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Biomarkers have emerged as an important tool to optimize the benefit/risk ratio of therapeutics. The
scientificimpact of biomarker studies is directly related to the quality of the underlying data. It is therefore
important that guidance be established for validation of assays used to support drug development. This
paper specifically focuses on validation of immunoassay for protein biomarker to support pre-clinical
and clinical studies. Therapeutics (small- and macro-molecules) and their respective target/ligand are
out of scope. This paper describes the implementation of a bioanalytical study plan for the validation
of immunoassays to support decision-making biomarkers and biomarker selection during preclinical
and clinical studies. It establishes the complete operating procedure as well as the parameters and their
respective acceptance criteria and defines milestones and decision points to be followed during the assay
validation that should result in high quality bioanalytical data in a limited timeframe and with reduced
costs. The bioanalytical study plan can be applied to the validation of a wild range of immunoassay
technology such as monoplex ELISA, automated analyzer, multiplex assays or cutting edge technology.

Before any validation, a feasibility study is performed to assess the performance of the immunoassay
using biological samples which should mimic the clinical population. The feasibility study addresses the
likelihood that an assay will be able to achieve its intended purpose with parallelism being the most
critical element (milestone 1). At the end of the feasibility study, a decision is taken to either continue
with the validation or change the assay (milestone 2). The milestone 3 consists of the establishment of the
nominal value of quality control to be used during the validation. The quality controls used to validate an
assay should preferentially be prepared using neat (non-spiked) biological matrix (ideally derived from
the specific trial population). The last milestone (milestone 4), the formal validation, includes demon-
stration of the assay performance meeting accuracy and precision acceptance criteria within (intra-run)
and between (inter-run) validation runs for each QC sample. Validation also includes the assessment of
stability of the protein biomarker in the biological matrix.

It is recognized that the extent of the validation should be correlated to the intended use of the data
and the assay acceptance criteria should take into consideration the study objective(s), nature of the
methodology and the biological variability of the biomarker.
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1. Introduction Biomarkers can be extremely valuable in drug development to

assess the mechanistic effects of a drug (i.e. does a drug hits its tar-

The challenge in drug development is to develop efficacious
treatments with limited safety issues; to this end, biomarkers
are being used to optimize the benefit/risk ratio of therapeutics.

Abbreviations: AAPS, American association of pharmaceutical scientists; ACC,
accuracy; STD, calibration standard; LLOQ, lower limit of quantification; MRD, min-
imum required dilution; CV, precision; QC, quality control; ULOQ, upper limit of
quantification.
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get?), to select or monitor dose, to monitor the effects of adrugon a
disease or on safety parameters, or to select patients for treatment.

The utility of biomarkers to support decision making in clin-
ical studies, or to conduct exploratory studies, is directly related
to the quality of the underlying bioanalytical data. It is therefore
important that the principles for the validation of assays be estab-
lished. There are no specific regulations on bioanalytical method
validations but the Food and Drug Administration (FDA), other
agencies and industry task forces have developed guidelines for
method validation. Bioanalytical workshops were conducted over
the past two decades. The first bioanalytical validation workshop
was organized in 1990 by the American Association of Pharma-
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ceutical Scientists (AAPS), USFDA, International Pharmaceutical
Federation, Health Protection Branch and Association of Analyti-
cal Chemists. The workshop defined the parameters essential to
ensure the acceptability of the performance of the bioanalytical
method: accuracy, precision, selectivity, sensitivity, reproducibil-
ity and stability [1,2]. A second workshop in 2000 reemphasized
the importance of standard curve and quality controls acceptance
criteria. It also reemphasized that it is not necessary to have 100%
recovery but it is important to have reproducible and consistent
recovery [3]. The purpose of such document is not to provide
direction on how to perform a validation but rather to present
a discussion of the characteristics for consideration during the
method validation. The guidelines focus on bioanalytical method
validation to support pharmacokinetic studies contributing to the
confusion regarding biomarker data [4-8]. As opposed to phar-
macokinetic assays, biomarker methods (and in particular those
related to immunoassays) commonly experience the following
issues: the absence of suitable reference material, the employment
of unique analytical reagents and analytical platforms, the pres-
ence of endogenous biomarker in biological matrix, and a plethora
of disease-specific effects. Because of this, direct application of
regulatory guidelines for either pharmacokinetics assays [9-11]
or diagnostic development [12] is often precluded. The AAPS and
Clinical Ligand Assay Society cosponsored a Biomarker Method Val-
idation Workshop in October 2003 purpose [13]. It was concluded
that biomarker assays must be validated in a manner that provides
reliable and accurate data as basis for decision-making. The results
of discussion were summarized in a position paper published in
2006 which recommends an iterative, fit-for-purpose approach for
biomarker assay validation. The key elements for validation were
defined as sample stability, preparation of calibration standard and
quality controls, setting target and dynamic range with appro-
priate calibration curve-fitting, selectivity, precision and accuracy
[14,15]. Although the aim of the paper was to stimulate more dis-
cussion and to foster consensus in the field of biomarker, regulatory
guidance are still missing and few publications for validation of
biomarkers were published since 2006 [16-19]. This is the reason
why we undertook the effort to develop specific operating pro-
cedures for bioanalytical method validation to support biomarker
studies.

