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Abstract

Immunogenicity evaluation is a critical part of drug development. Regulatory guidelines from multiple health agencies pro-
vide recommendations for the development and validation of anti-drug antibody (ADA) assays to assess immunogenicity in
clinical trials. These recommendations primarily describe an ADA method run in one bioanalytical laboratory supporting a
biotherapeutic molecule; however, there are increasing instances that may necessitate the support of the ADA method being
run in more than one laboratory. A program can rapidly expand into multiple clinical studies within one or multiple countries,
where the most appropriate way to support the program is by having multiple laboratories perform ADA sample analysis.
In addition, there may be certain country-specific challenges that may make it infeasible to transport samples outside of the
country for analysis. China for example has a lengthy sample exportation process that has potential to negatively impact study
timelines. If multiple laboratories analyze samples using the same ADA method, comparable method performance should
be established. Here, we describe a three-way assessment of ADA assay comparability between two US-based bioanalytical

laboratories and one based in China.
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Introduction

Immunogenicity assessment, a key component in the pro-
cess of biotherapeutic development, is done by measuring
the body’s production of anti-drug antibodies (ADAs) in
response to treatment with a biologic medicine. It is imper-
ative to understand the immunogenicity of a drug during
research and development since immunogenic responses
could have unwanted impacts on efficacy, safety, and phar-
macokinetics (PK). ADA assays are developed to test either
animal samples before first-in-human studies or human sam-
ples during clinical trials. Since the immunogenic response
is polyclonal in nature and varies across individuals (1), it is
impossible to develop a quantitative assay with a true-posi-
tive control that reflects the entire study population. Rather,
ADA assays are qualitative and developed using surrogate
positive controls that are spiked into a matrix that represents
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those used for the study population. An ADA method for
immunogenicity testing typically follows a tiered testing
strategy consisting of screening, confirmatory tests, and
further characterization by titer measurements. For a sam-
ple to be considered positive, it must be positive in both the
screening and confirmation assays. The threshold for posi-
tive/negative determination (cut point [CP]) is statistically
determined using samples from treatment-naive subjects and
is set to a level that is designed to produce false positives.
For screening assays, CPs are typically set to produce 5%
false positives; for confirmatory assays, the CP is set to pro-
duce 1% false positives. Before analyzing clinical samples,
ADA methods are validated based on guidance from health
authorities such as the United States (US) Food and Drug
Administration (FDA), China’s National Medical Prod-
ucts Administration (NMPA), and the European Medicines
Agency (EMA) (2-4).

When a program is in early clinical stages, there is usu-
ally only a single laboratory supporting the clinical ADA
bioanalysis for the study. However, if the program expands
into multiple clinical studies, and multiple countries, the
bioanalysis needs may exceed the support capacity of a sin-
gle laboratory. Therefore, it could be necessary to establish
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the ADA method in additional laboratories, including in
other countries, to mitigate challenges with country-specific
requirements.

For the late-stage clinical development for our
tiragolumab program, it was necessary to evaluate more
than one laboratory to support clinical sample testing. The
program was originally supported at one bioanalytical labo-
ratory (BioA Lab 1), and was to expand to two additional
bioanalytical laboratories (BioA Lab 2 and BioA Lab 3) to
(1) mitigate the risk of exceeding the capacity of a single
US laboratory to run the increased number of samples from
numerous studies and (2) better support new clinical trials
with patient populations predominantly in China and avoid
the logistical challenges of exporting samples.

The two US-based contract research organizations
(CROs) would be able to support the sample analysis from
studies conducted in the USA, European Union, and non-
China Asia—Pacific (APAC) countries. The CRO in China
would support analysis of Chinese and APAC patients,
mitigating the challenges involved in sending samples for
analysis in the USA. Samples from APAC countries can be
shipped into China, which is a more straightforward process.
In support of this program, our bioanalytical comparison
plan was intended to build confidence in the ADA method
being run simultaneously by three separate laboratories with
replicable results.

Currently, there is limited guidance from health authori-
ties regarding multiple laboratories using the same methods
to support a program; thus, we describe our approach and
the techniques used to address satisfactory reproducibility
for our methodology. The FDA guidance (2019) gives a
brief recommendation on this topic — “reproducibility is
an important consideration if an assay will be run by two or
more independent laboratories during a study, and a spon-
sor should establish the comparability of the data produced
by each laboratory,” and mentions that “comparable assay
performance, including sensitivity, drug tolerance, and
precision, should be established between laboratories” (2).
China’s guidance, “Technical Guidance for Immunogenicity
Studies of Drugs,” states similarly that comparable assay
performance parameters (sensitivity, drug tolerance, and
precision) should be established when using more than one
laboratory to generate data using the same ADA method (3).

Previous experience with method comparability evalua-
tions in literature are similarly limited, with the main focus
being on the initial method transfer or assay platform com-
parison rather than comparability evaluations for the purpose
of utilizing multiple laboratories for study support (5-7). In
one study, a two-way method comparability was conducted
between one laboratory in the USA and one in China (6)
and incurred samples were not used during the compara-
bility evaluation as it was not feasible to do. Instead, sam-
ples spiked with ADA positive control were used for the
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evaluation. In our study we opted to use incurred clinical
samples (samples selected from a tiragolumab clinical study)
for comparability, since ADA methods use surrogate positive
controls that may not accurately represent ADA responses
in patients.

