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Personalized Medicine: Theranostics (Therapeutics
Diagnostics) Essential for Rational Use of Tumor
Necrosis Factor-alpha Antagonists

KLAUS BENDTZEN

Abstract: With the discovery of the central patho-
genic role of tumor necrosis factor (TNF)-o in many
immunoinflammatory diseases, specific inhibition of
this pleiotropic cytokine has revolutionized the
treatment of patients with several non-infectious
inflammatory disorders. As a result, genetically
engineered anti-TNF-o antibody constructs now
constitute one of the heaviest medicinal expenditures
in many countries. All currently used TNF antago-
nists may dramatically lower disease activity and, in
some patients, induce remission. Unfortunately,
however, not all patients respond favorably, and
safety can be severely impaired by immunogenicity,
i.e., the ability of a drug to induce anti-drug antibod-
ies (ADA). Assessment of ADA is therefore an impor-
tant component of the evaluation of drug safety in
both pre-clinical and clinical studies and in the
process of developing less immunogenic and safer
biopharmaceuticals. Therapeutics diagnostics, also
called theranostics, i.e., monitoring functional drug
levels and neutralizing ADA in the circulation, is
central to more effective use of biopharmaceuticals.
Hence, testing-based strategies rather than empiri-
cal dose-escalation may provide more cost-effective
use of TNF antagonists as this allows therapies tai-
lored according to individual requirements rather
than the current universal approach to diagnosis.
The objective of the present review is to discuss the
reasons for recommending theranostics to imple-
ment an individualized use of TNF antagonists and
to highlight some of the methodological obstacles
that have obscured cost-effective ways of using these
therapies. [Discovery Medicine 15(83):201-211, April 2013]
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Introduction

The last decade has seen a revolution in the treatment of
patients with various immunoinflammatory diseases,
for example arthritic diseases [e.g., rheumatoid arthritis
(RA) and ankylosing spondylitis], inflammatory bowel
diseases [e.g., Crohn’s disease (CD) and ulcerative coli-
tis], skin diseases (e.g., psoriasis and hidradenitis sup-
purativa), non-infectious diseases of the eye (e.g., dia-
betic macular edema and age-related macular degener-
ation), and refractory asthma (Langford, 2008; Lin et
al., 2008; Emery et al., 2009; Allez et al., 2010; Desai
and Brightling, 2010; Furst et al., 2011; Jemec, 2013).
Thus, antibody constructs that specifically antagonize
the inflammatory cytokine tumor necrosis factor
(TNF)-o. have dramatically improved outcomes for
patients refractory or intolerant to conventional treat-
ments, reducing corticosteroid requirements and, in
some cases, inducing long-term remission (Tanaka,
2012).

The anti-TNF-biopharmaceuticals for systemic admin-
istration are the human TNF receptor/IgG1 fusion pro-
tein, etanercept/Enbrel; the chimeric human/mouse
mAb, infliximab/Remicade; the human mAbs, adali-
mumab/Humira and golimumab/Simponi; and the
mAb/Fab fragment, certolizumab pegol/Cimzia. They
all target both soluble and membrane-associated forms
of TNF-a, thus inhibiting TNF-a from triggering cellu-
lar TNF-receptors. The effects have been so dramatic,
and the number of patients who benefit so large that
TNF-o-targeting drugs now constitute one of the heav-
iest medicinal expenditures in many countries.

The massive use of TNF antagonists has confronted cli-
nicians with several challenges. Apart from immuno-
suppression and other side-effects, up to 50% of
patients sooner or later experience treatment failure
(Cassinotti and Travis, 2009; Afif et al., 2010; Aikawa
et al., 2010; Allez et al., 2010; Krieckaert et al., 2010;
Bartelds et al., 2011; Ben-Horin and Chowers, 2011;
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Danese et al., 2011; Yanai and Hanauer, 2011; Atzeni et
al., 2012; Chaparro et al., 2012; Colombel et al., 2012;
Garces et al., 2012). As there is currently no established
standard for handling patients with insufficient effect of
TNF antagonists, clinicians are left with only a few
choices when the drugs fail -- all based on clinical out-
come. They can wait and see, empirically intensify
treatment with the existing drug, switch to another TNF
antagonist, or switch to an entirely different class of
drugs. This ‘trial-and-error’ approach has several disad-
vantages. Patients with inflammation in the presence of
otherwise therapeutic drug levels are not identified, suf-
fering continues if the new and empirically chosen drug
is also ineffective, and there is a risk of irreversible tis-
sue damage while physicians search for an effective
new drug. It is also important to realize the enormous
financial consequences of unsuccessful ‘trials.’

