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The European Bioanalysis Forum community’s
evaluation, interpretation and implementation
of the European Medicines Agency guideline
on Bioanalytical Method Validation

The European Medicines Agency’s (EMA) 2011 guideline on bioanalytical method validation (BMV) was evaluated
and subsequently intensely discussed by the European Bioanalysis Forum (EBF) during a 2-day workshop (EBF
Workshop on the implementation of the EMA guideline on BMV, Chateau de Limelette, Limelette, Belgium,
I5-16 March 2012). The goal of the evaluation and discussions was to come to a uniform interpretation of the
guideline and thus to help facilitate a smooth implementation at our laboratories. Up front preparations for the
workshop by dedicated teams concentrated on challenges on implementation: ambiguities, technical or operational
challenges and issues in general. In addition, common understandings were identified as well as main differences to
the 2011 US FDA guideline. The guideline was perceived as being well written with a clear structure, separating
method validation from sample analysis and treating all relevant aspects one-by-one in a logical order. It is the first
BMYV guideline clearly addressing the specifics for ligand binding assays and it shows a good match with current
scientific thinking. The EBF community considers the EMA BMV guideline an excellent basis for countries that are
in the process of developing or updating their own BMV guideline.

The development of a guideline on bioanalytical
method validation (BMV) by the European Med-
icines Agency (EMA) [101] has repeatedly been a
point of attention with the European Bioanalysis
Forum (EBF) [102] and was on the agenda of many
of its meetings. Within the EBF formal discus-
sions started in January 2009, shortly after the
publication of the EMA concept paper on the
need for a guideline on the validation of bioana-
lytical methods and application thereof in (pre)
clinical studies [1], the group provided consoli-
dated comments from the bioanalytical scientists
of 24 pharmaceutical companies. Recognizing
the challenges a second major BMV guideline
could impose on industry, the EBF steering
committee voiced a wish for harmonization in
an editorial in Bioanalysisin the same year [2] and
organized a session to have further discussions
on the EMA concept paper with the regulators
and broader bioanalytical community during
the 2™ Open Symposium in December 2009 [3).
Shortly after that meeting, the draft guideline
was officially published for comments [4].

As with the concept paper, EBF again col-
lected comments among its member companies
and prepared for consolidated feedback to the
EMA in May whilst organizing a 2-day workshop

together with the European Federation of Phar-
maceutical Scientists [5,103,104]. As the EMA draft
guideline was the first BMV guidance document
specifically addressing ligand-binding assays
(LBAS) to determine macromolecule levels, EBF
also hosted a session on the EMA draft guideline
during the 2010 National Biotech Conference in
San Francisco [105]. In parallel, Graeme Smith
published a comparison between the EMA
2009 draft BMV guideline and the US FDA
2001 Guidance, the latter being the only stan-
dard since it was released [6]. One main concern
among the bioanalytical community was that
guidelines in different regions proposed diver-
gent or even conflicting procedures to be fol-
lowed. This concern fuelled the industry desire
to also concentrate on and work towards global
harmonization [7-11,106].

The EMA released the final version of its
BMYV guideline [12] and an overview of the com-
ments received [13] on 21 July 2011 with a date of
implementation of 1st February 2012. The next
challenge for the bioanalytical laboratories was
how to implement this guideline. Our first step
on addressing this essential aspect was to collect
input from our member companies on this ques-
tion. The outcome was presented and discussed
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during the 4th Open Symposium in November
2011 in Barcelona [14,107].

In contrast with the implementation of the
FDA Guidance, which was the first of its kind
and gradually adopted in the years after its
release, the EBF decided to support the harmo-
nized implementation of the EMA guidance in
the individual laboratories of its members. Fol-
lowing up on this decision and on the discus-
sions held in Barcelona, an internal workshop
was organized where EBF members from 40
member companies extensively discussed the
interpretation of the guideline aimed towards
its implementation. Prior to the workshop, ten
small teams, of on average six people, discussed
a preselected number of sections of the guideline.
The discussions focused on the following points:

Challenges on implementation: common
understandings; ambiguities; technical or
operational challenges; issues;

Differences to FDA 2001 Guidance and
subsequent Crystal City White Papers [15-17].

In order to reach a concise set of major
conclusions and recommendations, the different
chapters were discussed within the EBF com-
munity during the workshop that took place
on 15-16 March 2012 in Limelette, Belgium.
The current paper outlines the outcome of these
discussions.

In parallel to the activities by the EBF, the
Global CRO Council held two meetings in
2011 discussing the guideline. The outcome of
those discussions was published in early 2012
for Bioanalysis (13).

General observations

The EMA 2011 Guideline on the validation of
bioanalytical methods was perceived as being well
written and having a clear structure [12]. Method
validation and sample analysis are clearly sepa-
rated and all aspects considered relevant for either
method validation or sample analysis are dealt
with one-by-one in a logical order. It is the first
BMYV guideline clearly addressing the specifics for
LBA:s for the assessment of macromolecules and,
in general, it shows a good match with current
scientific thinking in the bioanalytical commu-
nity. It also defines the implementation of qual-
ity systems such as GLP for preclinical and GCP
for clinical studies. Furthermore, it has a good
fit with the bioanalytical section of the EMA
guideline on bioequivalence (BE) studies [19] and
took into account the developing concepts within
EMA on GCP for bioanalytical laboratories [20].

The clear and logical structure can be depicted
by a side-by-side comparison between ‘small mol-
ecules/chromatographic assays” and ‘large mol-
ecules/LBAs’ table of contents as presented in

. On some aspects in the guideline, EMA
provides clear expectations regarding actions
and/or how to evaluate the data, for other aspects
it is more open. And although some may wel-
come a more descriptive and directive guideline,
the general feeling and appreciation was that it is
good that there is room for interpretation and,
thus, allows the bioanalytical scientists to fine-
tune validations to fit within local and corporate
constrains, molecule specifics and project needs.

The EBF wants to highlight that the EMA
guideline is actually focusing on bioavailability
and BE studies and, unfortunately, makes no
reference to the principles offered by the tiered
approach, which we feel are an important alter-
native for documenting scientific quality for
compounds for which full validation is either not
needed or not possible. For example, in an ear-
lier stage of drug development or for metabolites
those are not yet fully characterized [16.21].

Differences to the FDA guidance

& EMA

Observed differences between the EMA
guideline and the FDA 2001 Guidance are
depicted in . The contrasts are small and
are generally more the result of 10-years progress
in science and a better understanding of the spe-
cific needs and challenges for bioanalysis, than
illustrative of a divergent regulatory thinking in

the USA compared with the EU.

Executive Summary & sections 1,2 & 3
Common understandings

Focus of the guideline is on validation of
bioanalytical methods and criteria on the appli-
cation of these validated methods in the routine
analysis of study samples from predominantly
PK and TK studies. The guideline specifically
focuses on chromatographic and ligand-binding
analytical methods for the assessment of small
and large molecules, respectively.

