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Abstract: Recent advances in organoid technology have revolutionized cancer biology and therapeutic
interventions, offering personalized immunotherapy treatment. Organoids, three-dimensional cell cultures
derived from patient tumors, accurately replicate the tumor microenvironment, providing unprecedented
insights into tumor-immune interactions and therapeutic responses. In this literature-based study, we discuss
various culture methods for the diverse applications of organoids in cancer immunotherapy, including drug
screening, personalized treatment strategies, and mechanistic studies. Additionally, we address the
technological challenges associated with these methods and propose potential future solutions to accelerate the
development of novel immunotherapeutic approaches. This review highlights the transformative potential of
organoid models in advancing preclinical cancer immunotherapy modeling, screening, and evaluation, paving
the way for more effective and personalized cancer treatments.
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1. Introduction

Cancer immunotherapy represents a transformative approach in oncology, harnessing the
body’s immune system to recognize and eradicate cancer cells. Unlike traditional treatments such as
chemotherapy and radiation, which non-specifically target rapidly dividing cells, immunotherapy
offers a more precise mechanism, aiming to enhance the immune system's natural ability to combat
cancer [1]. This specificity not only promises improved efficacy but also minimizes the adverse side
effects commonly associated with conventional treatments. Clinically, immunotherapy has shown
remarkable success in treating various cancers, including melanoma, non-small cell lung cancer, and
certain types of lymphoma, marking a significant advancement in cancer care [2].

In recent years, the development of organoid culture systems has emerged as a pivotal tool for
advancing cancer immunotherapy. Organoids, three-dimensional structures derived from patient
tissues, closely mimic real organs' architecture and function, providing a realistic platform for
studying tumor biology and the tumor-immune microenvironment [3]. These models bridge basic
research and clinical application, significantly advancing our understanding of immune cell
interactions within tumors. By co-culturing organoids with immune cells, researchers can observe
cell migration and activation, test immune checkpoint inhibitors, and optimize immunotherapies
before clinical trials [4,5].

Despite the promise of cancer immunotherapy, there remain substantial challenges that limit its
efficacy for all patients. Tumor heterogeneity, immune evasion mechanisms, and variability in patient
responses are significant obstacles [3,6]. Additionally, the current preclinical models often fail to
accurately replicate the complexity of human tumors, impeding the translation of promising
therapies from bench to bedside. These limitations underscore the urgent need for more predictive
and representative models to facilitate the development of effective immunotherapies [3].
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This review aims to address the intersection of biotechnology and clinical application by
exploring the role of organoid cultures in cancer immunotherapy. We will provide a comprehensive
overview of the current landscape of immunotherapy, discuss the advancements and potential of
organoid models in enhancing our understanding of the tumor-immune interface, and highlight how
these models can be leveraged to overcome existing clinical challenges. Through this exploration, we
aim to underscore the importance of integrating innovative biotechnological tools in the pursuit of
more effective and personalized cancer treatments.

2. Utilization of Organoids in Preclinical Personalized Immunotherapy Screening and
Evaluation

Immunotherapy is an advanced cancer treatment that leverages the patient's immune system to
combat malignancies. This strategy enhances or modifies immune functionality, improving its ability
to detect and destroy cancer cells. The five main categories of immunotherapy are oncolytic virus
therapies, cancer vaccines, cytokine therapies, immune checkpoint inhibitors, and adoptive cell
transfer [Figure 1], [7]. Oncolytic virus therapies use genetically modified viruses to selectively infect
and destroy cancer cells. The viruses replicate within the cancer cells, causing cell lysis and releasing
new viral particles to infect neighboring cells, turning tumors into a more antigenic and triggering a
systemic immune response. Cancer vaccines stimulate the immune system to target tumor-associated
antigens (TAAs) on cancer cells. Administered via intradermal injection, they activate dendritic cells,
which present the antigens to T cells, leading to the proliferation of cytotoxic T lymphocytes (CTLs)
that seek out and kill cancer cells, while helper T cells enhance the overall immune response [8].
Cytokine therapies use small proteins that play vital roles in immune signaling to enhance the
anticancer immune response, boosting T cell activation, promoting antigen presentation, and
modulating the tumor microenvironment. Immune checkpoint inhibitors block interactions between
checkpoint proteins and their ligands, such as PD-1/PD-L1 and CTLA-4/CD80, preventing inhibitory
signals and allowing T cells to maintain their cytotoxic activity, improving their ability to recognize
and eliminate cancer cells [9]. Adoptive cell transfer (ACT) involves infusing patients with genetically
modified T cells tailored to recognize cancer-specific antigens, engineered with T cell receptors
(TCRs) or chimeric antigen receptors (CARs), which enhances their ability to target and destroy
cancer cells [10,11].