Here, we describe and show results for our plan to evalu-
ate ADA method comparability between three separate CRO
laboratories (Fig. 1). The strategy included independently
fully validating the same ADA method at each of the three
bioanalytical laboratories (with each establishing their own
CP factors), with emphasis on assessing whether assay
performance of sensitivity, drug tolerance, and precision
parameters were similar as recommended by health authority
guidance (2, 3). We also assessed the overall comparability
using incurred clinical samples, following a tiered analysis
approach to interpret the data from three different laborato-
ries. Incurred samples allowed us to test the comparability of
the methods using patient samples and to determine whether
the ADA results generated at different laboratories would
lead to varying interpretations of the ADA impacts on clini-
cal outcomes, such as efficacy, safety, and PK.

Methods
ADA Assay Format

The enzyme-linked immunosorbent assay (ELISA) method
for the detection of ADA uses a bridging format. The
ADAs are incubated with biotinylated and the DIGylated
tiragolumab to form complexes and are then immobilized
to a streptavidin-coated 96-well plate. A horseradish peroxi-
dase (HRP)-conjugated mouse anti-DIG antibody is added
and followed by color development with 3,3',5,5'-tetrameth-
ylbenzidine (TMB).

Tiragolumab drug materials are conjugated to biotin
(Pierce™ Sulfo-NHS-LC-biotin; Cat. No. 21327) and digox-
igenin (Invitrogen 3-amino-3-deoxydigoxigenin hemisucci-
namide succinimidyl ester; Cat. No. A2952) at a 10:1 chal-
lenge ratio. A master mix was prepared as a 1:1 mixture of
biotinylated tiragolumab and DIGylated tiragolumab conju-
gates, each at 3 pg/mL, in assay diluent (phosphate-buffered
saline with 0.5% bovine serum albumin (BSA), 0.01% Pro-
Clin™ 300, and 0.05% Tween 20). Equal volumes of master
mix and diluted sample were mixed in a polypropylene plate
and incubated overnight.

For the screening assay, controls and samples were
diluted to a minimal required dilution (MRD) of 1/20 into
assay diluent and then combined with master mix. For the
confirmatory assay, the plate controls/samples were diluted
tenfold and then combined 1:1 with a 200 pg/mL tiragolumab
working solution. The effective MRD was thus 1/20, and the
final tiragolumab concentration 100 pg/mL. This reaction
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Fig. 1 Schematic of three-way comparability strategy. Each of three
BioA Lab generated comparability datasets from 100 incurred sam-
ples. Primary and secondary evaluations were conducted using com-

mixture was then incubated in a washed high-binding strepta-
vidin plate (StreptaWell™ High Bind; Roche, Cat. No.
11989685001). After washing, bound antibody—conjugate
complexes were detected by adding 360 ng/mL. mouse mono-
clonal anti-DIG HRP conjugate (Jackson ImmunoResearch,
West Grove, PA, USA; Cat. No. 200-0320156/147166) to the
streptavidin plate. After washing, a signal was generated by
adding TMB Microwell Peroxidase Substrate System (KPL;
SeraCare, Milford, MA, USA; Cat No. 50-76-00) and the
reaction was stopped with 1 M phosphoric acid. Absorbance
was measured at 450/630 nm on a spectrophotometer.

Assay Controls

A goat anti-tiragolumab complementarity-determining
region (CDR) antibody was used for the positive control.
Plate control concentrations were as follows: screening low-
positive control (LPC) was 15 ng/mL at BioA Lab 1 and
10 ng/mL at BioA Labs 2 and 3. The difference in LPC con-
centrations is due to an update in our practice for setting the
LPC level for ADA assays between the time of the assay val-
idation in BioA Lab 1 (2017) and BioA Labs 2 and 3 (2021
and 2022, respectively). Since ADA assays are qualitative
and the LPC is used for plate acceptability instead of posi-
tive/negative determination, these small differences should
not have an impact on assay results. The three assays have
LPC/normalization control (NC) ratio acceptance limits that
overlap at the three laboratories; therefore, any concentration
differences should not impact assay acceptance.

parability datasets. Each BioA Lab independently validated ADA
method prior to running incurred samples. *Data for confirmatory
assay evaluation only. ADA anti-drug antibody; BioA bioanalytical

Confirmatory LPC was 5.0 ng/mL at BioA Lab 1, 3.0 ng/mL
at BioA Lab 2, and 2.4 ng/mL at BioA Lab 3. High-positive
control (HPC) for both screening and confirmatory was
100 ng/mL in all three laboratories. A human serum pool
was used for the negative control or normalization control
(NC). Individual and pooled human sera were purchased
from BiolVT.

