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2015 White Paper on recent issues in
bioanalysis: focus on new technologies and
biomarkers (Part 3 — LBA, biomarkers and
immunogenicity)

The 2015 9th Workshop on Recent Issues in Bioanalysis (9th WRIB) took place
in Miami, Florida with participation of 600 professionals from pharmaceutical
and biopharmaceutical companies, biotechnology companies, contract research
organizations and regulatory agencies worldwide. WRIB was once again a 5 day, week-
long event — A Full Immersion Bioanalytical Week - specifically designed to facilitate
sharing, reviewing, discussing and agreeing on approaches to address the most
current issues of interest in bioanalysis. The topics covered included both small and
large molecules, and involved LCMS, hybrid LBA/LCMS and LBA approaches, including
the focus on biomarkers and immunogenicity. This 2015 White Paper encompasses
recommendations emerging from the extensive discussions held during the workshop,
and is aimed to provide the bioanalytical community with key information and practical
solutions on topics and issues addressed, in an effort to enable advances in scientific
excellence, improved quality and better regulatory compliance. Due to its length, the
2015 edition of this comprehensive White Paper has been divided into three parts.
Part 3 discusses the recommendations for large molecule bioanalysis using LBA,
biomarkers and immunogenicity. Part 1 (small molecule bioanalysis using LCMS) and
Part 2 (hybrid LBA/LCMS and regulatory inputs from major global health authorities)

Bioanalysis

have been published in volume 7, issues 22 and 23 of Bioanalysis, respectively.

The 9th Workshop on Recent Issues in Bio-
analysis (9th WRIB) was held in Miami,
Florida on April 13-17, 2015 with partici-
pation of over 600 professionals from phar-
maceutical and biopharmaceutical compa-
nies, biotechnology companies, contract
research organizations and regulatory agen-
cies worldwide. The workshop included
three sequential core workshop days and six
specialized training sessions that together
spanned an entire week in order to allow
exhaustive and thorough coverage of
major issues in bioanalysis, biomarkers
and immunogenicity. Like the previous
workshops, the 9th WRIB was specifically
designed to facilitate sharing, reviewing,
discussing and agreeing on approaches to
address the most current issues of interest
in both small and large molecule bioanaly-

sis using LCMS, hybrid LBA/LCMS and
LBA approaches. An in-depth focus was on

biomarkers, immunogenicity and emerging
technologies.

Theactively contributing chairs in the 2015
edition of the WRIB were Dr. Eric Fluhler
(Pfizer), Dr. Jan Welink (EMA/Dutch
MEB), Dr. Brad Ackermann (Eli Lilly),
Dr. Fabio Garofolo (Angelini Pharma), Dr.
An Song (Genentech), Dr. Theingi Thway
(Amgen), Dr. Lakshmi Amaravadi (Biogen
Idec) and Dr. Heather Myler (Bristol-Myers
Squibb).

The numerous regulatory agency repre-
sentatives who contributed to the 9th WRIB
included Dr. Sam Haidar (US FDA), Dr.
Susan Kirshner (US FDA), Dr. Brian Booth
(USFDA), Dr. Michael Skelly (US FDA), Dr.
Nilufer Tampal (US FDA), Dr. Jan Welink
(EMA/Dutch MEB), Dr. Olivier Le Blaye
(France ANSM), Ms. Emma Whale (UK
MHRA), Mr. Stephen Vinter (UK MHRA),
Dr. Birbel Witte (German BfArM), Dr.
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Regulatory ~ Challenges in  Small Molecule

Bioanalysis (six topics);

Abbreviation  Definition
ADA Antidrug antibody Hybrid LBA/LCMS:
BMV Bioanalytical method validation * Innovative Method Development for Biothera-
CDR Complementary determining region peutics, Biomarkers and antidrug antibody (ADA)
DAF Dual acting F(ab’)2 (five topics);
GBC Global Bioanalysis Consortium *  Regulatory Challenges (three topics);
HRMS High resolution mass spectrometry
ISR Incurred sample reanalysis : Large m‘o%ecules by LBA, Biomarkers and
ISS Incurred sample stability mmunogenicity:
LBA Ligand binding assay * LBA Bioanalytical Challenges (four topics)
LCMS Liquid chromatography mass spectrometry *  Biomarkers (three topics);
MAb Monoclonal antibody o ]
MALDI-TOF Matrix assisted laser desorption/ionization-time of Immunogenicity (seven topics)
flight ! : Resul A )
MOA Mechanism of action fiputs from Reguiatory Agencies:
MRD Minimum required dilution J Fol!owing the. .recorlmefldaticf)-nsh.on Lbe above
MSR Minimum significant ratio of titers topics, an ad.dmona section of this W ite Paper
— - focuses specifically on several key inputs from
NAb Neutralizing antibody regulatory agencies.
PD Pharmacodynamic
N k'y i Due to its length, the 2015 edition of this compre-
PK Pharmacokinetic hensive White Paper has been divided into three parts
QC Quality control samples for editorial reasons. This publication (Part 3) covers
SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel the recommendations for Large Molecule Bioanalysis
electrophoresis using LBA, Biomarkers and Immunogenicity. Part 1
SEC Size exclusion chromatography (Small molecule bioanalysis using LCMS) and Part
WRIB Workshop on Recent Issues in Bioanalysis 2 (Hybrid LBA/]TCMS. and Regulatory Agencne§
Inputs) were published in volume 7 of Bioanalysis,
Mark Bustard (Health Canada), Mr. Gustavo Mendes  issues 22 and 23 (2015), respectively.
Lima Santos (Brazil ANVISA) and Dr. Noriko Katori
(Japan MHLW-NIHS). Discussion topics
Each of the three Sequential Core Workshop days
was designed to cover a wide-range of bioanalytical LBA bioanalytical challenges
topics suggested by members of the community, and
included presentations from industry leaders and regu-  Unresolved issues in LBA validation from the 2014
latory representatives, culminating in an open panel White Paper in Bioanalysis
discussion between the presenters, regulators and Should hemolysis and lipemia tests be performed for
attendees in order to determine the consensus items LBA? If not, why are regulatory agencies requesting
presented in this white paper. them? Is incurred sample reanalysis (ISR) really neces-
As with prior WRIB editions [1-9], a significant num-  sary for LBA? Should stabilities be evaluated at actual
ber of topics were addressed during the workshop and  study sample concentrations rather than in diluted
condensed into a series of relevant recommendations.  quality control (QC) samples? Do stabilities at QC
In the present White Paper, the exchanges, consensus  concentrations really mimic stabilities at incurred
and resulting recommendations on 34 recent issues sample concentrations? Should additional QC samples
(‘hot’ topics) in bioanalysis, biomarkers and immuno-  be added when sample results are clustered (often due
genicity are presented. These 34 topics are distributed  to the nature of the dilutions chosen)? Should dilu-
within the following areas: tion QC samples be included in any sample analysis
Small molecules by LCMS: runs? How should differences in data be addressed
e Innovations in Small Molecule Bioanalysis (six between two LBA platforms that had been previously
topics); cross-validated?
3108 Bioanalysis (2015) 7(24) future science group
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Issues in developing methods for combination
biotherapeutics, bispecific therapeutic proteins

& multifunctional proteins

What are the appropriate drug form(s) to measure for
bispecific antibodies? What bioanalytical approach(s)
are being used for combination biotherapeutics? Mul-
tiple methods are needed to fully understand the
properties of these molecules. What are the pros/
cons of Universal LBAs versus Specific LBAs? Which
functional domain is involved? What is the best strat-
egy for fit-for-purpose method design and validation?
How should the interference on LBA due to binding
of biotherapeutic combinations be overcome? How
should differential binding affinity for multidomain
proteins be overcome? Should all binding sites be
taken into consideration?

