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Abstract. The Global Bioanalysis Consortium (GBC) set up an international team to explore the impact
of immunogenicity on pharmacokinetic (PK) assessments. The intent of this paper is to define the field
and propose best practices when developing PK assays for biotherapeutics. We focus on the impact of
anti-drug antibodies (ADA) on the performance of PK assay leading to the impact on the reported drug
concentration and exposure. The manuscript describes strategies to assess whether the observed change
in the drug concentration is due to the ADA impact on drug clearance rates or is a consequence of ADA
interference in the bioanalytical method applied to measure drug concentration. This paper provides the
bioanalytical scientist guidance for developing ADA-tolerant PK methods. It is essential that the data
generated in the PK, ADA, pharmacodynamic and efficacy/toxicity evaluations are viewed together.
Therefore, the extent for the investigation of the PK sensitivity to the presence of ADA should be driven
by the project needs and risk based.

KEY WORDS: global bioanalysis consortium; immunogenicity; pharmacodynamic; pharmacokinetic;
risk-based approach.

INTRODUCTION

Analysis of drug concentrations for the characterization of
pharmacokinetics (PK) is an essential element of the drug
development process. PK evaluation is crucial when determin-
ing exposure to the drug as well as when constructing a PK-PD
model that links drug exposure to the pharmacodynamic (PD)
effect (1–4). The exact configuration of the analyte measured
(e.g. free drug versus total drug), analytical platform and assay
design should be suited to determine the relationships between
drug exposure, product safety and efficacy (5). Biotherapeutic
drugs are expected to induce varying degrees of immune
responses. It is therefore important to understand how anti-
drug antibodies (ADA) can impact PK and PD measurements

(6). This article describes strategies for the analysis of PK data
parameters with respect to the ADA incidence in subjects,
highlighting that PK and ADA data should be considered in
combination with other PD and efficacy markers. Depending on
the ADA incidence, level and the potential impact of the ADA
response, it may be important to assess if ADA actually impact
in vivo drug exposure or if spurious PK results are due to
antibodies interfering with the bioanalytical method applied to
measure drug concentration. In fact, early in the development of
a biotherapeutic drug candidate, a bioanalytical strategy should
be developed carefully. To that end, this article provides the
bioanalytical scientist guidance for when to develop and how to
develop ADA-tolerant PK methods. The authors of this paper
recognize bioanalytical methods are developed on a continuum
from early discovery to clinical studies and not all recommen-
dations are applicable or possible to implement prior to clinical
studies. As such, readers should take note of caveats indicating
when a recommendation is specific to clinical development.

UNDERSTANDING PK
AND IMMUNOGENICITY—REGULATORY
EXPECTATIONS CONCERNING ASSAY
INTERFERENCE

Validation approaches for quantitative bioanalytical
methods are available in regulatory guidance documents
and other publications (1–3,7–9). The guidance documents
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emphasize the need to characterize potential assay interfer-
ences from metabolites, degradation products and concomi-
tant medications during validation. Although the guidance
documents acknowledge that endogenous matrix components
should be considered when evaluating assay selectivity, the
impact of ADA complexes on PK assay performance is not
described as a specific concern.

Most guidance documents for PK assay validation were
written prior to the widespread development of biotherapeutics,
hence immunogenicity was not a major consideration. In
response to the upsurge in biotherapeutic development, guid-
ance documents on anti-drug antibody testing were established.
It has become common place for regulatory agencies to expect
immunogenicity response assays to be developed and validated
for drug tolerance because the ADA status of subjects can be a
critical correlate of PK measurements, PD, safety and efficacy.
Similarly, expectations may be evolving around the ability of PK
assays to detect biotherapeutics in the presence of ADA.

IMPACT OF ADA ON PK EVALUATION

As a minimal assessment, the titer of ADA in a subject
can help indicate if ADA has an effect on PK assessment
since low level ADAs are often insignificant, high level
ADAs might be correlated to altered PK profiles. Although
the pharmacokinetic profiles of biotherapeutic drugs may be
impacted by a variety of biological mechanisms (e.g. target-
mediated drug disposition such as receptor internalization;
10), this article specifically focuses on strategies to understand
the impact of ADA on circulating drug levels. There are two
possible scenarios in which ADA can alter the PK of
biotherapeutic drugs: 1. ADA reducing the drug exposure
(11–14), and 2. ADA can increase the drug exposure (15,16).
Biotherapeutics have been shown to elicit neutralizing or
non-neutralizing ADA responses. In addition, immune com-
plexes that form between antibodies and the biotherapeutic
can vary in size (17,18) and composition (19), both the size
and composition can accelerate their destruction through the
activation of the innate immune system (18,19). Thus the
biotherapeutic/ADA immune complexes may not only impact
the circulating levels of a bioactive drug by neutralizing the
bioactivity of the drug, but also by impacting drug clearance.

In several studies conducted with therapeutic monoclo-
nal antibodies (Mab), the presence of ADA is associated with
lower measured drug levels including, for example, Synagis®,
Tysabri®, Humira®, and Remicade®. Covariate analysis for
Synagis® indicated a 20% higher clearance in children with
ADA titer ≥80 (10). Similarly, the presence of antibodies
against Tysabri® was correlated with up to a 90% reduction
in serum drug levels (11). The impact of ADA on reported
exposure of Remicade® and non-MAb biotherapeutics are
discussed in detail below and in a later section of this
manuscript.

