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What is immunogenicity and
why are we interested?
Biologicals are potential Immunogens as they are able to
induce an adaptive immune response. Usually they are
well-tolerated but, sometimes, unwanted anti-drug T and
B cell responses induce the development of anti-drug Abs
(ADA) with two clinical consequences:
No
effects

Loss of efficacy

Adverse events
Infectious risk

Immunogenicity:
Patient- and treatment related factors
(von Shouwenburg PA et al, Nat rev Rheumatol, 2013)

Genetic Background
•

Selective HLA haplotypes might predispose to develop ADA

•

Genetic factors such as IL-10 genotype and ADA to adalimumab have been
described (Bartelds GM et al, Arthritis Rheum, 2009)

•

Patients developing ADA against the first anti-TNF-a agent have risk of developing
ADA against a second TNF-a blocker (Chirmule N et al, AAPA J, 2012)

Type and Phase of Disease
•

Patients with a highly active immune system (high levels of rheumatoid factors) are
at an increased risk of developing ADA (ie. RA patients)

Treatment
•

High doses of drug are thought to reduce immunogenicity and to induce immuno
tolerance

•

Iv. administration of biologicals is generally thought to be less immunogenic than im.
or sc. treatment

•

Combination therapy (biologicals+immunomodulators) inhibits the development of
ADA (Ben-Horin S et al, Clin Gastroenterol Hepatol, 2013)

Drug-related factors:
Target binding and AA sequence
• All Biologicals (even fully human mAbs) are
immunogenic (Silva HM et al, Immun Lett 2012)
• Mouse frame of the drug is highly immunogenic: in
particular CDR of idiotype contain potential B and T cell
epitopes.
• Hypoglycosilation of engeneered molecules can
unmask neo-epitopes
• Etanercept is poor immunogenic, ADA being due to the
linker region exherting T cell epitopes (Genovese MC et al, Arthr
Rheum, 2011, Jamnitski A et al, Ann Rheum Dis, 2012)

• Few changes in the binding sequence of biologicals,
allow to reduce immunogenicity to the complete drug
(Somerfield J et al, J Immunol, 2010).

Drug-related factors:
B cell epitopes
• The immunogenic region of IFX is mapped on the F(ab)2 fragment,
but are not linear epitopes (Kosmac M et al, Pediatr Res 2011), probably in
the antigen (CDR) binding region.
• The ADA to Adalimumab have a very restricted specificity on Fab’
fragment (TNF-a binding region) thus resulting all neutralising. (von
Schouwenburg PA et al, Ann Rheum Dis, 2013)

• No anti-allotype Abs have been found in patients treated with
Adalimumab and IFX (Magdalaine-Beuzelin C et al, Pharmacogen & Genomics
2009)

ASSESSMENT OF IMMUNOGENICITY

(Antigen binding Test)
(pH-shift anti-idiotype ABT)

ADAs are only detected if they are presents in amounts
that exceed the levels of drug….
(2013)

Isotypes involved in
Immunogenicity
• ADAs to Infliximab are mainly of IgG, but also IgA, IgM and IgE
isotypes have been described (Kosmac M et al, Pediatr. Res, 2011, Candon
S et al, Clin Immunol, 2006, Vultaggio A et al, Allergy, 2010)

• IgG ADAs to IFX are mainly of IgG1 and IgG4 subclasses (Svenson
M et al, Rheumatology, 2007)

• ADAs to Adalimumab are mainly of IgG4 subclass, even though
IgG1 have been described (von Schouwenburg PA et al, Nat Rew Rheumatol,
2013)

• The presence of high affinity ADA of IgG isotypes and of IgG1/IgG4
subclasses indicates that the immune response is T-cell mediated
(Baker MP et al, Slf nonself, 2010)

Table 2. Isotype of ATI in reactive patients
Patients

Grading of
reaction

Non
isotype-specific
ATI

ATI isotype
IgE

IgM

1

Severe

+

+

-

2

Moderate

+

+

-

3

Severe

+

+

-

4

Severe

+

-

+

5

Moderate

+

-

+

6

Moderate

+

-

+

7

Severe

+

-

-

8

Moderate

+

-

-

9

Severe

-

-

-

10

Mild

-

-

-

11

Mild

-

-

-

Up to March 30th, 2012

ADR+ patients n=30
ADA+ patients n=22 (73.3%)
IgE+ patients n=6 (27.2%)

