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Introduction*

*Parts of this introduction have been published:
Krieckaert CL, Rispens T, Wolbink GJ. Immunogenicity of biological therapeutics: 

from assay to patient. Curr Opin Rheumatol. 2012 May;24(3):306-11.
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Biological medications include a wide range of medicinal products created by biological 

instead of chemical processes. Biologicals may consist of proteins, nucleic acids or complex 

combinations of substances, or may be living entities such as cells and tissues. They are 

isolated from natural sources or are produced by biotechnology methods.
1

Over the past decades, biologics with variable targets have been developed for treatment of 

inflammatory rheumatic diseases. These biologics appeared similar effective in patients with 

rheumatic diseases in whom conventional treatment was not sufficient.
2 3

One of the targets 

is tumour necrosis factor (TNF), a pro-inflammatory cytokine and one of the key factors in 

inflammation and matrix destruction in inflammatory diseases.
4

This thesis will focus on TNF-inhibitors in rheumatoid arthritis (RA). RA is an auto-immune 

disease characterised by inflammation of the joints, if not treated adequately, resulting in 

cartilage and bone destruction and related functional disability, decreased quality of life and 

shortened life expectancy. The TNF-inhibitors available for the treatment of RA are 

infliximab, a chimeric monoclonal antibody of the IgG1 subclass, adalimumab and 

golimumab, fully human monoclonal antibodies also of the IgG1 subclass, etanercept, a 

recombinant fusion protein receptor and certolizumab, a pegylated Fab’ fragment of an 

immunoglobulin. 

Immunogenicity of biologics

Biological therapeutics can be recognised by the human immune system as ‘non self’ and 

induce an immune response, also known as immunogenicity.
5

Therapeutic endogenous 

proteins, such as erythropoietin and growth factors, have an amino acid sequence identical 

to the human equivalent but may be immunogenic due to glycosylation or conformational 

changes,
6

whereby new epitopes emerge. Therapeutic antibodies carry unique 

complementarity determining regions (CDR), containing stretches of sequences that 

frequently will be recognized as foreign and induce formation of antidrug antibodies (ADA).

Assay techniques

Various classes of immunoglobulins, with variable affinity, are produced. In addition, the 

formation of ADA fluctuates over time and immunological tolerance might develop at a 

certain time point during treatment. On the other hand, with longer follow-up duration a 

higher percentage of patients might test positive for ADA. Also, timing of blood sampling 

during treatment can affect the detection of ADA: the measurement of ADA in trough 
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samples reduces drug interference in ADA assays. These issues will be discussed in this 

thesis.

Several assay formats are available for the detection of ADA.
5 7

None of the available 

assays is able to detect all of the subclasses or idiotypes of ADA. IgM antibodies have low 

avidity, and are therefore difficult to detect. Affinity matured IgG1 and IgG4 antibodies are 

easier to detect. IgE has a high avidity, but excess of IgG makes detection of the relatively 

low amounts of IgE challenging.

Commonly used assays include direct enzyme linked immunosorbent assays (ELISAs),

which are straightforward but suffer from nonspecific binding.
5 7

Two-site or bridging assays

are sensitive and specific, but do not detect IgG4 antibodies and are susceptible to drug 

interference, since both binding sites of the ADA need to be available for detection.
5 7

Antigen binding tests (ABT) have been shown to be specific and are less susceptible to drug 

interference. However, for these radioimmunoassays there is a need for laboratory facilities 

for radioactivity.
5 7

A fourth type is the cell-based assays which are not frequently used for 

immunogenicity testing, because they are time consuming, complex and variable.
8

Confounding factors: false positive

Numerous factors could lead to false-positive results when assessing the immunogenicity of 

therapeutic antibodies. Binding to the plate may induce conformational changes of the 

therapeutic protein that may result in nonspecific signals. In particular, Fc interactions of 