It may be difficult to distinguish if a drop in measured
drug concentration is due to: (a) ADA-mediated assay
interference or (b) ADA-mediated accelerated clearance.
However, evidence of both mechanisms exists. For example,
ADA-mediated assay interferences have been identified
through the use of orthogonal PK assay formats that are
applied to identical ADA-positive study samples (20,21). On
the other hand, several case study examples indicate that the

formation of immune complexes between ADA and thera-
peutic antibodies promote rapid clearance. Specifically, Rojas
et al. (13) demonstrated in cynomolgus monkeys that the
clearance rate of an I125-labelled antibody to infliximab
(Remicade®) was faster as part of an immune complex with
infliximab when compared to that of a non-binding I125

antibody. Johanson et al. also demonstrated in mice that the
clearance rate of an I125-labelled anti-idiotypic antibody
increased as the molar stoichiometry of the anti-idiotypic
antibody and target antibody increased, presumably due to
the enhanced uptake and destruction by macrophages when
antibodies are cross-linked in higher-order complexes (14).

Unlike the MAb examples above, there are several
biotherapeutics that have been reported to accumulate in vivo
in the presence of ADA. This phenomenon is described on US
Product Inserts (USPIs) for a variety of protein and peptide
therapeutics, including desirudin recombinant, lepirudin recom-
binant, and agalsidase beta (15,16,22). An additional research
study in mice published by Alvarez et al. demonstrated that an
IL-10/anti-IL10 immune complex has a 23-fold reduction in
clearance rate compared to IL-10 alone (23). It is important to
recognize that changes in pharmacokinetic profiles do not
necessarily equate to a change in the pharmacodynamics of a
drug. Thus it is very helpful, specifically at the clinical stage, to
determine if anti-drug antibodies are neutralizing or non-
neutralizing either by measuring NAbs directly or by evaluating
a PD marker that reflects the MOA of the therapeutic and may
be more specific to the patient’s disposition or response to the
drug. The effect of ADA on circulating levels of drug cannot
always be demonstrated clearly, but the correlation of PD effects
with ADA can lead one to infer whether immune complexes
impact the bioactivity of the drug. For example, the USPI
information indicates sustaining PD effects of ADA to products
such as lepirudin (16) and octreotide (24). In this example,
sustaining effects of immune complexes on drug levels are likely
observed because this biotherapeutic has a shorter half-life than
most antibodies and therefore when bound to an antibody it
takes on the half-life of the antibody. Several examples of
biotherapeutics with shorter half-lives, such as peptides, are
reported to have longer half-lives when bound to ADA
(15,16,22,25,26), presumably because their immune complexes
do not have attributes (e.g. sufficient cross-linking) that target
them for uptake by macrophages and/or complement fixation.

Despite the correlations observed between ADA and PK/
PD results in the examples above, it can be difficult to draw
definitive conclusions about the impact of immunogenicity on
PK/PD. There are many confounding factors that contribute to
this. First, it may be difficult to distinguish whether the
alterations of PK levels are due to assay interference or ADA-
mediated drug clearance. Second, immunogenicity incidence
rates are often not high enough to adequately determine a
causal relationship between ADA, PK, and PD results. Third,
attributes of these limited ADA responses (and associated
immune complexes) are likely heterogeneous and difficult to
characterize in detail from patient samples (thus limiting the
ability to correlate these attributes to PK/PD). Fourth, PK and
immunogenicity sampling time points are frequently insufficient
to determine the impact of ADA responses on circulating drug
levels. Finally, even when an effect of ADA on drug levels is
observed, it is often not clear how this impacts the pharmaco-
dynamics of the therapeutic. For example, clearance-reducing
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immune complexes could result in either increased or decreased
bioactivity of the therapeutic. Exenatide (27) is a product that had
several of these challenges, as evidenced in the USPI and the
FDA SBA (summary basis for approval). In the FDA SBA, it
was observed that antibody-positive subjects to Exenatide had
approximately half the rate of clearance than those observed for
antibody-negative subjects. While there appeared to be a trend
toward immune-complexes-mediated clearance reduction, the
ADA-positive subjects also had a lower reduction in glucose.
Taken together it appeared that ADA-positive subjects had
higher circulating drug levels but they were likely in immune
complexes that were not bioactive. The USPI for Exenatide
reported an attenuation of glycaemic responses in some ADA-
positive subjects, but ultimately a clear relationship between
immune complexes and PK levels was not established or reported
in the USPI due to the likelihood of high intersubject variability.