Not all patients with hypersensitivity reaction are IgE+

RTX-specific IgE
Total IgE

Skin Testing
Positivity
Total IgE (kU/l)

RTX-specific IgE (kUA/l)

Serum anti-RTX IgE Ab increased during
the two infusion reactions

Sample # 1

2

3

4

5

6

7

8

9

10

% of inhibition

Anti-RTX IgE Ab mainly recognise mouse IgG
Rituximab
Mouse IgG

Inhibitor added (µg/ml)
Vultaggio A et al, Int Archs Allergy Clin Immunol, 2012

Dilution

Prick test

IDT (imm)

1:1000

Neg

Neg

1:100

Neg

Pos

1:10

Neg

Pos

SF

Neg

Neg

Effects of ADA on Drug efficacy:
Neutralising ADAs and LoR
• ADA of IgG4 subclass do not bind C’, but are able to neutralise the
drug.
• More than 95% of Adalimumab-specific ADA are able to neutralise
the drug (von Schouwenburg PA et al, Ann Rheum Dis, 2013)
• There are evidence that some Certulizumab-specific ADA exhert
neutralising activity (Kosmac M et al, Pediatr Res 2011, Ben-Horin
S et al, Gut, 2011, Smolen J et al, AnnRheum Dis, 2009)
• By contrast, Etanercept-specific ADAs are not neutralising (Dore
RK et al, Clin Exp Rheumatol, 2007, Anderson PJ et al, Sem
Arthritis Rheum, 2005)

Preliminary data indicate that virtually all IFX-specific
ADAs contain neutralising Abs irrespective of the status
of patients (tolerant, unresponsive or reactive)

Effects of ADA on Drug efficacy:
Drug/ADA ICC and LoR
• Drug/ADA ICC have been studied on cynomolgus monkeys treated
with IFX.ICC of two different sizes have been found (dimers and
tetramers). Large ICC are cleared from the circulation more rapidly
than the small ICC (Rojas JR et al, J Pharmacol Exp Ther, 2005)
• The size of ICC varies among patients. A severe ADR have been
associated to large ICC (von der Laken CI et al, Ann Rheum Dis, 2007)
• Large ICC are quickly cleared by the liver in man, whereas small ICC
stay in the circulation for a prolonged time, influencing the half life of
drug and its efficiency (von Schouwenburg PA et al, Ann Rheum Dis , 2013)
• The thromboembolic events are higher in patients with
Adalimumab/ADA ICC than in in patients without ADA (Aarden L et al,
Curr Opin Immunol, 2008)

Large ICC (IFX or Adalimumab) results in increased
immunogenicity compared to small ICC (etanercept)
14,000 kDa
(large)

INFLIXIMAB

High Clearance
Neutralizing
Direct B cell activation (?)

4,000 kDa

ADALIMUMAB

Clearance
Neutralizing
Direct B cell activation (?)

300 kDa
(small)

ETANERCEPT

Low Clearance

Kohno T., et al. J Invest Dermatol Symp Proc 2007
Kim MS., et al. J Mol Biol 2007

Drug-related factors:
T cell epitopes
• The removal of T cell epitope from existing TNF-a Blockers might
be a fine strategy to reduce ADA formation. Approaches to evaluate
AD-T cell epitopes are scarse at present. The methods used are:
– In silico methods which can predict the binding affinity of T cell
epitopes
– Proliferative assays to check immunodominant peptides
– Genetic linkage between HLA haplotypes and ADA formation
• One T cell epitope was associated to IGHG1 G1m1 allotype
(present in Adalimumab), but patients displaying this sequence
have higher, rather lower, propensity to produce ADA (Bartelds GM,
et al, Arthritis Res Ther 2010)

Rituximab-specific T cells with Th2 profile
correlate with the Anti-RTX IgE response
RTX-reactive patient
Healthy controls
RTX-unexposed patients

°
°

1° Stimulation: medium

medium

RTX (1)

RTX (1)

RTX (1)

RTX (1)

2° Stimulation: medium

RTX (1)

medium

RTX (10)

RTX (1)

RTX (0.1)

Isotype control
Anti-class II MHC Ab

*

IL-13

Sample #

**
**

*
*

pg/ml

Total IgE (kU/l)

RTX-specific IgE (kUA/l)

Mitogenic Index

(Vultaggio A et al, Int Archs Allergy Immunol, 2012)

medium

IFN-γ

IL-13
RTX

IFN-γ

IL-13

IFN-γ
P/I

T cell response to IFX is difficult to detect for
the intrinsic biological activity of the drug.

