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Abstract. Sensitive and specific methodology is required for the detection and
characterization of anti-drug antibodies (ADAs). High-quality ADA data enables the
evaluation of potential impact of ADAs on the drug pharmacokinetic profile, patient safety,
and efficacious response to the drug. Immunogenicity assessments are typically initiated at
early stages in preclinical studies and continue throughout the drug development program.
One of the potential bioanalytical challenges encountered with ADA testing is the need to
identify and mitigate the interference mediated by the presence of soluble drug target. A
drug target, when present at sufficiently high circulating concentrations, can potentially
interfere with the performance of ADA and neutralizing antibody (NADb) assays, leading to
either false-positive or, in some cases, false-negative ADA and NADb assay results. This
publication describes various mechanisms of assay interference by soluble drug target, as well
as strategies to recognize and mitigate such target interference. Pertinent examples are
presented to illustrate the impact of target interference on ADA and NAD assays as well as
several mitigation strategies, including the use of anti-target antibodies, soluble versions of
the receptors, target-binding proteins, lectins, and solid-phase removal of targets. Further-
more, recommendations for detection and mitigation of such interference in different formats
of ADA and NAb assays are provided.
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INTRODUCTION

The ADA and NAD responses have the potential to
impact the pharmacokinetic profile, patient safety, and
efficacy of biotherapeutics [1-5]. Therefore, it is essential
that bioanalytical methods be sufficiently sensitive and highly
specific to accurately detect and characterize ADA and NAb
responses to these drugs. Numerous publications and industry
white papers have been published detailing recommendations
for the design, development and validation of ADA
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screening, confirmatory, titration, and NAb assays to support
the tiered approach generally used for immunogenicity
assessments [6-9]. Guidance documents providing regulatory
expectations for immunogenicity assessments have also been
published by global regulatory agencies [1-3].

The performance of ligand binding assays in complex
matrices, such as serum, can be impacted by specific
endogenous components interfering with the assay. In ADA
and NAD assays, interference may arise from the presence of
circulating drug, an endogenous counterpart of the drug, the
drug target, or other serum factors such as rheumatoid factor
[7, 10-18]. Just as high levels of drug interfere with ADA
detection, the drug target, when present at sufficiently high
concentrations in a sample, may also impact the ADA signal
or readout and potentially interfere with the detection of
clinically relevant ADAs [12-18].

Biotherapeutics exert their biological activity by binding
to specific targets, which can then either stimulate or inhibit
the pathways related to those targets. Depending on the
specific biology of the disease, drug-targeted soluble ligands,
shed receptors or receptors that originate from cellular
breakdown, may be found in circulation. The presence of
these soluble drug targets can lead to erroneous results in the
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ADA measurement, with the amount of targeted ligand or
shed receptor reported to correlate with the severity of
interference [12-18]. Target interference can present as either
false-positive or theoretically false-negative ADA results,
depending on the assay format, the concentration of the
drug, the level of ADAs, and the affinity and avidity of the
overall ADA response. The physico-chemical properties of a
soluble drug target and its interactions with the drug under
various assay conditions determine the outcome of interfer-
ence observed. The levels of soluble target ligand or receptor
may also fluctuate among individuals and at various sampling
time points from the same individual, even within a single
disease indication, introducing an additional layer of com-
plexity and variability in ADA assays. Additionally, in some
situations, the levels of circulating drug target in a subject
may be low and non-interfering at baseline but may increase
substantially upon treatment due to the accumulation of drug-
target complexes, either by enhanced shedding of drug-
engaged cell receptors, increased release of receptors from
cellular breakdown, decreased clearance of the drug-target
complexes, or perhaps due to feedback mechanisms inherent
to the biological pathway. For example, a therapeutic
monoclonal antibody (mAb) may sequester a soluble target
from its normal degradation pathway, thereby extending the
half-life of the inactive target in systemic circulation. When
such serum samples are tested in an ADA assay, the target
may potentially dissociate from these complexes and achieve
sufficient concentrations to cause assay interference. There-
fore, it is important to identify appropriate strategies and
reagents to mitigate target interference to ensure an accurate
immunogenicity assessment [13, 14, 18, 19].

This manuscript provides diverse and relevant examples
encompassing target interference observed in both ADA and
NAD assays. These examples provide a framework for the
recommendations proposed to predict, assess and mitigate
target interference. The recommendations include a decision
tree that can be consulted throughout the different phases of
the drug development program, as an immunogenicity risk-
assessment is implemented, and the ADA assay development
is undertaken.

