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Statistical Assessments of Bioassay
Validation Acceptance Criteria

Keith M. Bower

nalytical linearity as well as

assessments of precision and

accuracy determine the range

for a bioassay (1). USP <1033>
recommends comparing confidence
intervals (Cls) against target
validation acceptance criteria in a
bioassay validation exercise, but there
are no clear guidelines for determining
the criteria (2). Here I address several
aspects of a bioassay validation,
namely

* Linearity (coefficient of
determination (R?), slope, and
intercept parameters)

* Accuracy (%relative bias, %RB)

* Precision (percent coefficient of
variation, %CV)

ClIs for the first four parameters
(R?, slope, intercept, and %RB) can be
directly related to %CV. Doing so
provides information on the likelihood
of passing a set of validation
acceptance criteria for a given level of
bioassay precision.

CONFIDENCE INTERVAL CALCULATIONS
To align with the bioassay validation
example in USP <1033> the following
assumptions are made:

* All data are logarithm base e
transformed.
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Figure 1: Likelihood meeting all criteria per scenario
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* Assays are performed at five
nominal potency levels: 0.50, 0.71,
1.00, 1.41, and 2.00

* Eight assays (two analysts, four
runs per analyst) are performed at
each level.

Linearity is shown if the slope is
equivalent to one and the intercept is
equivalent to zero (there also might be
a criterion on R?). CIs for the
intercept and slope can be calculated
using Equations 1 and 2, respectively.

Equivalence acceptance criteria
(EAC) are compared with two-sided
90% Cls for the intercept and slope. If
the CI is entirely contained within the
interval (-EAC, EAC), then
equivalence is concluded. A required
minimum value for R? also can be
included as validation acceptance
criteria.

To assess accuracy, %RB at each
level is calculated. By reexpressing the
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formulas in USP <1033>, lower and
upper Cls for %RB are shown as
Equation 3, in which SD, _is the
standard deviation calculated using
the transformed data.

AssesSMENT OF VALIDATION CRITERIA
The ClIs shown in Equations 1-3 and
the value of R? can be related to %CV.
This is achieved by considering the
mean square error (MSE) from the
linearity assessment as the “average”
%CV across a studied range. In
particular, the square root of the MSE
is used in place of SD; in Equation 3.

When developing a bioassay
validation protocol, simulated results
can provide a set of expected outcomes
for predefined validation acceptance
criteria in a given study design. For
example, simulated data are generated
using steps 1-7 in a previous article (3)
and compared against two sets of



11th

BIOSEPARATION
CONFERENCE

TACKLING FUTURE CHALLENGES - 11™ HIC/DSP BIOSEPARATION CONFERENCE
FEBRUARY 18-21, 2019 | INTERLAKEN SWITZERLAND

CONFERENCE TOPICS
= Trends in process chromatography and integrated manufacturing
= Method development and mechanistic understanding of bioprocesses
= Mixed mode / multimodal chromatography - the orthogonality
= DSP applications and case studies:
= Antibody constructs
= Blood & plasma proteins
= Oligonucleotides and peptides
= \/Iruses, vaccines and gene therapy vectors
= Hydrophobic separations - a HIC/RPC legacy

Contact us at hic-dsp@tosoh.com



validation acceptance criteria (Scenarios
A and B) in Table 1.

Figure 1 shows the percentage of
simulations in which all criteria for
linearity and accuracy are met in
relation to the calculated %CV. With
stricter validation criteria, a lower
frequency exists whereby all criteria
are met per %CV level. Scenario A
has stricter criteria than Scenario B.
That is expressed most clearly once
%CV exceeds around 6%. For
example, if the bioassay intermediate
precision %CV is expected to be
9-10%, there is about a four in 10
chance of meeting all criteria in
Scenario A; however, there is
essentially a 100% chance of meeting
all criteria in Scenario B.

Statistical performances for
acceptance criteria can be assessed
using the above approach. The
resulting information can guide
subject matter experts in determining
criteria for a bioassay validation,
specific to the proposed design in the
validation protocol.

Equations:
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Table 1: lllustrative bioassay validation criteria

Criteria
Assessment Scenario A Scenario B
Two-sided Clfor  (-0.1,0.1) (-0.2,0.2)
intercept
Two-sided Cl for (0.9, 1.1) (0.8,1.2)
slope
R? >0.95 =>0.95
Two-sided Cl for (-11%, (-20%,
%relative bias 12%)* 20%)

* Acceptance criterion used in USP <1033>
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SAS Enterprise Guide 7.12 software was used
to generate simulated bioassay results, and
Minitab v17 was used to generate the graph.

To share this in PDF or professionally printed
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