Ambiguities

The guideline does not clearly indicate for which
other bioanalytical methods it is applicable, for
example, radio-labeled or microdose studies. For
validations in support of preclinical studies, it
is clearly implied that GLP should be used as
the quality standard. It is, however, unclear if
compliance to GCP should also be indicated
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Table 1. Section-by-section outline of the European Medicines Agency guideline

on bioanalytical method validation.

1 Introduction
2 Scope
3 Legal basis

8 Report
8.1 Validation report
8.2 Analytical report

Small molecules

(chromatography)

4.1 Full validation of an analytical method
Reference standards

4.1.1 Selectivity

4.1.2 Carry-over
41.3LLOQ
4.1.4 Calibration curve

4.1.5 Accuracy
4.1.6 Precision

4.1.7 Dilution integrity
4.1.8 Matrix effect

4.1.9 Stability

4.2 Partial validation
4.3 Cross validation

5 Analysis of study samples
5.1. Analytical run
5.2. Acceptance criteria of an analytical run

5.3. Calibration range
5.4. Reanalysis of study samples
5.5. Integration

6 Incurred samples reanalysis

General sections pertaining both small- and large-molecule analysis

Comparable sections pertaining either small- or large-molecule analysis

Large molecules
(ligand-binding assays)
7.1.1 Full validation

7.1.1.1 Reference standards

7.1.1.3 Selectivity
7.1.1.2 Specificity

7.1.1.4 Carry-over effect

7.1.1.7 Calibration curve
7.1.1.8 Precision and accuracy

7.1.1.9 Dilutional linearity
7.1.1.5 Matrix selection
7.1.1.6 Minimum required dilution

7.1.1.11 Stability of the samples
7.2 Partial validation and cross validation

7.3 Analysis of study samples
7.3.1 Analytical run
7.3.2 Acceptance criteria

7.3.3 Incurred samples reanalysis
7.1.1.10 Parallelism

7.1.1.12 Reagents

7.1.1.13 Commercial kits

for validations in support of clinical studies.
Following up, EBF consulted together with the
European Quality Assurance Confederation and
ended up with the following interpretation of
the GLP requirements: “The wording of this sec-
tion has raised questions within industry. Industry
believes the intent of the section is as detailed below.
Bioanalytical methods used in nonclinical safety
studies (GLP studies) should be validated to ensure
they are fit-for-purpose. The BMV work should be
conducted to a high standard commensurate with
the principles of GLP. As the method validation
work is not classified as a nonclinical safety study,
there is no requirement to claim compliance with
the Principles of GLP. This is aligned with the posi-
tion of national GLP Monitoring Authorities. If it
is a test facility’s policy to claim GLP compliance for

bioanalytical method validation, this is acceptable.
This comment is not necessarily a request to amend
the Guideline but a reassurance to industry that
their interpretation is correct.”

Conclusions & recommendations

For method validation for pre-clinical and
clinical as well as for clinical sample analysis:
use the GLP system as the standard quality
system for the laboratory. For sample analysis
from GLP studies (pre-clinical): use GLP as
the quality standard and claim compliance to
GLP. Still, little clarity remains with respect
to the claim of compliance to GCP for clinical
studies, but referring adherence to the EMA
‘GCLY’ reflection paper may be good advice
for these types of situations [20].

fsg

future science group

www.future-science.com

647



WHITE PAPER I van Amsterdam, Companjen, Brudny Kloeppel, Golob, Luedtke & Timmerman

Table 2. High-level comparison of the European Medicines Agency 2011 bioanalytical method validation

guideline to the US FDA 2001 Guidance and subsequent Crystal City White Papers.

Section European Medicines Agency 2011 US FDA 2001 and subsequent Crystal City
meetings reports
Executive summary, 1,2,  Covers validation and sample analysis Additionally covers method development
3 and definitions Validations and sample analysis conducted ‘following the  Analytical laboratories conducting preclinical
principles of” or ‘in conformity’ with GLP/GCP studies for regulatory submissions should adhere
to GLP
Includes calculations to be used for accuracy and precision Gives description only
41-4.1.3 Requires full validation for each species and matrix Supports the partial validation concept
(no partial validation)
Recovery not needed for European Medicines Agency Recovery is a validation aspect
Does not require CoA for IS Does not strictly require CoA for reference
standards

Strongly recommend isotope-labeled IS for MS detection  NA

Carry-over should be <20% for analyte and <5% for IS No target in guidance, but some inspectors see
20/5% as acceptance criterion

Added an acceptance criterion for LLOQ in BE studies NA
(5% of C_ )
4.1.4 Calibration curve A relationship that can simply and adequately describe More descriptive/directive: ‘'simplest model’

the response of the instrument with regard to the
concentration of analyte should be applied.
4.1.5 Accuracy Within-run accuracy should be determined by analyzing ~ Minimum of three concentrations
in a single run a minimum of five samples per level at a
minimum of four concentration levels, which are covering
the calibration curve range.

Reported method validation data and the determination  Calculations of accuracy and precision excluding

of accuracy and precision should include all results values that are statistically determined as outliers
obtained except those cases where errors are obvious and can also be reported
documented.
6 and 7.3.3 ISR ISR explicitly described ISR not a topic in the guideline, but main topic in
Crystal City IV White Paper®
7. Ligand binding assays ~ Section specifically on LBA included Guideline written for LC-MS based assays
7.1.1.1. Reference Reference and dosing batch should be of the same origin  NA
standards
7.1.1.2. Specificity Details how to test drug related molecules or Not specified
concomitantly administered drugs by spiking QC samples
7.1.1.3. Selectivity Test at least 10 different matrix sources including lipemic  NA in guideline. However, it is discussed in detail
and hemolyzed samples. Include sources of relevant in Smolec et al*
disease populations
7.1.1.5. Matrix selection ~ Surrogate matrices may be used if justified. NA
7.1.1.6. Minimum required MRD should be assessed NA
dilution
8.1 and 8.2 Reports Table of calibrator results (validation) of accepted runs Table of calibrator results (validation) of all runs
Data on selectivity, LLOQ, carry-over and dilution integrity NA
(validation)
Unexpected results with full justification and action taken NA
(validation)
Sample reassay info (analysis) ‘exclude re-assay due to Requires a reassay SOP as appendix
analytical reasons such as run failure’
Chromatograms (validation): not specified Chromatograms (validation): representative
BE studies: all chromatograms from runs, which include Chromatograms (analysis) to be submitted:
20% of subjects (including standards and QCs) 5-20% for an ANDA and representative for a
other studies — representative chromatograms only NDA

Data from [17].

*Data from [28].