Method Transfer/Validation

The tiragolumab ADA method was developed at Genen-
tech, Inc. and subsequently transferred to and validated
at a US-based CRO (BioA Lab 1) in 2017. At the time,
validation criteria were based on industry white papers and
health authority draft guidance (8—11). Given the increas-
ing bioanalytical support needed for multiple clinical tri-
als, the assay was validated at another US-based CRO
(BioA Lab 2) in 2021 according to updated FDA guidance
(2). Finally, to accommodate bioanalysis of tiragolumab
ADA samples originating from Chinese sites, the method
was validated at a third CRO in China (BioA Lab 3) in
2022 following China’s NMPA guidance document (3).
The following parameters were to be validated: screening
CPs (sCPs), confirmatory CPs (cCPs), relative sensitiv-
ity, relative drug tolerance, hook effect, specificity (inter-
ference/cross-reactivity), matrix interference (hemolysis
and lipemia interference/cross-reactivity), selectivity,
precision, robustness (minimum and maximum incubation
times), and stability.
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Before validation could begin at BioA Labs 2 and 3, a
new lot of NC needed to be identified. To minimize poten-
tial impacts on the assay, we aimed to identify a new lot
that produced similar instrument responses to the original
NC. BioA Lab 2 identified a new lot that had optical den-
sity (OD) values that were similar (within + 10%) to the one
used by BioA Lab 1 and were therefore shared between both
methods at BioA Labs 2 and 3. Lots of BSA were different
between the three laboratories, but were also evaluated to
produce similar signals in each laboratory.

All three laboratories used the same assay plates
(StreptaWell™ High Bind Transparent 96-well Plate, Roche,
Product No. 11989685001). The positive control source
material was the same for all three laboratories. The capture
and detection source material lots were the same in BioA
Labs 2 and 3 but differed from the lot used by BioA Lab 1.
The new lots used in BioA Labs 2 and 3 were evaluated to
ensure that HPC titer and LPC/NC ratios fell within control
acceptance ranges set by BioA Lab 1.

Laboratory-specific CPs were established at the three
bioanalytical laboratories using commercially purchased
samples with disease states matching the expected indica-
tions for tiragolumab clinical trials. It is important to note
that the 120 commercially purchased CP samples (Biol VT,
New York, USA) used in 2017 during the initial validation
at BioA Lab 1 were no longer available when we started
method validation at BioA Lab 2 in 2021. Therefore, a dif-
ferent set of 100 commercially purchased samples (BiolVT,
New York, USA and ProteoGenex, California, USA) were
used for determining the CP at BioA Lab 2. The indications
of these commercial disease state samples consisted of the
same ones used to establish the CP at BioA Lab 1, with the
addition of several indications that tiragolumab clinical tri-
als had expanded to by 2021. We attempted to use the same
100 CP samples when performing the validation at BioA
Lab 3 in 2022; however, we were only able to use 56 over-
lapping samples because the other 44 samples did not have
adequate documents required for importation into China.
Because of this, 44 new CP samples were sourced by BioA
Lab 3 to ensure appropriate licensure (BiolVT, New York,
USA). Although we had to source 44 new CP samples, they
consisted of the same indications. BioA Lab 2 and BioA Lab
3 used the same NC pool.

The sCP and cCP factors were statistically derived based
on a target untreated positive rate of approximately 5% and
1%, respectively. The sCP is calculated for each plate using
the NC multiplied by the screen CP factor. The cCP factor
is a fixed inhibition percentage threshold used to confirm
that the ADA detected is positive against tiragolumab. A
sample with an inhibition percentage greater than or equal
to the fixed inhibition threshold percentage from validation
is determined to be positive for ADAs to tiragolumab.
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The assessment of assay screen sensitivity was done by
running serial dilutions of the HPC and evaluating the lowest
concentration that consistently produced a result above the
plate-specific CP. Confirmatory sensitivity was determined
by spiking tiragolumab drug into HPC curves. The confirma-
tory sensitivity was determined as the most diluted sample
that confirmed as ADA positive (%inhibition > cCP). Final
relative sensitivity for both assays was calculated from the
mean sensitivity of all qualified curves (Online Resource 1).

Expectations for Sensitivity, Drug Tolerance,
and Precision

Sensitivity, drug tolerance, and precision were parameters
suggested by the FDA and NMPA guidelines (2, 3) to evalu-
ate when using multiple laboratories to support sample analy-
sis in a clinical study. Our expectations for these parameters
were as follows: in order for these parameters to be considered
similar, all three laboratories should (1) demonstrate sensitiv-
ity equal to or better than the FDA recommended level of
100 ng/mL, (2) be able to detect 100 ng/mL of ADA positive
control in the presence of drug levels higher than expected
trough drug levels (expected range, ~30-100 ug/mL), and (3)
demonstrate inter- and intra-run precision with coefficient of
variation (CV) within 20%.

Approach to Assessing Comparability

As this was the first ADA comparability study conducted at
Genentech between three laboratories and there is currently
limited health authority guidance regarding comparing ADA
assays, an exploratory approach was taken to assess compara-
bility rather than setting strict comparability acceptance criteria.
Due to the qualitative nature of ADA assays, and as it was antic-
ipated that BioA Labs 2 and 3 would be used significantly to
support sample testing for this program in the future, we opted
to not set a reference laboratory in our comparison. Our criteria
may evolve as more data is gathered to reflect the intrinsic assay
variability between laboratories for ELISA-based ADA assays.

