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Abstract: Mixed cholangiocarcinoma is a rare and aggressive neoplastic proliferation of biliary tract epithelial cells,

accounting for up to 20% of primary liver cancers. It is the second most common primary liver malignancy with a 5-

year survivability of less than 10% at diagnosis and is associated with various inflammatory diseases. Current

management involves systemic chemotherapy, targeted radiation, and surgical resection, but long-term survival

remains low, especially for surgically unresectable cases. Novel discoveries and understandings of the tumor

microenvironment reveal new opportunities for targeted therapies for cholangiocarcinoma. Specifically, new

pharmaceuticals including cell-based vaccines, tumor-associated neutrophils, and hepatic stellate cells may make good

therapeutic targets. Tumor-reactive stroma and cancer-associated fibroblasts are also heavily implicated in disease

progression. This comprehensive review aims to discuss emerging pharmaceutical therapies for targeting the

cholangiocarcinoma microenvironment and chemokine pathways involved in the pathogenesis of cholangiocarcinoma

followed by a risk-benefit analysis of proposed pharmaceutical therapies for treatment. A literature search on

PubMed, Google Scholar, and PMC was done including the terms cholangiocarcinoma, targeted therapies, chemokine

pathways, microenvironment, therapeutic targets, chemotherapy, and immune cell, alone or in combination. The

articles in the English language and published in the last 10–15 years were selected to discuss in this review article.

Selective therapies targeting tumor microenvironment can be fruitful in inducing tumor apoptosis and suppressing

cholangiocarcinoma proliferation. Immunosuppressive therapies and immune checkpoint inhibitors also demonstrate

promise in improving patient outcomes, specifically in patient’s intolerance to chemotherapy.

Introduction

Mixed cholangiocarcinoma is a rare and aggressive neoplastic
proliferation of epithelial cells of the biliary tract accounting
for up to 20% of primary liver cancers. It is the second most
common primary liver malignancy, behind hepatocellular
carcinoma, and can be further subclassified as extrahepatic
(75% of cases) or intrahepatic (25%) [1,2]. Many patients do
not possess risk factors or specific clinical presentations;
therefore, conditions are often deemed terminal at the time
of diagnosis with a 5-year survivability of less than 10%
[3,4]. Furthermore, many intrahepatic inflammatory diseases
including Hepatitis B and C infection, choledocholithiasis,
liver cirrhosis, and primary sclerosing cholangitis are

associated with the pathogenesis of cholangiocarcinoma
(CCA) [5,6]. Further, Caroli’s disease, ulcerative colitis,
Crohn’s disease, type II diabetes, obesity, fatty liver disease,
alcoholism, and smoking are risk factors for CCA [7]. CCA
generally arises in the presence of chronic inflammation and
mutations in various protooncogenes and tumor suppressor
genes including TP53, RAS, ARIDIA, GNAS, BAP1, IDH1/2,
BRAF, K-ras, and SMAD4 are involved in carcinogenesis.
Additionally, genetic alterations, epigenetics involving DNA
methylation, histone modification, and noncoding RNAs
also play a role in carcinogenesis. CCA may be intrahepatic,
perihilar, and distal arising from biliary epithelium proximal
to the segmental bile ducts, left or right hepatic ducts or
their confluence, and distal to the biliary confluence,
respectively (Fig. 1). The three different types of CCA differ
histologically [3,8,9]. Chronic inflammation contributes to
carcinogenesis by increased exposure of cholangiocytes to
interleukin (IL)-6, tumor necrosis factor-ɑ, and cyclo-
oxygenase-2, altered extracellular signal-regulated kinase
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(ERK)1/2, protein kinase B (Akt), and nuclear factor kappa
beta (NF-κB) signaling, and growth factors effects on the
cholangiocytes [10] (Fig. 1).

Management of Cholangiocarcinoma currently
combines systemic chemotherapy, targeted radiation, and
surgical resection; however, long-term survival remains low,
and surgically unresectable diseases are incurable [3]. All
patients with CCA should be laparoscopically staged before
any surgical procedure though there may be risk of occult
metastasis. Parenchymal sparing, nonanatomic liver
resection in peripheral tumors, anatomic liver resection for
solitary liver lesion, either left or right hepatectomy for
perihilar tumors, and pancreatoduodenectomy or Whipple
procedure for extrahepatic tumors are common surgical
procedures [7]. Systemic therapies with neoadjuvant therapy
and adjuvant therapy, radiation therapy, and locoregional
therapy for nonsurgical lesions are other avenues for
therapy. Fibroblast growth factor receptor 2 inhibitors,
isocitrate dehydrogenase inhibitors, B-Raf Proto-Oncogene,
Serine/Threonine Kinase (BRAF) inhibitor, mitogen-
activated protein kinase kinase (MEK) inhibitor, anti-human
epidermal growth factor receptor 2 (HER2) therapies, and
immunotherapy with immune checkpoint inhibitors are
emerging therapeutics for CCA [7]. Recently a new realm of
research has emerged studying the role of the tumor
microenvironment and chemokine pathways supporting the
proliferation of cholangiocarcinoma. The tumor
microenvironment including the desmoplastic stroma,
hepatic stellate cells, cancer-associated fibroblasts, tumor-
infiltrating immune cells, and tumor-associated
macrophages have been implicated in the disease
progression, metastasis, chemoresistance, and tumor-specific
immune tolerance. Studies of the tumor microenvironment
reveal various chemokine pathways that may serve as novel
targets for cholangiocarcinoma therapy [11,12].

The primary objective of this paper is to comprehensively
explore the intricate roles played by innate immunity,
adaptive immunity, tumor-reactive stroma, cancer-
associated fibroblasts, and immunosuppression in the
pathophysiology of cholangiocarcinoma. By delving into
these aspects, the aim is to shed light on how they
contribute to the disease’s progression and resistance to

treatment, ultimately paving the way for the development of
novel therapeutic strategies. This research endeavors to
enhance the current understanding of the
cholangiocarcinoma tumor microenvironment by providing
a detailed risk-benefit analysis of various proposed
pharmaceutical therapies. In doing so, it seeks to offer
valuable insights that could guide future clinical approaches,
optimizing treatment outcomes for patients afflicted by this
challenging malignancy.

Innate Immunity

The innate immune response, the first line of defense of the
body against invading pathogens, is also referred to as the
“nonspecific” immune response because the innate immune
response is an antigen-independent defense mechanism and
remains unable to recognize or memorize (no immunologic
memory) the same pathogen again. The innate immune
response is quick within hours of encountering an antigen
[13]. Innate immunity comprises four types of defensive
barriers including anatomic (skin and mucous membrane),
physiologic, endocytic, phagocytic, and inflammatory.
Macrophages and neutrophils (phagocytes), basophils,
eosinophils, dendritic cells, mast cells, natural killer (NK)
cells, and innate lymphoid cells are involved in innate
immune response (Fig. 2).

