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Abstract. In September 2013, the FDA released a draft revision of the Bioanalytical Method Validation
(BMV) Guidance, which included a number of changes to the expectations for bioanalysis, most notably the
inclusion of biomarker assays and data. To provide a forum for an open, inclusive discussion of the revised
draft BMV Guidance, the AAPS and FDA once again collaborated to convene a two-and-a-half day
workshop during early December 2013 in Baltimore, MD, USA. The resulting format embodied extensive
open discussion and each thematic session included only brief, concise descriptions by Agency and industry
representatives prior to opening the ﬂoor discussion. The Workshop was built around four thematic sessions
(Common Topics, Chromatographic, Ligand-Binding Assays, and Biomarkers) and a ﬁnal session with
international regulators, concluding with a review of the outcomes and recommendations from the thematic
sessions. This Workshop report summarizes the outcomes and includes topics of agreement, those where the
FDA will consider the Industry’s perspective, and those where the workshop provided a ﬁrst open dialogue.
This article will be available to the bioanalytical community at http://www.aaps.org/BMV13.
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INTRODUCTION
The quantitative measurements of drugs, metabolites, and
biomarkers in nonclinical and clinical studies provide essential
information in the assessment of safety and efﬁcacy of drugs. Drug
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ABBREVIATIONS: A&P, Accuracy and Precision; ADC, AntibodyDrug Conjugate; BQL, Below Quantitation Limit, <LLOQ is also used;
Conjugated Antibody, Antibody with DAR equal or greater than 1; DAR
Drug Antibody Ratio; Dx, Diagnostic; HQC, High Quality Control; LLOQ,
Lower Limit of Quantitation; LQC, Low Quality Control; MQC, Mid
Quality Control; ULOQ, Upper Limit of Quantitation.
DEFINITIONS: Unconjugated Drug, drug spontaneously released in vivo
from an ADC; Antibody-Conjugated Drug, drug conjugated to the antibody
moiety; Total Antibody, Antibody with DAR equal or greater than 0.
Includes conjugated and fully unconjugated antibody; Mock Clinical
Sample, Samples prepared by pooling samples or spiking over endogenous
levels. Used in the context of demonstrating biomarker stability on storage
and measured periodically with a Dx.

or biomarker concentrations frequently serve as the primary or
secondary endpoints of many clinical studies in drug development.
Consequently, the reliability or quality of that data underpins the
study outcome. For example, in bioequivalence studies, the
pharmacokinetic (PK) comparison is the basis for approval, thus
the quality of the concentration data is essential. Similarly, as
biomarkers and the resulting pharmacodynamic (PD) interpretations are exploited more extensively in establishing efﬁcacy and
labeling claims, the quality of these determinations will require
greater demonstration of the assay quality and usage. In all cases,
these PK or PD measurements are based on established principles
and scientists can utilize a common, vetted paradigm of practices,
independent of the analytical platform to demonstrate that the
assays provide reliable data.
The evolution of this bioanalytical paradigm began with the
ﬁrst American Association of Pharmaceutical Scientists
(AAPS)/Food and Drug Administration (FDA) Bioanalytical
Workshop in 1990 (1). Scientists in the bioanalytical ﬁeld
worked with the regulatory community to establish a common
language and expectations in generating pharmacokinetic data
for drugs and metabolites. These validation principals were
introduced into regulations by Health Canada in 1992 (2) and
then by the FDA which published the ﬁrst edition of its
Guidance on Bioanalytical Method Validation (BMV) (3) in
2001. Since then, the dialogue has broadened signiﬁcantly
through scientiﬁc conferences not only within the USA, but
globally. The last decade has seen the additional introduction of
BMV regulation in Brazil (4), the EU (5), and Japan (6), with
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other countries considering new regulation or applying existing
regulations from other regions. In September 2013, the FDA
released a draft revision (7) of the BMV guidance, and the
discussion continued. The current draft document included a
number of changes to the expectations for bioanalysis, most
notably the inclusion of biomarker assays and data.
To provide a forum for an open, inclusive discussion of
the revised draft BMV Guidance, the AAPS and FDA once
again collaborated to convene a two-and-a-half day workshop
during early December 2013 in Baltimore, MD, USA.
Although not held in Arlington, VA, Crystal City V (CCV) built
upon its historic precedents to facilitate an open dialogue between
the industry and Agency. An objective set forth early in the
planning was the need for more extensive open comment sessions.
The resulting format embodied that concept and each thematic
session included only brief, concise descriptions by Agency and
industry representatives prior to opening the ﬂoor discussion.
Those introductory presentations focused on what had changed
and why, and it highlighted areas of industry concern to be
discussed in the open sessions. Each open session was moderated
by Agency and industry representatives, included a panel of subject
matter experts (SME) from the FDA and industry, and utilized
additional SMEs from the FDA and industry to roam among the
audience and stimulate the discussion.
The Workshop was built around four thematic sessions
(Common Topics, Chromatographic, Ligand Binding Assays, and
Biomarkers) and a ﬁnal session with international regulators,
concluding with a review of the outcomes and recommendations
from the thematic sessions. All of these sessions highlighted the
changes in the pharmaceutical industry, in particular the growth of
biotechnology-based therapies. Over 450 scientists attended the
Workshop, with 25% of participants coming from 18 countries
outside the USA. In many cases, the attendees represented not
only their own companies but also the numerous regional and
global bioanalytical consortia (e.g., Global Bioanalysis Consortium,
International Consortium on Innovation & Quality in Pharmaceutical Development, European Bioanalysis Forum, Japanese
Bioanalysis Forum, Applied Pharmaceutical Analysis—India,
AcBio, Canadian Forum for Analytical and Bioanalytical Sciences,
Chinese Bioanalysis Forum, Global CRO Council), thus bringing
the concerns, thoughts, and interest of an even larger bioanalytical
community into the discussion.
As with previous Crystal City meetings, part of the
objective was to discuss changes in regulatory thinking and the
science applied to new drug development that had occurred
since the last Workshop. This Workshop included discussions on
such science-driven topics such as the status of incurred sample
reanalysis (ISR) after several years of application, new immunoassay technology, antibody-drug conjugates (ADCs), and the
application of LC-MS/MS for protein quantitation. Additionally, the Agency through the guidance and its presentations
highlighted areas of additional focus for chromatographic and
ligand-binding assays, such as stock solution expiry and most
notably, the inclusion of biomarker assays within the Guidance.
Extensive discussions, from multiple points of view were
generated around the topics presented.
The salient outcomes of CCV can be broken down into
two major categories: topics for which there was general
consensus between industry and FDA based on the clariﬁcations and discussions which took place and topics for which
no consensus was achieved between industry and the Agency.

