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Recommendations for adaptation and
validation of commercial kits for biomarker
quantification in drug development

Increasingly, commercial immunoassay kits are used to support drug discovery and
development. Longitudinally consistent kit performance is crucial, but the degree to
which kits and reagents are characterized by manufacturers is not standardized, nor
are the approaches by users to adapt them and evaluate their performance through
validation prior to use. These factors can negatively impact data quality. This paper
offers a systematic approach to assessment, method adaptation and validation of
commercial immunoassay kits for quantification of biomarkers in drug development,
expanding upon previous publications and guidance. These recommendations aim to
standardize and harmonize user practices, contributing to reliable biomarker data
from commercial immunoassays, thus, enabling properly informed decisions during

drug development.

Today the pharmaceutical and biotechnol-
ogy industries are confronted with a myriad
of challenges, including increasing drug
development costs, decreasing drug approv-
als, as well as societal pressure to reduce
healthcare costs that comes with healthcare
reform legislation [1]. In 2004, the US FDA
published a document recognizing these
issues titled “Innovation/Stagnation: Chal-
lenge and Opportunity on the Critical Path
to New Medical Products” and launched
the Critical Path Initiative (CPI) p.
The goal of the CPI was “to stimulate and
facilitate a national effort to modernize the
scientific process through which a potential
human drug, biological product or medi-
cal device is transformed from a discovery
or ‘proof of concept’ into a ‘medical prod-
uct’” It was recognized that there is a need
for better measures of the efficacy and safety
of drugs. In this regard, an opportunity for
the use of biomarkers in drug development
was highlighted and has evolved into stan-
dard practice within most pharmaceutical
and biotechnology companies. According to
the CPI, “Additional biomarkers (quantita-
tive measures of biological effects that pro-
vide informative links between mechanism

of action and clinical effectiveness) and
additional surrogate markers (quantitative
measures that can predict effectiveness) are
needed to guide product development.” Fur-
thermore, in 2006, the FDA published their
Critical Path Opportunities List and again
identified biomarker development as one of
two areas with greatest potential impact [3].
The recognition of these pharmacoeco-
nomic realities and the potential benefit of
biomarkers to improve safety, efficacy, effi-
ciency and decision making for personalized
medicine has reached widespread accep-
tance in the pharmaceutical industry [45].
It is now quite common for biomarker data
to play a key role in early decision making
during drug development, prior to invest-
ment in more expensive late-stage activities.
Clearly, these decisions are highly dependent
upon the quality of the data provided; this
can only be ensured when biomarker assays
are appropriately characterized and demon-
strated to be suitable for their intended use.
To address this need, the ‘fit-for-purpose’
biomarker method validation publication
of Lee et al. (6] proposed a general approach
for development and validation of ligand-
binding-based biomarker assays, in which
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Critical Path Initiative: US FDA initiative to enable
increased efficiency of clinical trials that, among other
things, is intended to increase opportunities to understand
the potential utility of biomarkers.

Inter-lot variability: In the context of this paper, the
variability between different lots of reagents and kits.

Fit-for-purpose method validation: Refers to the
concept that analytical validation needs to be tailored

to intended use in terms of matrix, study population(s),
stage of project and most critical utility of data for project
decisions.

Research use only kits: Default labeling for all biomarker
kits indicating that there is no regulatory approval
endorsing the use of this kit in any application.

the rigor of analytical validation should depend on the
intended use of data. The publication focused on assays
developed de novo for specific and particularly novel
uses. These assays typically require in-house techni-
cal expertise and can consume extensive resources and
time for adequate reagent generation, characteriza-
tion, assay development and optimization. Given the
desire to support biomarker hypothesis testing, which
typically requires quantification of multiple analytes
but with finite resources and time, pharmaceutical
companies are searching for efficient alternatives to
de novo developed assays. One convenient and increas-
ingly common approach is to use commercially avail-
able biomarker assay kits to support drug development
programs. Such kits are appealing since they poten-
tially offer an expedited analytical solution, ease of
operation, portability, cost—effectiveness and are less
resource intensive [7,8].

Despite the multitude of readily available commer-
cial kits from numerous vendors, the extent of method
development and critical reagent performance char-
acterization can vary significantly and can in many
cases be insufficient to support the use of these assays
as drug development tools for conducting analyses of
samples from clinical trials [7.9.10]. As commercial kits
tend to be designed and marketed for broad applica-
tions across different species and types of matrices
rather than for specific applications in clinical trials,
this paper offers kit users recommendations on how
to evaluate, select, adapt and validate commercially
available biomarker immunoassay kits in support of
drug development programs. The availability of a
systematic process for evaluation and application of
commercial kits should help analysts with generat-
ing higher quality data and enabling better decision
making.

For this paper we have endeavored to incorporate
current industry best practices [6.7.11], expand upon the

recommendations in the draft 2013 FDA Bioanalytical
Method Validation Draft Guidance [12], as well as pro-
vide a framework that can be used for standardizing the
selection and validation of commercial kit-based assays
for definitive and relative quantitative determination of
biomarkers in support of drug development.