This article establishes a bioanalytical study plan for val-
idation of bioanalytical methods for protein biomarkers with
emphasis on immunoassay techniques. Biotherapeutics (small-
and macro-molecule drugs) and their respective target, measured
by ligand-binding assay, mass-spectrometry or chromatographic-
based systems are out of scope as the AAPS and FDA already
published consensus reports on their validation [20-22]. There is
also assumption that small-molecule biomarkers (such as steroids)
measured by LC-MS will likely fall into the definitive quantitative
assay category and will meet the guidelines for pharmacokinetic
assays [23]. As the calibration curve is prepared in a surrogate
matrix with a well-characterized reference material, there is no
reason to relax the accepted pharmacokinetic acceptance criteria
[23]. On the contrary, immunoassays used to measure biomark-
ers are relative quantitative assays as the reference material used
to prepare the calibration curve is not truly representative of the
endogenous biomarker and thus justify the use of “relaxed” accep-
tance criteria [14,16,17].

We view biomarker assay validation as a continuous process
that allows the quantitative analysis of a specific biomarker, by
identifying and monitoring sources of analytical error. We define
key elements and their respective accuracy and precision accep-
tance criteria and propose milestones and decision points to be
followed during the assay validation that should result in high qual-
ity bioanalytical datain a limited timeframe and with reduced costs.
Amongst the key elements to be assessed during the validation

[14], we put the emphasis on parallelism. Most of the biomarkers
are measured using relative quantitative assays as the reference
material used to prepare the calibration curve is not truly rep-
resentative of the endogenous biomarker [14,16,17]. As a result,
assumptions are made regarding assay accuracy. Such assumptions
are tested in the parallelism experiment which should demonstrate
that the concentration-response relationship of the biomarker in
the matrix is sufficiently similar to that in the assay buffer. If there is
no proportionality between the endogenous form and the reference
standard, the method cannot be defined as a relative quantitative
assay but rather as a quasiquantitative. Examples of such assays
include quantitative RT-PCR and immunogenicity [14,16,17]. Par-
allelism assessment is very often missing from the publication
for immunoassay validation or mistaken with selectivity [24-28].
Therefore, parallelism is a key element and should be assessed
before validation is initiated. Prior to validation, we suggest per-
forming a feasibility study to assess the performance of the kit or
the developed immunoassay using biological matrix which should
mimic the clinical population. During the feasibility study, paral-
lelism, selectivity and reproducibility are assessed. The feasibility
study addresses the likelihood that an assay will be able to achieve
its intended purpose. Validation should only be performed if feasi-
bility study meets the defined criteria.

The next milestone is the preparation of the quality controls
(QCs). QCs are distinct from calibration standards (STDs) and are
used to establish the working range. QCs used to validate an assay
should be prepared using the biological matrix (ideally derived
from the specific trial population). QCs prepared in buffer are not
recommended as they do not represent the endogenous biomarker
in the authentic samples. Accuracy and precision data of QCs pre-
pared in the biological matrix are believed to represent more
realistically the assay performance of clinical samples. As opposed
to position papers previously published [14,15,18], we give the pri-
ority to neat (non-spiked) rather than spiked sample as they truly
reflect the trial population. This is especially true for the QC target-
ing the lower limit of quantification where the assay variability is
increased [18,19]. The true/nominal value of the QCs is determined
from multiple runs performed without defined acceptance criteria,
used to assess the assay variability.

The last milestones, the formal validation, include demonstra-
tion of the assay performance meeting accuracy and precision
acceptance criteria within (intra-run) and between (inter-run) val-
idation runs for each QC sample. Assay accuracy and precision are
performance characteristics that describe the magnitude of errors
associated with repeated measurements. QC samples are used to
assess the ability of the assay to measure the biomarker of interest
for its intended use, allowing one to distinguish assay variabil-
ity from inherent differences amongst samples. Validation also
includes the assessment of the stability of the protein biomarker
in the biological matrix.

While human biomarker studies fall outside the scope of GLP, we
recommend performing biomarker assay validation in compliance
with GLP, meaning that the standard process for GLP validation
should serve as a framework [3,8,11]. As suggested by Lee et al.
[14], bioanalytical method validation should be tailored to meet
the intended purpose of the study. We have translated the adop-
tion of such a practical and “fit-for-purpose” approach into two
levels of validation corresponding to two types of biomarker stud-
ies: decision-making biomarkers and biomarker selection. The first
level of validation applies to biomarkers considered primary or sec-
ondary endpoints of a clinical study protocol and used to support
internal decision making in clinical studies. The second level of
validation applies to biomarkers considered exploratory endpoints
and used to support exploratory studies or objectives. The rigor of
biomarker method validation increases as the biomarker data are
used for increasingly critical decision-making.



M.-A. Valentin et al. / Journal of Pharmaceutical and Biomedical Analysis 55 (2011) 869-877 871

The recommended bioanalytical study plan can be applied to
several immunoassay platforms including but not limiting to classi-
cal monoplex sandwich ELISA, automated analyzer (such as Elecsys
or Immulite platform), multiplex planar array assays (such as
MesoScale Discovery or SearchLight platform), multiplex suspen-
sion microbead assays (such as Luminex platform) and cutting edge
of the technology (such as the flow-based single-molecule counting
Erenna® platform from Singulex).

This paper provides a bioanalytical study plan for the valida-
tion of immunoassays to support decision-making biomarker and
biomarker selection during preclinical and clinical studies. It estab-
lishes the appropriate procedure as well as the parameters and their
respective acceptance criteria for the validation of an immunoassay
to support biomarker studies. By defining milestones and decision
points, we are aiming to optimize the production of high quality
bioanalytical data.

Throughout the document, critical element and specific recom-
mendations are highlighted in bold.