After validation was completed in the three laboratories,
comparability datasets were generated using 100 incurred
samples from patients dosed with tiragolumab from a phase
1b study (12, 13). BioA Lab 1 originally performed the clini-
cal sample testing for these samples. In this phase 1b study,
a low incidence of ADAs toward tiragolumab was observed
(~1%) with only six samples confirmed positive after tiered
analysis. From this study, we selected a total of 50 screen
negatives and 50 screen positives, which included the six
confirmed positive samples (1 baseline and 5 post-baseline),
for the comparability evaluation. The sample OD spanned
the entire OD range found during the phase 1b study. The
selection of 50 screen positives and 50 screen negatives is an
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oversampling of screen positives, since at the time of sample
selection the clinical study had 111 screen positives out of the
over 1000 post-treatment ADA samples analyzed. This was
done to allow the comparison of both screen positives and
screen negatives. Given that ADA impact assessments often
compare ADA negative (ADA—) vs. ADA positive (ADA+)
patients, it was critical to assess if the newer laboratories
were identifying an increased number of ADA false positives
that could potentially affect the ADA impact analysis.

All 100 samples were subsequently analyzed in the
screening assay and confirmatory assay (regardless of screen
result) in all three laboratories (Fig. 1). Samples that screened
negative were confirmed so that if a discrepancy was found
between the laboratories, insight into if this discrepancy was
driven by the screening or confirmation assay steps could be
gained. Samples were determined to be positive or negative
using the laboratory-specific CPs generated during validation.
Each laboratory applied the same plate acceptance criteria set
for study phase bioanalysis to generate their comparability
dataset. The few ADA+ samples reported in the clinical study
(six positives) all had low titers (four with a titer of < 1.3, one
with titer of 1.34, and one with a titer of 2.28) (13); therefore,
a titer comparison was not included in the analysis.

Primary and Secondary Evaluations
of Comparability Datasets

The primary evaluation of this comparison was to determine
clinical comparability: whether the results following a tiered
analysis approach (applied during data interpretation) would
yield similar clinical sample results (Fig. 1). To be consid-
ered clinically comparable, we expected that the majority
of samples to have the same classification in all three labs
without any singular laboratory detecting a significant addi-
tional number of positive samples. The secondary evaluation
was on the screening and confirmatory steps individually.
Our comparability strategy is more extensive than the typi-
cal tiered sample testing approach used for clinical sample
analysis. This additional approach allows for a comprehen-
sive examination of overall tiered analysis results as well as
an understanding of the individual screening and compara-
bility steps. The overall ADA+/— status generated by the
three laboratories and the independent results of screening
and confirmatory samples were analyzed for concordance.

Results
Validation Results

The ADA assay was successfully validated at each labo-
ratory. The sCPs were 1.16, 1.75, and 1.56 and the cCPs

were 21.6%, 23.5%, and 19.5% inhibition for BioA Labs
1, 2, and 3, respectively (Table I). The relative sensitivity
of the screening assay at BioA Labs 1, 2, and 3 were 3.69,
4.98, and 3.35 ng/mL, respectively (Table I). The rela-
tive sensitivity of the confirmation assay was 2.90, 1.37,
and 1.62 ng/mL at BioA Labs 1, 2, and 3, respectively
(Table I). All three laboratories showed a screening sen-
sitivity < 5 ng/mL and confirmatory sensitivity <3 ng/mL
(Table I). All three laboratories had sensitivities well
below the health authority recommended 100 ng/mL (2),
so were considered acceptable.

For drug tolerance, the screening assay run in all three
laboratories was able to detect 100 ng/mL control in the
presence of 250 pg/mL tiragolumab. The confirmation
assay was able to detect 100 ng/mL control in the pres-
ence of 500, 500, and 250 pg/mL of tiragolumab at BioA
Labs 1, 2, and 3, respectively (Table I). Thus, the validated
drug tolerance for screening and confirmation assays in
all three laboratories met expectations of being able to
detect 100 ng/mL of control in at least the estimated drug
trough level (~30-100 ug/mL). The inter-assay precision
of the LPC OD, LPC signal to NC ratios, and %inhibition
(confirmatory LPC and confirmatory HPC, and HPC titer
at the three laboratories) were all within the 20% CV rec-
ommended in the FDA guidance (Table I) (2).

Primary Evaluation of Overall Clinical Comparability

The primary evaluation in this study consisted of com-
paring the three laboratories following a tiered approach.
Following this approach, any sample with a screen nega-
tive would be given the final result of ADA—; a sample
would only be considered ADA+ if both screening and
confirmatory assays showed a positive result (Fig. 1). This
reflects the standard testing procedure used during clinical
immunogenicity assessment and is crucial to understand
when investigating how different laboratory results com-
pare. If the three datasets led to similar conclusions of
ADA status, we could consider that the assay demonstrated
clinical comparability, as the three laboratories would lead
to similar clinical interpretations of data.

