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INTRODUCTION

This report summarizes the outcome of a workshop on
“Bioanalytical Methods Validation for Macromolecules™**
that was held in March 2000 in the Washington, DC area. The
workshop was principally sponsored by the American Asso-
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ciation of Pharmaceutical Scientists (AAPS)*> and had the
following goals:

1. To determine industry and regulatory standards es-
tablished for bioanalytical method validation in support of the
estimation and characterization of macromolecules in the pre-
clinical and clinical stages of drug development.

2. To evaluate special validation considerations for
quantitative, macromolecule-detecting technologies that have
emerged since 1990 including immunoassays, cell-based as-
says, antibody titers, and automation in the laboratory.

3. To address the strengths/limitations and advantages/
disadvantages of assay-customized approaches to validation
that focus on assay parameters specific to the intended use of
the assay.

4. To develop a 2000 workshop report regarding appro-
priate bioanalytical validation criteria and standardization of
terminology for the above to be used by regulatory agencies
to draft new guidelines for the bioanalytical validation criteria
for macromolecules quantitation.

The purpose of this report is to summarize the major
issues and recommendations from the workshop, thereby pro-
viding guiding principles for the validation of bioanalytical
methods used to support the preclinical and clinical stages of
macromolecular drug development. The workshop was orga-
nized into multiple sessions that addressed discrete topics ger-
mane to methods validation. At the close of the workshop,
each session’s chairperson was asked to prepare a summary of

23 This report represents the composite opinion of the participants of
the workshop and not necessary the view or policy of AAPS or
other organizations.
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the key points discussed with the goal of capturing the “spirit”
of the session to the best of their ability. This report repre-
sents a compilation of the summaries prepared by the chair-
persons. It is noteworthy that scientists in this area currently
have divergent views regarding validation of assays for mac-
romolecules. Since the recommendations in this report do not
necessarily reflect a concordance of viewpoints, each investi-
gator is obliged to formulate an interpretation of the prin-
ciples described in this report and to justify the interpretation
when applying principles to practice.

The organization of this report is similar to that of the
workshop. Thus, after a brief overview of historical perspec-
tives on macromolecular bioanalytical method validation, 5
topics are sequentially addressed: 1) Standard immunoassays;
2) Anti-drug antibody assays; 3) Bioassays (cell-based and
activity-based); 4) Biomarker assays; and 5) Validation and
acceptance criteria. Finally, this report closes with a glossary
of terms relating to the bioanalysis of macromolecules.

II. HISTORICAL PERSPECTIVES

In 1990 a conference was held to discuss bioanalytical
method validation, the results of which were published in a
1992 conference report by Shah et al. (1). In January 2000 a
similar conference was held to revisit the issues discussed in
1990 and to update the practices and validation recommen-
dations to better reflect the state of the art in the current
technology (2). The 1990 and January 2000 conferences dis-
cussed ligand-binding assays and/or microbiological assays,
but the main focus was bioanalytical methods that quantify
low molecular weight molecules using chromatographic and
mass spectrometric techniques. Recommendations outlined
in the 1992 report and subsequent guidelines have been
implemented for the past eight years for assaying both small
molecules and macromolecules. Although the need for a
broader discussion related to the non-chromatographic bio-
analytical methods was evident, it was in 1998 when the spe-
cific challenges related to the GLP compliant validation of
ligand-binding assays were discussed in a roundtable at the
Annual meeting of the AAPS in San Francisco. This round-
table discussion subsequently resulted in the development of
a position paper (3).

As discussed in the position paper (3), there are inherent
differences between bioanalytical methods applied to pre-
clinical and clinical development of small molecules versus
macromolecules. Thus, whereas small molecules are com-
monly analyzed in chromatographic assays (e.g., HPLC),
macromolecules are principally measured using immunoassay
and bioassay techniques.?® Detection in chromatographic as-
says is based on the physicochemical properties of the small
molecule analyte, but detection of macromolecules is nor-
mally accomplished using reagents that are derived from liv-
ing systems (e.g., cell lines), with the attendant variation that
arises from biological products. Measurement of small mol-
ecules in ex vivo samples is routinely preceded by physical
isolation from molecular species that could interfere with
analyte detection. However, because macromolecules are

26 Chromatographic assays are commonly applied to the analysis of
protein drugs, but this almost exclusively occurs during the char-
acterization and release of drug products, areas that are beyond the
scope of the present manuscript.

Miller et al.

so highly potent, their molar concentrations in ex vivo
samples are typically too low to support molecular isolation.
In addition, current separation technologies are inadequate
(e.g., solid phase or liquid/liquid extraction) or impractical
(e.g., capillary electrophoresis or size exclusion chromatogra-
phy) for isolation of macromolecules. Therefore, the detec-
tion of a macromolecular analyte generally occurs in a com-
plex biological milieu, a process that is highly dependent on
the integrity of reagents used in the detection system. As a
consequence of these and other factors, macromolecular bio-
analytical methods tend to have poorer batch-to-batch repro-
ducibility than bioanalytical methods involving small mol-
ecules. Finally, statistical considerations underlying the cali-
bration of bioanalytical methods for small molecules may be
inappropriate for calibrating macromolecular bioanalytical
methods (3), and guidelines issued for small molecules may
therefore lead to imprecise results when applied to macro-
molecules.

In conclusion, in 1999 it was recognized that the draft
guidelines issued for the analysis of small molecule pharma-
ceuticals are largely inappropriate for the bioanalysis of mac-
romolecules. Thus the March 2000 workshop on “Bioanalyti-
cal Methods Validation for Macromolecules” was convened
to address the potential issuance of new guidelines suitable
for the analysis of macromolecules from biological matrices.

III. LIGAND-BINDING ASSAYS

The term “ligand-binding assay” broadly refers to meth-
ods that depend on specific binding of an analyte to a bio-
molecule. Typically these are reversible binding events gov-
erned by the laws of mass action. Since the vast majority of
bioanalytical methods currently being used for macromol-
ecules are based on ligand-binding assays, this assay format
was the principle focus of the workshop. Included in the fam-
ily of ligand-binding assays are standard immunoassays, as-
says to measure anti-drug antibodies, bioassays and biomar-
ker assays.