OVERVIEW OF ADA ASSAYS

Several ligand binding assay formats may be used to
detect ADAs. The sandwich immunoassay, in which ADAs
are captured by a drug-derived reagent and detected with a
species-specific detector antibody, could be more tolerant to
interference from both circulating drug and drug target [17,
20]. However, this format requires a species-specific positive
control ADA, and the detection reagent needs to be
characterized to ensure detection of all potential ADA
isotypes. Additionally, this assay format is not suitable for
detection of human ADAs against a human therapeutic mAb,
as the anti-human detector antibody would bind to both the
ADAs and the therapeutic. Due to these challenges, the
bridging ligand binding assay has emerged as a common
format for ADA detection. In a bridging immunoassay, drug-
derived reagents are typically used to capture and detect
ADAs. For example, a biotin-labeled drug can be used as a
capture reagent (in conjunction with a streptavidin or avidin-
coated plate), and a ruthenium-labeled drug used as a
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detection reagent in an electrochemiluminescence assay
platform (Fig. 1a). The drug-derived capture and detection
reagents are mixed with the sample. ADAs in the sample can
be detected by the formation of a molecular “bridge”
between the drug-derived capture reagent and detection
reagent. Bridging immunoassays are particularly useful as
they can detect the majority of antibody isotypes with the
exception of IgG, in the same assay. Additionally, the same
assay format can be adapted across species, and a positive
control can be obtained from any species without the need for
separate species-specific detection reagents.

The bridging immunoassay format, however, is susceptible
to interference primarily due to (1) excess drug that may
compete with the drug-derived reagents and reduce the signal
of the assay and (2) other non-ADA molecular interactions of
serum matrix components that may potentially form a bridge and
contribute to the signal in an ADA assay. As this assay format is
designed to detect multivalent drug binding, a false-positive
result can be generated due to bridging formation mediated by
an alternative multi-valent molecule with specific binding with
the drug, such as soluble multimeric targets (Fig. 1b). While
multimeric soluble drug targets have greater propensity for
interference in a bridging assay, it is also theoretically possible for
false-negative results to occur if a soluble monomeric target is
present in a sufficient quantity to compete out ADAs binding at
or near the target-binding epitope (Fig. 1¢).

Many biotherapeutics are chronically administered, and
the drug serum concentrations may be greater than drug
tolerance levels of a standard bridging assay [7]. There are
various approaches that have been reported to improve the
drug tolerance [20-27]. Although drug interference is outside
the scope of this publication, it is worth noting that acid
treatment has been frequently exploited to dissociate ADA-
drug complexes in a sample to enhance drug tolerance of the
assay [24, 26]. Unfortunately, in some cases, these acidic
conditions may exacerbate the drug target interference by
disrupting drug-target complexes and releasing the accumu-
lated target [14]. Acid treatment has also been reported to
multimerize a monomeric target in a sample [28]. The target
can then potentially bridge with the capture and detection
reagents upon neutralization of the sample pH, leading to
false-positive results in the ADA screening assay.

In the tiered approach to ADA analysis, a sample that is
screened and classified as potentially positive for ADA is
evaluated in a confirmatory assay. In confirmatory assay
formats where excess unlabeled drug is added to the sample
to inhibit the drug-specific assay signal, the unlabeled drug
can also bind to the interfering target. This may result in the
inhibition of a “false positive” signal due to multimeric
soluble targets, incorrectly “confirming” the “false positive”
signal obtained due to target interference. As this type of
drug-specific confirmation does not verify the presence of
immunoglobulins directed to the drug molecule, the bridging
assay format is prone to interference by the drug target. If the
soluble drug target does not contain an immunoglobulin
domain, an immunodepletion procedure with protein A/G/L
can be used to differentiate the binding of a soluble drug
target from that of the ADAs [29]; however, this procedure
requires significant manipulation of the sample and is prone
to causing additional artifacts. Therefore, it may be more
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Fig. 1. Interference of drug target in a bridging ADA assay. (a) A Representative example of a true
positive signal in the ADA bridging assay resulting from bivalent binding of the ADA to two labeled-drug
molecules. (b) A false-positive assay signal arising from multimeric target bridging two labeled-drug
molecules. (c) The presence of a molar excess of drug target in a sample, relative to drug, results in target
occupying both drug binding sites thus preventing binding of any ADA whose specify is to the drug’s target-

binding region, resulting in a false-negative result

efficient to assess the potential for target interference for
ADA assays in each biotherapeutic program and, if possible,
proactively adopt an alternative mitigation strategy.

To aid in this process, the following sections describe the
most commonly used strategies for identifying, overcoming or
preventing target interference in ADA assays (Table I).

