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Abstract: Both cholangiocarcinoma (CCA) and gallbladder carcinoma (GBC) are belong to biliary tract carcinomas
(BTCs) with a high degree of malignancy and a poor prognosis. Therefore, an in vitro model is urgently needed to in-
crease our understanding of the pathogenesis of BTCs. Tumor organoids are a novel three-dimensional (3D) culture
technology that utilizes samples from removed tumors. Therefore, it can maintain the histological features, expres-
sion profiles and marker expression of the parental tissues. Recently, with the widespread use of this technique,
increasing research is beginning to use organoid to study the cellular metabolism, pathogenesis, chemotherapy
resistance, and new therapy methods of BTCs. In this review, we will discuss the advantages and disadvantages of
BTC organoids compared with other cell culture techniques. In addition, the construction methods, research direc-
tions and current limitations of BTC organoids will be described.
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Introduction
Origin of organoids

Organoids is a new type of 3D cell culture
technology that can culture primary tissue
grafts or single cells into self-organized tissues.
Organoids can retain the histological character-
istics, expression profiles, unique markers and
many other characteristics of the original tis-
sues [1]. Organoids originate from stem cells
and are mainly derived from embryonic stem
cells (ESCs), induced pluripotent stem cells
(iPSCs) and tissue resident adult stem cells
(ASCs). Among them, ESC organoids and iPSC
organoids are mainly used to study the growth
and development of different organs, while ASC
organoids can be used to study regenerative
medicine in organs [2]. In 2009, Sato and his
colleagues [3] made single mouse Lgr5* intesti-
nal stem cells grow into intestinal epithelial
organoids with crypt-villus structures by com-
bining Matrigel with different growth factors for
the first time. Since then, organoids have been
used in many different human and mouse
organs, such as the gastrointestinal tract, lung,
liver, gallbladder, pancreas, ovary, etc.

Tumor organoids

Tumor cell lines, tumor spheroids and animal
models are important tools for studying tumors.
They have many advantages in exploring the
pathogenesis of tumors, but they still have their
limitations (see Table 1). Tumor cell lines are
traditional two-dimensional (2D) cell culture
technology in which cells grow in conventional
culture medium; thus, these cells are easy to
culture, fast growing, and suitable for high-
throughput drug screening and functional anal-
yses of tumors. However, in the process of sub-
culture, tumor cell lines are prone to accumu-
late mutations and thus cannot retain the char-
acteristics of the original tumors and cannot
simulate the interaction between tumor cells
and other surrounding cells. Tumor spheroids
are 3D microtissues that are typically obtained
from single-cell suspensions that are self-
assembling or forced to aggregate. Because of
their unique layered structure, they are suitable
for studying the phenotype, function and meta-
bolic behavior of different layered tumor cells
[4]. Compared with animal models, this model
lacks the histomorphology of human tumors
and cannot mimic the tumor microenvironment,
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Table 1. Comparison of common tumor models

Feature 2D tumor cell line Tumor spheroids Animal models Organoids

Time Few days Few days Several months Several weeks

Cost Low Low High Medium

Construction success rate High High Low Medium (depending on the specific tumor)

Long-term cultivation capacity ~ Yes Yes No Yes

High-throughput drug screening Suitable Suitable Inappropriate Suitable

Other advantage Low maintenance cost, high reproducibility Easy to construct, high reproducibility The ability to study tumors as a whole Personal and precision treatment

Main disadvantage Prone to accumulation of mutations, lack of inter-  Lack of histological and morphologj-  Different from the tumor environment Unable to mimic tumor microenvironment
action between tumor cells and other surrounding cal characteristics, unstable size of ~ of the human body by itself, strong heterogeneity

cells, unable to mimic tumor microenvironment spheroids
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Figure 1. Construction methods of tumor organoids. A. Tumor organoids can be constructed by 3D culture of tumor
cells in mice or patients. B. At the same time, after isolating normal cells from healthy humans or mice, constructing
normal organoids through 3D culture technology. Then using gene editing technology to transform them into tumor

organoids.

so animal models are important for the system-
atic study of tumors. Unfortunately, animal
models often take several months to establish,
and the cost is higher; therefore, we need a
model that not only considers the interaction
between cells and cells, but can also reduce
the cost and time. The successful construction
of tumor organoids can solve the above prob-
lems; more importantly, these models can be
directly derived from patients’ tissues and
retain the specific tissue structure and genomic
characteristics of the tumors. Therefore, organ-
oids provide a new platform for precise tumor
treatment [5].

