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Outsourcing and multi-site testing has increased for ligand binding assays supporting protein therapeu-
tic measurement. It is common to combine and compare data across studies with data from multiple
bioanalytical sites. We designed a prospective study to determine the benefits of increasing control over
the transfer process to improve ruggedness. The experiment involved the testing of 30 incurred samples
at 3 stages with incremental laboratory harmonization in standard/quality controls and assay compo-
nents: Stage I represented a transfer of a detailed protocol and critical reagents. Stage II, a single source
ioanalytical comparability
igand binding assay
harmacokinetics

of standards and quality controls were provided to each site. Stage III, standards and quality controls plus
a ready-to-use kit were provided. The results indicated that all testing facilities failed agreement testing
using the stage I procedure. The introduction of standards from a single source improved the agreement.
The modification reduced variation by 33% compared to the stage I approach. There was no additional
benefit when a packaged kit was provided. In conclusion, introduction of a single source of standards
and quality controls reduced the inter-site component of variation and should allow for combinability of

data.

. Introduction

Thought leaders in the field of ligand binding assay development
ave been successful at increasing the awareness of the limitations
ssociated with ligand binding assays. They have written recom-
endations and guidance documents describing the requirements

or validation of ligand binding assays used to support the phar-
acokinetic measurement [1–3]. The guidance documents have

laced an emphasis on analytical validation best practices, proper
tatistical assessment of the data, and recommendations on what
onstitutes a valid assay. As part of the best practices, it was rec-
mmended that robustness testing be conducted. The definition of
obustness is being able to withstand stresses, pressures, or changes
n procedure or circumstance within the anticipated boundaries.
he translation of robustness within the laboratory has been to

ncorporate multiple operators, to perform the assay over multiple
ays, to prepare different lots of reagents, and to conduct the exper-

ments using different incubators, washers, and plate readers. The
um total of all of these stresses should provide an estimate of vari-
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ation that reflects the worst case scenario. However in modern drug
development, a paradigm shift has occurred to more outsourcing
and multi-site testing which creates challenges in method transfer
[4]. Not only is cross site transfer challenging, but there seems to
be a lack of consensus on whether it constitutes a new validation
parameter. The International Conference on Harmonization (ICH)
guidelines combined the terms robustness and ruggedness testing
into a single definition [5]; however, the United States Pharma-
copeia separates the two terms and defines method robustness
as reproducibility with deliberate changes such as different lab-
oratories [6]. Viswanathan et al. described a need for multi-site
testing in the guidance document of 2007 under the section of
cross-validation [7]. Regardless of the name, some evaluation of
cross site testing is needed to reliably combine data across studies
and laboratories.

As a result of the need, plans to test method comparability
across sites must be carefully thought out and carried out. It is
now imperative that sponsors understand the variation associated
with changing bioanalytical sites. Sponsors should also attempt to

reduce the variation to a level where data from different studies and
sites can be combined. Otherwise, the variability will confound the
interpretation of data and prevent comparisons across studies.

In general, the common practice for method transfer from the
sponsor laboratory involves the transfer of a detailed procedure and

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:caray@radixbiosolutions.com
dx.doi.org/10.1016/j.jpba.2010.04.022
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Table 1
Components provided at each stage of the experiment.

Reagents Stage I Stage II Stage III

Reference material X
Stock capture reagent X X
Stock detection reagent X X
Human serum X X X
Sponsor Std/QC –** X X
Unknowns (30) X X X
Sponsor kit* X

*

30 C.A. Ray et al. / Journal of Pharmaceutica

ll critical reagents required to perform the assay at the other site.
e designed a prospective study to determine the level of agree-
ent between sites using the common practice of assay transfer,
modified transfer approach that includes ready-to-use standards
nd quality controls in 100% human serum prepared by the sponsor,
nd a stringently controlled transfer where all assay components
ackaged into ready-to-use kits including standards and quality
ontrols were provided. We tested the laboratories’ agreement of
ncurred sample analysis to the sponsor laboratories results and
lso defined the variation associated with each approach.