Impact of biotransformation of biotherapeutics
on LBA

How well do we understand the analyte and applied
assays? How do we provide the ‘right’ information?

Critical reagents & new stability matters in LBA
What is the industry experience with commercially
available reagents? What is industry best practice in
terms of quality control of LBA reagents? What are
regulatory expectations?

Biomarkers

Commercial kit biomarker characterization

& qualification/validation

What are the best practices for confirming the speci-
ficity of commercially available immunoassays used
for clinical biomarker analyses? What level of char-
acterization is needed for exploratory versus confir-
matory analyses? Should different immunoassay lots
be evaluated in order to support an exploratory versus
confirmatory biomarker? Should inter-lot variability
be assessed with endogenous and/or recombinant
reference standard? If inter-lot variability is observed
for in-study analysis, what are the best practices for
addressing the impact on biomarker data?

Exploratory versus confirmatory biomarker
validation

What are the challenges with implementing the 2013
FDA Bioanalytical Method Validation (BMV) Draft
Guidance [10] requirements for biomarker assays, spe-
cifically regarding the use of QC samples in the bio-
logical matrix of study samples, justification for using
a different matrix for QC samples, demonstrating
adequate precision and accuracy, and finally, demon-
strating specificity and analyte stability under actual

Key terms

Biomarker: A measurable indicator of a biological state
or process, or a response to a stimulus including drug
treatment.

Immunogenicity: The ability of a substance, including
biotherapeutic substances, to provoke an immune
response.

Cut-points: Thresholds that, when exceeded, establish
whether a tested sample is scored as ADA positive.

conditions? What if accuracy cannot be demonstrated
since analytes are endogenous, heterogeneous and
often structurally different from reference standards?
How is inconsistent data from validated methods han-
dled when coming from identical samples, labs or kit
vendors?

Characterization of reference materials for
soluble protein biomarkers

What is an appropriate reference material for a pro-
tein biomarker assay? What are the issues in using
recombinant proteins as reference materials? How
to characterize a recombinant protein reference
material?

Immunogenicity

Immunogenicity cut-point evaluations

What is the strategy for screening cut-point evalu-
ations when variances are significantly different
between assay runs? What is the strategy for con-
firmatory cut-point evaluations when means and/or
variances of percentage inhibition are significantly
different between assay runs? What are alternative
strategies for confirmatory cut-points? When and
how do you evaluate titration cut-points? What is an
objective metric for differentiating titer results across
samples (e.g., from a patient over time)? How do you
establish/justify the suitability/validity of a negative
QC for floating cut-points? When and how is cut-
point suitability for the study population evaluated
using (in-study) clinical baseline samples? How do
you decide whether new cut-points are needed for a
different patient population (disease, demographic,
etc.)?

Bioanalytical formats & impact on comparability
for immunogenicity for biosimilars

Attempt to establish consensus in the industry on
which assay format to use for assessing immuno-
genicity of biosimilars: one assay versus two assays
approach. Issues with one assay approach include if
the biosimilar is used as a capture reagent, it may not
be able to bind ADA that are unique to the innovator
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and vice versa. This may create a risk of generating
false negative results. Compare ADA detection rates
for innovator and biosimilar compounds for differ-
ent testing strategies. The ADA assay positive control
is used to evaluate specificity, sensitivity, drug tol-
erance, precision and as a system suitability control
in-study. For biosimilar/innovator immunogenicity
testing, how many positive controls are needed: 1
or2?

Addressing drug/target interference in the ADA
& impact of ADA/target on pharmacokinetic
(PK) assays: a circular situation

How does one get out of the circular situation where
the drug interferes with ADA and drug target (bio-
marker) assays and in turn ADA can interfere with
PK and drug target (biomarker) assays? Drug tar-
get may further interfere with PK and ADA assays.
There are also challenges for receptor occupancy

(RO) assays.

Immunogenicity of bispecific therapeutic
proteins & multifunctional proteins

Does a consensus exist to use a risk-based approach
to develop the testing strategy for complex biothera-
peutics? When should a multiple screening assay
development approach be considered and how soon
in development? Is there a harmonized recommenda-
tion from the different health agencies to conduct
a ficfor-purpose method strategy to evaluate the
immunogenicity of complex biotherapeutics?

Competitive LBA versus cell-based Neutralizing
antibody (NAb) assays

What are the pros and cons of Category 1 (low risk)
and Category 2 (high risk) classifications? Where do
moderate-risk molecules fit in? What is the Category
1 molecule testing strategy? What is the Category 2
molecule testing strategy?

Unresolved issues on pre-existing antibodies &
immunogenicity risk

How frequent are pre-existing antibodies (Ab)
observed? How are pre-existing Ab managed for clin-
ical IMG reporting? How are pre-existing antibodies
assessed for risk to patient?

Use of biomarker activity for immunogenicity
assessments

When can we use an immune response indicator to
monitor loss of activity? How much data are required
to correlate clinical impact? When might biomark-
ers be preferable to conventional ADA/NAD testing?
When are they appropriate for safety?

Discussions, consensus & conclusions
LBA bioanalytical challenges

Unresolved issues in LBA validation from the 2014
White Paper in bioanalysis

FDA issued a draft guidance [10] to propose revisions
to the 2001 BMV guidance [11] and new draft guid-
ance documents for biosimilars and biological prod-
ucts [12,13]. These guidances make recommendations
on ligand binding assays (LBAs) for pharmacokinetic,
pharmacodynamic, biomarker, surrogate efficacy or
immunogenicity measurements. Key parts of these doc-
uments were thoroughly discussed in the 2014 White
Paper in Bioanalysis Part 3 [9]. Several issues were left
unresolved and so were brought back to the table during

the panel discussions of the 9th WRIB.

Testing for hemolysis & lipemia effects during LBA method
validation

The consensus among panelists and audience was that
these tests should be performed either at the method
development stage or in validation. Without data, it
may be hard to conclude whether hemolysis and lipids
will affect the method or not. It is possible that differ-
ent therapeutic molecules and their respective methods
may show differences or different risks for such interfer-
ence. It was discussed that examples had been observed
where variations in matrices impacted final bioanalyti-
cal concentration values, one example being hemolysis
effects on some insulin assays [14,15].

ISR for LBA

Following the 2009 EMA BMV guidance document [16]
and the 2013 FDA draft guidance [10], an evaluation of
ISR has been requested by regulatory agencies world-
wide. However, the LBA community has continued to
question the need to perform ISR. Discussions around
ISR failures in LBA highlighted that these may be due
to differences in critical quality attributes of reference
standards (e.g., potency or purity), matrix differences,
operational reproducibility, in addition to analyte
matrix stability. For example, cases where changes in
matrix pH affected binding and assay sensitivity were
identified during regulatory review of data. Therefore,
it is highly recommended to perform the ISR evaluation
since it is useful to uncover potential method weaknesses
and to enable investigations that are recommended to
understand LBA assay performance.

QC samples used to demonstrate stability in LBA

Since the 2001 FDA BMV Guidance [11] and continuing
through the latest finalized BMV guidance released by
the EMA [16], low and high QC samples have been the
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usual means of demonstrating sample stability. How-
ever, calibration ranges for LBAs are usually narrow and
do not cover the concentration range of study samples,
hence requiring dilution during sample analysis. There-
fore, the question arises whether QC samples used to
demonstrate stability should be stored at pharmacoki-
netic or calibration range concentrations in order to be
considered representative of study samples. In the 2014
White Paper in Bioanalysis [9], it was stated that in some
cases, equilibrium shifts between bound and unbound
forms of the drug following sample dilution may impact
the form of the analyte being measured. Therefore, for
certain forms of analytes with suspected degradation
sites, it was recommended that stability evaluations be
assessed at the concentrations of study samples (at phar-
macokinetic concentrations) since the stability samples
should mimic the range of study samples.