Ligand-binding assays often involve reagents derived
from biological sources and may be subject to inherent varia-
tion. Therefore care should be taken so that bioanalytical
method development does not proceed into advanced stages
while performing in a fashion that is incompatible with a vali-
dated bioanalytical method. Rather than being undertaken
subsequent to full development, validation of bioanalytical
method performance should be integrated into the develop-
ment of the bioanalytical method from the earliest stages.

In the interest of promoting harmonization, an attempt
has been made to conserve the general framework for meth-
ods validation outlined in the 1990 Conference Report (1).
Accordingly, the present report divides the process of method
validation into 3 discrete phases: 1) Bioanalytical Method Es-
tablishment (e.g., Reference Standard Preparation); 2) Pre-
Study Validation for Bioanalytical Method Establishment;
and 3) In-Study Validation (Table I). In the sections that
follow, guidance is provided for application of the three-
phase procedure when validating each of the major ligand-
binding bioanalytical methods.

A. Standard Immunoassays

The ligand-binding assay in predominate usage today is
the immunoassay, a bioanalytical method in which antibodies
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Table I. Validation Procedures Outlined in the 1990 Conference Re-
port on Analytical Methods Validation (1)

3 Phases of Bioanalytical Methods Validation

1. Bioanalytical Method Establishment
2. Pre-Study Validation

a. Specificity

b. Calibration Model

c. Precision, Accuracy, Recovery

d. Quality Control Samples

e. Stability

f. Acceptance Criteria
3. In-Study Validation

are the principle reagents. Within the family of immunoassays
is the radioimmunoassay (RIA), a pioneer technique for mea-
suring macromolecules that is still used in some biopharma-
ceutical settings. A more widely used immunoassay technique
is the enzyme linked immunosorbent assay (ELISA or EIA),
the bioanalytical method that served as the reference method
for discussions at the workshop (Fig. 1).

The foregoing discussion of standard immunoassays ad-
dresses validation of methods that derive quantitative mea-
surements of analytes in biological matrices such as blood,
plasma, serum, or urine, with recommendations pertaining to
both clinical and preclinical studies. It should be understood
that immunoassays may be used to derive semi-quantitative
measurements, but these applications entail special consider-
ations that are covered in separate sections of the report:
Anti-Drug Antibody Assays and Biomarker Assays.

1. Bioanalytical Method Establishment

Bioanalytical methods invariably include the use of cali-
bration standards and quality control (QC) samples in which
a reference standard is spiked into blank analytical samples.
Thus the quality of the reference standard can have a large
impact on the integrity of the bioanalytical data. Considering
that the analytical reference standard is pivotal to the success
of the immunoassay in deriving accurate measurements, spe-
cial care should be taken when selecting the standard. While
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Fig. 1. Common formats for enzyme linked immunosorbent assays
(ELISAs or EIAs).
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it is generally recommended for bioanalytical methods involv-
ing small molecules that the reference sample be procured
from a certified reference standard (e.g., USP compendial
standards), a commercial supplier, or custom-synthesis by a
bioanalytical laboratory, such sources are generally not viable
for macromolecular biopharmaceuticals. Rather, the innova-
tor company is typically the most reliable supplier of an au-
thentic reference sample for macromolecular drugs. There-
fore, in most circumstances, an authentic reference sample for
an immunoassay method should be procured from the inno-
vator company and should correspond to a specified manu-
factured lot of the drug product.

The concept has been put forward of comparing all ref-
erence standards to a Master Standard, a synthetic batch for
which identity and purity are clearly established. However, it
should be recognized that in clinical and preclinical studies,
the important issue is not always comparison to a Master
Standard, but the equivalency of the reference standard to the
material used in the clinical study. It is therefore recom-
mended that tests for bioanalytical equivalence of the refer-
ence standard be tailored to the intended application of the
bioanalytical method.

For Method Establishment, documentation of data relat-
ing to the authentic reference standard should include a rec-
ord of the lot number(s), certificates of analysis and stability
(when available) and information regarding the identity and
purity of the reference standard.

In addition to procuring an appropriate reference stan-
dard, Bioanalytical Method Establishment for Standard Im-
munoassays should focus on selecting conditions for achieving
the desired method performance in terms of specificity, accu-
racy, dilutional linearity, etc. The selection of an appropriate
diluent and the minimal required dilution need to be ad-
dressed during the development of a bioanalytical method
because of the heterogeneous nature of the samples typically
analyzed by immunoassays. The most important reagent in an
immunoassay is the antibody (or antibody pairs) used to mea-
sure the analyte. Antibody reagents must be shown to bind
the analyte(s) with suitable specificity, and where the immu-
noassay involves a sandwich ELISA format, an antibody pair
must be chosen which binds the analyte in a complimentary
fashion.

2. Pre-Study Validation

A. Specificity. Specificity has been previously defined as
the ability of a bioanalytical method to differentiate and
quantitate the analyte in the presence of other constituents in
the sample (4). However, macromolecular analytes com-
monly hold structural elements in common with endogenous
molecules, and it may therefore be impossible to develop an
immunoassay that completely differentiates the analyte from
other sample constituents. Rather, investigation of specificity
during Pre-Study Validation should focus on reliable quanti-
tation of the analyte against a background of interference
from endogenous matrix components. In confirming that the
immunoassay method is adequately specific, measurements
should be assessed when the analyte is spiked at concentra-
tions throughout the assay range, with an emphasis on spikes
near the limit of quantitation, and these measurements should
be made in the appropriate biological matrix (e.g., serum)
from a number of representative subjects.



1376

B. Assay Calibration. The calibration model (standard
curve) is a critical aspect of bioanalytical method perfor-
mance. The concentration-response curve for an immunoas-
say typically has no less than 8 non-zero calibrators in dupli-
cate, and generally includes calibrators outside of the vali-
dated range of the assay to serve as anchor points that
facilitate curve-fitting. When establishing the mathematical
model that best describes the standard curve, it should be
recognized that the concentration-response curve for a typical
ligand-binding assay is seldom linear throughout, but rather
sigmoidal, and commonly best described by a logistic func-
tion. To limit bias during the regression analysis, in some
cases it is advisable to use weighting schemes (such as 1/y,
1/y?, or computed values based on smoothed variance func-
tions (3)). It is beyond the scope of this report to address tests
for evaluating the aptness of the model for the particular data
at hand, yet it deserves to be noted that the correlation co-
efficient (R) and the coefficient of determination (R?) are
unreliable for evaluating curve-fits for nonlinear calibration
models.?’