These immune cells (Fig. 3) are involved in the
tumor microenvironment and play a critical role in
the inflammatory microenvironment-cholangiocarcinoma
crosstalk [14,15].

Dendritic cells
Dendritic cells are antigen-presenting cells, which stimulate T
cells to invoke an immune response [16]. Within the
cholangiocarcinoma (CCA) tumor microenvironment,
tumor-infiltrating dendritic cells (DCs), which express
CD40, are prevalent [17]. While there are immature DCs
within the tumor, the majority of mature DCs remain on
the tumor invasion front [18,19]. Research suggests that this
might contribute to immunotolerance due to antigen
presentation deficiency and maturation. This process
ultimately leads to decreased T cell priming. Additionally,

FIGURE 1. Risk factors, factors involved in carcinogenesis, and histologic types of cholangiocarcinoma (CCA). Cholangiocarcinoma may be
intrahepatic, perihilar, and ductal originating in different parts of bile ducts connecting liver and gall bladder with small intestine. The figure is
created using BioRender.
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these DCs recruit regulatory T cells, further promoting the
immunotolerance of the tumor [20,21]. Moreover, DCs
within the microenvironment have been shown to decrease
the local expression of human leukocyte antigen, thus
lessening the response of tumor-infiltrating lymphocytes
[22]. There is additional evidence that these dendritic cells
may circulate and modulate the immune response
systemically [23,24]. Furthermore, the CCA cells secrete IL-
10 and TGFβ, further contributing to reduced antigen
presentation to T cells through their effects on DCs [25,26].
Overall, the significant role of dendritic cells (Fig. 3) within
the tumor microenvironment may be a vital target for the
treatment of CCA.

A few studies have investigated peptide-based vaccines in
CCA. Recent Phase 1 clinical trials focusing on vaccines
targeting mucin protein 1 (MUC1) and Wilms tumor
protein 1 (WT1) have shown promising results in the
treatment of CCA. These trials have primarily aimed to
assess the safety and immunogenicity of these vaccines, as
both MUC1 and WT1 are frequently over-expressed in
CCA tumors [27]. The results indicate that these vaccines
are generally well-tolerated, with no significant adverse
events reported, making them a potentially viable option for
further development [27–30]. In the WT1 vaccine study,
data indicated that, when combined with gemcitabine, the
tumor control rate was nearly 50% [30]. In another small
study, a vaccine that consisted of 4 peptides was found to be
very effective in reducing CCA due to their effects on
cytotoxic T lymphocytes [31]. However, these two studies
were conducted with small patient populations. Overall,
these results are promising for peptide-based vaccines in
CCA. However, research has shown that cell-based vaccines
are more effective than non-cell-based vaccines in
stimulating an immune response to tumors [32].

Thus far, there have been several studies utilizing and
targeting the role of dendritic cells within the CCA

microenvironment. Researchers have investigated
immunization as a mechanism to stimulate an immune
response to CCA. For example, one group used a
transmembrane cell surface protein aspartate-β-hydroxylase,
which is highly conserved and expressed within CCA
tumors but not in surrounding tissues [33–37]. This protein
is involved in proliferation, cell migration, and invasion
within tumors [38]. In their rat CCA study, they found that
DCs loaded with aspartate-β-hydroxylase (ASPH) had
significant anti-tumor effects through an increase in tumor-
infiltrating lymphocyte recruitment [34]. However, their
research indicates that multiple immunizations may be
necessary to obtain optimal anti-tumor effects [34]. It has
also been shown that blockage of DCs IL-10 and TGF-β
receptors, using DCs loaded with Protein Kinase CAMP-
Dependent Type I Regulatory Subunit Alpha (PRKAR1A),
can enhance the activity of cytotoxic T cells against tumor
cells [39,40]. Moreover, a retrospective study that looked at
patients with advanced CCA treated with a DC vaccine
indicated good tolerance of the vaccine; 15% of these
patients also remained stable for 6 months [41].
Additionally, when combined with chemotherapy, the
prognosis of CCA patients improved even more [25].
Further research in mice has shown that gemcitabine/
cisplatin and anti-CD40/PD-1 treatments combination can
activate DCs to significantly decrease the tumor burden
[17]. Additionally, DCs combined with granulocyte-
macrophage colony-stimulating factor (GM-CSF) could
further improve outcomes in CCA patients. Thus far, data
on DC vaccines is promising in CCA.

Some other studies have investigated other means of
targeting DCs in CCA. More recently, studies have
suggested that some antigens may be good candidates for
making an mRNA vaccine. Research remains ongoing on
the use of these mRNA vaccines [42]. Alternatively, other
research has opted for DC vaccines and T-cell transfer after

FIGURE 2. General principle of innate immune response. This figure displays different cells of the innate immune system, such as
macrophages, neutrophils, and dendritic cells, and the process by which the innate immune system acts to recognize pathogens to create a
host immune response. This process involves a sensor that leads to cell production of pro-inflammatory cytokines and the migration of
effector cells (neutrophils, macrophages, T cells, and B cells) to inflammation. While this often occurs in infection, it can also occur within
tumor microenvironments in response to pro-inflammatory signaling. The figure is created using BioRender.

EMERGING THERAPIES FOR CHOLANGIOCARCINOMA 1685



surgical resection, which may prevent recurrence and improve
survival for at least 5 years [43]. Some case studies have
reported similar outcomes with T-cell immunotherapies
[44–46]. Moreover, some studies have used T cell antigens
such as autophagosome peptides or exosomes from the
tumor to pulse DCs, ultimately enhancing the cytotoxic
response and suppressing tumor progression [47–49].

Tumor-associated neutrophils
Neutrophils are involved in the development of cancer,
though the data indicates both tumor-suppressing and
tumor-promoting effects [50,51]. This occurs through two
different phenotypes of tumor-associated neutrophils
(TANs) depending on the presence of interferons or TGF-β
[51]. In CCA, TANs are attracted to the tumor where they
can promote cancer progression, in part, through the
recruitment of regulatory T cells [52,53]. Alternatively, some
TANs have been shown to mobilize in response to immune
modulation with methotrexate-loaded tumor-derived

microvesicles [54,55]. Research has also shown that high
levels of TANs are associated with a worse prognosis [56–
60]. Thus, TANs may be a good therapeutic target (Fig. 3);
however, there are no studies published offering information
on such treatments in CCA.