The use of patient-derived organoids in personalized cancer immunotherapy has shown great
promise. These organoids retain the genetic and functional characteristics of the original tumors,
allowing for the tailoring of immunotherapeutic strategies to each patient's unique cancer profile
[12,13]. By testing different immunotherapies on these personalized models, clinicians can predict
the most effective treatments, improving patient outcomes [14]. Case studies, such as those involving
colorectal and breast cancer, have demonstrated that organoid-based approaches can accurately
guide personalized treatment plans, leading to significant tumor regression and enhanced clinical
results [5].

Votanopoulos et al. engineered a novel 3D mixed melanoma/lymph node organoid system to
enable personalized immunotherapy screening by preserving tumor heterogeneity and the immune
microenvironment [15]. Surgically obtained matched melanoma and lymph node biospecimens from
the same patients were dissociated, incorporated into an extracellular matrix-based hydrogel, and
biofabricated into immune-enhanced patient tumor organoids (iPTOs). This method retained the
original tumor's stroma and immune cells without sorting. The organoids were screened with various
immunotherapies (nivolumab, pembrolizumab, ipilimumab, and dabrafenib/trametinib) over 72
hours, and their responses were assessed using live/dead staining and quantitative metabolism
assays. Histology and immunohistochemistry confirmed the resemblance between the original tumor
and the organoid cells. In a pilot study, autologous peripheral T cells activated by iPTOs successfully
killed tumor cells in naive PTOs, indicating the generation of adaptive immunity. The study
demonstrated a high establishment success rate (90%) and a strong correlation (85%) between iPTO
response and clinical outcomes, showcasing its potential as a personalized immunotherapy testing
platform [15].
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Forsythe et al. (2021) conducted a pioneering study to evaluate the efficacy of immunotherapy
for appendiceal cancer using a personalized organoid model, addressing the scarcity of clinical trial
data due to the cancer's low incidence [5]. They created patient tumor organoids (PTOs) with and
without enrichment from immune components and treated them with pembrolizumab, ipilimumab,
or nivolumab. The study showed that immunotherapy responses were observed in some cases,
particularly with pembrolizumab and nivolumab, but not with ipilimumab [5]. This research
demonstrates the potential of immunotherapy for appendiceal cancer and the usefulness of
immunocompetent organoids in selecting patients for clinical trials in rare cancers.

3. Primary Components for Constructing Immunotherapy Models
3.1. Cellular Components

The organoid model for immunotherapy incorporates key cellular components to faithfully
replicate aspects of the tumor microenvironment [12,16,17]. Derived from patient tumor biopsies,
tumor cells form the foundational component, preserving genetic and phenotypic characteristics
essential for modeling personalized cancer scenarios. Immune cells such as T cells, natural killer (NK)
cells, and macrophages play a crucial role in studying immune-tumor interactions and can be
autologous, ensuring the model's relevance to individual patient responses. Cancer-associated
fibroblasts (CAFs), which provide structural support and secrete signaling molecules, mimic the
tumor's supportive microenvironment and influence immune cell behavior. Endothelial cells within
the organoid form vascular-like structures, enabling investigations into angiogenesis and the
infiltration dynamics of immune cells within the tumor environment. Together, these components
create a comprehensive model that enhances our understanding and testing of immunotherapeutic
strategies against cancer [7,18].