Construction methods of tumor organoids

Tumor organoids can be constructed by 3D cul-
ture of tumor cells in mice or patients, or
through gene editing in 3D culture of nontumor
cells in mice or patients (see Figure 1). To date,
liver cancer [6], pancreatic cancer [7], ovarian
cancer [8], breast cancer [9], lung cancer [10]
and so on have been successfully constructed.
Tumor organoids can be used to study the
occurrence and development [11], personal-
ized treatment [12], drug screening, discovery
of prognostic markers [13] and other aspects
of tumors.

Cholangiocarcinoma organoids
Construction of cholangiocarcinoma organoids

Patient-derived cholangiocarcinoma organoids
can be constructed directly from resected or
biopsied tumor tissues. Saito’s team [14] suc-
cessfully constructed six patient-derived organ-
oid lines that have been stably cultured for
more than one year: intrahepatic cholangiocar-
cinomas (ICCs), pancreatic ductal adenocarci-
noma (PDA), gallbladder carcinomas (GBCs)
and ampullary neuroendocrine carcinoma
(NEC). The success rates were 50% (ICCs, 3/6),
20% (GBC, 1/5), 50% (PDA, 1/2) and 100%
(NEC, 1/1). Subsequently, the organoids were
identified by HE staining, PAS staining and
immunohistochemistry. The results showed
that the histopathological characteristics of the
organoids were consistent with those of the pri-
mary tissues, and their tumorigenicity was veri-
fied by subcutaneous tumor formation experi-
ments in severe combined immunodeficiency
mice.

In addition, organoids can be combined with
CRISPR/Cas9 gene editing technology to con-
struct cholangiocarcinoma organoids. Artegiani
and his group [15] introduced TP53, Smad4,
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NF1 and PTEN (four tumor suppressor genes
co-mutated with BAP1) into human ductal
organoid lines through CRISPR/Cas9. TP53/
SMAD4/NF1/PTEN mutants grew in the form of
vesicles, which showed a morphology consis-
tent with that of wild-type (WT) organs. However,
when additional BAP1 mutations were intro-
duced, obvious loss of polarity, disruption of
epithelial organization and increased motility
were observed. They also verified the tumorige-
nicity of TP53/SMAD4/NF1/PTEN/BAP1"T and
TP53/SMAD4/NF1/PTEN/BAP1/ by in vivo ex-
periments. When BAP1 was not mutated, the
cysts presented adenoma morphology and
were defined as biliary cyst adenoma, which is
a preneoplastic lesion. When BAP1 was mutat-
ed, there were obvious pleomorphic nuclei,
irregular cell morphology, impaired cell polarity,
and high levels of mucin secretion and collagen
fiber deposition, which are consistent with
cholangiocarcinoma.

