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Abstract

Hepatobiliary tumors, including hepatocellular carcinoma, intrahepatic cholangiocarcinoma,
and gallbladder cancer, represent major causes of cancer-related mortality worldwide. Due
to the lack of early symptoms, many patients are diagnosed at advanced stages, missing the
optimal treatment window. Additionally, the elevated heterogeneity of hepatobiliary tumors and
limited responsiveness to traditional chemotherapy posit formidable treatment challenges.
The organoid model represents an advanced in vitro approach that simulates the tumor
microenvironment and biological characteristics, providing a platform more accurately mirrors
physiological states for tumor research. Compared to traditional two-dimensional cell culture
and animal models, organoid models more accurately reflect the biological characteristics
of tumor cells, offering a high degree of individualization, and are well suited for large-
scale screening and drug testing. This review outlines the development of hepatobiliary
tumor organoid models and their advanced applications in drug response prediction. It
explores the extensive applications and challenges of organoid models in simulating liver
pathophysiological mechanisms, studying tumor development mechanisms, drug screening,
and developing individualized treatment strategies. The goal is to offer novel insights and
methods for precision medicine in hepatobiliary tumors.
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Introduction

Hepatobiliary tumors, including hepatocellular carcinoma (HCC),
intrahepatic cholangiocarcinoma (ICC), and gallbladder cancer
(GBC), rank among the leading causes of cancer-related deaths
worldwide [1-3]. Due to its asymptomatic nature, most patients
are diagnosed at an advanced stage, missing the optimal treatment
window. Additionally, the high heterogeneity of hepatobiliary
tumors, poor response to traditional chemotherapy drugs, and
frequent development of resistance posit substantial treatment
challenges [4, 5]. Therefore, developing new therapeutic strategies
and drugs to improve patient survival and quality of life is urgently
needed in medical research.

In tumor research, organoid models have garnered significant
attention as emerging in vitro models due to their ability
to simulate the tumor microenvironment and biological
characteristics [6-8]. Organoids are miniature tissues formed
from adult stem cells or pluripotent stem cells through three-
dimensional culture techniques in vitro, possessing self-renewal
and multi-directional differentiation capabilities [9-11]. These
miniature tissues can maintain the histological, molecular, and
genetic characteristics of the original tumors and partially simulate
the tumor microenvironment and biological behavior, providing
a platform more accurately mirrors physiological states for tumor
research [12].

Compared to traditional two-dimensional cell culture and
animal models, organoid models offer several advantages [13-
16]. Organoid models more accurately reflect the biological
characteristics of tumor cells, including cell-to-cell interactions,
the influence of the extracellular matrix, and the dynamics of
the tumor microenvironment. Additionally, the high degree of
individualization of organoid models enables the establishment
of personalized organoids using the patient's tumor cells or tissue
samples, thereby facilitating personalized medicine. Furthermore,
organoid models are faster to establish, cost-effective, and well-
suited for large-scale screening and drug testing.

Organoid models are rapidly gaining traction in hepatobiliary
tumor research. These models are employed to study the
mechanisms of tumor development, drug screening, and the
development of personalized treatment strategies [17, 18]. Organoid
models enable researchers to rapidly evaluate drug cytotoxic
effects on tumor cells and predict drug sensitivity and resistance,
thereby providing more precise treatment plans for patients [19].
Furthermore, organoid models can assess the impact of the tumor
microenvironment on drug response, explore mechanisms of
tumor immune evasion, and contribute to the development of new
immunotherapy strategies [20].

In summary, the clinical treatment of hepatobiliary tumors
presents numerous challenges. Organoid models, as an innovative
research tool, offer new perspectives and methods for the
mechanistic study and drug development of hepatobiliary tumors.
Given the ongoing advancements and applications of organoid
technology, it is reasonable to believe that these models will
play an important role in the precision medicine of hepatobiliary
tumors.

Fundamental principles and techniques of organoid models

Organoid models represent cutting-edge technologies in current
biomedical research and are defined by their ability to mimic the
structure and function of native organs [21-23]. In vitro, organoids
exhibit remarkable biological characteristics, self-organize into
three-dimensional tissue structures, and simulate the physiological
functions and pathological processes of their original organs
(Figure 1) [24, 25].

Three-dimensional (3D) culture techniques are crucial for
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organoid models [26]. Unlike traditional two-dimensional (2D) cell
cultures, 3D culture techniques provide cells with an environment
resembling physiological conditions. In this environment, cells can
interact with the extracellular matrix, forming tissues with specific
spatial structures [27-29]. Furthermore, 3D cultures promote
intercellular communication and signal transmission, which is
essential for maintaining cellular phenotype and function [30].
Another significant aspect is the self-renewal ability of organoid
models. Under specific culture conditions and signaling pathway
regulations, stem cells within organoid models can self-renew and
continuously produce new cells, thus maintaining the long-term
stability of the model [31, 32] This self-renewal capability provides
important insights into stem cell biology and offers potential
applications in regenerative medicine and cell therapy.