To address the above complexities, it is important to
consider what tools are needed to determine meaningful drug
exposure response relationships. Specifically, it is critical to
explore caveats of the bioanalytical methods available to
measure drug levels, the ability to detect sensitive PD bio-
markers, and the availability of other meaningful safety and
efficacy endpoints. Sensitive PK methods that are most likely to
measure bioactive drug levels are also likely to be the most
informative to correlate with PD, safety and efficacy. Given that
ADAs can be neutralizing (or they can form higher-order drug/
ADA complexes that are rapidly cleared (13,14), an ADA-
tolerant PK method may not improve the ability to correlate
bioactive drug exposure with important clinical parameters.
Thus the overall risks associated with altered PK levels of a
biotherapeutic should be taken into consideration when deter-
mining the need to develop ADA-tolerant PK methods. For
example, with protein biotherapeutics that are not MAbs that
have relatively short half-lives, a compromised PK assessment
that leads to an underestimation of bioactive drug may cause an
increased risk to patients if complexes with non-neutralizing
ADAs cause it to accumulate beyond its toxicity level. This
should be considered along with impact of non-neutralizing
ADA/biotherapeutic complexes on the ability for the drug to
infiltrate the site of action (e.g. cellular uptake of enzymes). In
the absence of PD data or explainable PD and safety
biomarkers, this may call for an investigation into the impact
of ADA on total drug levels. Thus, the development and
characterization of an ADA-tolerant PK assay may be warrant-
ed to determine if there is an accumulation of bioactive drug due
to ADAs. On the other hand, antagonistic therapeutic mono-
clonal antibodies against soluble targets would not be expected
to develop prolonged biologic activity due to ADAs, as they
would likely be neutralized or cleared more rapidly when bound
to the ADAs. Thus, an ADA-tolerant PK method in this
instance would not add value. These theoretical examples
highlight the need for project teams consisting of bioanalytical
scientists and pharmacokineticists to determine the most
appropriate and informative bioanalytical approach for a given
program.

Schematic 1 represents a decision tree to aid in determining
when it is critical to develop an ADA-tolerant PK method. This
article first briefly describes the importance of PK covariate
analyses with respect to the ADA status of subjects, then
describes bioanalytical methodology that can be employed to
assess and develop ADA-tolerant PK methods. Finally, case

studies are provided to illustrate the relationships between these
bioanalytical results, safety and efficacy.

COVARIATE PK DATA ANALYSIS

The analysis of PK data, to study the effects of an ADA
response and impact on the disposition of the biotherapeutic, can
be conducted in three stages. First, a base PK model (one, two
compartment etc.) can be fitted to describe the pharmacokinetics
of the biotherapeutic. The base structural model would include
both preliminary fixed and random effects. Second, a covariate
model can be developed by incorporating the effects of specific
parameters (body weight, prior exposure status etc.) including
those affecting the ADA. Third, a final model can be developed
retaining only the statistically significant and clinically relevant
covariate–parameters that explain all of the variability in the
pharmacokinetic disposition of the biotherapeutic. It is a regulatory
expectation anddevelopment imperative that covariate–parameter
relationships be thoroughly characterized including the effects of
immunogenicity on clearance, safety and efficacy. In some cases, it
might yield significant value to subdivide ADA effects based upon
ADA titer, neutralization status and neutralizing antibody titer.
These subdivided ADA can then be assessed with respect to the
pertinent PK parameters that characterize the disposition.

Essential covariate analysis:

Potential ADA stratification:

It is recognized that titer being a continuous response
may not be appropriate for such analysis, as such, it is
common to “bucket” subject in categories, such as low,
medium and high titer responses. The selection of such
buckets is based upon the distribution of titers in subject
across a study. Relatively low ADA incidence (<10%), low
clinical impact compounds, like many fully human monoclo-
nal antibody therapeutics will provide a greater challenge for
characterizing covariate–parameter relationships and will
likely require larger clinical data sets (>1,000 patients) for
adequate assessments. Such large studies are very expensive
and technically difficult to conduct and a large clinical study
cannot overcome the lack of robust bioanalytical assays used
to generate PK, PD and ADA data for pharmacological
characterization. In this scenario, the development of an
ADA-tolerant PK method is not likely to add much value.
However, in cases where toxicities are observed due to
potential drug overexposure in ADA-positive subjects or

ADA (+) PK AUC, Cmax, clearance
Safety Cross-reactivity w/ endogenous, infusion/

injection site reaction, allergenicity
Efficacy Therapeutic/clinical endpoint, PD marker

ADA (+) ADA titer PK: AUC, Cmax, clearance
NAb status
NAb titer
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where ADA incidence is early or high enough to prevent
understanding of initial drug exposure levels in most subjects,
an ADA-tolerant PK method can be informative. Strategies
to investigate and improve ADA tolerance of PK methods
are described below.

BIOANALYTICAL METHODS—QUANTITATIVE
PHARMACOKINETIC EVALUATION
OF BIOTHERAPEUTIC COMPOUNDS

Quantitative ligand binding assays (LBA) are commonly
applied to measure the concentration of a biotherapeutic
compounds in biological matrices. LBA methods include
various types of solid and solution phase immunoassays. These
methods may be coupled with analytical protocols that differ-
entiate the state of the biotherapeutic (e.g. free versus bound) by
employing methods designed to separate protein–protein com-
plexes. Many formats of quantitative pharmacokinetic immu-
noassays exist, including sandwich, direct binding, bridging and
competitive. LBA protocols often utilize reagents designed for
specific and high-affinity interaction with the target compound
in the complex environment of a biological matrix. While the
theory behind the assay is similar across platforms, there are
differences that can impact sensitivity, reproducibility, assay
dynamic range, per sample cost, required sample volume and
suitability for assay automation (28). Recently, LC-MS applica-
tions for the PK evaluations of biotherapeutics have gained
attention as an alternative approach to the LBA-based tech-
nique (29,30). In some variations of these assays an
immunocapture step is required. Depending on the actual
design of the method and attributes of the reagents, the ability
of the reagent to capture the desired analyte may still be
adversely impacted by the presence of ADA.