. Materials and methods

.1. ELISA procedure

Two antibodies specific for the antibody binding region were
sed to develop a sandwich immunoassay to quantify a fully human
onoclonal in serum. The assay was conducted in a sequential
anner with wash steps using KPL Washing Solution (Kirkegaard

nd Perry Laboratories, Gaithersburg, MD.) following all incubation
teps. The therapeutic protein was captured using a monoclonal
ntibody (Amgen Inc., Thousand Oaks, CA) that was passively
dsorbed at 4 ◦C overnight at a concentration of 25 ng/mL. The
ample was incubated for 1 h at room temperature. The detection
eagent, a biotinylated rabbit anti-therapeutic polyclonal anti-
ody, was prepared at a concentration of 40 ng/mL and incubated
or 30 min at room temperature. Horseradish peroxidase (HRP)
abeled NeutrAvidin (R&D Systems, Minneapolis, MN) prepared at
6 ng/mL was added to the wells for 30 min. Peroxide contain-

ng substrate solution tetramethylbenzidine (Applied Biosystems,
oster City, CA) was then added to the wells for 30 min at room
emperature, which in the presence of HRP created a colorimetric
ignal that was proportional to the amount of analyte bound by
he capture reagent in the initial step. A non-linear four parame-
er logistic model with weighting was used to fit the calibration

odel. The optimal non-linear regression model and weighting
lgorithm based on goodness of fit was selected prior to validation
xperiments.

The method was validated at Amgen by 3 analysts over multiple
ays using 3 individually prepared standard curves and a single
reparation of QCs. The Std and QCs were prepared by a Tecan EVO
sing validated scripts. The validation accuracy and imprecision for
LOQ LQC, MQC, HQC and ULOQ validation samples were −5, −7,
11, −10, −14% bias; 6, 5, 5, 7, 7 imprecision and total errors of 11,
2, 16, 17 and 21, respectively.

The method was transferred to Laboratories (A, B, and D) for
utsourcing and to Laboratory C within Amgen for additional bio-
nalytical support.

.2. Study design

Three graded stages were designed to determine the effect of
ncremental control on inter laboratory assay agreement. Four lab-
ratories (referred to as A, B, C, and D) participated in an exercise
f analyzing 30 incurred samples with a different method transfer
pproach at each stage. Table 1 lists the components provided in
ach stage. In stage I, the sponsor (Amgen Inc.) provided a detailed
rocedure including the correct dilution factors and plate maps and
ll critical reagents required to perform the assay. In the second
tage, the sponsor prepared a set of standards and quality control

amples in 100% human serum, aliquoted, labeled, and shipped to
he sites. In the third stage, all reagents were provided in a ready-
o-use kit. For stages II and III, the same set of samples was diluted
n human serum, pre-treated in assay buffer and aliquoted by the
ndividual sites under the prescribed conditions. After all the sam-
Kit includes: (1) Dry-coated/blocked plates, (2) Detection antibody solution (at
working concentration), (3) NeutrAvidin-HRP solution (at working concentration)
(4) 1 Component HRP Microwell Substrate (Bio FX Laboratories).

** Std/QC prepared by CRO.

ples were analyzed, the raw data were sent to Amgen for analysis.
The 30 incurred samples were analyzed prior to shipping by the
sponsor and considered the original results.

2.3. Statistical analysis

Data analysis was done using SAS V9.3 on a Windows Profes-
sional operating system. To assess variance, a mixed effect model
analysis was performed on the log of the responses (concentra-
tions) with sample and group included as fixed effect and laboratory
included as random effect. A 90% confidence interval for the ratio
of the observed concentrations between the two groups was com-
puted by first calculating the difference and its 95% confidence limit
in the log of the observed concentration values. The difference and
corresponding confidence limit was then exponentiated to obtain
the ratio and confidence limit.