Organoid models have unique advantages in simulating
liver pathophysiological mechanisms [33-36]. The liver is a
highly complex organ with functions involving metabolism,
detoxification, and immunity, among others. Traditional 2D cell
cultures fail to adequately simulate these complex physiological
functions, while organoid models offer partial recreation of liver
functions. For instance, liver organoids can express liver-specific
enzymes and transport proteins, conduct drug metabolism, and
secrete bile [37]. Furthermore, liver organoids provide valuable
insights into the development and progression of liver diseases,
serving as significant models for exploring the molecular
mechanisms underlying these conditions [38]. Despite their
considerable potential in simulating liver pathophysiology, liver
organoid models face several challenges. For instance, accurately
simulating the liver microenvironment, including blood flow,
oxygen supply, and interactions with immune cells, remains a
critical issue in current research [39-41]. Additionally, improving
the stability and reproducibility of organoid models and their
application in large-scale drug screening and toxicity testing are
crucial issues that require further attention [42].

In summary, as an emerging in vitro model, organoid
models have broad application prospects in simulating liver
pathophysiological mechanisms. Through continuous technological
innovation and optimization, these models are expected to provide
more accurate and effective tools for liver disease research and
treatment. Further research and application of organoid models are
expected to enhance their role in hepatobiliary tumor research and
treatment, bringing new hope to patients.

Research progress of hepatobiliary tumor organoid models

The research progress of hepatobiliary tumor organoid
models marks a significant milestone in tumor biology and
personalized medicine. These models provide new perspectives in
understanding the complexity of tumors and offer powerful tools
for developing new therapeutic strategies and drug screening [43-
46].

Constructing hepatobiliary tumor organoid models involves
extracting cells from patient-derived tumor tissues and
culturing these cells in vitro using specialized media and 3D
culture techniques to develop organoids that exhibit tumor-like
characteristics. These models accurately simulate the histological
structure, cellular heterogeneity, and microenvironmental traits of
primary tumors, providing a highly mimetic system for studying
the biological behavior of tumors.

In the realm of disease models, hepatobiliary tumor organoid
models are extensively utilized to study tumor initiation,
development, metastasis, and drug resistance. Researchers can
observe tumor cell growth, division, and interactions in a simulated
vivo environment. Additionally, organoid models facilitate the
study of intercellular within the tumor microenvironment and how
tumors evade immune surveillance [47].



18 CH. Ceng et al./Asia-Pacific Journal of Oncology 2024; 5: 16-22

*Tissue Collection }—» *Extract cells from patient tumor tissue.

*Use enzymatic or mechanical methods to isolate cells.

sCellsolationiand Frucessing *Process cells to remove non-target cells.

*Prepare a 3D culture medium

//v| *Three-Dimensional Culture Medium Preparation

Development suitable for cell growth and
Process of differentiation.
Organoid
Mgo o \W +Seed isolated cells into the 3D culture medium.
*Adjust culture conditions (temperature, humidity, nutrients, etc.).

*Observe the self-organization of cells into organoid structures.
*Organoid Formation }—' *Regularly replace the culture medium to maintain organoid
growth.

*Validate organoid characteristics using histological, molecular, and

*Model Validation }—*

Figure 1. Development process of organoid models.

The advantage of organoid models lies in their ability to
faithfully preserve the phenotypic characteristics of primary
tumors. Compared to two-dimensional cell cultures and animal
models, organoid models better simulate tumours' 3D structure
and intercellular interactions [48, 49]. This highly mimetic
feature makes organoid models ideal tools for studying tumor
heterogeneity and the influence of the microenvironment.
Furthermore, the individualized nature of organoid models also
makes personalized medicine possible. By using a patient's tumor
cells to construct organoids, personalized treatment strategies can
be developed for each patient.

Of particular interest are Patient-Derived Hepatobiliary
Organoids (PDHO). PDHO models hold significant potential in
predicting drug sensitivity for hepatobiliary tumors [50-52]. By
applying different drugs to tumor cells within PDHO models,
researchers can assess the drug efficacy and toxicity, providing
more precise treatment options for patients. Additionally, PDHO
models are valuable for high-throughput screening in drug
development [53-55]. Researchers can quickly identify compounds
with potential antitumor activity by testing numerous compounds
on these models, accelerating the discovery and development of
new drugs. However, the establishment and application of PDHO
models also face challenges. For example, the culture conditions
of organoids need to be optimized for different types of tumors
to ensure the model's stability and reproducibility. Additionally,
due to tumor heterogeneity, a single organoid model may not fully
represent the behavior of all tumor cells, necessitating multiple
models to comprehensively understand tumor complexity. Despite
these challenges, the application prospects of PDHO models
in hepatobiliary tumor research and treatment remain very
promising.