The issues for which no consensus was reached were
characterized by two situations: topics on which viewpoints
differed and topics in which the science is still too new. In
cases where viewpoints differed, the Agency agreed to
consider industry positions within their deliberations leading
to the ﬁnal guidance. In the latter case, the Agency sought the
current thinking and experience of industry scientists, which
will help guide future recommendations in these areas. The
following provides a summary of all of the discussions which
took place at CCV delineated by these categories.
CHROMATOGRAPHIC ASSAYS: CONSENSUS TOPIC
The basic expectations for BMVof chromatographic assays
have been previously deﬁned in the 2001 FDA guidance (3) and
subsequent conference reports on the topic (8,9).
METHOD VALIDATION
Several aspects of cross and partial validation received
extensive discussion. It was not possible to further reﬁne the
criteria for either type of validation due to the breadth of the issue.
However, further clariﬁcation was added to the following issues:
Partial Validation
The need to validate a new analyst brought into a study
was discussed. The consensus that was reached is that new
analysts are expected to be trained/qualiﬁed on relevant
techniques prior to supporting studies. There is no expectation that training or qualiﬁcation data should be included in a
validation report, although it must be retained in training or
study ﬁles. Performing a single test run that passes acceptance
criteria was suggested as an example for a new analyst.
Regarding the need to partially validate changes of an
anticoagulant counter-ion, the consensus view was that
validation is not required unless an effect is observed during
the method development.
Cross Validation
Due to varied experiences and the wide range of scenarios,
no further detail regarding acceptance criteria were elucidated,
but it was agreed that criteria should be deﬁned in a “standard
operating procedure” (SOP) or validation plan document a
priori. Furthermore, it was recommended that cross validation
analyses should be performed in both laboratories (or between
methods), using shared spiked matrix quality control (QC)
samples and non-pooled incurred subject samples. Pooled
incurred samples can be used when insufﬁcient volume exists.
Reference Standards
Considerable discussion of Section III A of the draft
Guidance (7) centered on use of reference standards in
chromatographic methods. The section clariﬁes types of
reference standards in terms of their source and continues
to designate expectations around supporting documentation
including expiration date, certiﬁcates of analysis (COAs) and
evidence of purity. The extension of reference standard
documentation to include internal standards (IS) was also
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presented. There was a good discussion at the Workshop
on the proposed documentation for the internal standard
material. Industry representatives noted that it is not
always possible to obtain a formal CoA for stable label
(SLIS) or analog internal standards due to the limited
amount of material synthesized. It was also suggested that
purity and stability of the IS is generally not critical for
typical chromatographic assays (e.g., LC-MS/MS) as long
as the suitability can be demonstrated (e.g., no interference from the IS to the analyte(s) of interest). In
response, the Agency clariﬁed that CoAs for the IS are
preferred, but other documentation characterizing the
purity is acceptable when a formal CoA is not available.
In any case, the suitability of the material for its intended
use should be demonstrated prior to and/or during use.
This extended to an agreement that the stability of the IS
need not be demonstrated as long as suitability (lack of
interference) is demonstrated.
Matrix Effects and Selectivity
At the current Workshop, clariﬁcation was sought on the
types of matrix effects that should be studied during
validation. The goal of the matrix effect assessment is to
demonstrate consistent assay performance across multiple
sources of matrix that reﬂect the anticipated population from
which samples are expected. Variations of lipid and speciﬁc or
total protein concentrations which may result from the
disease indication should be addressed. The impact of
hemolyzed and lipemic samples may be assessed during
method development; a speciﬁc assessment of these factors
is not expected during most validations, unless the assay is
intended to support studies where a high percentage of
samples may be hemolyzed or are from hyperlipemic subjects.
While validation experiments should assess ion
suppression/enhancement (matrix effect), calculation of matrix factor (MF) is not an expected component of validation,
although it is understood that proper investigation of ion
suppression/enhancement provides data necessary to make
the MF calculation if applicable to the investigation. MFs can
be calculated for both the analyte and internal standard in a
given matrix. Ideally, the variation in MFs for the analyte is
compensated for, at least to some degree, by the variation of
the MF of the internal standard. Stable label internal
standards typically provide the best degree of compensation,
hence they are recommended for MS-based assays.
Selectivity is the ability of an analytical method to
differentiate and quantify the analyte of interest in the
presence of matrix components in the sample. Assay selectivity assessment is an important component of validation.
The consensus at the workshop was that selectivity should be
assessed in six individual lots of matrix. These lots may
include hemolyzed or hyperlipemic samples as deemed
necessary. Generally, gender assessments of selectivity are
not expected, but consideration should be given to any
unique attributes of the analyte that could be impacted by
gender. If it is anticipated that samples from specialized study
populations (e.g., renally impaired) may be analyzed with an
assay, consideration should be given to assessing selectivity in
blank matrix from the target population or control samples
obtained from such subjects.