One approach to deal with these problems is to use ther-
apeutics diagnostics, or theranostics, so that clinicians
can identify patients for whom a medication, or a
change in medication is likely to work (Palekar-
Shanbhag et al., 2012). It offers the possibility of tailor-
ing therapy according to individual needs as opposed to
the standard generic approach to diagnosis, and it aims
at reducing delays in effective treatment. Testings for
anti-drug antibodies (ADA) may also help assessing the
risk of potentially dangerous reactions caused by drug
immunogenicity. Finally, theranostics has the potential
to improve the cost-effectiveness of already expensive
therapies.

Clinical Use of TNF Antagonists

Apart from infliximab, which is given intravenously, all
systemically used biological TNF antagonists are for-
mulated for self-administration through subcutaneous
injections. Because of the high costs associated with
prolonged therapies, episodic treatment with discontin-
uation of the drugs during clinical remission is used in
some patients even though this strategy is associated
with insufficient responses and adverse reactions
(Steenholdt et al., 2011a).

Inadequate effect of TNF antagonists

Most patients respond favorably to TNF antagonists, at
least initially, but some do not. It is for example
unknown why certain TNF antagonists are effective in
some but not in other chronic inflammatory disorders
(Assasi et al., 2010). In general, patients with inade-
quate effects either do not respond at all (primary
response failure) or they respond initially but have later
relapses (secondary response failure) despite increased
dosage and/or more frequent administration of the

drugs (Strand et al., 2007; Bendtzen et al., 2009; Allez
et al., 2010; Krieckaert et al., 2010; Furst et al., 2011).
The mechanisms underlying these failures are not
entirely clear, partly because the problem has received
little attention. Proposed explanations for drug failure
include problems related to bioavailability, pharmaco-
kinetics (PK), and pharmacodynamics (PD) in addtion
to immunogenicity with development of ADA
(Ainsworth et al., 2008; Wijbrandts et al., 2008;
Bendtzen, 2012).

PK, PD, and primary response failure

It is likely that at least some of the above mentioned
problems could be overcome if therapists had knowl-
edge of the PK and PD of the drugs in individual
patients. For example, drug levels in sera sampled at the
end of a therapeutic cycle (trough) are surrogate PK
markers, and these levels have been shown to vary con-
siderably between patients on standardized dose regi-
mens with low levels correlating with (later) loss of
response (Bendtzen et al., 2006; Ternant et al., 2008).
These variations relate to structure and formulation of
the drugs, and route and frequency of administration,
but they also seem to depend on patient-related features
such as age, sex, weight, intercurrent diseases, con-
comitant medications, and the ability of an individual to
mount an immune response.

If primary nonresponders are routinely monitored for
circulating levels of the TNF antagonist or, better yet,
for levels of TNF-a-neutralizing activity, one would be
able to adjust treatment on the basis of patient-relevant
evidence which is likely to be much more cost-effec-
tive. For example, in the absence of ADA it would be
logical to increase the dosage of a drug, or to shorten
the dosing interval in patients with insufficient TNF-a-
neutralizing capacity. On the other hand, some patients
with primary response failure have therapeutic or even
supra-therapeutic drug levels (Ainsworth et al., 2008).
These patients are not likely to benefit from intensified
therapy, and because the patients are unresponsive
despite already high blood levels of anti-TNF-a activi-
ty, switching to another TNF antagonist is also likely to
be ineffective. Indeed, the presence of supra-therapeu-
tic concentrations of bioactive drug in unresponsive
patients raises the question whether TNF-a is of key
pathogenetic importance in all cases diagnosed as a sin-
gle disease entity (Ainsworth et al., 2008; Wijbrandts et
al., 2008). If not, RA, CD, psoriasis, and many other
diseases, where the diagnoses rest primarily or solely
on clinical criteria, may constitute pathophysiologically
heterogeneous groups of diseases, some of which
responding to TNF antagonists, others not (Bendtzen,
2012). Nonetheless, monitoring functionally active
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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 ef 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.
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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
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If not, as is the usual approach today, clinicians will
never know that ADA could be the underlying cause of
therapeutic failure, and side-effects.