Brief overview of categories of

commercial kits

A brief overview of categories of commercial kits is
provided to put things into context. A number of
different categories of commercial kits, labels and
certifications are available; all can be used in drug
development for making quantitative measurements
of biomarkers. These include: In-vitro diagnostic
(IVD) assays [13.14], Conformité Européenne (CE)-
marked assays [15], research use only (RUO) assays
(14] and vendor ‘qualified’ assays. An understanding
of these categories and their inherent differences is
important for the user to understand whether a given
method may be suitable for the intended use, perform
additional assay adaptations(s) and characteriza-
tion to meet the intended application for biomarker
quantification.

IVD assays

IVD assays are products that have been cleared or
approved by the FDA (defined in 21 CFR 809.33) for
an intended use in clinical diagnosis or patient care
(Table 1). There are multiple categories of these assays
(class I, IT and III) and several approval processes that
include Premarketing Approval and 510 (k), which are
well described by FDA regulations (21 CFR 210(h),
and 21 CFR Section 522). These assays must conform
to strict quality system regulation for IVD devices as
specified in 21 CFR Part 820 [13,14,16,17]. For example,
the manufacturer must demonstrate control of inter-
lot variability (see section minimization of interlot
variability). Thus, these assays are well characterized
and fully validated for use in diagnosis of disease or
other conditions, including a determination of the
state of health, in order to cure, mitigate, treat or pre-
vent disease or related sequelae [13]. However, these
assays are designed and designated for a specific use.
For instance, most IVD assays are approved for use
with specific instruments that typically have closed
systems for dedicated sample types (e.g., human
plasma, serum, urine). They are also intended to per-
form over defined quantitative ranges of the analyte
for diagnostic purposes. In some cases, treatment
with drug may result in a decrease in the biomarker
concentration to levels below the quantitative range
for which the diagnostic was approved. Thus, IVD
assays may not provide the full range and sensitivity
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Table 1. In vitro diagnostic kits versus research use only kits.

Intended use

Regulatory compliance
clearance

Documentation Well documented

Kit format Multiple

Sample matrix

urine)

Fit-for-purpose adaptability

Technical support

In vitro diagnostic kits
Diagnostic patient care
US FDA - 21 CFR Part 820/510(k) Not regulated

Assay characterization guidance CLSI Guidelines/CLIA

Restricted to approved uses
(e.g., human plasma/serum/

Closed system/dedicated
instrument restricts adaptability Assay modification possible, requires

Support readily available

CLIA: Clinical Laboratory Improvement Amendments; CLSI: Clinical and Laboratory Standards Institute.

Research use only kits
Research use

No guidance, manufacturer-
dependent specifications

Kit inserts with variable degrees of
information

Multiple

Wide variety (e.g., animal/human
fluids, tissues, culture media)

Open system, easily adaptable.

analytical validation

Extent of support varies from vendor
to vendor

required to support clinical biomarker measurement
in different matrices and disease states.

Assays run in a Clinical Laboratory Improvement
Amendments environment

Clinical Laboratory Improvement Amendments
(CLIA) were established by the US Congress in 1988
to define quality standards for all non-research labo-
ratory testing performed on human specimens for
the purpose of providing information for the diagno-
sis, prevention, treatment of disease or impairment
of or assessment of health [18]. Laboratories in the
USA that perform clinical diagnostic tests must meet
CLIA requirements, which are primarily enforced by
the Centers for Medicare & Medicaid Services. The
goal of CLIA is to ensure the accuracy, reliability and
timeliness of patient test results regardless of where
the test is performed. CLIA certification involves
having a laboratory director, supervisors and staff
that all have predefined qualifications: acceptable
laboratory practices for equipment and processes,
acceptable performance in relevant proficiency
testing programs [18].

Test methods that are performed in CLIA laborato-
ries fall into one of three different categories (depend-
ing on the complexity): waived, moderate and high [16].
The FDA is responsible for categorizing commercially
marketed IVD tests under CLIA as defined in 42 CFR
493.17. This categorization affects the stringency of
the requirements under CLIA for the clinical lab or
other testing sites. Categorization is based upon the
following criteria:

¢ Technical knowledge required to perform the test;
* Level of training to perform the test;

*  Stability and reliability of reagents and materials;
*  Characteristics of operational steps;

*  Stability of quality control and proficiency testing
materials;

e Test system troubleshooting and equipment
maintenance;

* Interpretation and judgment required to perform
the test.

Therefore, a test run in a CLIA-certified laboratory
does not necessarily guarantee that the test has the
performance characteristics desired by the end user
for application as a biomarker tool in a drug develop-
ment setting. The end user needs to evaluate these test
attributes (such as accuracy of quantification of the
biomarker in a different matrix or disease state) before
deciding if these tests are suitable for their intended use.