Application of patient derived cholangiocarci-
noma organoids

Research on the occurrence and development
of cholangiocarcinoma: Organoids have been
used to study many aspects of BTCs (see Figure
2). Now, it has been confirmed that in different
culture environments, liver organoids can show
both hepatocyte phenotype and bile duct phe-
notype [16]. Therefore, many studies have at-
tempted to elucidate the relationship between
hepatocytes and cholangiocarcinoma through
organoids to determine the etiology of cholan-
giocarcinoma. Sun and his colleagues [17]
used human induced hepatocytes to generate
liver organoids and overexpressed ten ICC-
enriched genes. These researchers found that
overexpressed RASG!?' resulted in loss of the
circular morphology, separation from the origi-
nal organoids and production of mucous vacu-
oles at the edges. Histopathological analysis
revealed an increased nucleus-to-cytoplasm
ratio, the occurrence of nuclear atypia, the for-
mation of duct or cavity structures, the secre-
tion of mucin, and the expression of cholangio-
carcinoma-specific genes and NOTCH signaling
genes. Subsequently, RASG'?V-overexpressing
organoids were orthotopically transplanted into
mice. The tumor formation rate was 100%, and
all morphological characteristics of the tumor
tissue were consistent with those of ICCs.
These tumors expressed specific markers of
ICCs (CK19, SOX9); thus, the RASG*?' gene was
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believed to be a key factor driving the transfor-
mation of liver cells to ICCs.

Moreover, some studies have confirmed that
liver cancer organoids constructed from PPTR
(overexpression of Proml, deletion of tumor
suppressor genes Pten and TP53) mice have
strong stem cell characteristics [18]. This meth-
od can produce extensive invasion and metas-
tasis after orthotopic transplantation. Because
these organoids have the characteristics of
hepatocellular carcinoma and cholangiocarci-
noma, hepatocellular carcinoma can lead to
the occurrence of cholangiocarcinoma in the
process of developing highly invasive and met-
astatic tumors. Interestingly, Saito and his part-
ners [19] found in their study that the cultiva-
tion of intrahepatic cholangiocarcinoma organ-
oids in differentiation medium could show ma-
rkers of liver cells, differentiating into mature
liver cells. Both in vitro and in vivo experiments
have confirmed that this differentiation can
reduce the malignancy of intrahepatic cholan-
giocarcinoma by inhibiting the Wnt signaling
pathway. Above studies showed that although
cholangiocarcinoma can be generated by
malignant transformation of hepatocytes, it
also has the ability to differentiate into hepato-
cytes. Inhibiting the expression of some genes
or signaling pathways may be a potential meth-
od to prevent cholangiocarcinoma.

Research on cellular metabolism of cholangio-
carcinoma: According to the Warburg effect,
glycolysis is considered the main process of
energy production and metabolic growth of
tumor cells, and mitochondria play a key role in
the energy metabolism of tumors. Mitochondria
also control the redox and calcium homeosta-
sis of tumor cells and participate in transcrip-
tional regulation and cell death; thus, they have
been a key subcellular structure in the study of
cancer metabolism [20]. Li’s group [21] found
that the morphology of mitochondria increased
and fusion was overactivated in cholangiocarci-
noma organoids by comparing adjacent normal
tissue organoids from the same patient. After
the mitochondrial fusion regulatory genes
(OPA1 and MFN1) were knocked out in cholan-
giocarcinoma organoids by lentivirus, the mito-
chondria was shortened and the mitochondrial
metabolism was slowed (reducing oxygen con-
sumption and ATP production). Importantly, the
growth of cholangiocarcinoma organoids was
inhibited by promoting apoptosis.
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Figure 2. Application of BTCs patients-derived organoids. A. Study the oncogenes of BTCs by lentiviral transfection and gene editing technology. B. Study the mito-
chondrial morphology and cellular energy metabolism of BTCs. C. Drug screening and drug sensitivity.
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Another study cultured cholangiocarcinoma
organoids under glucose-free conditions from
two different patients and detected stem cell
markers, LGR5* cell number, gemcitabine drug
sensitivity and AKT phosphorylation [22]. The
researchers found that the proliferative activity
of cholangiocarcinoma organoids and the mor-
phology were decreased and the morphology
was altered. Stem cell markers and the number
of LGR5" cells were significantly increased. In
addition, gemcitabine drug sensitivity decre-
ased and AKT phosphorylation increased.
Subsequently, after inhibition of AKT phosphor-
ylation, the stem cell characteristics and drug
resistance to gemcitabine were decreased. The
researcher believed that when cholangiocarci-
noma cells proliferate rapidly, even when they
are in a state of glucose depletion, tumor cells
can survive by enhancing the characteristics of
stem cells through AKT phosphorylation.