Competition with Anti-target Antibody

If an alternative anti-target antibody is available to
compete with the drug for binding to target, it may be added
to the assay to “scavenge” the drug target during the
execution of the ADA bridging assay. It is worth noting that,
with the use of anti-target antibodies, it may be necessary to
assess whether or not non-neutralizing ADAs are inadver-
tently removed by the anti-target antibodies. More impor-
tantly, if the biotherapeutic is a mAb, the drug and the
scavenging antibody should not be conformationally similar,
have a similar framework, or share close sequence homology,
as any of these attributes may result in cross-reactivity of
ADAs to the scavenging anti-target antibody. Therefore,
prior to employing an anti-target antibody, it is necessary to
assess if non-neutralizing ADAs binding to the non-CDR
portions of the drug are inadvertently being masked by the
anti-target antibody.

A recently published drug target interference mitigation
strategy highlights the importance of selecting competing
anti-target antibodies with the appropriate framework [30]. In
this example, a bridging assay was developed to detect
binding ADAs against a fully human mAb therapeutic, which
achieved its biological activity by binding to a growth factor
and thus inhibiting its interaction with the receptor. As high
levels of the therapeutic were anticipated in circulation
among treated subjects, acid dissociation was employed to
increase the drug tolerance of the ADA bridging method. In
addition, it was also observed that the levels of the target,
known to exist in various multimeric forms, increased in

circulation in subjects treated with another biotherapeutic
with a similar mechanism of action, resulting in false-positive
ADA results in the bridging assay [18]. A human anti-target
mADb that competed with the drug for binding to the target
was readily available and tested as a possible reagent to
eliminate or mitigate the target interference in the assay.
Although this human anti-target mAb effectively blocked the
interference of the drug target, the assay signal of true ADAs
was also reduced, due to partial overlapping of the CDRs
between the human anti-target mAb and the therapeutic
mAD (Fig. 2). Thus, it is critical to ensure that competing anti-
target mAbs do not have overlapping sequences that may
compete with the drug for ADA binding. Additional human
and mouse anti-target mAbs, as well as other target-binding
proteins were also evaluated for their ability to block the
interference in the presence and absence of the ADA positive
control in this study. In the final validated assay design, a
recombinant fusion protein was utilized in the neutralization
step to inhibit the target interference without affecting
detection of ADAs.

Competition with Soluble Receptors for Interfering Ligand

For biotherapeutics that neutralize ligand-receptor inter-
actions by binding to the ligand (the drug target), the soluble
versions of the receptor can be utilized to effectively mitigate
target interference, since as the natural binding partner of the
ligand, the receptor should have high affinity towards the
targeted ligand. As such, the conditions under which the
receptor-derived reagents out-compete the drug for target
binding are often achievable. In an example where the target
of the mAb therapeutic is a multimeric ligand at variable
concentrations in drug-naive samples, the disparity of the
target concentration contributed to high variability in the
assay response observed in pre-dose samples. Additionally,
after drug administration, the level of the target increased due
to accumulation of target-drug complexes in circulation. The
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Table I. Summary of target interference mitigation methods

Mitigation methods Advantages

Disadvantages

Anti-target mAb(s) added to assay
buffer at the screening step

procedure

= No additional sample processing
= Potentially high affinity towards the

Soluble receptors (for the interfering
ligand) added to assay buffer either
at the screening step or
confirmatory step

interfering ligand

procedure

= No additional sample processing

Target-specific reagent added to assay = See above

buffer at the confirmation step

Solid-phase separation of the drug target

PEG precipitation

Therapeutic-specific reagents
(e.g., WGA used to block the
interference of CA148)

= Greater availability and selection

of mAbs with various affinities

= Ease of production in large quantities
= Seamless integration into the assay

= Seamless integration into the assay

= Lower reagent consumption

= Does not require high affinity
target-binding reagents

= Readily available reagent

= Tailored to specific biotherapeutic
when suitable target-binding
reagents are not available

= Potential removal of ADAs when

having similar conformation, framework

or close sequence homology with the mAb

therapeutic

= Need for high affinity anti-target mAbs or

large quantities of low-affinity mAbs

= Lack of adequate recombinant version of

the receptor

= High production cost in large quantities

= The recombinant version may be
conformationally different from the native
counterpart

= Stability possibly unsuitable for use as a

reagent

= Potential removal of ADAs when

having similar conformation, framework,

or sequence homology with the mAb

therapeutic

= Operationally challenging if high incidence

of screen-positive samples.

= Potential loss of ADAs due to

additional sample processing step

= Labor intensive and low throughput

= Potential under-recovery of ADAs

due to additional sample processing step

= Potential impact on ADA stability

= Removal of anti-PEG antibodies
(in pegylated drug molecules)

= Labor intensive and low throughput

= Potential impact on ADA detection

unknown

= Need for fully assessing this potential

experimentally

target was released under the optimized assay conditions,
resulting in high assay signals and variability (Fig. 3). A high
reported rate of false-positive measurements was thus ob-
served in the ADA assay. No competing anti-target antibod-
ies could be identified to minimize this false-positive target
signal. The use of the target receptor alone, at high
concentrations, reduced the target signal in a dose-
dependent manner; however, the receptor alone did not
completely abrogate the false-positive signal. With careful
consideration of the biochemical properties of the targeted
ligand, a mildly acidic pH was implemented, in conjunction
with the receptor at a lower concentration, to further reduce
the false-positive signal contributed by the target. With this
method the variability observed in both pre- and post-dose
samples was effectively managed. Further testing of ADA-
positive samples from preclinical studies confirmed that the
mild acidic conditions had minimal impact on detection of
true ADAs.