Validation Run Acceptance
Feedback on the draft Guidance indicated a level of confusion
around what is proposed regarding the anticipated number of
validation runs that encompass a bioanalytical method validation.
This was reﬂected in the Workshop discussions with speciﬁc focus
on the reference to the total number of runs (“minimum of six runs
conducted over several days”) and the number of runs required to
demonstrate within-run and between-run accuracy and precision
(A&P). A need emerged during the discussion to address a
fundamental concern that scientists, auditors, and inspectors share.
That is, the potential of “cherry-picking” only validation runs that
meet a priori acceptance criteria does not provide an accurate
representation of method performance. From the discussion, a
consensus was derived to address a better estimate of the A&P of a
bioanalytical method during validation than currently employed.
It was proposed that method A&P should be determined
from QC performance independent of a priori criteria. To
accommodate this, run acceptance during A&P validation
runs should be based on calibration curve performance only.
Back calculated calibrator concentrations should meet acceptance criteria (75% of calibrators within ±15% of nominal,
except at the lower limit of quantitation of the assay (LLOQ)
where they should be within ±20%) to pass A&P validation
runs only. Using a minimum of three runs, the A&P statistics
should then be calculated from the QCs using at least ﬁve
replicates in accepted runs at four concentrations including
the LLOQ, as well as low (LQC), middle (MQC), and high
(HQC) concentrations, typically corresponding to those used
for run acceptance QCs. A speciﬁc assessment of A&P at the
upper limit of quantitation of the assay (ULOQ) is not
required for chromatographic methods. Furthermore, at least
one A&P run should use calibrators and validation samples
prepared from independent stock solutions. For all other
validation runs, both calibrators and samples may be prepared using a single veriﬁed stock solution. The A&P results
for the QCs in all passing runs should be subsequently
reported. To reiterate, this approach avoids including QC
criteria in run acceptance in A&P validation runs and
delineates A&P performance as the totality of QC performance is distinct from the calibration curve performance that
determine whether a run passes or fails.
For other validation runs (i.e., those not associated with
A&P and typically with stability assessments), run acceptance
should be based on calibration standards (as deﬁned above)
and the performance of run acceptance QCs (i.e., analytical
QCs) consistent with current regulatory guidance. Speciﬁcally, at least three concentrations of QCs in at least duplicate
should be incorporated into each run (LQC, MQC, and HQC).
For the run to pass, 75% of calibrators should be within ±15% of
nominal, except at the LLOQ where they should be within
±20% and at least 67% (e.g., at least four out of six) of all QCs
should fall within ±15% of their respective nominal concentrations and at least 50% of the QCs at each level should pass.
Recovery
Based on the description provided in the draft guidance,
a clariﬁcation was sought on the appropriate approach for
determining recovery during validation. The consensus view
was that recovery, as applied to chromatography-based
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bioanalytical methods, should be deﬁned as a comparison of
the instrumental response associated with extracted samples
compared to that of extracts of control matrix spiked with
analyte post extraction. The response of the samples spiked
post extraction represents 100% recovery. Recovery of the
analyte need not be 100%, but the extent of recovery of an
analyte and of the internal standard should be consistent and
reproducible. Recovery experiments should be performed by
comparing the analytical results for extracted samples at three
concentrations (low, medium, and high) with those of
corresponding spiked control extracts.
Method Use
A number of topics were discussed related to the application of validated methods during study sample analysis. For
example, the Agency clariﬁed its concern that equipment
conditioning and system suitability testing with calibrators,
QCs, and study samples from a pending run could risk biasing
the decisions on acceptance and rejection of the pending run, or
of the study sample results. There was no concern about using
separately prepared extracts or reusing extracts from a completed run for purposes of conditioning or system suitability.
The draft guidance recommends adding new QCs at
different concentrations, if the original QC concentrations
were not representative of study sample results from early
analyses. The consensus was that partial validation of new
calibration and QC concentrations would be appropriate only
if the new concentrations were not bracketed by earlier
validations. Ordinarily, demonstration of the prepared concentration would sufﬁce when adding QC concentrations in
validated regions of the calibration range for a better
demonstration of assay performance near the most critical
concentrations of study samples.
During sample analysis, when QCs fail during individual
runs that meet acceptance, the draft guidance recommends
reporting these values. The Agency indicated that it is
interested in evaluating variability in performance, including
any outlier values. Where results are generated for QCs in
failing runs, documentation of their results in the report is
recommended but it is not necessary to include those QCs in
the accuracy and precision statistical analysis (see later
discussion on Documenting and Reporting).
During most bioequivalence studies, and during other
studies designed with repeated measures from individual subjects,
it is desirable to minimize the between-run variability. The draft
guidance recommends that samples from a given subject should
be analyzed in a single run. The consensus was that this should be
the practice when practicable. Products such as those therapeutic
proteins with extremely long elimination half-lives was an
example discussed where this approach is not pragmatic.
Whatever approach is taken for sample analysis, it should include
consideration and steps to minimize variability between periods.
CHROMATOGRAPHIC ASSAYS: NON-CONSENSUS
TOPIC

Analyte Stability in Presence of Concomitant Medications
A majority of Workshop attendees maintained that
historical data suggest that concomitant medications pose
little risk for inﬂuencing instability of analytes, and,
therefore, assessing the stability of analytes in the
presence of concomitant medications adds little value.
However, there was some discussion of rare cases when
instability was observed with other analyte(s) but this was
attributed to chemistry issues, and only in such cases
should additional stability be conducted. The Agency’s
argument for conducting additional stability evaluations
with concomitant medications, particularly ﬁxed-dose combinations, was that this is an acceptable practice to assure
stability in the known presence of two (or more) analytes,
since stability is an integral part of method validation.
Some conference attendees indicated that the analytical
sites may not always be aware of all the concomitant
drugs used in a particular study, and they may differ from
study to study. While the Agency agreed that the intent of
such stability assessment is not an all-encompassing and
exhaustive investigation, it should be restricted to known
or commonly used medications. The Agency indicated that
it does not see any reason for not conducting such
stability assessments, especially for ﬁxed-dose combinations, but will consider the divergent perspectives.
Multi-Batch Runs
A run can consist of distinct processing batches for various
reasons (e.g., several multi-well plates, multiple analysts, limited
capacity for extraction). For runs with distinct processing
batches, the utility of separate QCs in each distinct processing
batch to demonstrate accuracy within those distinct batches, as
well as the run, was debated. The Agency described situations
wherein the run passed QC acceptance criteria, although the
majority of QCs in one or more distinct processing batch(es)
within the run failed. Therefore, the accuracy of the distinct
processing batches within the run was questionable. This is the
basis for the Agency’s recommendation to include at least
duplicate QCs at all concentrations in each distinct processing
batch within a run, and establish acceptance criteria for the
whole run, as well as the distinct batches within the runs. While
the value of additional QCs in distinct processing batches was
recognized, some conference attendees noted that the additional QCs could increase the total number of QCs within an
analytical run beyond the generally acceptable 5%. Additionally, it may pose an undue burden when the distinct processing
batches have limited sample capacity or when there are
insufﬁcient numbers of study samples in each distinct batch. It
was also noted that the creation of partial run acceptance criteria
had been rejected in previous Workshops due to the complexity
of rules and interpretation of the data. There was a discussion on
a ﬁt-for-purpose approach; however, no consensus was reached
on an approach to assure the accuracy of multi-batch runs.
LIGAND-BINDING ASSAYS: CONSENSUS TOPICS

This section describes the topics for which there was lack of
agreement at the current AAPS/FDA Bioanalytical Method
Validation Workshop and is presented to provide the reasons for
no consensus, and promote further discussion.