The latter is highlighted by reports on potentially seri-
ous side-effects that seem to be mediated by drug-ADA
immune complexes, for example, infusion reactions,
serum sickness, bronchospasm, and Arthus reactions
(Wolbink et al., 2005; Bendtzen et al., 2006; Wolbink
et al., 2006; Descotes and Gouraud, 2008; Dubey et al.,
2009; Bendtzen, 2011; Korswagen et al., 2011). The
problem of drug immunogenicity becomes even more
important as evidence from infliximab-treated CD
patients show highly variable kinetics of ADA in the
circulation (Steenholdt et al., 2012). In some patients,
ADA persist for years even after discontinuation of
therapy, whereas others clear ADA from the circulation
during continued therapy. In view of the above find-
ings, it is remarkable that the vast majority of patients

still receive TNF antagonists without consideration of
the fact that development of ADA poses a safety risk
(Cheifetz and Mayer, 2005; Hwang and Foote, 2005;
Tangri et al., 2005; De Groot and Scott, 2007;
Bendtzen, 2011; 2012).

Investigations have shown that drug bioactivity disap-
pears from the circulation as soon as ADA appears
(Bendtzen et al., 2006; van den Bemt et al., 2011)
(Figure 1). Not surprisingly, several other investiga-
tions of RA and CD patients have shown that low blood
levels of infliximab, adalimumab, and etanercept, and
the presence of ADA correlate with the requirement for
dose increase, therapeutic failure, and infusion reac-
tions (St. Clair et al., 2002; Wolbink et al., 2005;
Mulleman et al., 2009; Radstake et al., 2009; Afif et al.,
2010; Bartelds et al., 2011; Jamnitski et al., 2011;
Steenholdt ef al., 2011a; Yanai and Hanauer, 2011).
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Figure 2. ELISAs for ADA. A: Capture ELISA. Left upper panel: A light-chain ADA, bound to the TNF antagonist
captured on TNF-a-coated plastic wells, are detected by enzyme-labeled anti-human A light-chain antibody (Ab). Right
upper panel: Alternatively, ADA captured on plastic-adherent Fab fragments of the drug, are detected by enzyme-labeled
anti-human Fcy Ab. Left lower panel: False negative ADA testings may arise from failure to detect anti-idiotypic ADA.
Right figures in the lower panel: False negative ADA testings due to high drug-sensitivity, i.e., inability to detect ADA in
the presence of drug. B: Bridging ELISA. Upper panel: Bridging ELISA depends on the bivalency of primarily IgG Ab
(and multivalency of IgA and IgM Ab) and, hence, the ability of these immunoglobulin classes to ‘bridge’ a drug mole-
cule preabsorbed to a plastic plate with an added enzyme-labeled drug molecule. Left two figures in the lower panels:
False positive ADA testings may arise from cross-binding of drug Fc-fragments by sera containing rheumatoid factor
and/or anti-allotypic Abs, or activated complement components in sera of patients with high inflammatory activity. Right
two figures in the lower panels: Most often, however, bridging ELISA generates false negative results for ADA because
they are highly drug-sensitive and/or because of failure to detect IgG4 ADA which predominate after prolonged immu-

nizations.
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Assays for TNF Antagonists and ADA

An important and often overlooked aspect of using test-
ing-based strategies is the ability of assays to accurate-
ly and reliably measure levels of functionally active
drug and ADA (Bendtzen, 2012). Detections of ADA,
for example, are generally hampered by the fact that
most TNF antagonists are by themselves immunoglob-
ulins, and by the complexity of measuring antibodies
against antibodies in non-functional binding assays.

Immunoassays for ADA binding

Enzyme-linked immunosorbent assays (ELISAs) are
the most commonly used tests for ADA in patient
serum. Unfortunately, however, all solid-phase assays
have several notable limitations for clinical use
(Bendtzen, 2012) (Figure 2). These include difficulties
for certain capture ELISAs to detect anti-idiotypic anti-
bodies because idiotopes residing in the TNF-a binding
site(s) of an antibody drug are masked by TNF-a in the
capture phase (Figure 2A). The frequently used bridg-
ing ELISA modification also fails to detect IgG4 anti-
bodies, a major isotype of ADA after prolonged immu-
nizations (Svenson et al., 2007; Bendtzen, 2012; van
Schouwenburg et al., 2012). This is because 1gG4 anti-
bodies are functionally monovalent and therefore can-
not ‘bridge’ in this type of binding assay (Figure 2B).
Perhaps more importantly, ELISA is highly sensitive to
the presence of drug in the sample being tested for
ADA, giving rise to false negative findings (Hart et al.,
2011; Bendtzen, 2012). Some investigators conse-
quently report ADA status as inconclusive in sera test-
ed with ELISA if drug is detectable (Yanai and
Hanauer, 2011). This has been estimated to be the case
in about half the patients in clinical trials.

