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Abstract

A clear scientific and operational need exists for harmonized bioanalytical immunogenicity study reporting to facilitate
communication of immunogenicity findings and expedient review by industry and health authorities. To address these key
bioanalytical reporting gaps and provide a report structure for documenting immunogenicity results, this cross-industry
group was formed to establish harmonized recommendations and a develop a submission template to facilitate agency fil-
ings. Provided here are recommendations for reporting clinical anti-drug antibody (ADA) assay results using ligand-binding
assay technologies. This publication describes the essential bioanalytical report (BAR) elements such as the method, critical
reagents and equipment, study samples, results, and data analysis, and provides a template for a suggested structure for the
ADA BAR. This publication focuses on the content and presentation of the bioanalytical ADA sample analysis report. The
interpretation of immunogenicity data, including the evaluation of the impact of ADA on safety, exposure, and efficacy, is
out of scope of this publication.

Keywords Anti-drug antibodies (ADA) - Immunogenicity - In-study cut point - Bioanalytical report (BAR) - Clinical Study

Report (CSR) - The Integrated Summary of Immunogenicity (ISI) - Report harmonization

Introduction

Throughout the industry, there has been a wide range of con-
ventions employed for the presentation of immunogenicity
results. The ultimate goal of any sample analysis report is to
facilitate understanding of the work performed. In order to
efficiently convey these results, it is of benefit to present this
information in a more harmonized report format.

The reporting of immunogenicity results is further
complicated by aspects unique to ADA assays, such as the

Robin Marsden and Michele Gunsior contributed equally to the
manuscript.

P4 Darshana Jani
Darshana.jani @modernatx.com

Extended author information available on the last page of the article

» aaps

selection of assay platform and instrument, the selection
and utilization of critical reagents, the estimation of sensi-
tivity with a semi-quantitative or qualitative assay, and the
evaluation of drug and/or target tolerance. A discussion on
immunogenicity assay result reporting at the 2017 AAPS
NBC led to the establishment of working groups to address
key bioanalytical reporting gaps for both binding ADA and
neutralizing antibody (NAb) assay results. Working group
members across multiple organizations including pharma-
ceutical, biotechnology, contract research organizations, and
regulatory agencies discussed these gaps and inconsisten-
cies in immunogenicity reporting, and are hence producing
a series of publications focused on appropriate validation (1)
and result reporting. The discussions related to the reporting
of ADA results are presented here, including an example
report template (Supplementary Material) to facilitate filings
with health authorities. The companion to this series, which
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will focus on the unique aspects essential to immunogenic-
ity BAR reporting of NAb assay results, will follow as a
separate publication.

As each scientific organization will have unique opera-
tional requirements associated with results reporting for study
data, this publication provides a general guide for standard-
izing the format of immunogenicity results presented in the
ADA BAR. These recommendations are intended to harmo-
nize the presentation of ADA data and facilitate report review
by industry and regulatory authorities, and are in alignment
with the documentation recommended by current guidance
(e.g., Section VIII of 2019 FDA Guidance (2—4).

Regarding the BAR content, study blinding status as well
as availability of individual subject and sample information
determines the level of detail to be reported, as appropriate.
A summary of ADA such as incidence, prevalence, persis-
tence, or impact in the context of clinical results such as PK,
PD, and safety is usually provided in documents such as the
Clinical Study Report (CSR), or the Integrated Summary of
Immunogenicity (ISI). It is recommended the ADA sample
analysis reports be provided as appendices to the CSR, or if
required, the ISIL.

Finally, the authors have included a report template as
Supplementary Material that may be used as a general guide
for what may be included in a bioanalytical ADA sample
analysis report. Each drug development program will have
unique requirements, and therefore not every aspect for
reporting addressed in this publication may apply. Although
the examples cited here are typical to clinical ADA result
reporting, many of the same principles may be applied to
reporting nonclinical ADA results. It is highly recommended
that each user includes those aspects of this guidance that
best apply to their drug development program.