The addition of extra QC samples during sample analysis
Two scenarios were the focus during review of this topic.
The first is when study sample concentrations are clus-
tered in one area of the calibration range. As previously
discussed [9], this is often related to selection of dilution
factors for sample analysis, and the clustering of results
near the middle of the calibration range can actually be
seen as the ideal situation. Since the calibration range
is typically narrow, it is unlikely that calibrator or QC
sample failure in one section of the curve would still
result in a passing batch; so additional QC concentra-
tions may be unnecessary. This position was confirmed
again during this year’s panel discussion, with a com-
ment that extremely narrow calibration ranges can force
results toward middle concentrations. The second sce-
nario involved adding dilution QC samples to sample
analysis batches. It has been recommended that this
would only be required when needed by a specific assay
or as required by lab operational procedures.

LBA platform cross-validation

The final remaining 2014 WRIB topic regarded differ-
ences in concentration results between two LBA plat-
forms that had been previously cross-validated. It was
clear that an investigation would be needed to explore
the reasons for the differences. Finally, the scientific
reasons for choosing one assay platform over another
should be documented.

Issues in developing methods for combination
biotherapeutics, bispecific therapeutic proteins

& multifunctional proteins

Assays that are well characterized and reliable are
needed to evaluate pharmacokinetics, toxicokinet-
ics and bioequivalence. Protein therapeutics have
become increasingly important in medicine in almost

Bispecific therapeutic proteins: Proteins that are
composed of fragments of different specificity thereby
binding to two different types of antigen.

every therapeutic area and new therapeutic approaches
include biotherapeutic combinations, novel structures
such as bispecific antibodies/therapeutic proteins and
multifunctional proteins. These new classes or com-
binations of compounds could present unique chal-
lenges for drug development including bioanalysis.
With over 60 formats of bispecific therapeutic
proteins [17.18], only a very small set of examples are
discussed below.

Many companies are researching the same indica-
tions with the goal of developing best-in-class biother-
apeutics in order to increase the benefits to patients
taking their medications. There are many strategies
to enhancing the performance of the biotherapeutics.
For example, one can modify existing properties, by
engineering the Fv or Fc domains in order to affect
binding affinities, or by endowing the antibodies with
new capabilities in the form of bispecific antibodies or
antibody-drug conjugates. One could also use them
in combination with other antibodies or nonantibody
protein therapeutics, or small molecules. Each strategy
(adding new capabilities to a single molecule vs combi-
nation therapy) has its advantages and disadvantages.

Bispecific antibodies/therapeutic proteins introduce
new bioanalytical challenges with regard to analyz-
ing the active drug form during PK evaluations. Such
methods double the reagent requirements for ligand
binding assays as compared with regular antibodies
because both targets or anti-idiotypes are needed to
detect the active drug form. However, biotransforma-
tion may pose a challenge for the quantification of
bispecific F(ab’), antibodies or other forms. For dual
acting F(ab’), antibodies, challenges are similar to
those seen when using regular monoclonal antibodies.

It is recommended that due to these bioanalytical
challenges, there is a real need to understand the analyte
being assayed and the different possible forms iz vivo
and to develop an appropriate bioanalytical strategy.
Further discussions and updated recommendations are
planned at the 2016 WRIB on PK assay strategy rec-
ommendations for bispecific therapeutic proteins and
multifunctional proteins since industry and regulators
experience in this arena is still new and limited.

Impact of biotransformation of biotherapeutics
on LBA

It has been discussed and agreed that deamidation of
asparagine (Asn) residues is one of the most common
chemical degradation pathways of recombinant thera-
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peutic proteins, including monoclonal antibodies.
This may occur during production and storage, under
formulation conditions, but also happens under physi-
ological conditions, 7 vivo, after administration to
animals or humans. Deamidation of Asn is considered
a critical quality attribute when it impacts certain char-
acteristics, especially the biological activity or binding
properties of a therapeutic.

A case for which a publication is being prepared was
discussed involving the identification and characteriza-
tion, both biophysical and functional, of Asn deamida-
tion in the complementarity determining region of a
monoclonal therapeutic antibody [EMRICH T ET AL. IN-VITRO
AND IN-VIVO CHARACTERIZATION OF CDR DEAMIDATION OF A MONOCLO-
NAL THERAPEUTIC ANTIBODY (2015), MANUSCRIPT IN PREPARATION].
Deamidation at this specific site renders the molecule
functionally inactive, unable to bind its respective
target. Interestingly, extensive biochemical and func-
tional characterization using a broad panel of analyti-
cal and bioanalytical methods showed a completely
different kinetic behavior of this modification during
storage of the drug product, in formulation buffer, i
vitro, compared with degradation under physiological
conditions, 7 vivo.

It is important to understand the nature of the ana-
lyte that is quantified in the applied bioanalytical assay.
The bioanalytical strategy should enable appropriate
decision making and interpretation during PK/phar-
macodynamic (PD), safety and other clinical studies.
It is recommended to develop an appropriate bioana-
lytical strategy to allow a differentiation between drug
elimination and conversion for a meaningful interpre-
tation of PK behavior and accurate determination of
active drug exposure in patients. Moreover, consensus
was reached that in order to come up with the most
appropriate bioanalytical strategy, multiple tech-
nologies and tools, and various approaches including
qualitative and quantitative methods may be needed
to understand the impact of biotransformation of
biotherapeutics on function.

Ideally the quantified analyte reflects active drug,
as only active drug quantification enables meaningful
determination of exposure in case of biotransforma-
tion of the drug into an inactive metabolite. Measuring
inactive drug may be regarded as supplementary infor-
mation only and, as such, is not recommended as the
quantitative assessment of drug levels. Highly selec-
tive immunoassays, using specific well-characterized
anti-idiotypic antibody preparations that are able to
discriminate between deaminated and nondeaminated
variants of the drug, are valuable tools for assay set-
up and highly selective quantification of active (non-
deamidated), inactive (deamidated) and total drug in
blood samples.

Critical reagents & new stability matters in LBA
Ligand-binding assays are frequently applied and
considered the gold standard in the bioanalysis of
large molecules, for example, for the quantification of
therapeutic proteins and for immunogenicity testing.
Besides the selection of the appropriate testing platform
and assay format, adequate quality of critical reagents
used in the ligand-binding assay is of key importance
for establishing a robust and reliable performance of
the bioanalytical assay. Critical reagents are those used
for capture and detection of the biotherapeutic; some
commonly used critical reagents include biotinylated
(Bi) antibodies (capture Abs or detection Abs), sulfo-
tag labeled and digoxygenylated antibodies (detection
Abs) [19].

In addition to the assay design, selection, production
and characterization of critical reagents, reliable long-
term supply is mandatory for the support of bioanalytical
work during the life-cycle of a project [20-22].

It has been agreed that characterization of reagent
functionality should include an early assessment of
binding properties (cross-reactivity to matrix compo-
nents), binding kinetics and any altered binding issues
due to, for example, labeling or storage. Biophysical
characterization of reagents should include identity,
concentration, storage conditions and stability infor-
mation. Purity information may be relevant for trou-
ble-shooting. Documentation of these properties is
typically in the form of a certificate of analysis or a
technical data sheet [19,23].

The use of commercially available reagents is one
way to obtain reagents, however industry experience
with these is mixed. If commercial reagents are used,
it is recommended to try to obtain well-characterized
reagents or characterize them in-house to ensure lot-to-
lot consistency and long-term supply. The characteriza-
tion and qualification of critical reagents should follow
a fit-for-purpose approach predefined in an SOP based
on the needs of the results of the assay (e.g., exploratory
vs confirmatory) [19.20].

