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This thesis comprises several studies covering pivotal aspects of the immunogenicity of monoclonal 

antibodies (mAbs).  The main questions addressed by the present thesis are: 

 Is immunogenicity clinically relevant?  

o Regarding efficacy 

o Regarding adverse events 

 Which factors influence immunogenicity? 

 How should clinicians deal with immunogenicity? 

 

Immunogenicity of fully human monoclonal antibodies 

The first murine-derived monoclonal antibodies had been recognized to provoke a human anti-murine 

antibody (HAMA) response, (1;2) that limited the clinical use of these antibodies. Efforts were made to 

humanize mAbs to chimeric (and fully human) antibodies. However, the immunogenicity of chimeric 

monoclonal antibody infliximab in RA patients had already been described 13 years ago. (3) 

Furthermore, immunologists have recognized that the basic idea that we are tolerant of all self 

proteins, and only respond to foreign proteins is flawed. (4) New clones of B-cells with unique 

idiotypes are generated every day throughout life by the processes of somatic gene recombination 

and somatic mutation. It is unlikely that tolerance to each B-cell clone is generated as soon as every 

new sequence emerges. (4) It seems obvious that anti-idiotypic immune responses are directed 

against fully human mAbs as well, i.e. in the form of human anti-human antibody responses (HAHA). 

Despite the rapid progress in mAb development in the last decades, knowledge on the 

immunogenicity of mAbs is only just emerging. This can be explained by the challenges involved in 

investigating immunogenicity. For instance, technical and standardization issues, such as the lack of 

clarity regarding the development of valid assays and of comparability of results between studies, are 

difficulties. In addition, power problems are likely because anti-drug antibodies develop only in part of 

the mAb treated patients. At the beginning of the mAb era, sufficient study population numbers, serum 

samples and financial opportunities to tackle the technical aspects were only available within the 

pharmaceutical industry.  

 

Before the publication of the first article of this thesis, Chapter 1, data on anti-drug antibody formation 

against fully human monoclonal antibodies was limited. Only a few data on anti-drug antibody 

formation against murine and chimeric monoclonal antibodies was available, and some reports 

describing negative effects on treatment response had been published. (3;5;6) Such relationships had 

not yet been described for adalimumab, a fully human monoclonal antibody. HAHAs were detected in 

12 percent of all study patients in an investigation where patients were treated with adalimumab 

monotherapy (i.e. without concomitant methotrexate). (7) However, no statistically significant 

difference in ACR 20 response between the groups with and without antibodies to adalimumab had 

been found. At that time the question was raised whether antibodies against fully human monoclonal 

antibodies were clinically relevant or not. The first evidence for the clinical relevance of HAHAs was 

given in Chapter 1, which demonstrated in a case report that the formation of HAHAs to adalimumab 

could have been an explanation for failure of adalimumab therapy.   

 

Chapter 2 showed that in a population of 121 adalimumab-treated rheumatoid arthritis patients anti–

adalimumab antibodies developed in 21 patients (17%) during the first 28 weeks of treatment. The 

presence of anti-drug antibodies was associated with low to undetectable serum adalimumab levels 

and less clinical improvement. The antibodies against adalimumab are directed against the idiotype of 

adalimumab and are therefore neutralizing. Furthermore, the low to undetectable serum adalimumab 
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concentrations might be due to the increased clearance of the immune complexes (adalimumab- anti-

adalimumab antibody) by the liver as was observed in a study with 
99

technetium-labeled infliximab. (8) 

Subsequent to the studies described above, anti-adalimumab antibodies have been described in 

several diseases for which adalimumab treatment is indicated. The incidence of anti-adalimumab 

antibodies varies in these studies from 2,6%-45%. (7;9-19)  

 

The effect of anti-drug antibodies on treatment response is clinically relevant 

The majority of the aforementioned studies showed that anti-adalimumab antibodies were associated 

with diminished serum adalimumab concentrations and a diminished treatment response 

(9;11;12;14;17-19) and therefore correspond with our findings. Long-term data on immunogenicity are 

scarce. In Crohn’s disease one study described the long-term outcome of adalimumab treatment with 

a focus on immunogenicity. (12) Data showed that adalimumab trough serum concentration was lower 

during the entire follow-up period (median 20 months) in patients who discontinued therapy and was 

affected by the presence of antibodies against adalimumab. In patients who displayed an adalimumab 

trough concentration <0.33 μg/ml at least once, sustained clinical benefit decreased in comparison to 

patients never having low trough serum concentrations. However, these results should be interpreted 

with caution due to the limited number of patients, as also argued by the authors, therefore no definite 

conclusions about the long term association between anti-drug antibodies and sustained decreased 

clinical benefit could be drawn. 