Bioanalytical Report Structure and Content
Statement of Compliance

While there is no formal regulatory guidance on the con-
duct of ADA testing, it is generally performed under the
principles of GLP/GCP. It is recommended to include, at
minimum, a statement regarding which guidelines were fol-
lowed (e.g., GLP/GCP, sample analysis plan, relevant site
SOPs) as well the extent of QC or Quality Assurance (QA)
review. If QA review is conducted, a separate statement with
specific details of the QA audit and associated signatures
should be included.

Summary

The report summary provides a short review of the study
information and ADA sample analysis. The summary
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includes information related to the drug name, study name
and study number, study population and/or indication, as
well as the method and its qualification or validation status,
and study sample matrix. The number of samples received
and analyzed, as well as the total number of samples that
were positive in the screening and the confirmatory assays
(if performed) for each clinical study, should be provided.
The detection of any antibodies present prior to treatment
(pre-existing antibodies) should be noted. The presence of
pre-existing antibodies requires a careful assessment of post-
treatment response (titer) to understand whether administra-
tion of the study drug led to a treatment-emergent (boosted)
response. This interpretation is considered out of scope for
the ADA BAR and should be included in the appropriate
section of the CSR or ISI.

The format for reporting titer should clearly state the total
final dilution applied to the sample, especially in the case
that dilution beyond the assay minimum required dilution
(MRD) is required. For example, if a dilution of 1:10 was
applied during sample analysis (this being in addition to the
assay MRD of 1:5), the final reported sample titer would
be 1:50 (2019 FDA Guidance). If additional processing of
samples is required, such as with acid dissociation, these
dilutions should be accounted for in the MRD and final
reported titer. Detailed examples of determination of MRD
are provided in the Anti-Drug Antibody Validation Testing
and Reporting Harmonization guidance (1).

The summary section may also provide details of sample
characterization, such as isotype, domain specificity testing
and any additional characterization(s) required due to spe-
cifics of the drug modality, such as bispecific molecules or
antibody drug conjugate (ADC) drugs (1).

Bioanalytical Method

To properly evaluate the reported results, it is recommended
that a brief summary of the study drug (biotherapeutic, gene
therapy, ADC, monoclonal antibody therapy, etc.) and the
method used for sample analysis be provided. The method
summary can be presented in a tabular format and include
information about assay platform (colorimetric vs. electro-
chemiluminescence) and assay format (sandwich, solution-
based bridging, or direct/indirect assay). Any requirement
for pre-treatment of samples, such as acid dissociation
or immunoadsorption, added preservatives or enzyme
inhibitors, and the associated data reduction required (raw
response or normalized response) should be described. Addi-
tionally, method details and validation parameters should be
summarized in a tabular format as noted in Section 5 of the
example report template (Supplementary Material). This
summary table should include a clear reference or link to
the bioanalytical method and/or validation report for cross-
referencing. The method summary table should also briefly
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list the study drug and sample matrix as well as a description
of the positive control antibody recommended, including
clonality, host and target species, and the final concentra-
tion for each positive control as determined in neat matrix.

System suitability controls such as negative, low, and
high positive controls from each run are included to evalu-
ate assay performance. During pre-study method develop-
ment and validation, the low positive control should have
been selected with an appropriate targeted failure rate to
guarantee consistent sensitivity in-study (during the dura-
tion of sample analysis supporting the current study), (1, 5,
6). The MRD should be clearly defined as per industry-wide
accepted guidance and be taken into consideration in the
final reported dilution (titer or S/N) of the sample (1, 6, 7).

Critical validated method parameters, including screening
and confirmatory cut point (and titration cut point, if applica-
ble), assay sensitivity, drug tolerance, and target interference
(in both screen and confirmatory assay tiers), matrix effect
(or selectivity), and effect of hemolysis/lipemia on any of
these parameters, should be summarized, if applicable (see
Template Table 5-1). Multi-domain therapeutics that require
assessment of more than one cut point or domain specificity
assessment should be included. If any assay parameters (for
example, cut point factor) changed in-study, these should be
noted along with the original validated value.

Materials

The materials section should include a description of critical
reagents and equipment and software used during sample
analysis in tabular format as presented in Section 6 of the
template.

