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Abstract
Qualifying critical reagents in ligand binding assays by parallel testing of current and candidate reagent lots is recommended 
by regulatory agencies and industry groups, but specific guidance on the format of reagent qualification experiments is lim-
ited. Equivalence testing is a statistically sound approach that is consistent with the objective of critical reagent qualification. 
We present power analysis for equivalence regions ranging from 1.25- to 1.5-fold multiples of the GM ratio (centered on 
1) of current and candidate lots, over a range of assay variability from 5 to 30% coefficient of variation (CV). A 1.25-fold 
equivalence region can be tested using 6 to 12 plates per lot for assays with up to 15% CV but is not practical for more vari-
able assays. For these assays, wider equivalence regions are justified so long as care is taken to avoid assay drift and the 
assay remains suitable for the intended use. The equivalence test method is illustrated using historical data from passing and 
failing reagent qualification experiments. Simulation analysis was performed to support the design of qualification experi-
ments using 6, 12, or 18 plates per lot over a broad range of assay variability. A challenge in implementing the equivalence 
test approach is selecting an appropriate equivalence region. Equivalence regions providing 90% power using 12 plates/lot 
were consistent with 1.5σ bounds, which are recommended for equivalence testing of critical quality attributes of biosimilars.

Keywords  critical reagent qualification · equivalence region · equivalence test · power · sample size

Introduction

Guidance documents from the International Congress on 
Harmonization (1, 2), regulatory agencies (3–5), and indus-
try groups (6, 7) recommend qualifying critical reagents 
in ligand binding assays to ensure that the candidate rea-
gent performs similarly to the original reagent in the assay. 
Specific guidance, however, on the format of the reagent 
qualification experiment and acceptance criteria is limited. 
If the reagent change is not expected to influence the assay, 
a single comparative accuracy and precision assessment may 
be sufficient for characterization, while additional validation 
experiments are recommended for major changes (2). Direct 

comparison of new and old lots in parallel is recommended 
(2, 6, 7). At minimum, one run with three control levels for 
minor changes in reagents or three runs with three or five 
control levels for major changes are recommended by indus-
try groups (6, 7). These groups also concur with O’Hara et 
al. (8, 9) in recommending that a priori acceptance criteria 
be established.

Our lab has developed, qualified, and validated multiple 
ligand binding immunoassays, including enzyme-linked 
immunosorbent assays (ELISAs) that measure anti-glyco-
protein (GP) immunoglobulin G (IgG)-binding antibodies 
to Ebola virus (10, 11), Sudan virus (12), and Marburg virus 
(MARV) (12). These assays are used in multiple studies over 
an extended period of time. To ensure comparability of assay 
results between studies and over time, we use a standard 
method to qualify new lots of critical reagents (e.g., coating 
antigen, conjugate, plate lot, substrate) that is more rigorous 
than the minimum experiments recommended by industry 
groups. Our original qualification experiment used a “sis-
ter plate” design (described below) and acceptance criteria 
based on the mean percent difference in measured concentra-
tion for samples tested on plates that were identical except 
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for the reagent being qualified. The experimental design was 
adapted from an earlier qualification design for an anthrax 
anti-protective antigen (PA) IgG ELISA with similar per-
formance characteristics (13, 14) but a different plate layout 
with fewer test samples on each plate. This approach was 
used for the qualification of two candidate lots of recombi-
nant glycoprotein (rGP) coating antigen in the anti-MARV 
GP IgG ELISA. These qualification experiments were used 
to motivate and illustrate a new reagent qualification strategy 
that uses equivalence test methodology to show that the can-
didate lot of rGP coating antigen is equivalent to the current 
lot when used in the assay.

Briefly, our original qualification strategy was as follows. 
Twelve ELISA plates were prepared as six pairs of “sister 
plates” consisting of one plate coated with the current lot of 
rGP and one plate coated with the candidate lot of rGP. Each 
pair of sister plates was otherwise identical, using the same 
reference standard, quality control, and test sample (TS) 
preparations. The sister plates were prepared by three inde-
pendent test operators (two plates per operator) over multiple 
days. System suitability and sample suitability criteria were 
applied as usual. The percent difference for each TS was 
calculated using the mean results calculated over the six 
plates from each lot, and each TS was required to have a per-
cent difference in means of less than or equal to 15%. If the 
acceptance criteria were met, the candidate lot was accepted 
with no further testing. If the acceptance criteria were not 
met, then per protocol the qualification was repeated two 
more independent times to confirm the failure. If the failure 
was not confirmed, then the passing results from the two 
independent runs were used to support qualification with 
acknowledgment of the initial failure.