2. Method development

During the development of a biomarker assay, the follow-
ing parameters should be defined: assay format, antibody(ies),
plate type, detection system, critical assay reagent and stability,
standard-curve model, matrix, sample preparation and prelimi-
nary assessment of assay robustness. The robustness of an assay
is determined by its consistency under real life changes. Changes
that have an impact on the assay must be identified. Elements in an
immunoassay that could impact its consistency include incubation
temperatures, incubation time, incubation with or without shaking,
light exposure, change of assay reagent batches and lots, changes
of stop solution volume and stopping time, coating time (e.g. over
week-end), sample volume, or other factors. It is recommended to
assess these factors during the assay development.

The critical assay reagents identified and optimized during the
development phase should be used during the feasibility study and
validation with no further change.

3. Feasibility study: milestone 1

Before any validation, a feasibility study should be per-
formed to assess the performance of the available Kit(s) or the
home-made immunoassay. At the end of the feasibility study, a
decision will be taken to either continue with the validation or
change the assay.

Abioanalytical study plan describing the appropriate procedure
as well as the parameters and their respective acceptance criteria
should be written and signed before the feasibility study starts.

The feasibility study addresses the likelihood that an assay will
be able to achieve its intended purpose. Parallelism, selectivity and
reproducibility should be assessed using biological sample which
should mimic the clinical population. Incurred samples should
be used whenever possible to ensure that the assay is able to
quantify the selected biomarker in the clinical population. When
patient/target population samples can be made available, compar-
ison between healthy population and patients should be made. If
patient samples are not available during validation, it is recom-
mended to randomly select samples retroactively to characterize
the variability in the diseased population. Samples should not be
pooled unless volumes are too small (in the case of rare matrices
such as cerebrospinal fluid or synovial fluid). QCs are not used dur-
ing the feasibility study. Therefore, the analytical runs are validated
based on calibration curve acceptance criteria.

The result of the feasibility study will be incorporated in the val-
idation report, and criteria evaluated will be used for the validation.

During the feasibility study, the parameters tested are identi-
cal whether the validation applies to decision-making biomarker
or biomarker selection. The accuracy and precision acceptance cri-
teria are summarized in Table 1 and are further detailed in the
corresponding paragraph below. Throughout the document, pre-
cision (CV) is calculated based on the concentration and not on
the raw signal. The CV on the concentration reflects the working
range of the assay. The typical concentration-response relation-
ship generated for an immunoassay is not linear. The accuracy and
precision of the back-calculated STDs concentration will increase
at the asymptote at the low and high values. Therefore, the CV on
concentration is a useful tool during the assay development and
optimization because it affords to estimate the lower and upper
limit of quantification.

3.1. Calibration curve

STDs are prepared by spiking known amounts of the reference
material into the appropriate buffer or surrogate matrix (such as a
matrix depleted of the endogenous biomarker to be quantified). The
protein-containing buffer or “substituted matrix” is our preferred
option as it offers several advantages as opposed to the surrogate
matrix: better stability, robustness, reproducibility. STDs must be
freshly prepared and a calibration curve must be carried out for
each run.

The calibration curve should consist of at least six non-zero STDs
(excluding blank and anchor points) prepared in buffer (when less
than six non-zero STDs are included in a kit, additional ones will
be prepared by diluting or mixing already existing STDs (when-
ever possible)). The calibration standards should be spaced evenly
within the anticipated working range on a logarithmic scale. For
the curve within a run, the bias and precision of back-calculated
value for at least 75% of the calibration standards should lie within
20% [10,20].

A concentration-response relationship is generated under
established assay conditions, from which the biomarker con-
centration in unknown samples is interpolated. Both linear and
well-characterized non-linear calibration relationships are accept-
able; however, the preferred regression for a typical immunoassay
is the 4/5-parameter logistic function. Selection of the regression
model should have been rationalized during the method develop-
ment. ASTD can be excluded (or masked) from the calibration curve
if it does not change the regression model used.

Number of STDs included in the curve 6 7 8
Acceptable number of excluded STD(s) 0 1 2

If it is necessary to deviate from the above-mentioned criteria
for a particular assay, the reason should be documented in the raw
data and in the validation report.

3.2. Parallelism

During the feasibility study, neat (non-spiked) biological sam-
ples will be tested pure and after dilution (direct or serial) to assess
the endogenous value of the biomarker and to evaluate the par-
allelism of the assay. Samples will be diluted in assay buffer (the
same as that used to prepare the STDs).

A minimum of six individual matrices should be tested during
the feasibility study (one determination performed per matrix and
per dilution factor).

The run will be validated based on calibration curve accep-
tance criteria.

As mentioned in the introduction parallelism assessment is very
often missing from the publication for immunoassay validation or
mistaken with selectivity [24-28]. In previous publications, authors
recommend to verify parallelism by either performing a linear
regression analysis of the plotted measured concentrations of the
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Table 1

Summary of the parameters and their respective accuracy and precision acceptance criteria assessed during the feasibility study.

Parameters Acceptance criteria

Biomarker selection

Decision-making biomarker

Calibration curve

>6 non-zero STDs excluding blank and anchor point(s)

Mean ACC: 80-120%
CV: <20%

>75% of non-zero STDs should meet the acceptance criteria

Parallelism 6 individual neat matrices

Selectivity 6 individual matrices freshly spiked

Mean ACC: 70-130% compared to neat matrix undiluted or at
the minimum required dilution and CV < 25%

For each dilution factor, at least 5/6 matrices should meet the
acceptance criteria. If not, 6 additional matrices should be
tested

Mean ACC: 70-130% compared to freshly spiked matrix
undiluted or at the minimum required dilution and CV < 25%
For each dilution factor, at least 5/6 matrices should meet the
acceptance criteria. If not, 6 additional matrices should be
tested