Access to highly specific reagents is critical, particularly
when detecting human protein analogues in human matrices.
For example, detection of “humanized” or “fully human” IgG-
based biotherapeutics in human serum or plasma requires
reagents capable of distinguishing biotherapeutic compounds
from the abundant endogenous repertoire of immunoglobulins
present in the sample. In such a case, the assay capture reagent is
often either an anti-idiotypic (anti-Id) antibody or a molecular
target of the monoclonal antibody (mAb) compound. The
complementarity determining region (CDR) of a mAb com-
pound could be viewed as one of the main antigenic epitopes on
a mAb biotherapeutic when administered to human subjects.
Anti-drug antibodies that are specific to the CDR region of
mAb biotherapeutics have a very strong potential to have drug
neutralizing activity (neutralizing antibody, NAb) and should be
expected to interfere in quantitative PK assays that are based on
application of anti-Id or molecular target reagent. Other
features of ADAs may lead to interference with the PK assay.
For example, immunocomplexes may produce steric hindrance
and prevent the secondary/detection reagent from interacting
with the analyte effectively.

PK assays are expected to be validated prior to use in
support of regulated nonclinical or clinical studies. Procedures
and recommendations for developing or validating a quantita-
tive LBA-based PK assay have been extensively discussed
elsewhere (1,2,7–9,31). During the validation phase, assays are
routinely evaluated for the range of quantification, precision and
accuracy, robustness and ruggedness, specificity and selectivity
and other parameters. Anti-drug antibodies should be viewed as
one of the matrix components with a strong potential to
interfere with the PK assay results. Although it is often not
critical to improve ADA tolerance of a PK assay to understand
drug exposure response relationships, it is helpful to

Schematic 1. Decision tree for development of ADA-tolerant PK methods
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characterize it during PK assay development. This information
can aid in the subsequent interpretation of results in ADA-
positive subjects. Steps that can be taken to evaluate and test
ADA interference are discussed later in this article.

BIOANALYTICAL METHODS—SEMI-QUANTITATIVE
ASSAYS DESIGNED TO DETECT ADA

Steps involved in ADA assay development and validation
have been extensively reviewed (32–36) and are outside the
scope of this article. However, it is worth highlighting the basic
assay parameters that are validated. During the validation
phase, ADA assays are tested for sensitivity, specificity,
precision, robustness and ruggedness. Assay cutpoints (screen
or confirmatory) are also determined. Potential matrix compo-
nent interference is analysed, including interference due to the
drug compound. For most frequently used assay methodologies,
it is expected that the drug found in the sample will interfere
with the assay ability to detect ADAs. The drug interference
often can be mitigated by using sample pre-treatment methods
to break up ADA/drug complexes (37–43). During validation,
the sensitivity of the assay in the presence of drug (or the drug
tolerance limit of the assay to detect ADA controls) is a key
parameter. The assay format and/or analytical platform that is
least impacted by drug interference should be applied (36,42).

WHY PK METHODS ARE SENSITIVE
TO THE PRESENCES OF ADA

Many factors may determine the potential impact of
circulating ADA on PK assay results. They can roughly be
divided into three categories: characteristics of the biotherapeutic,
characteristics of the ADA response and characteristics of the
assay methods and reagents.

Characteristics of the biotherapeutic that can impact the
potential for ADA interference include the size and inter-
domain flexibility of the drug. For example, an antibody
response to a smaller peptide drug can generate a greater
impact on the LBA-based drug PK assay, simply due to the
competition of assay reagents that target the limited binding
surface of the small therapeutic (via steric hindrance; Fig. 1a).
Characteristics of ADA responses, e.g. NAb versus non-
neutralizing antibodies, can impact the assay results.
Specifically, if an anti-idiotypic antibody is used as a capture
reagent for a mAb-based drug, development of a neutralizing
anti-drug-specific antibody would be expected to impact the
PK assay performance (Fig. 1b). Similarly, a sandwich format
LBA protocol, based on the use of molecular target of mAb
biotherapeutic (or a non-MAb drug’s ligand) as a capture
reagent, can be impacted considerably by neutralizing anti-
drug antibodies (Fig. 1c). Assay stoichiometry, such as
relative concentrations of reagent vs. ADA as well as drug
vs. ADA, can play a role in the ability of the PK assay to
tolerate anti-drug antibody presence. The ability to alter such
concentrations by pre-treatment steps can improve PK assay
tolerance to ADA (Fig. 1d).

The characteristics of the induced ADA responses, includ-
ing binding affinity, specificity and the isotype, may result in
various degrees of impact that are not consistent across the study
population or the duration of the study for one subject. The

affinity and relative avidity of anti-drug immunoglobulins are
important when reviewing potential ADA impact on PK assays.
This is primarily due to the ability to compete with specific PK
assay reagents. Generally, IgM type ADAs have a lower affinity
vs. IgG antibodies, although IgM ADAs may form large size
immune complexes. Thus, high affinity IgG immunoglobulins
can compete more effectively with specific assay reagents while
lower affinity IgMmay cause an abnormal response in the assay
due to high concentration and/or high avidity of binding.Adding
to the complexity, a typical polyclonal ADA response to a
biotherapeutic is expected to have more than one epitope
specificity with a complex mix of isotypes. The constitution of
the ADA response for a given patient also changes over time
due to the immune response maturation process. Such changes
can include the transition from IgM to IgG isotype, titer, affinity
maturation and transient vs. persistent responses. Therefore,
various degrees of impact on the PK assay through a long study
could be expected and, despite efforts to improve the tolerance
of PK assays to ADA responses, it may be necessary to
segregate study populations by ADA status when spurious PK
results occur. The decision to take a model or assay-based
approach in determining the impact of ADA on PK will have
many dependencies including the heterogeneous and dynamic
nature of ADA, prevalence of ADA and the availability
of downstream markers that may speak more directly to
the safety and efficacy implications. It is advised to take a
risk-mitigated approach using all of the knowledge that is
gained about a specific compound before relying on either
strategy (Fig. 1d).