ANDA: Abbreviated New Drug Application; BE: Bioequivalence, CoA: Certificates of Analysis; IS: Internal standard, ISR: Incurred sample reanalysis, LBA: Ligand
binding assays;, MRD: Minimum required dilution, NA: Not addressed; NDA: New Drug Application.
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4.1 Full validation of an analytical
method

Common understandings

A full validation is needed for any new method
validated before the first-time use in a study
aimed for a regulatory submission. Furthermore,
a full validation is needed for each additional
matrix, species or analyte, with the exception that
some stability work may not need to be repeated.
Certificates of Analysis (CoA) are required for all
reference standards including metabolites, but
not for the internal standard (IS).

Ambiguities

The guideline text is contradictory on the
application of partial validations. In 4.1 the
following is stated: “Generally a full validation
should be performed for each species and matrix
concerned.” While in 4.2 it reads: “Changes for
which a partial validation may be needed include
... another matrix or species...”

Technical or operational challenges

The need to have and supply a CoA is well
understood, but may be quite difficult to
achieve for certain metabolites (e.g., glucuro-
nides), especially in the earlier stages of drug
development.

Issues

It is unclear whether or not partial validation is
still possible and acceptable, for example, in the
case of another species. The safe approach, and
potentially the most cost effective in the long
run, is to perform a full validation when there
is a species change.

Conclusions & recommendations
Always run a full validation for each species,
matrix and when you add an analyte. This may
not strictly be needed following the partial vali-
dation principles, but EBF experience is that
it is more efficient to do full validations in the
long run.

Obtain a CoA for all analytes and use a stable
isotope labeled IS whenever possible.

m 4.1 Selectivity

Common understandings

Selectivity of the method towards endogenous
substances needs to be demonstrated in blank
matrix of six different individuals and (poten-
tial) degradation of labile compounds should
be addressed when sample collection/sample
preparation is defined.

Ambiguities

Challenges in this section concern what are
considered ‘rare matrices’ and what defines a
metabolite being labile. Investigation of back
conversion if no reference standard is available
can be prone to error.

Technical or operational challenges

Back conversion of metabolites to the parent
compound will hamper a correct determination
of drug plasma levels. This can occur in samples
upon aging, but also, for example, during the
sample work-up procedure or even in the source
of the mass spectrometer. Assessing and quan-
tifying back conversion in the earlier stages of
drug development cannot always be done given
the lack of authentic metabolite standards at
that stage.

Issues

Selectivity should be tested using independent
individual sources of blank matrix. For small
rodents this can result in practical or ethical
challenges, hence the question if pools can still
be used for rodents.

Conclusions & recommendations

Use six individual sources of matrix for selectivity
experiment and if there is, or are indications of,
a labile metabolite in the assay: test for back
conversion.

m 4.1.2 Carry-over

Common understandings

A maximum of 20% of LLOQ response should be
a target for the first blank, but this criterion is not
an absolute blocker. If carry-over is unavoidable,
specific measures such as additional blanks can be
employed to keep things under control. The num-
ber and positions of blanks needed in such a case is
determined during validation and the findings are
applied during routine application of the method.

Conclusions & recommendations

Try to reduce carry-over to <20% of LLOQ if
possible. If carry-over is higher than 20%, define
appropriate measures for study sample analysis.

m 4.1.3 Lower limit of quantification

Common understandings

No changes to the general LLOQ concept: LLOQ
is the lowest concentration of analyte that can reli-
ably be quantified and is considered to be the low-
est acceptable calibration standard. The demand:

“For BE studies the LLOQ should not be higher than

fsg

future science group

www.future-science.com

649



WHITE PAPER I van Amsterdam, Companjen, Brudny Kloeppel, Golob, Luedtke & Timmerman

5% of the C"was regarded realistic and should,

in general, not be an issue to achieve.

Conclusions & recommendations
The LLOQ in BE studies should be less or equal
to 5% of C__ .

m 4.1.4 Calibration curve

Common understandings

Weighted regression analysis can be used and
regarded as a ‘standard’ procedure to assess the
calibration curve parameters and all accepted
runs have to be presented (curve parameters and
back-calculated values). The report should show
the number of and reason of failed runs but no
detailed statistics are required.

Ambiguities

How to treat rare matrices? Or to what extent
should surrogate matrices be allowed and which
level of scientific documentation would be
required.

Technical or operational challenges

The EMA position that the calibration range
should match with the concentration range of
the samples is impossible to meet for early toxi-
cology and first-in-man dose escalation studies
and dilution of over-range samples may need
to be done to an extent that goes beyond the
agencies expectations. Case-by-case it should be
judged which approach to follow, but in general
adaptation of the calibration range and (partial)
revalidating the method does not make much
sense before a final dose range is known, for
example, at the start of Phase III.

Conclusions & recommendations

The following aspects are recommended: allow
documented use of surrogate matrix in case of
ethical or scientific need, change of anticoagulant
counter ion is not a change of matrix and does not
call for partial validation, weighted regression can
be used as ‘standard’ procedure and all accepted
runs have to be presented (curve parameters and
back calculated values). The report should show
the number and reason of failed runs.

m 4.1.5 Accuracy

Common understandings

Four QC samples: LLOQ, low, medium and
high during validation is common practice, but
for the medium level QC, in contrast to what the
guideline indicates “..around 50% of the calibra-
tion curve range (medium QC)... ”, there was a

common understanding among the members that
the 50% should be interpreted on a geometric
scale rather than arithmetic. For each of the QC
levels, accuracy is to be presented ‘within-run’ and
‘between-run’, which should be read as accuracy
for each batch/run and the overall accuracy.

Ambiguities

Are ‘different days’, different calendar days
or would different batches suffice? This is an
important distinction for high-throughput
methods. Second, how should we to treat obvi-
ous errors and outliers? We recommend report-
ing of the data with and without outliers and
to provide justification for outliers using preset
criteria, albeit that it is unclear if EMA would
accept this for validation studies.

Technical or operational challenges

Independent stock solutions should be prepared
for calibrators and QCs “unless the nominal
concentration(s) of the stock solutions have been
established.” But how to deal with preparing
independent stock solutions from scarce or
expensive reference compounds? (e.g., non-
proprietary compounds in presealed vials with
CoA including concentration measurements).

Issues

Obvious errors and outliers: reporting the data
with and without outliers can be performed as
long as a justification for the outliers has been
defined using preset criteria.

Conclusions & recommendations

50% of the calibration range for the medium QC
can be read as the geometric mean rather than
arithmetic. With respect to the spiking solutions
for calibration standards and QCs the amount of
solvent added to blank matrix should be limited
to prevent impact on stability (i.e., preventing
enzymatic instability) and impact on differences
in extraction recovery.

m 4.1.6 Precision

Common understandings

As for accuracy, precision is to be presented
for each QC level ‘within-run’ and ‘between-
run’. This should be read as precision for each
batch/run and the overall precision.

m 4.1.7 Dilution integrity

Common understandings

The impact of dilution of (over range) samples
on the observed concentration should be assessed
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during validation. Additional dilution factors may
need to be investigated during sample analysis.