Decision point

diluted samples against the 1/dilution factor using log scales or
determining the CV amongst the measured concentrations at dif-
ferent dilutions. For the first approach, parallelism is proven when
results show a slope of nearly 1 but acceptance criteria on the slope
are not clearly defined [14,29]. For the second approach, parallelism
is proven when CV amongst results at different dilutions is below
30% [17]. None of the two approaches allows the identification of a
minimum dilution which is required to reach acceptable accuracy
and precision. That is the reason why we recommend assessing
parallelism by determining the accuracy and the precision of the
measured concentration in each diluted samples. In a first attempt,
the neat (undiluted) sample is used as “nominal” value to determine
the accuracy. Parallelism is proven when accuracy and precision
are within the defined acceptance criteria. When acceptance crite-
ria are not met, it is very often the sign that a minimum dilution is
required. In that case, in a second attempt, the accuracy should be
calculated using the diluted sample (at the minimum required dilu-
tion (MRD)) as the nominal value. The CV on concentration is also a
useful tool to estimate the lower limit of quantification as the pre-
cision is expected to decrease when the measured concentration
reach the lower limit of quantification.

The acceptance criteria selected to prove parallelism are aligned
with the acceptance criteria selected to assess the assay per-
formance (the intra- and inter-run accuracy and precision) (see
Table 3).

As a conclusion, parallelism is a key assessment as it serves
several purposes: the assessment of the endogenous level of the
biomarker in the biological sample; the demonstration of the pro-
portionality between the endogenous form of the biomarker and
the reference standard; the identification of minimum magnitude
of dilution required to achieve acceptable accuracy and precision;
and the estimation of the lower limit of quantification in the bio-
logical samples.

3.3. Selectivity

Selectivity is assessed by quantifying the biomarker in presence
of endogenous matrix components that could potentially interfere
with the antibodies binding.

The same six individual matrices used to assess the parallelism
should be spiked with a known amount of reference material and
analyzed after dilution (direct or serial) in assay buffer (the same
as that used for the STDs).

The level of reference material to be spiked will be based on
the endogenous biomarker level measured during the parallelism
experiment. If endogenous level is close to the expected LLOQ, it

may be needed to spike different levels of reference material: one
spike close to the endogenous level and a second spike made at the
expected ULOQ (when this is not feasible, efforts should be made to
spike a concentration as high as possible). If endogenous level cov-
ers the whole working range, one level of spike should be enough. A
highly concentrated stock solution of recombinant protein is often
required as the spiking solution should represent less than 5% of
the final volume [18]. In practice, the recombinant protein used
to spike the matrix may differ from the recombinant protein used
to prepare the calibration standard (different expression cell lines,
buffer, concentration. . .). This is the reason why we do not recom-
mend defining acceptance criteria for the recovery of the spiked
reference material. The recovery is deemed acceptable as long as
the recovery yield is constant for each dilution factor tested and for
each matrix tested [23]. Recovery should be assessed taking into
account the endogenous level when it is above the expected LLOQ.

In a first attempt, the spiked undiluted sample is used as “nomi-
nal” value to determine the accuracy. When a quantifiable amount
of biomarker is present in the matrix, the use of an assigned value
(measured concentration) is recommended as the recovery from
the endogenous biomarker and added reference standard may not
always behave in an additive manner (linear) [10]. Selectivity is
proven when accuracy and precision are within the defined accep-
tance criteria. When acceptance criteria are not met, it is very
often the sign that a minimum dilution is required. In that case,
the accuracy should be calculated using the spiked diluted sample
(at MRD) as the nominal value. The acceptance criteria required to
prove selectivity are aligned with the acceptance criteria selected to
assess the intra- and inter-run accuracy and precision (see Table 3).

The run will be validated based on calibration curve accep-
tance criteria.

4. Decision point: milestone 2

If the performance of the immunoassay obtained during the fea-
sibility study is not satisfactory in terms of parallelism, the decision
should be taken to evaluate a new kit or develop a new assay (using
new antibodies or reagents). If the immunoassay lacks sensitivity,
the decision may be taken to proceed with the validation if jus-
tified by a strong scientific and biological rationale (for example,
a higher endogenous level of biomarker is expected in treated- or
disease-sample).

The aim of milestone 2 is to avoid validating an immunoassay
which is unlikely to meet the intended use. By taking an early deci-
sion, we limit the time and cost associated with the immunoassay
validation.
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Based on the result of parallelism and selectivity experiment, a
MRD may be defined. It corresponds to the minimum magnitude
of dilution required to achieve acceptable accuracy and precision
in the quantification of both neat (endogenous) and spiked biolog-
ical samples. There may be cases where the MRD identified during
selectivity is higher than the one defined during parallelism. The
decision may be taken not to apply the MRD defined during selec-
tivity if it jeopardizes the immunoassay sensitivity and its ability to
quantify the endogenous biomarker in the population of interest.

5. Definition of quality controls nominal value: milestone 3

Before the validation starts, the nominal/theoretical value of
each QC level will be established. The true nominal value of each
QC level will be determined from multiple runs performed without
defined accuracy and precision acceptance criteria, used to assess
the assay variability.

The difference between the decision-making biomarker and
biomarker selection validation lies in the number of QC levels
needed: three levels for “biomarker selection” and five levels for
“decision-making” biomarker.

The parameters and the run acceptance criteria are summarized
in Table 2.

QCs used to validate an assay should be prepared using the bio-
logical matrix (ideally derived from the specific trial population).
QCs are distinct from the STDs and should not be used as part of
the calibration curve. Preferred suppliers and commercial vendors
for access to these relevant matrices should be consulted. When
the matrix is difficult to procure an attempt should be made to pre-
pare at least one level of QC in the actual matrix. The source of
the biological matrix and lot used are to be stated in the validation
protocol and references to documentation describing the charac-
teristics of the material need to be enclosed (i.e. species, gender,
known disease, age, storage conditions, etc.). In case of plasma, the
same type of anticoagulant has to be used over the whole validation.
The anticoagulant should be the same used in the studies.