Myeloid-derived suppressor cells
Myeloid-derived suppressor cells (MDSCs) consist of two
groups including differentiated neutrophils, basophils, mast
cells, and eosinophils (polymorphonuclear MDSCs) or
macrophages and DCs [61]. Both groups are triggered
primarily by inflammatory cytokines and often act to
suppress cytotoxic T lymphocytes through PD-L1, IL-10,
and TGF-β [62,63]. This allows tumors to proliferate [62].
Moreover, patients with CCA have increased circulating
levels of MDSCs compared to healthy individuals [64,65].
Furthermore, a mouse model of CCA suggested that this
increase in MDSCs seems to promote tumor progression.
This study also indicated that the levels of MDSCs can be

FIGURE 3. The role of immune cells in the pathogenesis of cholangiocarcinoma development and prognosis [11,14,15]. In
cholangiocarcinoma, the tumor microenvironment is modulated by many components, both cellular and non-cellular. In some cases, these
components act to promote tumor growth and progression. For example, PDGF-A, FGF, TGF-β recruit CAFs leading to the production of
MMPs that result in extracellular modeling which promotes cancer cell proliferation. CD4+ T cells within the tumor stroma can secrete
TGF-β and IL-10, which promote migration, proliferation, and tumor progression. Activation of M2 macrophages functions in a similar
manner with secretion of TGF-β and IL-10 as well as VEGF-A, TNF-α, and IL-6, thus promoting cancer progression. MDSCs, neutrophils
and TANS may similarly function to promote tumor progression within the tumor microenvironment, however, the mechanisms behind
this remain unclear in cholangiocarcinoma. Alternatively, some components of the tumor microenvironment may act to suppress tumor
growth. For example, CD8+ T cells, when stimulated by interferon gamma (IFN-γ) may promote apoptosis of tumor cells, thus leading to
slowed progression of the tumor. Dendritic cells can function similarly by activating T cells in response to tumor associated antigens.
Additionally, CXCL9 and CXCR3 promote the function of NK cells leading to tumor cell apoptosis. Similarly, B cells, M1 macrophages,
MAIT cells, and NKT cells act to promote apoptosis, though these mechanisms remain unclear in cholangiocarcinoma. Cancer associated
fibroblasts (CAFs), Vascular endothelial growth factor (VEGF), transforming growth factor beta (TGF-β), tumor necrosis factor-alpha
(TNF-α), interleukin (IL), interferon-gamma (IFN-γ), fibroblast growth factor (FGF), platelet-derived growth factor (PDGF), matrix
metalloproteinase (MMP), chemokine (C-X-C motif) ligand 5 (CXCL5), chemokine (C-X-C motif) receptor 3 (CXCR3), signal transducer
and activator of transcription 3 (STAT3), extracellular matrix (ECM), epithelial-mesenchymal transition (EMT), myeloid-derived
suppressor cells (MDSCs), tumor-associated neutrophils (TANs), natural killer (NK) cells, T-regulatory cells (NKT/Tregs), and mucosal-
associated invariant T cells (MAIT cells). The figure is created using BioRender.
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affected by the gut microbiota [66]. Overall, MDSCs may be a
beneficial target for therapies in CCA (Fig. 3). So far, a few
studies have targeted MDSCs using immune checkpoint
inhibition. Research suggests that the levels of MDSCs may
correspond with patients’ response to immune checkpoint
inhibition [67]. Moreover, research has indicated that
inhibition of both tumor-associated macrophages (TAMs)
and MDSCs may be combined with immune checkpoint
inhibitors, which alone have been shown to reduce the
tumor burden in CCA [17,68]. Data shows that MDSC
metabolism is also altered in the presence of metformin,
causing a decrease in their levels and loss of function [69].
Moreover, anti-vascular endothelial growth factor (VEGF)
inhibitors may reduce their number as well as the number
of regulatory T cells [70].

Some more recent studies have targeted MDSCs through
alternative mechanisms in CCA. Research has shown that
blockage of PD-L1 and tumor-associated macrophages
(TAMs) was not enough to slow the progression of CCA
because MDSCs can bypass the blockade [68]. Another
study showed that using a blocking monoclonal antibody for
GM-CSF can decrease the recruitment of MDSCs and thus,
the progression of the tumor [65]. Moreover, targeting an
ApoE MDSC subset can further increase the anti-tumor
effects [68]. Overall, more data is needed to determine the
best mechanism for targeting MDSCs in CCA.

Hepatic stellate cells
Hepatic stellate cells (HSCs) are activated within the CCA
tumor microenvironment through TGF-β signaling [71,72].
This signaling pathway and the activation of HSCs
ultimately promote liver fibrosis, tumor progression, and
metastasis of CCA [73,74]. HSCs produce PD-L1, which
stabilizes the TGF-β receptors, further supporting the
accumulation of HSCs [75]. Moreover, focal adhesion kinase
protects the receptor from degradation [76]. HSCs may also
promote progression through the induction of MDSCs and
regulatory T cells [77–79]. Additionally, HSCs have been
shown to inhibit the infiltration of lymphocytes into tumors
and induce apoptosis of mononuclear cells [80,81].
Combined, the hepatic stellate cells and the pathways
involved in their activity in CCA may make good
therapeutic targets, though there are not any published
studies thus far documenting HSCs as therapeutics in
improving the prognosis in CCA.

Tumor-Infiltrating Leukocytes/Adaptive Immunity

Tumor-infiltrating lymphocyte (TILs) therapy has become a
growing adaptive immunotherapy used for treating solid
tumors. A heterogeneous mix of T cells, B cells, and natural
killer (NK) cells, these intratumor lymphocytes are white
blood cells that already recognize targets to kill tumor cells
in the microenvironment (Fig. 3). TILs can target and
inhibit immune checkpoints that create an environment to
immunosuppressive microenvironment which allows for
greater tumor growth. Especially in cholangiocarcinoma,
natural killer cells and cytotoxic T cells are reduced, and T
regulatory cells (Tregs) are increased [82]. There have been

three key types of TILs that play a large role in potential
immunotherapies for cholangiocarcinoma: TNF-α inhibitors,
anti-CD40 and anti-PD1 therapy, and cetuximab.

Tumor necrosis factor alpha (TNF-α) inhibitors have
been investigated for their potential use in treating
cholangiocarcinoma. TNF-α plays an important role in
tumor stroma to regulate inflammation via cytokine and
chemokine release and has been linked to the development
of tumor development [83]. Particularly in the gallbladder,
TNF-α inhibitors such as infliximab, adalimumab, and
golimumab are typically used for Crohn’s disease and
ulcerative colitis [84]. Though the studies are limited to
TNF-α in target therapy, TNF-α inhibitor use in
gastrointestinal diseases has shed light on the ways TNF-α
inhibitors can interact with the tumor microenvironment. In
colon cancer, TNF-α has been found to upregulate CSF-
dependent genes to increase macrophage expression and
modify the extracellular matrix (ECM) to conform to the
environment to support the progression of the tumor [85].