IgG4 to coated IgG may give rise to background problems.
9-11

In patients with RA, low 

avidity IgM (or IgG) rheumatoid factor can also lead to false positive results, because 

rheumatoid factors bind to the Fc part of antibodies.
12

Therefore, the use of F(ab’)2 

fragments of therapeutic antibodies in assays can eliminate this background, but it 

introduces another source of false-positive results due to anti-hinge antibodies (found in 

sera from some healthy individuals as well as some patients with RA). However, this 

background can be blocked by addition of polyclonal F(ab’)2 fragments prepared from 

intravenous immunoglobulin (IVIG).
13

Confounding factors: false negative

Although the two-site assay is the most sensitive for the detection of ADA, a smaller number 

of patients test positive in the two-site assay compared with the ABT.
7

This discrepancy is 

caused by the susceptibility for drug interference (Figure 1). The two-site assay typically 

measures ADA in the absence of detectable drug levels, which occurs when the amount of 
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ADA exceeds the concentration of the drug present in the serum. In the presence of 

functional drug levels, drug-antidrug antibody complexes are formed and as a result, the 

assay cannot detect the ADA. The ABT is able to measure a small part of the ADA in 

complex with the drug. A pH-shift-anti-idiotype ABT enabled the measurement of ADA in the 

presence of drug by dissociation of the complexes.
14 15

This will be further discussed in this 

thesis. Confounding factors of ADA assays and different test results for different assay types

could lead to confusion or misinterpretation when the user is unaware of these aspects.  

In this thesis, for the studies describing the clinical relevance of immunogenicity, ADA were 

measured using an ABT. ADA detected with this assay are clinically relevant
16-18

and the 

assay is less sensible for drug interference compared with an ELISA.
7

To study the immune 

response against TNF-inhibitors into more detail a Ph-shift-anti-idiotype ABT is used.  

Figure 1. The detection of antidrug antibodies (ADA) is dependent on the assay used for detection and 
its susceptibility for drug interference. This graph shows the drug level, detected with an ELISA, and the 
amount of ADA detected with a Ph-shift-anti-idiotype antigen binding test (PIA), an antigen binding test 
(ABT), which is a radioimmunoassay, and an ELISA, respectively. Most clinically relevant situation is 
depicted on the right side of this figure: high ADA levels and no functional drug.
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Drug level measurement

The measurement of functional drug levels is, in comparison to the measurement of ADA, 

more straight forward and costs are low. In general, a drug specific ELISA is used for the 

measurement of these levels. For TNF-inhibitors, the drug is captured with this assay via its 

ability to bind TNF. The measurement of trough levels is important in the standardisation 

process and interpretation of the results. Trough levels are measured directly before the 

next injection or infusion with a biologic. Drug levels reflect pharmacokinetics of a drug and 

can be influenced by the amount of ADA formed via the formation of drug-antidrug 

complexes. (Figure 1)

Clinical implications: efficacy

Therapeutic antibodies are removed from the circulation at similar or slightly faster rate 

compared with endogenous IgG. The production of ADA can cause faster clearance due to 

the formation of immune complexes. In addition, drug in complex with ADA will not be 

biologically active if the ADA are directed to the antigen-binding site,
19

which is usually the 

only foreign part of humanised or fully human therapeutic antibodies. As a consequence, 

TNF can be active again (Figure 2). These two mechanisms lead to decreased functional 

drug levels and consequently to impaired treatment responses.

ADA detection in clinical practice is registered in several long-term observational cohort 

studies. For example, in 2006 we already demonstrated that in a cohort of 51 infliximab-

treated RA patients, nearly half of the patients developed ADA within one year of treatment 

and this interfered with clinical response.
16

In addition, in 105 infliximab-treated RA patients, 

after 14 weeks of treatment, non-responders had lower infliximab trough levels than 

responders.
17

In 121 adalimumab-treated RA patients, 17% had detectable ADA after 6 

months of therapy. The presence of ADA was associated with low serum adalimumab levels 

and non-response to treatment.
18
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Figure 2. Antidrug antibodies (ADA) interfere with tumour necrosis factor (TNF) binding. On the left 
panel two TNF molecules bind to a therapeutic monoclonal antibody (Drug). On the right panel, ADA 
interfere with the binding of a TNF molecule to the therapeutic antibody (Drug), whereby TNF can be 
active again. 

Clinical implications: adverse events

The presence of ADA might be associated with adverse events, of which infusion reactions

are most common.

A well known example of an adverse reaction that occurred after the administration of an 

erythropoietin product was a pure red cell aplasia,
20

in which ADA against the erythropoietin 

product depleted not only the drug itself but also the endogenous erythropoietin. This very 

rare phenomenon, caused by conformational changes of the ADA, is typical for endogenous 

therapeutic proteins with a biological function, potentially with severe consequences for

patients.

