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• TNF-α (TNF) plays a central role in inflammation, 

and the pathogenesis of autoimmune and chronic 

inflammatory diseases

• Monoclonal antibody therapeutics targeting TNF 

have revolutionized the treatment of patients 

suffering of these diseases 

• TNF antagonists are a class of biologics that are 

increasingly used worldwide

Therapeutic Targeting of TNF-a



TNF antagonists constitute

the fastest growing medicinal expenditure worldwide. 

• FY16: >$26 billion in sales

• 5.8% of all U.S. pharmaceutical sales in FY16

TNF antagonists currently approved

IQVIA IMS Institute report, May 2017 (Iqviainstitute.org)

$

* Biosimilars approved by FDA

* **

Lazar-Molnar E, Delgado JC. Immunogenicity assessment of tumor necrosis factor antagonists in the 

clinical laboratory. Clin Chemistry 2016; 62:1186-98 (Adapted).
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Clinical use of TNF antagonists

Source: official package inserts



The clinical use of TNF antagonists has confronted 

clinicians with critical challenges:

• Adverse effects due to immunosuppression: tuberculosis 

reactivation, sepsis, opportunistic infections, malignancies

• Treatment failure: up to 60-70% of patients sooner or later 

experience treatment failure to TNF antagonists

• Primary or secondary

• Various mechanisms 
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Therapeutic challenges



• Lack of improvement of clinical signs and symptoms 

during induction therapy (~30% of patients)

• Mostly due to pharmacokinetic (PK) issues leading to increased 

drug clearance or low drug concentrations

• Factors associated with primary response failure include:

• High baseline TNF-α; correlates with increased CRP levels

• Low albumin

• Large body size

• Male gender

• Managed by increasing dosage or shortening dosing 

interval

Primary treatment failure



• Loss of clinical response after initial improvement of 

clinical symptoms (up to 50% of previously responding 

patients)

• Most cases are secondary to immunogenicity due to 

anti-drug antibodies (ADA) 

Seconday treatment failure
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Immunogenicity of protein-based 

therapeutics

• Repeated administration of exogenous proteins 

trigger immune response (vaccines)

• Repeated doses of protein based drugs elicit the 

production of anti-drug antibodies over time

• Factors affecting immunogenicity

o treatment-related: “foreignness” of drug, route of 

administration, nr of doses

o patient-related: genetic background, inflammatory 

milieu (cytokines)



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; 54:3782-9 (Adapted with permission).

• Serum levels of infliximab and anti-infliximab ADA in 106 RA patients

• 44% of the patients were ADA-positive after 6 months of therapy 
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drugs in the circulation is warranted in patients with pri-
mary response failure because demonstration of high
drug levels may save months of futile and expensive
therapy and allow earlier shift to effective treatment
(Bendtzen, 2011).

Immunogenicity and secondary response failure

Many patients who meet the criteria for an initial clini-
cal response sooner or later lose effect of TNF antago-
nists, and the one-year drug survival rates may in some
cases decline to less than 20% mainly due to loss of
efficacy (Allez et al., 2010; Furst et al., 2011; Brunasso
et al., 2012; Emery, 2012). Secondary response failure
can in some patients be related to individual differences
in drug bioavailability and PK, as this may lead to inad-
equate drug levels in the circulation and in affected tis-
sues. PD issues involving the mechanisms underlying
inflammation in the affected tissues, may also be
involved. Infections and alterations in concomitant
therapies, or the introduction of new ones, may for
example affect pathophysiological processes in tissues
also affected by the original disease. The major contrib-
utor to secondary response failure, however, appears to
be immunogenicity leading to production of ADA with
removal of the drug from the circulation and/or direct
neutralization of drug activity.

Anti-drug antibodies (ADA)

Repeated injections of biopharmaceuticals may trigger

production of ADA (Kromminga and Schellekens,
2005; Shankar et al., 2006; Strand et al., 2007). This is
hardly surprising because administration of many pro-
tein drugs resemble vaccination procedures: repetitive
subcutaneous injections of non-self proteins. All cur-
rently used anti-TNF biopharmaceuticals are non-self
glycoproteins, including the so-called fully human anti-
bodies (adalimumab and golimumab) that contain TNF-
binding idiotopes that are not part of a normal human
antibody repertoire (Bendtzen, 2012). It is therefore to
be expected that TNF antagonists also induce ADA
(Fefferman and Farrell, 2005; Bendtzen et al., 2006;
Wolbink et al., 2006; Aarden et al., 2008; Ebert et al.,
2008; West et al., 2008; Bendtzen et al., 2009;
Cassinotti and Travis, 2009; Karmiris et al., 2009;
Petitpain et al., 2009; Wolbink et al., 2009; Aikawa et
al., 2010; Allez et al., 2010; Jamnitski et al., 2010;
Krieckaert et al., 2010; Lecluse et al., 2010; Makol et
al., 2010; Bartelds et al., 2011; Bendtzen, 2011; Furst et
al., 2011; Korswagen et al., 2011; Steenholdt et al.,
2011a; Yanai and Hanauer, 2011; Emery, 2012). What is
surprising is that it has taken more than a decade to real-
ize this important problem. In RA and CD patients, for
example, half the patients with initial response to inflix-
imab experience flare of disease after months of thera-
py, and several studies have now shown that ADA are
closely associated with these events. This frequency is
even likely to be a low estimate, because the full impact
of drug immunogenicity is realized only if patients are
monitored for ADA on a routine basis or, at the very
least, every time treatment failure or side-effect occur.