There can be some limitations in using soluble receptor
to minimize drug target interference, however, due to the
biophysical and biochemical properties of the soluble version
of the receptor. First, sometimes the receptor is a cell surface
membrane-bound receptor, and an adequate recombinant
soluble extracellular domain may not be readily produced in

sufficient quantities to support the bioanalytical work. Sec-
ondly, the recombinant version of the target receptor may be
conformationally different from its native counterpart. Solu-
ble receptor can also form high molecular weight multimeric
complexes that could potentially lead to false-positive ADA
signals. Furthermore, depending on the source of production,
the costs of purifying the target receptor in required
quantities may be prohibitive. Finally, the stability of the
recombinant version of the receptor may not be suitable for
efficient and long-term use as a critical assay reagent.
Nonetheless, if a receptor is available in soluble form without
these limitations, it can certainly serve as a good alternative
to anti-target antibodies to mitigate target interference.

Use of Target-Binding Reagent with Lower Affinity in the
Confirmatory Assay

It is desired for a competing specific target-binding
reagent to have higher affinity to the target than the drug’s
affinity to the target; however, such high affinity reagents may
not be always readily available. Thus, high concentrations of
the target-binding reagent may be added to the sample
solution, within the assay constraints, regardless of its binding
affinity to the target, to ensure that the reagent can effectively
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over the signal of the negative control

compete out the drug for target binding. If sufficient quantity
of this target-binding reagent is available, the reagent can be
readily incorporated into both the screen and confirmation
binding ADA assays, effectively mitigating the target inter-
ference. If this critical reagent is in limited supply, it may be
more practical to only incorporate the reagent as part of the
confirmation assay. One important consideration of this
approach is that it may potentially be challenging in

1500
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Fig. 3. Blocking target interference with receptor under acidic
conditions. Mean counts measured in a bridging ADA assay when
four samples from different drug-naive subjects were analyzed in the
absence of target blocking reagent at a neutral pH, or after addition
of excess amount of the target receptor either at neutral or acidic
assay conditions. Although the presence of the target receptor
reduced the false-positive signal caused by target interference, the
interference was substantially mitigated when samples were tested
under acidic conditions

supporting a large clinical study where the rate of
confirmation-required samples due to target interference is
extremely high in the screening assay.

In an example that represents such a strategy, the
therapeutic mAb binds to a target that is present as a soluble
multimer in circulation. The level of the soluble drug target
was low at baseline in the drug-naive population; however, it
increased after drug administration and resulted in false-
positive responses in the electrochemiluminescent bridging
ADA assay. During clinical assay development, a soluble
target-specific receptor was selected from a panel of target
receptor and anti-target antibodies for its ability to block the
false-positive soluble target signal in the assay. A large
amount of this receptor reagent would have been required if
it was applied to the screening assay due to its lower affinity
to the target as compared to the drug. Therefore, this
receptor reagent was utilized in the confirmatory assay only.
With this strategy, reactive samples identified in the screening
assay were evaluated in the second tier confirmation test with
the addition of the soluble receptor to the samples tested at a
single dilution. False-positive results due to target interfer-
ence can therefore be identified and removed during the
drug-specificity confirmation assay. In this example, drug
target produced an assay signal significantly above the
background at as low as 800 pg/mL concentration (Fig. 4).
Putative target interference was evaluated during the confir-
matory step of the ADA assessment by supplementing serum
samples with 5 pg/mL of the receptor reagent aiming to block
the target interference and to confirm drug specific ADA
detection. Although the lack of noticeable impact of the
target-specific treatment on the performance of the ADA
assay positive control was demonstrated during assay valida-
tion (Fig. 4), the potential impact on ADA measurement was
continuously monitored during clinical sample testing. The
assay was successfully validated and used to support clinical
studies.
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Fig. 4. Investigating putative drug target interference by applying target specific receptor
in the confirmatory test. Drug target interference was investigated during the confirmatory
step of the ADA assessment. Target specific reagent (decoy receptor) was added to
samples at 5 pg/mL to block target interference and to confirm the presence of drug
specific ADA. ADA assay positive control performance is not noticeably impacted [
Red line indicates the signal associated with the negative control