Biomarkers

Biomarkers are commonly utilized to demonstrate ther-
apeutic safety, target engagement, pathway modulation
and as predict the course of a disease and/or response to
therapeutic intervention. As such, biomarker data are
used to inform key milestones in the drug development
process. Blood collection is a convenient and easy way
to monitor biomarkers and their presence and levels are
often examined in a variety of biological fluids using
immunoassay based techniques. Many pharmaceutical
companies develop immunoassays de novo in-house,
however the plethora of commercially available immu-
noassays offers an attractive and cost affective option
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for identifying circulating biomarkers. This can enable
the investigation of more biomarkers than internal
resources can support. Using in vitro diagnostic kits for
research purposes requires additional adjustments to
the method and fit-for-purpose testing to demonstrate
that the results being generated are reliable and answer
the question being asked [24.25].

Commercial kit biomarker characterization

& qualification/validation

Good immunoassay tools are needed for testing bio-
marker hypotheses. There are predictive biomarkers,
which may identify patients who are more likely to
develop a disease or respond to the drug (patient strati-
fication). Pharmacodynamic biomarkers demonstrate
target and pathway engagement by the drug and can
be used to assess the relationship between drug phar-
macokinetics and biological response. Finally, there
are prognostic disease biomarkers, which can inform
researchers and clinicians on the future progression of
a particular disease. Understanding the intended end
use of the biomarker is a key driver in choosing the
right assay for determining the concentration of the
biomarker being assessed. Researchers justifiably do
not want to reinvent the wheel, and so often look to
commercially available research-use-only or diagnostic
kits for their drug development programs [26].

The level of assay characterization needed between
exploratory versus confirmatory analyses is driven by a
risk-based assessment taken within the drug develop-
ment programs of company. The decision is based on
the intended use of the data and should be driven by the
clinical utility of the results. The level of bioanalytical
validation may increase or decrease accordingly [27].

Specificity

It is essential to understand the value and limitations
of the kits and kit reagents during kit characterization
studies. The presence of a signal and sensitivity speci-
fications as determined by the vendor are not enough
to confirm that the kit is detecting the biomarker of
interest. The source and bioanalytical characteristics
of the assay reagents provided are typically unknown;
kit users should contact the vendor and request reagent
specificity and epitope information if it is not provided.
If possible, it is recommended to conduct competition
studies (i.e., using excess antibodies or biomarker bind-
ing proteins to reduce assay signal to <LLOQ) and
test reference standards from multiple kit vendors or
commercial sources to verify the specificity of the assay.

Inter-lot variability
If only one kit lot will be used for the entire study, an
assessment of inter-lot variability is not required. How-

ever, if multiple lots are needed in a study, it is rec-
ommended to test as many lots as reasonably possible
during development and assay validation to assess the
potential impact of inter-lot variability on study data.
It is worth noting that although kit lot numbers may
change due to modifications in noncritical reagents
such as kit buffers, critical reagent lots may not have
changed. In such cases, an inter-lot variability study
may not be necessary. It should be confirmed with the
vendor, if possible, whether different lots of critical
reagents are available and these should be used in the
end-users assessment of inter-lot variability. If multiple
lots of assay kits are likely to be required to support the
clinical program, a bridging strategy should be devel-
oped to mitigate the potential impact of lot-to-lot vari-
ability. These issues are study dependent and should be
considered during the risk assessment.

If inter-lot variability is observed during the lot
bridging assessment, an initial practical option is to
contact the vendor(s) for replacement of the reference
standard or critical antibodies used. If this is not pos-
sible, a statistical assessment of the impact of the vari-
ability on the clinical data may provide the best fallback
approach. Correction factors may be used with caution
and when used, it is important to assess linearity or
response using sufficient QC samples across the assay
range. It is also important to understand the nature
of the most appropriate QC samples when assessing
linearity — endogenous or recombinant sources of the
biomarker. Parallelism testing should be performed to
confirm that recombinant material is comparable to
endogenous analyte.

Reference standards

If possible, it is best practice to use the same refer-
ence materials during validation and sample analysis.
Additionally, if internationally recognized reference
standards are available, these should be prioritized.

Exploratory versus confirmatory biomarker
validation

Biomarker assays broadly belong to one of two catego-
ries based on the intended use of the data. The first cat-
egory — exploratory biomarker assays — is used to gen-
erate data for internal decision-making and does not
drive label claims. This data can help in understanding
the pharmacodynamics, mechanism of action of the
drug or can be more broadly used for hypothesis gen-
eration. Assays for these types of biomarkers can vary
in quality and robustness from in-house developed
assays to research-use-only commercial kits to FDA
approved diagnostic kits, validated for specific uses.
Methods for exploratory biomarkers can be used dur-
ing the discovery Phase I profiling studies (requiring
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modest analytical evaluation) or during Phase II-I1I
studies determining proof-of-concept or dose optimi-
zation (requiring more rigorous analytical evaluation).
Confirmatory biomarker assays, the second category,
generate data supporting pivotal determinations of
efficacy or label dosing instructions, making it critical
to ensure the integrity of the data. These biomarkers
are typically used to support applications for Phase II-
III studies determining proof-of-concept, dose escala-
tion studies (requiring modest analytical evaluation)
or label claims, patient stratification and other stud-
ies included in drug applications (requiring rigorous
analytical evaluation) [10].

These categories are not always distinct during the
drug development process and the levels of assay vali-
dation required may vary (full vs partial validation)
depending on the type of assay employed. In addition
itisalso important to understand the class of analytical
assay depending on the measurand and type of refer-
ence material available. The first type can be termed as
a definitive quantitative assay, which uses well-charac-
terized reference standards representing the biomarkers
being tested to create a response-concentration profile
to allow for quantification of unknown samples. The
second type is the relative quantitative assay where the
reference standard is not as well-characterized, pure or
closely representative of the biomarker. The third type
is often termed semi-quantitative and characterized
by the lack of a calibration reference standard, but the
production of a continuous readout, for example, cell
numbers in flow cytometry. The final class can be a
qualitative assay, where biomarker concentrations are
not measured with any accuracy, but results are nomi-
nal or ordinal in nature [27]. No matter the type of bio-
marker being studied or the hypothesis being tested,
there are general challenges that need to be addressed
by all biomarker assays. These include, for example,
purified or recombinant reference standards that are
not necessarily representative of the endogenous ana-
lyte, limited availability of reliable critical reagents,
extended timelines needed to generate new reagents, as
well as challenges of using 77 vitro diagnostic kits for
matrices and disease state samples for which they were
not developed or approved for use. For the majority of
protein biomarkers, the kit reference standards do not
represent the endogenous biomarker. Therefore, these
assays are deemed relative quantitative or qualitative.

The draft FDA guidance for BMV issued in 2013 [10]
touched on the subject of biomarkers. Consensus was
reached that, due to a variety of challenges outlined
above, developing and validating a biomarker assay
cannot always meet the standards of a PK/drug assay.
The 2013 FDA draft guidance requires the use of QC
samples in the same biological matrix as study samples

and every effort should be made to use matrix QC
samples as part of assay acceptance for confirmatory
assays. Best practice is to have at least one matrix QC
(low, medium or high) in the same matrix as the study
samples. If endogenous analyte concentrations are not
high enough, spiked QCs may be used. If the matrix is
rare or it is difficult to obtain disease state matrix, then
the use of a different or surrogate matrix for QC samples
should be justified.

