu/project_organization.html 



ABIRISK project 
Four marketed products to be tested  
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Stress conditions: 

Temperature 
6 & 24h @+55°C 

Syringe/shear 
stress: 3 &10 cycles 

In-vitro methods: 
 MAPPs (MHC-associated peptides proteomics) 
 Dendritic Cell activation assays 
 T cell assay 



ABIRISK project 
Different behaviors 

6h  +55°C 24h  +55°C 
● Heat stress: significant differences 

 
 
 
 
 
 
 

● Smooth to strong soluble aggregation observed by Size Exclusion 
Chromatography (SEC) 
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ABIRISK project 
Different behaviors 

Strong 
aggregation 

after 24h 
55°C 
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● Heat stress: significant differences observed for SVPs 
 
 
 
 
 
 

 



Immunogenicity evaluation 
MAPPS Assay 
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● MAPPS assays used to identify drug-
derived HLA class II peptides 
 

● Natalizumab/Tysabri:  
MAPPS: no significant change observed 

 Stress: minor increase in SVPs 
 Clinics: low immunogeneicity in the clinics 

 
● Adalimumab/Humira: 

MAPPS: Low increase (with highest 
baseline) 
Stress: minor increase in SVPs 
Clinics: low/moderate immunogeneicity in 
the clinics 

 
● Rituximab (Mabthera)/Infliximab 

(Remicade):   
MAPPS: Significant changes 
Stress: high number of in SVPs 
Clinics: Immunogenicity in clinics 

 
 

MHC-associated Peptide Proteomics (MAPPs)  



Immunogenicity evaluation 
MAPPS Assay 
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● MAPPS assays used to identify drug-
derived HLA class II peptides 
 

● Natalizumab/Tysabri:  
MAPPS: no significant change observed 

 Stress: minor increase in SVPs 
 Clinics: low immunogeneicity in the clinics 

 
● Adalimumab/Humira: 

MAPPS: Low increase (with highest 
baseline) 

 
● Rituximab (Mabthera)/Infliximab 

(Remicade):   
MAPPS: Significant changes 
Stress: high number of in SVPs 
Clinics: Immunogenicity in clinics 

 
 



Summary 
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● Aggregation is one of the main degradation pathways of Biotherapeutics 
 

● It’s a complex phenomena → multiple pathways 
 

● Many factors during manufacturing and lifetime impact aggregates profile 
 

● Aggregates characterization required several orthogonal analytical 
methods 
 

● Immunogenicity prediction is key for Biopharmaceutics development 
 

● Stress-induced increase combined with in-vitro assays could be included 
in Immunogenicity prediction toolbox (work on-going within Abirisk) 
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