Critical Reagents

Materials that are key to the performance of the method are
considered critical reagents (8, 9). These include, but are
not limited to, the study drug, positive controls, custom-
labeled drug or detection reagent, and negative control
matrix. All critical reagents should be listed in a table that
includes available reagent description, reagent source, lot
and catalog number, preparation date, concentration, expi-
ration and/or retest date, and appropriate storage condi-
tions. Documentation such as certificates of analysis for the
drug substance or drug product or reagents unique to the
assay, are not required, but may be included as an appendix
to the report (10).

Positive Control Antibodies
A purified antibody with a defined concentration is prefer-

able for the consistent evaluation of the surrogate positive
control. In the case that the positive control antibody is not

purified (such as with antibodies directed against toxin or
anti-sera), any available information related to the posi-
tive control purity should be provided. A description of the
positive control antibody clonality (monoclonal versus poly-
clonal), host and target species, and storage condition should
be included.

Matrix and Controls

The negative control is a critical reagent as all sample results
are evaluated against the assay cut point. Given the possible
presence of interfering factors such as endogenous target, or
the presence of a high false-positive individual within the
negative control pool, the overall negative control results
may be skewed by a non-representative sample. Therefore,
the information from the individual lots that comprise the
validated negative control pool should be summarized. This
includes any assays needed for bridging the negative control
pools used during sample analysis that are different from
those used in method validation (e.g., when the original vali-
dated negative control pool is expended) (1). Therefore, it is
recommended that a reference be provided to any documen-
tation (e.g. notebook pages, report number) summarizing
additional assays related to new negative control pools used
during sample analysis.

The final qualified matrix pool used as the negative con-
trol should be included in Template Table 6.1. If the negative
control pool is prepared from multiple individual matrix lots,
the lot numbers of the individual matrix samples should be
documented and retained in validation or study-related fold-
ers with the study records for cross reference, and therefore
do not need to be individually listed in Table 6.1.

Equipment & Software

The equipment and software section should include the
major equipment (e.g., plate reader, plate washer) and soft-
ware only. Major equipment is critical to the performance
of the assay, and is dependent on the assay being performed,
and therefore does not include minor equipment such as
freezers and incubators, used during sample analysis. If all
equipment and software used are the same as those used in
validation, this should be noted in the report for expedience
and ease of reference. Ensure that specific equipment identi-
fication numbers are included to allow for study reconstruc-
tion. See Template, Section 6.2 (Supplementary Material).

Data Analysis
Describe the software used for the analysis of the results as
well as a brief description of how the data were analyzed.

Data analysis should be performed and briefly described
in accordance with the recommended tiered analysis
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including screening, confirmatory analysis, and characteri-
zation as described in Shankar (6) and Devanarayan (11)
(Fig. 1). Any replicate outlier analysis, such as Grubb’s out-
lier analysis that was used in the assessment of positive or
negative control samples should also be briefly described
here. If an in-study cut point is required, provide a brief
explanation in this section, including observed false-pos-
itive rate and data transformation. The details of in-study
cut point calculation is discussed in the “Results” section.

Sample results must be reported in a consistent format
that reflects how they were analyzed. For example, in cases
where data are reported as raw responses such as ECL units
(relative luminescence units or RLU), all statistical evalu-
ations (e.g., Std. Dev.) must be performed with raw data
RLU numbers. In cases where data are reported as a signal
to noise (S/N) ratio, all assay evaluations must be performed
using the S/N ratio.

A statement that describes calculation of results taking
place prior to rounding of numbers, as well as designating
the total number of significant figures to be reported should
be included. In addition, a brief description of how the data
were transferred to the sponsor and/or clinical database
(e.g., according to specifications listed in the Data Transfer
Agreement) may be included, if applicable. This clarifies
why manual calculations from displayed values may differ
in the final significant figure from the original value.

Study Sample Receipt and Storage

Sample receipt and storage of samples is summarized in
Table 8-1. Supportive documentation does not need to be
included within the report, but should be referenced and
stored with study records for sample tracking purposes.
This may include additional documentation such as sample

Fig.1 Tiered analysis for
reporting of immunogenicity
results (assumes false- positive
rate is reflective of validation
cut point population)

Sample Eligibility

Screening Result

Confirmatory Result

Reported Result

manifests, temperature data logger information, and sample
reconciliation, as available.