An interesting study constructed isocitrate
dehydrogenase 1 (IDH1, mutated in 10-30% of
ICC patients) mutants in intrahepatic biliary
organoids of mice through lentiviral vectors
[23]. The upregulated expression of the platelet
isoform of the phosphofructokinase-1 (PFKP-1)
gene in the mutants resulted in enhanced gly-
colysis, and its formation efficiency was signifi-
cantly higher than that of the wild type. In addi-
tion, this study observed consistent results in
surgically resected ICCs; that is, the expression
of PFKP was significantly upregulated when
IDH1 was mutated. Since many tumors can
obtain growth advantages through PFKP, IDH1
mutations can be used as metabolic targets for
ICCs.

In summary, many studies have studied the
mitochondrial function and energy metabolism
of cholangiocarcinoma through organoids, and
tried to provide a new direction for the treat-
ment of cholangiocarcinoma from the perspec-
tive of energy metabolism.

Drug screening and drug sensitivity: As cholan-
giocarcinoma is characterized by a high degree
of malignancy, poor prognosis and chemother-
apy resistance, it is important to find new drugs
that can effectively treat cholangiocarcinoma
through drug screening and drug sensitivity
experiments. Saito and his cooperators [14]
successfully screened 29 of 339 drugs that
have been clinically used to significantly inhibit
the growth of intrahepatic cholangiocarcinoma
organoids. In addition to anticancer drugs, two
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antifungal agents (amorolfine and fenticon-
azole), cerivastatin (hyperlipidemia drug) and
talipexole (drug for Parkinson disease) were
included. The application of two antifungal
agents to normal human intrahepatic biliary
epithelial cells proved that they were not toxic
to normal biliary cells and could be promising
therapeutic drugs for the treatment of
cholangiocarcinoma.

Broutier’s group [13] found that the sensitivity
of five chemotherapeutic drugs (taselisib, gem-
citabine, AZD8931, SCH772984 and dasa-
tanib) was different in 6 primary liver cancer-
derived organoids (2 cases of hepatocellular
carcinoma, 2 cases of mixed liver cancer and 2
cases of cholangiocarcinoma). This parameter
was correlated with tumor subtypes and the
mutation of different subtypes. Among them,
dasatanib inhibited one of the cholangiocarci-
noma organoids. Then, the researchers con-
firmed that SCH772984 can selectively inhibit
ERK phosphorylation and induce tumor cell
apoptosis by in vivo experiments; thus, it may
be a potential drug for the treatment of cholan-
giocarcinoma. Heat shock protein 90 (HSP9O)
inhibitors were screened from 486 targeted
small molecular compounds to inhibit the
growth of different subtypes of cholangiocarci-
noma cells [24], and then, the activity of
AUY922 (HSP9O inhibitor) was tested in chemo-
therapy-resistant intrahepatic cholangiocarci-
noma patients-derived organoids. Inhibiting the
expression of miRNA-21 was shown to enhance
the sensitivity to AUY922; therefore, the combi-
nation of HSP90 inhibitor and a miRNA-21
inhibitor can be used as a new strategy to treat
cholangiocarcinoma.