ELISAs and other solid-phase assays are also known to
report false positive findings for example from neoepi-
tope formation and from nonspecific binding of low-
affinity antibodies, including heterophilic antibodies,
and also from rheumatoid factors and/or activated com-
plement which may cross-bind IgG Fc fragments in
bridging ELISA (Figure 2B).

As tools for therapeutic guidance, it is essential to real-
ize that binding assays do not discriminate between
neutralizing and non-neutralizing ADA, an issue recog-
nized in 2007 by the European regulatory authorities
(European Medicines Agency, 2007). With this in mind
and the limited in vivo relevance of solid-phase tech-
niques in general, the wide use of ELISA in recent
years may have contributed to the confusion surround-
ing drug immunogenicity -- and will continue to do so
as long as therapeutic relevance is ignored when

assessing ADA in the clinical setting. Newer solid-
phase binding assays, including those based on bead-
and chip technologies, may have similar disadvantages
as they report antibody binding to drugs in a non-
homogeneous and, possibly, aggregated or otherwise
denatured form (Bendtzen, 2012).

Semi fluid-phase enzyme-immunoassay (EIA). In
this ‘reverse’ EIA, patient serum and biotinylated drug
are allowed to preincubate in solute phase before being
developed on avidin-coated plates (Bendtzen and
Svenson, 2011). In a newer modification, serum is first
added to plastic wells precoated with protein G which
selectively binds to the Fc parts of IgG molecules irre-
spective of their antigen specificities (Figure 3). After
removal of all non-IgG serum components (by wash-
ing), any immobilized IgG ADA are visualized by addi-
tion of the enzyme-tagged drug. This modification also
allows ADA to bind to drug that has not been denatured
by prior plastic absorption as in an ELISA setup.

Fluid-phase radioimmunoassay (RIA) for ADA has
generated promising results in patients with RA and
CD (Bendtzen et al., 2006; Bartelds et al., 2011;
Bendtzen and Svenson, 2011; Steenholdt ef al., 2011b;
Krieckaert et al., 2012). Most of these assays are less
sensitive to artifacts encountered in solid-phase assays
and therefore thought to better reflect the in vivo condi-
tions (Figure 4). In contrast to ELISA, RIA is highly
sensitive and measures ADA also in the presence of

Enzyme immunoassay (EIA) for ADA
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Figure 3. EIA for ADA.
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limited amounts of drug. In addition, RIA detects all
isotypes and subclasses of immunoglobulins that bind
to the drug, including IgG4. The major limitation of
RIA is the need for advanced laboratory facilities and
the fact that these assays also fail to detect whether the
reported ADA are neutralizing or not.

Homogeneous mobility-shift assay (HMSA) uses size
exclusion high-performance liquid chromatography to
determine concentrations of ADA (Figure 5). This tech-
nology was recently introduced in North America as a
replacement for ELISAs for ADA detection (Wang et
al., 2012). The clinical potential of HMSA is under
investigation, but its rather expensive setup may limit
routine use. The fact that immune complexes may split
during chromatography giving rise to drug detection in
the presence of ADA is a potential problem. As with
other binding assays, HMSA does not inform on the
functionality of the reported ADA.

Cell-based assay for neutralizing ADA

Reporter-gene assay (RGA) is the most recent devel-
opment (Lallemand et al., 2011; Bendtzen, 2012)
(Figure 6). In contrast to binding assays, RGA measures
the functionality of both drugs and ADA, i.e., the TNF-
inhibitory effect of drugs and neutralizing ADA, respec-
tively. Though at present largely unexplored in clinical
trials, it may be desirable to use RGA for patient moni-
toring as it reports ADA that bind with sufficient avidi-
ty and to a locality on the drug that interferes with drug
activity at the cellular TNF-receptor level. This assay

therefore seems to resemble the in vivo conditions under
which TNF antagonists are believed to function.