A brief description of the condition of samples upon
receipt as well as their storage and any temperature excursions
is critical. For sample tracking, it is recommended to include
sample identification number and/or accession number, and
time point or visit information (as provided in the protocol,
laboratory manual, or data transfer agreement documenta-
tion). Samples that were received in poor condition, had a
temperature excursion, or an unreconciled discrepancy should
be noted. If backup sample aliquots are provided, ensure the
correct vial identification number and/or accession number is
reported, especially in the case that the original and backup
vials were required during analysis. If investigational sam-
ple discrepancies have been resolved, a statement should be
included to reflect that no further investigation is required.

Sample laboratory origination locations, dates of receipt,
and study center of origin are not necessary, assuming there
are systems in place to ensure chain of custody through the
assigned sample identification number.

As antibodies have proven to typically be stable for sev-
eral years when stored frozen (12, 13), long-term stability
is not always performed for anti-drug antibodies in study
samples. Information on any excursions from established
process stability (freeze-thaw cycles, benchtop, or refriger-
ated storage) should be described.

Results

This section is an overall assessment of method per-
formance and the sample testing data in context of the
validation results. It is meant to document the assay
performance and qualitative (positive/negative) and

Eligible for
Screening
I
[

ADA ADA
Positive Negative
1
I

Negative

Not
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2 g Titer NAb
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quasi-quantitative (titer or S/N as appropriate) results of
sample testing.

This section should, at a minimum, cover the following
aspects: in-study cut point (CP) assessment (if applica-
ble), sample testing overview (i.e., run summary), control
performance, sample results, repeat analysis, and impact
on sample results from deviations that may have occurred
during the conduct of sample testing.

In-study Cut Point Assessment

An analysis of screening false-positive rate (FPR) should
be performed using the validated CPF to understand
whether the specific study population differs from the
validation population. Generally, ADA CPs (screening,
confirmatory, and in some cases, titer) were established
using samples from normal healthy individuals as these
are readily available and of sufficient volume. It is recom-
mended that the FPR assessment be performed for each
study given that the study population may differ from
the validation population or the same disease state in a
previous study due to concomitant medications, severity
of disease, demographics of enrolled population, etc. If a
sufficient number of pre-dose samples are available, the
FPR may be calculated by the formula: (B/(A+B)) x 100,
where A = number of pre-dose/baseline samples screened
negative, and B = number of pre-dose/baseline samples
screened positive and confirmed negative. Each organiza-
tion may have different requirements for an acceptable/
unacceptable FPR; while a range of 2—11% has been sug-
gested for the initial assessment (11), this range is sam-
ple-size dependent and should not be automatically relied
upon, but instead assessed according to study needs (14).
In the case that pre-existing ADA are present, a short
summary addressing the prevalence of these antibod-
ies and associated considerations for in-study cut point
assessment should be included.

An unacceptable FPR may not be the only reason an
in-study CP is established, but it is the most common.
The reason for adopting an in-study cut point as well as
a brief description of how it was determined (number of
samples/days/analysts for each assessment), and the sta-
tistical method used to generate the in-study CP(s) inclu-
sive of exclusion of known positives or outliers should
be described. Additional examples of how to determine
the need to establish an in-study cut point are detailed in
Devanarayan (11). Any statistical reports generated as
a result of CP reassessment should be included in the
appendix.

The cut points used in study sample testing, as
included in Template Table 5-1, must be clearly stated
in the report.

Sample Testing Overview

This section is a summary of the number of passing runs/
performed runs for each tier (pass rate), including, as appli-
cable, domain characterization. A statement describing
whether samples were analyzed within established stability
parameters (i.e., freeze-thaw cycles, bench-top, or refrigera-
tor stability) may be included with specifics of any excep-
tions detailed in the “Sample Results” section.

Template Table 13-1 includes the run number, tier type
assessed, run date, pass/fail status, and associated comments
(such as reason for failure, or if a repeat run was performed)
as the recommended minimum information. It may be of
benefit to evaluate the results of the screening tier separately
from the confirmatory tier, as each result may provide useful
information on assay performance.