CE-marked assays

Conformité Européenne, or “European Community” is
a mandatory conformity marking for products placed
in the European Economic Area (EEA). The use of
the mark signifies that the manufacturer has declared
and takes responsibility that the product conforms to
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Analytical method qualification: Generally refers to a
streamlined form of analytical method validation in support
of (mostly) non-GLP studies. Typically indicates reduced
scope and sample size of analytical experiments used to
define assay performance prior to sample analysis.

the essential requirements of the European Commu-
nity legislation, typically from a safety manufacturing
perspective [15]. Thus, the CE marking on a product is
a self-certification process. This enables the manufac-
turer to sell the product throughout the EEA. The CE
mark is intended for use by the national EEA market
surveillance and enforcement authorities, often for the
protection of the consumer. However, for certain cat-
egories of products there are more stringent require-
ments needing third party review in order to obtain a
CE mark. Under the IVD category this would allow
an assay to be used as an IVD for a specific medical use
in Europe and other countries that recognize the CE
mark for marketing purposes. However, CE marked
labeling does not imply or guarantee that the bio-
marker immunoassay will be suitable for measurement
of clinical biomarkers in drug development programs.

RUO assays

Assays that are labeled as ‘RUO’ are exempt from
regulatory requirements and approvals that would be
needed for clinical diagnosis or patient management
(1719]. Thus, RUO labeling of kits is meant to serve as
a warning that products so labeled should not be used
in clinical diagnosis or patient management. They are
intended for use only in research and discovery work.
Since there are no requirements or guidelines for the
RUO label, the extent of manufacturing quality com-
pliance, assay characterization and documentation vary
considerably across different vendors and assays. On
the other hand, RUO kits are typically first-to-market
for newly identified biomarkers and are not instrument
specific. Thus, they represent an ever growing and pro-
lific segment of the commercial immunoassay market
as well as attractive tools that can be adapted for use in
drug development projects (Table 1). However, adapta-
tion of RUO kits can pose substantial challenges for
conducting exploratory or regulatory-compliant bio-
analysis of biomarkers in support of both preclinical
and clinical drug development [710,19]. The common
attributes of RUO kits along with the recommended
adaptations for users in drug development programs
are summarized in Table 2.

Vendor qualified or validated RUO assays
There are commercial kit vendors that produce RUO
assays, self-classified as ‘qualified” or ‘validated’. The

use and definition of the term is vendor-specific and
may signify a higher level of manufacturing rigor,
higher degree of characterization (reagents and kit
performance) and some level of ‘fit-for-purpose’ vali-
dation. As with the RUO label designation, the use
of the terms ‘qualified’ or ‘validated’ does not require
approval or oversight from regulatory agencies and
provides no guarantee of suitability for drug develop-
ment purposes. Users can search the kit manufactur-
er’s web sites to see if they provide such assays and are
encouraged to contact manufacturers to understand
the specific nature of such claims.

Recommendations for method development
& validation of commercial kit-based assays
Prior to embarking upon a biomarker exploration pro-
gram it can be beneficial to develop a ‘Biomarker Work
Plan’ and define the intended use of the data that would
be generated. The intended use dictates the rigor, the
type of method validation, whether exploratory (some-
times referred to as analytical method qualifica-
tion) or advanced method validation [67]. A Biomarker
Work Plan is typically developed by key stakeholders
and is usually company-specific. This should be fol-
lowed by selection of a suitable commercial immunoas-
say kit for the intended analyte and performance of any
necessary experiment and/or modification to render the
kit fit for the intended use. The next step could be to
write a method validation plan, characterize and validate
the assay with a predefined level of rigor. These steps are
discussed in some detail in the following sections.

Biomarker Work Plan

A successful biomarker effort should begin with a
clear understanding of the specific needs of the proj-
ect and intended use of the data [620]. A Biomarker
Work Plan is recommended, wherein the aforemen-
tioned information is documented, agreed upon
by key stakeholders and used to inform and justify
the level of method validation required [6,20]. The
plan should define the intended use of the data and
should consider issues such as analyte(s) of inter-
est, endogenous analyte stability, sample matrix,
expected sample numbers over time (and thus pro-
jected numbers of kits), sample volume, the sample
collection process, storage stability, analytical range,
sensitivity and precision requirements. The latter
depends on some understanding of the biomarker
levels in drug-naive populations of interest, the effect
of drug treatment and the effect size anticipated [6].
If possible, @ priori acceptance criteria that would
quantify the anticipated effect (change) should be
included in the Biomarker Work Plan. In addition,
the changes needed for adaptation of the kit-based
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Table 2. General attributes of research use only kits.

RUO kit attributes Recommended adaptations
Kit components*
Calibrators Four or more levels provided in the kit 6-7 levels preferred
Reference material Typically recombinant protein provided in small Procure additional recombinant protein
quantities preferably from kit manufacturer
Controls Two levels in proprietary matrix (or none) Generate controls at 3-5 levels
Capture antibody Capture antibody-coated plate (or antibody solution
for coating)
Detector system Detector/reporter system (e.g., enzyme-Ab,
biotin—Ab/streptavidin-enzyme conjugate, enzyme
substrate)
Wash buffer Concentrated wash buffer (not sufficient if plate Procure additional wash buffer for use of
washer is used) plate washer