It was agreed that stability testing should be per-
formed in both assay buffer, to determine the stability of
QC samples, and sample matrix under the actual condi-
tions that will be used during sample analysis. Matrix
stability should be tested with matrix QC samples, how-
ever as discussed above, these may not always be avail-
able during validation. In these cases, sample stability
can only be evaluated during a study on study samples
obtained with informed consent. A demonstration of
adequate precision and accuracy is a requirement of the
guideline. However, if true accuracy cannot be demon-
strated because analytes are endogenous, heterogeneous
and often structurally different from the reference
standards, the impact of this during the drug devel-
opment process is considered to be minimal because
biomarker methods typically fall under relative quan-
titative or qualitative methods classes, where the assay
simply determines the relative amounts of the biomarker
against a baseline sample (if available) or another group
of samples tested at the same time. When considering
confirmatory biomarker assays, the matrix QC samples
should cover the analytical range, if possible.

As consensus, it was agreed that despite all best efforts
to use reliable and robust methods for sample analysis of
biomarkers, there are occasions when study sample test-
ing may need to be repeated, increasing the possibility of
having inconsistent data from identical samples assayed
in the same lab using identical kits. If the sample is ana-
lyzed using a single analyte assay, there should only be
one final, reliable result that meets predefined acceptance
criteria. If multiple analytes are tested in the context of
a multiplex assay and samples need to be reanalyzed for
only certain analytes, it is recommended not to regress
any analyte data that have previously passed. Acceptance

of the first set of data should be predefined in SOPs.

Characterization of reference materials for soluble
protein biomarkers

Bioanalytical assays are based on some fundamental
assumptions; that we know what we want to measure,
we know what is being measured, and that the refer-
ence material represents the target analyte. However,
in biomarkers assays, these assumptions are not always
true. It is not always clear a priori which form of a bio-
marker is the most important to measure (e.g., isoforms,
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truncations, complexes). What is being measured in
some methods is not always what we intended to mea-
sure. Careful selection and characterization of reference
materials is critical to understand what the assay is really
measuring, and to ensure acceptable assay performance.

Soluble proteins in human circulation are suitable
targets for biotherapeutics since they are easily acces-
sible. Free and total soluble protein biomarker assays can
provide good measures for target engagement and phar-
macodynamics. As for most biomarker assays, reference
standards that properly represent endogenous soluble
proteins are difficult to find. The parallelism test should
be used to demonstrate that the dilution response curve
for samples with endogenous analyte is parallel to the
dilution response curve of the reference material. When
parallelism cannot be established, a fitfor-purpose strat-
egy should be applied to use reagents that, although dif-
ferent from endogenous analytes, are able to provide rel-
atively quantitative measures of change in analyte levels.

Most often, recombinant proteins are used which
resemble the endogenous analytes in many aspects such
as post-translational modifications, physico-chemical
state and biological interactions. However, these recom-
binant protein reference materials may not be able to
fully represent endogenous analytes, since the endog-
enous analytes are often heterogeneous and undergo a
variety of post-translational modifications such as gly-
cosylation, phosphorylation and oligomerization not
present in the prokaryotic expression system. Therefore,
biomarker assays using recombinant proteins as refer-
ence materials are relatively quantitative in nature [27].
It should also be noted that the issues described in this
paragraph are not unique to biomarker assays. Immu-
nogenicity assessments also lack reference material and
ADC analytes are not necessarily representative of the
reference material either.

It is recommended that careful selection and char-
acterization of reference materials is critical for under-
standing the specificity of the assay (what the assay is
really measuring), and for ensuring acceptable assay per-
formance and appropriate data interpretation.

Reference standards should be selected based on the
biological properties of the analyte of interest, their sta-
bility, their availability in suitable quantities and their
well-characterized properties. The characterization
process may include but is not limited to:

* Identity tests to determine molecular weights and
peptide mapping using High resolution Mass Spec-
trometry or Matrix Assisted Laser Desorption/
Tonization-Time of Flight can be performed.

e Purity, carbohydrate content and oligomeric states
can be determined using, for example, sodium

dodecyl sulfate polyacrylamide gel electrophoresis
and size exclusion chromatography techniques.

¢ Physico-chemical states affecting binding with
capture and detection antibodies.

e Potency measurement.

e Content assignment, in other words, mass and
specific activity.

e Operational aspects such as short and long term
stability under defined storage conditions, lot to lot
bridging.

It is acknowledged that the characterization param-
eters cannot be accomplished using commercially
available reference standards, as often the quantity of
material is limited.

Immunogenicity

ADA immune responses to protein therapeutics are
of concern because ADAs can impact the PK, PD,
safety and efficacy of protein therapeutics by inhib-
iting the function of endogenous proteins leading to
deficiency syndromes; altering the pharmacokinetics
and pharmacodynamics of drugs, causing hypersen-
sitivity type adverse events; and/or neutralizing the
efficacy of the drug. Therefore, it is crucial to establish
the potential relationships between ADA status versus
PK, PD, safety or efficacy during clinical development.
ADA screening, confirmation, titration and neutral-
ization activity assays are implemented to monitor and
characterize the ADA responses.

Immunogenicity cut-point evaluations
Establishing appropriate cut-points based on sound sta-
tistical principles combined with an understanding of
the biological and bioanalytical issues help ensure that
assays reliably detect ADA with adequate sensitivity.
The cut-point evaluation strategy has evolved consider-
ably over the past decade via the seminal white-papers
on the design and validation of immunogenicity meth-
ods [28.29], and refined further over the years by similar
consensus groups of experts as in the USP Chapters
<1106> on immunogenicity screening and neutralizing
antibody assays [30.31]. At this workshop, a simplified
version of the flow-scheme proposed originally in the
validation white-paper [29] was discussed.

The use of floating cut-points is recommended for
screening cut-point evaluations when means are signifi-
cantly different between the assay plates/runs, whereas
when variances are significantly different the use of a
dynamic cut-point is recommended in the validation
white-paper [29]. However, this is usually impractical as
it requires a separate evaluation of a cut-point in each
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assay run using several individual drug naive subject
sera, and hence lowering the sample testing through-
put. A work around this scenario is explained in the
USP chapter [31] where the sources of assay variance
may be investigated for further optimization when
feasible. If variance heterogeneity cannot be resolved,
the USP chapter [31) recommends the floating cut-point
method to be used by pooling the variances across the
assay runs. It has also been discussed that if only one
or two runs are responsible for the overall variance het-
erogeneity, then such runs may be eliminated before
pooling the variances of the data from the other runs
for the floating cut-point evaluation. Based on the
experience of the panel, it was also noted that the use
of analyst or instrument specific cut-points although
recommended in the validation white-paper [29] should
be avoided.

An inherent assumption made in the use of a float-
ing cut-point method for the screening cut-point evalu-
ation is that the negative control used for setting the
correction factor trends (changes) in the same direc-
tion as the individual drug naive subject sera across the
assay plates and runs. This assumption may be verified
by plotting the average of negative control results ver-
sus the average of individual subject sera results across
the validation runs (18 plates, three plates/run from six
runs). Appropriate statistical tests may be conducted
for objective assessment such as testing whether the
slope is significantly different from one and/or using
a criterion on the correlation. If the negative control
does not trend in the same direction as the individual
subject sera, the use of alternative negative controls was
discussed as well. This may include buffer or serum
diluent or the use of subject sera pool from a population
that more closely mimics the study population. This
topic requires further research via case-study examples,
and may be discussed further at the next WRIB.

It was agreed that the strategy of many in the indus-
try for the confirmatory cut-point evaluation, even
when the means and/or variances of percentage inhibi-
tion are significantly different between assay runs, is
to use a fixed cut-point that is statistically determined
by spiking drug in naive, ADA negative subject sam-
ples [29]. The use of negative QC samples with spiked
drug for possible use of a floating cut-point method
was proposed. As this idea has not been tested, the rec-
ommendation is still to use the fixed cut-point method
for the confirmatory assay.

Alternative strategies for confirmatory cut-points
such as the use of mock low positive samples may be
possible and have been discussed extensively in a prior
publication [32].

