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2013 White Paper on recent issues in
bioanalysis: ‘hybrid’ — the best of

LBA and LCMS

The 7th Workshop on Recent Issues in Bioana-
lysis (WRIB) took place in Long Beach, Califor-
nia, USA on 9-10 April 2013 with close to 500
professionals representing over 200 companies
including multiple regulatory agencies.

The contributing chairs included Binodh
DeSilva (Bristol-Myers Squibb, USA), Lakshmi
Amaravadi (Biogen Idec Inc., USA), Margarete
Brudny-Kloeppel (Bayer Pharma, Germany),
Adrien Musuku, (Pharmascience, Canada), Lau-
ren Stevenson (Biogen Idec Inc., USA), Mario
Rocci (ICON Development Solutions, USA),
and Fabio Garofolo (Algorithme Pharma Inc.,
Canada).

The contributing regulatory agency repre-
sentatives included Brian Booth (US FDA),
Sam Haidar (FDA), Jan Welink (Dutch Medi-
cines Evaluation Board {[MEB] and European
Medicines Agency [EMA]), Jodo Tavares Neto
(Brazil Agéncia Nacional de Vigilancia Sani-
taria [ANVISA]), Eric Ormsby (Health Can-
ada Therapeutic Products Directorate [TPD]),
Craig Simon (Health Canada TPD), Noriko
Katori (Japan Ministry of Health, Labour,
and Welfare - National Institute of Health Sci-
ences [MHLW-NIHS]), Emma Whale (UK
Medicines and Healthcare products Regulatory
Agency [MHRA]), and Jason Wakelin-Smith
(UK MHRA).

As is the case every year [1-5], a great number of
topics were addressed in this year’s edition of the
WRIB. This White Paper focuses on the discus-

sions, consensus and resulting recommendations

on 16 recent issues (‘hot topics) in bioanalysis.
From these 16 topics, eight of them pertain to
issues related to LCMS methods, five were more
specific to LBA, and three were related to hybrid
LBA and LCMS applications.

LCMS discussion topics

1. incurred sample stability (ISS): should
ISS become a regulatory requirement such as
incurred sample reanalysis (ISR)? Is ISS defined
as ‘good science’ When is ISS needed? How do
we calculate “Time 0’ in ISS?

2. Use of incurred samples for metabolite testing
and specificity during method development: is
there a way to avoid the use of incurred samples
for metabolite/specificity testing during method
development when the reference standard mate-
rial is not available? What is the best approach to
evaluate the impact of multiple co-administered
drugs for oncology studies? Can predose samples
be used? What are the pros/cons of performing
small pilot studies for method development pur-
poses: can these pilot studies be approved by the

Institutional Review Board (IRB)? What are the

preclinical versus clinical approaches for using
incurred samples during method development to
improve method quality? What is the industry
standard to prove method specificity?

3. ‘Fit-for-purpose’ method validation is
typically used for biomarkers, tissue analysis,
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and discovery bioanalysis. Is fit-for-purpose used
in regulated bioanalysis? How? Where? What is
considered a fit-for-purpose method validation?
How can discovery bioanalysis fit-for-purpose
acceptance criteria help regulated bioanalysis?

4. DBS sampling: is there an industry consen-
sus on the major recommendations from the
International Consortium for Innovation and
Quality in Pharmaceutical Development (IQ
Consortium) Microsampling Working Group?
How close is the industry on refining this tech-
nique to meet regulatory requirements for hav-
ing this methodology accepted for submission?
What would constitute sufficient evidence for
regulatory agencies to accept this technology in
regulated bioanalysis?

5. Issues regarding metabolites in safety testing
(MIST): what is the industry interpretation of
the tiered approach commonly used in bioana-
lysis field for MIST? What are the tiers in this
so-called tiered approach to address bioanalysis
for MIST? Should individual or pooled samples
be used for relative metabolite exposure analysis?
Should N-glucuronide metabolites be included
for MIST? Or should they be excluded given
that they are Phase II metabolites and are not
acyl-glucuronides?

6. Evaluation of whole blood stability: what
are the industry standards based on the recent
Global CRO Council for Bioanalysis (GCC)
recommendations [6]? What is the criteria for
‘fresh blood’? What is the best approach for the
evaluation of blood stability at the collection
stage: freshly spiked versus freshly extracted?
Do tests need to be performed in single or mul-
tiple donors? Do special populations need to be
tested?

7. Overcoming nonspecific binding: what are
the parameters allowing the identification/obser-
vation of nonspecific binding in low protein
matrices, such as urine? How best to detect
adsorption to the container wall? What are the
recommendations on the best practice to han-
dle nonspecific binding issues? What is the most
critical practice to prevent nonspecific binding in
peptide analysis? What specific materials should
be avoided to reduce nonspecific binding?