Qualification experiments were performed for two lots of 
rGP coating antigen (MARV Ci67 Lot 29APR16 and MARV 
Angola Lot 13JAN17) for use in the anti-MARV GP IgG 
ELISA. Both qualifications compared a candidate lot of rGP 
coating antigen to the current lot of rGP (MARV Ci67 Lot 
13DEC2013). Despite known differences between isolates, 
the MARV Angola rGP coating antigen was tested in the 
immunoassay to evaluate whether the assay could be modi-
fied to use the MARV Angola isolate, which had been used 
for vaccine development. In each case, the experiment was 
performed three times before the candidate lot was accepted 
(MARV Ci67 Lot 29APR16) or failed (MARV Angola Lot 
13JAN17). Examination of the failed qualification of MARV 
Angola Lot 13JAN17 indicated that there was a strong cor-
relation between the new and old coating antigens, but there 
was a shift in the reportable values for the failed lot that 
was not present in the passing lot. This outcome was antici-
pated. The need for replication before eventually accepting 
MARV Ci67 Lot 29APR16, however, was not expected, 
and the applicability of the qualification study design and 
acceptance criteria to the anti-MARV GP IgG ELISA were 

questioned following these qualification experiments. It 
appeared that the qualification acceptance criteria may have 
been too stringent given the number of test samples per plate 
for the anti-MARV GP IgG ELISA (ten TSs per plate with 
all ten required to pass) compared to the anti-PA IgG ELISA 
(four TSs per plate with all four required to pass) so that the 
first round of testing for MARV Ci67 Lot29APR16 failed. 
In addition, the original study design did not include enough 
test replicates to obtain sufficiently precise estimates to meet 
the 15% difference acceptance criterion for the anti-MARV 
GP IgG ELISA.

To address these issues, the critical reagent qualification 
experiment was redesigned to use equivalence testing as a 
more rigorous statistical approach that is consistent with 
the objective of the experiment, along with sample size and 
acceptance criteria that ensure the experiment is adequately 
powered. An advantage of the equivalence test approach is 
that both the mean and variability of the assay are accounted 
for in the analysis. Equivalence testing is based on two one-
sided t-tests (TOST) (15–18) and is typically evaluated using 
a 90% confidence interval for the average difference or ratio 
between the reportable values for two test conditions, in this 
case, two lots of rGP coating antigen. The 90% confidence 
interval is compared to a predefined equivalence region and 
is expected to be contained wholly within the equivalence 
region in order for the lots to be considered sufficiently 
equal. If any portion of the 90% confidence interval falls 
outside the equivalence region, the lots are not considered to 
be equivalent. Historical data from the Ci67 vs Ci67 quali-
fication experiments were used to demonstrate a model-
based approach to estimating 90% confidence intervals for 
the TOST equivalence test method. The experimental design 
was developed using both traditional power analysis and 
simulation-based power analysis. Equivalence region–based 
power and sample size are acceptable in some contexts (19, 
20) but do not necessarily ensure that the assay remains fit 
for purpose. Therefore, equivalence regions based on FDA 
guidance for equivalence testing of critical quality attrib-
utes of biosimilars (21–24) were computed and compared 
to those developed using simulation-based power analysis.