RTX

IFX

After 4 months from Adverse Reaction
Vultaggio A et al, in preparation

Immunogenicity: Key Points
• The therapeutical TNF-a Blockers are associated with the
formation of ADA and a parallel T cell response
• Factors influencing the immunogenicity of TNF-a Blockers include:
drug’s characteristics, the patient’s genotype and immune system
activity, the dose, duration, administration route and
coadministration with other immunosuppressive agents
• The development of the majority of ADA to Adalimumab or
Infliximab is in the first months of therapy
• Low ADA levels do not impair the efficacy of therapy with TNF-a
blockers, while high levels impair treatment efficacy reducing
unbound drug levels
• The knowledge of how and why TNF-a blockers evoke an immune
response could lead to new strategies to minimize ADR and LOR

Clinical consequences of Immunogenicity to BAs
Endovenously
administered BA

Systemic and clinically
heterogenous

Subcutaneously
administered BA

Injection site
reactions

Delayed-type
skin manifestations to BAs
Severe malaise anddisseminated
Fever (100%)
et al, Dermatitis 2009, Torres MJErythema
et al, JACI, 2011)
Severe(Bremmer
Dyspnea M
(60%)
Swelling
Back or chest pain
• (44%)
Generalized maculopapular exanthema
Pruritus
Disseminated erythema
(32%)
• Lichenoid exanthema
Infiltrated Plaques
Flushing, Swelling (30%)
• Granulomatous exanthema
Itching, urticaria (30%)
• Psoriasiform eruptions
Heart failure (14%)
• Erythema multiforme
Hypotension (12%)
• Steven-Johnson syndrome

To monitor Immunogenicity:
In vitro and in vivo assays
Stage 1:
ADA screening
& confirmation

ADA screening assay
(Bridging ELISA)
“Double antigen sandwich
format”

-

No further
testing

-

No further
testing

+
Confirmatory assay
(Bridging ELISA)

+
Stage 2:
ADA
characterization

ADA Isotypes
Neutralising ADA
Skin testing
Drug specific T cell
response?

The role for ADA assays in the
identification of at risk patients
1
Non-isotype-specific ADA
IgE ADA

0,8

OD

0,6

Hypersensitivity risk
can be detected prior to
clinical symptoms !!

0,4
0,2
0

Baseline

Day of
reaction

+7

+14

+21

+28

Days post reaction

The retrospective analysis of samples taken before the infusions
indicate that at the day of reaction all patients have high levels of
non-isotype specific- and IgE ADAs
(A.Vultaggio, A.Matucci et al Allergy 2010)

Management of safety of
acute infusion reactions
• To monitor Immunogenicity
(mainly within the first months and at the re-treatment!)
– ADA response/isotypes
– Skin Testing
– T cell response (?)

• To minimize immunogenicity and allergenicity
– Modification of immunodominant epitopes of drug
– Redirection of the anti-AD Th response by adjuvants
– Immune Tolerance induction strategies
– Potentiating the network of Treg cells
– Co-administration of immunosuppressive therapies
- Desensitization Protocols

Impact on the Discipline
• To optimise assays for detecting ADA isotypes and subclasses
towards different Biologicals
• To monitor B and T cell responses, aiming to prevent LOR/ADR
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• To design new allergological/immunological work-up for the
management of at risk patients and of hyposensitisation protocols
• To define immunogenicity of Biosimilars
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INFLIXIMAB ADVERSE EVENTS
IN PATIENTS WITH ANTI-INFLIXIMAB ANTIBODIES

Day Hospital Service, Section of Immunoallergology,
Dept of Internal Medicine, University of Florence

SA

65 Rheumatoid Arthritis
31 Spondiloarthritis

219 patients

Inf

Inf
Inf ATI

34 Vasculitis
89 Infl. Bowel Diseases

SA

DOUBLE-ANTIGEN
SANDWICH FORMAT

Incidence of anti-infliximab antibodies (ADA) in 178 treated patients
(NB: Serum samples were taken 2h before infusion
and assayed for ADAs and drug concentrations)

RESPONDERS
(n=91)

NON-RESPONDERS
(n=57)

REACTIVES
(n=30)

ADA +

5 (5.4%)

21 (36.8%)

22 (73.3%)

ADA -

86 (94.6%)

36 (63.2%)

8 (26.7%)

p=0.000015
p<0.00001

(Matucci A, unpublished )