With technological advancements and a deeper understanding
of tumor biology, hepatobiliary tumor organoid models will
increasingly become vital in tumor research and treatment. These
models provide critical insights into tumor complexity and develop
more effective and personalized treatment strategies, ultimately
improving patient outcomes and quality of life.

genetic methods.
*Confirm that the organoid retains features of the original tumor.

Application of multi-omics technologies in organoid models

The application of multi-omics technologies plays a crucial role
in organoid models, providing unprecedented perspectives into
understanding the molecular mechanisms and drug responses
of hepatobiliary tumors. These technologies include whole-
genome sequencing (WGS), RNA sequencing (RNA-seq), mass
spectrometry (MS), and single-cell RNA sequencing (scRNA-seq),
each revealing the complexity of tumor cells in unique ways [56-
60].

Whole-genome sequencing (WGS) offers a comprehensive
view of the tumor cell genome, including mutations, copy number
variations, and structural variations. WGS enables researchers
to identify driver genes and potential biomarkers in tumor cells,
which is crucial for understanding tumor development and guiding
targeted therapies. In organoid models, WGS can help researchers
evaluate whether the models retain the genetic characteristics
of the original tumors, ensuring their representativeness and
reliability.

RNA sequencing (RNA-seq) is essential for exploring the
transcriptome of tumor cells, revealing gene expression patterns
and regulatory networks. RNA-seq can detect changes in gene
expression levels, reflecting tumor cell responses to environmental
changes and drug treatments. In organoid models, RNA-seq
aids in studying intercellular communication within the tumor
microenvironment and the adaptive strategies tumor cells use to
evade treatment by altering gene expression.

Mass spectrometry (MS) is a powerful proteomics tool that
quantitatively analyses protein expression and modification
states within tumor cells. MS technology enables researchers to
understand the functional state of tumor cells at the protein level,
identifying key signaling pathways and biological processes.
In organoid models, MS technology helps reveal the metabolic
characteristics of tumor cells and the molecular mechanisms of
drug action.

Single-cell RNA sequencing (scRNA-seq) has emerged as a
novel technology in recent years, enabling the resolution of tumor
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Figure 2. Drug response prediction process.

cell heterogeneity at the single-cell level. The application of
scRNA-seq reveals unique gene expression patterns of different
cell subpopulations within tumors, providing new insights into
tumor complexity and treatment resistance. In organoid models,
scRNA-seq helps identify different cell types and states within the
tumor microenvironment, elucidating their collective influence
tumor development and treatment response.

By integrating these multi-omics technologies, researchers
can comprehensively understand the molecular mechanisms of
hepatobiliary tumors at multiple levels. For instance, combined
analysis of WGS and RNA-seq can identify mutations in tumor
cells and study how these mutations affect gene expression and
tumor behavior [61]. The combination of MS and scRNA-seq
exposes the tumor cell heterogeneity at the protein and single-cell
levels, providing clues for developing new therapeutic strategies.
Furthermore, the application of multi-omics technologies in
organoid models facilitates the prediction of drug responses and
the development of personalized treatments [62]. By analyzing the
molecular responses of tumor cells to different drugs, researchers
can identify biomarkers that predict drug sensitivity or resistance.
Combining patients' clinical information with multi-omics data
from organoid models can help design personalized treatment
plans for each patient, improving treatment outcomes.

In summary, the integration of multi-omics technologies with
organoid models has greatly advanced our understanding of the
molecular mechanisms of hepatobiliary tumors and provided
new strategies and tools for precision oncology. The continuous
development and refinement of these technologies reasonably
suggest their pivotal role in future tumor research and therapeutic
approaches.

Advanced applications in drug response prediction
Predicting drug response is crucial in cancer treatment as it

directly affects treatment efficacy and patient survival rates.
Organoid models, as an emerging in vitro model, are playing an

increasingly important role in drug screening and efficacy
evaluation. These models simulate the tumor microenvironment
and biological characteristics and provide more precise and
personalized data for drug response prediction (Figure 2) [63, 64].
The role of organoid models in drug screening and efficacy
evaluation is evident. By testing different drugs on tumor cells
within organoid models, researchers can quickly assess the
efficacy and toxicity of the drugs. This assessment includes the
direct cytotoxic effects on tumor cells and the impact on the tumor
microenvironment, such as tumor angiogenesis and immune
evasion [65]. More importantly, organoid models can simulate
tumor heterogeneity, reflecting the responses of different tumor
cell subpopulations to drugs, thus providing more comprehensive
data for drug screening.