CD40 and PD1 provide tumor cells with the ability to
evade immune regulation and thus aid in the continued
proliferation of TAMs. Cholangiocarcinoma also expresses
PD-1 at high levels, potentiating greater tumor growth and
decreasing survival rates to 60% decreased survival [86].
Tumor cells rely on the PD-L1 pathway to evade immune
processes as seen by the observed increase in PD-L1
expression in cholangiocarcinoma [87]. CD40 is a main
driver for activating macrophage and T cell activity, which
increases tumor proliferation [88]. It has been found that
CD40 agonists in treating pancreatic adenocarcinoma lower
regulatory T cell activation and alter tumor stroma [89]. The
rationale behind combining a CD40 agonist with anti-PD1 is
by altering the tumor environment with a CD40
agonist, there would be a greater improvement in
immunosuppressive activity to increase tumor burden as
opposed to single therapy alone [90]. This type of therapy
activates myeloid cells to proliferate as well as recruit more
lymphocytes. Thus, the combined anti-CD40 and anti-PD-L1
therapy showed the greatest efficacy against solid tumors [17].

Cetuximab is an epidermal growth factor receptor
(EGFR) inhibitor medication indicated for colorectal and
head and neck cancers [91]. Through intravenous infusion,
cetuximab is a chimeric anti-EGFR monoclonal antibody
that blocks the dimerization of EGFR, downregulating and
stopping pathways that promote metastasis and tumor
growth [92]. Cholangiocarcinoma treatment using
cetuximab can have less efficacy when there are KRAS
mutations [93]. The KRAS gene is an instrumental gene that
translates into a G protein needed for EGFR and when
mutated, EGFR inhibitors cannot function on the colorectal
tumor [94]. Further studies demonstrate how a combination
therapy of gemcitabine-cetuximab showed an increased
progression-free survival rate at 6 months [95]. Similar
studies evaluating the addition of cetuximab to the
combination regimen of gemcitabine plus oxaliplatin for
biliary tract cancer found no correlation between KRAS
mutation status and treatment efficacy and no significant
improvement in treatment outcomes compared to
gemcitabine plus oxaliplatin alone [96].
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Tumor Reactive Stroma

In many cases of cholangiocarcinoma, the tumor stroma is
desmoplastic and fibrotic [52]. Within the tumor stroma,
there is abundant cancer associated fibroblasts (CAFs),
natural killer cells (NK), tumor associated neutrophils and
macrophages (TANS and TAMS), and regulatory T cells
(Tregs) [52]. These cells modulate the environment via
numerous cellular signaling pathways (Fig. 2), ultimately
affecting the prognosis in cholangiocarcinoma. One
significant factor which affects not only tumor progression
but also the response to treatment in cholangiocarcinoma is
the local microvessel density. Research has shown that
greater densities of microvessels within the tumor is
associated with greater likelihood of metastasis [97].
Alternatively, lower densities of microvessels within the
tumor stroma has been associated with poorer response to
treatment.

Vascular endothelial growth factor receptor (VEGFR)
VEGFRs, particularly VEGFR-2, are often overexpressed in
tumors, which promotes local angiogenesis. Moreover, this
can lead to immunosuppression [98,99]. One mechanism to
target angiogenesis is through VEGFR pathways, which
ultimately affect the tumor microenvironment and can
increase the effectiveness of immune checkpoint inhibitor
therapies [100]. Thus, VGFRs may be a good target for
future therapeutics in CCA. Data on monoclonal antibodies
targeting VEGFR in CCA have been mixed. One study
combined pembrolizumab with ramucirumab, which is an
antibody against VEGFR-2 in CCAs. The response rate was
less than what researchers expected, with only 50% overall
disease control rate and only 35% having stable disease
[101]. Alternatively, a phase two study evaluating
pembrolizumab and Lenvatinib, which acts as an anti-
angiogenesis, kinase inhibitor had more promising results
with a response rate of 10% without chemotherapy [102].
Another phase two study using Lenvatinib and
Pembrolizumab has had good outcomes as well, with a 25%
response rate [103]. Data has also shown promise with the
combined use of gemcitabine and elpamotide, an epitope of
VEGFR-2, in CCA patients, with a response rate of 18.5%
[104]. Similarly, a phase two trial of bevacizumab, along
with gemcitabine and oxaliplatin, showed a response rate of
41% [105]. Within this study, they also found that the
overall survival rate was higher in patients who had
injection site reactions than those who had no injection site
reaction [104].

Another clinical trial investigated outcomes in patients
on vandetanib, a VEGFR inhibitor, alone, in combination
with gemcitabine, and gemcitabine and a placebo. However,
this study found no difference in progression-free survival
between these groups [106]. One study looked at cediranib
with and without chemotherapy as well for CCA, however,
there were no significant differences in this study either
[107]. Regorafenib, which is a multi-kinase inhibitor
affecting the VEGFR pathway, has also been tested in CCA;
however, it also had no significant difference in overall
survival [108,109] (Table 1). Yet another inhibitor of
VEGFR, Sorafenib, was tested in phase two trials, however,

it also failed to show improvement in CCA patients [110–
112]. A multikinase inhibitor, which targets VEGFR2 and
MET, cabozantinib was studied in a phase two clinical trial.
This study revealed significant toxicity and limited
activity [113].

Platelet-derived growth factor receptors
Platelet-derived growth factor D (PDGF-D) is secreted by
CCA cells to generate cancer-associated fibroblasts [114].
Meanwhile, PDGF-BB is secreted by myofibroblasts, the
activated cancer-associated fibroblasts acquiring α-smooth
muscle actin expression, which induces tumor cells to
become resistant to apoptosis signaling [115]. It can also
increase secretion of VEGF, and thus increase CCA cell
intravasation, and angiogenesis, and acts as a pro-
lymphangiogenic factor [52]. Research has also shown that
decreasing cancer-associated fibroblasts decreases the
number of lymphatic vessels within the tumor and thus
decreases lymph node metastases [116]. Thus, targeting
PDGF may be beneficial in the treatment of CCA. However,
there are no studies targeting this pathway in CCA to date.

c-MET
c-MET is a tyrosine kinase receptor that binds hepatocyte
growth factor (HGF). The MET-HGF pathway has a
significant role in cell proliferation, apoptosis inhibition,
angiogenesis, and cell motility [117]. In CCA, MET can
often be overexpressed, with higher levels corresponding to
later stages, larger tumors, and poorer prognosis [118–120].
Research has suggested that MET-HGF can reduce CCA
sensitization to chemotherapy because of its ability to
promote the epithelial to mesenchymal transition (EMT)
[121]. Thus, it may be an important pathway to target for
treatment. One study investigated tivantinib, which is a
MET-inhibitor, along with gemcitabine with some positive
results. 20% of the patients who received the drug had a
partial response, while 46% had stable disease [122]. Other
studies find that the side effect profile (ascites, neutropenia,
rash, and anemia) of tivantinib outweighs its marginal
benefit in reducing hepatocellular carcinoma [123]. One
study finds that c-MET is overexpressed in 91.3% of human
cholangiocarcinoma tissues. The inhibition of c-MET in
these tissues with tivantinib results in a notable loss in cell
viability and colony forming properties of the tissue via
knockout of the JNK pathway. Therefore, this data
demonstrates c-MET inhibition may be a viable alternative
approach for the treatment of human cholangiocarcinoma,
particularly when used in biomarker-selected patients [124].