Materials and Methods

Traditional Power Analysis

A power analysis was conducted to determine appropriate 
sample sizes (number of tests per lot) for TOST equivalence 
tests assuming a nominal geometric mean (GM) ratio of one, 
which is consistent with perfect equivalence for a lognormal 
distribution, between current and candidate reagent lots. It 
was assumed that GM ratios of 0.95 to 1.05 between lots 
would be within an acceptable margin of equivalence. For 
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simplicity, it was assumed that independent tests of a single 
test sample would be performed using the current and can-
didate lots. The number of independent tests per lot required 
to achieve 80% power was calculated for equivalence regions 
ranging from 1.25- to 1.5-fold multiples of the GM ratio 
(centered on one), over a range of assay variability from 5 to 
30% coefficient of variation (CV). The equivalence regions 
and nominal ratio were selected to be compatible with the 
current 15% difference in means acceptance criterion while 
accommodating normal assay variability in the confidence 
interval. The upper bound of the equivalence region corre-
sponds to the fold-change multiplier, and the lower bound is 
calculated as the reciprocal of the upper bound. The power 
analysis was generated using the SAS software version 9.4, 
POWER procedure (SAS Institute, Cary, NC).

Equivalence Test Method

Previously collected data from “sister plate” qualification 
experiments (described above) performed for two candidate 
lots of rGP coating antigen (MARV Ci67 Lot 29APR16 and 
MARV Angola Lot 13JAN17) using a qualified human anti-
MARV GP IgG ELISA that has since been validated (12) 
were used to demonstrate the equivalence test approach for 
reagent qualification. Up to ten samples can be tested on 
each plate in the anti-MARV GP IgG ELISA. For each can-
didate lot, qualification experiments were performed using 
sets of ten test samples. Random samples of 6, 12, and 18 
plates coated with the candidate reagent and correspond-
ing samples of 6, 12, and 18 plates coated with the current 
reagent (MARV Ci67 Lot 13DEC2013) were drawn with 
replacement from the qualification experiments for each 
of the two candidate rGP coating antigens. The sister plate 
design used in the qualifications required that when one plate 
in a pair failed to meet the assay acceptance criteria, both 
were repeated. All plates that met the system suitability cri-
teria were included in the sample set from which the random 
samples were drawn. The sampling of the plates ignored the 
sister plate design of the qualification in order to better rep-
resent the true distribution of the data. Linear mixed effects 
models were used to estimate the GM ratio between current 
and candidate reagent lots for each TS and the corresponding 
90% confidence intervals. The models included the test sam-
ple, reagent lot, and their interaction as fixed effects and the 
plate number, test operator, and test date as random effects. 
Separate models were fit to each random sample of 6, 12, or 
18 candidate and current reagent plates from each candidate 
qualification experiment. Model parameters were used to 
calculate 90% confidence intervals for the GM ratio (can-
didate/current) for each test sample. The 90% confidence 
intervals were compared to equivalence regions from the 
power analysis based on assay variability of 20% CV for 
illustration. The equivalence regions are conservative, as the 

variability is slightly less than the qualified anti-MARV GP 
ELISA (22.5% CV). The analysis was conducted using the 
SAS software version 9.4, MIXED procedure (SAS Institute, 
Cary, NC).

Simulation‑Based Power Analysis for Equivalence 
Regions

To better account for multiple test samples and the sources 
of variability in the anti-MARV GP ELISA, a simulation-
based power analysis was performed to supplement the tra-
ditional power analysis, given the more complex experimen-
tal design for the assay qualification. Simulation parameters 
included the number of plates per lot (6, 12, or 18 based 
on replicating our original qualification design up to three 
times), total assay variability (5 to 30% CV to cover a broad 
range of potential assays and intended uses), and number 
of independent test samples per plate (4, 5, or 10 based on 
typical plate layouts used in the laboratory). The total assay 
variability was apportioned with 70% applied to sources of 
intermediate precision (IP) and 30% to repeatability based 
on the variance components estimated in the anti-MARV GP 
IgG ELISA qualification (12). IP is defined here to include 
sources of variability within the lab, such as different test 
operators, test days, and plates, and repeatability is random 
variability that occurs in repeated testing under the same 
conditions. Additional simulations evaluated the sensitivity 
of the experiment to the sources of variability, assigning 60 
or 90% of the total variability to IP, and included extreme 
cases of 1% and 99% of the variability attributed to IP. In 
each case, the remaining assay variability was allocated to 
repeatability. For each combination of the number of plate 
pairs, total variability and proportion attributed to IP, and 
the number of independent TSs, simulated samples repre-
senting the two lots were drawn from a normal distribution 
to represent a plate effect and from a lognormal distribution 
to represent the sample measurement, accounting for sam-
ple-to-sample variability. For each simulated experiment, 
a mixed effects model was fit and used to estimate the 90% 
CI for the ratio of geometric means between the two lots for 
each TS. This sampling was repeated 1000 times for each 
combination of interest. Using the 1000 simulated experi-
ments, equivalence regions were established such that the 
90% confidence intervals would fall within the regions for 
90% of the 1000 simulated experiments to approximate 90% 
power. It was required that the 90% confidence interval must 
be wholly within the equivalence region for 75% of the TSs 
to meet the acceptance criteria. The increase to 90% power 
was to allow for a maximum of 10% of reagent qualifica-
tions to fail the equivalence test when the reagents are truly 
equivalent. The requirement that 75% of TSs must pass was 
motivated by the explorations of the rGP coating antigen 
qualifications, as it was plausible to have a TS fall outside 
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of the expected behavior. The 75% cutoff was a practical 
choice for varying sample sizes by allowing a single TS to 
fail in the case of 4 or 5 TSs and up to two TSs to fail if 10 
TSs are used. Simulation analysis was performed using R 
version 4.1.2 (25).

