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Abstract. Digestive system tumors are the most common 
cause of cancer‑associated mortality worldwide, although their 
underlying biological behavior still requires further investiga‑
tion. Most of the in vitro studies that have been published 
have been based on the two‑dimensional (2D) culture system. 
However, digestive system tumors exhibit considerable histo‑
logical and functional heterogeneity, and clonal diversity and 
heterogeneity cannot be entirely reflected in the 2D culture 
system. Recently, the development of organoids appears to 
have shed some light on this area of cancer research. The 
present review discusses the recent advancements that have 
been made in the development of several specific organoids in 
digestive system solid tumors.
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1. Introduction

The human digestive system is composed of a digestive tube 
(comprising the oral cavity, pharynx, esophagus, stomach, 
small intestine and colorectum) and digestive gland organs, 
including salivary glands, liver, gallbladder and pancreas (1). 
The most common malignant tumors of the digestive system 

include esophageal cancer, gastric cancer, colorectal cancer, 
liver cancer and pancreatic cancer (1). Due to the high 
incidence rate of digestive system cancers, digestive tract 
tumors accounted for 43.3% of cancer incidence in China 
from 2000‑2015, a comprehensive study of their underlying 
molecular biology would cast light on effective methods of 
treatment (2). However, an accurate in vitro research model 
that would improve our understanding of the complete picture 
of tumor development is currently lacking.

Current in vitro cancer research models mainly focus on 
two‑dimensional (2D) models, namely, tissue‑lice cultures and 
2D cell‑line cultures (1). Tissue section models can capture 
transient interactions between physiologically relevant cellular 
tissues, although they often lose their phenotype quickly and 
are difficult to maintain for longer time periods (3). Currently, 
the most widely used tumor research model is based on 
patient‑derived cancer cell lines (PDCs); however, although 
PDC culture models are economical, simple and the cell lines 
proliferate infinitely, they still have serious defects, such as 
the loss of genetic phenotype and heterogeneity, the lack of 
immune microenvironment and vascular network system, and 
cannot reproduce the morphology and function of the original 
tumor tissue (4).

Organoids are derived from multipotent tissue progeni‑
tors (adult stem cells) and cancer cells, consisting of multiple 
cell types with remarkable self‑renewal and self‑organizing 
abilities, which maintain the key structural and functional 
properties of organs (5,6). The organoid model is more repre‑
sentative of typical physiological conditions compared with 
other models (4). Currently, the organoids for normal tissues, 
including the stomach (7), small intestine (8), liver (9), 
pancreas (10) and prostate (11), have been established 
successfully. Compared with PDCs, the patient‑derived 
organoids (PDOs) not only reflect histopathological char‑
acteristics and the genomic and transcriptomic profiles of 
the original tumor, but also recapitulate the components of 
the tumor microenvironment (12). With the development 
of gene‑editing technologies, including gene knockdown, 
gene overexpression and mutations, the successful estab‑
lishment of organoids is of great significance for the study 
of solid tumors. In addition, organoids only require a small 
piece of tissue containing stem cells obtained from biopsy 
in the patient, and the injury inflicted on the patient is 
minimal (13).

The present review summarizes the currently developed 
digestive system solid tumor organoids and discusses their 
potential applications in future research.
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2. Development and merit of organoids

In the 1960s, three‑dimensional (3D) culture models were 
developed, although these were mainly used to simulate the 
processes and investigate the molecular mechanisms of tissue 
and organ formation in vitro (14). In 2009, Sato et al (15) were 
the first to produce an organoid with small intestinal villi and 
crypt structure from adult stem cells. Since then, tissue culture 
has regained its status as a leading contemporary technique, as 
it was ranked as one of the top 10 breakthroughs in 2013 and 
2017 by Science and Nature Methods magazines, respectively. 
As the technology has advanced, organoids have been exten‑
sively used as a powerful tool of tumor research, particularly 
regarding the digestive system (Fig. 1) (7‑11).

Tumor organoid construction is associated with significantly 
higher success rates and lower costs compared with traditional 
2D culture and tumor tissue xenotransplantation, which is conve‑
nient for gene modification and large‑scale drug screening (1). 
In addition, the organoid model retains the tissue characteristics 
of the tumor during the experimental process, which is useful 
in terms of tumor microenvironment research, and provides 
a more realistic environment for tumor drug development 
(Table I) (2‑6). Neal et al (16) developed PDOs using air‑liquid 
interface technology. The PDOs model successfully retained 
the same intrinsic fibrous matrix and diversity of immune 
cell components that were observed in the original tumor 
tissues, which was confirmed at the genetic level. Furthermore, 
tumor‑infiltrating lymphocytes in PDOs accurately retained the 
T‑cell receptor profile in the original tumor.