The use of titration cut-points was then discussed.
This cut-point is necessary only when the screening

cut-point is too low, for example, if it falls on the lower
plateau of the positive control dilution curve. The same
data generated for the screening cut-point evaluation
are typically used for the titration cut-point evaluation,
where instead of targeting a 5% false positive rate, a
much lower error rate such as 0.1% is targeted.

The recommended objective metric for differenti-
ating titer results across samples (e.g., from a patient
over time) is the minimum significant ratio of titers,
derived from validation runs with the positive control
in sensitivity experiments [30]. This is especially rel-
evant if the titer results for confirmed ADA positive
samples are determined via interpolation. However, if
end point titers are reported instead of interpolation,
a fourfold difference may be considered as signifi-
cantly different if twofold serial dilutions are used and
a ninefold difference as significant for threefold serial
dilutions [30-31,33].

The suitability of using the prestudy validation
cut-point factor for testing clinical study samples was
discussed. Based on the simulation studies done for
typical screening cut-point evaluations for a balanced
design described in the validation white-paper [29],
the false positive rate for a screening cut-point that
is targeted around a 5% false positive rate is expected
to vary between 2 and 11%. Therefore, if the false
positive rate of the in-study baseline samples is too low
(<2%) or too high (e.g., >11%), it is recommended
that the means and variances of the log-transformed
ratio of individual subject sera to negative control
from the validation (prestudy) and clinical study base-
line (in-study) be compared first. If only the means
of these ratios are significantly different, use the vari-
ance from the validation along with the mean of the
ratios from the in-study baseline samples to adjust the
cut-point factor accordingly. If the variances are dif-
ferent, the in-study baseline may be used to calculate
a new study-specific cut-point correction factor. This
is reasonable to do as long as baseline data are avail-
able from at least 50 subjects, tested over at least two
runs and by at least two analysts. Each sample may
be tested only once, but as long as the data are cumu-
latively generated across multiples runs and analysts,
the overall variability evaluated for the study-specific
cut-point calculation will appropriately reflect both
the analytical and biological variability. One limita-
tion is that it is not possible to break down the ana-
lytical and biological variability separately, but this
is not necessary at this stage because this has already
been assessed and characterized in detail during the
prestudy validation.

This study-specific cut-point evaluation is gener-
ally feasible with most Phase II and later-phase clini-
cal studies, but not usually in preclinical studies and
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most Phase I studies. For smaller studies such as Phase
I, re-evaluation of the cut-point using a larger number
of subjects may be necessary when feasible.

When deciding whether new cut-points are needed
for different patient populations (disease, demo-
graphic, etc.), the log-transformed ratio of individual
subject sera to negative control from the prestudy vali-
dation should be compared with the ratio results from
the new population. Similar to the recommendation
described above for determining the need for a study-
specific cut-point factor, the means and variances of
the ratio results from these populations should be
compared. If the variances are significantly differ-
ent, a new cut-point factor should be evaluated for the
new population. If only the means are different, the
same cut-point factor may be used with a new nega-
tive control pool created using subjects from the new
population.

Bioanalytical formats & impact on similarity for
immunogenicity for biosimilars

Biosimilars have become of high interest recently and
a number of regulatory guidance documents have
been published stating that the demonstration of
clinical immunogenicity similarity is a key element in
establishing biosimilarity between the biosimilar and
reference drugs. However, demonstration of immu-
nogenic similarity between a biosimilar and the ref-
erence drug is challenging due to the fact that ADA
assays are qualitative by nature, unique to each drug,
and proprietary to each drug sponsor. Also, there is
no consensus in the industry on whether the innova-
tor's ADA assay, the biosimilar assay, or both should
be used to assess immunogenic comparability.

There has been much discussion about whether
the best option is to use a two assay approach or the
one assay approach. One assay might risk the appear-
ance of higher immunogenicity with the biosimilar.
It should be mentioned that if using one assay, it is
imperative to use the biosimilar and not the refer-
ence product to generate binding reagents. There are
as many challenges with both approaches as there are
arguments that both approaches are valid. It should be
noted that FDA recommends that the proposed prod-
uct and the reference product should be assessed in the
same assay with the same patient sera whenever pos-
sible (34]. With accumulating experience with time, a
unified data-driven recommendation is expected to
emerge.

Analytical approaches employed in the character-
ization of biosimilar products are expected to detect
immunodominant epitopes. Furthermore, the use of
a LCMS approach may be a suitable option for non-
monoclonal antibody drugs if the necessary sensitiv-

ity of the assay can be achieved [35]. Ultimately, the
impact on clinical safety and efficacy is what mat-
ters. It was agreed that this topic should be discussed
again at a future WRIB to reach a wider consensus.

Addressing drug/target interference in the ADA
& impact of ADA/target on PK assays: a circular
situation

The presence of a drug and/or drug target can cause
interference in patients’ ADA and NADb assessment,
resulting in potential false negative or false posi-
tive results. The degree of interference is related to
the assay platform, patient specific factors (disease)
or presence and levels of drug or drug target in the
sample. In the ADA assays, false negatives with drug
interference and false positives with target inter-
ference are possible. In the NAb assays, both false
positives and false negatives are possible due to drug
and target. Different approaches have been used to
mitigate both drug and target interferences; these
include acidification, blocking/binding agents and
sample pretreatment to remove drug or target [36].
However, sample manipulation has the potential to
introduce new artifacts. Regardless of the approach,
it is imperative to have a good understanding of the
ADA assay and to interpret the data carefully.

It was agreed that a circular situation is created
where the drug and target can interfere with the
ADA, the target and ADA can interfere with the PK
assay and the drug can interfere with the target assay.
Data can become difficult to interpret if you have
multiple interferences without a thorough under-
standing of assay caveats. Conversely, understanding
the physiological binding events through integrated
bioanalytical assay design is important so that this
understanding can be incorporated into pharmaco-
metric modeling tools and thus can be highly infor-
mative as to the pharmacological state of the patient.

In the case where ADA interferes with PK and drug
target assays [37.38], the first step is to understand if
free drug (active drug) pharmacokinetics are most
relevant because the approach used may depend on
the class of therapeutic being tested. It is important
to be able to explain the drug clearance. Addition-
ally, if a PD marker is available, it may provide the
most relevant information related to efficacy results.

Elimination of drug interference and inter-patient
variability through standard LBA mechanisms is
encouraged. If this is not possible, it is imperative
to have a good understanding of the ADA assay
including the immunogenicity risk assessment and
mitigation plan so as to interpret the data accurately
across functions (bioanalytical scientists to clinical
pharmacologists and clinicians).
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Immunogenicity of bispecific therapeutic proteins
& multifunctional proteins

Bispecific therapeutic proteins and multifunctional pro-
teins represent a new class of biotherapeutics used to treat
different conditions. These molecules consist of more
than one domain that may or may not be involved in
the mechanism of action of the drug; examples of these
biotherapeutics include Fc fusion proteins, bispecific
antibodies, antibody-drug conjugates and pegylated
proteins. Similar to any other therapeutic protein, these
complex molecules have the ability to elicit an immune
response once administered to patients. Evaluation of
ADAs against these biotherapeutics represents unique
challenges.

It was agreed that bispecific therapeutic proteins and
multifunctional proteins (including ADC) may require
different considerations. Bispecific immune modulat-
ing modalities, along with other biotherapeutics not
described herein, may require additional mechanistic
characterizations associated with immune responses in
addition to ADA testing. These may include monitoring
cytokine release and other immune system modulation
events [39].