Biosimilar Method for Equivalence Regions

For biosimilar products, the FDA recommends equivalence 
testing to assess the difference in means between biosimilar 
and reference products for critical quality attributes iden-
tified as tier 1, the highest risk ranking (22–24). For the 
equivalence acceptance criteria for these tests, the FDA rec-
ommends using a regulatory constant (c) times the standard 
deviation of the reference product (σR), assuming a normal 
distribution. We adapted this approach to calculate equiv-
alence regions for the GM ratio of candidate and current 
reagent lots based solely on assay capability, for assay vari-
ability of 5 to 30% CV and c = 1.5. The following formula 
was used to convert assay variability expressed as %CV to 
standard deviation.

Because a lognormal distribution was used to character-
ize assay precision in qualification experiments, a natural 
log transformation was used, and the resulting equivalence 
bounds were exponentiated to reflect the GM ratio of candi-
date and current reagent lots.

Results

Results of the traditional power analysis performed for a 
TOST equivalence test for the ratio of independent meas-
urements between current and candidate lots for a single TS 
are shown in Table I. The number of tests per lot required to 
achieve 80% power was calculated for various equivalence 
region widths (1.25-fold to 1.50-fold) for assay variability 
of 5 to 30% CV.

Figure 1 illustrates the equivalence test approach for 
6, 12, or 18 tests per lot, where the tests were randomly 
selected from the set of passing plates from qualification 
experiments for candidate lots MARV Ci67 Lot 29APR16 
and MARV Angola Lot 13JAN17 of rGP coating antigen 
in the anti-MARV GP IgG ELISA. The sample sizes were 
selected based on the power analysis and also for conveni-
ence as they reflected one, two, or three replicates of our 
original qualification experiment. For each random sample, 
a mixed effects model was fit and used to estimate the 90% 
CI for the ratio of geometric means between the two lots 
for each TS. The 90% CIs were compared to equivalence 
regions of 1.5-fold for 6 tests, 1.3-fold for 12 tests, and 

� =

√

𝐥𝐧
(

(%𝐂𝐕∕100)2 + 1
)

1.25-fold for 18 tests per lot based on assay variability of 
20% CV (Table I; actual assay variability is 22.5% CV). 
The 90% confidence intervals for each TS must be contained 
wholly within the equivalence region in order for the lots to 
be considered equivalent. If any portion of the 90% confi-
dence interval falls outside the equivalence region, the lots 
are not considered equivalent.

Results of the simulation analysis are summarized in 
Table  II. Upper bounds of the equivalence regions that 
approximate 90% power, corresponding to the fold-change 
multipliers, are displayed for each simulated scenario. Lower 
bounds of the equivalence regions can be calculated as the 
reciprocal of the upper bound. Equivalence regions calcu-
lated using the biosimilar method are presented in Table III.