There are multiple organoid culture strategies for modeling the tumor immune
microenvironment, which can be broadly categorized into reconstitution approaches and holistic
approaches [16]. The reconstitution approach involves reconstituting the tumor microenvironment
with immune components, such as in submerged Matrigel culture. This method incorporates specific
elements of the tumor and immune system into a controlled environment, allowing interactions
between cancer cells and immune cells [12]. In contrast, holistic approaches aim to maintain the native
tumor microenvironment (TME) with its immune components intact [12]. Examples include
microfluidic 3D culture and air-liquid interface (ALI) culture. These methods preserve the complexity
and heterogeneity of the TME, more closely mimicking patient conditions. By maintaining the
original structure and composition of the tumor and its surrounding immune cells, holistic
approaches provide a more accurate representation of how tumors interact with the immune system
in the body, thereby enhancing the relevance of findings from organoid studies to clinical scenarios
[16,19]

3.2. Non Cellular Components

The extracellular matrix (ECM) forms the structural foundation for organoid formation,
comprising proteins such as collagen, laminin, and fibronectin. Matrigel, a widely used hydrogel,
mimics natural ECM properties by supporting cell attachment, growth, and differentiation within
organoids [20-23]. Additionally, ECM components play a crucial role in cell signaling, influencing
cellular behaviors and interactions crucial for organoid development and function [24-26].

Synthetic or natural hydrogels like polyethylene glycol (PEG), alginate, or hyaluronic acid are
utilized to encapsulate cells and create a 3D matrix environment for organoid cultures [27]. These
hydrogels can be engineered to replicate the mechanical characteristics and biochemical cues of
native tissues, providing an optimal milieu for organoid growth and physiological function [28-30]
They serve as essential scaffolds for maintaining cellular integrity and fostering cellular interactions
crucial for studying tumor biology and therapeutic responses [31].

In organoid cultures, growth factors and cytokines are essential additives in the culture media,
supporting cell proliferation, differentiation, and survival. Key formulations examples including


https://doi.org/10.20944/preprints202408.0822.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 August 2024 doi:10.20944/preprints202408.0822.v1

DMEM/F12, HEPES, penicillin-streptomycin, Glutamax, N-acetyl-L-cysteine, and B-27 supplements
for maintaining genetic and protein markers of lung patient derived organoids (PDOs) (e.g., EGFR,
TTF-1, p63, cytokeratin 5) [32]. The culture medium supplemented with small molecule activators or
inhibitors such as A83-01, CHIR 99021, Noggin, Y-27632, and SAG, alongside growth factors like
epidermal growth factor (EGF), fibroblast growth factor 4 (FGF4), transforming growth factor-beta
(TGEF-B), and FGF10, which supported successful long-term organoid maintenance [33-36]. These
molecules are pivotal in recreating the complex signaling environment of the tumor
microenvironment within organoid models, ensuring accurate representation of cellular responses
and interactions crucial for studying cancer biology and therapeutic efficacy [35,37].

Advanced biomimetic scaffolds made from materials such as decellularized tissue [38-40],
synthetic polymers [27], or nanofibers [41,42] offer enhanced tissue architecture and functionality in
organoid cultures. These scaffolds provide robust mechanical support and can be tailored with
specific ligands to optimize cell adhesion and interaction. By mimicking the structural and
biochemical cues of native tissues, biomimetic scaffolds enhance the fidelity and relevance of
organoid models in studying complex biological processes and therapeutic interventions in cancer
research [43].

4. Strategies for Constructing Organoid Based-Tissue Microenvironment (TME) Platforms for
Personalized Immunotherapy

1.1. Traditional Suspension Culture

Suspension culture involves growing cells in a suspended state, allowing them to interact and
form three-dimensional aggregates that mimic the in vivo tumor microenvironment without needing
external scaffolds [44,45]. This direct cellular interaction enhances communication, signaling, and
tissue organization, leading to improved tissue maturation and functionality [46]. Nevertheless, the
absence of mechanical support poses a substantial limitation, as it plays a critical role in directing
tissue organization and architecture. Additionally, nutrient and oxygen transfer limitations can cause
necrotic cores, resulting in less predictable tissue formation and impeding the engineering of larger
and more complex tissues [48].