Assay characteristics

Parameters used Variable from vendor to vendor End-user evaluation
Calibration curve Graphic representation of calibration curve (may not End-user evaluation
represent the curve specific for the assay)
Curve fitting algorithm Often not specified or validated. Limited advice End-user evaluation
provided for fitting linear or non-linear curve only
Precision of Typically 2-3 samples of known concentration tested Use surrogate matrix controls at 3-5 levels
measurements multiple times on one plate for intra-assay precision
Typically 2-3 samples of known concentration tested Use matrix controls with endogenous
in multiple assays for inter-assay precision analyte at 2 or more levels
Recovery (or accuracy) Average % recovery values (with high and low End-user evaluation
ranges) are provided
Linearity of dilution Average % recovery values (with high and low End-user evaluation
ranges) are provided at dilutions tested
Parallelism Generally not provided End-user evaluation
Assay sensitivity LOD typically defined as concentration End-user evaluation of LLOQ

corresponding to mean signal value+2x SD
determined from 20 replicates of zero standard

Selectivity/matrix Generally not provided End-user evaluation

interference

Antibody specificity/ A list of analytes with statement that no significant  End-user evaluation as needed
cross-reactivity cross-reactivity or interference was observed

Reference standard Concentration of reference standard is provided Evaluate stability as needed. Consider
characteristics without indication of purity or stability additional source of reference material
Analyte levels in normal  Information is not always supplied End-user evaluation as needed

and disease population

Documentation Kit insert listing the assay components, describing Appropriate documentation as needed
the assay procedure and summarizing variable levels
of assay characterization

fReagent volumes are typically only sufficient for the number of plates in the kit when used with manual pipetting.
Ab: Antibody; LLOQ: Lower limit of quantification; LOD: Limit of detection; RUO: Research use only; SD: Standard deviation.

method for the intended use and the assay parameters  validation experiments and acceptance criteria; it
to be characterized or validated should be listed. It would be a part of the broader Biomarker Work Plan.
is important to note that the method validation plan  Typical components of the Biomarker Work Plan are
remains the key document describing the analytical ~described in more detail below.
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Sample collection and range finding
Pre-analytical sample collection, processing and stor-
age can be very important variables for bioanalysis
and attainment of reliable biomarker information
(21-23]. For example, a marked difference was observed
for TRACP 5b concentrations in serum collected
via syringe versus serum collected in bags, an obser-
vation that would not be anticipated or investigated
by the kit vendor [24]. Often, for a novel biomarker,
an objective is to measure differences in blood levels
from healthy versus disease populations, as well as its
prevalence. Thus, an initial task is to procure matrix
from multiple individuals from these populations for
analyte range finding. The number of individuals
depends on whether information is already available
from other sources and the importance of the drug
development program to the company. For the range-
finding studies, typically three or more individuals per
group can be used for confirmation or a minimum of
10 individuals per population where information is
lacking.

Define the rigor of method validation

The broad application of biomarkers throughout the
drug development continuum from discovery through
commercialization and post-marketing in relation to

method validation is depicted in Figure 1. The fit-for-
purpose paradigm [6] for bioanalytical method valida-
tion is roughly separated into two categories: explor-
atory method validation (also called analytical method
qualification) and advanced method validation. It is
the responsibility of the user and key stakeholders to
determine and agree upon the level of method valida-
tion required for the intended use of the biomarker
data [7].

Exploratory method validation

In the exploratory category, the scope and depth of
analytical efforts should be driven by the likely impact
of the data on internal decision making (Figure 1). In
the preclinical phases of drug development, biomarker
data are used to gain understanding of the mechanism
of action of the drug or biochemical pathway of inter-
est. Later, in the early clinical development phases
biomarker data are used for proof of mechanism and
proof of concept, as well as for dose selection in Phase
I and in dose-range finding analyses in Phase II. Typi-
cally, exploratory method validation may be sufficient
prior to quantification of biomarkers that demonstrate
mechanism of action, proof of mechanism or proof
of concept and some exploratory safety biomarker
discovery work [25-27].

Drug development phases

Advanced method
validation

Method validation

Figure 1. Method validation and drug development phases.
FIH: First time in human; MOA: Mechanism of action; POB: Proof of biology; POC: Proof of concept; POM: Proof of

mechanism.
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Analytical method qualification

In the biomarker field the term ‘clinical qualification’
is typically used to define the evidentiary and statisti-
cal process linking biological, pathological and clinical
end points to the drug effect or linking a biomarker to
biological and clinical end points. By contrast, the pro-
cess of assessing the performance characteristics of a
given analytical method is referred to as fit-for-purpose
analytical method ‘validation’ 6]. The term ‘method
qualification” has previously been used within the drug
development realm to describe the characterization of
the performance of an analytical method. This term
may have been adopted from the GMP arena. His-
torically, in the drug manufacturing sphere, processes
and procedures are ‘validated’ using ‘qualified’ instru-
ments. However, during the early stages of biopharma-
ceutical development (e.g., product characterization
and comparability studies) people started using test
methods that may be simply ‘qualified’ or characterized
for their intended use [28]. Similarly, the term ‘method
qualification’ (more appropriately ‘analytical method
qualification’) is being used to refer to a streamlined
form of method validation for biomarker bioanalyti-
cal methods used to support (mostly) non-GLP stud-
ies [29]. For all practical purposes ‘analytical method
qualification’ is essentially similar to the ‘exploratory
method validation” described by Lee ez al. [6].