Discussion

Power analysis was performed for a TOST equivalence test 
for the ratio of independent measurements between current 
and candidate lots for a single TS. The number of tests per 
lot required to achieve 80% power was calculated for vari-
ous equivalence region widths (1.25-fold to 1.50-fold) for 
assay variability of 5 to 30% CV (Table I). The equivalence 
regions and nominal ratio were selected to accommodate 
normal assay variability that would be acceptable for immu-
noassays and consistent with the current 15% difference 
acceptance criterion. A 1.25-fold equivalence region width 
is well accepted by regulatory agencies in other contexts and 
was the narrowest region considered. For this equivalence 
region, sample sizes of up to 11 plates per lot provide 80% 
power for assay variability up to 15% CV. A qualification 
study of this size exceeds the guidance for critical reagent 
testing and is practical to implement. Thus, for assays with 
variability of up to 15% CV, equivalence testing can be 

Table I   Sample Size Estimation for 80% Power in a TOST Equiva-
lence Test for the Ratio of Independent Measurements, Assuming 
Independent Evaluations of a Single TS, for a Range of Assay Vari-
ability (%CV) and Equivalence Region Widths

%CV percent coefficient variation
* Upper bound of equivalence region is equal to the x-fold multiplier 
value; lower bound of equivalence region is 1/x

Assay 
variability 
(%CV)

Number of tests per lot for equivalence region width*

1.25-fold 1.3-fold 1.35-fold 1.4-fold 1.5-fold

5 3 2 2 2 2
10 6 4 4 3 3
15 11 8 6 5 4
20 18 12 10 8 6
25 27 19 14 11 8
30 37 26 19 15 11
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implemented with a reasonable number of plates per lot and 
a narrow equivalence region. For immunoassays where vari-
ability greater than 15% CV is acceptable for the intended 
use, the sample sizes required to use a 1.25-fold equiva-
lence region are larger and likely impractical. Therefore, 
wider equivalence regions may be appropriate for many 
immunoassays to allow for greater assay variability. When 
assay variability is 20 to 30% CV, equivalence regions of 
1.3-fold to 1.5-fold can be tested with 6 to 12 plates per 
lot, consistent with the sample sizes for less variable assays 
using a narrower (1.25-fold) equivalence region, while still 
exceeding the published guidance for critical reagent testing 
as described above. For assays with greater than 30% CV, 
equivalence regions in the 1.25- to 1.5-fold range are not 
practical, but wider equivalence regions may be appropri-
ate so long as care is taken to avoid introducing bias when 
changing a critical reagent, and the assay remains suitable 
for the intended use.

To illustrate the equivalence test approach, Fig. 1 shows 
the 90% confidence intervals for 6, 12, or 18 tests per lot, 
where the tests were randomly selected from the set of 
passing plates from qualification experiments for candidate 
lots MARV Ci67 Lot 29APR16 and MARV Angola Lot 
13JAN17 of rGP coating antigen in the anti-MARV GP 
IgG ELISA. The sample sizes were selected based on the 
power analysis and also for convenience as they reflected 
one, two, or three replicates of our original qualification 

experiment. For each random sample, a mixed effects 
model was fit and used to estimate the 90% CI for the 
ratio of geometric means between the two lots for each 
TS. The 90% CIs were compared to equivalence regions 
of 1.5-fold for 6 tests, 1.3-fold for 12 tests, and 1.25-fold 
for 18 tests per lot based on assay variability of 20% CV 
(Table I; actual assay variability is 22.5% CV). The 90% 
confidence intervals for each TS must be contained wholly 
within the equivalence region in order for the lots to be 
considered equivalent. If any portion of the 90% confi-
dence interval falls outside the equivalence region, the 
lots are not considered equivalent. As shown in Fig. 1, the 
90% CIs for MARV Ci67 Lot 29APR16 (which previously 
passed) were contained wholly within the equivalence 
region for all TSs for the random sample of size 12 but 
only eight of ten TSs for random samples of size 6 and 18. 
In contrast, for MARV Angola Lot 13JAN17 (which pre-
viously failed), the 90% CI was contained wholly within 
the equivalence region for at most two TSs. Although lim-
ited, this exercise illustrates both the method and that the 
equivalence test approach can differentiate between good 
and bad reagent lots. The sample sizes used in this analy-
sis provided 80% power for independent tests of a single 
TS, and the assumed assay variability was slightly lower 
(20% CV) than the assay variability for the anti-MARV 
GP IgG ELISA (22.5% CV). The power analysis did not 
account for multiple TSs nor the contribution of sources of 