As with all biotherapeutics, bispecific therapeutic
proteins that have complex molecular structure and
multiple mechanisms of action require an adequate risk
assessment evaluation and testing strategy. Classifica-
tion of risk level (low, medium, high) should be justified
in a risk assessment and mitigation plan. The testing
strategy will follow the rationale prospectively defined
in this plan and will evolve as clinical data are procured.

Screening and confirmatory assays should minimally
be performed against the intact bispecific therapeutic
proteins per conventional testing strategies. Testing for
specificity against the functional domain may be justi-
fied as the incidence and clinical impact merits. Speci-
ficity testing in the confirmatory tier versus having fully
independent domain-based assays is case dependent.
Reagents for each domain will be required for adequate
domain specificity testing.

Consensus was reached that there are no harmonized
recommendations from the different health agencies yet
to conduct a fitfor-purpose method strategy to evalu-
ate the immunogenicity of complex biotherapeutics.
Hence, it is recommended that each strategy should
be evaluated on a case-by-case basis, as previously
discussed [40].

Competitive LBA versus Cell-based NAb assays

Cell based and non-cell based assays can be used for
the detection of NAbs in the immunogenicity testing
workflow. Industry standards regarding this testing
have been evolving for 10 years, resulting in a need
for a consistent NAb assay selection strategy across the

industry and all regulatory agencies. The most recent
proposal of a risk based testing strategy [41] was thor-
oughly discussed but no consensus was reached due to
very different points of view.

The Kloks paper categorizes therapeutic molecules
bearing low or high risk due to immunogenicity as Cat-
egory 1 and 2, respectively. The strategy for risk-based
testing for Category 1 (low risk) molecules is proposed
as follows in the paper:

e Phase I Single Dose: Event-driven ADA test-
ing of collected samples, no NAb testing or
characterization is needed;

e Phase I Multi-Dose: At least baseline and end-of-
study sampling and testing, no NADb testing or char-
acterization is needed;

e Phase II/III: Frequent sample collection;

* Testing of at least baseline and end-of study samples,
NADb testing and any characterization is optional;

e Sample testing to be performed in a batch wise
manner at the end of study.

The strategy for risk based testing for Category 2
(high risk) molecules is proposed as follows in the paper:

e Phase I Single Dose, multi-dose, Phase II/111: ADA
and NAD testing (PD evaluation is also an option);

*  Characterization may be performed if added value
(at baseline and end of study);

e Sample testing to be be performed in a timely
manner.

The discussions led to a disagreement with the man-
uscript recommendations for the Category 1 molecules.
In fact, it was recommended that ADA samples need
to be collected and periodic testing is highly recom-
mended even for low risk molecules to fully character-
ize the immune response to the molecule in the clini-
cal population of interest at all stages of development.
However, there was agreement with the manuscript
recommendations for high risk (Category 2) molecules.
It was noted that immunogenicity testing for high risk
molecules should follow the conventional scheme that
includes testing for binding ADAs, NAb and any other
characterization (if needed) that should occur as soon
as possible.

Unresolved issues on pre-existing antibodies

& immunogenicity risk

ADAs are understood to be a potential risk to patient
safety with possible impact to efficacy. As such, ADAs
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are routinely monitored during clinical trials [42]. Pre-
existing ADAs that cross-react with a biotherapeutic
drug candidate are often observed during immunoge-
nicity assessment. They can include heterophilic species
from the natural antibody population (e.g., rheumatoid
factor) [43], antibodies produced as an adaptive immune
response to environmental antigens, and can include
antibodies against endogenous proteins reported to
play a role in immuno-modulatory activities (e.g., anti-
cytokine Abs) [44]. The reactivity of pre-existing anti-
bodies and any related boosting of titer due to thera-
peutic administration is critical to understanding how
pre-existing antibodies can impact patient safety and
efficacy [929].

Data are still being collected across the industry
to gain a better understanding of the prevalence of
pre-existing antibodies. Multiple scenarios have been
observed by attendees, such as a low prevalence with
low titer through to a high prevalence with high titer.
Observations on the impact of pre-existing antibodies
on PK, safety and efficacy are also variable.

Clinical immunogenicity reporting is managed for
pre-existing antibodies by employing patient stratifica-
tion to independently report boosting and seroconver-
sion events [29]. ‘Boosting’ events are generally defined
as responses twice a two- or three-fold dilution scheme,
equating to a minimum of four- to nine-fold increase
in titers (typical scenario of +/- one-fold dilution con-
sidered acceptable assay variability). Titers are generally
reported as the reciprocal of the dilution. For example, a
sample with a baseline pre-existing titer of 32 is serially
diluted using a two-fold dilution scheme. A boost in
titer of 128 would be considered a significant increase,
whereas a titer of 64 (one two-fold dilution tube) would
be viewed within assay variability and not considered a
meaningful change. More sophisticated statistics can
be implemented as needed and is most useful if there
is supporting clinical data that correlate with clinical
impact. Drug interference can impact titer and should
be considered when defining boosting criteria.

It was agreed that patient exclusion based upon pre-
existing antibody presence is an unusual practice and
is not recommended. However, there are examples of
patient exclusion criteria pertaining to patient disposi-
tion that are not completely independent from immune
status. In a specific case study discussed [45], it was
noted that cryoglobulinemia, lymphoma and pre-exist-
ing autoimmune disease were exclusionary criteria in
the noted interferon-based clinical studies. Pre-existing
antibody status, PEG and interferon A- or interferon
a-specificity, was not included in the enrollment exclu-
sionary criteria. Direct characterization of ADA dur-
ing the course of therapy was conducted. Whether to
include pre-existing antibody status in the exclusion

criteria should be considered based on the knowledge
of drug product and safety assessment and should be
incorporated into the immunogenicity risk assessment

approach.

Use of biomarker activity for immunogenicity
assessments

Standard immunogenicity assessment includes the
detection of binding and neutralizing ADAs. The pres-
ence of ADA may impact potential loss of response to
the drug. Thus, ADA may influence disease activity
through limiting the PK and/or PD of the drug [46.47].
It was agreed that monitoring of PK, PD and ADA (and
its impact) may provide a more comprehensive and per-
sonalized approach for disease management. In addi-
tion, characterization of a robust ADA response (titer,
neutralization/bioactivity) can also offer insight into
opportunities for eatly detection and more targeted
monitoring of a clinically meaningful ADA response
in patients at risk.

Use of immune response indicators can be con-
sidered to monitor loss of activity when ADA is of
moderate to high incidence and well characterized to
know that ADA indeed have an impact on efficacy
and/or safety [48]. This generally occurs during late
stage or post-market considerations to inform treat-
ment decisions (e.g., increase of IgG4 in relation to
antibody-mediated PRCA) [49].

If there is a robust PD biomarker related to
efficacy/MOA it may be more appropriate to correlate
PD data to clinical impact. However, this poses a sig-
nificant logistic hurdle where the biomarker must be
clinically validated and may require greater resource
commitment than a NAD assay. It was recommended
to have a conversation with the regulatory agency to
develop a feasible strategy and successful examples of

this do exist (e.g., IFN-f and MxA).

Recommendations
Below is a summary of the recommendations made

during the 9th WRIB.

LBA bioanalytical challenges

¢ Unresolved issues in LBA validation from the 2014
White Paper on Bioanalysis

— Hemolysis and lipemia tests should be per-
formed either at the method development stage
or in validation since, without data, it may be
hard to conclude whether hemolysis and lipids
will affect the method or not.

— ISR for LBA assays is useful to help uncover

potential method weaknesses and investigations
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are appropriate to understand LBA assay per-
formance. Hence, it is recommended that ISR

should be conducted.

= In addition to regular QC samples, stability
evaluations should be considered at the pharma-
cokinetic concentrations mimicking the range
of study samples as much as possible as stability
at Cmax levels may not always be represented
by low level QC samples. In the case of ‘free-
drug’ assays, further experiments may need to
be considered to demonstrate stability of bind-
ing equilibria and appropriate sample dilutions.