We first conducted three comparisons, each between
two sets of laboratory results, and found high sample con-
cordance in the final ADA result (after tiered analysis).
Between BioA Lab 1 and BioA Lab 2, 96/100 sample
results were in agreement (94 ADA—, 2 ADA+; Table II).
BioA Lab 1 and BioA Lab 3 showed agreement in 95/100
samples (92 ADA—, 3 ADA+; Table III), and BioA Labs
2 and 3 showed agreement in 97/100 samples (95 ADA—,
2 ADA+; Table IV). Altogether, all three laboratories had
consensus among 94/100 samples (92 ADA—, 2 ADA+)
(Table V).
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Table | Cross-Laboratory Validation of the ADA Assay Validation Data
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Drug tolerance (pg/mL)? Inter-assay precision (%)

Relative sensitivity (ng/mL)

Cut points

BioA Lab

cHpC®4d

cLpPCde

Confirmation Screening Confirmation Screening Confirmation LPC ODP LPC/NC ratio HPC titer®

Screening

1.7
1.8

0.9

9.7

2.1
14.1

10.2

13.7

500
500
250

250
250
250

2.90
1.37
1.62

3.69
4.98
3.35

21.6%
23.5%
19.5%

1.16

7.6
0.2

5.1

15.0

1.75
1.56

5.2

5.0

8.8

ADA anti-drug antibody, cHPC confirmatory high-positive control, cLPC confirmatory low-positive control, HPC high-positive control, LPC low-positive control, NC normalization control,

OD optical density

9100 ng/mL of positive surrogate control is detected in the presence of the tiragolumab concentration tested

PLPC concentration= 15 ng/mL at BioA Lab 1, 10 ng/mL at BioA Labs 2 and 3

“HPC/cHPC concentration

100 ng/mL

Precision of inhibition percentages

¢cLPC concentration: 5 ng/mL at BioA Lab 1, 3 ng/mL at BioA Lab 2, and 2.4 ng/mL at BioA Lab 3

Table Il Comparability of Tiered Analysis Results Between BioA Lab 1
and BioA Lab 2*

BioA Lab 1 Tiered approach
Positive 4 2
Negative 94 0
Negative Positive
BioA Lab 2

“Two-way comparisons were conducted between the bioanalytical
laboratories. Tables show the number of ADA negative (bottom left
quadrants) and positive samples (top right quadrants) that the labo-
ratories have in agreement, and samples with disagreements (top left
and bottom right quadrants)

ADA anti-drug antibody, BioA bioanalytical

Table lll Comparability of Tiered Analysis Results Between BioA Lab 1
and BioA Lab 3*

BioA Lab 1 Tiered approach
Positive 3 3
Negative 92 2
Negative Positive
BioA Lab 3

“Two-way comparisons were conducted between the bioanalytical
laboratories. Tables show the number of ADA negative (bottom left
quadrants) and positive samples (top right quadrants) that the labo-
ratories have in agreement, and samples with disagreements (top left
and bottom right quadrants)

ADA anti-drug antibody, BioA bioanalytical

Table IV Comparability of Tiered Analysis Results Between BioA Lab 2
and BioA Lab 3*

BioA Lab 2 Tiered approach
Positive 0 2
Negative 95 3
Negative Positive
BioA Lab 3

“Two-way comparisons were conducted between the bioanalytical
labs. Tables show the number of ADA negative (bottom left quad-
rants) and positive samples (top right quadrants) that the labs have in
agreement, and samples with disagreements (top left and bottom right
quadrants)

ADA anti-drug antibody, BioA bioanalytical
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TableV Primary Evaluation of Sample Agreement Following Tiered

Analysis®

Overall sample status

Sample ID® BioA Lab1 BioALab2 BioALab3 Overall

agreement?
(yes/no)
1001 Negative Negative Negative Yes
1002 Negative Negative Negative Yes
1003 Negative Negative Negative Yes
1004 Negative Negative Negative Yes
1005 Negative Negative Negative Yes
1006 Negative Negative Negative Yes
1007 Negative Negative Negative Yes
1008 Negative Negative Negative Yes
1009 Negative Negative Negative Yes
1010 Negative Negative Negative Yes
1011 Negative Negative Negative Yes
1012 Negative Negative Negative Yes
1013 Negative Negative Negative Yes
1014 Negative Negative Negative Yes
1015 Negative Negative Negative Yes
1016 Negative Negative Negative Yes
1017 Negative Negative Negative Yes
1018 Negative Negative Negative Yes
1019 Negative Negative Negative Yes
1020 Negative Negative Negative Yes
1021 Negative Negative Negative Yes
1022 Negative Negative Negative Yes
1023 Negative Negative Negative Yes
1024 Negative Negative Negative Yes
1025 Negative Negative Negative Yes
1026 Negative Negative Negative Yes
1027¢ Positive Negative Negative No
1028 Negative Negative Negative Yes
1029 Negative Negative Negative Yes
1030 Negative Negative Negative Yes
1031 Negative Negative Negative Yes
1032 Negative Negative Negative Yes
1033 Negative Negative Negative Yes
1034 Negative Negative Negative Yes
1035 Negative Negative Negative Yes
1036 Negative Negative Negative Yes
1037 Negative Negative Negative Yes
1038 Negative Negative Negative Yes
1039 Negative Negative Negative Yes
1040 Negative Negative Negative Yes
1041 Negative Negative Negative Yes
1042¢ Positive Negative Positive No
1043 Negative Negative Negative Yes
1044 Negative Negative Negative Yes
1045 Negative Negative Negative Yes
1046 Negative Negative Negative Yes

