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Figure 1 Core requirements for tumor organoid models in immunotherapy evaluation and the construction logic of immune-integrated tumor

organoids
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Cancer immunotherapy has reshaped the requirements for preclinical drug evaluation. Unlike cytotoxic chemotherapy or
many molecularly targeted agents, immunotherapeutic efficacy depends not only on tumor cell inhibition but also on
antigen presentation, immune-cell activation, effector-cell infiltration, cytotoxic function, and the immunosuppressive state
of the tumor microenvironment. Therefore, evaluation models should preserve patient-derived tumor features while
allowing functional analysis of tumor—immune interactions. Although two-dimensional culture systems, conventional
tumor organoids, and animal models have been widely used in cancer research, they remain limited in preserving immune
components, reconstructing spatial architecture, modeling complex microenvironmental interactions, and predicting
therapeutic responses.

Immune-integrated tumor organoids provide a promising approach to address these limitations. They can be generated
either by preserving endogenous immune and stromal components from primary tumor tissues or by introducing exogenous
immune cells into established tumor organoid cultures. These immune cells may include peripheral blood mononuclear
cells, tumor-infiltrating lymphocytes, lymph node-derived immune cells, or engineered immune cells, such as CAR-T or
TCR-T cells. Through these strategies, immune-integrated tumor organoids can partially reproduce key processes of
antitumor immunity, including immune recognition, infiltration, direct contact, cytotoxic killing, immune suppression, and
functional exhaustion. The incorporation of microfluidics, organ-on-a-chip platforms, three-dimensional bioprinting,
automated imaging, and single-cell or spatial omics further improves spatial control, dynamic monitoring, and quantitative
readouts.

This review summarizes the core requirements for models used in immunotherapy drug evaluation and discusses the
major construction strategies of immune-integrated tumor organoids. It further reviews their applications in immune
checkpoint inhibitor assessment, adoptive cell therapy research, combination therapy screening, and personalized response
prediction. In situ microenvironment-preserving models are useful for maintaining patient-specific local immune states,
whereas exogenous immune reconstitution models allow better control over immune-cell source, activation status, cell
number, and treatment timing. These complementary approaches provide different levels of biological fidelity and
experimental controllability for addressing specific therapeutic questions.

Despite their potential, immune-integrated tumor organoids still face challenges, including long-term maintenance of
immune-cell viability and function, stable reconstruction of spatial organization, standardization of culture and assay
conditions, improvement of throughput, and prospective clinical validation. Future development may require more rational
integration of tumor organoids with upstream immune functional modules, such as lymphoid- or thymus-like systems,
together with advanced engineering and multi-omics technologies. In this context, the field may move from locally
immune-reconstructed tumor organoids toward immune-coupled organoids that better simulate continuous immune
processes and support mechanistic studies, drug evaluation, and precision cancer immunotherapy.

immune-integrated tumor organoids, immune microenvironment, organoid models, immunotherapy evaluation,
personalized therapy
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