Advanced method validation

Safety and diagnostic biomarkers may play a critical
role in all phases of drug development. Quantifica-
tion of these biomarkers may call for a higher level
of confidence in the analytical method performance
and, hence, may require advanced method validation
(6] combined with exploratory biomarker validation
prior to use (Figure 1) [30,31]. Moreover, most biomarker
data generated during late phases are from pivotal tri-
als. These data, such as assessments of safety and proof
of efficacy, are intended to support drug applications,
contributing to drug label and dosing information.
Data intended for these applications should be suitably
reliable and the methods should be fully validated as
described in Figure 1. It should be noted that the activi-
ties of biomarker analytical method validation are
quite similar to those of biopharmaceutical PK method
validation [6,12].

The recently released Draft 2013 FDA Guidance
on Bioanalytical Method Validation [12] has started
to address the use of diagnostic kits as well as RUO
kits to determine analyte concentrations in PK or
pharmacodynamic studies and provided recommen-
dations, although it is important to note that this
draft is expected to be revised. In brief: standards
and quality control (QC) samples should be prepared

in the biological matrix of study samples (use of a
different matrix should be justified); the method
must exhibit sufficient precision and accuracy; speci-
ficity and analyte stability under actual conditions
of use must be demonstrated; sufficient numbers of
calibrator standards and QC samples of known con-
centrations should be used; immunological identity
of kit standards and endogenous analyte (parallelism)
should be evaluated; lot-to-lot-variability and compa-
rability for critical reagents should be addressed [32.33].
Moreover, it is recommended that site-specific valida-
tion of the method be performed and any modifica-
tions of the kit assay processing instructions should
be thoroughly validated and documented. A fit-for-
purpose approach should be used when determining
the appropriate extent of method validation of the
aforementioned parameters [12].

In the following sections, we expand upon draft
FDA guidance [12] to provide a framework that can
be used for harmonization and standardization of kit-
based immunoassay analytical validation procedures
across the industry.

Selection of kit & kit vendor

Once the intended use of the biomarker data has been
established and the availability of kits has been ascer-
tained, the user must decide which ones to evaluate.
When there are multiple kit sources, one should choose
avendor that provides the greatest level of assay charac-
terization information, user-friendly technical service
organization and flexibility of supplies (such as addi-
tional bulk materials). A poorly or improperly charac-
terized kit may measure a completely unrelated analyte
than that for which it is marketed, thus putting the
entire, evolving biomarker program at risk [343s]. It is
the user’s responsibility to identify a reliable vendor,
obtain relevant data and information related to the kit
and to assess the amount of work that their laboratory
needs to do to fill any critical information gaps. Infor-
mation from publications and experiences from col-
leagues may help in evaluating the potential reliability
of a kit and the kit vendor [35].

Kit evaluation requires a substantial investment of
time and effort; therefore, the authors advocate sharing
experiences through open communication in scientific
community forums such as those in the Foundation for
the National Institutes of Health (FNIH) Biomarkers

Ligand-binding assay: An assay in which one or more key
steps involves non-covalent binding interactions between

a ligand (analyte) and a binding molecule (e.g., antibody

or receptor). Immunoassays are a subset of this class of
assays.
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Consortium, the Predictive Safety Testing Consortium
(PSTC) [36-38] and the AAPS Ligand Binding Assay
Bioanalytical Focus Group. Although it is understood
that sharing of such information needs to be guided by
the constraints of intellectual property rights, if more
can be done in a non-competitive space, repetitive tasks
in individual laboratories could be reduced.

Feasibility assessment of commercial kits

After reviewing the availability of kits in the mar-
ketplace, a feasibility assessment and kit comparison
may be needed to select the most suitable product and
manufacturer that satisfy the user’s requirements. A
recommended kit selection process is outlined in the
following section.

Kit selection process

Kits should be screened for suitability by the user as
outlined by the scheme shown in Figure 2. Details of
this process are suggested by the following tests:

Kit selection process

(Feasibility evaluation)t

Critical performance screening parameters
tests 1-3*

Test-1

Desired sensitivity

Calibration range verification
Algorithm selection

1 accuracy and precision batch

l

Test-2

Assay selectivity

3-5 biological samples spiked with BM
Compute addition recovery

Test-3

Dilutional linearity/parallelism
>1 sample(s) with BM spiked in assay diluent  p—
>3 Biological samples with endogenous BM
assay at multiple dilutions

Calibration range verification and  algorithm
selection: This test consists of one or more accuracy
and precision experiments using three to five lev-
els of spiked controls (in kit calibrator diluent or
matrix) and fitting the calibration curve with an
appropriate algorithm. This test should give a rea-
sonable indication of assay sensitivity and range of
quantification;

Assay selectivity/matrix interference test: In this test
three to five biological samples are spiked with
known amounts of a suitable biomarker standard
material (e.g., recombinant protein) then recovery
of the added material is evaluated;

Dilutional linearity and parallelism test: A typical
experiment consists of assaying samples at various
dilutions using a minimum of three test samples
containing endogenous biomarker and one or more
spiked diluent samples. Parallelism demonstrates

Satisfactory results
with tests 1-3

Work with tech support

l

Issues resolved

Perform method
Qualification/validation

1_1

Yes

Switch to different kit from different
manufacturer/vendor

Where appropriate the specificity of kit for biomarker (BM) of interest should be confirmed. At minimum,
an additional calibration curve can be run using calibrator material from another vendor. Parallel calibration curves

should confirm the broad specificity of the kit.