C. Precision, Accuracy and Recovery. Quality Control
(QC) samples (see III.A.2.D. section) should be used to
evaluate whether the bioanalytical method has acceptable
precision and accuracy. The criteria for precision and accu-
racy during Pre-Study Validation of an immunoassay method
are described in the Validation and Acceptance Criteria sec-
tion of this report.

Recovery corresponds to the instrument response with
an amount of the analyte spiked into and recovered from the
sample matrix, compared to the instrument response for the
pure reference standard. Recovery is an important indicator
of method suitability for chromatographic assays in which
procedures used to isolate the analyte from interfering matrix
components can result in significant loss of the analyte. How-
ever most immunoassays do not involve prior sample extrac-
tion, and recovery determinations are therefore of lesser im-
portance. Moreover, in a typical immunoassay, components
of the sample matrix can indirectly affect the generation of
signal by affecting the binding of the detector antibody.
Therefore, instrument response (a downstream result of sig-
nal generation) is commonly affected by the sample matrix,
making it difficult to assign appropriate conditions for mea-
suring the reference standard. Accordingly, Pre-Study Vali-
dation for standard immunoassays generally need not include
assessments of analyte recovery. In the limited number of
cases in which immunoassay techniques incorporate prior
sample extraction, as long as recovery is acceptably reproduc-
ible, the extent of analyte recovery (e.g., X% recovery) is only
of relevance if it becomes inconsistent across the concentra-
tion range.

Although every attempt is made during development of
an immunoassay method to reduce matrix interference, it
should be understood that immunoassays commonly suffer
from nonspecific instrument responses due to reagent cross-
reactivity with matrix components. Consequentially it is ad-
visable to evaluate dilutional linearity using serially diluted
spiked samples.

27 For guidance in evaluating the aptness of calibration models, the
reader is referred to ref 5.
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D. Quality Control (QC) Samples. Immunoassay bio-
analytical methods should include Quality Control (QC)
samples, samples having known concentrations of the analyte
that are essentially treated as unknowns in the assay. QC
samples are generally prepared at concentrations that fall
within the linear range of the calibration curve and are pre-
pared in a medium that emulates the matrix of the study
samples. During Pre-Study Validation, QC samples are pri-
marily used to estimate assay parameters (i.e., accuracy and
precision for quantitative assays). As described in Section
IV.A 4, these parameter estimates are used to make an ob-
jective decision to accept or reject the analytical method.

E. Stability. Drug stability in the study sample matrix is
of paramount concern and must therefore be subject to in-
vestigation during Pre-Study Validation. Evaluation of the
stability of the analyte should be performed in a representa-
tive matrix with assessment of freeze-thaw stability, short-
term room temperature stability and long-term storage sta-
bility. Freeze-thaw stability should be evaluated at both
—70°C and -20°C, if appropriate, since many macromolecules
are unstable at —20°C. Without exception, however, the sta-
bility protocol should be based on assessments in which
samples are subjected to conditions identical to those ex-
pected for the study sample conditions. Thus, whereas sug-
gestions have been made that three freeze-thaw cycles should
be routinely assessed, in certain applications a larger or
smaller number of cycles might be realized during the routine
use of the bioanalytical method. Therefore, stability testing
should not be fixed at three cycles, but rather the maximum
number of freeze-thaw cycles that samples will experience
during the routine use of the method.

An additional concern with immunoassays is reagent sta-
bility. For example, the enzyme that is conjugated to the an-
tibody in a typical ELISA will inevitably lose its enzymatic
activity over time. Therefore during Pre-Study Validation,
documentation should be made of the conditions under which
the principle reagents maintain sufficient stability to meet the
basic requirements of assay performance.

3. In-Study Validation

In-Study Validation should focus on the routine use of
the calibration model and QC samples as described in Section
IV.B. A calibration curve and a set of QC samples are rec-
ommended for each bioanalytical batch. Most laboratories
consider a 96-well plate to constitute a bioanalytical batch for
an ELISA, but several plates may be grouped into a single
batch as long as the larger batch size is covered during Pre-
Study Validation.

B. Anti-Drug Antibody Assays

The assays used to monitor subjects for the presence of
anti-drug antibodies represent a unique class of bioanalytical
procedures that have distinct requirements for assay valida-
tion. While there are several platforms currently used for the
detection of anti-drug antibodies, these platforms generally
fall into one of two classifications: immunoassays or bioas-
says. The major distinction between these classifications is
that immunoassays serve to measure antibodies that bind to a
drug (i.e., “binding” antibodies), while bioassays are designed
to measure antibodies that neutralize the biological effect of
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a drug (i.e., “neutralizing” antibodies). The foregoing discus-
sion focuses on immunoassay measurements of binding anti-
bodies, whereas methods that address neutralizing antibodies
are discussed in the Bioassay section of this report.

1. Bioanalytical Method Establishment

In addition to procuring an appropriate reference stan-
dard and documenting its identity and purity (see section on
Standard Immunoassays), Bioanalytical Method Establish-
ment should focus on procuring a positive control antibody.
The positive control antibody should ideally emulate the an-
tibodies present in the test samples as closely as possible, and
for assays intended to support studies in man, an antibody-
positive clinical sample would be optimal. However, early in
the development of a drug, it is rare that such a reagent exists,
and even in mature clinical programs, sufficient quantities of
human anti-sera can seldom be procured. Some laboratories
therefore depend on the use of pooled antibody-positive
samples from non-human primates that were exposed to the
drug during the preclinical stages of development. The next
appropriate choice would be an affinity purified polyclonal
antibody from a more evolutionarily distant mammal (such as
a mouse or rabbit), followed by a monoclonal antibody that is
known to bind the drug molecule.

2. Pre-Study Validation

A. Specificity. In anti-drug antibody assays, the analyte
corresponds to a polygonal mixture of immunoglobulins hav-
ing differential affinities for a multitude of binding sites (epi-
topes) on the drug. Given that the analyte is an extraordinar-
ily heterogeneous entity, it is a forgone conclusion that the
bioanalytical method will have a poor capacity to differentiate
and quantitate the analyte in the presence of other constitu-
ents in a sample. For this reason, evaluations of method speci-
ficity defer to basic assessments of the certainty that an ob-
served positive response corresponds to drug-binding anti-
bodies.