Fig. 1   Ratio of the geometric means with 90% confidence intervals 
based on a random samples of 6 (left; 1.5 fold equivalence region), 12 
(center; 1.3-fold equivalence region), or 18 (right; 1.25-fold equiva-

lence region) plates per lot from the MARV Ci67 Lot 29APR16 qual-
ification that passed (top) and MARV Angola Lot 13JAN17 qualifica-
tion that failed (bottom)
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IP to total assay variance. Therefore, the mixed results for 
MARV Ci67 Lot 29APR16 were not surprising and led us 
to further explore the effects of multiple test samples and 
assay variability on the study design.

A simulation analysis was performed to guide the 
experimental design for future assay qualifications. The 
effects of total assay variability and the ratio of IP to total 
assay variability, sample size, and number of TSs per plate 
on the size of the equivalence region can be supported for 
a given assay and experimental design. Our initial inves-
tigation showed that the original qualification experiment 
had low power due to the increased throughput of ten TSs 
per plate for the anti-MARV GP IgG ELISA (compared to 
earlier assays with just four TSs per plate) combined with 
the original acceptance criteria that required that all TSs 
pass. Therefore, the acceptance criteria for the simulation 
were relaxed to require that at least 75% of test samples 
pass, i.e., 3 of 4, 4 of 5, or 8 of 10 TSs must pass, as an 
informal adjustment for multiple test samples. The fol-
lowing assay and design parameters were considered in 
the simulation:

1)	 Sample sizes of 6, 12, or 18 plates per sample
2)	 4, 5, or 10 independent TSs per plate
3)	 Acceptance criteria require that at least 75% of TSs must 

pass
4)	 %CV ranging from 5 to 30%
5)	 IP accounts for 1, 60, 70, 90, or 99% of total assay vari-

ability

Results of the simulation analysis are summarized in 
Table  II. Upper bounds of the equivalence regions that 
approximate 90% power, corresponding to the fold-change 
multipliers, are displayed for each simulated scenario. Lower 
bounds of the equivalence regions can be calculated as the 
reciprocal of the upper bound. The simulation analysis 
showed a very strong concordance to the power analysis 
(Table I) that assumed independent tests of a single sample 
at 80% power. For assay variability of 10% CV and sample 
size of 6 plates per lot, the equivalence regions ranged from 
1.2- to 1.24-fold. For assays with 15% CV and a sample size 
of 12 plates per lot, the equivalence regions ranged from 
1.22- to 1.25-fold. In both cases, the combination of assay 
variability, sample size, and equivalence region was consist-
ent with the power analysis (Table I). Similarly, for assays 
with 20% CV, the equivalence regions ranged from 1.44 to 
1.53 for 6 plates per lot, 1.29 to 1.33 for 12 plates per lot, or 
1.24 to 1.27 for 18 plates per lot, again consistent with the 
power analysis in Table I for similar equivalence regions and 
assay variability.

The informal adjustment to the acceptance criteria to 
require that 75% of TSs must pass was largely effective in 
reducing the influence of the number of TSs on the power of 
the study. In many cases, the equivalence regions were the 
same for 4, 5, or 10 TSs per plate or differed within a very 
narrow region. For example, at 20% assay variability with 
70% attributed to sources of IP, consistent with the perfor-
mance characteristics of the anti-MARV GP IgG ELISA, 
the simulated equivalence regions were 1.31- to 1.33-fold 
about the GM ratio of current and candidate reagents for 
layouts with 4, 5, or 10 TSs per plate. Simulated equivalence 
regions were more consistent relative to the number of TSs 
per plate for larger sample sizes, lower assay variability, or 
when large proportions of assay variability were attributed 
to sources of IP.