Table V (continued)

Overall sample status

Sample ID’ BioA Lab1 BioA Lab2 BioA Lab3 Overall

agreement?
(yes/no)
1047 Negative Negative Negative Yes
1048 Negative Negative Negative Yes
1049 Negative Negative Negative Yes
1050 Negative Negative Negative Yes
1051 Negative Negative Negative Yes
1052 Negative Negative Negative Yes
1053°¢ Positive Negative Negative No
1054 Negative Negative Negative Yes
1055 Negative Negative Negative Yes
1056 Negative Negative Negative Yes
1057 Negative Negative Negative Yes
1058 Negative Negative Negative Yes
1059 Negative Negative Negative Yes
1060 Negative Negative Negative Yes
1061 Negative Negative Positive No
1062 Negative Negative Negative Yes
1063 Negative Negative Negative Yes
1064 Negative Negative Negative Yes
1065 Negative Negative Negative Yes
1066 Negative Negative Negative Yes
1067 Negative Negative Negative Yes
1068 Negative Negative Negative Yes
1069 Negative Negative Negative Yes
1070 Negative Negative Negative Yes
1071 Negative Negative Negative Yes
1072 Negative Negative Negative Yes
1073 Negative Negative Negative Yes
1074 Negative Negative Negative Yes
1075 Negative Negative Negative Yes
1076 Negative Negative Negative Yes
1077 Negative Negative Negative Yes
1078 Negative Negative Negative Yes
1079 Negative Negative Negative Yes
1080 Negative Negative Negative Yes
1081 Negative Negative Negative Yes
1082 Negative Negative Negative Yes
1083 Negative Negative Negative Yes
1084 Negative Negative Negative Yes
1085 Negative Negative Negative Yes
1086°¢ Positive Positive Positive Yes
1087 Negative Negative Negative Yes
1088°¢ Positive Positive Positive Yes
1089°¢ Positive Negative Negative No
1090 Negative Negative Negative Yes
1091 Negative Negative Negative Yes
1092 Negative Negative Negative Yes
1093 Negative Negative Negative Yes
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Table V (continued)

Overall sample status

Sample ID® BioA Lab1 BioA Lab2 BioA Lab3 Overall

agreement?
(yes/no)

1094 Negative Negative Negative Yes

1095 Negative Negative Positive No

1096 Negative Negative Negative Yes

1097 Negative Negative Negative Yes

1098 Negative Negative Negative Yes

1099 Negative Negative Negative Yes

1100 Negative Negative Negative Yes

Total samples with overall ADA status agreement 94

“The ADA positive/negative determinations by the three bioanalyti-
cal laboratories are shown in this table, along with whether there was
agreement across all three laboratories

bSample IDs have been anonymized

“Based on clinical data generated by BioA Labl, these samples were
reported as ADA+in the phase 1b study that they were selected from

4One of two samples where ADA positivity was detected at all three
laboratories

ADA anti-drug antibody, BioA bioanalytical

There were 6/100 samples that did not have agreement
(Table V). These samples consisted of one baseline and
five post-baseline samples from a total of six patients. The
screening, confirmatory, and overall ADA result (following
tiered analysis of screening and confirmatory data) of these
samples were evaluated to identify potential reasons for
discrepancies (Online Resource 2). Instances where sample
signals hovered close to the sCP or cCP in at least one labo-
ratory were noted (e.g., samples 1042, 1027, 1053, 1095).
Proximity to either sCP or cCP may be a reason why the
ADA results in these samples were not consistent in all three
laboratories. Despite these six discrepancies, we consider
94/100 to be a high degree of agreement, and we feel that the
differences in ADA+ samples between laboratories would
not be impactful to clinical interpretations of tiragolumab
ADA data. Thus, in the primary evaluation we consider the
assay to demonstrate clinical comparability.

Secondary Evaluation of Screening
and Confirmatory Data

The secondary evaluation in our comparability was to
examine the screening and confirmatory steps individually

a Positive at both labs b Positive at both labs C Positive at both labs
o Negative at both labs @ Negative at both labs e Negative at both labs
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Fig.2 Secondary evaluation — screening results. One-hundred ity. Of the 100 samples, the 6 confirmed positive samples from the