3. Application of organoids in digestive system solid tumor 
cancer research

Digestive system solid tumors accounted for ~35.4% of cancer 
mortality rates worldwide in 2019 (17). The growth condition 
flexibility of organoids enable them to precisely simulate hetero‑
geneity and pathophysiology of digestive system solid tumors, 
which is useful for gaining a better understanding of the biolog‑
ical behaviors of the disease (4). In addition, the introduction 
of gene‑editing technology for organoids has exhibited great 
advantages in terms of studying the pathogenesis of digestive 
system solid tumor treatment (12). Phenotypical and genotypical 
analyses of PDOs have confirmed that these are highly similar 
to the original tumor (12). The molecular profile of tumor organ‑
oids was demonstrated to match the results of drug screening, 
indicating that PDOs can complement existing methods to 
identify cancer weaknesses and improve the treatment response. 
Thus, it is reasonable to speculate that, in the future, organoids 
will serve important roles in drug development, personalized 
therapy, gene therapy and regenerative medicine (Table II).

Mechanism of tumor development. From the onset of the 
mutant single cell to the progression of the lesion, the way 
the tumor develops and deteriorates is an interrelated and 
multistep process (5). It is important to study the exact mecha‑
nism underpinning each step in the overall process of tumor 
development and progression. Organoids consist of multiple 
cells that specifically mimic the microenvironment of cancer 
development (18‑20). How to construct models in vitro at 
different stages of tumorigenesis and development is one of 

the key research areas of organoids (18). Bartfeld et al (19) 
developed p53 gene‑mutation gastric cancer organoids with 
Nulin‑3‑selective medium, which revealed that Nutli3 can 
markedly inhibit the proliferation of normal gastric organ‑
oids, and has no effect on gastric organoids, which indirectly 
suggests that the occurrence and development of gastric 
cancer may be studied in vitro. Other researchers have also 
used gene‑editing technology to mutate certain genes in 
normal gastric organoids to simulate the evolutionary process 
of gastric cancer, suggesting that deletion of p53 or mutation 
of KRAS contribute to the occurrence of gastric cancer (20).

Drug screening and personalized treatment. Organoids can 
proliferate infinitely in vitro, which maximizes the character‑
istics of cancer cells without inducing novel mutations during 
long‑term culture (21). Thus, they provide an ideal model 
for drug testing and screening, which has good prospects 
in terms of the applicability of the technique in combina‑
tion with traditional treatment methods, and this should 
prove useful in treating tumors (21). Based on the organoids 
and high‑content screening technologies, Wenzel et al (22) 
screened out nine substances from two commercially avail‑
able drug libraries that specifically target dormant cancer 
cells that are predominantly located in the internal core 
area of the tumor tissues, and are resistant to treatment with 
conventional chemotherapy or radiotherapy. Arena et al (23) 
suggested that one colorectal cancer subpopulation with poor 
prognosis and limited therapeutic options may be sensitive to 
poly(ADP‑ribose) polymerase inhibitors, and drug‑screening 
assays based on PDOs may be used to screen populations 
of cells that are sensitive to olaparib. In addition to drug 
screening, Yao et al (24) constructed a PDO biobank from 
patients with locally advanced rectal cancer (LARC). The 
PDOs were able to identify patients with LARC that were 
sensitive to neoadjuvant chemoradiation, thereby improving 
the treatment of this disease, highlighting that PDOs may be 
used to predict chemotherapy or radiotherapy responses. From 
the perspective of personal precision treatment, organoids can 
be used for expanding limited cancer samples from patients, 
for the screening of drugs, and as a therapeutic avenue for 
specific patients, assessing the side‑effects of drugs and thera‑
pies in patients (25). In summary, organoids provide helpful 
assistance in terms of the accurate medical treatment of 
individual patients with digestive system solid tumors.

The malignant tumor organoid biological bank. The 
Malignant Tumor Organoid Biological bank is a biological 
sample bank for malignant tumors that combines targeted 
genes with drug action, thereby providing a basis for risk 
stratification and individualized treatment options (26). In 
2015, the Sanger and the Hubrecht Institutes established the 
first living organoid biobank (27). The researchers involved 
examined 83 different types of experimental drugs and cancer 
drugs, and concluded that organoids with different genetic 
backgrounds are associated with different drug sensitivities.