*Results obtained in tests 1-3 could be part of analytical method qualification if pre-specified.

Figure 2. Recommended kit screen and selection process (feasibility assessment).
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the immunological similarity between calibrators
and endogenous analyte and the validity of using a
surrogate matrix for calibrators. Dilutional linearity
of spiked samples in the defined matrix evaluates
the potential for matrix effects and prozone. If
samples will need to be diluted into the range of
the assay then this should be performed above the
expected maximum concentration of analyte;

o Kit specificity confirmation: Method specificity for
the analyte of interest (versus structurally related
analytes) can be evaluated if necessary using MS
or other orthogonal method [35]. Alternatively,
one can cross-check assay performance against
a kit from another vendor or can obtain calibra-
tor material from a reliable source and evaluate
the dose—response relationship (calibration curve)
using the kit reagents. Although it is a consider-
able amount of work, this step may turn out to be
highly cost- and time-effective if specificity cannot
be demonstrated and an alternative method must
be identified and characterized [20].

Acceptance criteria for ligand-binding assays as
previously published [6,39.40] and specified in the Draft
2013 FDA Guidance [12] for ligand-binding assays
can be adopted to evaluate the test results. The results
obtained in tests 1-3 can be included as part of analyti-
cal method validation activities and report, if it is pre-
specified that the results of these tests will be included
as part of the validation. This, or similar processes, can
be readily and effectively used for selection of a poten-
tially reliable commercial kit for biomarker quantifi-
cation before proceeding with method adaptation
and validation.

Method adaptation

‘Method adaptation’ entails finding solutions to attri-
butes missing from the standard formar of the selected
kit (Table 2). Typical activities include the following:

* Creating additional calibrators: Typically, kits
come with four or more levels or lyophilized cali-
brator stock. The draft 2013 FDA guidance [12]
recommends the inclusion of additional calibra-
tors to generate at least six non-zero calibrators.
In order to create a calibration curve with six to
seven calibrators in the dynamic range of quanti-
fication, the analyst can use the highest calibra-
tor (or calibrator material stock solution) to create
additional calibrators within the targeted concen-
tration range by dilution with a suitable diluent,
usually the stabilized buffer matrix supplied with
the kit. In most cases the biomarker measurements

Method adaptation: Alterations to a kit protocol
to enable specific use. Ranges from addition of more
calibrators and quality controls to changes in matrix,
incubation times and detection systems.

in study samples can be ‘relative’ rather than ‘abso-
lute’, therefore the use of a proprietary calibrator
matrix should provide reliable data, as long as
the matrix remains unchanged during the course
of the entire analysis of the biomarker study. For
advanced method validation, it may be desirable to
prepare standards in the same matrix as the sub-
ject samples (unless justified otherwise, e.g., rare
matrix, high levels of endogenous analyte) as stipu-
lated in draft 2013 FDA guidance document [12].
However, from a practical perspective calibrators
in biological matrix are not a viable option when
using commercial kit based assays;

Selecting an appropriate curve-fitting algorithm:
Generally, the fitting of a curve is suggested by
the kit vendor without specific recommendations
for the curve-ficting model or weighting param-
eters. The analyst must determine an appropri-
ate curve-fitting model (with constant or variable
weighting factors) that would give acceptable assay
sensitivity and precision. Additional calibrators
(anchor points) outside the range of quantification
may be required. Recommendations for judging
the acceprability (goodness-of-fit) of a calibration
curve are described in a publication by Findlay and
Dillard [41];

Preparation of controls in surrogate or biologi-
cal matrix: Validation or QC samples at three to
five levels can be prepared by spiking the reference
material from the kit into the same matrix as the
calibrators. Alternatively, separately purchased bulk
reference material can be used to generate such con-
trol samples. However, it is the authors’ experience
that separately purchased bulk reference material
may not have the same performance characteristics
as the calibration standard material provided in the
kit. QC samples prepared in kit calibrator buffer
are primarily used to attest run-to-run acceptance
of the calibration curve. For ‘advanced’ method
validation QC samples in biological matrix should
be used where feasible;

Identifying biological matrix with at least two lev-
els of endogenous biomarkers: Given that calibra-
tors and controls are typically recombinant proteins
in proprietary matrices, it is prudent to include
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biological controls with endogenous biomarkers at
two or more levels when available;

e Substituting the reagents: Reagents such as sub-
strate solution, stop solution and wash buffer can
be substituted with reagents commonly used in the
lab. However, the analyst should evaluate the suit-
ability of these reagents through assay performance
before a change is made. For instance, where alka-
line phosphatase (or horseradish peroxidase) is used
as a signal-generating molecule the kit wash buffer
can be substituted with a Tris-buffer (or phosphate
buffer)-based washing solution;

e Bulk quantities of critical reagents: If automation
will be used for the method, bulk quantities of
critical reagents, such as antibody conjugates and
high concentration reference calibrator material,
should be obtained. The automated process must
be included in the test procedure and validated.
Since manufacturers can change reagent lots fre-
quently, depending on demand, bulk reagents may
be beneficial, controlling variability when sup-
porting a longitudinal study where samples from a
given subject are tested in more than one assay over
the course of the trial.