The group discussed and clariﬁed a number of ligandbinding assay (LBA) issues. The topics for which consensus
was reached are described below.
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Selectivity/Specificity
The group discussed the particular aspects of selectivity and
speciﬁcity as they pertain to LBAs; speciﬁcally, interferences from
substances structurally similar to the analyte, as well as other
matrix components should be evaluated. The former is typically
related to the speciﬁcity of the assay reagents and the latter to the
ability of the assay to selectively measure the analyte of interest in
a complex biological matrix.
Since small molecule concomitant medications are not
structurally similar to large molecule therapeutics, these typically
do not need to be tested for interference in the assays. Other
substances that may bind the therapeutic molecule (e.g., soluble
target) should also be evaluated as appropriate. In the event that a
signiﬁcant interference is identiﬁed, development of an orthogonal
method may need to be considered. It is, therefore, recommended
to test for anticipated interferences during assay development so
that method modiﬁcations, or development of new methods, may
be implemented prior to assay validation and implementation for
sample analysis. This would include special populations when
known at the time of method development.
The approach for the selectivity assessment to address
matrix effects was agreed as previously published (10).
Brieﬂy, matrix samples from 10 or more individuals should
be tested unspiked and spiked with analyte at LLOQ and
HQC concentrations. Eighty percent of samples should meet
the following criteria: unspiked samples should measure
BQL, and measured concentrations should be within 25%
of nominal for LLOQ spikes and 20% of nominal for HQC.
Calibration Curve
The calibration curve should be assessed with calibrators that
are prepared independent of the QCs. Method validation experiments should include a minimum of six runs conducted over
several days with at least six non-zero calibrator concentrations that
span the anticipated quantitative assay range. These concentrations
should include LLOQ and ULOQ, but should not coincide with
concentrations of the low, mid, or high QCs. Additional calibrators
outside the quantitative assay range, referred to as anchor points,
may also be included to facilitate curve ﬁtting. Acceptance criteria
for the calibration curve during method validation align with
previous recommendations (11). Speciﬁcally, 75% of the calibrators
in the curve should have back-ﬁtted concentrations with a percent
deviation ±20% (25% at the LLOQ) (versus the stated nominal
concentrations) in order to pass acceptance criteria. The number of
calibrators should be adequate to accommodate the curve ﬁt model
(12). In order to accommodate these criteria, eight calibrators are
frequently assessed to ensure that runs with 75% passing
calibrators still retain six passing calibrators. It is acknowledged
that it may not always be possible to include six to eight calibrators
within the assay calibration range.
Run Acceptance
As discussed under “Chromatographic Assay,” method
accuracy and precision acceptance criteria should be determined
from QC performance during validation independent of a priori
criteria. To accommodate this, run acceptance during A&P
validation runs should be based on calibration curve performance only, where calibrator concentrations meet acceptance

criteria for (75% of the calibrators in the curve should have
back-ﬁtted concentrations with a percent deviation ±20% (25%
at the LLOQ) versus the stated nominal concentrations to pass).
All QCs from passing A&P runs are then evaluated to
determine the assay accuracy and precision criteria to be used
in subsequent runs and study sample analysis.
Precision and Accuracy
To assess precision and accuracy, ﬁve QC concentrations
should be used (LLOQ, low, mid, high, and ULOQ) (10,13). Six
independent assay runs with at least three replicates of each
concentration per run should be conducted over several days. This
enables a more robust estimation of both intra- and inter-assay
A&P. During validation, the intra-run and inter-run accuracy and
precision of the mean concentrations should be within 20% of the
nominal value at each level (25% at the LLOQ). These same QCs
should also be used to determine the total error. The total error
(i.e., sum of absolute value of the % relative error and %
imprecision) should not exceed 30% (40% at LLOQ) (10).
Dilutional Linearity and Hook Effect
Dilutional linearity and the hook effect are typically
assessed separately from accuracy and precision. Dilutional
linearity experiments are performed to demonstrate that high
concentrations of the analyte can be accurately measured by
diluting into the quantitative range of the assay and multiplying the measured concentration by the dilution factor. The
prozone (hook effect) is typically assessed in the same
experiment by measuring samples spiked with very high
concentrations of analyte without dilution. A prozone is
identiﬁed when increasing analyte concentration results in
no change or decreased signals when compared to the
preceding concentration.
Sample Analysis
Calibration curve ranges for LBAs are frequently narrow
(1–3 logs) and cannot cover the anticipated range of study sample
concentrations for most studies. Instead, sample dilution is
employed, supported by demonstration of dilutional linearity
during pre-study validation. While there may be circumstances
where analyzing all study samples from a single subject in a single
run (plate) may be desirable, it is not always possible or practical
for ligand-binding PK assays.
Ligand-binding assays generally involve duplicate analysis of all standards, QCs and samples. When newer technologies are not as reproducible compared to a wellcharacterized LBA, the tendency is to perform triplicate
analysis to increase conﬁdence in the results. As LBAs have
advanced, particularly in the quality of the assay reagents, it
may be justiﬁable to move from duplicate analysis to singlet
analysis as currently implemented for LC-MS/MS methods.
Agreement on running samples in singlet from the industry
perspective was achieved, as long as QC intra- and inter-plate
precision is achieved according to the method validation.
Some proposals on tightening these criteria to allow a higher
conﬁdence in running singlets were discussed without any
concrete conclusion.
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LIGAND-BINDING ASSAYS: NON-CONSENSUS
TOPICS
ULOQ Acceptance Criteria
Setting ULOQ criteria was an issue that received
appreciable discussion. The Agency had proposed an upper
limit of 20%, based on review experience. However, counterarguments were made that matching ULOQ to LLOQ
criteria enables utilization of the entire curve and removes
the need to “artiﬁcially” curtail the curve at the upper end to
meet tighter criteria. Furthermore, this practice may also
reduce the extent of sample dilutions needed, as well as
number of potential sample repeats due to out of range
results (above limit of quantitation). However, as a counterpoint, it was noted that samples that are above assay range
are typically diluted into the midrange and, therefore, results
can be read from the most accurate portion of the curve.

prepared, calibrators and/or QCs should be prepared (i.e., spiked)
on the day of the stability experiment and not frozen prior to use.
In addition, it is recommended that the stock solutions used to
spike the matrix in preparing stability QC samples is prepared on
the day of use or is within its known stability period. While use of
freshly prepared calibrators and or QCs is the preferred approach,
it is recognized that in some cases, for macromolecules, it may be
necessary to freeze them overnight. In such cases, valid justiﬁcation
should be provided and freeze/thaw stability demonstrated.
Matrix-related stability assessments should be conducted
with at least three replicates at both low and high concentrations within the validated range of the assay. Assessments of
analyte stability should be conducted in the same matrix as
that of the study samples, except in cases of rare matrices
where suitable surrogate matrices may be used. Matrixrelated stability results should be within ±15% of their
nominal value for chromatographic assays and within ±20%
of nominal for ligand-binding assays. Final study results
should not be reported until matrix stability is established.