Incorporation of a Solid-Phase Separation Step

When the affinity of the target-specific reagent available
is too low to be used to scavenge the drug target in solution, a
solid-phase separation step can be incorporated in the
bioanalytical method to remove the interfering target. In this
scenario, a target-binding reagent is covalently immobilized
on a solid support (e.g., beads or plates), which can be utilized
in the assay to remove the interfering target from study
samples as discussed in the example below, where the mAb
therapeutic binds to a cell surface receptor that has been
shown to shed as soluble dimers in circulation. This was
anticipated as a potential interfering factor during the
development of the clinical ADA assay. Thus, a mitigation
strategy was devised to remove the shed receptor from
samples by solid-phase immunodepletion prior to study
sample analysis using the bridging ADA assay. Specifically,
samples were pretreated with beads that were coated with a
target-specific reagent directed to a different target-binding
epitope from the drug. In this example, the shed receptors at
800 ng/mL were adsorbed by the streptavidin nanobeads in
combination with a biotinylated target-specific reagent, which
were subsequently centrifuged and removed from the sample,
allowing the detection of ADAs without target interference
(Fig. 5). In spite of the lack of noticeable impact of the solid-
phase immunoprecipitation treatment on the measurement of
the ADA-positive control (Fig. 5), the potential impact on
ADA detection was continuously monitored during sample
testing. This solid-phase separation approach is generally
more labor intensive, with lower throughput than a standard
ADA bridging assay. More importantly, it requires additional
manipulation of the samples and may potentially result in
under-recovery of the ADAs in study samples. Thus, the
potential impact of this solid-phase separation method on

ADA detection needs to be carefully assessed during assay
development and validation.

Cross-reactivity of Drug Target with Sample Matrix
Components

Erroneous ADA detection could result from potentially
complex interactions of the drug target with multiple assay
factors and the non-specific sample matrix components. Thus,
a careful assessment of potential target interference is
warranted in the context of drug target cross-reactivity within
the relevant sample matrix under the assay conditions. In the
case of the non-bridging sandwich assay format, where an
anti-species immunoglobulin detector antibody used to facil-
itate ADA detection is not expected to bind to the drug and
drug target, drug target has been reported to cross-react with
the detector antibody indirectly through its interaction with
non-specific serum immunoglobulins, resulting in false-
positive ADA measurement [17]. In addition, although
utilization of such a detector antibody may offer a possible
approach to eliminate false-positive ADA detection, ex-
tremely high levels of drug target, regardless of whether it is
multimeric or monomeric, could mask ADA detection to give
false-negative ADA results by saturating the solid phase
where the drug is immobilized for capturing ADAs. For
example, a biosensor-based immunoassay was developed to
detect ADA against trebananib, an anti-angiogenic Fc fusion
protein that reduces angiogenesis by binding to angiopoietin
1 (Angl) and angiopoietin 2 (Ang2), preventing their
interaction with the Tie2 receptor. Angl and Ang2 were
known to be present as various multimeric forms at low levels
among drug-naive subjects; however, the angiopoietin levels
increased among drug-treated subjects in phase 1 studies,
leading to false-positive ADA detection in the bridging assay
[18]. In an attempt to alleviate the interference of both the
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drug and the targets, a sandwich assay (biosensor-based) was
developed to support ADA testing for late phase clinical
studies [17]. In this sandwich assay format, ADAs in a sample
were captured by trebananib that was immobilized on the
biosensor chip surface (the solid phase). A goat anti-human
IgG(Fab’)2 with cross-reactivity to IgG, IgM, and IgA was
then injected into the biosensor flow-cell to detect and
confirm the captured ADAs (Fig. 6). A humanized anti-
trebananib mAb was utilized as the positive control to
facilitate the assay development and validation. The detector
antibody showed no cross-reactivity to the drug target in
protein-free assay buffers at a level that substantially
exceeded the highest physiological concentration observed
among subjects treated with the drug. When the drug targets
were spiked into human serum, however, a dose-response
relationship ensued between the concentration of the drug
targets and the binding signal of the anti-human detector
antibody, leading to false-positive ADA measurement. The
above observations suggested that the interference was most
likely due to the binding of the soluble drug targets to non-
specific serum immunoglobulins in the samples, which were
subsequently detected by the anti-human immunoglobulin
detector antibody. The interference was readily mitigated by
including a human anti-target mAb in the sample diluent in
the initial sample-binding step for capturing the ADAs. As
the captured ADAs were subsequently detected by the anti-
human immunoglobulin detector antibody, the human anti-
target mAb was not included in the detection step. In this
case, although the drug target was not anticipated to cause
interference in the assay, significant target interference was
observed due to the interaction of the target with the non-
specific serum matrix components.

Other Potential Mitigation Strategies

Sometimes a single target blocking reagent is not
effective in removing interference from ADA assays. Under

such circumstances, it may be necessary to use a “cocktail” of
various reagents and assay conditions, including combination
of anti-target antibody and receptor [14].