The bioanalytical result in an immunoassay for anti-drug
antibodies generally corresponds to a simple direct compari-
son of an instrument response to a test sample versus a set of
reference samples. For example, where the ELISA format is
used to measure anti-drug antibodies, the bioanalytical result
is the units of optical density (OD) for the test sample relative
to the OD value with a negative control reference sample
where surface plasmon resonance is used to measure antibod-
ies (X), the bioanalytical result is a change in the optical
signal. In interpreting whether a sample is positive for the
presence of anti-drug antibodies, analysts typically apply the
following criteria:

1. The observed instrument response must be greater
than the cutpoint.®

2. The observed instrument response must be abrogated
by addition of soluble drug to the assay.

28 The cutpoint generally corresponds to measurements of samples
from an untreated population, typically with a sample size of at
least 30 individual subjects. The cutpoint is commonly defined as
the average plus 3 standard deviations. (For a sample size of 30
subjects, 3 standard deviations corresponds to a 0.5% probability of
reaching a false positive result.)
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3. The onset of the antibody positive result should be
correlated with exposure to the drug. (A typical criterion is
that the instrument response ratio of post-dose:pre-dose
(baseline) samples is =2.0).

4. Data from experimental controls should prove that
relevant antibodies produce a positive result in the assay and
irrelevant antibodies produce a negative result.

B. Assay Calibration. Calibration of anti-drug antibody
assays is an area of considerable debate (7). Thus, while it is
broadly considered to be impossible to procure a reference
sample that universally matches study samples in the range of
affinities and classes of immunoglobulins, regulators have ex-
pressed frustration with bioanalytical data that are expressed
in arbitrary units such as titers. The principle frustrations with
arbitrary units are two-fold: 1) it is not possible to evaluate
whether a particular method has acceptable sensitivity; and 2)
antibody data for a particular pharmaceutical product cannot
be compared to data from other products. Given these frus-
trations, it is possible that drug companies will soon be re-
quired to make a good faith effort to develop antibody ref-
erence standards (i.e., anti-drug immunoglobulins purified
from anti-serum) for calibrating anti-drug antibody assays. In
this case, data generated in anti-drug antibody techniques
may eventually be routinely reported in mass unit concentra-
tions (e.g., ng/mL of IgG).

At present, the vast majority of anti-drug antibody bio-
analytical methods generate semi-quantitative data in which
antibody concentrations are reported in relative or arbitrary
units. Thus, data are typically reported as titers, the reciprocal
of the highest dilution of a sample in which the instrument
response is greater than the cutpoint response. Where a posi-
tive control antibody is available, a pseudo-calibration curve
can be generated by assay of serially diluted aliquots, and the
concentration-response curve can be used to ensure that the
method performs in a reproducible manner.

C. Precision, Accuracy and Recovery. Pre-Study Valida-
tion tests for the precision of bioanalytical methods for anti-
drug antibody measurement typically focus on whether posi-
tive and negative control samples are measured with suitable
reproducibility. Given that most anti-drug antibody assays
generate semi-quantitative data, accuracy and recovery are
not typically measured.

D. Quality Control (QC) Samples. The types of QC
samples that are typically used in quantitative bioanalytical
methods are seldom used in anti-drug antibody assays.
Rather, determination of whether a particular batch has met
performance acceptance criteria is commonly based on assay
results with positive and negative control samples. As men-
tioned previously, the positive control generally corresponds
to an antibody that is known to bind to the drug molecule.
The negative control is typically a panel of serum samples
from untreated subjects. An additional negative control that
should be considered is assay of the test samples in the ab-
sence of the antigen, which serves to measure nonspecific
binding of immunoglobulins in the test samples. Although the
guidelines for Pre-Study Validation described in Section IV.A
are not directly applicable to anti-drug antibody assays (since
the guidelines specifically address quantitative methods),
some of the guiding principles should be applied during the
Pre-Study Validation of anti-drug antibody assays. For ex-
ample, Target Acceptance Limits should be defined for the
performance of the control samples, an Experimental Design
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should be implemented that outlines the conduct of the Pre-
Study Validation experiments, and statistical criteria should
be established a priori for concluding that the method is ei-
ther acceptable or unacceptable.

E. Stability. The stability tests described for Standard
Immunoassays are applicable to anti-drug antibody bioana-
lytical methods.

3. In-Study Validation

Existing guidance documents for assay validation empha-
size assessment of the calibration model during In-Study Vali-
dation. However, most anti-drug antibody assays generate
semi-quantitative results, and the calibration model is there-
fore of lesser concern during In-Study Validation. Rather,
In-Study Validation should focus on the performance of posi-
tive and negative controls. The QC samples described in Sec-
tion III.B.2.D are well suited to serve in this capacity, the
objective being to use the data generated with these controls
to determine whether the results from a particular batch meet
pre-defined acceptance criteria.

C. Bioassays (Cell-Based Assays/Activity-Based Assays)

A bioassay is a bioanalytical technique that uses a living
system to measure the biological activity of a drug. In general,
the biological activity relates to the intended therapeutic use
of the drug, but in some cases may address drug toxicity or
side effects. The primary focus of this section is validation of
bioassays involving in vitro systems, for example, cell-based
or activity-based assays. Although it is acknowledged that in
vivo bioassays play an important role in pharmaceutical ana-
lytics, methodologies involving animals are considered be-
yond the scope of this document.

For the purpose of validation, an in vitro bioassay gen-
erally involves the use of an established (immortal) cell line to
measure a discrete response such as cellular proliferation,
survival, or differentiation. Such cell-based bioassays may be
used for quantitative and semi-quantitative purposes. Among
the most frequently used quantitative applications are esti-
mations of drug potency to support manufacturing and mea-
surements of concentrations of biologically active drug in ex
vivo samples to support preclinical and clinical programs.
Semi-quantitative applications include evaluation of drug
neutralization in ex vivo samples and high-throughput screen-
ing to support drug discovery.

1. Bioanalytical Method Establishment

In addition to procuring an appropriate reference stan-
dard and documenting its identity and purity (see section on
Standard Immunoassays), Bioanalytical Method Establish-
ment should focus on documenting characteristics of the cell
line. Examples of important characteristics may include, but
are not limited to: origin of the cell line, culture history, sub-
cloning history, morphology, surface markers, and the pres-
ence of microbial contamination. In the same context, it is
advisable to research the effect of age of the cell culture on
the response measured in the assay.

2. Pre-Study Validation

A. Specificity. Most cell lines proliferate, differentiate
and/or senesce in response to a plethora of biomolecules.

Miller er al.