3. Results

3.1. Agreement testing

Each laboratory assayed 30 samples according to the protocol.
The acceptance criteria were that a 90% confidence interval of the
mean ratio must be contained within (0.80, 1.25) in order for two
groups to be considered in agreement. The mean ratio was com-
puted from the 30 individual ratios (original result/experimental
result) for each laboratory and each stage.

For each laboratory, the sample results for each group were com-
pared against the original result (stage 0) and divided into the three
stages as shown in Figs. 1–3. The results were further parsed to
separate out Laboratory C. This laboratory was composed of two
analysts at Amgen previously not associated with the project. They
prepared standards and quality control samples using the same liq-
uid handler that was used for the original analyzes. As shown in
Figs. 1–3, higher concentrations were observed for almost all sam-
ples and laboratories when compared to the original or control.
This is represented by most points being above the diagonal line.
The results for stage II (Fig. 2) and stage III (Fig. 3) were also above
the 45◦ line; however, the results showed less departure from the
45◦ line and less spread compared to the results in Fig. 1. These
results indicate that the increased control over the transfer process
reduced the bias between results and improved the precision. These
results obtained within the same laboratory demonstrated better
agreement than outside laboratories. Agreement testing for stage I
indicated that all external laboratories failed to agree with the orig-
inal results. The only results that were in agreement were group C

results (Table 2). All other laboratories had confidence limits that
were outside the a priori acceptance of (0.8, 1.25). The estimated
mean ratios of the original results vs. stage I results are 0.86 and
0.92 for the two analysts (C-1 and C-2), respectively. Corresponding
90% confidence intervals (CI) for the mean ratio are (0.84, 0.88) and
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ig. 1. Between and within laboratory comparison for stage I. (a) Two analysts from
ll test results were compared to the original (control) results. The open circles repr
lso followed the stage I protocol and compared their results to the original (contro
nd D (+). The 45◦ line in both figures represents the line of absolute agreement.
0.90, 0.94), both fall within the equivalence range of (0.80, 1.25).
tage II results showed that all laboratories met the acceptance
riteria in agreement with the original results, with the exception
f Laboratory A and B where the mean ratios of the original vs.

ig. 2. Between and within laboratory comparison for stage II. (a) In stage II, standards an
and the open diamonds represent analyst 2 results compared to the original results. (b)
easured 30 incurred samples and compared their results to the original. The 45◦ line in
en (Laboratory C) followed the stage I protocol and measured 30 incurred samples.
analyst 1 and the open diamonds represent analyst 2. (b) Three outside laboratories
following symbols were used to represent the respective laboratories: A (*), B (�)
stage II results are 0.82 (90% CI is (0.78, 0.86)) and 0.83 (90% CI is
(0.76, 0.89)). However, if we remove two outliers (samples mea-
sured at 74,100 and 81,300) from Laboratory B results (B*), the
mean ratio increased slightly to 0.85 and the 90% CI for the mean

d QCs were prepared by the sponsor laboratory. The open circles represent analyst
Three outside laboratories: A (*), B (�) and D (+) followed the stage II protocol and
both figures represents the line of absolute agreement.
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ig. 3. Between and within laboratory comparison for stage III. (a) The stage III proto
aboratory. The open circles represent analyst 1 results and the open diamonds rep

(*), B (�) and D (+) followed the stage III protocol and measured 30 incurred samp
ine of absolute agreement.