In the context of personalized immunotherapy, in vitro
screening platforms based on organoids for neoantigen peptide
activity have shown great potential. Neoantigen peptides, produced
by tumor-specific nonsynonymous mutations, can stimulate the
immune system to attack tumor cells [66, 67]. Researchers can
identify candidate peptides that activate the immune system by
screening neoantigen peptides with immunogenicity in organoid
models. This method can enhance the specificity and efficacy
of immunotherapy while reducing side effects. Drug-target
interaction prediction methods, such as the wSDTNBI method,
also play an important role in drug discovery. The wSDTNBI
method is a network-based drug-target interaction prediction
method that predicts the activity of drugs against specific targets
by analyzing the network relationships between drugs and targets.
This method can predict interactions between drugs and targets
and evaluate the strength of these interactions, providing more
precise guidance for drug discovery.

In practice, the wSDTNBI method has been used to predict the
activity of various drugs against different targets [68]. Researchers
can quickly identify compounds with potential activity through
this method, accelerating drug discovery and development.
Moreover, the wSDTNBI method does not rely on the three-
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dimensional structure of targets or negative samples, making it
widely applicable in drug discovery.

Despite their significant potential in predicting drug responses,
organoid models and drug-target interaction prediction methods
face several challenges. Constructing and maintaining organoid
models demands complex techniques and conditions. Furthermore,
the significant heterogeneity in tumor cells from different
patients can impact the representativeness and reproducibility of
the models [69, 70]. Additionally, while drug-target interaction
prediction methods can provide rapid predictions, their accuracy
and reliability need further validation and optimization.

In summary, organoid models and drug-target interaction
prediction methods hold significant potential for improving drug
response prediction. With continuous technological advancements
and optimization, these methods will provide more precise and
personalized strategies for cancer treatment, thereby improving
treatment outcomes and patient survival rates. In future,
interdisciplinary collaboration and technological innovation are
expected to achieve greater breakthroughs in cancer treatment.

Clinical applications and challenges

In clinical treatment, organoid models hold broad application
prospects as they open new avenues for personalized therapy
and drug response prediction. These models can be cultured
from a patient's tumor cells, preserving tumor heterogeneity
and microenvironmental characteristics, offering unparalleled
advantages in simulating tumor behavior and predicting drug
responses [71]. Screening drugs on organoid models can help
clinicians tailor personalized treatment plans, improving
therapeutic outcomes and reducing unnecessary side effects.

However, organoid models face several challenges in clinical
applications. The primary challenge lies in the intrinsic complexity
of these models. The heterogeneity of tumor cells and the diversity
of the microenvironment require organoid models to accurately
simulate these features, necessitating complex culture techniques
and conditions. Moreover, individual variability poses an
additional challenge. Significant intratumoral heterogeneity exists
among patients with the same type of cancer, requiring organoid
models to accurately reflect the tumor characteristics of each
patient.

To overcome these challenges, researchers are exploring
methods to optimize culture techniques and integrate multi-
omics data [72]. By improving cultural media composition and
cultural conditions, the stability and representativeness of organoid
models can be enhanced. Simultaneously, integrating multi-
omics data, including genomics, transcriptomics, proteomics,
and metabolomics, offer a deeper insight into the molecular
mechanisms of tumors, thereby improving the predictive accuracy
of the models.

The development direction of organoid models and drug
response prediction technologies in hepatobiliary tumor research
will become clearer in the future. Recent technological advances
coupled with a deeper understanding of tumor biology enable these
models to more accurately simulate the tumor microenvironment
and biological behavior, providing stronger support for drug
screening and personalized therapy. Additionally, interdisciplinary
collaboration and technological innovation will drive progress
in this field. Combining knowledge and techniques from
bioinformatics, systems biology, and clinical medicine can develop
more efficient and accurate models and predictive methods.

Conclusion

The importance of organoid models in hepatobiliary tumor
research and drug response prediction is undeniable. These
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models provide new tools for dissecting tumor complexity and
crafting personalized therapy and drug development strategies.
However, further research and technological innovations are
necessary to fully elucidate organoid models' potential. Key areas
for improvement include optimizing culture methods, integrating
multi-omics data, developing new predictive algorithms, and
enhancing model reproducibility and stability. Continued
advancements in these areas are expected to yield significant
breakthroughs in cancer treatment, providing patients with more
effective and safer therapeutic options.
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