Macromolecular drugs often undergo some form of metabo-
lism in vivo, resulting in the generation of metabolites that
may possess some biological activity. Moreover, biopharma-
ceutical therapies occasionally result in up- or down-
regulation of biomolecules that elicit positive responses in the
bioassay. Therefore it deserves to be emphasized that bioana-
lytical methods based on bioassays are rarely specific for the
analyte of interest. In recognition of this limitation, during
Pre-Study Validation, it is recommended to evaluate the ex-
tent of interference that occurs due to nonspecificity. Since a
host of tissue factors may affect the cells, and endogenous
concentrations of these factors may vary among individual
subjects, baseline samples from a number of representative
subjects should be studied for nonspecific induction of the
cellular response. When bioassays are used to support clinical
studies, the baseline samples will optimally be obtained from
the target patient population.

B. Assay Calibration. For bioassays that derive quanti-
tative measures of analyte concentration, the description of
calibration methods provided in the section on Standard Im-
munoassays is applicable. In cases where the bioassay is ap-
plied to measurement of drug neutralization, assay calibration
typically focuses on samples that are amended with the drug,
commonly at the EC5,. When drug-neutralizing substances
are present in the serum, the cellular response to the drug is
selectively diminished. Therefore, the endpoint in the neu-
tralizing assay is typically the ratio of the cellular response at
the ECs, in the presence and absence of neutralizing sub-
stances. The robustness of this response must be thoroughly
investigated during Pre-Study Validation.

C. Precision, Accuracy, and Recovery. For bioassays
that derive quantitative measures of analyte concentration,
the description of precision, accuracy and recovery methods
provided in the section on Standard Immunoassays is appli-
cable. For semi-quantitative bioassays, precision is of prin-
ciple concern, with precision testing typically focusing on the
performance of positive and negative control samples.

D. Quality Control (QC) Samples. For bioassays that
derive quantitative measures of analyte concentration, the
description of QC sample methodology provided in the sec-
tion on Standard Immunoassays is applicable. For semi-
quantitative bioassays, determination of whether a particular
batch has met performance acceptance criteria is commonly
based on assay results with positive and negative control
samples, the objective being to use the data generated with
these controls to determine whether the results from a par-
ticular batch meet pre-defined acceptance criteria (see Sec-
tion III.B.2.D).

E. Stability. The stability tests described for Standard
Immunoassays are applicable to bioassays.

3. In-Study Validation

For bioassays that derive quantitative measures of ana-
lyte concentration, the description of In-Study Validation
provided in the section on Standard Immunoassays is appli-
cable. For bioassays that generate semi-quantitative results,
In-Study Validation should focus on the use of positive and
negative controls. As described for anti-drug antibody assays
(Section III.B.3), these controls are used during In-Study
Validation to assess the reliability of results from individual
batches.
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D. Biomarkers

A biomarker is a measurable biological response that is
related to the progression of a disease (8). When a biomarker
is validated and linked to a clinical outcome according to
appropriate criteria, it can be used to determine the drug
efficacy or toxicity. While biomarkers can be small molecules
(e.g., steroids and ion cofactors) or large molecules (nucleic
acids, receptors, enzymes, proteins, polysaccharides, phos-
pholipids, etc.), the foregoing discussion focuses on macro-
molecular forms, which are chiefly analyzed by immuno-
chemical, cell-based, or enzyme assays.

1. Bioanalytical Method Establishment

Where the intended reference standard is a recombi-
nantly expressed protein, it should be noted that such pro-
teins often have glycosylation patterns that are distinct from
their endogenous counterparts, and an investigation should
therefore be undertaken to determine whether the reference
material produces a different assay response than the endog-
enous biomarker. If assay responses are known or suspected
to be different for reference and endogenous materials, it
should be acknowledged that the assay results support the
determination of trends, but not absolute concentrations of
the biomarker.

In the ideal case, purified endogenous protein from the
host species is used as an authentic reference standard. In
such a case, the reference standard should be thoroughly
characterized in terms of analytical purity. When commercial
sources are used, detailed information regarding product
characterization should be pursued with the vendor.

It should be established whether data are available on
the properties of the reference standard relative to a primary
WHO standard (or other standardized programs), informa-
tion that will aid in determining whether it is appropriate to
compare results across different studies or laboratories. Fi-
nally, it should be acknowledged that some biomarkers can-
not be well defined because of structural uncertainty and/or
lack of global standardization (9,10); for these biomarkers,
quantitation methods will be relative rather than absolute.

2. Pre-Study Validation

A. Specificity. Verification that a biomarker assay is
specific for the intended analyte poses a formidable chal-
lenge. The vast majority of biomarkers are endogenous mol-
ecules present at some baseline concentration in the biologi-
cal matrix of interest (e.g., plasma, serum, urine, or cerebral
spinal fluid). Baseline concentrations typically vary among
individuals, with the greatest extent of variation occurring in
diseased subjects. For macromolecular biomarkers, it is often
difficult, if not impossible to distinguish low levels of the en-
dogenous molecule from nonspecific measurements in the as-
say due to matrix interference. Given these significant cave-
ats, biomarker assays are typically suitable for measuring
relative, rather than absolute concentrations, the appropriate
endpoint being assessment of post-treatment increases (or de-
creases) relative to pre-treatment values.

B. Assay Calibration. Whether aimed at determining
absolute or relative concentrations, it is helpful during the
development of a biomarker assay to incorporate screening of
samples from a large number of healthy subjects as well as
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subjects diagnosed with the disease. These screening results
indicate the population distribution of biomarker concentra-
tions, information that is pertinent to the selection of the
control biological matrix used to prepare QC samples. In ad-
dition, the screening results can be used to optimize the de-
sign of the calibration curve. When endogenous levels are low
in healthy controls and increase with disease, the calibration
curve will ideally cover the lower normal levels, since this will
facilitate quantitative assessment of the transitions between
normal and disease state.

Preparation of the calibration standards in the biological
matrix of interest has the inherent advantage of controlling
for nonspecific signal with the bioanalytical method due to
matrix interference. However, unless the biomarker shows
a very large increase in expression over baseline concentra-
tions, baseline concentrations may obscure the bioanalytical
response to the up-regulated biomarker, resulting in an in-
sensitive method. Moreover, such an approach is unsuitable
for methods aimed at measuring biomarkers subject to
down-regulation. Some laboratories purport affinity-stripped
matrices to be the ideal medium for preparing calibration
standards, since these have the added advantage of reduced
interference due to the baseline concentrations of the endog-
enous biomarker. However, given that interference in a bio-
marker assay is seldom completely eliminated (neither non-
specific nor specific), even this approach may not yield a
method with adequate sensitivity. Therefore, in most cases,
biomarker bioanalytical methods incorporate the use of alter-
native matrices for calibration standard preparation, such as a
buffer amended with serum proteins or a surrogate matrix
from another animal species.