Ambiguities

It is unclear whether an investigation of dilution
integrity validates the used dilution factor or the
highest tested concentration. For example, for a
method with a 1-1000 ng/ml calibration range,
would a tenfold dilution of a 8500 ng/ml sample
increase the range of the method to 8500 or
10,000 ng/ml (with proper dilution)?

Conclusions & recommendations

In the case example, how would you deal with
extrapolations and would you still accept data
within +15% from this 8500 ng/ml? As a conse-
quence, the EBF proposed to choose the concen-
tration to validate the dilution factor of above the
curve sample to be within 80—-85% of the ULOQ
after dilution rather than the highest tested con-
centration. Following this proposal, the highest
concentration and the dilution factor will be very
similar, and the proposal removes the ambiguity
created on extrapolations.

m 4.1.8 Matrix effects

Common understandings

A total of six lots of unique sources of blank
matrix are required and the investigation should
be done at a QC high and QC low level. Matrix
factors (MF) should be calculated for each of the
investigated matrices and the CV of the IS nor-
malized matrix MFs should be not more than
15%. Assessment of the matrix effect should
include plasma derived from problem excipient
containing formulations and hemolyzed and
hyperlipidemic plasma.

Ambiguities

Assessing the matrix effect due to an excipient by
spiking excipient into blank matrix implies that
itis assumed that no biotransformation 7 vivo of
the excipient takes place. The better alternative
is to dose the test species with blank excipient to
generate matrix, which is difficult to achieve and
potentially unethical. Another important aspect
is how to obtain or prepare standard and accept-
able hemolyzed and hyperlipidemic test matrix.
For example, should hemolyzed plasma samples
be prepared from frozen blood or by spiking a
few percentage blood into plasma?

Technical or operational challenges
Operational challenges are encountered for assess-
ing the matrix effect due to excipients, as excipient

placebo matrix may not be available. Furthermore
matrix effect investigation for special popula-
tions cannot easily routinely be carried out given
the lack of representative blank matrix prior to
running clinical trials in the specific population.

Conclusions & recommendations

Determination of IS normalized MF and CV
acceptance criteria of £15% should be generally
accepted. Spiked excipients in matrix should
only be investigated during primary validation
if excipient is known to cause analyte response
variability. With respect to hemolyzed and hyper-
lipidemic test matrix, EBF agreed to continue the
discussion and generate more experience prior to
recommending,.

m 4.1.9 Stability

Common understandings

Stability evaluation of all preparation processes
and storage conditions as well as ‘on instrument’
stability should take place. In multi-analyte cases,
the stability in matrix containing all analytes is
to be assessed. Assessment of back conversion of
metabolites cannot be limited to metabolites that
need to be quantified according to metabolites in
safety testing [22.23].

Ambiguities

Blood-stability investigation is not without
practical challenges; for example, must it be fresh
blood or would frozen suffice and how much time
may have passed from collection for blood still
to be considered fresh. Furthermore, there is no
differentiation between re-injected result repro-
ducibility and stability with respect to a fresh
calibration curve

Technical or operational challenges

An unanswered question is, if some analytes in
multi-analyte investigation fail; should all batch
data be discarded? Conducting all stability inves-
tigations for a multi-analyte situation is costly
and time-consuming and seems rather overdone
when there is ample stability information on each
of the individual analytes. Furthermore, there is
to date no solid scientific evidence known within
the EBF community that indicates that the sta-
bility of one analyte in the matrix is positively
or negatively influenced by the presence of the
other analyte.

Preparation and initial storage conditions
of samples is not always in the CRO’s control,
whereas it is relevant to describe storage periods
and conditions in the study reports.
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Conclusions & recommendations

At least 72 h of autosampler stability of processed
sample should be assessed using fresh calibra-
tion standards and QCs. The stability of the IS
does need not be evaluated in multi-analyte long-
term storage investigation and an assessment of
preventative analyte instability in matrix should
only be undertaken on a case-by-case basis.

m 4.2 Partial validation

Common understandings

No differences from the FDA Guidance and
Crystal City conference papers and no differ-
ent than the general understanding of partial
validation [15-17).

Ambiguities

The inconsistency between sections 4.1 and 4.2
regarding partial validations has already been
pointed out. Another aspect of partial validation
concerns a matrix change. It is unclear from the
guideline if a change in anticoagulant counter ion
is considered a change in matrix by the agency.
The EBF has thoroughly investigated the impact
of a change in counter ion and concludes that
there is no ground for a (partial) validation when
such a change occurs [24-26].

Issues
Sections 4.1 and 4.2 may be seen to be in conflict.
Thus, good scientific justification is required.

Conclusions & recommendations

If a partial validation is conducted than at least
precision and accuracy must be assessed with
additional validation aspects justified by reason
of change to method or application.

4.3 Cross-validation

Common understandings

No differences from the FDA Guidance
and Crystal City conference papers and the
general understanding and application of
cross-validations.

5 Analysis of study samples

Ambiguities

Not well understood is how the statement: “Before
start of the analysis of the study samples the perfor-
mance of the bioanalytical method should have been
verified” should be interpreted. Does this mean
that just a statement needs to be provided on
validation of the method before start of analysis
or does this mean that an additional verification
(pre-study performance testing) is needed?

Technical or operational challenges

Albeit there was a discussion on a number of
details, however, there were no technical or
operational challenges identified for application
of the guideline to routine sample analysis.

Conclusions & recommendations

The EBF community recommends verifying the
performance of ‘sleeping’ bioanalytical methods
prior to the start of study sample analysis. It is the
company’s decision after which duration of inac-
tivity and to what intensity they would want to
conduct such performance verification. A prac-
tical mode could be to combine performance
testing with staff training on a method.

5.1 Analytical run
Common understandings
Common practice on how an analytical run
should be built and processed is aligned with
the description in the guideline, along with the
requirement to predefine the acceptance criteria.

5.2 Acceptance criteria for a run
Common understandings

The acceptance criteria for calibrators: back-
calculated values should not deviate more than
15, and 20% at LLOQ from the spiked levels
and this should be the case for at least 75% of
total standards or six calibrators at minimum,
for QCs: 4—6-15, are in agreement with current
practices.

If the lowest or the highest calibration
standard is lost in processing or failed to meet
the acceptance criteria, the next lowest or high-
est standard will be the LLOQ or ULOQ,

respectively.

5.3 Calibration range

Common understandings

The calibration range should fit with the
(expected) levels of the study samples. In cases
where a substantial number of the samples show
levels above the ULOQ, the range should be
extended. When the study samples all fall into
a limited range, much shorter than the calibra-
tion range, it is advised to add an additional QC
specifically for that sample range.

5.4 Re-analysis of study samples
Common understandings

Possible reasons for reanalysis and reported data
should be predefined and discussed in study
report. In the case of predose or PK re-analysis,
all relevant information should be available.
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Re-injection for instrument failure is basically
always authorized but not if calibrators or QCs
failed for no apparent reason.

5.5 Integration

Common understandings

Section matches with the common understandings
and is free of ambiguity.