BIOANALYTICAL STRATEGIES TO ADDRESS ADA
IMPACT ON PK

Anti-drug antibodies can alter the clearance of the drug
and consequently, affect the PK profile. On the other hand,
anti-drug antibodies may interfere with the analysis of the
drug due to assay limitations (20,21). If a good PD marker
exists, one could leverage that information to help determine
if ADAs are impacting bioactivity of the drug. If no PD
markers are available, then a systematic evaluation of the
nature of the PK assay format and components of the study
samples may be important to discriminate between the true
impact of ADA on drug clearance versus a bioanalytical
artifact.

Establishing the Impact of ADA on PK Assay Results
During Assay Development/Validation

The following are important caveats to consider when
assessing the impact of anti-drug antibodies on PK assays.
The nature and the composition of the anti-drug antibody
response will differ between subjects; both the nature and the
composition of the response will be dynamic for a given
subject. The initial phase of the immune response post-drug
administration may generate a low-affinity IgM response,
followed by a maturation process that could lead to isotype
changes and affinity maturation, accompanied with an
expansion of epitope specificities. Therefore, the analyte
detected in the ADA assay will differ not only from subject
to subject but also from sample to sample. As a result, it is not
possible to generate a true ADA reference material standard.
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Commonly, a positive control, usually an anti-idiotypic
antibody or sera from hyperimmunized animals is used to
mimic the ADA. As the positive control antibody is not
representative of all antibody responses that can occur in
study subjects, an ADA tolerance evaluation during assay

development should only be used to gauge the relative
susceptibility of the method to interfering immunoglobulins.

The impact of ADA on the PK assay performance
should be characterized. Prior to study phase bioanalysis,
mock ADA samples should be created by spiking anti-drug
antibody (e.g. ADA-assay-positive control) into samples
containing drug. These mock samples can be tested in the
PK assay to understand the ADA impact on the PK assay
though it must be recognized that this is not a standard assay
parameter for which acceptance criteria can be applied. As
the positive control antibody is not representative of all
antibody responses that can occur in study subjects, an ADA
tolerance evaluation during assay development should only
be used to gauge the relative susceptibility of the method to
interfering immunoglobulins. Non-human antibodies, that are
generally available at the time of method development, can
be used in an ADA tolerance test. Matrix samples spiked
with various levels of both drug and anti-drug antibodies can
be tested in the PK assay under development to evaluate
whether the method can detect drug in the presence of ADA.
However, caveats to these experiments must be considered.
For instance, non-human ADA may not bind to the same
epitope as human ADA. Specifically, hyperimmunized serum
antibodies against a human biotherapeutic mAb typically
target the Fc region while human ADA may focus exclusively
on the FAb portion and may impact the PK results differently
than ADA from study samples. In addition, high affinity non-
human ADA generated from hyper immunization protocols
may only represent a worst case scenario. Nonetheless, these
experiments can aid in defining the characteristics of the PK
method and ultimately in interpreting PK/PD results.

Improving ADA Tolerance in PK Assays

It is advisable, in clinical method development, to
gauge the amount of effort required to examine and
improve ADA tolerance during PK method development
and validation. The primary consideration for developing
an ADA-tolerant PK method is if a compromised PK
assessment leads to an underestimation of bioactive drug
that causes an increased risk to patients. This situation is
possible if non-neutralizing ADAs act as carriers for the
biotherapeutic (causing an increase in exposure to the
biotherapeutic) and may warrant a more ADA-tolerant assay
only if toxicities due to the prolonged exposure of the
biotherapeutic are expected.

“In-study” Investigations into Altered PK Results

Experiments to distinguish between a true impact on
drug clearance and a bioanalytical artifact can be performed
once ‘suspicious’ results are obtained in a study (e.g. when an
altered PK profile is obtained and ADAs are detected or
suspected in samples of a subject that experienced serious
adverse events related to potential altered drug levels). While
each test listed below can provide some information, no one
test is intended to be comprehensive, and the results should
be evaluated within the context of PK/PD data as well as data
obtained from other samples in the study and biology of the
therapeutic.

 ADA competition for peptide/small protein binding site/steric hindrance  

 Nab competition for anti-Id binding site 

ADA

Interference

Capture Ab 

Detection Ab

ADA
Protein/peptide 

Signal No Signal

Interference
Capture Ab

Nab

Biotherapeutic

No Nab
(Signal)

Excess Nab 
(No Signal)

Nab

Detection Ab

 Nab competition for target binding site 

“Free” indicates either unbound by target or only partially bound by target (5).