Sample Analysis—Placement of Quality Controls
Robust discussion occurred around the proposal to
include additional QCs when study sample concentrations
are clustered in a narrow range of the standard curve.
Opinions varied depending upon where on the curve the
sample results clustered. For example, if the majority of
sample results clustered between LLOQ and LQC, then there
was some agreement that an additional QC to bracket the
results might be considered.
It was acknowledged that most LBAs would not require
additional QCs, as the QCs are already “close” to one
another due to the limited range of the curves. There was
also some agreement that the bulk of sample results should
be bracketed by two QCs, although for newer technology
assays with larger dynamic ranges, there was no agreement on
“how close” the bracketing QCs should be.
COMMON ISSUES: CONSENSUS TOPICS
Many of the parameters and principles of bioanalytical
method validation are common regardless of assay platforms.
This section clariﬁes recommendations on common topics in
bioanalytical method validation and analysis, and highlights
consensus on recommended approaches to enhance the
quality of bioanalysis for regulatory submission.
Stability
Stability evaluations should cover the expected sample
handling (e.g., freeze-thaw cycles), analysis, and storage
conditions (e.g., long-term, bench top, and room temperature
storage) likely to be encountered during the conduct of the
study through analysis, including conditions at the clinical
site, during shipment, and at all secondary sites. If actual
conditions are known to deviate from expected conditions, or
if storage conditions of study samples are changed or exceed
validated conditions, additional testing may need to be
conducted to verify sample integrity under actual conditions.
Matrix-related stability experiments should be conducted by
comparing the experimental stability samples against freshly
prepared calibrators and/or QCs. To be considered freshly

Long-Term Stability
As previously determined, the storage time in a longterm stability evaluation should equal or exceed the longest
time between collection of a sample and the subsequent
analysis of that sample.
Stock Solution and Working or Substock Solution Stability
The stability of stock solutions of analytes (drugs, metabolites, and biomarkers) should be evaluated. When the stock
solution exists in a different state (solution vs. solid) or in a
different buffer composition (generally the case for macromolecules) from the certiﬁed reference standard, the stability data
on this stock solution should be generated to justify the duration
of stock solution storage stability. It should be noted that
solutions in other solvents and buffers prepared from a stock
solution may have different stability characteristics and as such
need to have their stability determined.
Processed Sample Stability
Where applicable and according to the technique used, the
stability of processed samples, including the resident time prior
to analysis (e.g., in an autosampler), should be determined by
analysis against freshly prepared calibrators and/or QCs.
Pharmacokinetic Considerations
Concentrations in study samples should not be extrapolated
below the LLOQ (lower limit of quantitation) or above the
ULOQ (upper limit of quantitation) of the standard curve.
Instead, the standard curve should be extended and revalidated,
or samples with higher concentrations should be diluted and
reanalyzed. Although the draft revision recommended reporting
concentration results below the lower limit of quantitation as zero
(0), the group generally felt it was more appropriate to report the
data as BQL or <LLOQ, which the Agency will consider further.
Repeat analysis of study samples should be conducted in
accordance with an established SOP or guideline for the
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analysis, acceptance criteria, and selection of ﬁnal reported
values. This SOP or guideline should explain the reasons for
repeating sample analysis. Reanalysis conducted for assignable cause could include sample processing errors, equipment
failure, or other contemporaneously documented causes that
invalidate the original assay(s). Reanalysis conducted for an
assignable cause should be conducted with at least the same
number of replicates as originally tested. Reanalysis conducted for
conﬁrmatory purposes such as apparent measureable drug concentrations in a placebo sample or for inconsistent pharmacokinetics should be based on an established SOP or guideline. Reanalysis
of samples for PK reasons in bioequilvalence (BE) studies is
discouraged.
Incurred Sample Reanalysis
ISR is now well established as an important element of
bioanalysis and is intended to verify the reliability of the
reported subject sample analyte concentrations. ISR is
conducted by repeating the analysis of a subset of subjects’
samples from a given study in a separate run(s) to critically
support the performance of assays. To minimize variability,
the original and repeat analysis is conducted using the same
bioanalytical method procedures. If a bulk frozen calibration curve was used for the original analysis, then it is
acceptable to use a frozen curve for the ISR evaluation. The
curve, QCs, and study samples for the ISR evaluation are
extracted or processed separately from those used in the
original runs. For nonclinical safety studies, ISR should be
conducted at least once for each method and species.
Regarding selection of samples for ISR, it is not
necessary to repeat all time points in the PK proﬁle from
selected subjects, but the proﬁle should be adequately
represented and include assessments around Cmax and in the
elimination phase for all analytes (i.e., drug and metabolites)
for the subjects chosen for ISR evaluation.
As previously deﬁned at the CC IV Workshop on
ISR (8), at least two thirds (67%) of the repeated sample
results should have a percent difference within 20% for
small molecules and 30% for macromolecules. While
industry recommends for chromatographic assays of biologics appropriate criteria should be used based on the
performance of the method during validation, there was
no consensus reached with the Agency. The percent
difference of the results is determined with the following
equation:
ðRepeat−OriginalÞ  100
Mean
Standard operating procedures should be established and
followed to address sample selection and acceptance criterion
for ISR. In addition, written procedures should be established
for investigation of ISR failure for the purpose of resolving
the lack of reproducibility (i.e., less than 67% of samples
achieving performance criteria). All aspects of ISR evaluations, including investigations, should be documented to
reconstruct the study conduct. ISR results should be included
in the ﬁnal report of the respective study.