6 & 7.3.3 Incurred sample reanalysis
Common understandings

A SOP for incurred sample reanalysis (ISR) is
considered mandatory and its conduct should be
identified in the study plan. Studies for which
ISR should be conducted include first-in-man,
multiple ascending dose, BE, hepatic and renal
impaired patients and proof-of-concept for clini-
cal and at least once per species for preclinical.
ISR should also be conducted in the first study
directly following a major method change.
Sample selection should be based upon: maxi-
mizing the number of subjects and one sample
around C__and one from the terminal phase.
The number of samples subjected to ISR should
be 10% for studies of less than 1000 samples
plus 5% of the number of samples above 1000
for studies more than 1000 samples. There is
no minimum number for (very) small studies,
but 20 samples is considered to be a good lower
limit for ISR.

The acceptance criteria are: two-thirds
should fall within 20% from mean for small
molecules/chromatographic assays and 30%
from mean for large molecules/LBAs. Non-
numeric values are excluded from the evalua-
tion. The criteria are straightforward and real-
istic from a process control point of view, they,
however, do not take into account cases in which
a limited number of samples show rather large
differences between the original and the repeat.
From a method control perspective, the EBF
members are of the opinion that in these latter
kinds of cases an investigation is warranted.

ISR is best conducted early on in the study
and it considered best practice to conduct ISR
in the batch directly following the original mea-
surement. ISR failure puts bioanalysis on hold,
triggers an investigation and implies that an
investigation report is issued.

Ambiguities

ISR is being used both as method control and
process control and this may not only cause some
confusion, but also warrant a different approach
to investigate ISR failures. It also impacts on

how to deal with cases in which a few values
deviate substantially. In addition, timing of per-
forming ISR is critical. While many bioanalysts
see the value of doing ISR in each subsequent
analysis batch, the normal laboratory routine
and more specifically the challenges produced
by commonly used Laboratory Information
Management Systems make it a less prefered
approach.

Despite the guidance clearly stating the
studies that need to be considered for ISR,
CROs are experiencing clients requesting ISR
for most studies. In this respect, EBF is happy
to see the guideline being in alignment with the
earlier thinking of the group and limit ISR to a
selection of studies rather that performing it in
virtually all studies [27).

Issues

On the ‘10% question’, there are no issues with
respect to conducting ISR other than the added
workload, but the community strongly wonders
what the continued added value is of doing ISR
in hundreds of samples in larger clinical trials
while essential information on method perfor-
mance can be picked up using a less extensive
number of samples.

Conclusions & recommendations

To follow current established methodologies for
ISR and consider incurred sample reproducibil-
ity inclusion in drug—drug interaction studies, in
which a substantial impact on metabolism may
be anticipated. In situations of formally accept-
able ISR, in which a limited number of samples
demonstrate rather large differences between
original and repeat, we advise to conduct an
investigation.

7 Ligand binding assays

Common understandings

Because of the complex nature of macromolecules
and consequently the differences in analysis
compared with small molecules, the EMA
included a chapter on LBAs. Macromolecules are
usually analyzed using LBA, although chroma-
tography-based techniques are becoming more
readily available over the past few years. Whereas
section 7 indicates the requirements specifically
pertaining LBA methods, other sections (i.e.,
sections 4 and 5) are also applicable for macro-
molecules as well. Section 7.1 includes 13 subsec-
tions discussing the requirements for full valida-
tion of a LBA method. The subsequent section
7.2 on partial validation and cross-validation
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refers to sections 4.2 and 4.3 where this more
general topic is discussed. Finally, section 7.3
outlines the analysis of study samples such as
the analytical run, acceptance criteria and ISR.

m 7.1.1 Full validation
Common understandings
This section with its subsections deals with
the general requirements for the full validation
of LBA for the assessment of PK properties of

macromolecules.

7.1.1.1 Reference standards

Common understandings

Reference standards to be used should be in the
purest form available while it is recommended
that the drug used for dosing and reference
standard are of the same batch. In case of batch
changes, an analytical characterization as well
as bioanalytical evaluation should be performed
to ensure that performance characteristics are
not changed.

Technical or operational challenges

To ensure optimal comparability between the
drug determined in the nonclinical or clinical
sample and the reference standard used for prep-
aration of the calibration standard and QCs, the
guideline strongly recommends that both should
be of the same origin. This might be challenging
because the batch used for dosing may not yet be
available during validation or may be difficult to
obtain. In the case of change of batch, the actual
lot should be compared with the previous one by
means of calibration standards and QC samples.

Conclusions & recommendations

Preferentially, the reference standard and dosing
batch should be of the same origin. However,
in some cases this may not be possible. In those
cases it is recommended to document this in the
report.

7.1.1.2 Specificity

Common understandings

The guideline stipulates that to assess the speci-
ficity of the assay, drug-related molecules or
drugs expected to be concomitantly adminis-
tered should be tested with QC samples by add-
ing these in increasing concentrations to the
naive serum matrix. Both lower and higher con-
centrations of the related molecule(s) should be
tested. Accuracy at both the LLOQ and ULOQ
levels should not exceed 25% of the nominal
values.

7.1.1.3 Selectivity

Common understandings

As for specificity, the same is also true for selec-
tivity testing. A total of ten sources of matrix
should be tested. These should include hyper-
lipidemic and hemolyzed samples. Also, sources
from relevant diseases should be taken into
account. Matrix effects at higher as well as lower
(near LLOQ) analyte levels should be assessed.

Technical or operational challenges

At least ten sources of matrix should be included
in selectivity testing. These different matrices
should also include hyperlipidemic and hemo-
lyzed samples. These nonstandard matrices are
not difficult to obtain, but a clear definition
on what can be considered a hyperlipidemic or
hemolyzed sample is lacking. Until more expe-
rience is built within the bioanalytical arena,
there should be some liberty in choosing exactly
which of these kinds of samples to include in
the validation.

7.1.1.4. Carry-over effect

Issues

Potential carry-over should be investigated when
using robotic liquid-handling systems. However,
this section does not address crosstalk in, for
example, electrochemiluminescence assays.
Crosstalk can lead to over quantification of low
concentration samples which are placed next to
samples with high analyte level and which con-
sequently have a very intense signal in that sec-
tor of the plate. Assessment of carry-over effect
should therefore not be limited only to robotic
systems.

Conclusions & recommendations

As described above, the guideline stipulates that
the carry-over effect should be investigated when
assays are performed using robotic liquid-han-
dling systems. The EBF recommends the exten-
sion of this investigation is extended to other
platforms where carry-over (or crosstalk) might
be an issue. The electrochemiluminescence assay
format is a good example.

7.1.1.7 Calibration curve

Common understandings

A minimum of six calibration standards should
be run at least in duplicate to generate a cali-
bration curve. The calibration standards should
be spaced approximately evenly on a logarith-
mic scale. A minimum of six independent runs
should be evaluated and reported in a tabulated
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fashion to establish the overall robustness of
curve fit model to be used. The back-calculated
concentrations of the calibration standards
should be within 20% of the nominal value for
at least 75% (25% for LLOQ and ULOQ) of
the calibration standards. Anchor calibrators do
not require acceptance criteria as they are out of
the quantifiable range.