Fibroblast growth factor receptors
Fibroblast growth factor receptors (FGFRs) are part of a
signaling pathway that acts to promote cell proliferation,
migration, angiogenesis, and inhibit apoptosis. Research has
shown that mutations within this pathway can lead to
tumorigenesis and malignant transformation [125–127].
Studies have also shown that some intrahepatic CCA have
FGFR fusion mutations, particularly in younger patients
[128]. Thus far, research suggests that FGFR2 fusions are
the most sensitive to FGFR inhibition, while point
mutations are less sensitive [129–131]. Overall, response
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rates for FGFR2 inhibition trials have ranged from 21% to
50%, with high disease control rates as well. However, these
treatments have not worked well in patients who do not
have FGFR mutations [132–136].

Numerous studies have been completed targeting FGFR
mutations. A phase 2 study looked at pemigatinib in CCA,
which showed that patients with FGFR2 fusions had
significant improvement compared to patients with wild-
type FGFR2. This medication did have some side effects,
with 45% of patients having serious adverse events. Some of
the adverse events included hyperphosphatemia,
hypophosphatemia, alopecia, and diarrhea, among others
[133]. This suggests that some inhibitors may be more
effective in patients with mutations in their tumors. Another
study, which investigated infigratinib in intrahepatic CCA
showed a response rate of 15% and a disease control rate of
75% [137]. Further investigation into Infigratinib showed a
response rate of 23% with similar side effects to pemigatinib
[138]. Another trial, which consisted of CCA patients with
FGFR2 fusion mutations, investigated derazantinib, a multi-
kinase inhibitor, and had a response rate of 20% [135]. A
later study of derazantinib found that there was stable
disease in 65% of patients [138]. The full results of this
study are still pending. Another drug, TAS-120, an
irreversible FGFR inhibitor, was investigated in a phase one
trial, which indicated that the response rate was 35% and
had a control rate of 78.6% [139,140].

However, there has been some evidence that CCA
tumors can acquire resistance to FGFR inhibition [141].
Later studies have shown that treatment of these tumors
resistant to some earlier FGFR2 inhibitors with TAS-120
provided some clinical benefit [142]. Futibatinib, another
irreversible FGFR inhibitor, showed a 76% disease control
rate and 34% response rate after 6 months. However, 73%
of patients in this study had a serious adverse event [143].
Meanwhile, another study investigating futibatinib for solid
tumors with FGFR2 mutations has shown nearly 18% of
patients have a response to therapy [144]. Moreover, when
looking specifically at intrahepatic CCA, a more recent
study showed a response rate of nearly 42%, with most of
these patients responding at least 6 months [145]. Overall,
more research is needed in targeting FGFR in CCA.

Epidermal growth factor receptor (EGFR)
EGFR is a group of receptors, such as BReast CAncer (BRCA),
HER1, and HER2, involved in cell proliferation, migration,
angiogenesis, and tumorigenesis pathways [146–148].
Overexpression of EGFRs is often seen in CCA tumors,
often leading to poorer prognosis in these patients
[146,149]. Research has shown that targeting multiple EGFR
pathway proteins is more effective than targeting one
receptor alone [150]. Additionally, tumors lacking a KRAS
mutation and EGFR amplification may be more sensitive to
EGFR-targeted therapies [146,151]. One mechanism of
targeting EGFRs is through inhibitors. A phase 3 study of
CCA investigated erlotinib, an anti-EGFR inhibitor,
compared to gemcitabine and oxaliplatin, and found no
significant difference in progression-free survival. However,
when erlotinib was combined with the standard therapy,
there was an increase in tumor response to treatment [152].

A sub-analysis of this data suggested that patients with wild-
type KRAS and phosphatidylinositol-4,5-bisphosphate 3-
kinase, catalytic subunit alpha (PIK3CA) improved more
with erlotinib compared to the mutated forms [153].

Another strategy to target this pathway has been using
monoclonal antibodies targeting EGFR, such as cetuximab,
which has been shown to improve CCA in vitro [154]. A
phase 2 study investigated cetuximab with gemcitabine and
oxaliplatin which had promising anti-tumor effects [155].
However, other studies comparing standard treatment with
and without cetuximab did not show any differences in
overall survival [96,156]. Similarly, the trial of
panitumumab, which inhibits EGFR, along with gemcitabine
and oxaliplatin yielded no difference in survival between
groups [157]. A later study confirmed similar results [158].
Another study looked to inhibit both VEGF and EGFR with
bevacizumab and erlotinib, but there were no changes in
overall survival [151]. Alternatively, another study looked at
erlotinib in CCA compared to chemotherapy and found that
there was a significant difference in progression-free survival
in a subgroup analysis of intrahepatic cases [152].

Another mechanism of interest is using chimeric antigen
receptor modified T (CAR-T) cells targeting EGFR. A case
report on a patient with resistant CCA showed a partial
response, though there were toxicities affecting the
epidermis and endothelium [159] (Table 1). A 19-patient
clinical trial was later conducted on patients with EGFR +
CCA and gallbladder carcinomas, which resulted in 10
patients having stable disease and 1 having a complete
response to CAR-T cell therapy [160] (Table 1). Another
CAR-T cell trial was done targeting HER2, another type of
EGFR, similarly revealed encouraging results [161]
(Table 1). Another study investigated poly ADP ribose
polymerase (PARP) therapy in CCA patients with BRCA
mutations. This study indicated an improvement in overall
survival with PARP therapy [162]. More research is needed
to determine a safe and effective method to target EGFRs in
CCA.