incurred samples from a tiragolumab phase 1b study were selected
for comparability evaluation of the tiragolumab ADA method. All
three laboratories independently validated the method with lab-spe-
cific CPs. BioA Lab 1 was used to support the initial sample analysis.
Fifty screen-negative and 50 screen-positive samples with OD cover-
ing the entire OD range were selected for ADA method comparabil-
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phase 1b study were also included. Shown are the results plotted as
sample OD/psCP (a, b, and c¢) as well as sample concordance (d, e,
and f) on the 100 incurred samples. ADA anti-drug antibody; BioA
bioanalytical; CP cut point; OD optical density; psCP plate specific
cut point
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(Fig. 1). Screening results between BioA Lab 1 and BioA
Lab 2 (both in the USA) showed the same screening results
for 73/100 samples (48 ADA—, 25 ADA+; Fig. 2a, d). We
found the same 73/100 sample concordance when comparing
BioA Lab 1 (USA) and BioA Lab 3 (China) (47 ADA—, 26
ADA+; Fig. 2b, e). BioA Labs 2 and 3 showed the highest
sample agreement (88/100) (66 ADA—, 22 ADA+; Fig. 2c,
f), which is not surprising given that their CPs were set using
56 overlapping commercial samples, while the CP at BioA
Lab 1 was established with different commercial samples.
This was reflected in the sCP factors of BioA Labs 2 and 3
being more similar (1.75 and 1.56, respectively) compared
with the sCP factor of BioA Lab 1 (1.16). Since the CP is the
threshold for determining ADA status, the two CPs set with
56 overlapping samples at BioA Lab 2 and BioA Lab 3 and
the same NC may have contributed to more similar screen-
ing results. When evaluating the sample OD responses nor-
malized by the plate-specific CP OD, samples that were not
concordant between different laboratories tended to be very
close to the CP (Fig. 2a, b, c). This suggests that the close
proximity to the CP may also have been a contributing factor
to why samples may not have agreeing results. When evaluat-
ing the combined screening results, 67/100 samples had the
same results from all three laboratories (Online Resource 3).

When reviewing all the confirmatory data (independent of
screen results), the three laboratories show high agreement
in sample results. BioA Lab 1 and BioA Lab 2 agreed on
97/100 samples (92 ADA—, 5 ADA+; Fig. 3a, d). Between
BioA Lab 1 and BioA Lab 3, 93/100 sample results were in
agreement (87 ADA—, 6 ADA+; Fig. 3b, e). Between BioA
Lab 2 and BioA Lab 3, 94/100 sample results were in agree-
ment (88 ADA—, 6 ADA+; Fig. 3c, f). We also evaluated
the confirmatory results when normalized by the cCP and
found that the samples without results in agreement tended
to be in close proximity to the cCP (Fig. 3a, b, and ¢). When
evaluating the confirmatory results across all three labora-
tories, 92/100 samples had the same results from all three
laboratories (Online Resource 3). In our assessment, the
comparability assay showed higher sample agreement than
the screening assay. In the confirmatory assay, individual
samples are normalized by the same sample compared with
and without spiked drug; therefore, they are not as impacted
by individual variability compared with the screening assay
which normalizes using a NC. Therefore, the greater agree-
ment observed in the confirmation assay compared with the
screening assay was anticipated.
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Fig.3 Secondary evaluation — confirmatory results. All 100 samples
selected for the comparability evaluation were run on the confirma-
tory assay regardless of screen result. Shown are the results plotted as

sample % inh/cCP (a, b, and ¢) as well as sample concordance (d, e,
and f), cCP confirmation cut point; BioA bioanalytical; inh inhibition
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Discussion

Due to the expansive clinical development plan of
tiragolumab which included multiple clinical studies
with Chinese patients, it was advantageous to establish
the ADA assay at multiple laboratories. In addition to
allowing for higher capacity and study support flexibil-
ity by using two laboratories in the USA, transferring the
method to a bioanalytical laboratory in China also allows
us to analyze patient samples in China without the need to
export samples to the USA.

A major challenge with a multi-laboratory approach is
ensuring the assay is performing comparably between the
laboratories, especially when a single-study analysis is split
between laboratories. While there is a recommendation from
the FDA that comparability should be evaluated, there are
no existing acceptance criteria provided (2). There is more
guidance for the cross-validation of PK assays (14, 15), but
given that ADA assays are semi-quantitative or qualitative
tests that are designed to produce false-positive results, such
comparisons require a different approach than would be used
to test the equivalence of quantitative assays.

A robust comprehensive comparison plan was designed
to include separate full validations at each laboratory and
comparison of validation data, and use of incurred samples
from a previous study. As BioA Labs 2 and 3 used different
reagents from the initial laboratory, including the NC and
the individual sera used to determine CPs, it was crucial
that each laboratory perform its own CP experiments. When
using different NCs, different CP factors can be observed
in the screen assay, which can still result in similar assay
sensitivity. This is shown by the different NCs used between
the three laboratories and similar screen assay sensitivities
observed (3.35 ng/mL, 3.69 ng/mL, and 4.98 ng/mL). Ide-
ally, the same individual sera would be used in validations
at each laboratory, but (as here) this is not always possible.
If the same individual sera cannot be used in subsequent
laboratories, the disease indication and other factors of the
patient samples should be matched as closely as possible
to what was used in the initial laboratory. We believe it is
important for each laboratory to develop its own CP factors
and assay sensitivity when using different reagents.