In the assay validation for biomarker selection, three levels of
QCare needed: QCLLOQ, QC MID and QC ULOQ. In the assay valida-
tion for decision-making biomarker, five levels of QC are required:
QCLLOQ, QCLOW (within three times the LLOQ), QC MID, QC HIGH
(70-80% of ULOQ) and QC ULOQ. A minimum of two individual
matrices should be used to prepare the different levels of QC. Based
on the result of parallelism and selectivity experiment, the decision
will be taken to prepare the different QC level using either only neat
matrix (pure or diluted in assay buffer to reach the targeted LLOQ
for example), only spiked matrix or a combination of spiked and
neat samples. The preference is given to neat matrix especially
at expected LLOQ. If QC samples need to be spiked, the endoge-
nous biomarker level should be taken into consideration for the
selection of spike level. The spiking solution should represent less
than 5% of the final volume. The QCs should be diluted according to
the MRD if one was defined.

The concentration of each QC will be measured in three inde-
pendent runs, three independent preparations per QC level and per
run. It is recommended to perform the three runs on at least 2 dif-
ferent days. For each QC, the mean of the three experiments will be
determined and used as nominal value during the validation.

Each run will be validated based on calibration curve accep-
tance criteria.

6. Validation: milestone 4

Validation performed for decision-making biomarker or
biomarker selection will differ in terms of parameters tested, num-
ber of QCs required and acceptance criteria applied. Based on the

result of feasibility study, the acceptance criteria may be adapted
if justified.
The differences are summarized in Table 3.

6.1. Calibration curve

Based onresult of feasibility study, it may be necessary to modify
the STDs at the expected LLOQ and ULOQ.

e The lowest STD should be below or at the concentration corre-
sponding to the QC LLOQ

¢ The highest STD should be above or at the concentration corre-
sponding to the QC ULOQ

STDs must not be changed once assay validation starts.
6.2. Intra- and inter-run precision and accuracy

The conduct of accuracy and precision experiments for biomark-
ers is similar to that for pharmacokinetic with 6 runs to determine
inter-assay variability and 2-5 replicates of QCs in each run for
determination of intra-assay variability. However, the number of
QCs and assay runs may be less for exploratory method validation,
as justified by the intended use of the method and following the
validation plan [10,18,20]. This is reflected in the different num-
ber of QCs and validation runs recommended in the validation of
decision-making biomarker and biomarker selection.

Recognized performance standards have been established for
the definitive quantitative assays to support pharmacokinetic
assessments where repeat analyses of the QCs are expected to
vary <15% with 20% acceptable at the LLOQ for both accuracy and
precision. More flexibility is however allowed in assay validation
to support biomarker assessment because of the potential impact
the endogenous biomarker may have on accuracy and precision
[17,20]. It has been shown that accuracy and precision are increased
when QCs are prepared in matrix compared to QCs prepared in
buffer [19]. However accuracy and precision data of QCs prepared
in the biological matrix are believed to represent more realistically
the assay performance of clinical samples. This is especially true for
the QC targeting the lower limit of quantification where the assay
variability is increased [18,19]. We recommend using neat (non-
spiked) QCs rather than spiked sample as they truly reflect the trial
population. So relaxation of the acceptance criteria is justified by
the potential impact the endogenous biomarker may have on the
accuracy and precision of the measurement. During validation of
decision-making biomarker, 25% is the default value (30% at the
LLOQ and ULOQ) for precision and accuracy [17,20]. The relaxation
of the acceptance criteria is more pronounced for the second level of
validation (biomarker selection) when biomarkers are considered
exploratory endpoints and used to support exploratory studies or
objectives.

Each run should contain a calibration curve, a blank and QCs
covering the anticipated working range. It is recommended to per-
form the validation runs on at least three different days. Each QC
nominal value is previously defined in the feasibility study. Five
independent determinations of each level of QC will be performed
for each validation run.

The intra-run accuracy and precision will be calculated for each
QC level as the mean accuracy and the precision of the five deter-
minations for each validation run. The inter-run accuracy and
precision will be calculated for each QC level as the mean accuracy
and precision of all measurements performed. All results — other
than those rejected for analytical/technical reasons (i.e. pipetting
error) — will be used in the calculation of accuracy and precision. If
the acceptance criteria are not met (e.g. showing a higher variabil-
ity related to the compound, matrix or antigen-antibody reaction),
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Table 2

Summary of the parameters and their respective accuracy and precision acceptance criteria assessed during the definition of QCs nominal value.

Parameters Acceptance criteria

Biomarker selection

Decision-making biomarker

Calibration curve

>6 non-zero STDs excluding blank and anchor point(s)

Mean ACC: 80-120%
CV: <20%

>75% of non-zero STDs should meet the acceptance criteria
STDs at the expected LLOQ and ULOQ should meet the acceptance criteria

QC nominal value definition

3 independent runs

3 independent preparations

per QC level

3 QC level: LLOQ, MID, ULOQ

5 QC level: LLOQ, LOW, MID,
HIGH, ULOQ

3 independent runs

3 independent preparations
per QC level

new acceptance criteria must be defined and documented accord-
ingly before applying those to study sample measurements.