Transforming growth factor (TGF)-β
TGF-β is expressed in high levels by HSCs during chronic liver
damage and acts to promote fibrogenesis [163]. HSCs also
promote fibrogenesis by differentiation into myofibroblast-
like cells. These processes ultimately lead to local
immunosuppression and promote tumor formation [164].
TGF-β, along with VEGF and PDGF, can promote
myofibroblast transformation into carcinoma-associated
fibroblasts [165,166]. Moreover, regulatory T cells secrete
TGF-β, which further suppresses cytotoxic T cells locally.
TGF-β overexpression in CCA tumors is associated with
poorer prognosis. Thus, TGF-β and its pathways would
make a good target for CCA therapies. Recent literature
identifies the use of TGF-β blockage may have utility in
second-line targeted systemic therapy, particularly for its
role in modulating cell signaling pathways including
mitogen-activated protein kinase (MAPK)/ERK, AKT/
mTOR, and Erb-B2 Receptor Tyrosine Kinase 2 (ERBB2)
overexpression [167]. There are three ongoing clinical trials
with the identification numbers NCT04708067,
NCT03833661, and NCT04066491.
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Colony-stimulating factor-1
Colony-stimulating factor (CSF-1) is an important regulator
of cell differentiation of macrophages [168]. It has been
implicated in both the promotion and inhibition of tumor
progression [169–171], including in CCA. Tumors with
higher concentrations of CSF-1 and thus macrophages may
have better prognoses [168]. However, other studies have
suggested higher levels of CSF-1 in tumors may lead to a
poorer prognosis [170,172]. Currently, there are no studies
targeting CSF-1 in CCA. However, clinical trial is ongoing
targeting CSF-1 (NCT04301778).

Cancer-Associated Fibroblasts

Cancer-Associated Fibroblasts (CAFs) are a group of cells that
are found in the tumor stroma and thus the
microenvironment. As the most represented cell population
in the tumor microenvironment, CAFs help to build up the
stroma which serves as a key histological marker for
cholangiocarcinoma via desmoplasia [173]. An increase in
CAF concentration is seen as a sign of poor prognosis and
most likely diagnosis of cholangiocarcinoma [174]. CAFs are
unique though in that they are comprised of highly
heterogeneous groups of cells. This includes but is not
limited to hepatic stellate cells, pericytes, adipocytes,
mesenchymal stem cells, and portal fibroblasts. The diversity
of morphology and cell origins is an important reason why
CAFs play a great role in the progression of CCA, but also
why understanding the direct mechanism of CAFs in CCA
progression can be a challenge.

In cancer-promoting functions, CAFs promote
angiogenesis and secreting cytokines, aiding in tumor
growth. This includes the activation of the VEGF, PDGF,
and fibroblast growth factor (FGF) [175]. When originating
from hepatic stellate cells, CAFs increase the pro-apoptotic
sensitivity of these cells and thus further worsen acute liver
injury [176]. The expression of alpha-smooth muscle actin
(α-SMA) and fibroblast activation protein alpha (FAP) are
markers of CAFs [177]. α-SMA plays a significant role in
the connective tissue remodeling of the stroma and has
demonstrated a positive correlation with
cholangiocarcinoma [178]. In addition, FAP is type II
transmembrane cell surface proteinase most always
expressed from mesenchymal stromal cells [179]. Both
markers play a significant role in the regulation of the
extracellular matrix proteins, which is part of the main
scaffolding for the tumor microenvironment of CCA. The
overproduction of FAP and α-SMA results in the
stimulation of angiogenesis and tumor growth, which
coincide with the poor progression of CCA.

In immunosuppressive functions, CAFs are instrumental
in the regulation, recruitment, and maintenance of T
regulatory cells [180]. CAFs have also been shown to
diminish the function of cytotoxic T cells through the
upregulation of IL-1 α/β [181]. Especially in mesenchymal
stromal cells, depleting FAP expression established the role
of chemokine ligand 12 (CXCL12) and alpha-programmed
cell death 1 ligand 1 (α-PD-L1) to assist in tumor
destruction [182].

When targeting CAFs in potential therapies, it becomes
difficult to treat with conventional chemotherapy because
targeting CAFs would necessitate targeting the proliferation
of cells throughout the desmoplastic stroma [12]. Studies
that shown that a possible way to control CAF is through
targeting CAF pathways. When studying navitoclax’s
efficacy in treating CAF, it was found that navitoclax’s
ability to mimic BH3 helped to increase CAF apoptosis,
which thus decreased tumor growth [183]. This finding
supports the conclusion that CAF’s ability to increase
apoptosis is dependent on the binding of BH3-only proteins.
For FGFR and VEGFR inhibitors, nintedanib has been
found to reduce the expression of a-SMA, which in turn
suppressed CAF proliferation [184].

Immunosuppression and Immune Checkpoint inhibitors

Pembrolizumab
Programmed Death Receptor 1 (PD-1) is expressed on a host
of immune cells including activated T and B cells and plays an
essential role in regulating the magnitude of an antigen-
specific immune response whether it’s against an infection
or cancer. Acting as a co-inhibitory receptor, stimulation of
PD-1 via the PD-1/PD-L1/PD-L2 axis negatively affects T
and B cell function which prevents the formation of auto-
immune, anti-tumor and anti-infectious responses [185].
Pembrolizumab is an anti-PD-1 monoclonal antibody
approved by the FDA to treat patients with microsatellite
instability (MSI)-high and mismatch repair deficient
(dMMR) cancers and works to disrupt the PD-1/PD-L1 axis
to enhance immune function against different tumors. In a
randomized double-blind placebo-controlled phase 3 global
trial, 1069 patients diagnosed with Biliary Tract Cancer
(78% were intrahepatic and extrahepatic
cholangiocarcinoma) were randomly assigned to standard-
of-care chemotherapies such as gemcitabine and cisplatin or
standard of care chemotherapies with the addition of
Pembrolizumab [186] (Table 1). When comparing the two
groups, patients in the pembrolizumab group had a 1.8-
month longer median overall survival (12.7 vs. 10.9 months)
and longer 12-month and 24-month overall survival rates
(52% and 44% vs. 25% and 18%). The median duration of
response was also longer in the Pembrolizumab group (9.7
vs. 6.9 months). These results indicate that Pembrolizumab
in combination with systemic chemotherapies provides
benefits that standard-of-care chemotherapy is not able to.
In addition, when looking retrospectively at a group of 51
patients in Korea with Biliary Tract Cancer (82.3%
Cholangiocarcinoma) that were intolerant to stand of care
chemotherapies like gemcitabine and cisplatin, the addition
of Pembrolizumab allowed for 9.8% to achieve partial
response and 25.5% to achieve stable disease with overall
survival of 6.9 months [187] (Table 1). Similarly in a phase-
2 multi-cohort study, 104 patients with Biliary Tract Cancer
intolerant to gemcitabine and cisplatin were given
Pembrolizumab [188] (Table 1). The objective response rate
was 5.8% with 16% of patients achieving a stable disease. In
addition, in a prospective study, 40 patients with PD-L1
Biliary Tract Cancer who progressed past standard-of-care
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chemotherapies like gemcitabine and cisplatin were enrolled
and given pembrolizumab as a second-line or third-line
treatment. The objective response rate was 10% and the
median duration was 6.3 months with a median
progression-free survival of 1.5 months and overall survival
of 4.3 months. These reports showcase that pembrolizumab
can increase positive patient outcomes in patients intolerant
to standard-of-care chemotherapy.