For assay variability up to 15% CV, varying the contri-
bution of IP to total assay variability had little effect on the 
equivalence regions supported for the sample sizes consid-
ered. For assays with greater total variability, the equiva-
lence regions were slightly narrower when variability was 
primarily random but generally consistent over the range of 
IP considered. The effect of IP on the equivalence regions 
decreased as the number of samples increased.

The experimental design was developed using both tradi-
tional power analysis and simulation-based power analysis. 
However, equivalence regions based on power and sample 
size do not necessarily ensure that the assay remains fit for 
purpose. Therefore, the FDA guidance for equivalence test-
ing of critical quality attributes of biosimilars was adapted 
for reagent qualification. These equivalence regions are 
based on assay capability, expressed as assay variability of 
5 to 30% CV, and used a regulatory constant of c = 1.5 as 
recommended by the FDA for similarity assessment (22–24). 

Table III   Comparison of Equivalence Regions Using Biosimilar 
Method and Power-Based Simulation Analysis for 6, 12, or 18 Plates 
per Lot

%CV percent coefficient variation
* Maximum upper bound from Table  II for sample size and assay 
variability. The upper bound of the equivalence region is equal to the 
x-fold multiplier value; lower bound of equivalence region is 1/x

Assay 
variability 
(%CV)

Upper bound of equivalence region 
calculated using biosimilar method

Simulated upper 
bound of equiva-
lence region* 
with 90% power 
based on sample 
size

Sample size 
(plates per lot)

6 12 18

5 1.08 1.12 1.08 1.07
10 1.16 1.24 1.16 1.13
15 1.25 1.37 1.25 1.19
20 1.35 1.53 1.33 1.27
25 1.45 1.69 1.43 1.33
30 1.55 1.84 1.53 1.41
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The upper bounds of these regions (1.5σ) were exponenti-
ated for comparison to equivalence regions for the GM ratio 
of candidate to current reagent lots. Equivalence regions 
calculated using the biosimilar method are consistent with 
simulated equivalence regions using 12 plates per lot that 
provide 90% power over a range of assumptions (Table III).

The anti-MARV GP IgG ELISA is a qualified assay 
with 22.2% CV total assay variability. Using the biosimilar 
method for this assay, a 1.39-fold equivalence region would 
ensure that the assay performs equivalently with the candi-
date reagent. For a validated assay, the validation acceptance 
criteria for precision could be used to derive a standard devi-
ation that is fit for purpose (σFFP) and the biosimilar method 
applied to calculate an equivalence region that would ensure 
the assay remains fit for purpose.

Conclusions

The original qualification experimental design, while larger 
than those recommended by industry groups for routine lot 
changes, did not have sufficient power for the anti-MARV 
GP IgG ELISA in the context of a critical reagent change, 
given the assay variability and the number of test samples 
per plate. The equivalence test method was introduced as a 
more rigorous statistical approach that is consistent with the 
experimental objective and takes both the mean and vari-
ability of the data into account. The experimental design was 
developed using both traditional power analysis and simu-
lation-based power analysis. Based on the power analysis, 
a 1.25-fold equivalence region can be tested using 6 to 12 
plates per lot for assays with up to 15% CV but is not prac-
tical for more variable assays. Equivalence regions based 
on power and sample size are acceptable in some contexts 
but do not necessarily ensure that the assay remains fit for 
purpose. Therefore, equivalence regions based on FDA guid-
ance for equivalence testing of critical quality attributes of 
biosimilars were developed and compared to those devel-
oped using simulation-based power analysis. Equivalence 
regions calculated using the biosimilar method were con-
sistent with simulated equivalence regions using 12 plates 
per lot that provide 90% power over a range of assumptions. 
Therefore, a design using 12 plates per lot has become 
standard in our laboratory for qualifying critical reagents. 
While this experiment is substantially larger than the mini-
mum testing recommendations of industry groups, a larger 
qualification experiment provides greater confidence in new 
reagents, which is important in our lab as assay results are 
compared between studies and over time. A larger qualifi-
cation experiment may not be practical in every case. Indi-
vidual laboratories should assess the criticality of reagent 
lot changes in the context of their experiments to determine 

whether this approach is warranted for reagents that have the 
potential to affect the assay reportable values.
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