For a method to be considered acceptable, its performance
should meet the criteria defined above in terms of accuracy and
precision within each validation run. It is also recommended that
the inter-assay accuracy and precision both be <20% (25% at LLOQ
and ULOQ). However a method may be considered acceptable
based on its performance but not adapted to its application in a
clinical context. Other factors should be considered beyond the
assay performance: the intended use of the data (objectives of
the clinical study), biological variability, and expected effect on
the biomarker of interest. These factors (when they are known)
should be taken into consideration when defining the acceptance
criteria for a biomarker assay validation. When the expected effect
on the biomarker of interest is unknown, the performance of the
biomarker assay defined during the validation should be taken into
consideration when defining its intended application and predic-
tive power.

6.3. Working range/sensitivity

The validation experiment establishes the working range
defined by the QC LLOQ and the QC ULOQ, whereby the sen-
sitivity of the method is based on the QC LLOQ, i.e. the lowest
concentration of the biomarker in a biological sample that can be
quantitatively determined with acceptable precision and accuracy.

6.4. Parallelism

Parallelism is already evaluated during the feasibility study
using a minimum of six individual matrices. Six additional matri-
ces should be tested during the validation for “decision-making”
biomarker.

When the endogenous biomarker cannot be quantified in the
“healthy controls” used during the validation, retrospective val-
idation based on incurred samples is strongly recommended if
sufficient amounts of the clinical samples remain following sample
analysis.

Each run should contain a calibration curve, a blank and the five
QC levels (two independent preparations per QC). The run will be
validated based on calibration curve and QCs acceptance criteria.

6.5. Selectivity

Selectivity is already evaluated during the feasibility study using
aminimum of six individual matrices spiked with a known amount
of reference material. Six additional matrices should be tested dur-
ing the validation for a “decision-making” biomarker.

Each run should contain a calibration curve, a blank and the
five QC levels (two independent preparations per QC). The run

will be validated based on calibration curve and QCs acceptance
criteria.

6.6. Dilution linearity

If dilution of study samples is anticipated during sample analy-
sis, linearity of dilution must be demonstrated. It is necessary to
show that the biomarker of interest, when it is present in con-
centration above the ULOQ, can be diluted to bring the biomarker
concentration into the working range of the assay. An additional
reason for conducting dilution experiment is for the identification
of a possible prozone or “hook effect”.

Dilution linearity should be evaluated on freshly spiked samples.
Dilutions should be made such that several dilutions fall into the
working range. Evaluation of dilution linearity should be done with
a spike made 100- to 1000-fold greater than the ULOQ. When this
evaluationis not feasible, efforts should be made to prepare a spiked
concentration as high as possible. The dilution samples that are
evaluated should be designed to include a dilution just above the
ULOQ (to evaluate the hook effect). Generally, it is common practice
that an individual dilution step does not exceed 1:100.

A minimum of three individual matrices should be tested.
Incurred samples should be used whenever possible.

Each run should contain a calibration curve, a blank and the five
QC levels (two independent preparations per QC). The run will be
validated based on calibration curve and QCs acceptance criteria.

6.7. Specificity

Specificity of the antibody(ies) should be tested during the assay
validation of a “decision-making” biomarker. The antibody used
should be specific for the biomarker of interest, without cross-
reactivity with variant forms of the biomarker or other structurally
related compounds that may be present in the sample.

Atleast three individual matrices should be spiked with a known
amount of a recombinant protein which belongs to the same family
and/or presents chemical similarities to the biomarker of interest
and analyzed after dilution (direct or serial) in assay buffer. Two
different levels of the analogue biomarker should be tested: one
level which reflects its endogenous level and a second concentra-
tion which represents a 100-fold excess compared to the biomarker
of interest. The recovery will be assessed.

Each run should contain a calibration curve, a blank and the five
QC levels (two independent preparations per QC). The run will be
validated based on calibration curve and QCs acceptance criteria.

6.8. Stability in biological matrix

Stability of the endogenous biomarker in the biological matrix
and under specific assay condition must be evaluated.
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Summary of the parameters and their respective accuracy and precision acceptance criteria assessed during the validation.

875

Biomarker selection

Decision-making biomarker

Parameters Acceptance criteria Parameters Acceptance criteria
Calibration > 6 non-zero STDs
curve
Mean ACC: 80-120%
>75%of non-zero STDs should meet the acceptance criteria
STDs at LLOQ and ULOQ should meet the acceptance criteria
Intra-, 3 QC levels Mean ACC: 5 QC levels Mean ACC: 75-125%
inter-run 70-130%
precision
and
accuracy
3 independent runs CV<25% 6 independent runs (70-130% at LLOQ and ULOQ)
5 independent 4/5 determination 5 independent CV<25%
preparations per per QC level should preparations per
QC level meet the QC level
acceptance criteria
4/5 determination per QC level should meet
the acceptance criteria
Parallelism No further 6 additional Mean ACC: 75-125% compared to undiluted
assessment individual neat neat matrix or matrix at MRD
matrices
(70-130% at LLOQ and ULOQ)
CV<25%
For each dilution factor, at least 5/6 matrices
should meet the acceptance criteria. If not, 6
additional matrices should be tested
Selectivity No further 6 additional Mean ACC: 75-125% compared to undiluted
assessment individual matrices spiked matrix or spiked matrix at MRD
freshly spiked
(70-130% at LLOQ and ULOQ)
CV<25%
For each dilution factor, at least 5/6 matrices
should meet the acceptance criteria. If not, 6
additional matrices should be tested
Dilution Not assessed Minimum 3 Mean recovery: 75-125%
linearity (unless biological individual matrices
evidence) freshly spiked
(70-130% at LLOQ and ULOQ)
CV<25%
2/3 matrices should meet the acceptance
criteria
Antibody Not assessed Minimum 3 Mean recovery: 75-125%
speci- individual matrices
ficity
(70-130% at LLOQ and ULOQ)
CV<25%
2/3 matrices should meet the acceptance
criteria
Short-term 2 individual neat Mean recovery: 2 individual neat Mean recovery: 75-125%
and matrices 70-130% matrices
bench
top
stability
3 independent CV<25% 3 independent (70-130% at LLOQ and ULOQ)
preparations per preparations per
matrix matrix
At least 4/6 CV<25%
matrices should
meet the
acceptance criteria
At least 4/6 matrices should meet the
acceptance criteria
Long-term Not assessed 2 individual Mean recovery: 75-125%
stability matrices