Analytical method validation

The chosen kit and appropriately modified test method
must be validated according to its intended use as pre-
viously described [39.40.42] and stipulated in the draft
2013 FDA guidance document [12]. The fit-for-purpose
approach can be used to define the appropriate level
of rigor (7.29]. The authors suggest that the following
assay parameters be evaluated: LLOQ and ULOQ,
selectivity, relative accuracy and precision, dilutional
linearity, parallelism and analyte recovery [6.43]. Tests
of lot-to-lot variability should also be performed at the
earliest opportunity [32-33,43,44]. Similarly, the stability
of endogenous analyte cannot be assessed until funda-
mental assay characteristics have been determined, but
can be a critical investigation to initiate, depending on
the analyte and intended disease population.

An overview and recommendations for analytical
method qualification and advanced method valida-
tion are listed in Table 3 and further elaborated on in
section “Commercial kit specific issues”.

Commercial kit-specific issues

Minimization of interlot variability

Longitudinal consistency of performance is essen-
tial for biomarker applications where small changes
in analyte concentration over time are linked to
treatment response. Procurement of a large supply of

kits (or critical reagents, such as calibrator material
and antibody conjugates) from a single lot, sufficient
for analysis of all samples from a given study, is highly
recommended [4s]. It is routine for a manufacturer to
change lots of critical reagents as part of the normal
production cycle. Whilst these individual kit compo-
nents may meet their lot-release specifications, com-
bined together in the biological test system they may
collectively contribute to altered assay performance.
However, for long-term studies the use of multiple kit
lots may be unavoidable. Thus, the kit must be capa-
ble of detecting a change from baseline when baseline
and end point measurements are made using different
lots. Although the kit vendor has a major role to play
in controlling manufacturing processes in a way that
limits variation between batches, the kit user should
implement a defined process to monitor consistency of
performance across lot changes. One simple approach
is to use matrix controls (MCs) containing at least two
levels (e.g., high and low) of endogenous analyte [46].
Trend analysis (e.g., Shewhart or Levey—Jennings con-
trol plots) of analyte concentrations measured in MC
samples can be used to identify any noticeable perfor-
mance variability over time (47]. When a significant
difference in performance between lots is observed,
the bias can be investigated using clinical sample
batches run in parallel on ‘old’ and ‘new’ kit lots. Lot-
dependent performance changes may call for use of an
empirical correction factor [48], to compensate for dif-
ferences in protein content and proportional errors if
experimental data have been generated and are available
to support this practice [45]. Significant performance
variability between kit lots that remains unchecked
may have a profound effect on pharmacodynamic data
and their clinical interpretation.

Managing the expiration dates of kits

Documentation of reagent/kit lots, time of testing and
trends in performance can be useful for monitoring kit
stability over the course of longer studies. It is essential
if operating under GxP, CLIA or other quality system,
that the kits and any additional critical reagents be
used within the expiration dates assigned by the manu-
facturer under specified storage conditions. However,
reagents rarely become useless just after the expiration
date. Defining a procedure for extension of kit expi-
ration dates based on acceptable performance of the
assay may be beneficial, especially when a large num-
ber of kits are acquired to support a study. King ez a/.
[45] have recommended that reagent stability testing
may include back-calculated concentrations of three to
five QC levels when evaluating assay performance for
extension of the expiration dates. Trend-analysis data
(if available) should also be considered in this regard; a
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Table 3. Analytical method validation (recommended user tasks).

Tasks

Performance parameters

Calibrators

Selectivity

Dilution linearity
Parallelism
Accuracy and precision

VS or QC samples

Exploratory method validation

Advanced method validation

May need to use additional calibrators and anchor points

>3 analytical runs

Perform if not done in feasibility
assessment

Confirm

Confirm

Typically surrogate matrix
VS/QC at >5 levels

Spike recovery of >10 lots each of
matrix from normal and patient
populations

Confirm

Confirm

Surrogate or biological matrix
VS/QC at >5 levels
2 or more pools

>6 analytical runs, including MC

Reagent stability Optional

QC storage stability
MC storage stability Confirm with MC
Method robustness

As needed

Analyst, instrument, and site As needed
variations

Lot-to-lot variability

Documentation

Validation plan/validation Recommended’

report

MC Two pools (high and low)
Accuracy and precision >3 analytical runs, including MC
Stability

As needed (usually prepared fresh)  As needed (usually prepared fresh)

QA audited documentation Intended use-dependent

*Documentation of pre-specified acceptance criteria for planned experimentation may suffice.
MC: Matrix controls; QC: Quality controls; VC: Validation controls; VS: Validation sample.

Confirm according to validation
protocol

Confirm with MC

Test with MC on >3 lots if available

Multiple analysts, instruments, sites

Required

Required

consistently declining trend in assay performance may
prohibit assignment of longer expiration dates.

Matrix for calibrators

Kit calibrators are often provided as lyophilized mate-
rial to be reconstituted in a proprietary substituted
matrix, typically a protein-fortified buffer solution.
Biomarkers are endogenous molecules, making it diffi-
cult to find native matrix without measurable levels of
analyte. Thus, a surrogate matrix is the practical alter-
native. Generating analyte-depleted matrix is another
approach, when feasible. Sometimes, the corresponding
matrix from another species can be used if there is no
cross-reacting biomarker present. It is desirable for the
analyst to obtain information about the components of
the surrogate matrix for method adaption and trouble-
shooting, as well as to assess the stability of the analyte
in this matrix.