Nivolumab
Similar to Pembrolizumab, Nivolumab is also an anti-PD1
monoclonal antibody used to prevent pathologic immune
suppression by tumor cells [189]. In a multi-center open-
label phase I trial with 2 cohorts of patients, one cohort
received nivolumab monotherapy and another with the
combination of nivolumab with gemcitabine plus cisplatin
chemotherapy [190] (Table 1). 30 patients were enrolled in
each cohort. In the monotherapy cohort, the median overall
survival was 5.2 months, and the median progression-free
survival was 1.4 months with no patients achieving a
complete response and only one achieving a partial
response. In the combined therapy cohort, median overall
survival was 15.4 months and median progression-free
survival was 4.2 months with no patients achieving a
complete response and 37% achieving a partial response. In
the monotherapy cohort, 57% reported any-grade
treatment-related adverse events (AE) with 10% reporting
grade 3–4 AEs. Compared to the combined therapy cohort,
where all patients experienced adverse events and 90%
experienced grade 3–4 adverse events. The most common
adverse events in the monotherapy group were decreased
appetite, malaise, pruritus, and rash with the grade 3–4 AEs
being maculopapular rash and amylase increase. Compared
to the combined therapy cohort, the most common
treatment-related AEs decreased neutrophils, platelets, and
white blood cell count. In addition, in a retrospective study,
30 patients with metastatic biliary tract cancer (BTC) were
voluntarily treated with nivolumab to assess its efficacy and
safety [191]. Median progression-free survival was 3.1
months with one patient achieving complete remission, 5
achieving partial remission, 12 were stable disease and 12
had progressive disease. The Objective Response Rate was
20% and the Disease Control Rate was 60%. Patients who
combined nivolumab with chemotherapy had longer
progression-free survival than those with Nivolumab. The
only adverse events of nivolumab were fatigue, fever,
hypothyroidism, skin reaction, and liver injury. These
studies indicate that a combination therapy with Nivolumab
could be an effective treatment. In addition, in a single-
group multicenter phase 2 study of Nivolumab in 54
patients with metastatic BTC and intolerant to standard-of-
care chemotherapy, 46 patients were examined for tumor
response where 22% had a partial response, and 37%
achieved stable disease [192] (Table 1). Objective response
rate was observed in 8 of the 33 cholangiocarcinoma
patients and the median time to respond was 4.6 months.
Durable objective response lasted at least one year in 4 of
the 10 years. This indicates that Nivolumab could be a
useful treatment for patients resistant to standard-of-care
chemotherapies. However, in an open-label, single-arm,

phase II trial where a standard of care chemotherapy and
nivolumab combination therapy was administered to 32
patients [193] (Table 1) with Cohort A resistant to
standard-of-care chemotherapy (7 patients) and Cohort B
was chemotherapy naïve (25 patients). All 32 patients
experienced at least one treatment-related adverse event
with the most frequent being nausea, neutropenia, fatigue,
thrombocytopenia, and anemia. The incidence of grade 3 or
higher thrombocytopenia was much higher in this study
than in other studies with just chemotherapy. 15 patients
among the 27 response-evaluable patients in both cohorts
achieved a confirmed objective response which included 4
complete responses and 10 partial responses. Disease control
was achieved in 25 patients including 10 patients who had
stable disease. Median progression-free survival in the study
was 6.1 months and the proportion of patients that were
progression-free at 6 months and 12 months were 51.9%
and 18.5%, respectively. No statistical difference between
both cohorts. Median overall survival was 8.5 months and
the 12-month overall survival (OS) rate, and 18-month OS
rate were 3.3% and 24.7% respectively with no statistical
difference among the 2 cohorts. These results could indicate
that Nivolumab may not provide any additional benefit to
patients resistant to stand-of-care chemotherapies.

Anti-cytotoxic T-lymphocyte associated protein 4 (CTLA-4)
and anti-programmed death ligand 1 (PD-L1) antibodies
Ipilimumab is a CTLA-4 monoclonal antibody. Similarly, to
PD-1, CTLA-4 is a co-inhibitory receptor on many T and B
cells which gets upregulated during T-cell activation and
competes with CD28 for CD80 and CD86 binding from
antigen presenting cells (APCs) which prevents further T
cell activation [194]. Commonly in cholangiocarcinoma,
Ipilimumab is administered with a PD-1 antibody
immunotherapy. In a subgroup analysis of a phase 2
nonrandomized clinical trial of 39 patients with advanced
BTC who received a combination immunotherapy of
nivolumab and ipilimumab, the objective response rate was
23% with a disease control rate of 44% [195] (Table 1). All
responders received prior chemotherapy, and none had an
unstable MSI status. Median progression-free survival was
2.9 months and overall survival was 5.7 months. Immune-
related toxic events were reported in 49% of patients with
15% experiencing grade 3 or 4 events. This could indicate
that a dual immuno-therapy with chemotherapy could be
beneficial for patients with cholangiocarcinoma, but a study
is necessary to see if it would be more beneficial than a
single immuno-therapy with chemotherapy combination
therapy. In addition, in a phase 2 trial for patients with
advanced BTC, 35 patients in Arm A received systemic
chemotherapy plus nivolumab while 33 patients in Arm B
received nivolumab plus ipilimumab [196]. 6-month
progression-free survival rates were 59.4% in Arm A and
21.2% in Arm B. Median progression-free survival (PFS)
and overall survival were 6.6 and 10.6 months in Arm A
and 3.9 and 8.2 months in Arm B. The most common
hematologic adverse event was neutropenia in 34.3% in Arm
A and nonhematologic adverse event was fatigue (8.6%) in
Arm A and transaminases (9.1%) in Arm B. This study
indicates that combination therapy between chemotherapy
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TABLE 1

Immunosuppression and immune checkpoint inhibitors can provide antitumor activity in patients

Aim of the study Type of the study Study outcomes

Pembrolizumab

Testing if adding Pembrolizumab to
gemcitabine and cisplatin improves
outcomes in Biliary Tract Cancer [186]

Phase 3, randomized, double-blind trial at
175 global centers with 1069 patients split
1:1 between pembrolizumab and placebo,
both with standard chemotherapy.

Median overall survival: 12.7 months with
pembrolizumab vs. 10.9 months with placebo;
12-month OS: 52% vs. 44%; 24-month OS: 25%
vs. 18%; median response duration: 9.7 vs. 6.9
months; 18% of pembrolizumab responders alive
without progression at 24 months.