The usual limitations of cell-based assays have been
overcome by the development of an RGA that allows
both drug activity and neutralizing ADA to be quanti-
fied independent of serum matrix effects and cell-num-
bers. In addition, the use of assay-ready cells stored at
-80°C for extended periods without loss of sensitivity
obviates the need for continuous cell cultivation. The
assay reports ADA within a few hours, and it is easily
modified for quantification of residual drug activity and
neutralizing ADA in patients treated with all known
anti-TNF biopharmaceuticals.

Testing-based Strategies as Clinical Utility

Some investigators hold the view that there is little need
to monitor drug levels, let alone ADA levels, if patients
are doing well on standard regimens. Some even feel
that ADA are of limited importance because there are
not always observable consequences of ADA develop-
ment. These assumptions are fostered by the use of
assays that have little clinical relevance, and even on
assays known to yield false results in the clinical setting
(Aarden et al., 2008; Bendtzen, 2012).

The wide use of bridging ELISA for detecting ADA in
patient serum is perhaps the most problematic example,
as this type of assay as mentioned previously cannot
detect ADA in the presence of drug (Hart et al., 2011).
Consequently, the extensive use of bridging ELISA and

other assays that underestimate

Radioimmunoassay (RIA) for ADA

ADA 1in the circulation and/or do
not reflect the in vivo conditions in
patients may have contributed con-

125l-drug e Anti-k light- siderably to the confusion many
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Figure 4. RIA for ADA. This RIA detects all immunoglobulin isotypes of ADA
against all currently registered TNF antagonists. Free and immunoglobulin-
bound tracer are separated by spinning down only the radiolabeled drug binding
to A light-chain ADA in complex with anti-A light-chain Ab.

drug levels than ADA, for example
improper handling/storage (caus-
ing drug aggregation), compliance
problems (most TNF antagonists
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are administered by patients themselves), and serum
sampling after prolonged injection intervals (resulting
in lower than ‘normal’ drug levels). Non-ADA induced
degradation and/or elimination of antibody constructs
may also play a role (Ordas et al., 2012).

2. If therapists continue to immunize a patient with
undiscovered ADA, possibly even with increased doses
because of low drug levels, extended therapy becomes
both costly and ineffective (van der Maas et al., 2012).
It also compromises safety because the risk of adverse
events increases in the presence of ADA.

3. If low drug levels are being determined by ELISA or
other binding assays, these data do not reveal the func-
tion of the drug, i.e., the TNF-a neutralizing capacity.
Several serum factors are known to interfere with
ELISA, including normally occurring serum compo-
nents such as C-reactive protein and albumin, and non-
neutralizing antibodies (Ordas et al., 2012).

Assuming the use of accurate and sensitive assays that
reflect the in vivo conditions, how should theranostics
be implemented in order to optimize efficacy and safe-
ty in individual patients? In case of an insufficient
response to a TNF antagonist, one should initially con-
firm that symptoms originate from increased activity of
the underlying disease. Non-inflammatory symptoms
should be realized, as should inflammatory activity due
to reasons other than relapse of the disease being treat-
ed (infections, ischemia, etc.). In case of assumed drug
failure, it is suggested to measure serum levels of both
drug and ADA to better understand the pharmacoim-
munological realities in each individual patient. A pre-
viously proposed algorithm considers four principal sit-
uations (Bendtzen et al., 2009) (Figure 7):

1. A PD issue where loss of response occurs in the pres-
ence of moderate or even high TNF-a-neutralizing
serum capacity. This is speculated to arise from activa-
tion of alternative immunoinflammatory pathways
bypassing TNF-a as a central pathogenic factor. Many
patients with primary response failure appear to belong
to this subgroup, and these patients are not likely to
benefit from dose escalation -- or change to another
TNF antagonist. They should be switched directly to
another therapeutic principle.

2. Optimal levels of drug in the presence of ADA may
arise from false positive ELISA testings, or they may be
due to detection of low-avidity and/or otherwise func-
tionally inactive ADA. In such cases sera should be
retested with a cell-based assay both for functionally
active drug and drug-neutralizing ADA. In case of
unchanged findings, patients are considered suffering

from a PD issue, and they should be treated as those in
group 1.

3. Suboptimal levels of drug despite assured compli-
ance, and no demonstration of neutralizing ADA. This
condition is considered due to non-antibody-mediated
inadequate Dbioavailability and/or PK issues with
increased drug turnover for example due to increased
‘inflammatory load’ with elevated expression of TNF-a
in the affected tissues and/or increased drug clearance.
As there is only limited information regarding factors
other than ADA that influence the turnover of TNF
antagonists, it is suggested that patients in this group
receive intensified therapy with the already adminis-
tered TNF antagonist.