7.1.1.8 Precision & accuracy

Common understandings

To assess the precision and accuracy of the assay,
at least six independent runs over several days
should be performed. At least five QC levels
(LLOQ, low, medium, high and ULOQ) should
be used. These QCs should not be freshly pre-
pared, but frozen to mimic the treatment of study
samples. The within- and between-run accuracy
should not exceed 20% (25% at the LLOQ and
ULOQ) of the nominal value at each concentra-
tion level. The within- and between-run preci-
sion should not exceed 20%. In addition, it is
recommended that the total error should not

exceed 30% (40% at LLOQ and ULOQ).

7.1.1.9 Dilutional linearity

Common understandings

In order to ensure that samples containing drug
levels above the ULOQ can be accurately mea-
sured, dilution linearity should be assessed. This
should also be done to evaluate an eventual pro-
zone or hook effect. The CV of back-calculated
concentrations for each dilution should not
exceed 20% with respect to the nominal value.

Ambiguities

Dilutional linearity should be shown in order
to ensure that samples can be diluted when the
analyte exceeds the ULOQ (i.e., confirm integ-
rity of the sample upon dilution). It was dis-
cussed how these dilutions should be made in
order to reflect the influence of the matrix in an
appropriate way and how to proceed in case of a
nonlinear dilution experiment. So far, no agree-
ment was achieved, whether different dilutions
of a sample should be analyzed on each plate.
However, it is advised to specify this aspect in
the relevant operational SOP.

7.1.1.10 Parallelism

Common understandings

As soon as study samples are available, parallelism
between the calibration curve (spiked reference
standards) and serially diluted study sample
should be tested using a high concentrated study

sample. The precision of the back calculated
value between the dilutions should not be higher
than 30%. In case nonparallelism is observed,
a procedure for reporting a result should be

defined a priori.

Ambiguities

Parallelism of incurred samples is a relatively
new item in guidance documents. In this part
of the EMA guideline, some ambiguities were
observed. In most of cases, validation of an assay
is performed prior to the start of any nonclinical
and clinical study. As a consequence, incurred
samples will only be available after completion
of the validation and after the start of the study.
Therefore, the reporting needs to be defined
prior the validation in either a validation plan
or an SOP. Consequently, it is also unclear where
these results can best be reported: in the sample
analysis report or the method validation report?
In addition, it is not clear whether parallelism of
incurred samples should be implemented once
per matrix, as suggested for ISR.

Conclusions & recommendations

The EBF strives towards raising awareness in
the scientific community on this topic and will
continue to have discussions on the assessment
of parallelism. Attention should be given to
informed consent to ensure that these tests are
covered.

7.1.1.11 Stability of the samples

Common understandings

As described in other guidance documents and
White Papers, it is stipulated that short-term sta-
bility at room or sample-processing temperature
as well as freeze—thaw stability should be tested.
Long-term stability during storage should also
be studied. The mean difference in observed
concentrations should not exceed 20% CV of
the nominal value.

Ambiguities
Stability testing of samples should be performed
on low and high level QC samples.

As clinical samples are usually frozen, it is
assumed that the spiked assay control sample
should be frozen and not freshly prepared. This

is not clearly described in the guideline.

7.1.1.12 Reagents

Common understandings

The section on reagents focuses on critical
reagents (i.e., antibodies). Since these reagents
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have a direct impact on the results, their quality
should be assured. The effect on analytical per-
formance must be assessed upon batch change
of a critical reagent.

Ambiguities

What makes a reagent a critical reagent is a
point of attention and should be thoroughly
investigated during method development. For
some reagents, such as binding proteins, it is
evident; however, for many other reagents it
may be more difficult to clearly identify them
as either critical or noncritical. Another point of
attention is the verification of an old versus new
batch of reagents. The effort needed to verify
the influence and comparability of different lots
of reagents is due to sound science and will be
discussed further within the EBF.

Conclusions & recommendations

Critical reagents have a direct impact on the
result of the assay and should therefore be
carefully monitored. The definition of ‘criti-
cal reagents’ and their requirements should
be described in a clearer way. Furthermore,
the EBF recommends defining a verification
method to test system suitability. A good way to
keep track on critical reagents is the trending of
the assay response using the QC samples, which
are routinely assessed during the assay runs.

7.1.1.13 Commercial kits

Common understandings

Since commercially available assays may be
developed for purposes different from PK
assessment, they need to be revalidated to
assure that they meet with the objectives of
the study, in particular that LLOQ and QC
samples must meet the accuracy and precision
criteria.

Conclusions & recommendations

In order to fulfill the validation requirements
using commercial kits, it may be needed to
change the calibration standards and QC’s
provided with kit to achieve the necessary num-
ber of level including LLOQ and ULOQ. In
addition, the influence of the matrix of interest
needs to be taken into account.

7.3 Analysis of study samples

Common understandings

Section 7.3 delineates the guidance for analysis
of study samples and is divided into sections
on analytical run, acceptance criteria and ISR.

m 7.3.1 Analytical run

Common understandings

The common understanding of the EBF
members was that analytical runs may include
multiple plates. Each plate should contain a
set of calibration standards and QC samples.
However, in order to increase capacity, in some
platforms it may be acceptable that a set of cali-
bration standards be placed on the first and the
last plate and QC samples on every single plate.

Ambiguities

Reference is made to the limited capacity of
platforms. Clarification is needed if platform
is used to describe different assay formats or
different (automated) techniques.

Conclusions & recommendations

For most LBAs, samples are at least measured in
duplicate (two wells per independent samples).
However, no criteria on the variation between
the replicates are indicated, most companies
allow a variation of 15 and 20% CV between
the two measurements.

m 7.3.2 Acceptance criteria

Common understandings

Regarding the acceptance criteria for the study
sample analysis, the guidance indicates that
each plate should contain at least three levels
of QC samples at least in duplicate. At least
67% QC samples and 50% at each concentra-
tion level should be within 20% of the nominal
value and exceptions should be justified.

Ambiguities

The guidance states that each plate should
contain at least three levels of QC samples at
least in duplicate.

As stated in chapter 7.1.1.8, QC samples may
be reported as the mean of two replicates (meas-
urements of the same sample in two different
wells). If so, to fulfill the requirements for assay
acceptance it is needed to analyze four samples
(duplicates of two replicates) per level. This is
not expressed clearly in the guideline and may
be a source of continuous discussions on the
number of wells needed per level.

8 Reports

Ambiguities

Although there appeared to be many different
flavors and different interpretations among the
participants of the workshop, the general view
was that the section is clear and unambiguous.
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The only doubt raised was whether or not
SOPs should be appended to reports or whether
referencing them was sufficient.