C. Precision, Accuracy, and Recovery. For biomarker
assays that derive quantitative measures of analyte concen-
tration, the description of precision, accuracy and recovery
methods provided in the section on Standard Immunoassays
is applicable. For semi-quantitative bioassays, precision is of
principle concern, with precision testing typically focused on
the performance of positive control samples.

D. Quality Control (QC) Samples. There are two guid-
ing principles in the establishment of QC samples for a bio-
marker assay: 1) they should be prepared in a medium that
mimics the matrix of the study samples; and 2) the concen-
trations should reflect those expected in the study samples.
To fulfill these criteria, a pooled lot of matrix should be ide-
ally used, and a set of QC samples should be prepared by
spiking the analyte into the matrix at discrete concentrations.
In cases where biomarker levels are reduced as a result of
treatment with a biopharmaceutical, it may be necessary to
prepare the QC samples in an alternate matrix as described
above.

E. Stability. The stability tests described for Standard
Immunoassays are applicable to biomarker assays.

3. In-Study Validation

For biomarker assays that derive quantitative measures
of analyte concentration, the description of In-Study Valida-
tion provided in the section on Standard Immunoassays is
applicable. For biomarker assays that generate semi-
quantitative results, In-Study Validation should focus on the
use of positive and negative controls as described in Section
I11.B.3.
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IV. VALIDATION AND ACCEPTANCE CRITERIA

As evidenced from these workshop proceedings, there
are several types of bioanalytical methods that are being rou-
tinely applied by pharmaceutical scientists to analyze macro-
molecules. Some of these methods derive semi-quantitative
endpoints (e.g., titers of anti-drug antibodies), whereas others
seek to obtain quantitative determinations (e.g., drug concen-
trations in pharmacokinetic samples). The purpose of this
section is to address the latter.

A. Pre-Study Validation Criteria

The goal of Pre-Study Validation is to document that a
bioanalytical method routinely produces results that are reli-
able. Accordingly, key considerations are that the method
delivers suitable accuracy, repeatability (i.e., within-batch
precision), and intermediate precision (i.e., between-batch
precision).

To allow an objective evaluation of method acceptability
during Pre-Study Validation, bioanalytical specifications must
first be defined. Thus, it is recommended that prior to em-
barking on the Pre-Study Validation experiments, specifica-
tion be made of the components listed below.

1. Target Acceptance Limits

The Target Acceptance Limits define the minimal per-
formance required of a validated method. These limits should
be established in collaboration with other scientists (e.g.,
pharmacokineticists) and in consideration of guidance docu-
ments, scientific publications and previous laboratory experi-
ence. The consensus opinion at the workshop was that the
minimal acceptance limits for ligand-binding assays should be
set at 30% for accuracy (mean bias) and precision, with limits
greater than 30% being permissible if agreed upon by the
end-users of the analytical data.

2. Experimental Design

The Experimental Design outlines the conduct of the
Pre-Study Validation experiments. This represents a blue-
print for evaluating the key method performance factors de-
scribed in previous sections of this report, including specific-
ity, the calibration model, precision, accuracy, recovery, dilu-
tional linearity, and stability. Moreover, the Experimental
Design should describe the calibrator concentrations, valida-
tion QC sample concentrations, and the number of validation
batches and replicates. Regarding the latter issue, the follow-
ing recommendations are made:

1. Since ligand-binding assays often have relatively high
inter-assay imprecision, it is recommended that at least 6 vali-
dation batches be performed over several days. For bioana-
lytical methods with large bias or intermediate precision (e.g.,
absolute error =80% of the Target Acceptance Limit), the
number of batches should be increased to at least 10.

2. At least 3 sets of validation QC samples should be
included in each batch, with each set of samples analyzed in at
least duplicate. Each set should contain samples than span the
quantitative range of the method (e.g., LLOQ, midrange, and
ULOQ).
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3. Procedures for Statistical Analysis

The Procedures for Statistical Analysis refer to the sta-
tistical methods used to analyze data from the Pre-Study Vali-
dation experiments. As described in detail by Findlay et al.
(3), for validation experiments in which replicate measure-
ments are made over multiple bioanalytical batches, accuracy
and precision of a method are commonly estimated using a
one-way random effects model. Although statistical software
currently exists for performing these calculations, it is recog-
nized that there continues to be a need for software designed
specifically for analyzing data from validation experiments.

4. Statistical Acceptance Criteria

The Statistical Acceptance Criteria used during Pre-
Study Validation constitute the basis for concluding that a
bioanalytical method is either acceptable or unacceptable for
its intended use. For the purpose of objectively accepting or
rejecting a particular method, Statistical Acceptance Criteria
are commonly applied to assay parameters such as accuracy
and precision. These criteria fall into two categories:

1. Criteria for comparing estimates of mean assay pa-
rameter values with the Target Acceptance Limits.

2. Criteria for comparing statistical confidence intervals
for the true assay parameter values with the Target Accep-
tance Limits.

Standard statistical tests designed to reject a null hypothesis
are inappropriate for validation experiments because the de-
sired outcome is to accept a method. Consequentially, a com-
mon practice is to default to category 1 above, namely to use
Statistical Acceptance Criteria that directly compare esti-
mates of mean assay parameters from Pre-Study Validation
experiments with the Target Acceptance Limits (e.g., accu-
racy and precision each average =30%). The difficulty with
this approach is that it does not limit the chances of falsely
accepting an unsuitable method or falsely rejecting a suitable
one. Because validation data are often limited (N is relatively
small), the category 1 approach is often associated with a
relatively high risk of falsely concluding that a bioanalytical
method will achieve the desired performance in routine use.
For these reasons, confidence intervals and equivalence test-
ing procedures (category 2 above) have been proposed
(11-12).