 

In Chapter 3 our aim was to investigate the course of anti-drug antibody development and its clinical 

relevance as measured by effects on treatment discontinuation, disease activity, and remission during 

long-term (3 year) follow-up. Therefore, we followed a cohort of 272 consecutive rheumatoid arthritis 

patients treated with adalimumab, and measured anti-adalimumab antibody (AAA) development to 

investigate the described outcome measures. During three years 76 out of 272 patients (28%) 

developed antibodies against adalimumab (AAA), of whom 51 (67%) developed AAA during the first 

28 weeks of treatment. The results of this study showed that the development of anti-drug antibodies 

has a large and clinically relevant negative impact on the treatment-effect of adalimumab in 

rheumatoid arthritis patients. Not only did patients with AAA discontinue treatment more often and 

earlier than patients without AAA, they also had a higher disease activity during treatment and only 

rarely went into remission. In conclusion, the development of anti-drug antibodies jeopardizes the 

long-term efficacy of adalimumab treatment in rheumatoid arthritis patients in clinical practice; the 

long-term treatment goals rheumatologists desire for their patients are not achieved.  

 

Assessment of immunogenicity helps in rational clinical decision making 

The lack of response to mAbs can partly be explained by an immunogenic response against these 

drugs, but there are also non-responding patients in whom an immunogenic reaction cannot be 

demonstrated. (5) Lack of response to TNF blockade in these patients might be ascribed to 

mechanisms that are not primarily driven by TNF. (20;21) Hence, there seem to be different types of 

non-responders with different underlying pathogenic mechanisms causing non-response. Knowing the 

reason for non-response would be helpful in determining whether patients who fail one TNF blocker 

should switch to another TNF antagonist or to a drug with a different mechanism of action. Therefore, 

we investigated immunogenicity in respect to switching TNF inhibitors in a population of 235 

rheumatoid arthritis patients. Chapter 4 demonstrates that anti-TNF naive patients had a better 

response to adalimumab therapy than prior infliximab non-responders. These infliximab non-

responders were divided into patients with and without anti-infliximab antibodies in order to estimate 

whether the non-response to the first TNF-inhibitor infliximab was attributable to an immunogenic 
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reaction or to another reason. Prior infliximab non-responders without anti-infliximab antibodies had 

the least improvement with subsequent adalimumab therapy. Previous studies on switching biologicals 

also identified different patient groups based on their response after switching; primary failures 

(patients with no response/intolerance, unlike secondary failures/patients with loss of response) to 

previous infliximab had a poor response to subsequent adalimumab therapy. (10;22;23) As stated 

before: there may be a subpopulation of RA patients that does not respond to anti-TNF therapy. 

(22;24) Further evidence for the latter is given by a study that showed that high levels of circulating 

TNF bioactivity was associated with a good clinical response to infliximab. (21) TNF may not be the 

crucial cytokine instigating rheumatoid arthritis in primary non-responders to anti-TNF therapy. 

Another study showed that responders to infliximab had a significantly higher synovial TNF expression 

and significantly more infiltration by TNF producing inflammatory cells than non-responders. (20) 

Therefore, our study suggests that non-responders to TNF blockers should be treated differently 

depending on their anti-drug antibody status. Antibody-positive patients probably benefit most from 

switching to a less immunogenic drug acting on the same principle, or from optimizing concomitant 

DMARD (MTX) therapy. Furthermore, it is likely that in non-responders without anti-TNF blocking 

antibodies it is more useful and cost-effective to start treatment based on a mechanism of action other 

than TNF blockade. 