Gallbladder cancer organoids

Construction and application of gallbladder
organoids

At present, there are few studies on gallbladder
organoids, so in this section, we will introduce
the construction and application of gallbladder
organoids. Lugli and his cooperators [25] iso-
lated gallbladders from 2-month-old mice and
incubated them with PBS/EDTA for two hours
after collection. The small cell clusters sepa-
rated by the above operation were implanted
into Matrigel and cultured in serum-free medi-
um containing nicotinamide and a cocktail of
growth factors (including epidermal growth fac-
tor, fibroblast growth factor 10, hepatocyte
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growth factor, R-spondin-1 and Noggin). In this
way, the gallbladder organoids can be propa-
gated stably for more than a year; thus, the
researchers hypothesized that there are stem
cells in gallbladder organoids. In addition, they
found that gallbladder organoids can express
the stem cell marker Prom1 and the transcrip-
tion factor Sox17. Two weeks after removing
R-spondin-1, Noggin and nicotinamide from
the culture medium, gallbladder organoids
could be induced to differentiate and express
liver-specific genes (Cyp2c40 and Cyp2c68).
Therefore, the researchers believed that gall-
bladder organoids have the ability to differenti-
ate into hepatocytes, and gallbladder organoid
transplantation is expected to become a new
treatment for liver diseases. Surprisingly, sub-
sequent studies have also confirmed that extra-
hepatic cholangiocyte organoids (ECOs) isolat-
ed from the gallbladder can regenerate in vivo.
Sampaziotis's team [26] implanted polyglycolic
acid scaffolds containing ECOs into NSG mice
to successfully reconstruct the surgical defect
in the gallbladder wall.

In addition, some studies have studied the
pathogenesis of rare gallbladder diseases
through organoids. Zarei and his partners [27]
compared gallbladder epithelial organoids of
pigs with cystic fibrosis (CF) to normal gallblad-
der epithelial organoids and found that there is
a difference in the expression of CF transmem-
brane conductance regulator (CTFR). The loss
of CTFR will damage Cl'/HCO, anion transpor-
tation and fluid secretion and promote mucin
accumulation in gallbladder epithelial cells,
resulting in tiny gallbladders in newborn pigs.
This research explained the pathogenesis of
CF-related gallbladder disease.

Application of gallbladder cancer organoids

Analysis of the occurrence and development of
gallbladder cancer: Gallbladder cancer, as one
of the digestive tract tumors with the worst
prognosis, has extensive regional differences,
and the specific pathogenesis is still unclear.
This disease is related to many factors, such as
environmental factors, microbial factors, meta-
bolic factors and molecular factors [28].
Therefore, elucidating the mechanism of the
occurrence and development of gallbladder
cancer through organoids can lay a theoretical
foundation for treatment. Erlangga and his col-
leagues [29] used the CRISPR-Cas9 gene edit-
ing technique after isolating organoids from the
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mouse gallbladder and confirmed that Kras
activation, PTEN and p53 deletion were involv-
ed in the process of gallbladder carcinogene-
sis. Then two ErbB2-overexpressing mutants
with p53 deletion were constructed by retrovi-
ral transduction and gene editing, which con-
firmed that both of them could lead to gallblad-
der cancer. Gallbladder cancer induced by Kras
activation is tubular adenocarcinoma, while
most gallbladder cancers induced by ErbB2
mutation show papillary/tubulo-papillary differ-
entiation.

Another study obtained gallbladder organoids
from mice with TP53 gene inactivation and cul-
tured them after infection with Salmonella [30].
It was found that organoids with a history of
infection lost cohesion and polarity, the nucle-
us was enlarged and irregular and prominent
nucleoli showed neoplastic transformation.
Organoids without a history of infection had
normal epithelial tissue. Thus, Salmonella bac-
teria can promote cell tumorigenesis with a pre-
disposing genetic background.

Drug screening and drug sensitivity: At present,
the latest methods for the treatment of gall-
bladder cancer include chemotherapy, radio-
therapy, targeted therapy and local regional
therapy [31]. However, the first-line chemother-
apy regimen for clinical treatment is still gem-
citabine combined with cisplatin, and the medi-
an survival time is less than one year [32].
Therefore, there is an urgent need for a new
treatment to improve the survival rate of
patients. Garcia’s group [33] found that Hippo-
Yes-associated protein 1 (YAP1) is highly
expressed in 60% of patients with chronic cho-
lecystitis and advanced gallbladder cancer. The
high expression of nuclear YAP1 is related to
the low overall survival rate of patients with
subserosal gallbladder cancers. The research-
ers also confirmed that the inhibition of YAP1
can reduce the migration and invasion of gall-
bladder cancer cell lines by using verteporfin
(VP). The researchers further verified the thera-
peutic effect of VP on patients-derived organ-
oids and found that VP could inhibit the activity
of gemcitabine-resistant GBC organoids. These
results suggest that VP sensitizes cancer cells
to gemcitabine and enhances cytotoxicity. VP
plus gemcitabine may be a promising new regi-
men for the treatment of GBC. Erlangga’s study
transplanted GBC organoids into mice and
found that Nal-IR (topoisomerase inhibitor)
could effectively pass through the stroma of
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gallbladder cancer cells and was mainly con-
centrated in tumor cells; its therapeutic effect
was better than that of conventional irinotecan
[29].

