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ABSTRACT INTRODUCTION: Immunogenicity Challenge in Anti—PD-1

Background: Immune checkpoint inhibitors targeting programmed death 1 (PD-1) have transformed cancer immunotherapy by restoring T-cell-mediated anti-
Therapeutic monoclonal antibodies targeting the PD-1/PD-L1 axis are associated with immunogenicity risk, resulting in the development of anti- tumour responses. However, these therapeutic monoclonal antibodies can elicit anti-drug antibodies (ADAs), arising from immune recognition of
drug antibodies (ADAs) with variable clinical impact. Conventional immunogenicity assessments, including circulating drug quantification and the drug as a foreign antigen. ADA formation may lead to diverse outcomes, including no effect, altered pharmacokinetics, reduced efficacy, or
binding ADA detection, do not reliably predict functional impairment of checkpoint blockade. Only a subset of ADAs—neutralizing antibodies increased risk of adverse events, making immunogenicity assessment critical in clinical development and therapeutic monitoring.
(NAbs)—directly interfere with PD-1 interaction and compromise pharmacodynamic activity. Therefore, a mechanistically informative
immunogenicity assessment requires orthogonal evaluation of pharmacokinetics (PK), binding immunogenicity, and functional neutralization. Conventional immunogenicity strategies - measuring circulating drug levels and detecting binding ADAs - do not reliably predict loss of
Methods: therapeutic function. Many binding ADAs do not interfere with the drug's mechanism of action. In contrast, neutralizing antibodies (NAbs)
A tiered, ICH-aligned ELISA-based immunogenicity framework was implemented using human serum samples spiked with therapeutic antibody. represent a functionally relevant subset that directly disrupts PD-1 interaction, compromising checkpoint blockade. Neutralizing antibodies
Tier 1 employed a target-capture (PD-1-coated) sandwich ELISA for quantification of total circulating drug (free and target-bound). Tier 2 utilized provide a functional readout of interference with PD-1 interaction, serving as a mechanistically relevant indicator of potential loss of therapeutic
a bridging immunoassay format for detection of binding ADAs, leveraging bivalent antibody-mediated drug bridging. Tier 3 consisted of a activity.

competitive ligand-binding assay (LBA) to quantify neutralizing activity via inhibition of PD-1/PD-L1 interaction. Assays were optimized and
qualified for sensitivity, specificity, precision, and drug tolerance in accordance with regulatory expectations.

Results:

Binding ADA responses were detected in multiple samples without corresponding attenuation of PD-1 pathway inhibition, indicating that non-
neutralizing ADAs do not necessarily impact pharmacodynamic activity. In contrast, samples positive for NAbs demonstrated a measurable
reduction in receptor-ligand blockade, despite the presence of quantifiable circulating drug, consistent with functional inhibition independent of
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This study demonstrates that integrated, tiered immunogenicity assessment is essential for mechanistic interpretation of anti-PD-1 therapies. (\ 6:)) @/] v pharmacology, and efficacy of anti-PD-1 therapies.

The combined evaluation of drug exposure, binding ADA incidence, and functional neutralization enables differentiation between altered S N ‘Antibody . _ . o o
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provides a robust framework for immunogenicity risk assessment and therapeutic monitoring of immune checkpoint inhibitors. inhibition by therapeutic antibodies. 'mmunogenicity, and potential functional [oss of pharmacodynamic activity.

METHODS AND RESULTS
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Sample |Drug Level (TDM)|Binding ADA | NAb Activity | Functional Activity |Interpretation A tiered and functionally informed immunogenicity evaluation is essential for accurate interpretation of responses to anti-PD-L therapy. The
Sample A High Negative Negative Preserved Drug active, no immunogenicity combined use of therapeutic drug monitoring, binding ADA assays, and neutralising antibody ELISAs enables clear differentiation between
Sample B Hiéh Positive NEQB’[WE Preserved Bind-ing ADA. no functional impact pharmacokinetic effects, immune responses against the therapeutic antibody, and functional disruption of the PD-1 pathway.
1
Sample C High Positive Positive Reduced NAb-mediated neutralization This integrated analytical framework strengthens mechanistic insight into treatment outcomes, supports more reliable immunogenicity risk
Sample D Low Positive Positive Reduced Clearance + neutralization assessment, and enhances the overall evaluation of immune checkpoint inhibitors in both clinical development and therapeutic monitoring.
Sample E Low Negative Negative Reduced Low exposure (PK-driven loss)

Orthogonal assessment reveals that drug exposure, binding ADA, and neutralizing activity are non-redundant parameters that must be interpreted independently
to understand therapeutic performance.
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Drug Concentration (ng/mL) therapeutic function cannot be inferred from drug concentration alone.
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