3 independent
preparations per
matrix

(70-130% at LLOQ and ULOQ)

CV<25%
At least 4/6 matrices should meet the
acceptance criteria
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To assess the stability of the biomarker of interest, two individ-
ual matrices will be used. Neat matrices should preferentially be
used even if they do not cover the working range. However, if
it is not possible, freshly spiked sample can be used. In that case,
the spiked stability samples should cover the low and high level
of the working range. The stability samples should be stored undi-
luted. When the validation is performed using only spiked QCs, it
is strongly recommended to use clinical samples to assess the sta-
bility of the endogenous biomarker (if sufficient amounts of the
clinical samples remain following sample analysis).

Three independent preparations of each matrix should be ana-
lyzed. The mean concentration measured after a defined storage
period/condition is compared to the concentration measured at day
0.Day 0is performed using stability samples which have undergone
one freeze/thaw cycle and before storage is initiated.

Short-term stability in biological matrix will be assessed at room
temperature, 4°C, —20°C and —80°C for the time required to pre-
pare samples and complete the assay (if it is not possible to perform
the two experiments (day 0 and day 0-4 h) on the same day, then
stability will be tested after 24 h) and 2 weeks. Short-term stability
will also be assessed at 4°C, —20°C and —80°C for 1 month. It is
critical to test the short-term stability at 4°C and —20°C as many
clinical sites do not have —80°C freezers or have a limited storage
capacity.

The long-term stability in biological matrix will only be assessed
for “decision-making” biomarker at —20°C and —80°C for 3, 6, 12
and 24 months. Long-term stability should be demonstrated over a
period of time, which exceeds the time between the collection and
analysis of any given study sample.

Each run should contain a calibration curve, a blank and three
or five QC levels (two independent preparations per QC) depending
on the validation procedure. The run will be validated based on
calibration curve and QCs acceptance criteria.

6.9. Freeze and thaw stability

Stability samples (the ones described above to assess the short-
term and long-term stability) will be subjected to a minimum of five
‘freeze-thaw’ cycles. Samples should be stored at —20°Cand —80°C
for atleast 24 h and thawed unassisted at room temperature. When
completely thawed, the samples should be left at room temperature
or on ice (depending on the assay protocol) for the time required
to prepare samples, then transferred back to the original freezer
and kept frozen for at least 24 h. This cycle of thawing and freezing
should be repeated four more times, and then the stability samples
are analyzed on the fifth cycle.

When a biomarker is not stable after five freeze and thaw cycles,
the stability should be tested after only four freeze and thaw cycles.
In case of instability, three freeze and thaw cycle should be tested
and so on.

Each run should contain a calibration curve, a blank and three
or five QClevels (two independent preparations per QC) depending
on the validation procedure. The run will be validated based on
calibration curve and QCs acceptance criteria.

6.10. Assay robustness

The robustness of an assay is determined by its consistency
under real life changes. Changes that have an impact on the assay
must be identified in the method. Elements in an immunoassay that
could impact its consistency include incubation temperature, incu-
bation time, incubation with or without shaking, light exposure,
change of assay reagent batches and lots, changes of stop solu-
tion volume and stopping time, coating time (e.g. over weekend),
sample volume, or other factors. It is recommended to assess these
factors during the assay development. The exact assay procedure

and critical assay conditions, if identified, are to be mentioned in
the assay documentation.

When changes are made to a previously validated assay, the
analyst should exercise good judgment as to how much additional
validation is needed. For changes considered critical in nature, and
this may include sample-processing changes, extension of concen-
tration range, conversion of manual to automatic method, changes
of instrument, or qualification of an analyst, a cross-validation
is recommended. Changes of kit or reference material lot may
only require one run to confirm equivalent performance. The run
should contain a calibration curve, a zero STD and three or five QC
levels (five independent preparations per QC) depending on the
validation procedure. The run will be validated based on the QC
acceptance criteria.

7. Assay requalification: milestone 5

When the assay has not been performed for six months, the
assay performance must be demonstrated by analyzing at least a
calibration curve and three or five levels of QC (five independent
preparations for each QC level) according to the validation per-
formed. If stability is demonstrated over 6 months, QCs used during
the validation may be used to test the assay performance. If it is not
possible, new QCs should be prepared and the nominal value should
be defined (as described during the feasibility study).

8. Conclusion

This paper describes the implementation of a bioanalytical
study plan for the validation of immunoassays to support decision-
making biomarkers and biomarker selection during preclinical and
clinical studies. It establishes clear operating procedures as well as
the parameters and their respective acceptance criteria and pro-
poses milestones and decision points to be followed during the
assay validation that should result in high quality bioanalytical data
in a limited timeframe and with reduced costs.