Infusion reactions are common adverse events in patients treated with biological 

medications, with limited consequences in some of the cases and major ones in others. In 

infliximab treated Crohn’s disease patients, the presence of higher concentrations of ADA 

predicted a higher risk of infusion reactions (relative risk 2.40; 95%CI 1.65-3.66).
21

Adverse events associated with the formation of drug-antidrug complexes, are probably 

rare. In some adalimumab-treated patients who previously developed ADA, serious 

thromboembolic events occurred.
22

No firm conclusions can be drawn because this study 

was underpowered and other risk factors could have contributed to the occurrence of 

events. 
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Factors influencing immunogenicity

Strategies to reduce the immunogenicity of biologic medications have mainly involved 

alterations to the molecule. For instance, the humanization of biologic agents of murine 

origin has greatly reduced the immunogenicity of these drugs. However, even fully human 

biologic agents may evoke an immunogenic reaction. Another potential strategy for reducing 

immunogenicity is the modification of immunogenic peptide fragments (T-cell epitopes) on 

the therapeutic antibodies. An important consideration with this strategy is that the protein 

has to remain stable and active, despite the modifications that have been undertaken to 

reduce the immunogenicity.
23

In RA patients treated with biologics, efficacy is in general enhanced when given in 

combination with methotrexate.
24-26

There appears to be a favourable effect of co-treatment

with methotrexate on the immunogenicity of biologicals, as will be further discussed in this 

thesis. Suppression of early T-cell and B-cell expansion by methotrexate might be 

responsible for the modulation of the immune response, whereby the formation of ADA is 

reduced in quantity and subsequently functional drug levels are increased.
27 28

Other 

investigators demonstrated that trough drug levels are higher in patients concomitantly 

treated with methotrexate because methotrexate reduces inflammation and consequently 

the TNF-load might be lower, resulting in higher functional drug levels.
29

This might indicate 

that the state of the immune system, an active inflammatory state, influences the immune 

response against ‘non self’ therapeutic antibodies.

Objectives of this thesis

Data discussed in this thesis is derived from two well-defined, simultaneously-running 

observational cohort studies of RA patients, treated with either adalimumab or etanercept,

during long-term follow-up.

Although the impact of immunogenicity on clinical response to TNF-inhibitors, mainly 

infliximab and adalimumab, has emerged from a growing number of observational studies

over the past decade, those studies generally comprise a short-term follow-up of 6 to 12 

months. Our first aim was to investigate the long-term effect of immunogenicity of 

adalimumab on important clinical outcome parameters. In addition, the relationship between 

etanercept serum levels and clinical response was studied during 6 months of follow-up to 

obtain more insight in the pharmacokinetics of etanercept. Furthermore, long-term response 

rates in both cohorts were compared, since at that time head-to-head trials were lacking. In 
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this study, the presence or absence of ADA was emphasised to identify the best responding 

patients.

To optimise treatment of RA with TNF-inhibitors, the effect of methotrexate on the 

immunogenicity of adalimumab and infliximab was reviewed, since observational studies 

showed a favourable effect of immunosuppressive co-treatment on the development of ADA. 

In addition, a more practical question was what methotrexate dose to use to achieve a 

beneficial effect on immunogenicity.

To explore other ways to optimise treatment with biologicals, a concentration-effect curve of 

adalimumab was constructed to study the relationship between drug level and clinical 

response and whether a therapeutic window could be identified. 

Knowledge gained from observational studies could be used to adapt treatment in a 

controlled setting, not only based on clinical response, but also on drug level testing, and we 

hypothesised that this might be a cost-effective treatment strategy.

At last, the Ph-shift-anti-idiotype ABT, might help in analysing the magnitude of an immune 

response, since with this assay is was possible to measure ADA in complex with drug. We 

wanted to investigate the clinical relevance of ADA in complex with drug and the benefit of 

measuring ADA with this assay compared to the regular ABT.

Outline of this thesis

Chapter 2 describes the long-term (3 year) clinical outcome of 272 adalimumab treated 

patients with RA and the negative effect of the immunogenicity of adalimumab on a range of 

clinical outcome parameters.

In chapter 3 ADA detected with a pH-shift-anti-idiotype antigen binding test give more 

insight in the immune response to adalimumab. The clinical relevance of the results of this 

assay is discussed.

In chapter 4 the concentration-effect curve of adalimumab in patients with RA is shown. 