Interference

Target

Nab

Biotherapeutic
No Nab
(Signal)

Excess Nab 
(No Signal)

Nab Detection Ab

“Free” therapeutic + Nab = assay interference
ADA that binds PK reagent epitope = assay interference

Assay-resolution: 
break up complex 

(dissociation/digestion) 
and re-analyze samples

Model-resolution: 
Segregate patients 

(titer, Nab)
and re-model

a

b

c

d

Fig. 1. a ADA competition for peptide/small protein binding site/
steric hindrance. b NAb competition for anti-Id binding site. c NAb
competition for target binding site. d “Free” indicates either unbound
by target or only partially bound by target (5)
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EVALUATION OF SPIKE RECOVERY

A known amount of drug is spiked into an appropriate PK
sample and analysed in parallel with unspiked sample. This test
can be done for a single sample or for a series of samples taken in
a time course. Theoretically, the measured concentration in the
spiked samples should match the sum of the concentration of the
unspiked sample and the added amount of drug. If the observed
PK effect is caused by an altered drug clearance (and there is no
assay interference), the obtained recovery in the assay will be
comparable to the theoretical recovery. In cases where ADA
present in the study sample interferes with the PK assay, then the
recovery in the assay will be affected. A spike recovery
experiment will demonstrate to what extent the recovery is
affected, allowing some interpretation of the initial result.

ACID DISSOCIATION TREATMENT

Drug–antibody complexes in ADA-positive samples can
be dissociated by acid or base (37–39; 43) pre-treatment to
separate the protein therapeutic from any interfering ADA
prior to analysis in the PK assay. This approach may liberate
the drug and provide better access for the capture and
detection reagents, ultimately leading to a drug concentration
closer to the expected level.

ANTIBODY ABSORPTION

Anti-drug antibodies may be removed from a particular
sample using a solid phase that will capture species-specific
immunoglobulins. The resulting sample is then measured in
the PK assay and the obtained concentration is compared
with that of the untreated sample. Acid treatment may be
required to dissociate any drug–antibody complexes before
the immunoglobulin absorption (38,39). Attention should be
paid to the selection of solid phase, such as protein A, protein
G, melon gel or others, as their binding spectrum varies.
Generic antibody absorption in not suitable when the drug of
interest is a therapeutic antibody however, in these cases,
solid-phase extraction using immobilized drug can be applied.

PARALLELISM ANALYSIS

If ADA interference is suspected, serial dilution of
samples (parallelism assessment) could be performed. As
inherent properties of the ADA such as affinity and avidity
may not dilute out in a linear fashion, a trend in increased
measured concentration with increased dilution could be
observed. If the initially measured drug concentrations are
not sufficient for multiple serial dilutions, one approach could
be to spike drug in the suspect sample and then perform
multiple serial dilutions. Non-parallelism of the spiked sample
could be indicative of ADA interference.

Improvement of PK Assay Performance in the Presence
of ADAs

Once it has been established that a PK assay is affected
by the presence of anti-drug antibodies, steps can be taken to
optimize the assay’s ADA tolerance. The potential assay
modifications include, but are not limited to the following:

FORMAT CHANGES WITHIN THE SAME PLATFORM

Assays that measure a “free/partially free” drug using
the target/ligand or reagents that block binding of the analyte
to the target/ligand (5) could be susceptible to the impact of
neutralizing antibodies; hence, an assay format consisting of a
non-inhibitory anti-CDR reagent paired with a generic
reagent (that measures “total drug”) could be considered.
However, this would not remove the susceptibility to
interference from non-neutralizing antibodies.

Other approaches could exploit the kinetics of the
capture/detection steps by using a solution phase assay
instead of the traditional stepwise capture and detection
format onto a solid surface. Increasing sample incubation
time to allow the dissociation of immune complexes could
also be used as a strategy to mitigate ADA interference (40).

CHANGE DETECTION SYSTEM/ASSAY PLATFORMS

In addition to modifications of the established assay for
quantification of the protein therapeutic, changes may be
made to the instrument platform or detection technology
employed. Specifically, it can be of value to use orthogonal
methods that employ distinct attributes of the target analyte
that may not be impacted by the host immune response. For
example, traditional ligand binding assay formats use immu-
nological reagents to capture and detect whole protein
molecules, whereas LC-MS/MS techniques have recently
been employed to quantitatively measure discrete peptide
fragments (41). While the ADA response may inhibit
immunological reagents from binding to their specific analyte
epitopes [e.g. direct competition], displacement (affinity) or
steric interference of intact proteins, enzymatic digestion and
chromatographic separation of component peptides may
mitigate this interference. Likewise, technologies such as
surface plasmon resonance or biolayer interferometry that
measure changes in total mass binding may be used to verify
the relative mass of the analyte (42). Rather than detection of
specific amino acid fragments or binding of multiple epitopes,
these systems (e.g. Biacore, Octet) only require a target-
specific capture step for protein quantification. The label-free
detection process minimizes the number of required binding
steps and epitopes that are necessary for a typical LBA, and
may reduce the interference from ADA formation.

Finally, the use of instrument platforms with greater
sensitivity (e.g. electrochemiluminescence, immuno-PCR)
may overcome the impact of ADA when the magnitude of
the immune response is limited. In such cases, increased
dilution of the test sample and associated ADA may permit
the accurate detection of the protein therapeutic. This
approach requires that the ADA in the sample be limited in
titer or function such that sufficient dilution will mitigate its
interference, while still maintaining the analyte levels above
the lower limit of quantification.

INTRODUCTION OR CHANGE OF SAMPLE
PRETREATMENT

Systematic pretreatment of study samples containing ADA
may reveal expected concentrations of the protein therapeutic. The
goal of the pretreatment step is to separate the analyte from the
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interfering ADA based on distinct physio-chemical properties,
where possible. Immune complex disruption will be necessary in
any pretreatment process to minimize concomitant loss of
therapeutic protein with ADA removal. Monoclonal antibody
therapeutics are difficult to separate given their comparable size
and structure to ADA. Any sample pretreatment procedures
employed for ADA removal should be suitably evaluated prior to
in-study use and include quality control samples processed in the
same manner.