4. Application of organoids in digestive system solid tumors

Liver cancer‑derived organoid. According to the results of 
a 2019 survey, liver cancer is the second most lethal cancer 
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worldwide among men (17). 2D culture systems fail to preserve 
the histological architecture and gene expression patterns of 
the original tumor, and are unable to mimic the real commu‑
nication between cancer and stomal cells (28). To better 
understand the processes of tumorigenesis and pathogenesis, 
and to develop curative treatments, organoids provide the 
most precise model for accurately simulating tumor biology 
behavior in patients (28).

Researchers at Cambridge University were the first to 
develop a mini tumor called a ‘tumoroid’ (<0.5 cm) to imitate 
three of the most common subtypes of primary liver cancer, 
namely hepatocellular carcinoma (HCC), cholangiocarcinoma 
(CC) and combined HCC/CC (CHC) tumors (29). The tumoroid 
panel was used to screen 29 specific liver cancer target 
drugs (29). One of the screened drugs was able to specifically 
inhibit the activity of extracellular signal‑regulated kinase (29). 
The ERK inhibitor SCH772984 markedly inhibited the growth 
of liver tumors in mice and beneficial therapeutic effects 
on three types of liver cancers were observed, suggesting 
its potential therapeutic value for primary liver cancer (29). 
This discovery is now considered to be the milestone for the 
usage of organoids in liver cancer research (29). Scientists 
from the National University of Singapore later designed 
a novel method to culture cancerous hepatocytes obtained 
from HCC‑patient‑derived xenografts (HCC‑PDXs) for drug 
screening (30). To maintain the exact shape and function of 
hepatocytes so that they grew like tumor organoids, cells were 
cultured on a 3D macroporous cellulosic sponge system with 
optimized biochemical and mechanical properties (30). With 
the development of this technology, engineered organoids have 
continued to attract great attention, and the most attractive 
advantage is high‑throughput drug screening (30). The genetic 
characteristics and heterogeneity of these models may make 
it possible to radically alter the screening and development 
of HCC drugs (9). Using CRISPR/Cas9 to study the role of 
mutated genes in the formation and progression of liver tumors, 
researchers have demonstrated that BAP1‑mutated organ‑
oids have characteristics that distinguish them from healthy 
organoids (9). BAP1‑mutated organoids have been reported 
to grow faster, move more easily and fuse more easily with 
other organoids, and these features are similar to aggressive 

malignancies (9). The morphological and behavioral changes 
of the organoid were reversed following introduction of 
unmutated BAP1 (9). Due to the ease with which this organoid 
permitted the function of mutated genes to be analyzed, its 
suitability for use in a wider context in the study of liver cancer 
was demonstrated (9).

Due to a lack of effective treatments for liver cancer, the 
development of liver cancer‑derived organoids may accurately 
reflect the characteristics of this disease and the surrounding 
environment, which may facilitate the selection of more clini‑
cally efficacious drugs, thereby saving on costs and improving 
clinical transformation efficiency.

Pancreatic cancer‑derived organoids. Pancreatic cancer is 
known as ‘the stubborn bastion of 21st century medicine’, 
with a 5‑year survival rate <8% (31). To better understand 
pancreatic cancer development and progression, it is necessary 
to isolate cancer cells for analysis from the primary tumor 
tissue. However, nearly 85% of patients with pancreatic cancer 
will have already progressed to an advanced stage at the time 
of diagnosis, and thus are not suitable for surgery (32). Both 
normal cells and cancerous cells cultured in the laboratory 
were derived from a suboptimal environment that failed to 
reflect the important characteristics of tumor cells (12). The 
limited treatment options available for patients with pancreatic 
cancer has adversely affected their prognosis. Thus, 3D culture 
strategies of organoids can shed light on this disease.