This curve might provide a basis for therapeutic drug monitoring.

Chapter 5 is a cost-effectiveness analysis of personalised treatment with adalimumab. An 

algorithm in which treatment decisions are based on adalimumab serum levels and clinical 

response is defined and compared to usual care in which treatment adaptation decisions are 

solely based on clinical response.
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In chapter 6 etanercept serum levels are measured in a cohort of 292 patients with RA 

followed for 6 months. It is investigated whether serum levels of etanercept correlate with 

clinical response to treatment.

Chapter 7 compares the clinical outcome of anti-TNF-naive patients with RA treated with 

either etanercept or adalimumab, with regard to the presence of ADA detected with a 

radioimmunoassay.

In chapter 8a evidence of the beneficial effect of methotrexate and other 

immunosuppressive drugs on the immunogenicity of various monoclonal therapeutic 

antibodies is reviewed. This effect is shown for several inflammatory diseases. Chapter 8b

investigates the methotrexate dose needed to reduce the immunogenicity of adalimumab in 

patients with RA.

In chapter 9 the research agenda is discussed. Attention is paid to the importance of 

therapeutic drug levels and if, how and when therapeutic drug monitoring can be 

implemented in daily clinical practice. The concept of dose-to-target will be discussed.



16 |

Reference list
[1] Division of Communication and Consumer AffairsOffice of Communication OaDFaDA. What is a 
biological product? 30-11-2010. http://www.hhs.gov/fda/faq/faq/1612.html 

[2] Schoels M, Aletaha D, Smolen JS et al. Comparative effectiveness and safety of biological treatment 
hritis: systematic review and 

indirect pairwise meta-analysis. Ann Rheum Dis. 2012 Aug;71(8):1303-8.

[3] Salliot C, Finckh A, Katchamart W et al. Indirect comparisons of the efficacy of biological
antirheumatic agents in rheumatoid arthritis in patients with an inadequate response to conventional 
disease-modifying antirheumatic drugs or to an anti-tumour necrosis factor agent: a meta-analysis. Ann 
Rheum Dis. 2011 Feb;70(2):266-71.

[4] Tracey D, Klareskog L, Sasso EH et al. Tumor necrosis factor antagonist mechanisms of action: a 
comprehensive review. Pharmacol Ther. 2008 Feb;117(2):244-79.

[5] Wolbink GJ, Aarden LA, Dijkmans BA. Dealing with immunogenicity of biologicals: assessment and 
clinical relevance. Curr Opin Rheumatol. 2009;21(3):211-5.

[6] van Beers MM, Bardor M. Minimizing immunogenicity of biopharmaceuticals by controlling critical 
quality attributes of proteins. Biotechnol J. 2012 Dec;7(12):1473-84. 

[7] Hart MH, de Vrieze H, Wouters D et al. Differential effect of drug interference in immunogenicity 
assays. J Immunol Methods. 2011;372(1-2):196-203.

[8] Wadhwa M, Thorpe R. Unwanted immunogenicity: lessons learned and future challenges.
Bioanalysis. 2010;2(6):1073-84.

[9] Rispens T, Ooievaar-De Heer P, Vermeulen E et al. Human IgG4 binds to IgG4 and conformationally 
altered IgG1 via Fc-Fc interactions. J Immunol. 2009;182(7):4275-81.

10] Rispens T, Leeuwen A, Vennegoor A et al. Measurement of serum levels of natalizumab, an 
immunoglobulin G4 therapeutic monoclonal antibody. Anal Biochem. 2011;411(2):271-6. 

[11] Zack DJ, Stempniak M, Wong AL, Weisbart RH. Localization of an Fc-binding reactivity to the 
constant region of human IgG4. Implications for the pathogenesis of rheumatoid arthritis. J Immunol.
1995;155(10):5057-63. 

[12] Tatarewicz S, Miller JM, Swanson SJ et al. Rheumatoid factor interference in immunogenicity 
assays for human monoclonal antibody therapeutics. J Immunol Methods. 2010;357(1-2):10-6. 

[13] Rispens T, de Vrieze H, de Groot E et al. Antibodies to constant domains of therapeutic monoclonal 
antibodies: Anti-hinge antibodies in immunogenicity testing. J Immunol Methods. 2012;375(1-2):93-9. 