Alternative mitigation strategies could also be devised
based on a good understanding of the physico-chemical
properties of the target, the drug, and their interactions. For
example, in a bridging assay for measuring ADAs against
3AS5 TDC, which is an antibody-drug conjugate (ADC)
molecule with the antibody domain directed towards the
multimeric extracellular domain of CA148, circulating CA148
in serum caused false-positive ADA detection by cross-
linking the labeled 3A5 TDC molecules [12]. The assay signal
was found to increase with the increase of CA148 in both
clinical samples and pooled human serum spiked with
commercial CA148. Several anti-CA148 mAbs were evalu-
ated and found to be ineffective in blocking the assay signals
resulting from the interference. Since CA148 is a highly
glycosylated protein and lectins are known to specifically bind
to carbohydrates of glycoconjugates such as CA148, three
lectins (WGA, PHA-E, and PHA-M) were evaluated for
their ability to block the assay signals arising from binding of
CA148 to the labeled 3A5 TDC molecules. The non-specific
assay response due to CA148 was significantly suppressed by
both WGA and PHA-E, whereas PHA-M had no discernable
effect. Interestingly, WGA was the only lectin that was able to
block the assay signals resulting from the endogenous CA148
in the serum samples from ovarian cancer patients. Addition-
ally, WGA appeared to block endogenous CA148 more
effectively than the commercially available CA148 spiked
into the samples. As lectins are known to bind to glycan on
human immunoglobulins, the potential impact of the WGA
reagent on ADA detection was evaluated. In this example,
the WGA reagent was demonstrated to not bind to human
immunoglobulins in pooled human serum using a biosensor
assay. The interference of circulating CA148 was thus
eliminated utilizing WGA, without affecting the ability of
the assay to detect relevant ADAs.
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Polyethylene glycol (PEG) precipitation is another
method worth consideration. PEGs are highly hydrophilic
and are known to attract water molecules away from the
solvation layer around the protein, causing protein precipita-
tion. The effectiveness of PEG precipitation greatly depends
on the hydrodynamic radius of the protein [31]. In a recent
report, a monomeric drug target dimerized at acidic pH
during the acid dissociation step of the bridging assay, leading
to false-positive signal [28]. To circumvent the target inter-
ference and the low drug tolerance limit, excess drug was
added to samples to saturate free ADAs and form drug-ADA
complexes. The complexes were then precipitated using PEG
8000, followed by acid dissociation to release the ADAs.
Under the acidic conditions, the ADAs were subsequently
captured on a solid phase with large surface capacity to allow
for specific detection in the bridging assay. PEG precipitation
was shown to be a promising method for removing target
interference. Other approaches of separating ADAs for
detection, such as affinity capture elution (ACE) and solid-
phase extraction with acid dissociation (SPEAD), which have
been demonstrated to improve drug tolerance [21, 32], may
also be utilized to mitigate drug target interference. As with
the solid-phase separation method (Section 2.4), when
applying these sample pretreatment techniques, it is impor-
tant to ensure that the sample pretreatment does not
inadvertently remove low affinity ADA and drug-specific
IgM. Additionally, the impact of these pretreatment condi-
tions on ADA stability and recovery needs to be properly
evaluated [13].

NAB ASSAYS

A subset of the ADA responses results in neutralization
of drug activity and loss of efficacy. These ADAs are
commonly known as neutralizing antibodies (NADbs). If an
endogenous homolog of the drug exists, cross-reactive NAbs
may also neutralize the endogenous molecule, and in the case

of proteins involved in non-redundant pathways, such neu-
tralization can lead to loss-of-function and clinical risk for the
patients. Therefore, measurement of NAbs is an important
step in assessing the immunogenicity of a biotherapeutic. Two
types of assays have been utilized to measure neutralizing
activity: functional cell-based bioassays and competitive
ligand binding assays.

A functional cell-based NAD assay is typically adapted from a
potency assay and may consist of the appropriate responsive cell
line, the biotherapeutic, and the sample matrix for NAb detection
[6]. The readout of the cell-based assays is generally a biological
response such as cell proliferation, apoptosis, or a specific signaling
pathway activity. This assay format relies on cells expressing the
receptor related to the mechanism of action of the drug. Non-
specific matrix interference in a cell-based NADb assay can be a
limitation and can often be eliminated by sample dilution,
provided that the assay sensitivity and drug tolerance limit are
not adversely impacted. In a cell-based NADb assay, either the drug
target (soluble shed receptor) or a competitive antagonist to the
drug (ligand) may be present as potential specific interfering
factors [33].