atio becomes (0.83, 0.87) which does fall within the acceptance
ange. Stage III demonstrated the same trend as stage II. Laboratory

and B failed to meet the acceptance criteria. There were cases
here the p-value is <0.0001 but the 90% confidence interval met

he equivalence criterion. For example, Laboratory B with outliers
emoved, the mean ratio is 0.82 and the corresponding 90% CI is
0.80, 0.84), which again demonstrates that the results agree if out-
iers are removed. In each case the confidence interval does not
nclude 1.0, the potential bias may be statistically significant. Fur-
hermore, within a laboratory all results pass the a priori agreement
riteria with the exception of Laboratory D where the mean ratios
omparing stage I to stage II and stage I to stage III are substantially
igher than the other comparisons within Laboratory D, similarly

or the 90% confidence intervals.
To further test the impact of additional control on data harmony,

he sample results for each group were compared against the orig-
nal result and to each other across groups and the results were
ncluded in Table 3. The only stage that failed to meet the accep-
ance criteria of agreement was stage I when compared to the orig-
nal data. That same stage had a mean ratio of 0.81 indicating that
verage observed concentrations for stage I were 19% higher than
he original result on average. The 90% confidence interval for the

ean ratio is (0.79, 0.82) which falls outside the equivalence range.

.2. Variance assessment

The total variability observed in each test stage was separated
nto the contribution from the differences in laboratories and ran-
om noise (residual). The majority of the total variability was

ssociated with random variation. The standard deviation of log
ransformed concentrations was 0.21 for stage I and 0.14 for stage
I which translate to 21% and 14% coefficient of variation (CV) on
he concentration scale, Table 4. The change in standard devia-
ion from 0.21 to 0.14 represents a 33% improvement in percent
s the same as stage II with the addition of a ready-to-use kit prepared by the sponsor
t analyst 2 results compared against the control (original) results. (b) Laboratories:
d compared their results to the original. The 45◦ line in both figures represents the

CV of observed concentrations by introducing a single source of
STDs/QCs.

4. Discussion

The main objective of the study was to better understand the
differences in absolute value of patient samples when measured by
multiple laboratories. In our study the original result was used as a
comparator to simulate the actual condition that occurs in oncology
clinical trials. For drug–drug interaction studies, the first in human
results become the gold standard pharmacokinetic response, so all
subsequent studies must be consistent with those results, other-
wise the interpretation becomes confounded. For this reason, we
chose to compare all laboratories to a single control result. The
alternative and more statistically sound approach would have been
to compare to the mean results from all observations, but it would
not have reflected the real world scenario. A secondary objective
was to determine if control mechanisms could be introduced that
would reduce the differences across laboratories. The hypothesis
was that each level of control (such as those introduced in stage
II and stage III) would reduce the total variability in measurement.
The results indicated that incorporating a single source of standards
and QCs reduced the overall variation by 33% compared to the com-
mon practice of method transfer. Surprisingly, the ready-to-use kits
did not provide additional benefits in this test. For this method, a
single source of working standards provided the harmonized scale
for quantification. Another important conclusion was that prepar-
ing standards and QCs within a site and computing the total error
was not reflective of the total variation that existed across sites

(data not shown). In addition, some of the sites had liquid han-
dling systems for preparing the standards and quality controls and
were unable to obtain agreement. These results indicate that liq-
uid class optimization and harmonization are essential to achieving
agreement in results. The final conclusion was that introducing a
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Table 2
Agreement testing between laboratories.

Laboratory Stage Stage p-value Ratio Lower bound of
90% confidence
interval of ratio

Upper bound of
90% confidence
interval of ratio

A 0 1 <0.0001 0.77 0.73 0.80
0 2 <0.0001 0.82 0.78 0.86
0 3 <0.0001 0.77 0.74 0.81
1 2 0.0120 1.07 1.02 1.12
1 3 0.8124 1.01 0.96 1.05
2 3 0.0222 0.94 0.90 0.98

B 0 1 0.0012 0.85 0.79 0.92
0 2 0.0001 0.83 0.76 0.89
0 3 <0.0001 0.80 0.74 0.86
1 2 0.4822 0.97 0.89 1.05
1 3 0.1444 0.93 0.86 1.01
2 3 0.4451 0.96 0.89 1.04