[14] van Schouwenburg PA, Bartelds GM, Hart MH et al. A novel method for the detection of antibodies 
to adalimumab in the presence of drug reveals "hidden" immunogenicity in rheumatoid arthritis patients.
J Immunol Methods. 2010;362(1-2):82-8.

[15] Lofgren JA, Wala I, Koren E, et al. Detection of neutralizing antitherapeutic protein antibodies in 
serum or plasma samples containing high levels of the therapeutic protein. J Immunol Methods 2006; 
308 (1–2): 101–108.



Chapter 1 | 17

[16] Wolbink GJ, Vis M, Lems W et al. Development of antiinfliximab antibodies and relationship to 
clinical response in patients with rheumatoid arthritis. Arthritis Rheum. 2006 Mar;54(3):711-5.

[17] Wolbink GJ, Voskuyl AE, Lems WF et al. Relationship between serum trough infliximab levels, 
pretreatment C reactive protein levels, and clinical response to infliximab treatment in patients with
rheumatoid arthritis. Ann Rheum Dis. 2005 May;64(5):704-7.

[18] Bartelds GM, Wijbrandts CA, Nurmohamed MT et al. Clinical response to adalimumab: relationship 
to anti-adalimumab antibodies and serum adalimumab concentrations in rheumatoid arthritis. Ann 
Rheum Dis. 2007 Jul;66(7):921-6.

[19] van Schouwenburg PA, van de Stadt LA, de Jong RN, van Buren EE, Kruithof S, de Groot E, Hart 
M, van Ham SM, Rispens T, Aarden L, Wolbink GJ, Wouters D. Adalimumab elicits a restricted anti-
idiotypic antibody response in autoimmune patients resulting in functional neutralisation. Ann Rheum 
Dis. 2013 Jan;72(1):104-9.

[20] Bennett CL, Luminari S, Nissenson AR et al. Pure red-cell aplasia and epoetin therapy. N Engl J 
Med. 2004;351(14):1403-8. 

[21] Baert F, Noman M, Vermeire S et al. Influence of immunogenicity on the long-term efficacy of 
infliximab in Crohn's disease. N Engl J Med. 2003;348(7):601-8.

[22] Korswagen LA, Bartelds GM, Krieckaert CL et al. Venous and arterial thromboembolic events in 
adalimumab-treated patients with antiadalimumab antibodies: a case series and cohort study. Arthritis 
Rheum. 2011;63(4):877-83.

[23] Parker AS, Zheng W, Griswold KE et al. Optimization algorithms for functional deimmunization of 
therapeutic proteins. BMC Bioinformatics. 2010;11:180.

[24] Maini RN, Breedveld FC, Kalden JR et al. Therapeutic efficacy of multiple intravenous infusions of 
anti-tumor necrosis factor alpha monoclonal antibody combined with low-dose weekly methotrexate in 
rheumatoid arthritis. Arthritis Rheum. 1998 Sep;41(9):1552-63.

[25] Klareskog L, van der Heijde D, de Jager JP et al. Therapeutic effect of the combination of 
etanercept and methotrexate compared with each treatment alone in patients with rheumatoid arthritis: 
double-blind randomised controlled trial. Lancet. 2004 Feb 28;363(9410):675-81.

[26] Breedveld FC, Weisman MH, Kavanaugh AF et al. The PREMIER study: A multicenter, 
randomized, double-blind clinical trial of combination therapy with adalimumab plus methotrexate versus 
methotrexate alone or adalimumab alone in patients with early, aggressive rheumatoid arthritis who had 
not had previous methotrexate treatment. Arthritis Rheum. 2006 Jan;54(1):26-37.

[27] Genestier L, Paillot R, Fournel S et al. Immunosuppressive properties of methotrexate: apoptosis 
and clonal deletion of activated peripheral T cells. J Clin Invest. 1998 Jul 15;102(2):322-8.

[28] Lange F, Bajtner E, Rintisch C et al. Methotrexate ameliorates T cell dependent autoimmune 
arthritis and encephalomyelitis but not antibody induced or fibroblast induced arthritis. Ann Rheum Dis.
2005 Apr;64(4):599-605.



18 |

[29] Bendtzen K, Geborek P, Svenson M et al. Individualized monitoring of drug bioavailability and 
immunogenicity in rheumatoid arthritis patients treated with the tumor necrosis factor alpha inhibitor 
infliximab. Arthritis Rheum. 2006;54(12):3782-9.