Figure 1. Interindividual differences in serum levels of infliximab, and dynamic influence of ADA on drug PK. Serum
levels of infliximab (Y-axes) and anti-infliximab ADA were measured in 106 RA patients using RIA. Trough level
testings were carried out on sera drawn immediately before the 3rd intravenous infusion of infliximab 1.5 months after
start of therapy, and before the 4th and 6th infusions, respectively (right panels). The drug was administered at the
recommended dosage of 3 mg/kg. The left panel is a scatter plot showing mean value ± standard deviations (SD) of
the drug levels achieved after the 2nd infusion. Note the gradual disappearance of the drug as soon as ADA develop.
Approximately half the patients (44%) were ADA-positive after 6 months of therapy. Extended with permission from
Arthritis and Rheumatism (Bendtzen et al., 2006). 
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1. Empirical

• Intensification of treatment

• Administration of immunosuppressives

• Change to different TNF antagonist, or to a different class of drugs (e.g. anti-

IL-6)

• No attempt to identify the cause, or the mechanism of treatment failure

Clinical management of patients 

with treatment failure to TNF antagonists

2. Test-guided management

• Use laboratory testing to measure drug and ADA levels

• Select treatment based on the most likely mechanism of treatment failure

• Minimize the risk of adverse effects caused by immune complexes

Randomized controlled trials in patients with Crohn’s disease support the cost-

benefit of test-guided management over empirical strategy in patients with 

treatment failure to TNF antagonists (Steenholdt, 2014).



• Binding based methods

• Solid phase binding: conventional sandwich, and bridging ELISA

• Liquid phase binding: Homogeneous mobility-shift assay (HMSA)

• Mass spectrometry by LC-MS/MS (drug level only)

• based on identifying and measuring clonotypic peptides obtained by 

trypsin digestion of the drug

• detects both free drug, and drug complexed with ADA

• Functional assays: Reporter gene assay (RGA)

Clinical laboratory methods for

measuring levels of TNF antagonists and ADA

Methods for measuring drug levels perform and compare well.

Several studies confirmed strong correlations of drug levels 

between available methodologies.



12

Assay challenges for measuring 

anti-drug antibodies

1. Complexity of measuring antibodies (ADA) against 

antibodies (drug) in the presence of high levels of 

endogenous serum IgG

2. Interference by circulating drug levels – measure at trough

3. Most assays are unable to differentiate binding ADA from 

functional neutralizing ADA 

Binding ADA Neutralizing ADA 
directly interfere with the 

biological effect

may contribute to enhanced 

clearance of the drug



Limitations of binding assays for 

measurement of ADA

Lazar-Molnar E, Delgado JC. Immunogenicity assessment of tumor necrosis factor 

antagonists in the clinical laboratory. Clin Chemistry 2016; 62:1186-98 (Reproduced).



HMSA measures both neutralizing and 

non-neutralizing ADA, but unable to 

differentiate

Homogeneous mobility-shift assay (HMSA)

Lazar-Molnar E, Delgado JC. Immunogenicity assessment of tumor necrosis factor 

antagonists in the clinical laboratory. Clin Chemistry 2016; 62:1186-98 (Reproduced).



RGA for detection of neutralizing ADA

Pavlov IY, Carper J, Lazar-Molnar E, Delgado JC. Clinical laboratory application of a reporter-

gene assay for measurement of functional activity and neutralizing antibody response to 

infliximab. Clin Chim Acta 2016; 453:147-53 (Reproduced with permission).



• Neutralizing antibodies directly interfere with the biological effect of the drug, 

providing a direct explanation for the cause of treatment failure

• Binding, but non-neutralizing antibodies may be transient or have no impact on 

treatment response

• However, non-neutralizing antibodies may alter pharmacokinetics by inducing 

clearance of the drug 

• Combined use of binding assays along with functional tests in future studies are 

necessary to clarify the specific roles of neutralizing, versus non-neutralizing 

antibodies in the mechanism of treatment failure

The role of neutralizing versus non-

neutralizing ADA in treatment failure



Proposed algorithm for management

of patients with treatment failure to TNF antagonists, 

based on drug and ADA test results

Lazar-Molnar E, Delgado JC. Immunogenicity assessment of tumor necrosis factor 

antagonists in the clinical laboratory. Clin Chemistry 2016; 62:1186-98 (Reproduced).



• Primarily for the management of patients with treatment failure

• New recent guideline from the American Gastroenterological 

Association (AGA) recommends reactive therapeutic 

monitoring to guide changes in TNF antagonist therapy 

• Suggested target trough concentrations for patients with 

active IBD on maintenance therapy: 

• at least 5 mg/ml infliximab

• at least 7.5 mg/ml for adalimumab.

Clinical indications for testing 

serum levels of TNF antagonists and ADA

(Feuerstein JD et al, Gastroenterology 2017)



Summary

• Immunogenicity of TNF antagonists can lead to therapeutic failure

• Multiple methods clinically available for measuring drug levels and ADA

• Drug assays: good correlation across platforms

• ADA assays differ in 

• sensitivities for detecting ADAs of different types 

• sensitivity for drug interference 

• reported units (concentrations versus titers)

• Same assay in the same laboratory is recommended for monitoring

• Testing for drug and ADAs is primarily recommended in the context of 

therapeutic failure 

• Therapeutic monitoring is becoming part of routine clinical practice

• The use of a test-guided strategy contributes to safer, cheaper and 

more effective treatment. 
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