Examples of Sample Pretreatment Include:

Acid dissociation followed by pH neutralization to break
immune complexes prior to analysis. This approach is similar to
acid dissociation treatments applied to improve the drug
tolerance of ADA assays (43). However, the structural/func-
tional labile nature of the therapeutic in response to pH
treatment must be assessed, particularly for sensitive molecules
such as peptides, ADC, fusion proteins etc.

Removal of interferingADAvia immunodepletion. It has to
be understood that removal of ADA by immune depletion (or
immune filtration, following section)may also result in removal of
the ADA-bound drug. Therefore, the resulting PK analysis will
yieldADA-unbound (ADA-free) drug concentration and not the
total drug concentration. A variety of established methods and
commercial reagents are available for the capture and separation
of immunoglobulins. Depending on the nature of the ADA, the
sample species and the type of therapeutic, it may be possible to
specifically capture the ADA based on isotype or species (e.g.
protein A/G, anti-species specific immunoglobulins). In addition,
immobilized or labelled therapeutic may be used as a specific
antigen to capture and remove ADA via solid-phase extraction
on microtiter plates, spin columns, magnetic beads or column
chromatography (5,38,39).

Size separation/filtration methods to isolate ADA from
relatively small molecules. Depending on the size of the
therapeutic, separation techniques such as molecular weight cut-
off spin columns, size exclusion chromatography or ultracentrifu-
gation can be used. Most of these applications allow the drug to
pass, while retaining the interfering antibodies. However, the loss
of drug during the separation processmust be carefully evaluated.

ALTERNATE BIOANALYTICAL STRATEGIES
TO ADDRESS ADA IMPACT

PD/Efficacy Indicators. Bioanalytical strategies that ad-
dress the impact of ADA on PK should take assay interferences
into account. However, in instances where the formation of
ADA has an impact on bioactivity, either through ADA-
mediated clearance changes and/or neutralization, there may
be additional PD or efficacy markers that could serve as useful
indicators of therapeutic function. Formation of immune
complexes can cause an increase in clearance of the
biotherapeutic. Alternately, ADA can increase the systemic
half-life of the drug. In this case, the bioactivitymay be increased
due to the prolonged half-life. Alternatively, activity may be
decreased if the ADA is neutralizing. A frequently cited
example of so-called sustaining antibodies that increase the
half-life of peptide/protein drugs which typically have a short
half-life by themselves and extends the bioactivity is Exenatide
(27). Due to the complexity of the possible in vivo environment,

it becomes important to consider the availability of PD markers
when developing the bioanalytical strategy. As provided later in
the case studies, when a reliable PDmarker exists, it can serve as
a good indicator of clinical efficacy and provide useful informa-
tion as to the clinical impact of ADA.

CASE STUDIES: EVALUATIONS OF THE IMPACT OF
ADA ON PK/PD

With any biotherapeutic in development, multiple sce-
narios are possible with respect to the impact of ADA on PK
and PD. Several examples exist in the literature depicting the
most common scenarios.

*Listing as “No” also includes examples where impact is
not reported or not detectable

Scenario 1: In the case of panitumumab, comparison of
drug concentrations of antibody-positive pa-
tients with predicted PK profiles of antibody-
negative patients indicated that there were
no statistical differences. Observations from
clinical studies supported similarity in AUC,
Cmax and Cmin, between antibody-positive
and antibody-negative patients and pro-
vided evidence of a lack of correlation
between antibody incidence and safety out-
comes (44–46).

Scenario 2: Overall rates of immunogenicity reported
with rituximab are fairly low, 1% in NHL to
11% in RA patients, and associated with a
drop in PK. Clinical correlation of immuno-
genicity to safety or efficacy was not report-
ed in this study.
However, in 2001, Maeda et al. reported a
case where continued dosing with rituximab
in a patient with initial immunogenic re-
sponse resulted in disappearance of anti-
drug antibodies, elevated PK and clinical
efficacy (50).

Scenario 3: While the pharmacokinetics of Betaseron®,
Avonex® and Rebif® (interferon beta-1a) in
patients with multiple sclerosis has not been

Scenario Impact
of ADA
on PK*

Impact
of ADA
on PD*

Examples References

1 No No Panitumumab
(Vectibix),
Denosumab
(Prolia)

(44–49)

2 Yes No Rituximab
(Rituxan)

(50)

3 No Yes IFN drugs
(Betaseron,
Rebif and
Avonex)

(51–55)