In most cases where relative changes in the
concentrations of biomarkers are being evaluated, the use
of a substitute matrix for calibrators may be sufficient for
datareliability, provided that parallelism with endogenous
analyte has been evaluated in biological matrix.

Accuracy and precision of measurements

Initial accuracy and precision acceptance criteria for
sample analysis can be set using spiked buffer QC sam-
ples. However, native or spiked MCs (MC pools) are
preferred for evaluation of precision and relative accu-
racy during validation. Once the analyte concentration
levels in MC pools have been established (after mul-
tiple runs, preferably involving multiple reagent lots),
they can be used to set both accuracy and precision of
quantification in routine testing, as well as facilitating
trend analysis and monitoring of lot-to-lot consistency
in assay performance.
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Stability of analyte in biological matrix

Assessment of endogenous analyte stability is a
complex undertaking. Spiked controls in substitute
matrix may not be used for analyte stability evalua-
tion. For this purpose, native matrix pools (or indi-
vidual samples) are essential, preferably at two or
more endogenous analyte concentration levels. If
native matrix pools are all naturally low, additional
spiked pools (to cover the higher end of the range)
can be included in stability studies. Caution must be
exercised with spiked matrix stability pools as ana-
lyte recovery may differ from native pools. Moreover,
stability tests performed only with spiked pools may
not necessarily be clinically meaningful. Thus, native
matrix pools containing endogenous biomarker
provide more reliable stability information.

Parallelism & minimum required dilution
Whenever possible three or more high-concentra-
tion endogenous biomarker matrix samples should
be used to evaluate parallelism by measuring the
analyte concentration at multiple dilutions [11,45.46].
Acceptable test results will demonstrate that the kit
calibration curve, made using the substitute matrix
and the recombinant reference standard, has the
same response—concentration relationship as that of
the endogenous biomarker in authentic biological
matrix. A minimum required dilution, derived from
evaluation of dilutional linearity, can also be applied
to mitigate the matrix effect (reduce background and
nonspecific binding). Once the minimum required
dilution is determined, the selectivity test and stan-
dard curve adjustment can be performed to define
the assay range. Attaining sufficient sensitivity from
the assay can be challenging if the drug is expected
to suppress the biomarker level.

LOD & LOQ

In drug development the most important measure
of assay sensitivity in quantitative bioanalysis is the
LLOQ; the lowest concentration of analyte that can
be measured with an acceptable level of bias, preci-
sion and total error [6]. LOD is the lowest amount of
analyte that can be statistically distinguished from
zero, but it cannot be quantified with certainty [49].
Kit manufacturers often use LOD as a measure of
sensitivity of the assay. In some cases knowledge
of the LOD can be helpful in assessing the pres-
ence of a biomarker below the LLOQ levels [49,50].
However, for most clinical applications thorough
evaluation and definition of the assay LLOQ must
be performed during assay selection and validation
to confirm suitability of the assay for the intended
application.

Ruggedness

Ruggedness is an important element of validation that
includes pre-study and in-study performance moni-
toring components that last throughout the lifecycle
of the method. Initial ruggedness of a kit-based assay
can be documented primarily with the accuracy and
precision data generated during the validation exercise
by multiple analysts, on different days and using mul-
tiple lots of kits or reagents. Later, in service, trending
of the results from QC or MC samples gives a fairly
good indication of continuous rugged performance
of the method. Anomalous trending profiles may be
indicative of changes in the kit components and should
alert the analyst to initiate a formal investigation and
implement any necessary remedial actions to restore
satisfactory assay performance.

Conclusion

There are challenges in using commercial kits for drug
development ranging from management of kit lot
changes over time to ensuring the kit selected is appro-
priate for the intended use. The authors have addressed
categories of various commercial kits. An understand-
ing of their inherent differences allows the user to iden-
tify suitable kits for feasibility evaluation and then to
adaptand validate the chosen assay to meet the intended
purpose. Although some categories of kits may be
extremely well controlled during manufacture, mini-
mizing the effects of lot changes, the application of any
kit for use in drug development will usually require the
user to rigorously assess its performance and suitability.
Recommendations provided herein, for approaches to
kit selection, adaptation and method validation should
aid the standardization and harmonization of com-
mercial kit applications in biopharmaceutical develop-
ment. Additionally, such systematic approaches should
facilitate the generation of high-quality data and more
easily enable the user to meet reasonable expectations
of internal stakeholders and regulators. Furthermore,
owing to the challenges highlighted here, there is a
strong desire for more collaborative efforts among kit
users in the pharmaceutical industry and manufactur-
ers leading to the design and marketing of more user-
friendly products. ‘Pharmagrade’ kits with key char-
acteristics, such as high inter-lot consistency, access to
bulk reagents, analytical component documentation
and standardized validation practices [s1], will increase
reproducibility and decrease the need for extensive end-
user work, thus enabling more efficient use in the drug
development sphere.
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