8. For the hyperlipidemic matrix test performed
as part of method validation, what type of
matrix should be used to ensure a scientifically

meaningful test? Are there some cases where this
test may be unnecessary?

LBA discussion topics

1. Importance of parallelism in LBA: when is
the use of parallelism evaluation recommended
for PK assays (e.g., to verify analyte stability,
examine for biotransformation, examine patient
specific matrix effects — complex association/
dissociation)? When is the use of parallelism
evaluation not recommended for PK assays
(e.g., determined unnecessary via risk mitigated
assessment, well-characterized pharmacology
and stability)? Should parallelism routinely be
included in PK and/or biomarker assay valida-
tion? When is it appropriate to use parallelism to
assess selectivity for biomarker assays? Is a bio-
marker assay selective if spike recovery fails but
parallelism passes? What are appropriate accept-
ance criteria for parallelism assessments for PK
assays? Biomarker assays? Can the hook effect
always be controlled? What is the best practice
to investigate in-study hook effect?

2. Immunogenicity and effect on PK assays:
what is the best strategy of implementing anti-
drug antibody (ADA) testing in preclinical or
clinical studies? Why is determination of the
free-drug concentration in the PK assay criti-
cal in large molecule drug development? When
‘unique PK’ is observed, what approach should
be taken to identify the root causes?

3. Immunogenicity and neutralizing antibody
(NAD) assays: do we always need to develop
cell-based and noncell-based assays for immuno-
genicity? Do we need to develop cell-based
NAD assays only for high-risk proteins? Is this
the best industry practice? What to do when a
fully developed cell-based NAb assay does not
meet the purpose of evaluating neutralizing
potential of antidrug antibodies? (e.g., when
cell-based assay is not sensitive enough due to
inherent challenges related to signaling pathway
involved). What to do when there is a large dif-
ference in sensitivity between binding antibody
assays and NAD assays?

4. Emerging technologies in LBA: which tech-
nologies should be considered established and
which should be classified as emerging? Which
applications are in greatest need for ultra-
sensitive technologies? What are the criteria
that should be considered in the evaluation
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and implementation of emerging technolo-
gies in order to improve the science and tech-
nology and provide enhanced capabilities for
R&D in supporting pharmaceutical R&D?
Recommendations on how to develop a culture
and infrastructure that facilitates the ongoing
development and implementation of emerging
technologies?

5. ISS for biotherapeutics: is it necessary?

Hybrid LBA & LCMS discussion topics

1. Antibody—drug conjugates (ADCs) — ‘the
best of LBA and LCMS approaches™ how to
validate assays for heterogeneous, dynami-
cally changing analytes and how many assays
are needed for PK (ADC conjugate [antibody-
conjugated drug or conjugated antibody], total
antibody [ADC, partially deconjugated or fully
deconjugated], total drug [antibody-conjugated
drug + unconjugated drug] unconjugated drug
[D], antitherapeutic antibody)? What analytes
should be measured? What material should
be used as standards for dynamically chang-
ing analytes? What are the best strategies for
heterogeneous ADCs? What is recommended
for ADC immunogenicity assessment? How to
assess drug/antibody ratio changes iz vivo?

2. Biomarkers validation: what is the indus-
try standard for exploratory versus regulatory
decision-making biomarkers? Focus on preci-
sion versus accuracy — have the industry and
regulators reached an agreement? How best to
address the critical issue of biomarker sample
stability? What are the strategies for biomarker
evaluation in the absence of reference stand-
ards? For selectivity assessments, what value is
added by spiking recombinant/purified protein
into biomarker samples containing endogenous
analyte? What are the best strategies to validate
LLOQ for biomarkers with high endogenous
levels? What are the recommendations to over-
come method development challenges with
commercial kits for PK studies?

3. What are the present industry standards
in the analysis of large molecules by LCMS?
What are the recommendations on cross-
validation of LBA with LCMS for regulatory
submissions (LBA orthogonal method)? What
are the recommendations on the use of LCMS
for immunogenicity (LBA orthogonal method)?
What is the best strategy to employ when the

results obtained from both methods are not
comparable?