The study by Koeck et al. investigates how tumor-associated fibroblasts and tumor
microenvironment-derived cytokines influence the infiltration of CD3+CD8+ cytotoxic T
lymphocytes in a multicellular co-culture system using A549 and Calu-6 cancer cell lines with SV80
fibroblasts [49]. Cultivated for 10 days using a hanging drop system, microtissues were analyzed after
addition of patient derived-PBMC with or without cytokine stimulation. Immunohistochemistry and
multi-cytokine immunoassays revealed increased chemokine secretion in cancer cell-fibroblast
microtissues, where PBMCs tended to localize at the microtissue periphery, and activated CD69+ and
CD49d+ T lymphocytes showed enhanced infiltration [49]. These findings underscore the stromal
influence on immune cell behavior within cancer microenvironments, particularly fibroblast-induced
shifts towards activated T lymphocyte infiltration.

1.2. Matrix Embedded Culture

Matrix-embedded culture is particularly important for tumor or cancer organoids as it provides
a 3D environment that closely replicates the natural tumor microenvironment [31]. This allows tumor
biology study and drug responses in a more physiologically relevant context, facilitating the
development of organoid-immunotherapy models [21].

Matrigel is a commonly used extracellular matrix (ECM) for constructing a matrix embedded
cancer organoid. Its advantages for organoid-immunotherapy models include its ability to support
the formation of complex organoid structures and maintain long-term cultures, which are critical for
studying prolonged immunotherapy responses and interactions within the tumor microenvironment
[20-24]. Despite these benefits, Matrigel has several drawbacks, such as inherent variability in its
composition leading to inconsistencies in experimental outcomes, high cost, and ethical concerns due
to its animal origin [31,50].
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Several types of matrices can be utilized as alternatives to Matrigel, available from both natural
and synthetic sources. Natural sources, such as isolated ECM proteins like collagen [51], fibronectin
[52], and laminin [67], offer biocompatibility, cell adhesion support and proliferation. Another matrix
formed by synthetic polymer, such as hydrogels like polyethylene glycol (PEG) and alginate, also can
be used as an alternative. These polymer provide a superior tunable mechanical properties and
degradation rates. PEG hydrogels can be functionalized with cell-adhesive peptides to enhance cell
attachment and growth [28,29], while alginate offers a 3D environment conducive to cell
encapsulation, proliferation, and differentiation [30,31]. These alternatives can mitigate some of the
drawbacks associated with Matrigel, offering more consistent and ethically acceptable options for
organoid culture.

1.3. Microfluidic Culture and Organoid-Based Immunotherapy-on-Chip

Microfluidic and organoid-based immunotherapy-on-chip platforms are advanced technologies
designed to replicate tumor-immune interactions in a controlled, miniature setting [8]. These systems
integrate microfluidic channels with organoid cultures, allowing precise manipulation and
observation of immune responses against tumor cells [54]. This platform enable the simulation and
evaluation of diverse immunotherapy strategies, including assessing immune checkpoint inhibitors
like PD-1/PD-L1, evaluating CAR-T cell therapy efficacy against patient-derived tumor organoids,
studying cytokine therapy impacts on immune activation, and screening novel immunotherapeutic
agents for personalized treatment strategies [55]. Strategies employed include advanced imaging for
real-time cell interaction visualization, microsensor arrays for biochemical quantification, and high-
throughput screening techniques for assessing drug responses at a single-cell level [54,56].

Microfluidic organoid culture can represent ex vivo systems that mimic the tumor
microenvironment and model dynamic responses to immune checkpoint blockade (ICB) can advance
precision immuno-oncology and combination therapy development. The study by Jenkins et al.
demonstrates the use of murine- and patient-derived organotypic tumor spheroids (MDOTS/PDOTS)
to evaluate ex vivo responses to ICB. MDOTS/PDOTS, retaining autologous lymphoid and myeloid
cell populations, respond to ICB in short-term 3D microfluidic culture [57]. Using MDOTS from
immunocompetent mouse tumor models, the study recapitulated response and resistance to ICB.
Profiling MDOTS showed that TBK1/IKKe inhibition enhanced the response to PD-1 blockade,
predicting in vivo tumor responses. Systematic cytokine profiling in PDOTS captured features
associated with PD-1 blockade response and resistance. Thus, MDOTS/PDOTS profiling offers a
novel platform for evaluating ICB in murine models and clinically relevant patient specimens. This
approach addresses the challenge of resistance to PD-1 blockade and the need for biomarkers to guide
treatment, facilitating therapeutic combination development and precision immuno-oncology efforts
[57].