 

Proof for this concept has been gained by the follow-up study described in Chapter 5. This cohort 

study comprised 292 consecutive RA patients, all treated with etanercept. Eighty-nine patients (30%) 

were treated previously with infliximab or adalimumab (“switchers”), and the remaining 203 (70%) 

were anti-TNF naive. All switchers were divided into two groups: with and without antibodies against 

the previous biological. After 28 weeks of therapy response to etanercept did not differ between anti-

TNF naive patients and switchers with anti-drug antibodies. In contrast, switchers without anti-drug 

antibodies had a diminished response to etanercept treatment compared to both TNF naive patients 

and switchers with antibodies. In conclusion, determining the immunogenic status of a non-responding 

patient should be part of a personalized treatment regimen. It can help to decide in which patient 

switching to another TNF inhibitor might be beneficial and appropriate considering the high costs of 

anti-TNF therapy. 

 

Patient and treatment related factors associated with immunogenicity 

Another important new finding from Chapter 4 was that patients who previously formed antibodies 

against infliximab were more likely to develop antibodies against adalimumab. A possible explanation 

why people develop antibodies against both drugs might be that some patients are more susceptible 

to develop an immune response, probably related to their genetic background. 

Previous studies showed that polymorphisms in the promoter region of the interleukin 10 (IL-10) gene, 

a cytokine with a key role in antibody formation, are associated with the formation of inhibitory 

antibodies to recombinant factor VIII in hemophilia (25;26), and with the development of auto-

antibodies against nicotinic acetylcholine receptor (nAchR) in myasthenia gravis. (27) In Chapter 6 we 

hypothesized that polymorphisms in this gene were also associated with the formation of antibodies 

against anti-TNF agents. To test this hypothesis anti-adalimumab antibodies were measured 28 

weeks after initiation of treatment with adalimumab in 192 prospectively followed Caucasian 

rheumatoid arthritis patients. We observed that distinct IL10 polymorphisms were associated with 

formation of antibodies against adalimumab. 

 

Another genetic patient characteristic that theoretically could have a role in the patient’s immune 

response against mAbs is the allotypic phenotype of a patient. Immunoglobulins carry allotypes which 
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represent slight differences in the amino acid sequences of the constant chains of an IgG molecule. 

Allotypic markers can differ between individuals and therefore immunoglobulins with certain allotypes 

can be immunogenic when injected into individuals whose immunoglobulins lack the allotype. 

Treatment with monoclonal antibodies with a certain allotype can lead to the formation of anti-allotype 

antibodies. In Chapter 7 we investigated whether a mismatch in IgG allotypes between adalimumab 

and IgG in 250 adalimumab treated patients is associated with the development of antibodies against 

adalimumab. Data showed that an allotype mismatch between adalimumab and IgG in adalimumab 

treated patients did not lead to a higher frequency of AAA. In contrast, patients who carried the same 

IgG allotype as present on the adalimumab IgG molecule, had a higher frequency of anti-adalimumab 

antibodies compared to patients whose IgG allotype differed from adalimumab. This suggests that the 

allotype of adalimumab may not be (highly) immunogenic. Interestingly, our data show that anti-

adalimumab antibody formation occurred more often in rheumatoid arthritis patients with the G1m17-

allotype than in rheumatoid arthritis patients without this allotype, which contributes to the idea that 

genetic factors have a role in anti-drug antibody responses.  

 

In addition to genetic factors, environmental factors, such as concomitant immunomodulator 

treatment, affect the development of anti-drug antibodies. In Chapter 8 literature on the effect of 

immunomodulators, such as methotrexate and azathioprine, on the immunogenicity of TNF-blocking 

therapeutic monoclonal antibodies is reviewed. We observed a generally favorable effect of 

immunosuppressive co-treatment on reducing the immunogenicity of therapeutic monoclonal 

antibodies, including the two only prospective studies that had been undertaken regarding this subject. 

(3;28) This corresponds to the findings described in Chapter 2,3 and 4 which showed that patients 

who later developed AAA less often had received concomitant methotrexate in a lower dose, and 

more often had received no concomitant DMARD at all. The mechanism behind the effect of 

immunosuppressants on immunogenicity is not elucidated. We hypothesize that by combining 

immunomodulators with TmAbs, the immune response is suppressed leading to a decrease in 

antibody formation. In other words, methotrexate or azathioprine could block the expansion of the 

immune reactive cells whereby the formation of anti-TmAb antibodies is reduced. The quantity of the 

immune response could be more relevant than just the development of the immune response. 