LCMS discussions, consensus

& conclusions

| | ISS

The topic of ISS, first introduced in the 2012 6th
WRIB White Paper [5], was again discussed in the
small molecule session, since some participants
still have concerns regarding ISS and its appli-
cability in regulated bioanalysis. The relevance
and value of conducting stability assessments
with study samples beyond what is inherent to
the well-established ISR experiment was exten-
sively debated. The consensus of the audience
was that ISS should not be included as a regu-
latory requirement, since the vast experience of
industry with respect to bioanalytical method
performance supports the standard use of stabil-
ity QCs to satisfactorily demonstrate stability of
an analyte. However, there are examples where
it can be scientifically postulated that stability of
analyte(s) may be influenced by other molecular
entities present in patient-generated samples or as
an unintended consequence of the bioanalytical
measurement itself. Metabolite instability is the
primary cause of variance to spiked-matrix QC
sample stability (i.e., the typical stability assess-
ment). ISS evaluation may be indicated when
previous drug metabolism or preclinical studies
(in vitro or in vivo) have been conducted and the
results are available. In such circumstances, it
may be appropriate to take a proactive stance to
avoid subsequent sample analysis inaccuracies by
employing an appropriate ISS evaluation.

Once the decision to conduct an ISS evaluation
is made, the issue of determining the “Time = 0’
concentration surfaces. ISS is a relative assess-
ment as it is practically impossible to obtain a
true Time 0 value [5]. Consequently, it has been
agreed that the best approximation is to consider
the first analysis of sample as the Time 0 value and
subsequent determinations are thus an evaluation
of the relative stability.

Ifan assessment of ISS confirms a potential sta-
bility issue, a more extensive investigation should
be considered to evaluate any impact upon sample
analysis accuracy and establish options for cor-
rective actions. Any resolution derived from such
an investigation should be appropriately tested
to ensure repeatability and applicability to the
bioanalytical method.

Although there are no industry standards for
ISS and there are practical challenges in accurately
performing this test, it is still recommended to
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Key Term

Blood microsampling:
Sampling of blood volumes small
enough (less than 1% of blood
volume/24 h period) to enable
collection of the desired
number of samples from a single
subject without any measurable
negative effects.

include the evaluation of potential instability of
study samples in the design of a bioanalytical
program in selected cases as described above.

B 2 Use of incurred samples for metabolite
testing & specificity during method
development

Incurred study samples are used beyond the ini-
tial analysis to evaluate analytical repeats, dilu-
tion repeats and ISR. However, using incurred
study samples for other purposes such as metab-
olite testing and/or the evaluation of specificity
during method development has generated some
interesting views from the LCMS bioanalytical
community. A survey was recently conducted
among the members of the GCC, which con-
firmed that using incurred samples is a com-
mon practice for certain specific applications
where spiked QC samples cannot be used, such
as establishing the analyte concentration range
for the assay, verification of metabolites and pre-
liminary stability. Moreover, the use of predose
samples to determine potential interferences due
to the presence of concomitantly administered
medications was considered useful. Finally, the
use of incurred study samples to assess levels of
endogenous biomarkers is common practice in
establishing such bioanalytical assays. GCC is
planning to publish the results of this survey
following the positive comments received at the
7th WRIB.

There are obvious concerns associated with
any replicate analysis of study samples that may
be construed as opening up potential for mis-
use. Any analysis of study samples in bioanalyti-
cal strategy should only contribute to ensuring
accuracy and confidence of the resulting data.
Approaches that may predetermine values or
replicate previously obtained and accepted ana-
lyte concentrations in study samples are of par-
ticular concern. Pooling samples, an auditable
process for tracking samples/identity and SOP
driven procedures around study sample usage
are all critical in the scientific justification and
use of study samples. For clinical studies, it is
also important to ensure that the study patients/
volunteers agree with any further use of the
study samples if this goes beyond just obtaining
accurate and precise analyte concentrations in
the biological matrix samples collected.

Since preclinical samples are more read-
ily available than clinical samples, using these
samples judiciously could help alleviate some
problems that might be encountered in the ana-
lysis of clinical samples. Similar to clinical scudy

samples, in this case for GLP animal studies,
all intended uses of the samples are required to
be included in the protocol. Although it would
be most desirable to obtain clinical samples
that better represent actual samples, most often
these samples are not available. One possibil-
ity of obtaining clinical samples would be to
conduct small pilot studies. It is believed that
these small pilot studies may be approved by
the IRB based on the benefit-to-risk approach.
Another approach to obtain clinical samples for
method development would be to pool samples
from multiple studies. Alternatively, obtaining
samples from volunteers or patients that are
already on the relevant medication could also
be explored.

The benefit of using incurred study samples
as part of method development is ultimately to
improve the quality of data obtained from the
analytical methods used in the eventual ana-
lysis of subjects. However, there is the need to
address both ethical issues, as well as any regu-
latory concerns in this area. Consensus from
this workshop was that quality of bioanalytical
methods and drug-development timelines could
all benefit from appropriate flexibility associated
with use of incurred study samples in method
development.