Documentation and Reporting
The workshop report from the 3rd AAPS/FDA
Bioanalytical Workshop (9) includes a comprehensive
table detailing documentation desirable at the analytical
site and in validation and analytical reports. The following
items regarding documentation and reporting were clariﬁed and summarize speciﬁc discussion points from the
current Workshop:
Chain of Custody
Regarding chain of custody of study samples, the
documentation of performing laboratories should specify the
expected sample collection and storage conditions and as
possible, provide to the entities (i.e., the nonclinical and
clinical sites and central laboratories) the conditions related
to collecting, storing, and shipping samples prior to receipt at
the laboratory. Additional testing may be necessary if there
are known deviations from the expected conditions.
Accuracy and Precision
When determining accuracy and precision, it is acceptable
to exclude QC data that is deemed invalid due to an assigned
cause (e.g., documented processing errors, documented equipment failure). However, data for non-assignable causes (e.g.,
outliers) should not be excluded. If data are signiﬁcantly
impacted by outliers, results excluding the outliers are also
recommended to be included in the report for consideration. As
stated earlier, during method validation, acceptance of precision
and accuracy runs should not be based on QC acceptance, only
on the performance of the calibration curves. However, for instudy performance, precision and accuracy estimation is based
on QC data from successful runs that meet the acceptance
criteria for both calibration curves and QCs.
Reporting Method Development
A robust discussion occurred on whether method
development activities should be in scope when reporting
results of a validation. It was agreed that a synopsis of
method development activities should be included in the
validation report, speciﬁcally on aspects that are unique (e.g.,
use of stabilizers). It is not necessary to include a detailed
description of all method development data in the validation
report. However, when initial validation attempts fail and
iterative method modiﬁcations are needed or there is
signiﬁcant evolution of the method, these should be captured
in the relevant validation report. FDA representatives also
indicated that in order to relate data from different methods/
studies, submissions (e.g., Section 2.7.1 of the common
technical document) should provide a history of the method
and where to go for additional information.
Other Items
With regard to preparation of QCs and calibrators,
summary information is sufﬁcient to be included in the
validation report. Detailed procedures for preparation of QCs
and calibrators must be available in the laboratory records.
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For chromatographic assays, reintegration of individual
chromatograms with different integration parameters than used
for the overall run should be avoided. For studies of high
importance to a ﬁling (e.g., bioequivalence/biocomparability,
pediatric, longest term toxicology studies), if reintegration of
some sample within a run is necessary, both the initial and
reintegrated chromatograms should be included within the
report. In all other studies, if differential reintegration of some
samples is performed, it should be noted in the report. In all
studies, the original and reintegrated chromatograms should be
maintained by the laboratory.
The bioanalytical report should document expected
samples that were not received and state the reasons if
known. If the samples are “missing” or were mishandled
at the bioanalytical facility, such samples should be noted
in the report with proper justiﬁcation.
As stated previously, criteria for reanalysis of samples
should be deﬁned in laboratory SOPs. If reanalysis is not per
SOP, documentation of justiﬁcation and manager approval
should be maintained within the laboratory records.
Analytical data and tables should be submitted in a clear,
easily reviewable format. Inclusion of hyperlinks and/or bookmarks
is recommended to simplify location of reported information.
COMMON ISSUES: NON-CONSENSUS TOPICS
Method Validation
Deﬁning speciﬁc criteria for the level of validation
required to support changes to a previously validated assay
was beyond the scope of the Workshop. The extent of
validation required during assay transfers and/or changes
should use good scientiﬁc judgment and should be recorded
in SOPs or study validation plans.
Linking Expiration of Reference Standards to Stock Solution
A speciﬁc area without consensus between industry and the
Agency regarded the draft guidance language around expiration
dates of reference material inﬂuencing the expiration dates of
stock solutions made from the reference standard supply. The
industry perspective proposed reference standard stability is not
linked to subsequent stock/working solutions; as was discussed
and reported in the Crystal City III conference report (9).
Supporting rationale for this position included consideration of
physical phase changes of the reference standard when going
from solid to solution, the logical extension to QC samples
spiked with the stock/working solutions and reference to other
current regulatory practice including GMP. The Agency agreed
to take the industry consensus into consideration based upon the
active discussion around the topic.
Incurred Sample Reanalysis
No consensus was reached on the FDA’s 2013 draft
guidance recommendation that ISRs should be performed on
7% of incurred samples in the study regardless of size.
Industry recommends an ISR sample size of at least 5% of
the total study samples, and the Agency recognizes that 7% is
not consistent with other health authority requests.

A new option was presented for submissions containing
only a few studies. If the sponsor chooses, ISR analysis may
be incorporated into the method development and validation
stage prior to the pivotal study through testing with samples
from a pilot study. This approach allows for the remediation
of methodological issues prior to conduct of the pivotal study.
The draft guidance indicates that ISR is expected for all
in vivo human BE studies and all pivotal PK or PD studies.
Regarding ISR for PD studies, the Agency indicated that ISR
is recommended if the measurement of the PD endpoint
requires quantitative bioanalysis. Although further consideration on this topic was slated for later discussion, the topic
was not thoroughly discussed.
NEW BIOANALYTICAL AREAS
New Technologies: Consensus Topics
In the draft guidance, the Agency described the need to
compare new technologies with older ones that have been used in
regulatory submissions, and which they may likely replace or
supplement for that purpose. The example described was the use of
dried blood samples to replace whole blood or plasma samples
during the development of a new pharmaceutical. The purpose is to
provide a comparative basis for the data generated by these
methods. However, in the broader discussion of this topic, it was
noted that some technologies would not be directly comparable for
a variety of reasons. For example, with respect to the measurement
of macromolecules, some newer technologies are not based on
afﬁnity interactions between the analyte and capture/detection
reagents, involve a different readout, utilize ampliﬁcation of signal,
or do not reach equilibrium, which makes it difﬁcult to compare
absolute analyte concentrations. It was generally agreed that a new
method/technology/platform as a stand alone or in combination
with automation would be acceptable for use in regulated studies
and would need to comply with the expectations for method
validation and sample analysis.
However, different methods, technologies, and platforms
may not provide the same absolute analyte concentration.
The consensus perspective was that bridging data between
methods would be the more correct way to proceed when
changing methods for large molecules encompassing a set of
spiked samples measured with the two different methods. The
differences expected and/ or observed between the two
methods should be explained with the appropriate scientiﬁc
rationale and the expectations for interpretation and use of
the data from the two assays.
With the onset of new technologies, different run
operations may also be observed where instead of running
the standards and samples in a plate format, they may be run
in a series that is not deﬁned by the solid structure (e.g.,
microtiter plate) used for running the standards/samples. No
consensus was obtained with the size of the batch run and this
topic is currently left open. On the other hand, it was agreed
that the analytical run was deﬁned as consisting of a set of
standards with interspersed QCs on each solid support used
for running the standards/samples. As previously required,
the FDA recommends using a number of QCs that are equal
to or greater than 5% of the total unknown samples in a run.
This can be useful for runs that are not deﬁned by the solid
support and for alternative formats such as 384-well plates.