Technical or operational challenges

CoAs are not always available and, if available,
they do not always contain all the relevant data
as: purity and expiry/retest dates. Acquiring fully
detailed CoAs is often not within the possibili-
ties of the bioanalytical laboratory. This aspect
is more common when provision is from smaller
biotechnology companies and especially for
metabolites.

With respect to a quality assurance (QA)
review/statement in validation and analytical
reports, CROs and Pharmaceutical companies
(sponsors) appear to have different internal pro-
cesses. Validation activities may be covered by
facility/process audits rather than full audit of
every validation.

m 8.1 Validation report

Common understandings

The validation report should contain validation
performance summary, source of analytical
method, the assay procedure, description of refer-
ence material including batch, origin and stabil-
ity, calibration standards and QC storage condi-
tions, tables of QC results, stability data includ-
ing long-term stability, recovery tests and matrix
effects, selectivity, LLOQ, carry-over, dilution
integrity. and representative chromatograms.

Conclusions & recommendations

Validation reports: an observed difference
between CRO and the R&D pharmaceutical
industry practices is the QA involvement in vali-
dation, for CROs this is standard, whereas for
the pharmaceutical industry this is not always
the case. Performing validation studies under
GLP implies a QA involvement. EBF recom-
mends submitting all data for all (including
failed) runs with unexpected results.

m 8.2 Analytical report

Common understandings

The sample analysis report should contain
description of analysis/assay procedure, refer-
ence material batch(es), run acceptance criteria,
sample storage conditions, sample conditions on
receipt, table with runs and analysis dates, cali-
bration standards and QC results, identification
of the failed runs, deviations from method/SOPs
and the impact that may have had, details on any
reassay and ISR results.

Issues

A lack of clarity is noted for preclinical study
reports, whether it should be a single bio-
analytical TK contribution or two separate
(phase) reports and secondly if SOPs should

either be appended or referenced or neither.

Conclusions & recommendations

Analyrtical reports: present sample receipt dates
and contents in each shipment, calibrators and
QC preparation dates and storage conditions.
SOPs may be referenced and do not need to be
appended. Some companies do not have a sepa-
rate bioanalytical phase report for preclinical as
itis included in the TK report. Our recommen-
dation is to always issue a separate bioanalytical
report.

Statement/EBF recommendation

The EBF community considers the EMA BMV
guideline an excellent basis for countries that
are in the process of developing or updating
their own BMV guideline. Harmonization of
bioanalytical guidance documents and of knowl-
edge and working principles around the globe
is to the benefit of both industry and health
authorities. EBF is an active member of the
Global Bioanalysis Consortium and actively
supporting harmonization efforts [10].

Acknowledgements

The authors would like to thank all European Bioanalysis
Forum members that contributed to the workshop and
whose diligent analysis of the European Medicines Agency
guideline and preparations for the workshop enabled a
better understanding of the guideline and the challenges for

a flawless implementation in our laboratories.

Disclaimer
The views and conclusion presented in this paper are those
of the European Bioanalysis Forum and do not necessarily
reflect the representative affiliation or company’s position
on the subject.

Financial & competing interests
disclosure
The authors have no relevant affiliations or financial
involvement with any organization or entity with a
financial interest in or financial conflict with the subject
matter or materials discussed in the manuscript. This
includes employment, consultancies, honoraria, stock
ownership or options, expert testimony, grants or patents
received or pending, or royalties.

No writing assistance was utilized in the production of

this manuscript.

fsg

future science group

www.future-science.com

657



WHITE PAPER I van Amsterdam, Companjen, Brudny Kloeppel, Golob, Luedtke & Timmerman

Contributors (European Bioanalysis
Forum members as of February 2012)

Achim Freisleben (Merck-Serono)
Alberto Guenzi (Hoffmann-La Roche)
Barry van der Strate (PRA International)
Begona Barroso (Astellas)

Benno Ingelse (MSD)

Bernard Berckerman (Bayer)

Berthold Lausecker (CRS)

Birgitte Buur Rasmussen (Ferring)
Brigitte Busher (TNO Triskelion)
Bruno Le Bras (Servier)

Carl-Johan Sennbro (Active Biotech)
Chris Cox (Millipore)

Christian Herling (NovoNordisk)
Christian Kikuta (pharm-analyt Labor)
Christine Schiebl (Celerion)

Clare Kingsley (Quotient Bioresearch)
Collin Farrel (Unilabs York Bioanalytical Solutions)
Daniela Stoellner (Novartis)

Dieter Zimmer (Harlan)

Dietmar Schmidt (Sanofi-Aventis)
Edwin Janssen (Eurofins)

Eginhard Schick (Hoffmann-La Roche)
Eva Vieser (Micromet)

Fernando Romero (Novartis)

Hans Mulder (Astellas)

Hermann Mascher (pharm-analyt Labor)
lan Skitt (Covance)

Ingeborg Dreher (Abbott Laboratories)
Jaap Wieling (QPS)

Jasja Wolthoorn (TNO Triskelion)

Jim Hillier (Gen-Probe)

John Maltas (BASi)

Jordi Ortiz (Ferrer)

Josep Jansat (Almirall)

Joseph Marini, Janssen R&D (Centocor)
Klaus Pusecker (Grunenthal)

Magnus Knutsson (Ferring)

Marianne Scheel Fjording (NovoNordisk)
Marie-Helene Pascual (Sanofi-Aventis)
Mathias Liljeblad (AstraZeneca)

Mira Doig (ABS)

Mischa van Hout (PRA International)
Morten Anders Kall (Lundbeck)
Nathalie Mokrzycki (MSD)

Neil Henderson (AstraZeneca)

Olivia Vetterlein (UCB)

Pascal Delrat (Servier)

Peter Sagelsdorff (Harlan)

Petra Struwe (Celerion)

Pierre Boulanger (UCB)

Rachel Green (Quotient Bioresearch)
Richard Abbott (Shire)

Richard Hucker (Pfizer)

Rudi Segers (Eurofins)

Sirpa Laakso (Orion Pharma)

Stephanie Fischmann (Abbott Laboratories)
Stephen A White (GlaxoSmithKline)
Stephen Williams (Charles River)
Stuart McDougall (Covance)

Susanne Globig (Actelion)

Susanne Pihl (Lundbeck)

Tammy Harter (Unilabs York Bioanalytical Solutions)
Tim Sangster (Charles River)

Ulrich Kunz (Boehringer-Ingelheim)
Uwe Wannenwetch (CRS)

Winfried Redeker (Swiss Bioanalytics)
Yoshihisa Sano (Eisai)

John Smeraglia (Huntingdon Life Sciences)

References

1 European Medicines Agency, Committee for
Medicinal Products for Human Use. Concept
Paper/Recommendations on the Need for a
(CHMP) Guideline on the Validation of
Bioanalytical Methods. European Medicines
Agency, London, UK (2008).