B* 0 1 <0.0001 0.81 0.79 0.83
0 2 <0.0001 0.85 0.83 0.87
0 3 <0.0001 0.82 0.80 0.84
1 2 0.0019 1.05 1.02 1.08
1 3 0.2725 1.02 0.99 1.04
2 3 0.0377 0.97 0.94 0.99

C-1 0 1 <0.0001 0.86 0.84 0.88
0 2 0.2833 0.98 0.95 1.01
0 3 0.6949 1.01 0.98 1.04
1 2 <0.0001 1.14 1.11 1.18
1 3 <0.0001 1.17 1.14 1.21
2 3 0.1443 1.03 1.00 1.05

C-2 0 1 <0.0001 0.92 0.90 0.94
0 2 <0.0001 0.94 0.91 0.96
0 3 0.0024 0.96 0.93 0.98
1 2 0.2237 1.02 0.99 1.04
1 3 0.0102 1.04 1.01 1.06
2 3 0.1651 1.02 1.00 1.05

D 0 1 <0.0001 0.68 0.66 0.71
0 2 0.0305 0.95 0.92 0.99
0 3 0.0019 0.93 0.90 0.97
1 2 <0.0001 1.40 1.35 1.45
1 3 <0.0001 1.37 1.32 1.42
2 3 0.3143 0.98 0.94 1.01

Ratio is the average of one stage over that of the other stage as listed in the previous columns. Stage 0 represents original results. C-1 and C-2 are two analysts from Laboratory
C. (*) The analysis removed samples measured at 74,100 and 81,300 as they appeared to be statistical outliers

Table 3
Agreement testing among groups.

Stage Stage p-value Ratio Lower bound of
90% confidence
interval of ratio

Upper bound of
90% confidence
interval of ratio

0 1 <0.0001 0.81 0.79 0.82
0 2 <0.0001 0.91 0.89 0.92
0 3 <0.0001 0.89 0.88 0.91
1 2 <0.0001 1.12 1.10 1.14

1
0

A

s
l

f

T
C

1 3 <0.0001
2 3 0.2169

fter outlier removal using 3 SD rule on the residual from the mixed effect model
ingle source of standards can improve the agreement between
aboratories.

The challenge of comparability is not unique to PK bioanalysis
or proteins. Clinical diagnostic assay manufacturers routinely deal

able 4
omponents of variance analysis.

CovParm Stage I Stage II

Variance Standard deviation Variance

Laboratory 0.01 0.11 0.01
Residual 0.03 0.18 0.01
Total 0.04 0.21 0.02
.11 1.09 1.13

.99 0.97 1.00
with the challenge of comparability and have found that a universal
calibrator was part of the solution to improve comparability [8]. In
the clinical diagnostic setting, they have additional challenges such
as different vendors making assays which contain different anti-

Stage III

Standard deviation Variance Standard deviation

0.08 0.01 0.12
0.11 0.01 0.11
0.14 0.03 0.16
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odies and process settings, so theoretically introduction of a single
ource calibrator in the PK setting could have greater value. While
here are similarities between PK and clinical diagnostics, there are
lso differences between the two situations. PK bioanalysis does not
ave a third party organization such as National Institute of Stan-
ards Technology (NIST) to provide a gold standard or a governing
ody like College of American Pathologists to provide proficiency
esting. Therefore, the first in human study calibrators could be
onsidered the gold standard for subsequent lots. The method for
ualifying subsequent lots will create additional debate, because to
ate the recommendations have been to use the nominal concen-
ration and no correction factors or adjustments have been applied.

Obviously this is a limited dataset of only one test system, and
imilar experiments will need to be performed on other programs
o understand the dimension and magnitude of laboratory discor-
ance. Here we showed a potential problem with ligand binding
ssays, we designed experiments, analyzed the data to find the
ource of the problem and provided a recommendation for reduc-
ng the discordance between analytical sites. The adoption of stage
I approach will have better probability for acceptable results that

ill allow for data combinability across different laboratories and
tudies.
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