In 2015, the Cold Spring Harbor Laboratory (CSHL) 
successfully established pancreatic organoids from murine 
and human tissues (33). The organoid was able to cultivate 
murine and human pancreatic cancer tissues (33). In addition, 
following transplantation into mice, the organoid was demon‑
strated to accurately imitate the pathogenesis of pancreatic 
ductal adenocarcinoma (PDA) and successfully recapitulate 
the full spectrum of tumor development (33). The identified 
molecular pathways based on the organoid specifically reflected 
the progression of the disease and provided the therapeutic 
target (34). Huang et al (35) established exocrine progenitor 
organoids derived from human pluripotent stem cells. These 
researchers developed five tumor organoids and tested their 
response to gemcitabine and epigenetic inhibitors. The results 

Figure 1. Timeline of organoids research in digestive system.
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demonstrated that the response of different organoids to the 
drugs varied and was positively correlated with drug‑resistant 
biomarkers, findings that were consistent with the clinical 
response of patients. Using a small sample, pancreatic cancer 
organoids can retain the sensitivity of the patient's tissue to 
novel agents in vitro, which indicates the feasibility of using 
organoid‑based techniques to study tumor heterogeneity (35). 
The greatest advantage of this technology is being able to 
establish a living sample library using multiple patient tumor 
tissues, and to study the specific pathogenesis of each patient, 
both of which are beneficial for targeted research and for rapid 
individualized drug testing (35).

Using tumor and normal tissue organoids from patients with 
pancreatic cancer, Chio et al (36) reported that the expression 
level of nuclear factor erythroid 2‑related factor 2 (NRF2) was 
higher in the tumor organoids. NRF2 knockdown exhibited 
a different response since tumor organoids were not able to 
grow; however, the normal tissue organoids were not affected. 
Furthermore, this group studied changes in the oxidation level 
in the cells and confirmed that NRF2 exerts a notable effect 
on the proliferation of pancreatic tumor cells, suggesting that 
decreasing the levels of antioxidants kills tumors.

Researchers from the CSHL established the organoid based 
on cancer‑associated fibroblasts (CAFs) and cancer cells from 
the patient tumor samples (37). The results demonstrated that 
myofibroblastic CAFs (myCAFs) higher levels of α‑smooth 
muscle actin (αSMA), which approximated to the behavior of 
tumor cells in human and mouse tumor tissues. The researchers 
also discovered that co‑culture resulted in the formation of 
dense matrix tissue. Inflammatory CAFs lacked elevated 
αSMA expression, which synthesizes and secretes interleukin 
6 (IL‑6), and is relatively distant from cancer cells in human 
and mouse PDA tumors (37). A previous study demonstrated 
that IL‑6 is associated with the processes of cancer cell prolif‑
eration and cachexia in numerous patients with pancreatic 
cancer (38). This study reported that the behavior of stromal 
tissue in PDA is not uniform, which provides an opportunity 

to develop therapeutic drugs that can specifically target the 
stromal cells. Using the pancreatic organoid technique, this 
research group confirmed that FOXA1 activation induces the 
reprogramming of enhancers, which causes pancreatic cancer 
cells to metastasize (39).

CSHL also demonstrated that it is feasible to cultivate 
organoids using endoscopic ultrasonography (EUS)‑derived 
pancreatic tumor samples (40). PDA organoids derived from 
the EUS samples can be developed within 2 weeks, with a 
success rate of 87%. Establishment of PDA organoid lines for 
≥5 passages or cycles of growth (P5) was also demonstrated, 
with a success rate of 66% (40). The advent of EUS‑guided 
fine‑needle biopsy (EUS‑FNB) technology may be used in the 
chest, abdomen and pelvis, and in the future, this technique 
is likely to be used to prepare organoids from a variety of 
different tumors for research purposes (40).

In addition to demonstrating the success of organoid 
development and the consistency between the organoids 
and the original tumors, in terms of pathology and genetics, 
Seino et al (41) also used organoids for tumor microenviron‑
ment research. They identified an association between the 
degree of malignancy of pancreatic adenocarcinoma (PDAC) 
and growth factors in the microenvironment, and demon‑
strated the association between GATA‑6 and Wnt in the niche. 
As CAFs provide a Wnt niche for PDAC, the supportive role 
of CAFs in pancreatic cancer was further confirmed (41). 
Their experimental results were verified using CRISPR‑Cas9 
technology. The concept of ‘engineering organoids’ in the 
article was innovative (41). Their research enabled pancreatic 
cancer to be classified as Wnt‑ and R‑Spondin‑dependent, 
Wnt‑dependent, and Wnt and R‑Spondin‑independent (41). 
This classification is of great value in clinical practice and may 
be used for individual treatment (41).

Organoid technology not only has the potential to fill in the 
void of cancer genetics, but it also provides theoretical guidance 
for pancreatic cancer (42). The characteristics of pancreatic 
cancer organoids include maintaining the differentiation state 

Table I. Characteristics of tissue sections, 2D culture cell lines and 3D organoids.