A shortcoming of both category 1 and 2 criteria is that
the underlying basis for deeming a method to be suitable or
unsuitable during Pre-Study Validation is inconsistent with
the In-Study Validation recommendation to use the “4-6-30
rules” (see below). An alternative approach that provides
greater consistency between Pre-Study and In-Study Valida-
tion results is to define Pre-Study Statistical Acceptance Cri-
teria as limits on the prediction interval for total measure-
ment error (13,14). This approach combines both accuracy
and precision into a single integrated assessment of method
suitability in a manner similar to the ‘4-6-30 rule’. Because of
concerns about the increased computational requirements of
the prediction interval approach, a simple compromise is pro-
posed that achieves some of the goals of the total error ap-
proach and maintains consistency with the In-Study accep-
tance criteria. In this approach, the Pre-Study Validation cri-
teria for method acceptance requires the sum of the absolute
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mean bias and the intermediate precision to be =30% (see
Table II).

B. In-Study Validation Criteria

The following recommendations apply to acceptance of
an In-Study validation assay run:

1. Adopt a “4-6-30 rule” as the criteria for accepting
In-Study runs (4 out of 6 QC results must be within 30% of
their respective nominal values).

2. For each QC concentration level, at least 50% of the
results must be within 30% of the respective nominal value.

3. Since QC results must be in-range at all concentration
levels, results cannot be reported from a truncated standard
(calibration) curve.

Another point to consider is that standard curve param-
eters (e.g, maximum binding, nonspecific binding, ED,,
EDs,, EDg,, min-max signal, and signal-to-noise ratio) may
be monitored to assess standard curve reproducibility. More-
over, although anchor points can be useful in calibration, it is
inappropriate to report results beyond the validated range
(i.e., outside the limits of quantitation).

V. CLOSING COMMENTS

This report has summarized the major issues discussed at
the March 2000 workshop on “Bioanalytical Methods Vali-
dation for Macromolecules.” Its purpose was to provide an
initial set of guiding principles for the validation of bioana-
lytical methods used to support the preclinical and clinical
stages of macromolecular drug development. Despite the sub-
stantial groundwork laid at the meeting, due to the diversity
in topics, there was not adequate time for an in-depth discus-
sion of all the analytical issues. It is clear that numerous un-
resolved issues concerning the validation and application of
analytical methods for macromolecules warrant further dis-
cussion. These issues include, but are not limited to, questions
such as: What is the optimal method to evaluate “parallel-
ism?” What are the best approaches for nonlinear calibra-
tion? Are anchor calibrators necessary? What defines the
quantitative range? Are specific recommendations needed for
editing standard curves? What is the best approach to assess
accuracy (mean bias) and imprecision? And what are the ap-

Table II. Total Error Values Applicable to Bioanalytical Method

Validation”

Accuracy Intermediate Total
(mean bias) precision error

0 30 30

5 25 30

10 20 30

15 15 30

20 10 30

25 5 30

30 0 30

“Total error in this table is defined as the sum of the absolute mean
bias and intermediate precision. This table provides a simple alter-
native to the more complex computation of a prediction interval for
total error (3). This computation is being recommended due to the
lack of universally available software.
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proaches for defining specificity (selectivity)? In addition to
noting these unresolved issues, it should be emphasized again
that the recommendations in this document do not necessarily
reflect a concordance of viewpoints. It is the authors’ hope
that this report will inspire further discussion and serve as a
foundation and framework for ongoing efforts to address the
unresolved issues, as well as the points of controversy. Ac-
cordingly, several of this report’s authors have joined with
fellow bioanalytical scientists to establish the Ligand Binding
Assay Bioanalytical Focus Group within the AAPS to pro-
vide a forum for subsequent discussions pertaining to the de-
velopment of globally accepted best practices for the bio-
analysis of macromolecules. For information about this
group, the reader is advised to contact AAPS directly* or to
read the posting on the Internet at www.aapspharmaceutica.
com.

VI. GLOSSARY OF TERMS (DEFINITIONS)

4-6-20 QC rule: A batch (run) acceptance criterion
widely used in the pharmaceutical industry, which requires
that 4 out of 6 QC results be within + 20% of their respective
nominal value. Recently, this rule was modified for small mol-
ecule chromatographic-based assays to require 67% (4 out of
6) of QC results to be within 20% of their respective nominal
values; 33% of the results (not all replicates at the same con-
centration) may be outside the +20% of the nominal value.
In this document, this rule has been modified for the bio-
analysis of macromolecules to require 4 out of 6 of QC results
to be within + 30% of their respective nominal value with at
least 50% of the QC results in-range at each concentration
level.

Anti-drug antibody: An antibody that binds to a drug.

Accuracy (ICH): The closeness of agreement between
the value that is accepted either as a conventional true value
or an accepted reference value and the value found. This is
sometimes termed trueness.

Batch: Synonymous with run. A set of standard curve
calibrators, validation samples, and/or quality control
samples, and/or study samples that is analyzed in a single
group.

Bias: Systematic difference between measured a test re-
sult and the theoretical true value (nominal). Bias is ex-
pressed either as a relative error (% RE) or as a ratio (%
recovery).

Binding antibody: An antibody that binds to a drug but
does not necessarily serve to neutralize the biological activity
of the drug.

Bioassay: An analytical format in which the response
variable is biological in nature (e.g., cell proliferation).

Biomarker: A characteristic that is objectively measured
and evaluated as an indicator of normal biological processes,
pathogenic processes, or pharmacological responses to a
therapeutic intervention.

Calibration curve: A functional relationship between the
analyte concentration in the standards (calibrators) and the
measured response. The calibration curve is used to estimate
the analyte concentration in test samples by dose interpola-
tion.

22 AAPS, 2107 Wilson Blvd, Suite 700, Arlington, VA 22201-3046.
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Calibration standards: Samples having a known concen-
tration of analyte that are used in an assay to gauge the re-
lationship between system responses (e.g., absorption units)
concentrations of an analyte.

Calibrator: A solution or biological matrix spiked with
the analyte of interest with which test samples are compared
for estimating the concentration of analyte. For the purposes
of this document, calibrator and standard are synonymous
terms.

Competitive assay: A type of ligand-binding assay format
in which the analyte competes with a labeled form of the
analyte (e.g., radiolabel, enzyme, and fluorescent label) for a
fixed and limiting concentration of the binder, usually an an-
tibody or antiserum.

Cross-validation: Validation that supports the use of two
or more bioanalytical methods within the same study.