As a result of matrix interference, cell-based NAb assays can
be highly variable as compared to a non-cell-based competitive
binding assay. With a non-cell-based competitive ligand binding
assay format, neutralizing activity is detected by measuring the
inhibition of the drug’s ability to bind to its target. Due to the
multi-factorial interactions in this assay format and depending on
the levels of the soluble target in the sample, the drug target ligand
can result in either false-positive or false-negative NAb detection.
For example, a receptor-binding assay was used for detecting
NAbs against a fully human antagonistic mAb, which interrupts
the ligand-receptor interaction by binding to the ligand (the drug
target) [30]. In this NAb assay, the soluble version of the receptor
was immobilized on the solid phase. The interaction of the labeled
ligand with its receptor was blocked by the drug binding to the
ligand (Fig. 7a). In the presence of NADb, the binding of the labeled
ligand to the receptor was restored, generating an increased assay
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Fig. 7. Drug target interference in receptor-binding NADb assay. NAb assay diagram: drug blocks binding of
labeled ligand (drug target) to its receptor, which has been immobilized on a solid phase (a). A true-positive
signal due to NAD binding to the drug, preventing it from binding to the labeled drug target (b). A false-
positive neutralization signal due to binding of endogenous target with the drug, preventing drug binding to
the labeled target (c¢). False-negative NAD result due to endogenous target occupying the immobilized

receptor (d)

readout (Fig. 7b). Figure 8 shows that the presence of high level of
the unlabeled endogenous target initially led to false-positive NAb
measurement as the endogenous target interfered with the binding
between the drug and the labeled ligand used in the assay (Fig. 7¢).
Interestingly, when the level of the endogenous target approached
the highest concentrations that were projected post dosing in
clinical trial, a false-negative signal was observed in the NAb assay,
as the endogenous target started blocking the interaction of the
labeled ligand with the receptor by occupying the binding site on
the receptor coated on the solid phase (Fig. 7d). Since NAb assays
are prone to drug interference leading to false-negative readouts,
such a false-negative readout due to target interference may be
overlooked.

14

Assay Response

0 0.003 0.006 0.012 0.024 0.049 0.098 0.2

SUMMARY AND RECOMMENDATIONS

The presence of soluble drug targets can interfere with the
detection of ADAs, confounding the correlation of immunoge-
nicity and its impact on the PK/PD, safety, and efficacy of a
biotherapeutic. Drug target interference is greatly dependent on
the biochemical and biophysical properties of the target, the
specific pharmacological pathway associated with the target, the
mechanism of action of the drug, and the relative affinity between
the drug and the endogenous target. The outcome of the
interference can also be impacted by the assay design and the
multi-factorial interactions that can potentially take place between
the drug, drug target, non-specific matrix factors, and ADAs.

mm Drug Target
== Drug Target + NAb
—Cut Point

039 078 1.56

Unlabeled Drug Target Concentration (pug/mL)

Fig. 8. Drug target can cause either false-positive or false-negative NAb detection. The presence of low
levels of drug target caused false positive NAb detection [Jfj. The presence of higher levels (>0.2 pg/mL) of
drug target resulted in false-negative NAb measurement [}
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Therefore, it is imperative to proactively identify, assess, and
mitigate target interference, during assay development and
validation, with a risk-based approach, to ensure that an
appropriate assessment of the immunogenicity of a given
biotherapeutic can be conducted.

Drug targets can be either soluble or cell membrane-bound.
Soluble drug targets can be either secreted or shed from cell
surfaces. While soluble multimeric targets (even at low concen-
trations) can lead to false-positive results in an ADA assay,
sufficiently high levels of monomeric targets can also potentially
mask the detection of ADAs that may bind at or near the target
binding site, leading to false negative results. Further, during
treatment phase the drug target can accumulate at high levels and
can be complexed with the drug, which could exacerbate the
interference under the assay conditions. Similar to ADA assays,
NAb assays can also be susceptible to target interference. The
outcome of target interference in a NAb assay, regardless of the
target’s multimerization state, can lead to either false-positive or
false-negative results depending on the assay format and the levels
of the drug target in a sample at a particular time point in the study
due to the complex mechanics of a NADb assay. Target interference
can also contribute to insufficient sensitivity and greater variability
in both ADA and NAD assays. Utilization of the design of
experiments approach should greatly facilitate identification of
target interference and improve overall assay performance.

A decision tree has been developed to provide general
guidance for identifying target interference and developing
strategies to mitigate the interference (Fig. 9).

1. For soluble targets, one of the challenges in assessing
and mitigating drug target interference is that the
relevant levels of the drug target in a given popula-
tion are often unknown prior to the clinical study.
Therefore, whenever possible, an effort should be
made to determine the total drug target concentra-
tions in the population of interest early in a drug
development program [34].