Al-samadi et al. developed a novel in vitro microfluidic chip to assess immunotherapy efficacy
in head and neck squamous cell carcinoma (HNSCC) patients [58]. Initially validated using a tongue
cancer cell line (HSC-3) and immune cells from healthy donors in a Myogel/fibrin matrix, the
microfluidic chip was later tested with freshly isolated cancer cells, patient serum, and immune cells.
They found that immune cell migration towards cancer cells was dependent on cancer cell density.
The IDO1 inhibitor promoted immune cell migration towards HSC-3 cells and patient-derived
samples. The efficacy of PD-L1 antibody and IDO1 inhibitor varied among patients, suggesting a
patient-specific response. This humanized microfluidic chip represents a promising tool for
predicting individual responses to immunotherapy in HNSCC patients [58].

1.4. Air Liquid Interface Culture

The air-liquid interface (ALI) culture is a sophisticated method used in organoid-based
immunotherapy models to cultivate complex tissue structures that mimic the in vivo environment.
The basic principle involves exposing the apical side of the organoid to air while maintaining the
basal side in contact with a nutrient-rich medium. This setup allows the development of
differentiated cell layers and the formation of tissue-specific structures, closely resembling their
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natural counterparts [3]. The key advantages of this culture system is its ability to generate
physiologically relevant models that can be used for studying disease mechanisms, drug testing, and
personalized medicine. Additionally, ALI culture facilitates the interaction between immune cells
and organoids, which is crucial for developing immunotherapy strategies [16,59]. However,
challenges remain, such as the complexity of replicating the exact in vivo conditions and ensuring
the longevity and stability of the organoid cultures [59].

In their 2018 study, Neal et al. developed an advanced air-liquid interface (ALI) method to
culture patient-derived organoids (PDOs) from over 100 human biopsies and mouse tumors in
syngeneic immunocompetent hosts, maintaining tumor epithelia along with their native immune
cells (T, B, NK, and macrophages) [60]. This approach allowed the tumor microenvironment (TME)
preservation without the need for artificial reconstitution. Using robust droplet-based, single-cell
analysis, it was confirmed the co-cultured PDOs accurately retained the original tumor T cell receptor
(TCR) spectrum. Moreover, these organoids effectively modeled immune checkpoint blockade (ICB)
therapy with anti-PD-1 and/or anti-PD-L1, leading to the expansion and activation of tumor antigen-
specific tumor-infiltrating lymphocytes (TILs) and inducing tumor cytotoxicity [60].

5. Technological Challenges and Possible Innovative Solutions

A significant challenge in the application of 3D organoid models for cancer immunotherapy is
achieving reproducibility and standardization across different laboratories [61]. Zhou et al. discuss
the challenges of using tumor organoids to replicate tumor heterogeneity and biology, noting that
variations in cell sources, culture conditions, and methodologies can lead to inconsistent results,
hampering the reliability and comparability of studies [62]. To address these issues, the development
and implementation of standardized protocols for organoid culture, including uniform procedures
for cell isolation, extracellular matrix (ECM) composition, and co-culture conditions with immune
cells, are essential [62,63]. Additionally, implementing quality control measures, such as genetic and
phenotypic characterization of organoids, can ensure consistency [63].


https://doi.org/10.20944/preprints202408.0822.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 August 2024 doi:10.20944/preprints202408.0822.v1

PATIENT DERIVED TISSUE MICROENVIRONMENT IMMUNOTHERAPY
TUMOR (BIOPSY) (TME) PLATFORM APPROACH

Cytokine therapies

Traditional suspension culture # o

e o o S
P . . s
& / o « &

| A

= =
%wer vaccines
@

Antibody therapy / Immune checkpoint inhibitor

Y

A
¢« @

r ks
> Al P
T SIS g
B Y s '\‘
L5 Y Iy
ol
¢ @
Adoptive cell transfer ‘ o°

« B AN

Oncolytic virus therapy

o > P
£ ] 9 e
* l‘ [}
Other supporting cells, e.g.
endothelial cells, cancer
Immung eslls Tumor cells i associated fibroblast, etc.