Variable Initiation efficiency Heterogeneity Genetic manipulation Drug screens

Tissue Low High Not amenable Low‑throughput
2D culture cell Low Low Amenable High‑throughput
3D organoids High High Amenable High‑throughput

2D, two‑dimensional; 3D, three‑dimensional.

Table II. Characteristics of tissue sections, 2D culture cell lines and 3D organoids.

Application Cancer Refs.

Tumor development mechanism Gastric cancer, pancreatic cancer, colorectal cancer (9,19,20,33,36,39,46)
Drug screening and personalized treatment Liver cancer, colorectal cancer (23,24,29,30)
Malignant Tumor Organoid Biological Bank Colorectal cancer, gastric cancer (27)

2D, two‑dimensional; 3D, three‑dimensional.
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tissue structure and phenotypic heterogeneity of the primary 
pancreatic cancer (42). Thus, organoid technology allows a new 
research direction for studying the biological characteristics 
of pancreatic cancer, enabling more effective anti‑pancreatic 
cancer drugs to be investigated and the formulation of 
personalized treatment plans.

Gastrointestinal cancer‑derived organoid. The first human 
colonic organoid model was achieved at Cincinnati Children's 
Hospital Medical Center using pluripotent stem cells (43). 
This technique has enabled the use of a human‑like model to 
perform unprecedented research on colonic diseases, which 
will prove to be invaluable in the future. Transforming growth 
factor‑β (TGF‑β) can promote the proliferation and distant 
metastasis of colorectal cancer cells, and induce fibroblasts to 
differentiate into myofibroblasts, which promotes the metas‑
tasis of colorectal cancer (44). Using the colorectal cancer 
organoids, Usui et al (45) concluded that fibroblasts secrete 
TGF‑β. Utilizing combined organoids and CRISPR/Cas9 
genetic engineering technology, Australian scientists demon‑
strated that elevated expression levels of v‑raf murine sarcoma 
viral oncogene homolog B1 were involved in the progression 
of serrated colorectal cancer (46).

Organoid models can also be applied in the case of 
genetic manipulation in gastrointestinal cancer (47‑49). 
Nadauld et al (47) demonstrated that TGF‑β receptor 2 was 
able to inhibit the metastasis of gastric cancer based on the 
organoids in vitro, which was consistent with the results 
demonstrated in vivo with cadherin 1‑/‑/Tp53‑/‑ gastric cancer 
mice (47). In examining mutations of the genes, Apc, Tp53, 
Kras and Smad4 in gastrointestinal organoids, Li et al (48) 
reported that they exhibited aggressive histological features 
on subsequent living transplants. Another research group 
constructed the largest known number of gastric cancer 
organoid biobanks, and considered in depth the genomic 
variation, molecular typing, chemosensitivity and sensitivity 
of targeted therapies for gastric cancer (49). This study is of 
great value in terms of comprehending the pathogenesis of 
gastric cancer, and in promoting the development of novel 
drugs for gastrointestinal cancer‑targeted therapy.

The metastatic organoid model has rarely been constructed. 
The application of PDO‑tested cancer drugs may assist special‑
ists in treating patients with more personalized therapies 
specifically targeted for tumor metastasis (50). Researchers 
successfully cultivated into organoids 71 colorectal cancer, 
gastric cancer and other digestive system cancers with meta‑
static tumor samples from patients, and subsequently screened 
55 anticancer metastasis drugs (50). It was demonstrated that 
the histology, molecular structure and function of the organ‑
oids remained highly consistent with those of the primary 
tumor tissues, thereby confirming the usefulness of their char‑
acteristics (50). When predicting patients' response to drugs 
with PDOs, the overall sensitivity was 100%, the specificity 
was 93%, the positive predictive value was 88% and the nega‑
tive predictive value was 100% (50). Organoids cultivated 
from the patients' samples were thereby demonstrated to have 
predictive ability. In addition to the potential for personalized 
treatment, organoids can also fulfill a crucial role in drug 
development (50). Optimizing the simulation of how tumors 
are expected to react to treatment can be helpful in terms of 

accelerating the process of drug discovery, and even in terms 
of decreasing the dependence on animal experiments (50).