Deficiency of organoids for biliary tract carci-
nomas

With the successful construction of different
organoids, the application of organoids in
tumors has become a research hotspot in
recent years. Although tumor organoids have
been successfully used to study the occurrence
and development, energy metabolism, drug
screening, precision medicine treatment and
many other aspects of various types of tumors,
the success rate of their construction is still the
primary limitation to expanding their applica-
tions. For cholangiocarcinoma organoids, the
success rates of surgical resection and fine
needle biopsy are 50% and 60%, respectively
[14]. Compared with 76% for liver cancer [34],
80% for ovarian cancer [35] and 63% for pan-
creatic cancer [36], there is still much for
improvement. Therefore, it is very important to
analyze the factors that affect the construction
of cholangiocarcinoma organoids.

First, cholangiocarcinoma organoids are de-
rived from patient tissues, which tend to con-
tain some noncancerous tissues, thus affect-
ing the construction of cholangiocarcinoma
organoids. Saito’s study compared the growth
trends of patients’ noncancerous cells and
cholangiocarcinoma cells in the construction of
organoids and found that noncancerous organ-
oids with a limited proliferation cycle (ceased
proliferation at approximately passage 15) had
more robust proliferation than cholangiocarci-
noma organoids at the early stage [14]. This
proliferation difference was also demonstrated
in colorectal cancer [37]. Therefore, when
organoids are constructed directly from surgi-
cally resected tissues, if the source of cells is
not carefully analyzed, the noncancerous cells
may predominate and the proliferation will
overcome the tumor cells, leading to the failure
of the construction of tumor organoids. Second,
cholangiocarcinomas are often small in size,
and the number of cholangiocarcinoma cells in
surgically resected tissues is less than that in
liver cancer and ovarian cancer. Therefore, the
number of tumor cells may also be one of the
factors affecting the construction of cholangio-
carcinoma organoids. In previous studies, it
was also reported that the construction of gas-
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trointestinal cancer organoids was closely
related to the number of tumor cells in parental
biopsies [38].

In addition, although cholangiocarcinoma orga-
noids can effectively simulate the interaction
between tumor cells and the extracellular
matrix, the factors that affect the pathogenesis
and treatment of cholangiocarcinoma include
blood vessels, CAFs (cancer-associated fibro-
blasts), immune cells (T cells, macrophages,
NK cells), etc. Methods to link cholangiocarci-
noma organoids with the tumor microenviron-
ment will be a future research direction. At
present, studies have applied co-culture tech-
nology and airliquid interface (ALl) system
technology to tumor organoids to better simu-
late the actual situation of tumors. Exposito’s
team [39] cultivated organoids from multidrug-
resistant metastatic colorectal cancer patients
and successfully cocultured them with alloge-
neic CD8+ T cells. These researchers found
that cibisatamab can effectively inhibit the
growth rate of multidrug-resistant colorectal
cancer cells and that its sensitivity is related to
the expression of CEA. Inhibiting the WNT/[3-
catenin pathway can enhance the expression
of CEA, which indicates a new direction to
improve the immunotherapeutic effect of
cibisatamab in the clinic. Interestingly, another
study found that adipocytes can provide energy
for the growth of colorectal cancer and regulate
the metabolism of colorectal cancer cells by
coculturing adipocytes with colorectal cancer
organoids. This research effectively explains
why obesity is a high risk factor for colorectal
cancers [40]. Obesity has also been proven to
be closely related to the occurrence of cholan-
giocarcinoma [41]. Therefore, in the future
coculturing adipocytes or other immune cells
with cholangiocarcinoma organoids will be an
important research strategy to explain the
pathogenesis of cholangiocarcinoma.