4. Immunogenicity with generation of drug-neutralizing
ADA resulting in insufficient TNF-a blockade and/or
increased drug clearance. Because ADA are usually
drug specific, patients in this category should benefit
from switching to a different TNF antagonist.

The above algorithm has been supported by other inves-
tigators (Afif et al., 2010; Yanai and Hanauer, 2011;
Ordas et al., 2012) and has recently been tested in a
prospective, randomized, controlled, and blinded trial
involving CD patients treated with infliximab
(Steenholdt ez al., 2013). Compared to routine escala-
tion of drug dosage, therapy guided by the algorithm
reduced the average treatment costs per patient by 30%
to 50% without compromising clinical efficacy.

Homogeneous mobility-shift assay (HMSA) for ADA

ADA Drug - ADA complex

IR

Size exclusion, high-pressure
liquid chromatography
Drug

Fluorescence
Drug-ADA ADA

complex
J }

Elution time

Figure 5. HMSA for ADA. HMSA detects all
immunoglobulin isotypes of ADA by size-exclusion
high-performance liquid chromatography and subse-
quent quantification of fluorescence-labeled drug in free
form and in complex with ADA (Wang et al., 2012).
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Reporter-gene assay (RGA) for ADA
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Figure 6. RGA for neutralizing ADA (and functional drug levels). This cell-
based assay reports functional levels of drug-neutralizing ADA and, in addition,
TNF-o-neutralizing activity of all currently used anti-TNF-a drugs (Lallemand
et al., 2011). Steps 1 to 4 of one assay are indicated in italic. When human
recombinant TNF-a in normal serum is added to the cells (left upper part), the
cytokine initiates intracellular signalling through the surface TNF-receptor, type
1 (TNF-R1), thus activating the cytoplasmic nuclear factor (NF)-kB. The active
components of this transcription factor are then transported to the nucleus where
they bind to NF-kB response elements (NF-kB-REs) in the genome. This acti-
vates more than a hundred genes, including an inserted reporter-gene construct
encoding the enzyme Firefly luciferase. After cell lysis and addition of sub-
strate, luciferase-catalyzed light emission is quantified in a luminometer. When
TNF-a is preincubated with patient serum containing a TNF antagonist and then
added to the cells (middle upper panel), the drug, if functional, neutralizes the
effect of TNF-a, and no cell-signal is initiated. When TNF-a is preincubated
with patient serum containing drug-neutralizing ADA and then added to the
cells (right upper panel), the drug no longer interferes with TNF-a-mediated
signalling resulting in a luminescence output.

Conclusions

1. Therapies with anti-TNF-o anti-
body constructs are often effective
in patients suffering from a host of
chronic immunoinflammatory dis-
eases.

2. Unfortunately, about one third
of patients with RA and CD do not
respond to TNF antagonists, and
one third lose effect over time
despite ongoing therapy.

3. PK issues correlate with inade-
quate responses to TNF antago-
nists. This results in insufficient
drug levels to adequately
neutralize TNF-a in the circula-
tion and in target tissues. Drug
immunogenicity is the underlying
factor in many patients, but PD
issues with predominantly TNF-
independent disease mechanisms
may also play a role.

4. Immunogenicity of TNF antag-
onists may cause hypersensitivity
reactions, both local and systemic.
Immune-complex diseases with
severe and even lethal vascular
involvement have been reported.

5. Determining optimal therapy
after drug failure is complicated.
The current strategy of initial dose
escalation followed by change to
other TNF antagonists may lead to
irreversible tissue damage while
searching for an effective second
drug, and it carries a high cost.

6. Theranostics, i.e., monitoring
circulating levels of drug and
ADA, appears to be essential for
optimal and cost-effective inter-
ventions, and may prevent adverse
reactions.

7. Assays should be designed to
mimic the in vivo situation and
report functionality of both drugs
(TNF-o neutralization) and ADA
(drug neutralization).

8. Solid phase binding assays,
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e.g., ELISA, are considered inappropriate for safe ther-
apeutic guidance as they do not reveal the functions of
drugs and ADA, and their artificial setup has severe
limitations in clinical use.

9. Screening for ADA is now required for marketing of
all new biological drugs, including biosimilars
(European Medicines Agency and U.S. FDA). Despite
this, monitoring individual patients for ADA is not yet
part of routine clinical practice.
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