The validation data between the three laboratories showed
similarity when evaluating key validation parameters. Had
the assay shown differences that could potentially impact
interpretation of comparability results, we would have
investigated the source of such discrepancies, examining the
screening and confirmation steps in isolation, and taking
consideration of any variations in reagents, before generating
comparability datasets.

For this comparability assessment, we used incurred
samples from a phase 1b tiragolumab study (12, 13) to
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evaluate comparability in three bioanalytical laboratories.
Given the low number of ADA+ samples in the phase 1b
study, we selected 50 samples that screened positive,
including six samples that were confirmed positive, and
50 samples that screened negative for our comparison.
Altogether, the samples represented the entire OD range
observed during sample testing. This sample selection was
designed to achieve two objectives: ensuring that the two
additional laboratories would identify at least some of the
positive samples and ensuring that a significant additional
number of samples were not identified as positive.

The primary evaluation in this comparison was to deter-
mine clinical comparability by examining the overall ADA
results through tiered analysis. The secondary evaluation
was to independently review the results for the 100 incurred
samples on both the screening and confirmatory assays. This
included testing samples in the confirmatory assay in all
laboratories regardless of whether the samples screened pos-
itive. This is more extensive than the approach used during
clinical sample analysis. However, comparability data are
not for clinical ADA reporting, and we felt this was appro-
priate for our exploratory evaluation and to build experience
with conducting ADA comparability across laboratories. If
there were significant discrepancies between the overall
results, then data in the individual assay steps of the tiered
analysis could be used to determine which of the steps was
responsible for the discrepancy and likely identify which
laboratory’s CPs were functionally different from the oth-
ers. Due to the low number of positive samples, titers were
not included in our comparisons. For molecules with higher
numbers of ADA+ results, a comparison involving titer val-
ues could be valuable, particularly if ADA titer values were
associated with clinical sequelae.

In the primary evaluation of the overall results (tiered
analysis of screening and confirmatory), there was a very
high degree of agreement in sample results (94/100)
(Table V). While there were six discrepancies, we believe
that they would not lead to different interpretations of
tiragolumab clinical immunogenicity. Thus, with this high
degree of agreement, we consider the assay comparable at
all three laboratories and would be comfortable pooling data
from these laboratories in a regulatory filing.

In the secondary evaluation, the most contrasting results
were found at the screening assay level (particularly in BioA
Lab 1). Upon further investigation we found that most of
the samples with differences in screening assay results were
close to the CP in all three laboratories (Fig. 2). This close
proximity to the CP may be one reason why a sample would
be detected by only one laboratory instead of all three. Addi-
tionally, the CPs for BioA Labs 2 and 3 were established
with a partially overlapping set of CP samples and the same
NC, whereas the CP for BioA Lab 1 was established with
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entirely different samples and NC. This may also explain
why the screening assay data from BioA Lab 1 showed more
differences than the other two laboratories.

For the samples close to the CP, we hypothesize that even
if the same laboratory were to re-test the samples another
time, a low-positive sample may very well be determined
as negative, and a sample just below the CP may be deter-
mined as positive on a repeat analysis. In addition, some
screen positives might be due to antibodies in the samples
that bind non-specifically in the ADA assay. During typical
immunogenicity testing of clinical samples, specificity of
ADAs toward the drug is determined by running screened
positive samples on the confirmatory assay. This emphasizes
the importance of our primary evaluation using the tiered
strategy (screening and confirmation assays together) to
understand how the overall results in a study will compare.

As this was our first experience with ADA comparison
between three laboratories, we decided to use incurred
samples in our tiragolumab ADA assay comparison. The
incurred sample comparison results reflected tiragolumab’s
clinically low incidence of immunogenicity, with ADA posi-
tivity found in only 2/94 samples with matching results at all
three laboratories (Table V). In future studies, we feel that
for low-risk immunogenicity molecules like tiragolumab, it
may not be necessary to use incurred samples to compare
ADA assays. The use of spiked samples may be sufficient
to provide adequate confidence in assay performance across
multiple laboratories. The use of incurred samples, if avail-
able, are likely only necessary for ADA assay comparison
for high immunogenicity risk programs.

Conclusion

It is important to address the comparability of ADA assays
between laboratories to ensure that consistent immunogenic-
ity interpretations can be made on a program. This can be
critical in programs with higher immunogenicity risk in
which ADAs have been associated with clinical sequelae like
lower PK concentration, lower efficacy, or adverse safety
events. We have described our approach for validation and
comparison of an ADA assay in three different laborato-
ries. The assay was fully validated in three laboratories and
demonstrated similar validation results in the parameters of
relative sensitivity, drug tolerance, and assay precision. We
saw a high degree of agreement between the laboratories in
our comparison using incurred study samples.

We conducted our comparability using an exploratory
approach rather than setting strict acceptance criteria. In the
future, as more practical knowledge accumulates in this area,
it is our hope that a more quantitative approach for assessing
equivalence (e.g., the use of Cohen’s kappa or two one-sided
tests (TOST)) will be established that could provide benefits

to the bioanalytical community. Our experience presented
here may help contribute to furthering these necessary dis-
cussions in the bioanalytical industry and with regulators to
determine the best strategy to use when conducting ADA
comparability.
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