The 2013 Crystal City V Conference Report
Other minor aspects of some of the instruments used in
combination with new technology may involve automated or semiautomated systems and consideration should be given to the type
of methodology applied in developing appropriate validation
testing. Also, carryover may be seen with some technologies with
reusable tips or liquid-ﬂow paths, and carryover should be assessed
and avoided in the development phase. If it cannot be avoided, a
rationale on how to deal with carryover should be recorded in the
validation report and in place before performing sample analysis.
Antibody Drug Conjugates
ADCs combine a therapeutic small molecule drug with a
cell-targeting speciﬁc antibody (carrier), and it is anticipated
that antibody-based speciﬁc delivery of the drug molecule to
targeted cells should improve efﬁcacy and safety.
The measurement of several different analytes has been
proposed to fully evaluate the correlation between ADC
therapeutic exposure and the observed efﬁcacy and safety
signals (14). Both LBA and LC-MS/MS platforms have been
broadly utilized. It has been demonstrated that the assays used
in support of ADCs, e.g., LBA protocols designed to measure
conjugated and total antibody analytes, are often sensitive to the
drug antibody ratio (DAR value) (15,16). Furthermore, as
payload molecules are released during systemic circulation, the
composition of ADC species in study samples will generally not
be equivalent to that found in the original reference material.
Ideally, the assay should be developed to accurately detect
appropriate ADC species found in circulation.
LC-MS/MS-based protocols have been applied to evaluate
concentrations of unconjugated and antibody-conjugated drug
(17). Concentrations of unconjugated drug are generally
expected to be very low, requiring highly sensitive assays. These
assays should be highly sensitive, and capable of stabilizing the
ADC and preventing post-collection deconjugation. Typical
performance veriﬁcation tests and criteria applied in the
validation of assays used in support of biotherapeutic compounds are expected to be relevant for ADC-related
bioanalytical methods (3,9,10). This includes expectations
regarding assay precision and accuracy, speciﬁcity, selectivity,
and robustness. Regular A&P acceptance criteria should apply
with some signiﬁcant considerations presented below.
As ADCs are still a relatively new modality, and there is
limited regulatory experience, the Agency declined to concur
with the industry position on these molecules at this time. As
a general approach, the industry is proposing assay acceptance criteria based on the assay performance data obtained
during method validation for LC-MS assays or LBAs.
Similarly, the acceptable accuracy range for complex
biotherapeutic modalities and/or LBA methods requiring
complex sample preparation or procedural steps may need
to be adjusted from the current generally applied criteria with
a consideration of how the data will be used. Final assay
acceptance criteria for LBA protocols should be based on the
assay performance data obtained during method validation.
Stability tests are expected to mimic typical handling
conditions including sample handling, freeze/thaw, bench top,
and long-term storage stabilities. Stability of active catabolites
released from ADC (i.e., unconjugated drug or linker-drug)
should be tested in a spiked matrix as is typically done for
conventional therapeutics. Stability of ADC catabolites may

need to be evaluated in the presence of the dosed ADC to assess
potential release of catabolites during post-collection storage
and sample handling. Because unconjugated drug represents
only a small fraction of the total (conjugated and unconjugated)
drug found in the sample, even a minor instability of the intact
ADC during sample collection and manipulation may lead to a
substantial artifactual increase in measured unconjugated drug
concentration, thereby impacting the overall accuracy of the
test. The industry position is that the acceptable range of
variability for analyte stability should be scientiﬁcally justiﬁed,
based on the assay validation data and with a consideration of
how the data will be used.
Intrinsic and in vivo-induced heterogeneity of ADCs calls for
a careful review of the deﬁnition of the term reference standard
when applied to complex biotherapeutic modalities. Reference
material should be a well-characterized, traceable batch of material
of known purity and concentration, accompanied by a CoA or
similar documentation. Ideally, the reference standard should be as
similar as possible to the measured analyte (e.g., with respect to
drug antibody ratio distribution and unconjugated drug content).
ADC reference material should be used to prepare standard
solutions and QCs for total antibody, conjugated antibody, and
antibody-conjugated drug analytical tests.
BIOMARKER ASSAYS AND DIAGNOSTIC KITS
Guiding Principles
The Workshop was the ﬁrst opportunity for a wide discussion
of these new areas of consideration in the guidance. Biomarkers
entail a very broad range of entities, and the discussion centered
on fundamental issues with the recognition that this was the
beginning of the dialogue. Biomarkers are measured by a broad
group of highly sophisticated technologies that include immunoassay, mass spectrometry, ﬂow cytometry, molecular pathology,
and genomics to name a few examples. While the recommendations and general ﬁt-for-purpose concepts contained herein are
applicable to all biomarker technologies, the FDA draft BMV
guidance and subsequent discussions held at the CCV meeting
focused only on immunoassay and mass spectrometry. Likewise,
biomarkers encompass a broad range of measurements that
include pharmacodynamics, target engagement, receptor occupancy, and safety to name a few. This discussion will be limited to
non-safety biomarkers, as safety biomarkers were not extensively
discussed at the Workshop. Lastly, as stated in the draft BMV
guidelines, the recommendations pertain mainly to the validation
of assays to measure in vivo biomarker concentrations from
common biological matrices such as blood or urine and their use
in study sample analysis.
Biomarker Categories
In developing biomarker assays, it is useful to think of these
assays as belonging to one of two broad categories based on the
intended use of the data. Category 1 contains those assays that
generate data for internal decision making and do not drive label
claims. In contrast, category 2 contains those assays that generate
data to be used to support pivotal determinations of effectiveness
or label dosing instructions and therefore, it is critical to ensure the
integrity of the data. These categories are not always distinct
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entities and during drug development, a spectrum of validation will
typically occur.
Category 1 assays tend to be exploratory endpoints
where the data can help the sponsor understand the
pharmacodynamics or mechanism of action of the compound
or more broadly, for hypothesis generation. These assays can
vary greatly in quality and robustness from non-FDAapproved assays (in-house developed assays, commercialresearch use only kits, and lab-developed tests) to FDAapproved diagnostic (Dx) kits run in a central clinical lab.
These assays can be deﬁnitive, relative quantitative, or
qualitative.
It is important to establish a consistent language around
these assays, and the following deﬁnitions were recommended and are presented in order of increasing levels of
validation characterization required (18).