2 Lausecker B, van Amsterdam P, Brudny-
Kloeppel M ¢t al. European Bioanalysis Forum
and the way forward towards harmonized

regulations. Bioanalysis 1(5), 873-875 (2009).
3 Abbott RW. The broadening scope of

validation: towards best practices in the world
of bioanalysis. Bioanalysis 2(4), 703-708
(2010).

4 European Medicines Agency, Committee for
Medicinal Products for Human Use. Draft
Guideline on the Validation of Bioanalytical
Methods. European Medicines Agency,
London, UK (2009).

5 Blume H, Brendel E, Brudny-Klsppel M ez al.
Workshop/conference report on EMA draft
guideline on validation of bioanalytical
methods. Eur. J. Pharm. Sci. 42(3), 300-305
(2011).

6 Smith G. Bioanalytical method validation:
notable points in the 2009 draft EMA
Guideline and differences with the 2001 FDA
Guidance. Bioanalysis 2(5), 929-935 (2010).

Medicinal Products for Human Use.

7 Timmerman P, Lowes S, Fast D ez al. Request Overview of Comments Received on ‘Guideline
for global harmonization of the guidance for on Validation of Bioanalytical Methods'.
bioanalytical method validation and sample European Medicines Agency, London, UK
analysis. Bioanalysis 2(4), 683 (2010). (2011).

8  van Amsterdam P, Lausecker B, Luedtke S 14 Dijksman J, Timmerman P, Abbott R ez al.
et al. Towards harmonized regulations for Less is more: defining modern bioanalysis.
bioanalysis: moving forward! Bioanalysis 2(4), Bioanalysis 4(6), 633—642 (2012).

689-691 (2010).
9  van Amsterdam P, Arnold M, Bansal B ez al. 15 US Pepartment of Health and Fluman
- . . . Services, US FDA, Center for Drug
Building the global bioanalysis consortium — .
. . Evaluation and Research, Center for
working towards a functional globally . L .
acceptable and harmonized guideline on Veterinary Medicine. Guidance for Industry.
) . cosmaelt . Bioanalytical Method Validation. US FDA,
bioanalytical method validation. Bioanalysis Rockville, MD, USA (2001)
2(11), 18011803 (2010). ocvie 5 '
10 Tudan C, Rogenthien S, Jones A. SQA 16 Vlswar.lat}'lan (;T, Bans.al S, Booth B et'a/. .
. Lo Quantitative bioanalytical methods validation
opinion paper on global harmonization of the . . .
. . S . and implementation: best practices for
bioanalytical method validation guidances. b hi d lieand bindi
) ) chromatographic and ligand binding assays.
B lysis 2(12), 1921-1925 (2010).
foanalysts 2012), 192171925 (2010) Pharm. Res. 24(10), 1962-1973 (2007).
11 Abbott RW, Gordon B, van Amsterdam P .
. . . 17 Fast DM, Kelley M, Viswanathan CT ez al.
et al. From challenges to solutions. Bioanalysis
Workshop report and follow-up — AAPS
3(8), 833-838 (2011). L.
o ) workshop on current topics in GLP

12 Euro.pjcan Medicines Agency, Committee for bioanalysis: assay reproducibility for incurred
Medicinal Products for Human Use. samples — implications of Crystal City
Guideline on Bioanalytical Method Validation. recommendations. AAPS J. 11(2), 238—241
European Medicines Agency, London, UK (2009).

2011).
( ) o ) 18 Boterman M, Doig M, Breda M ¢z al.
13 European Medicines Agency, Committee for Recommendations on the interpretation of

the new European Medicines Agency

658

Bioanalysis (2013) 5(6)

future science group



EBF evaluation of the EMA guideline on Bioanalytical Method Validation I WHITE PAPER

Guideline on Bioanalytical Method 24 Sennbro CJ, Knutsson M, van Amsterdam P m Websites
Validation by Global CRO Council for et al. Anticoagulant counter ion impact on 101 European Medicines Agency.
Bioanalysis (GCC). Bioanalysis 4(6), 651-660 bioanalytical LC-MS/MS assays: results from Www.ema.curopa.cu
(2012). discussions and experiments within the ; )

19  European Medicines Agency, Committee for European Bioanalysis Forum. Bioanalysis 102 European Bloa?:llym lFo.rl;m.
Medicinal Products for Human Use. Guideline 3(21), 2393-2399 (2011). VweHTopeanbloanatysIsTotm. et
on the Investigation of Bioequivalence. European 25  Sennbro CJ, Knutsson M, Timmerman P 103 Eu.ropean Federation for Pharmaceutical
Medicines Agency, London, UK (2010). et al. Anticoagulant counter ion impact on Sciences.

20 European Medicines Agency. Reflection Paper bioanalytical LC-MS/MS assay performance: wwweufeps.org
for Laboratories That Perform the Analysis or additional validation required? Bioanalysis 104 European Medicines Agency, draft Guideline
Evaluation of Clinical Trial Samples. European 3(21), 2389-2391 (2011). on Valifiation of Bioanalytical Methods.
Medicines Agency, London, UK (2012). 26 Bergeron A, Bergeron M, Garofolo F. heep://sites.google.com/site/emeabmv

21 Timmerman P, Kall M, Gordon B ez /. Best Confirmation of no impact from different 105 EBF Perspective on the EMA Draft Guideline
practices in a tiered approach to metabolite anticoagulant counter ions on bioanalytical on the Validation of Bioanalytical Methods.
quantification: views and recommendations of method. Bioanalysis 4(8), 897-908 (2012). http://mediaserver.aaps.org/
the European Bioanalysis Forum. Bioanalysis 27 Timmerman P, Luedtke S, van Amsterdam P meetings/2010NBC/Monday/Update_on_
2(7), 1185-1194 (2010). et al. Incurred sample reproducibility: views EMEA_and_FDA/Brudny-Kloeppel.pdf

22 ICH. Guidance on Nonclinical Safety Studies for and recommendations by the European 106 European Bioanalysis Forum 3 Open
the Conduct of Human Clinical Trials and Bioanalysis Forum. Bioanalysis 1(6), Symposium — From Challenges to Solutions.
Marketing Authorization for Pharmaceuticals 1049-1056 (2009). http://ben2010.europeanbioanalysisforum.eu
M3(R2). ICH, Geneva, Switzerland (2008). 28 Smolec J, DeSilva B, Smith W ez al. 107 European Bioanalysis Forum 4 Open

23 Smith DA, Obach RS. Seeing through the Bioanalytical method validation for Symposium — Less is More.
mist: abundance versus percentage. macromolecules in support of http://ben2011.europeanbioanalysisforum.eu
commentary on metabolites in safety testing. pharmacokinetic studies. Pharm. Res. 22(9), 108 Global Bioanalysis Consortium.
Drug Metab. Dispos. 33(10), 1409-1417 1425-1431 (2005). www.globalbioanalysisconsortium.org
(2005).

fsg www.future-science.com 659

future science group