Gastrointestinal organoids provide a basic experimental 
model, superior to experimental animal models and conven‑
tional cell culture models in several aspects. As newly 
generated preclinical tumor models, the gastrointestinal 
cancer organoids have had a major role in the study of the 
biological characteristics and underlying molecular mecha‑
nism of gastrointestinal cancer and have been demonstrated to 
simulate the occurrence and development of tumors. There are 
promising prospects with their application in the development 
and screening of antitumor drugs, targeted tumor therapies 
and personalized medicine, and their combined application 
with PDXs (51).

5. Summary and outlook

Limitations. Recently, research on organoids has achieved 
considerable progress. However, limitations exist between 
theoretical in vitro studies and clinical applications due to the 
technical bottlenecks of the culture system. First, organoids 
mainly rely on animal‑derived Matrigel or collagen I. Matrigel, 
or animal‑derived Matrigel components, are complex and 
their quality is difficult to control (5). Exotic pathogens are 
also potential risk factors (52). In addition, the organoid system 
ignores the effects of stromal cells (52). The current existing 
organoid cultures are devoid of intestinal microbiota, vascular 
endothelial cells, neurons and immune cells, so their role in 
the physiology and the pathology of tumor processes does 
not come into consideration (52). Organoid is only supposed 
to reflect the physiological or pathological characteristics of 
local tissues, rather than the effects of systemic inflammatory 
responses and autonomic nerves (53). The recent emergence 
of a new organoid culture model has allowed the co‑culturing 
of epithelial organoids and mesenchymal cells, which will 
enable the further study of the interactions between tumor 
and mesenchymal cells (54), and nerves and vascular tissues. 
Fong et al (55) co‑cultured tumor cells derived from the 
PDX model of prostate cancer with osteoblasts, and the 3D 
model formed in this culture system was able to successfully 
maintain the proliferative activity of cells, and maintain the 
state of osteogenesis. Thus, this type of organoid model can be 
applied to observe the interaction between tumor cells and the 
tumor microenvironment, including stromal cells. However, 
additional research is required for further investigation of the 
organoid culture system. For example, the addition of stromal 
cells, adipocytes or lymphocytes would make the organoid 
culture system even more similar to the living tumor microen‑
vironment, thereby providing a more ideal model for studying 
the association between the microenvironment and the tumor. 
Furthermore, organoids lack homogeneity (56). As the organ‑
oids are cultivated in 3D Matrigel, a certain differential effect 
is exerted by the Matrigel on their growth (5). Organoids on 
the periphery of Matrigel generally tend to be larger, whereas 
their size in the middle of Matrigel is smaller (56). This size 
heterogeneity creates a problem in terms of the quantifica‑
tion and analysis of high‑flux organoid cells (56). Organoid 
transplants still face many challenges (57). Although these 
organoids composed of many cells can simulate the internal 
structure of real organs in certain aspects, other structural 



YANG et al:  ORGANOIDS IN ABDOMEN TUMORS6

characteristics closely associated with the function and devel‑
opment of real organs cannot be simulated as of now, including 
the lack of a vascular system (57). Thus far, organoids would 
be better described as miniature and simple organ models, 
rather than being a ‘reduced version’ of the real organ (57). For 
example, a neurologist who used brain organoids to study the 
Zika virus considers that researchers have so far been unable 
to give organoids for immune systems the integrity they 
require to replicate exactly what happens in the body when 
screening drugs (58). Thus, organoid transplantations still face 
many challenges. In general, organoids cannot be successfully 
transplanted into mice in place of real organs due to their lack 
of vascular system and functionality (56,57).

Perspective. Organoids have unique advantages in tumor 
research: i) They maintain high heterogeneity of tumor cells; 
ii) they maintain contact polarity between tumor cells and 
the microenvironment matrix to better simulate the tumor 
microenvironment in vivo; iii) organoid cultures derived from 
clinical tissue are highly efficient and time‑saving and iv) tumor 
organoids also have the advantages of genetic manipulation 
of tumor cell lines and 3D complex‑system characteristics of 
mouse PDX models (59).

However, further studies are required to optimize the 
culture techniques, as organoids derived from different 
human tissues may have the potential to promote relevant 
medical technologies; for example, establishing models of rare 
diseases in vitro, biological 3D printing, screening of patient's 
individual drugs and therapies, primary screening of toxicity 
and side effects, high‑throughput drug screening, transplanta‑
tion of organoids in vivo and the study of tissue regeneration. 
The future application of organoids will be broad and diverse, 
and it is hoped that the development of organoids will be an 
indispensable foundation for precision medicine in the future.
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