Optimization of treatment response should be the main goal when prescribing costly biological 

therapeutics. Especially in those inflammatory diseases in which it is not common to prescribe 

concomitant immunomodulating therapy, great benefits in lowering the incidence of anti-TmAb 

antibodies could be achieved by the use of concomitant immunosuppressants, resulting in an 

increased portion of patients with therapeutic concentrations of TmAbs in their blood. The concomitant 

use of immunosuppressants has not been associated with a higher incidence of (serious) adverse 

events (29;30), however, to minimize the risk of toxicity/intolerance the minimal sufficient dose of 

immunosuppressants to decrease the immunogenicity of TmAbs should be assessed. Evidence based 

consensus on prescribing concomitant immunomodulators is urgently needed.  

 

 

Adverse events associated with immunogenicity 

An immune response against a drug can lead to life-threatening adverse events, such as the induction 

of aplastic anemia caused by anti-epoetin antibodies. (31) The presence of anti-drug antibodies 

against TNF-inhibitors in rheumatoid arthritis has been associated with adverse events as well. The 

presence of antibodies to infliximab and of immune complexes of various sizes are associated with 

infusion-related hypersensitivity reactions. (5;6;8;32;33) In one study higher concentrations of 

antibodies to infliximab predicted a higher risk of infusion reactions. (6) To date,  the presence of anti-
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drug antibodies is not monitored in clinical practice; therefore many patients continue mAb treatment 

in the presence of anti-drug antibodies, resulting in ongoing formation of immune complexes. (6;8;32) 

Immune complex formation will only stop if mAb treatment is discontinued. The possible hazard of the 

continuous stimulation of the immune system by these immune complexes has hardly been 

investigated. The increased immune complex formation could be more harmful than generally 

conceived and an increased awareness might lead to the discovery of additional associated side 

effects. In Chapter 9 we first describe three  patients who developed severe venous and arterial 

thromboembolic events during treatment with adalimumab, in whom  anti-adalimumab antibodies were 

detected. The question arose whether the development of anti-adalimumab antibodies was associated 

with thromboembolic events during adalimumab treatment. In a cohort of 272 consecutive adalimumab 

treated RA patients we detected anti-adalimumab antibodies in 76 patients. During treatment eight 

thromboembolic events occurred, including pulmonary emboli, cerebrovascular accidents, myocardial 

infarctions, deep vein thrombosis, transient ischemic attack and optical vein thrombosis. Four of these 

events occurred in patients with anti-adalimumab antibodies and four in patients without anti-

adalimumab antibodies. After adjustment for confounding factors we observed an increase in the risk 

of thromboembolic events during treatment with adalimumab for patients with anti-adalimumab 

compared to patients without anti-adalimumab; with a hazard ratio of 7.6. However, patient numbers 

were relatively small, therefore validation in other cohorts is mandatory. Nevertheless, this could be an 

alarm signal that there might be an increased risk for thromboembolic events in patients with an 

immunogenic reaction against biologicals.  
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Assessment of immunogenicity incorporated into a clinical model 

Taking together the evidence described by the studies in this thesis, we come to the following 

conclusions: 

 Fully human monoclonal antibodies can be immunogenic 

 The effect of anti-drug antibodies on treatment response is clinically relevant and 

jeopardizes treatment efficacy  

 Immunogenicity is associated with adverse events 

 Assessment of immunogenicity aids in rational clinical decision making 

 The extent of an immunogenic reaction is associated with patient and treatment related 

factors 

 Both genetic and treatment-related risk factors can lead to a higher probability of 

developing anti-drug antibodies 

 

These findings should lead to clinical implications. We recommend the monitoring of serum drug levels 

and anti-drug antibodies during mAb treatment in all patients in daily routine practice. Instead of not 

knowing why a patient does not respond to a certain drug, the measurement of drug levels and anti-

drug antibodies helps in understanding why an individual patient does not respond to treatment. Even 

in patients with low disease activity but high anti-drug antibody titres and undetectable serum drug 

levels it is questionable whether the low disease activity is attributable to the drug. Because in that 

case patients have low disease activity despite the TNF-inhibitor, because there are no detectable 

drug levels in the serum. Adjusting policy based on an immunogenicity assessment could lead to more 