& Qualitative Assay: The assay readout does not have a
continuous proportionality relationship to the
amount of analyte in a sample; the data is categorical
in nature. Data may be nominal (positive or negative)
such as presence or absence of a protein, or ordinal,
with discrete scoring scales (1 to 5, −/+, +++, etc.).
& Relative Quantitative Assay: A method which uses
calibrators with a response-concentration calibration
function to calculate the values for unknown samples.
The quantiﬁcation is considered relative because the
reference standard is either not well characterized,
not available in a pure form, or is not fully
representative of the endogenous biomarker.
& Deﬁnitive Quantitative Assay: An assay with wellcharacterized reference standards, which represents
the endogenous biomarker, and uses a responseconcentration calibration function to calculate the
absolute quantitative values for unknown samples.
Category 2 assays must be able to generate data of high
integrity and therefore, one must take into account the different
quality of assays available (non-FDA-approved and FDAapproved) and validate appropriately. It is recognized that
obtaining appropriate biomarker reference standard or blank
matrix may not always be possible. Additionally, a reference
standard may not be identical to the endogenous biomarker. As
a consequence, developing and validating the biomarker assay
cannot always be performed to meet the standards of a PK
assay, although it is recommended to meet the criteria as closely
as possible. In these cases, the approach described by Lee et al.
(18) may be useful in achieving these goals.
For a category 2 assay, if a deﬁnitive quantitative assay
can be developed, then the assay should be validated to meet
the same standards of a PK assay. In contrast, if only a
relative quantitative assay can be developed due to technical
limitations of the matrix and/or reference standard, then the
assay should be validated and assay acceptance criteria
should be set with a view to approaching as closely as
possible the expectations for a PK assay. Industry recommended the preparation of QC samples; speciﬁcally using QC
ranges prepared by pooling low/medium/high biomarker
containing matrix and subsequently used as analytical QCs
for assay run acceptance. This is an area requiring further
discussion.

For all category 2 assays, every effort should be made to
evaluate critical assay parameters (e.g., standard curve
performance, accuracy and precision, sensitivity, stability,
speciﬁcity, parallelism) to make the assay as close to a PK
assay as technically feasible. Where an assay parameter does
not meet the criteria of a PK assay, it is recommended that
the sponsor provide an explanation for why this should not
pose any issues in data quality for its intended use.
Furthermore, early interaction with the Agency to discuss
these issues may be helpful.
Multi-analyte analysis is commonly practiced with biomarkers. In many cases, the method is validated for all
analytes simultaneously, but in some cases, LBAs for multianalytes are validated individually and then combined
together in the method validation. Once in sample analysis,
if one of the analytes does not pass their criteria, the sample
should be rerun under the same conditions and the other
previously passed analytes not taken into consideration. The
FDA did not oppose this option.
Use of FDA-Approved Dx Assays
Special consideration must be taken into account when
using an FDA-approved Dx kit to generate results with a
category 2 assay. The main challenge with Dx kits is the
assays are often on closed platforms and cannot be further
optimized (i.e., the sponsor cannot add additional standard
points or change assay buffer). Therefore, Dx assays with
sparse calibration standards should include additional validation experiments using additional standards to evaluate the
calibration range and standard curve performance. Similarly,
other aspects of the validation (speciﬁcity, selectivity, stability,
etc.) may require supplemental work. The goal and beneﬁt of
conducting these additional experiments is to generate a
sufﬁcient body of evidence that support using the Dx kit, as
intended by the Dx manufacturer, will deliver the data quality
required during in-study sample analysis.
While these Dx assays are usually highly validated and
follow College of American Pathologists (CAP) Clinical
Laboratory Improvement Amendments of 1988 (CLIA)
guidelines, the assay simply may not be ﬁt-for-the-purpose
in clinical development. These assays were speciﬁcally
developed and validated for the purpose of diagnosing a
patient health/disease status. Therefore, some parameters
that are critical to how samples are evaluated in the context
of a clinical study may not be sufﬁciently evaluated as part of
the Dx assay validation package. Here, it is the responsibility
of the sponsor to perform additional veriﬁcation experiments
to augment the validation package and demonstrate that the
assay is suitable for the intended use. For example, the
laboratory could conduct the appropriate stability experiments
that provide data to support how study samples were collected
and stored. One strategy to evaluate stability is to prepare and
analyze mock clinical samples that mimic the way samples are
collected, stored, shipped, and analyzed. The concern here is
that the Dx assay may have been validated to analyze samples
that have been stored, for example, at ambient temperature for
less than 48 h. If the clinical samples will be collected, stored,
shipped, and analyzed under these conditions, then there are no
issues, and the assay can be used as is. However, if the samples
are stored frozen and/or analyzed after 48 h, then it is up to the
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sponsor to determine if the assay is ﬁt for purpose. The same
would hold true for the evaluation of potentially interfering
compounds to ensure the assay still meets speciﬁcity requirements or differences in anticoagulant.
Biomarkers represent a growing and important data set
to support and drive approvals of new drugs. As such, the
above discussion establishes an initial position for industry
and the agency to work from, recognizing that the rapidity of
change will require an ongoing dialogue and ﬂexibility as new
technology is applied and other approaches mature.
CONCLUSION
The Crystal City V Conference was a forum for
interaction between the pharmaceutical industry and regulatory agencies. Extensive discussions were held for a wide
range of bioanalytical topics for chromatographic and ligandbinding assays. Consensus was reached on a variety of
subjects for these platforms, which was also consistent with
the majority of decisions from CCIII and CCIV workshops.
Several new topics in bioanalysis were also discussed, namely
biomarkers, diagnostic kits, ADCs, and mass spectrometry of
large molecules. Biomarkers and diagnostic kits, which are
the latest additions to the FDA BMV Guidance, were
robustly discussed, and the challenges and limitations of the
assays were presented. Bioanalytical assays and validation
speciﬁcations, needed for antibody-drug conjugates, were also
presented and discussed. Quantiﬁcation of large molecules by
mass spectrometry continues to increase and the bioanalytical
challenges are being addressed within the industry. At the
current Workshop, this area of science was not discussed due
to the lack of broad experience available for a robust
discussion. There were some areas of non-consensus, which
was usually the result of a lack of general experience with the
issue. These issues will serve as the basis for future industryagency interactions and improvements to the science.
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