4 Yes Yes Anti-TNF drugs
(Humira,
Remicade),
Tysabri

(12,56–61)
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fully evaluated due to low dose levels (300 μg
or less) and bioanalytical (PK) assay limita-
tions (51–53), biomarkers, such as MxA, have
proven valuable in correlating the effects of
ADA/NAb on IFN beta bioactivity. In a
multicenter, open-label study, IFN beta-in-
duced biomarker responses were evaluated
according to the antibody (ADA/NAb) status
of patients with multiple sclerosis receiving
30 mcg Avonex® intramuscularly once week-
ly, 22 or 44 mcg Rebif® subcutaneously three
times weekly or 250 mcg Betaseron® subcu-
taneously every other day. ADA/NAb-posi-
tive patients showed a lowering or abolishing
of biomarker response as measured by MxA,
viperin and IFIT-1 (54). The median MxA
mRNA normalization ratio was 1.4 in ADA/
NAb-positive patients versus 23.2 in ADA/
NAb-negative patients. Stratification by NAb
titer showed diminished biomarker response
in patients with NAb titers from 20 to 99
tenfold reduction units (TRU; median MxA
ratio was 6.5) and abolished biomarker re-
sponse in patients with NAb titers ≥100 TRU
(median MxA ratio was 1.1). The INSIGHT
study also showed that the majority of patients
with pre-existing antibodies remained anti-
body positive throughout the study and that
positive antibody status correlated with de-
pressed biomarker responses throughmonth 6.
These interferon beta case study data, sup-
ported by numerous large clinical studies,
provide a good example where biomarker
and ADA/NAb data provide adequate indica-
tion of clinical efficacy even in the absence of
robust PK data (54,55).

Scenario 4: Antibody formation among the anti-TNF
drugs, Humira® (adalimumab), Remicade®
(infliximab), Simponi® (golimumab), Enbrel®
(Etanercept) and Cimzia® (Certolizumab),
has been shown to be inversely related to
serum drug concentrations and to be associat-
ed with reduced serum trough levels, allergic
reactions and a reduced response to treatment
(56–61). Reduced ADA incidence, either via
concomitant treatment with immunosuppres-
sive drugs, dosing regimens to induce tolerance
or via introduction of an alternative
biotherapeutic with reduced immunogenic
properties, has been shown to improve PK
and clinical efficacy. Consequently, ADAmon-
itoring has been proposed as a means to adjust
dosing, including the need to switch therapeu-
tic to improve patient outcomes. A continuous
and limiting challenge remains: the lack of
standard tests for monitoring immunogenicity
making it difficult to compare results across
studies. Data from clinical studies with the
various anti-TNF drugs provide a good exam-
ple where immunogenicity has an effect on PK
and efficacy.

CONCLUSIONS

The strategies to address ADA impact on PK discussed
in the present paper are primarily from a bioanalytical
perspective focusing largely on clinical concerns. We have
cited numerous papers that delve into the pharmacometrics
approaches (47,62,63) and recommend Kelley et al. (64) as
relevant nonclinical reading. Although specific requirements
have not been addressed in any regulatory guidance issued to
date, it is clear that regulator expectations regarding the
understanding of the impact of anti-drug antibodies on PK
assays are evolving. It is very possible that such guidance
could emerge in the future as more and more biotherapeutic
agents undergo clinical development. Moreover, the accurate
assessment of both drug and ADA are crucial to understand-
ing the efficacy, safety and immunogenicity of therapeutic
candidates. To meet these challenges, we have discussed the
impact of ADA on PK evaluation and illustrated the
challenges of teasing out analytical interference from actual
ADA-driven alterations of drug concentrations in vivo, and
thereby altered clinical PK. The case studies presented
highlight the challenges and illustrate where covariate anal-
ysis was employed to better understand the interaction of
ADA with the in vivo disposition of the biopharmaceutical.

We are proposing a number of recommendations for
consideration by the bioanalytical community:

Prior to the development of PK assays, project teams
consisting of bioanalytical scientists, pharmacokineticists and
therapeutic area experts should together determine whether or
not an ADA-tolerant PK method will add value to the
interpretation of the study results. During this process, the
bioanalytical scientist should consider how the methods may
possibly be made ADA tolerant. In this paper, we provided
guidance on what to consider in formulating such methods.

We advocate for the analysis of PK data parameters with
respect to the ADA incidence in subjects, highlighting that
PK and ADA data should be considered in combination with
other PD, safety and efficacy markers. In this report we
illustrate how such markers can more accurately elicit the fate
of the biologic drug even when the PK assay is unable to
report appropriate drug exposure.

We recommend the testing of the PK assay for antibody
tolerance; however, the extent of the evaluation should be based
on potential risk (e.g., this assessment is more important when
incorrect PK exposure may lead to inappropriate dose assign-
ments or prevents the accurate interpretation of toxicity or
efficacy responses.) Such testing involves the use of mock
antibody-positive samples prepared using antibodies generated
from hyper immune animals; the caveats in the over interpre-
tation of such results are also discussed, specifically due to the
high affinity and avidity of such mock samples, this should be
considered as a worst-case scenario.

A risk-based approach should be used in conducting
investigations, i.e. not all abnormal PK results require a
thorough investigation. For example, a robust immune
response could be expected when a biopharmaceutical
designed for humans is administered in some long-term
animal toxicology studies. In such cases an impact on drug
exposure in animals is expected to complicate interpretation
of observed toxicities. An investigation of the possible impact
of ADA on drug PK is suggested when exposure–response/
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toxicity relationship is considered critical for the overall study
interpretation.

It is advisable to consider the risk of a compromised PK
assessment for underestimating bioactive drug exposure
during drug PK method development to gauge the appropri-
ate amount of mitigation when examining and improving
ADA impact on PK assay performance.

The authors desire this white paper to be a vehicle for a
robust and thoughtful discussion between the bioanalytical
scientists, pharmacokineticist and regulators. We hope we
have illustrated that through covariate analysis of ADA, PK
and possibly PD data the best understanding of the ADA–
drug interactions can be obtained. The amount of effort in
conducting investigations to gain this understanding should
be driven by a risk-based assessment and should take into
account the development stage (i.e. nonclinical or clinical) of
the drug.
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