Figure 1. Organoid based-tissue microenvironment construct for personalized immunotherapy
model.

Mimicking the full complexity and heterogeneity of tumors remains a daunting task. Tumors
exhibit vast diversity in their cellular composition, genetic mutations, and microenvironmental
conditions. To tackle these difficulties, various strategies can be explored, such as using patient-
derived organoids that inherently capture the genetic and phenotypic heterogeneity of individual
tumors [63]. Another method involves integrating multiple cell types, such as stromal cells,
endothelial cells, and various immune cells, to recreate the intricate tumor microenvironment.
Despite these advancements, replicating the dynamic interactions and evolving nature of tumors
continues to be a challenge, necessitating further technological innovations. Additionally, assessing
the long-term viability and stability of organoid cultures, particularly when integrated with immune
components, is crucial to ensuring consistent results in longitudinal studies [70].

Table 1. Examples of Patient-Derived Cancer Organoid Culture Platforms for Inmunotherapy.

Organoid based-TME  Cancer organoid Immunotherapy

culture strategy model approaches Result Reference
Traditional suspension Glioblastoma Adoptive cell GBO established in a deflngci. medium with Jacob, et al.
culture organoid (GBO) demonstrate tumor-specific treatment [64]
therapy responses to drugs and CAR-T cells.
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The co-culture with T cells showed an
effective anti-tumor response in organoids,
indicated by increased apoptosis with ~ Zhou et al.
organoid therapy interpatient heterogeneity and cytotoxic [65]
effects mediated by both direct cell contact
and soluble factors

Cholangiocarcinoma ~ Adoptive cell

Oncolytic adenoviruses selectively replicate
in pancreatic ductal adenocarcinoma
(PDAC) organoids, showing individual ~Raimondi et
therapy variations in cytotoxicity and synergy with  al. ([66]

pancreatic ductal Oncolytic virus
adenocarcinoma

PDAC
( ) chemotherapy, and their cytotoxicity in

organoids predicts antitumor efficacy.

MPDOs exhibit immunosuppressive TME,
with lymphoid and myeloid cells
expressing PD-1, PD-L1, and CTLA-4; anti-

Melanoma patient  Immune check- PD-1 antibodies reinvigorate CD8+ T cells

Matrix embedded culture der1zllslcli) Ic;rg:)nmd Cp;);rlz: ;th}lz::r, and induce melanoma cell death, while TILSOu etal. [67]
Y Py expanded by IL-2 and aPD-1 show
enhanced migratory capacity and
melanoma cell killing
The patient derived organoid revealing that
. . TBK1/IKKze inhibition enhances PD-1 R
Various patient Immune check- . . Jenkins, et
. e blockade response and cytokine analysis
derived tumor point inhibitor . . al. [57]
capturing key features of resistance and
. L response.
Microfluidic culture and
id-based
_orgahoiereased HCO co cultured with peripheral blood
immunotherapy-on-chip
Hepatocellular mononuclear cells, mesenchymal stromal
R p . Immune check- cells, and cancer associated fibroblast Zou et al.
carcinoma organoid . . . .
(HCO) point inhibitor provide more precise predictions for [68]
assessing patients' responses to anti-PD-L1
drugs.

Renal carcinoma organoid studies
highlighting varied responses and CD8+ cell
dependency in nivolumab treatment, with
PD-1 expression levels not reliably
predicting response rates.

Renal carcinoma Immune check-
organoid point inhibitor

Esser, et al.

Air liquid interface culture [69]

Ongoing research and technological innovations offer promising solutions to these challenges.
The use of gene editing allows precise manipulation of organoid genomes, enabling the study of
specific genetic alterations and their impact on tumor-immune interactions. For instance, combining
CRISPR-Cas9 with organoid technology can also facilitate the creation of more accurate disease
models by introducing patient-specific mutations [71]. Furthermore, enhanced characterization
techniques are being developed to identify specific markers or pathways involved in
pharmacogenomic interactions reflecting therapy responses, which can help refine these models
further [72].