Cutpoint: The cutpoint generally corresponds to mea-
surements of samples from an untreated population, typically
with a sample size of at least 30 individual subjects. The cut-
point is commonly defined as the average plus 3 standard
deviations.

Dilutional linearity: A condition in which dilution of a
spiked sample does not result in biased measurement of the
analyte concentration. Thus, when a spiked sample is serially
diluted to result in a set of samples having analyte concentra-
tions that fall within the quantitative range of the assay, the
entire set of dilutions is measured with acceptable accuracy.

Full validation: A validation that includes evaluation of
accuracy, precision, curve-fitting (model assessment), sensi-
tivity, specificity, stability, etc.

Immunoassay: A type of ligand-binding assay in which an
antibody or antiserum is used to as the specific binder.

Intermediate precision (ICH): Precision of repeated
measurements within-laboratories taking into account all
relevant sources of variation affecting the results (e.g., day,
analyst, batch). Also referred to as inter-batch, inter-assay,
and inter-run precision.

Ligand-binding assay: A type of assay format that de-
pends on the specific binding of an analyte to another mol-
ecule, usually a macromolecule (biopolymer). This format
typically involves reversible noncovalent interactions gov-
erned by the laws of mass action.

Limit of detection: The lowest concentration of analyte
for which the response can be reliably distinguished from
background noise.

Linearity (ICH): A condition in which test results are
directly proportional to the concentration (amount) of ana-
lyte in the sample.

Lower limit of quantitation (ICH): The lowest concen-
tration (amount) of analyte in a test sample that can be de-
termined quantitatively with suitable accuracy (mean bias)
and precision.

Macromolecule: A molecule having a mass greater than
1,000 daltons. Macromolecules are commonly biopolymers
that have the potential to provoke an immune response. Due
to their inherent molecular complexity, macromolecules are
generally more difficult to characterize than conventional
small molecule xenobiotics.

Matrix: The material, usually of biological origin, in
which the analyte is contained.

Matrix Effect: Interference in an assay that is caused by
adding the sample matrix. Commonly refers to analytical in-
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terference produced by factors other than those that have
physicochemical similarity to the analyte.

Neutralizing antibody: An antibody that binds to a drug
in such a way as to inhibit its biological activity.

Noncompetitive assay: A type of ligand-binding assay
format in which the analyte is detected using multiple binders
(e.g., sandwich ELISA). In this binding format at least one of
the binders is present in excess amount and one is labeled
(e.g., enzyme, radiolabel, fluorescence) or modified in a spe-
cific manner (e.g., biotinylated) to permit detection of the
binding reaction.

Nonspecific nonspecificity: Analytical interference
caused by factors other than those that are related physico-
chemically to the analyte of interest, but which nevertheless
affect the in vitro binding reaction. This type of nonspecificity
is commonly referred to as matrix effects.

Parallelism: A condition in which dilution of test samples
does not result in biased measurements of the analyte con-
centration. Thus, when a test sample is serially diluted to
result in a set of samples having analyte concentrations that
fall within the quantitative range of the assay, there is no
apparent trend toward increasing or decreasing estimates of
analyte concentration over the range of dilutions.

Partial validation: Modification of a full validation. Par-
tial validations can range from analysis of a single batch to
nearly full validation and are typically performed to support
bioanalytical method transfer, platform changes, changes in
assay range, changes in the matrix species of origin, selectivity
in the presence of co-administered drugs, etc.

Precision (ICH): The closeness of agreement (degree of
scatter) between a series of measurements obtained from
multiple sampling of the same homogeneous sample under
the prescribed conditions. Precision may be considered at
three levels: repeatability, intermediate precision and repro-
ducibility.

Pre-Study Validation: Procedures used before the analy-
sis of study samples to establish that an bioanalytical method
is suitable for its intended application.

Quality control (QC) samples: Pre-Study Validation and
In-Study samples having a known concentration (nominal) of
analyte that are treated as unknowns in an assay. During
Pre-Study Validation, QC samples are used to generate in-
formation to demonstrate the method is suitable for its in-
tended purpose. During In-Study runs, QC values are used as
the basis for accepting and rejecting bioanalytical method
batches.

Range (ICH): The interval between the upper and lower
concentrations (amounts) of analyte in the sample for which
it has been demonstrated that the analytical procedure has a
suitable level of accuracy (mean bias), precision, and
linearity.

Recovery (spike recovery): A measurement of the close-
ness of an observed result to its theoretical true value. Re-
covery is generally expressed as the percentage of the ob-
served to the nominal (theoretical) concentration. Spike
recovery relates to cases where the theoretical concentration
corresponds to the concentration of analyte added to a
sample by the analyst.

Repeatability (ICH): The precision under the same op-
erating conditions over a short interval of time. Also termed
intra-batch or intra-run precision.
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Reproducibility (ICH): Precision of repeated measure-
ments between laboratories. Also termed inter-laboratory
precision. Usually applies to collaborative studies that involve
the standardization of a bioanalytical method across multiple
laboratories.

Response error relationship: The relationship between
the variability in replicate response measurements (e.g., cpm,
absorbance) and the mean response.

Robustness (ICH): A measure of a bioanalytical meth-
od’s capacity to remain unaffected by small, but deliberate,
variations in method parameters. Robustness provides an in-
dication of a bioanalytical method’s reliability during normal
usage.

Run: Synonymous with batch. The collection of analyti-
cal samples covered by a single calibration curve and set of
QC samples. The size of a bioanalytical run must be defined
during Pre-Study Validation.

Selectivity: The extent to which a bioanalytical method
can measure particular analyte(s) in a complex mixture with-
out interference from other components of the mixture.

Specific nonspecificity: Analytical interference that is
caused by substances in the test sample that have physico-
chemical similarity to the analyte of interest. Examples of
such substances include metabolites, degraded forms of the
analyte, isoforms, precursors, and structural variants that dif-
fer with regard to post-translational modification.

Specificity: The ability to unequivocally measure the ana-
lyte in the presence of other components that may be ex-
pected to be present in the biological specimen, including
impurities, metabolites, and endogenous matrix components.

Total error: A term that describes the agreement be-
tween a measured test result and the theoretical true value.
The term total error describes a combination of systematic
(mean bias) and random (imprecision) error components. In
some publications, the term total error is also defined to as
accuracy (ISO).

Upper limit of quantitation: The highest concentration
(amount) of analyte in a test sample that can be quantitatively
determined with suitable accuracy (mean bias) and precision.
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