2. With soluble drug targets and their interactions with
other non-specific serum components in the ADA
and NAD assays, target interference can be observed
even prior to drug administration. Efforts should be
made to differentiate such target interference from
pre-existing antibodies against the biotherapeutic
during assay development and validation. Target
interference may increase as target concentrations
increase after drug treatment due to the formation
and accumulation of target-drug complexes, espe-
cially if an acid dissociation step has been incorpo-
rated into the ADA assay to enhance drug tolerance.
It is therefore important that a target interference
assessment be performed during assay development,
using target levels in excess of those reported in the
literature (or measured) for the specific disease
indication, to account for the possible accumulation
of the target in postdose samples. If high target levels
are not expected, or are not sufficiently high to
interfere in the ADA and NAD assays, no additional
considerations may be necessary.

3. If the outcome of the target interference assessment
shows false-negative or false-positive results, irrespective
of monomeric or multimeric targets, it is recommended

10.
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that an effective mitigation strategy be developed early
on, to ensure that true ADA responses are detected in
postdose as well as predose samples.

. Furthermore, if target concentrations can lead to

assay interference, it is recommended that target-
binding reagents be developed and utilized to
characterize the potential impact of target interfer-
ence on ADA detection, so an effective strategy can
be developed and implemented to mitigate the
interference.

. Once the risk of impactful drug target interference in an

ADA or NAD assay has been identified, a variety of
approaches, ranging from the simple addition of target-
blocking reagents to more complex assay modifications,
can be explored. Anti-target antibodies, soluble recep-
tors, target-binding proteins, and lectins have been
reported to effectively eliminate target interference in
ADA assays, with several examples discussed in this
publication.

. Since drug target is employed in a typical NAb assay

[35], the mitigation of drug target interference in
NADb assays remains challenging. While the screening
and confirmatory ADA assay can be the first line of
defense against target interference, protein A/G/L
depletion can be used to confirm detection of
immunoglobulins in a NAD assay.

. Various sample pretreatment techniques have also

been reported for successful removal of soluble drug
targets; however, the impact of these pretreatment
conditions on ADA stability and recovery needs to
be properly evaluated. Therefore, a careful evalua-
tion of potential target-blocking reagents early in a
program, taking into account their specificity, avail-
ability, ease of production, cost, etc., may yield a
readily implemented mitigation strategy. In addition,
the known physico-chemical properties of the target
can also be explored to develop other sample
treatment conditions or assay conditions that specif-
ically interrupt the binding of the target to the drug,
while maintaining the drug binding properties of
ADAs.

. Once a strategy has been devised to mitigate target

interference, it is essential to evaluate its effective-
ness using actual clinical samples, with different
levels of the target, since results obtained during
assay development, generally conducted with recom-
binant versions of the soluble target, may not reflect
results observed with the native target present in
circulation.

. It is important to acknowledge that ADA-positive

controls used in the assessment of various mitigation
methods are surrogate samples, often not fully
representing the variety of ADA molecules that can
be found as a result of immune responses. Thus, the
outcome of each assessment may, in certain cases,
not be predictive of what will take place when study
samples are tested.

Independent of the strategy implemented, it is critical
to ensure that the ability of the assay to detect all
ADAs of various affinities, isotypes, and subclasses has
not been affected. For mAb therapeutics, it is
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Fig. 9. Decision tree for identifying and mitigating drug target interference. This chart provides suggestions for
most typical target interference situations. It is not intended to accommodate all possible interference scenarios

important to ensure that a competing alternative anti-
target mAb has a different CDR and if possible,
framework from the therapeutic mAb. This will ensure
that the detection of relevant ADAs is not inadver-
tently obscured by the target-blocking reagent.

It is also highly recommended that the rate of positive
ADA measurement be examined in the context of the
disease population and the nature of the drug during
clinical studies to ensure that the positive binding is
indeed due to ADAs [18], regardless of the assay
formats or the target interference mitigation strategies
employed. For example, a high incidence of ADA
formation would not be expected in a cancer popula-
tion, where chemotherapy is co-administered with a
therapeutic mAb. Rather, such positive assay responses
may be indicative of target binding rather than ADA
measurement, because the subjects may be immune-
compromised due to ablative therapies. Therefore, it is
critical to take a holistic approach to assess potential
drug target interference, taking into consideration both
the literature about the therapeutic target, the relevant
serum factors, and the relevant clinical setting.

11.

In summary, the presence of soluble drug target interfer-
ence in study samples may lead to considerable bioanalytical
challenges in the context of immunogenicity data interpretation.
A clear understanding of the physio-chemical properties of both
the therapeutic and its soluble target, as well as their interaction
can provide valuable insight to generate and select the best

reagents to mitigate the target interference, and also to select the
appropriate assay format and conditions. Therefore, it is
essential to understand the biology of both the biotherapeutic
and the target to devise effective strategies to identify and
mitigate drug target interference, so the immunogenicity of
given therapeutic can be accurately assessed.
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