Engineering approaches, such as 3D bioprinting and perfusion systems, can significantly
enhance cancer organoid models. 3D bioprinting technology enables the construction of highly
precise tissue architectures by depositing cells and biomaterials layer by layer [74,75]. This method
allows for the creation of complex structures that better represent the native tumor architecture,
including vascular networks and spatial distribution of different cell types [75,76]. Perfusion systems
represent another innovative solution, providing continuous nutrient supply and waste removal,
thus maintaining organoid viability and function over extended periods [73]. This dynamic culture
environment more closely mimics in vivo conditions and supports the study of long-term treatment
effects.
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Advanced imaging techniques, such as live-cell imaging and intravital microscopy, are being
incorporated to monitor organoid development and immune cell interactions in real-time. These
technologies provide valuable insights into the dynamic processes within organoids, allowing
researchers to observe immune cell infiltration, tumor growth, and response to therapies with high
spatial and temporal resolution [77]. Schnalzger et al. developed a sensitive preclinical model using
3D patient-derived organoids (PDOs) to assay non autologous CAR-mediated cytotoxicity within a
tumor-immune microenvironment [78]. They established a confocal live-cell imaging protocol to
dynamically monitor cytotoxic activity at the single-organoid level, demonstrating stable effector-
target cell interactions in co-cultures of NK cells with colorectal cancer (CRC) or normal organoids
on an ECM layer. Additionally, CRC organoids were used to assess tumor antigen-specific
cytotoxicity of EGFRVIII or FRIZZLED receptor-targeting CAR-engineered NK-92 cells, establishing
a platform to evaluate CAR efficacy and tumor specificity. Furthermore, epithelial-only PDOs,
although lacking stromal and immune components, can select and evaluate tumor-reactive T cells,
enhancing the enrichment and stimulation of tumor-reactive lymphocytes [78].

The integration of these innovative methodologies holds the potential to overcome current
limitations in organoid technology, paving the way for more accurate and reliable cancer
immunotherapy models. By combining standardized protocols, advanced gene editing, perfusion
systems, 3D bioprinting, and real-time imaging, sophisticated organoid models that closely mimic
the complexity and heterogeneity of human tumors can be developed, ultimately advancing
personalized cancer treatment strategies.

6. Conclusions

Organoids derived from patient tissues faithfully recapitulate the complexity of tumors,
including their genetic diversity and microenvironmental interactions. This fidelity allows for
personalized testing of immunotherapies, enabling clinicians to predict treatment responses more
accurately and tailor therapies to individual patients. By incorporating immune cells and maintaining
the tumor microenvironment, organoid models facilitate the study of immune-tumor interactions,
drug screening, and the development of innovative treatment strategies.

Despite these advancements, a cautious approach is necessary when generalizing findings from
organoid models, acknowledging their limitations and areas requiring further investigation. While
patient-derived organoids (PDOs) have shown great promise in predicting drug responses, they may
not fully recapitulate the complex interactions between tumor cells and the surrounding stromal and
immune cells, leading to an incomplete representation of the tumor microenvironment (TME) [79].
This limitation suggests that while PDOs can be valuable tools for personalized medicine, they may
not always accurately predict therapeutic outcomes within the full immune TME.

Challenges such as achieving standardization across laboratories, replicating tumor
heterogeneity, and ensuring the longevity of organoid cultures persist. Addressing these challenges
requires ongoing innovation, including the development of standardized protocols, advanced gene-
editing techniques, and the integration of perfusion systems and 3D bioprinting technology. While
organoids offer a promising platform, they are not without limitations. Issues related to
standardization, reproducibility, and fully replicating the complexity of in vivo tumor biology are
critical areas needing further investigation. These approaches aim to enhance the reproducibility and
reliability of organoid studies while better capturing the dynamic nature of tumors and their
responses to therapies.

The continued integration of biotechnological advancements with organoid models holds
promise for accelerating the translation of preclinical findings into clinical applications. By refining
our understanding of the tumor-immune interface and overcoming current limitations, organoid-
based approaches stand poised to contribute significantly to the future of personalized cancer
treatment, offering hope for improved outcomes and enhanced therapeutic efficacy across a broad
spectrum of malignancies.
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