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Abstract: Antibody-drug conjugates (ADC) have emerged as a transformative therapeutic modality in precision oncology by
selectively delivering highly potent cytotoxic payloads to tumor cells through antibody-mediated recognition of tumor-associated
antigens. However, targeted delivery does not automatically translate into a favorable therapeutic window. The extent to which
antitumor efficacy can be separated from treatment-related toxicity depends not only on differential antigen expression between
malignant and normal tissues, but also on a complex interplay of factors including antigen density and spatial distribution,
internalization and intracellular trafficking kinetics, linker stability, payload permeability and bystander effects, target-independent
uptake, and patient-specific biological characteristics. This review examined the concept of efficacy-toxicity separation as a central
framework for ADC development. Current advances were summarized on target antigen discovery and validation, spatial and temporal
heterogeneity of antigen expression, tumor microenvironmental determinants of ADC activity, mechanisms underlying on-target/off-
tumor and off-target toxicities, and emerging engineering and clinical strategies aimed at improving therapeutic selectivity. Increasing
evidence suggests that successful ADC development should not focus solely on maximizing cytotoxic potency, but rather on minimizing

non-productive toxic exposure, controlling the spatiotemporal release of payloads, and optimizing patient selection and dosing
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strategies. The ultimate goal is to achieve sufficient intratumoral payload exposure to exceed efficacy thresholds while maintaining

exposure in critical normal tissues below toxicity thresholds. We further propose that an integrated evidence framework linking target

expression, tissue drug accumulation, payload release, toxicity phenotypes, biomarker-guided patient stratification, and dose

optimization may provide a rational foundation for target prioritization, therapeutic-window assessment, and next-generation ADC

development.

Key words: antibody-drug conjugate; target antigen; efficacy-toxicity separation; therapeutic window; on-target/off-tumor toxicity;

bystander effect; spatial heterogeneity
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Table 1 Major mechanisms, manifestations and risk-control strategies for limited ADC efficacy-toxicity separation
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Fig.1 Key pathway from ADC target antigen recognition to efficacy and toxicity
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Fig. 2 Closed-loop framework for ADC target validation and safety evaluation focused on efficacy-toxicity separation
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Table 2 Stratified evaluation dimensions for ADC target antigen identification and efficacy-toxicity separation
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