Amongst these milestones, parallelism is the most critical one. It
is recognized that the extent of the validation should be correlated
to the intended use of the data and the assay acceptance crite-
ria should take into consideration the study objective(s), nature
of the methodology and the biological variability of the biomarker.
The bioanalytical study plan has been successfully applied to the
validation of immunoassay based on classical monoplex ELISA,
automated analyzer (Elecsys platform), multiplex planar array
platform (MesoScale Discovery), multiplex suspension microbead
platform (Luminex) and the flow-based single-molecule counting
Erenna® platform (Singulex).
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Bioanalytical Methods,

Glossary

A biomarkeris “a characteristic that is objectively measured and evaluated as an indi-
cator of normal biologic processes, pathogenic processes, or pharmacologic response
to a therapeutic intervention” [30]

A clinical end-point is defined as a “characteristic that reflects how a patient feels,
functions or survives” [30]

A surrogate end-point is a “biomarker intended to substitute for a clinical end-point”
[30]

Analytical method validation is the process of assessing the performance character-
istics of a given assay; whereas, clinical qualification is the evidentiary and statistical
process linking biologic, pathologic and clinical endpoints to the drug effect or
linking a biomarker to biologic and clinical endpoints. The term “validation” is
recommended to be used for analytical methods [30]

Reference material: used to prepare STDs and spiked QCs. The reference material, if
possible, should be identical to the endogenous biomarker. When this is not pos-
sible, an established and well characterized recombinant form can be used. Three
types of reference material are usually used: (1) certified reference material
(International WHO or NIBSC standards), (2) commercially available reference
material obtained from a reliable source and/or (3) material with documented
purity which is custom-synthesized by an analytical laboratory or other non-
commercial establishment. The reference material should derive consistently
from the same supplier. The comparability between the batches needs to be
demonstrated, if different batches are used during validation. To avoid any sta-
bility issue, stock and working solutions of the reference material should be
prepared in concentration as high as possible in the appropriate buffer Accuracy
(ACC): Closeness of the measured concentration to the nominal or known true
concentration of the biomarker ACC (%): (measured value/nominal value) x 100

Anchor point: Calibration standard outside of the working range which are recom-
mended in order to facilitate the fitting of the standard curve. They are not
required to meet the acceptance criteria

Blank: Zero STD prepared in buffer or surrogate matrix without reference material.
It is not part of the calibration curve

Calibration curve: Numerical relationship between experimental response values
and the analytical concentrations of the biomarker. Also defined as the standard
curve

Calibration standard (STD): A sample to which a known amount of reference material
has been added. STDs are used to construct calibration curves from which the
biomarker concentrations in quality control and in unknown study samples are
determined. STDs are prepared in buffer or surrogate matrix.

Determination: Analysis of one sample, which is usually measured in duplicate or
triplicate wells from a single sample preparation. The result of one determina-
tion is the mean value of the replicate wells

Linearity of dilution: Ability of an analytical method to obtain test results that are
directly proportional to the concentration of biomarker in the samples upon
dilution of high concentration samples (at or above the ULOQ) through the
quantitative range of the assay

Lower limit of quantification

(LLOQ): The lowest concentration of biomarker in a biological sample that can be
quantitatively determined with acceptable precision and accuracy

Matrix: Any biological specimen (i.e. plasma, serum, urine, cerebrospinal fluid) in
which the biomarker is quantified

Parallelism: Assessment of dilutional linearity of neat (non-spiked) authentic bio-
logical sample. It demonstrates that the relationship between concentration
and response for the biomarker in sample matrix is sufficiently similar to the
reference material being measured in substitute matrix

Precision (CV): Closeness of individual concentrations of a biomarker when the
method is applied repeatedly to multiple aliquots of the same biological sample
CV (%): (Standard Deviation/mean concentration) x 100

Quality control (QC): A neat or spiked biological sample used to monitor the perfor-
mance of a bioanalytical method, adopted to assess the integrity and validity of
the results of the unknown samples analyzed in an individual batch

Recovery: The quantified closeness of an observed result to its theoretical true value,
expressed as a percent of the nominal (theoretical) concentration. Recovery is
used to assess the amount of biomarker spiked in and recovered from a biological
sample, compared to the neat (non-spiked) sample. Recovery (%): measured
concentration/(neat concentration + nominal concentration) x 100

Reproducibility: Represents the precision of a method under the same operating
conditions over a short period of time, also between two laboratories

Robustness: A measure of the capacity of an analytical procedure to remain unaf-
fected by minor, but deliberated variations in method parameters

Selectivity: Ability of an analytical method to determine the biomarker unequivocally
in the presence of components that may be in the biological sample (i.e. other
biomarkers, concomitantly administered drugs, metabolites)

Sensitivity: Defined by the LLOQ

Specificity: Ability of an antibody used in analytical method to bind solely the
biomarker of interest. Ideally, antibody used would be specific for the biomarker,
without cross-reactivity with variant forms of the biomarker of interest or other
structurally related compounds that may be present in the biological sample

Stability: The physico-chemical stability of a biomarker in a given solution or matrix
under specific conditions for given time intervals

Surrogate matrix: Biomarker-free substitute matrix, which can be used as STDs dilu-
ents if endogenous level of the biomarker is present in the intended sample
matrix

Upper limit of quantification

(ULOQ): The highest amount of a biomarker in a sample that can be quantitatively
determined with suitable precision and accuracy

Working range: Range of biomarker concentrations defined between the LLOQ and
the ULOQ



	Validation of immunoassay for protein biomarkers: Bioanalytical study plan implementation to support pre-clinical and clin...
	Introduction
	Method development
	Feasibility study: milestone 1
	Calibration curve
	Parallelism
	Selectivity

	Decision point: milestone 2
	Definition of quality controls nominal value: milestone 3
	Validation: milestone 4
	Calibration curve
	Intra- and inter-run precision and accuracy
	Working range/sensitivity
	Parallelism
	Selectivity
	Dilution linearity
	Specificity
	Stability in biological matrix
	Freeze and thaw stability
	Assay robustness

	Assay requalification: milestone 5
	Conclusion
	Acknowledgements
	References