Control Performance and Acceptance Criteria

For each tier, include a description of the number of nega-
tive control wells (or if applicable, sets of x wells) and the
number of sets and levels of positive controls (LPC, HPC)
tested. Provide a description of control acceptance criteria
as listed in the bioanalytical plan and/or method validation
report. The overall inter-assay precision is also described.
If precision does not meet the a priori acceptance criteria,
or if results are outside any established pre-study validation
ranges, include a discussion of the outcome. Where out-
lier assessment was applied to controls —either the over-
all assessment, or as part of the plate acceptance (particu-
larly for the negative control) — this information should
be described or referenced. If a particular control batch (or
batches) led to failure of multiple assay runs, the steps taken
to resolve the failure should be outlined. As it is recom-
mended to statistically set the low positive control level dur-
ing validation to lead to a 1% assay failure rate (5), monitor-
ing the LPC performance is suggested to ensure samples
are correctly evaluated and assay performance is maintained
during the study.

Two table options are provided in the template to sum-
marize assay control performance. Tables 13-2 and 13-3
comprise screen/titer assay and confirmatory assay control
performance, respectively. Alternately, Table 13-3 can be
used alone for all assay runs to allow for the calculation of
summary statistics of drug naive controls, since these tend
to be the same in all tiers. Both tables have the option to
provide results as either signal or signal to noise (S/N) ratio
as specified in the method. Rather than including a specific
column for %CV, failed %CV acceptance may be formatted
with italics or a footnote. Finally, Table 13-4 provides a sum-
mary option for titer assay control performance if a different
set of positive controls, such as a series of dilutions, is used
to monitor titer assay acceptability. All control performance
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tables include the run number and plate specific cut point to
allow for traceability/assessment of pass/fail performance

(8).

Sample Results

This section includes (1) whether and why any samples were
not tested, (2) a summary of the total number of samples
screened, confirmed positive, and subsequently titered, and
(3) re-assay information. Explanatory text detailing how
sample results are reported should be included, for example,
“Samples that test negative in the screening or confirma-
tory tier are reported as confirmed negative” and “Samples
assessed in the titer tier are reported as sample dilution x
MRD.” Per guidance, titer results should account for all
dilutions of the test sample (1, 6). Additionally, provide a
description for reporting of samples that are confirmed posi-
tive in the screening and/or confirmatory assay and return
a result below the screening or titer cut point in the titer
analysis. If samples were also assessed in a domain specific-
ity test, the overall summary should be provided (e.g., N of X
samples showed specificity for ¥ domain of drug Z).

Template Table 13-5 provides the suggested minimum
demographic columns (also dependent on data transfer
agreement), all analyzed sample results (inclusive of all
tiers), and applicable comments for each sample in a single
row. The Sample Results section in the body of the report or
Comments column in Table 13-5 may also include whether
certain results should be interpreted with caution due to
out of stability specifications or if the sample was lipemic/
hemolyzed, or if the sample contains drug concentrations
exceeding established ADA assay tolerance (when known
and available). If any analyzed sample results are excluded,
the exclusion should be justified and noted in the body of the
report. The “Sample Results” section should also include a
discussion on how any deviations from the method or study
plan impacted individual sample results. Finally, laboratories
and sponsors should be aware that efforts are ongoing to
standardize reporting of ADA tiered data through controlled
terminology (standardized data tabulation model, SDTM),
under oversight by Clinical Data Interchange Standards Con-
sortium (CDISC) (15).

Template Table 13-6 lists all samples that were reana-
lyzed, the reason for reanalysis, and the reported result
(which is included in Table 13-5). Samples may be reana-
lyzed due to failed plate or sample acceptance criteria, how-
ever only samples from acceptable runs requiring repeat
analysis should be listed. Inadvertent repeats should also
be addressed with a clear explanation as to the reason for
duplicate results and how the final reported result was deter-
mined. Data should be carefully evaluated for potential ana-
lytical or technical error.