(cost)-effective treatment since patients with anti-adalimumab antibodies had a higher disease activity 

and hardly ever achieved remission (Chapter 3). Furthermore, evidence from Chapters 4 and 5 

suggests that patients who do not respond to a TNF inhibitor despite adequate serum drug levels and 

the absence of anti-drug antibodies, are likely to benefit more from a therapy based on another 

mechanism of action than from another TNF inhibitor yet again. Finally, standard monitoring of 

immunogenicity could help investigate possible rare adverse events associated with the development 

of anti-drug antibodies. 

In summary, not dealing with immunogenicity appears to be a substantial burden to both patients due 

to impaired treatment effect and possible adverse events and possibly to society due to 

pharmacoeconomic aspects, which could include both health economic aspects and treatment costs. 

Despite the fact that (cost-effectiveness) studies are necessary to provide conclusive data, it could be 

useful for clinicians to consider the effects of not dealing with immunogenicity. 

For some biological drugs immunogenic reactions have been investigated, but could not be 

demonstrated, as for the TNF-inhibitor etanercept, which is a TNF receptor Fc-fusion protein (34;35), 

albeit, higher serum levels of etanercept have found in patients with a EULAR good response 

compared to patients with a EULAR non response. (35) Some studies found low incidences of anti-

etanercept antibodies, but their clinical relevance could not be demonstrated. (36;37)  

Nevertheless, even during treatment with biological drugs for which immunogenic reactions have not 

been found, the monitoring of serum drug levels alone is beneficial, as patients with an inadequate 

response to treatment despite adequate serum drug levels could benefit more from treatment with a 

drug based on another mechanism of action than for example TNF blockade.
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Figure 1. Incorporation of immunogenicity into a clinical model
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A clinical model of how an immunogenicity assessment could be incorporated into clinical practice is 

shown in figure 1.  

There are important practical considerations that should be taken into account when assessing an 

immunogenic response. First of all, reliable results can only be produced if serum samples are drawn 

standardized just prior to a drug injection or infusion, i.e. by trough serum sampling. In currently used 

assays anti-drug antibody detection is only possible if the production of anti-drug antibodies exceeds 

the amount of drug present in the serum due to the formation of anti-drug antibody - drug complexes. 

(38) Hence, drug interference will lead to an underestimation of the number of patients producing anti-

drug antibodies. We have seen that antibodies against adalimumab became undetectable upon 

continuation of treatment (Chapter 2). This could be the result of drug interference, but it is tempting to 

speculate that prolonged exposure to the drug might induce tolerance. To discriminate between these 

two an assay which is able to detect anti-drug antibodies in the presence of drug has been developed. 

(39) Nevertheless, in current clinical practice and with common assays trough serum samples should 

be obtained to provide valid results. When in doubt, trough sampling from consecutive time points is 

advised.  

In conclusion, we recommend drug monitoring in all patients after 28 weeks of treatment (or sooner in 

case of non-response) and in non-responding patients subsequently.  

 

Future research 

As described in this thesis, the field of immunogenicity research is relatively new and further research 

is warranted in order to acquire more knowledge about  immunogenicity. 

Clinical research goals in the field are: 

 Development of consistent assays with appropriate specificity (and sensitivity) to support 

regular immunogenicity testing 

 Standardization of assays 

 Implementation of the clinical relevance of immunogenicity 

 Development of treatment guidelines that incorporate immunogenicity testing in clinical 

decision making  

 Prospective studies that elucidate the (beneficial) effects of immunogenicity testing 

incorporated into daily clinical practice 

 Pharmacoeconomic studies on the effects of immunogenicity testing in daily clinical 

practice 

 The monitoring of adverse events associated with anti-drug antibodies/ (chronic) immune 

complex formation 

 Understanding the patient related factors influencing immunogenicity and identifying high-

risk patient stratification markers 

 Prospective studies to develop an evidence based consensus on prescribing concomitant 

immunomodulators such as methotrexate, particularly in diseases where it is not common 

to prescribe concomitant treatment 
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