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Immune response as part of the desired pharmacological effect
• Mabs as checkpoint inhibitors in cancer therapy
• Interferon beta in multiple sclerosis treatment
• Mabs in the treatment of  auto-immune diseases
• Vaccines

Immune response as an unwanted effect
• Anti-drug antibodies (ADA)



How do biological products differ from 
conventional, low molecular weight drugs?

In contrast to most drugs that are chemically synthesized and their 
structure is known, most biologics are complex mixtures that are not 
easily fully characterized……..

https://www.fda.gov/about-fda/center-biologics-evaluation-and-research-cber/what-are-biologics-
questions-and-answers
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Adapted from GaBI Online – Generics and Biosimilars Initiative www.gabionline.net/Biosimilars/Research/Small-molecule-

versus-biological-drugs, based on Declerck and Schellekens. 

SMALL

MOLECULE 

DRUGS

Molecular weight Low (<500)

Structure Simple, well-defined

Manufacturing
Chemical synthesis

Stability Stable

Immunogenicity Mostly non-immunogenic

Copy

characteristics

Identical copies can be 

made

BIOLOGICALS

High (range 5-900 kDa)

Complex, heterogeneous, defined by manufacturing process

Produced in living cells or organisms

Generally unstable, sensitive to external conditions

Mostly immunogenic

to generate identical

copy versions is a challenge……

16-6-2021

How do Biologicals compare to small, low molecular weight 
drugs?

http://www.gabionline.net/Biosimilars/Research/Small-molecule-versus-biological-drugs


Small molecules versus proteins: size difference

Proteins are ….. Big! Proteins are ‘vulnerable’ 

Mw around 150         around 20,000             around 150,000



Bailey et al., 2018
https://doi.org/10.1080/19420862.2018.1521131

Charge variants Herceptin, 
trastuzumab

Aspirin contains between 
99.5 and 100.5 percent 
acetyl salicylic acid. USPNF

Therapeutic protein products are often heterogeneous mixtures of different molecules  



Consistency of quality attributes for 
the glycosylated monoclonal 
antibody Humira
(adalimumab). 

Full control over the manufacturing process!

Tebbey et al., 2015
http://dx.doi.org/10.1080/19420862.2015.1073429

Conclusion: diverse……

but batch to batch consistency can be ensured



Courtesy of Jiskoot/
Schellekens
(originally from 2002)



Examples of registered monoclonal antibodies 

and incidence of antibody formation reported 
in package insert



What is the effect of ADA (anti-
drug-antibodies)?

• Pharmacokinetic profile changes

• Therapeutic efficacy changes



Bartelds et al., 
Ann. Rheum. Dis. 66:921-926 (2007)

Median serum trough adalimumab concentrations (mg/l) over
time in patients with anti-adalimumab antibody concentrations of 12–100
AU/ml and .100 AU/ml compared with patients without antiadalimumab antibodies. A



Consequences of antibodies

Loss of efficacy

Insulin

Streptokinase

Staphylokinase

ADA

Salmon  calcitonin

Factor VIII

Interferon alpha 2

Interferon beta

IL-2

GnRH

TNFR55/IgG1

Denileukin diftitox

HCG

GM-CSF/IL3

Enhancement of efficacy

Growth hormone

Neutralization of native protein

MDGF

EPO

General immune effects

Allergy

Anaphylaxis

Serum sickness, etc

Schellekens, Nature Reviews I Drug Discovery 2002



Immunogenicity of 
biologicals

Factors that will be discussed below:

• Structural properties
• Assays
• Formulation
• Other.....only mentioned
• Handling



Structural properties

Degree of “non-self”: biopharmaceuticals of 
bacterial and plant origin (streptokinase, 
staphylokinase, asparaginase)

Glycosylation

Protection of antigenic sites (GM-CSF)

 Influence on solubility (Interferon beta)



Factors influencing 
immunogenicity

Assays/

FDA Guidance Document....

….  ‘Specifically, this document includes guidance regarding the 
development and validation of screening assays, confirmatory 
assays, titration assays, and neutralization assays.’…… 2019



Factors influencing 
immunogenicity

Formulation: the interferon 
alpha 2 and epo case



Ryff, 1997

lyophilized powder stored
at room temperature; 

lyophilized powder stored 
under refrigeration

ultrapure lyophilized powder 
stored under refrigeration



Ryff, 1997

HPLC  analysis of a highly 
immunogenic batch of
Interferon (IFN)-alfa2A

This oxidized form is more immunogenic than the non-oxidized 
form (Mf1), and it also contributes to the formation of 
aggregates, which greatly enhance immunogenicity
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Main Stabilizers Used in Epoetin Formulations

Eprex®

(post 1998)

Polysorbate 80

Glycine

Epogen®/Procrit®

(US)

HSA

Eprex®

(pre 1998)

HSA

Because of BSE, mad cow disease’’ HSA had to be removed



Anti-epoetin antibody-related pure red cell 

aplasia cases (PRCA)

0

10

20

30

40

50

60

70

80

N
u

m
b

e
r 

o
f 

E
p

o
e

ti
n

 A
lf

a
 

P
R

C
A

 C
a

s
e

s

<1997 1998 1999 2000 2001 2002 2003

Year

EPO alfa (Epogen  /Procrit  ) in USA

EPO alfa (Eprex  ) outside USA

Removal of human serum albumin stabilizer 
from epoetin alfa (outside USA)

Courtesy of Schellekens et al.



Other factors influencing 

immunogenicity

 Route of administration

• S.c. > i.m. > i.v.

• Type of disease

 Genetic background of patients

• MHC?

 Unknown factors.... See later.



Prediction of immunogenicity

 Purity of the product

 Epitope analysis

 Reaction with patient sera

 Animal experiments

• ‘Conventional’ animals (relative immunogenicity)

• Non-human primates 

• Immune tolerant transgenic mice 



Courtesy of Jiskoot/
Schellekens





Proteins and interfaces…… aggregate formation……. 
Immunogenicity up

From Li, 2019: aggregate formation… 

Shaking…..adherence to water–air 
interfaces
Freeze-thaw, e.g water-ice interfaces

Examples…. from Herceptin, insert….
‘SWIRL the vial gently to aid reconstitution. DO NOT SHAKE
Following reconstitution….DO NOT FREEZE.’

W



How can we 
protect biologicals 
from aggregating 
through
formulation 
design?





Courtesy of Jiskoot/
Schellekens

Immunogenicity: 
a multifaceted 
challenge!