@ Springer

Finally, as noted earlier, interpretation such as report-
ing of incidence, prevalence, or impact of ADA should
be avoided in the BAR ADA report sample result discus-
sions. However, it is recommended that an integrated table
of available ADA results, inclusive of NAb data with drug
concentration and pharmacodynamic data (as applicable) be
included either in the CSR or the ISIL.

Deviations

The section should detail significant deviations from either
the bioanalytical plan or from the method, as well as an
impact assessment of the deviations on the affected runs
(as applicable), and overall study impact. Any investigations
performed in association with the sample analysis must be
detailed.

Archival

The archival or disposition of samples, data, and reports
is described in accordance with current archival policy in
a manner that facilitates information retrieval for future
studies.

Discussion

Review of immunogenicity reports can be facilitated by pro-
viding a harmonized report structure and presentation of key
assay parameters. Provided here are recommendations for
essential aspects of reporting clinical ADA results using tra-
ditional technologies, with examples that may be applicable
across a wide range of ADA assays. The recommendations
and template are intended to provide guidance of the key
parameters to include in the summary of ADA results, with
the acknowledgement that each organization may have differ-
ent requirements for results reporting. It is also acknowledged
that when a CRO is performing analysis on behalf of a Spon-
sor, or when the study is blinded, all subject information may
not be available during sample analysis. It is recommended
that as much salient information be reported as possible, to
allow for correct interpretation and the reconstruction or
reproduction of original assay results, if needed.

For the purpose of illustration, the examples provided
here were limited to those from traditional LBA assay plat-
forms (ELISA and ECL), but alternative assay platforms
are also being used for the analysis of ADA. Technology
such as Gyros, liquid chromatography-mass spectrometry
(LC-MS), and ELISPOT may pose unique reporting chal-
lenges. A brief explanation of the readouts and data format
should be included to appropriately evaluate these results.
For example, there is a distinction between colorimetric
ELISA and ELISPOT readouts. Although both are reported
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in OD units, ELISA results report the total antibody present
in a sample, whereas ELISPOT reports the total number of
cells producing antibodies in the sample. Another example
of differences between readouts is in the case of LC-MS
compared to traditional LBA assays such as ELISA or ECL.
LC-MS may report total mass or the mass shift as the final
readout (as in the case of measurement of the toxin portion
of an ADC), whereas in conventional LBA assays, the titer
of ADA present is reported for positive samples.

The presence of pre-existing antibodies have been associ-
ated with PEGylated therapeutics (16), and have been impli-
cated in modulation of vaccine response (17, 18). Appropri-
ate measurement of pre-existing ADA requires evaluation of
antibody responses within the same individuals prior to and
after treatment, and is included in the CSR or ISI.

Additional characterization of the anti-drug antibody
response such as isotyping or domain specificity testing may
be required for specialty classes of biologics; these include
gene therapy products, multi-domain biotherapeutics, and
antibody drug conjugates. As with any assessment of ADA,
providing sufficient detail to facilitate evaluation of the results
is recommended. For example, immunogenicity assessment for
gene therapy programs may require a separate assessment for
the antibodies directed against the viral capsid (i.e., an adeno-
associated virus vector), in tandem with an assessment of anti-
bodies specific to the transgene product. The traditional screen,
confirm, and titer tiers are still required here, and the details for
each of these assays should be described in sufficient detail.

In cases where samples require pre-treatment such as acid
dissociation, the details of these conditions should also be
included to assist with result interpretation. In cases when an
in-study cut point is required, the justification for in-study cut
point as well as relevant sample analysis information needs
to be provided. Inclusion of these relevant details in the sum-
mary report ensures proper evaluation of the final results.

Although interpretation of the ADA data is not within the
scope of this report, provided in this guidance is a list of refer-
ences for the proper evaluation of antibody responses in the
context of drug PK, PD, and safety (as may be applicable) for
the study CSR or ISI. For clinical studies, the ADA BAR sam-
ple analysis reports are intended to be appendices of the CSR
or ISI. Final sample values reported should be presented clearly
in the ADA Sample Analysis BAR, with sufficient information
to allow for sample analysis reconstruction, and in the proper
context to allow for accurate evaluation of results.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1208/s12248-022-00762-6.
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