— The addition of extra QC sample concentra-
tions during analysis when study samples are
clustered in one area of the calibration range
may be unnecessary when the calibration range
is narrow.

— The addition of dilution QC samples to sample
analysis batches is not needed as routine pro-
cedure. However, dilution QC samples can
be included if it is required by lab operational
procedures or for pipetting verification.

= When there are differences in concentration
results between two LBA platforms that had
been previously cross-validated, an investiga-
tion would be needed to understand the rea-
sons for the differences. The reasons for choos-
ing one assay platform over another should be
documented.

For bispecific therapeutic proteins and multifunc-
tional proteins, there is a real need to understand
the analyte being assayed and the different possible
forms 77 vivo to come up with an appropriate bio-
analytical strategy. Further discussions are planned
at the 2016 WRIB since industry and regulator

experience in this arena is still evolving.

Ideally the quantified analyte reflects active drug.
Measuring inactive drug may be regarded as sup-
plementary information only and, as such, is not
recommended as the only quantitative assessment
of drug levels. An appropriate bioanalytical strat-
egy should be developed to allow a differentiation
between drug elimination and conversion. In order
to come up with the most appropriate bioanalyti-
cal strategy, multiple technologies and tools, and
various approaches including qualitative and quan-
titative methods may be needed to understand the
impact of biotransformation of biotherapeutics on
function.

Adequate quality of critical reagents should
include an early assessment of binding properties
(e.g., cross-reactivity to matrix components), bind-
ing kinetics and any altered binding issues due to,
for example, labeling or storage. Biophysical prop-
erties of critical reagents are required by regulators
and include identity, concentration, storage condi-
tions and stability information. Purity information
is also important.

Biomarkers

The best-practices for confirming the specificity
of commercially available immunoassays used for
clinical biomarker analyses include characteriza-
tion of the commercial kit. Presence of a signal
and sensitivity specifications as determined by the
vendor are not enough to confirm that the kit is
detecting the biomarker of interest without addi-
tional testing; assessing assay specificity is key. Ref-
erence standards from different sources should be
tested. Parallelism testing should be performed to
assess whether recombinant material is comparable
to endogenous analyte. If only one kit lot will be
used for the entire study, inter-lot variability testing
may not be required. However, if multiple lots are
needed, it is recommended to establish a lot bridg-
ing strategy and test as many lots as reasonably pos-
sible to assess risk. If inter-lot variability is observed
during study sample analysis, the vendor(s) should
be contacted to replace the critical reagents and if
not possible, appropriate statistical assessments on
the impact of variability and the use of correction
factors can be explored to determine the best path
forward.

Exploratory and confirmatory biomarker catego-
ries are not always distinct. The application of an
assay may evolve during the drug development and
the levels of assay validation required may vary
depending on the intended use of the data. Due to
a variety of challenges, developing and validating
the biomarker assay cannot always be performed to
meet the standards of a PK assay as requested by
the 2013 FDA draft guidance. It is recommended
to have at least one QC in the same matrix as the
study samples, included among low, medium and
high QC:s. Stability testing should be performed in
both buffer and sample matrix under actual condi-
tions used during sample analysis. Matrix stability
should be tested with matrix QC samples where
available. Precision and accuracy of a biomarker
assay should be assessed. However, when the bio-
marker methods are relative quantitative or qualita-
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tive, assay validation efforts should be focused on
assay precision or reproducibility.

As for most biomarker assays, reference standards
that properly represent endogenous soluble proteins
are difficult to find. A fit-for-purpose approach lever-
ages the use of recombinant proteins as reference
material. These recombinant reference materials may
not be able to fully represent endogenous analytes,
which are often heterogeneous and undergo a variety
of post-translational modifications such as glycosyl-
ation, phosphorylation and oligomerization. There-
fore, biomarker assays using recombinant proteins as
reference material are deemed relative quantitative
in nature. Certain aspects of the reference standards
should be assessed to understand what is being mea-
sured, including identity (molecular weights and
peptide mapping); purity; potency; carbohydrate
content; oligomeric and physico-chemical states.

Immunogenicity

The use of floating cut-points by pooling the vari-
ability across all the assay runs is generally acceptable
for screening cut-point evaluations even when the
variances are significantly different between assay
plates/runs because the use of dynamic cut-points
is often impractical. However, as explained in the
USP chapter 311, prior to directly implementing the
floating cut-point approach, potential causes for the
variance heterogeneity should be investigated and
re-optimization of the assay should be considered
when feasible. For confirmation assays, the fixed cut-
point approach is still the most viable strategy even
when the means and/or variances are significantly
different across assay plates/runs. Methods for float-
ing cut-point strategy may be considered by spiking
the negative control with excess study drug, but this
requires further evaluation and validation. Titration
cut-points are necessary when the screening cut-
points are too low and fall on the lower plateau of
the positive control dilution curve. The cut-points
determined during validation may sometimes not
be suitable for testing the clinical study samples. If
the false positive rate of the clinical baseline samples
based on the prestudy validation screening cut-point
is under 2% or over 11%, the use of a study-specific
cut-point should be considered.

Based on current industry and regulatory experi-
ence, both one assay and two assay approaches for
the demonstration of clinical immunogenic com-
parability for biosimilars are valid approaches and
accepted by regulatory agencies.

When ADA or target interferes with the PK assays,
itis important to understand free drug levels (active
drug) to be able to correlate exposure/response. In
the ADA assays, false positives and negatives due to
target or drug interference are possible; applicable
technical modifications should be employed to
eliminate this interference and assay caveats should
be included in the immunogenicity risk assessment
and mitigation plan for appropriate data reporting
and interpretation. In the NAb assays, both false
positives and false negatives are possible. In these
cases, the drug present in the samples should be
removed if possible. Interference in and due to drug
target (biomarker) should also be considered in the
context of these assays.

Bispecific therapeutic proteins may require addi-
tional mechanistic characterizations associated
with immune responses in addition to ADA test-
ing such as monitoring cytokine release and other
immune system modulation events. Screening
and confirmatory assays should minimally be per-
formed against the intact bispecific antibody per
conventional testing strategies. Testing for speci-
ficity against the functional domain may be jus-
tified as the incidence and clinical impact merits.
Specificity testing can be done through competi-
tive binding experiments in the confirmatory tier
of the testing strategy; alternatively, it can also
be achieved by implementing fully independent,
domain-based screening assays. The choice of these
approaches should be case dependent.

Cell based and non-cell based assays can be used
for the detection of NAbs. Close discussion and
interactions with regulators are needed. Kloks’s
proposal was not fully accepted at this stage [41].

Pre-existing ADAs are not always due to previous
administration of biotherapeutics. In some cases,
there is no previous exposure but there is cross-
reactivity whose nature is not always clear. Hence,
observations on the impact of pre-existing anti-
bodies on PK, safety and efficacy are important
to know and they can be variable. Patient exclu-
sion based upon pre-existing antibody presence
is not recommended. Direct characterization of
ADA during the course of therapy should be con-
ducted and in relevant cases, incorporated into the
immunogenicity risk assessment approach.

Monitoring of PK, PD and ADA (and its impact)
during the clinical development program, may
provide a more comprehensive and personalized
approach for disease management post-approval.

fsg

future science group

www.future-science.com

3121



White Paper

Amaravadi, Song, Myler et al.

Robust PD biomarker related to efficacy/MOA
may be appropriate to correlate available data to
clinical impact. An immune response indicator
such as antidrug IgG4 antibody, if there is dem-
onstrated impact on safety or efficacy during clini-
cal development and postapproval, may be consid-
ered. A conversation with the regulatory agency is
recommended in this case.
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