B 3 Fit-for-purpose validations

The term ‘fit-for-purpose’ for bioanalytical
method validation (BMV) has been a topic of
extensive discussion in recent years. The defini-
tion was clarified as part of previous meetings
and publications [7-9), including previous WRIB
editions [3.4]. A ficfor-purpose approach is applied
when the assay does not fully comply with all
current regulatory guidance requirements, but
still has scientific and technical validity. Such
an approach is typically employed in situations
where the type of assay presents inherent diffi-
culties and limitations, such as biomarker assays,
tissue analysis, and early-stage discovery studies.
Assay optimization could progress using a tiered
approach and flexible methodology depending
on the development stage of the assay, with
increasing compliance to a full validation as
the drug transitions from early discovery to
late development. It has been confirmed that
fit-for-purpose BMV is rarely or not applied
to traditional LCMS small-molecule regulated
bioanalysis. The main challenge encountered
when applying a fit-for-purpose BMV resides
in whether the data generated for a given study
will be accepted by regulatory agencies, although
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prospectively established acceptance criteria were
applied based on scientific rationale. In the con-
text of regulated bioanalysis, an assay (indepen-
dent of its technical difficulty) should normally
be fully validated if the data will be used for
decision-making purposes such as a product label
claim or supporting clinical safety assessments.
On the other hand, complete validations may
not be mandatory for exploratory goals or when
providing supportive evidence. As a general prin-
ciple, the extent of the validation of an assay
should be in line with the end use of the bioana-
lytical data generated, and should be adequate
to support the decision based upon this data.
Whether it is a full validation or a fit-for-purpose
validation approach, the purpose of an assay is
to demonstrate that quantitative measurements
generated under specific assay conditions will
yield accurate and precise determinations.

It has been confirmed that fit-for-purpose
approach is well-established for biomarker
assay. In this specific field, it should be noted
that, in quantitative measurements using a fit-
for-purpose approach, the use of QC samples
may not always be necessary, as it depends on the
development stage at which the assay is applied.
For instance, QC samples may not be needed
as part of a biomarker screening assay. How-
ever, for safety and efficacy assessments where
the biomarker is the end point, QC samples are
necessary to confirm assay accuracy and reliabil-
ity. When used, QC samples should meet the

following two requirements:

= Be of known concentration (either by spiking
with known amounts of reference standard or
by performing repeated measurements);

= Be representative of the incurred sample
matrix as closely as possible. In relation to the
latter requirement, parallelism constitutes a
critical parameter to assess in order to allow
the use of a different matrix for calibrators and
QC samples in endogenous biomarker assays.

When current regulatory method validation
performance specifications cannot be met, accep-
tance criteria in fit-for-purpose validations should
account for sufficient accuracy and precision,
and should take into consideration the dynamic
response range of the biomarker being measured.
In other words, the extent of the biomarker
change anticipated in the study will help define
the validation acceptance criteria. In the absence
of a reference standard, a statistical approach may
be employed to establish suitable assay accep-
tance criteria. In most instances, biomarker

assays are developed and validated for their appli-
cations in mechanism of action/efficacy studies.
As previously mentioned, a complete validation is
normally needed for safety assessment, depend-
ing on the business decision made with the
results. Furthermore, biomarker assays applied
for efficacy assessments starting from Phase IIb,
should be as close to a full validation as possible.
Although challenging in nature, it is possible to
validate assays for endogenous analytes in accor-
dance with current regulatory guidance. That
being said, a well-implemented fit-for-purpose
approach based on the intended use of the assay
is expected to be positively received by regulatory
agencies when the limitations to the validation
are scientifically justified.

B 4 DBS

The topic of DBS has been thoroughly discussed
in the last few years [3-5]. Recent advances and
a better understanding around the underlying
fundamentals of the DBS technology indicate
that the present regulatory challenges [10,11)
will be overcome in time. While there are still
many hurdles, confidence was expressed that
innovative solutions will be found. Also, blood
microsampling technology still presents impor-
tant benefits, which include improved PK/PD
data by enabling a complete sampling profile to
be collected from the same animal thus signifi-
cantly reducing the number of animals (rodents)
(11}, smaller sample volume that makes the tech-
nique more favorable for pediatric study sup-
port, simplified sample handling and storage,
increased safety by means of deactivation of
bacteria and viruses due to coating materials,
and the possibility of self-sampling.

IQ Consortium Microsampling Working
Group, sponsored by the industry, has 