In ALI system technology, the bottom surface of
the organoid is implanted into the culture medi-
um, and the top surface is directly in contact
with air. Usui and his cooperators [42] success-
fully established colorectal cancer organoids by
using ALI system technology. Normal colorectal
organoids have a cystic structure, containing
epithelial cells, goblet cells and fibroblasts,
while tumor organoids contain epithelial cells,
goblet cells, myofibroblasts and tumor stem
cells. Therefore, organoids cultured by ALI sys-
tem technology can better mimic the tumor
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microenvironment. In addition, tumor organ-
oids were found to be more resistant to 5-FU
and irinotecan compared with 2D cell cultured
cells. Neal’s group [43] confirmed that patient
derived organoids could retain the T cell recep-
tor spectrum of the original tumor and found
that blocking immune checkpoint blockade by
anti-PD-1/anti-PD-L1 could lead to tumor cell
death by activating tumor antigen-specific
tumor invasive lymphocytes. Similarly, anti-
PD-1 has also shown progress in the treatment
of cholangiocarcinomas in recent years [44],
but it has not been applied it to cholangiocarci-
noma organoids. In the future, combining tumor
organoids with ALI system technology to better
mimic the tumor microenvironment and detect
the effect of immunotherapy may be a new
strategy.

The existing research about the construction
and application of gallbladder cancer organ-
oids is still in its infancy, which may be related
to the low incidence of gallbladder cancer and
obvious regional differences. Methods to
address the low success rate of gallbladder
cancer organoid construction (20%) will help
overcoming the primary limitation to applying
organoids to gallbladder cancer.

Summary and outlook

Although biliary tract carcinomas still face
many problems, such as a high degree of malig-
nancy, single treatment methods and a low five-
year survival rate, these problems will be grad-
ually solved with an in-depth understanding of
the pathogenesis, clinical diagnosis and treat-
ment of biliary tract carcinomas in the future.
Organoids have become the focus of current
research because they can mimic the cell-to-
cell interactions and the cell-to-ECM interplay.
More importantly, tumor organoids can be
directly derived from patients and express spe-
cific gene phenotypes of patients, which is
important for clinical diagnosis and personal-
ized medical treatment of tumors. In particular,
the newly developed coculture technology and
ALl system technology can simulate the tumor
microenvironment to better recapitulate the
complexity of tumors.

In addition, a new type of immunotherapy has
aroused our interest. Loffler reported a suc-
cessful case of using multi-peptide vaccine to
treat a cholangiocarcinoma patient with a lung
metastasis [45]. This vaccine induced T cell
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responses and increased T cell infiltration. The
patient is currently tumor-free, 41 months after
initiation of vaccination, suggesting therapeu-
tic effectiveness. In order to make this promis-
ing new therapy better pass ethical review and
be used in clinical trials, it could be a good
choice to apply it to patient-derive organoids.
With the rise of single-cell sequencing technol-
ogy, finding the pathogenesis of cholangiocarci-
noma by comparing the heterogeneity between
different cells has become a current research
hotspot. Single-cell sequencing of cholangio-
carcinoma with different interventions will also
become an important guide for clinical diagno-
sis and treatment in the future. However, for
some treatments that have not been approved
clinically, it is often difficult to obtain post-treat-
ment samples of patients. Through the cultur-
ing patient-derived organoids, it is possible to
obtain the single-cell sequencing results of
directly interfered organoid, thereby providing a
basis for clinical diagnosis and treatment.

At present, research on the organoids of biliary
system carcinomas is still in its infancy. The
construction success rate, applications and
prospects still require more studies. However,
this does not affect the research value and the
bright future of organoids for biliary tract
carcinomas.
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