Retrospective study of 51 patients with PD-
L1 positive gemcitabine/cisplatin-
refractory BTC treated with
Pembrolizumab in four tertiary hospitals in
Korea [187]

51 patients with a median age of 66% and
56.9% were male with confirmed locally
advanced or metastatic BTC with
intolerance to gemcitabine/cisplatin
chemotherapy.

Of the 51 patients enrolled, 9.8% achieved a
partial response and 25.5% achieved stable
disease. The median progression free survival
was 2.1 months and overall survival was 6.9
months. Fatigue was the most common
treatment-related adverse effect. 7.8% of patients
experienced grade 3 and grade 4 adverse effects.

Phase 2 multicohort KEYNOTE-158 study
evaluated the activity of pembrolizumab in
patients with advanced BTC [188]

104 patients with BTC with a median age of
63 years were enrolled.

Objective response rate: 5.8%; 17 patients with
stable disease. 55% had treatment-related
adverse effects (fatigue, rash, pruritus); 13% had
grade 3–5 effects, 16% had immune-mediated
effects. Pembrolizumab showed antitumor
response with manageable toxicity.

A prospective cohort study to assess the
effects of pembrolizumab in PD-L1-
positive BTC patients who progressed past
standard of care gemcitabine plus cisplatin
[197]

40 patients were enrolled and
pembrolizumab was given as either
second-line or third-line treatment.

The objective response rate was 10% by
Response Evaluation Criteria in Solid Tumor
(RECIST) and 12.5% by imRECIST and the
median duration of response was 6.3 months.

Case report showcasing the use of
Pembrolizumab on advanced
cholangiocarcinoma [198]

A 50-year man with epigastric and back
pain was diagnosed with an unresectable
tumor causing a portal vein tumor
thrombosis.

After high carcinoembryonic antigen (CEA)
levels post-chemotherapy and radiotherapy,
pembrolizumab normalized CEA in 3 cycles,
leading to 79% tumor reduction in 14 cycles.
Grade 2 hyperthyroidism occurred as a side
effect.

Case-report [199] 24-yr-old woman diagnosed with
extrahepatic cholangiocarcinoma.

After oxaliplatin, 5-FU, and panitumumab
failed, MSI-high tumor responded to
pembrolizumab (2 mg/kg q21 days), showing
reduced hepatic tumor burden and stable disease
after 13 months.

Nivolumab

Evaluate the anticancer activity of
nivolumab in patients with advanced
unmanageable BTC [192]

Single-group phase 2 study of Nivolumab
in 54 patients with disease progression
despite systemic therapy, analyzed by
intention-to-treat.

Among 46 evaluable patients, 22% had partial
responses, 37% had stable disease, and the
disease control rate was 59%. Objective response
in 8 of 33 cholangiocarcinoma patients, with a
median response time of 4.6 months; 4 of 10
responders had durable responses lasting at least
one year.

Retrospectively reviewed the efficacy and
safety of nivolumab for metastatic BTC
[200]

40 patients with metastatic BTC were
voluntarily treated with the administration
of nivolumab at 3 mg/kg every 2 or 3
weeks.

Median progression-free survival: 3.1 months; 1
complete remission, 5 partial remission, 12
stable disease, 12 progressive disease. Objective
response rate: 20%; disease control rate: 60%.
Nivolumab combined with chemotherapy had
longer PFS than nivolumab alone. Adverse
events included fatigue, fever, hypothyroidism,
skin reactions, and liver injury.

(Continued)
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Table 1 (continued)

Aim of the study Type of the study Study outcomes

Aim to assess the safety and tolerability of
nivolumab as a monotherapy or combined
with chemotherapy in Japanese patients
with BTC [190]

The multi-center open-label phase I trial
with 2 cohorts of patients. One cohort with
nivolumab monotherapy and another with
a combination of nivolumab with
gemcitabine plus cisplatin chemotherapy.
30 patients were enrolled in each cohort.

Monotherapy:
. Median OS: 5.2 months
. Median PFS: 1.4 months
. No complete response; 1 partial response
. 57% had any-grade AEs; 10% had grade 3–4
AEs (rash, amylase increase) Combined
Therapy:

. Median OS: 15.4 months

. Median PFS: 4.2 months

. No complete response; 37% partial response

. 100% had AEs; 90% had grade 3–4 AEs.

Aimed to determine the efficacy, safety,
and predictive biomarkers of nivolumab in
combination with chemotherapy in
advanced BTCs [193]

Open-label, single-arm phase II trial with
32 patients receiving standard
chemotherapy + nivolumab, divided into
cohort A (7 resistant to chemotherapy) and
cohort B (25 chemotherapy naïve).

. All 32 patients had treatment-related AEs;
most common: nausea, neutropenia, fatigue,
thrombocytopenia, anemia.

. No significant differences between cohorts.

anti-CTLA-4 abs and anti-PD-1L abs

Evaluating combined immunotherapy with
nivolumab and ipilimumab in patients
with advanced biliary tract cancers [195]

Subgroup analysis of a phase 2 trial with 39
advanced BTC patients receiving
nivolumab and ipilimumab combination
therapy.

. Objective response rate: 23%.

. Disease control rate: 44%.

Observe the effects of the addition of
nivolumab to systemic chemotherapy vs.
ipilimumab [196]

Phase 2 trial: 35 patients in Arm A received
systemic chemotherapy + nivolumab; 33
patients in Arm B received nivolumab +
ipilimumab.

. 6-month PFS: 59.4% (Arm A), 21.2% (Arm B).

. Median PFS: 6.6 months (Arm A), 3.9 months
(Arm B).

. Median OS: 10.6 months (Arm A), 8.2 months
(Arm B).

. Most common AEs: Neutropenia (34.3%, Arm
A), fatigue (8.6%, Arm A), transaminases
(9.1%, Arm B).

CART-EGFR and CART-HER-2

Case study looking at a cocktail treatment
with EGFR-specific and CD133-specific
modified T cells [159]

A 52-year-old female with a history of
cholecystectomy and partial hepatic left
lobe resection was diagnosed with
advanced unresectable perihilar CCA and
enrolled in a CART-EGFR trial after
radiotherapy.

Achieved partial response with over 80%
shrinkage of hepatic hilar lesions after 6 weeks;
maintained for 8.5 months. Developed severe
symptoms (vomiting, abdominal pain, reflux)
and 90% of tumor cells expressed CD133.
Switched to CD133-specific CART cells with
PD-1 therapy. Adverse effects from CART-
EGFR included chills, fatigue, fever, vomiting,
muscle soreness, and worsening pruritic rashes.

Assess the safety and activity of CART-
EGFR cell therapy in EGFR-positive
advanced BTC [160]

19 Patients with EGFR-positive advanced
unresectable, relapsed/metastatic BTCs
were enrolled and infused with CART-
EGFR cells.

3 patients suffered grade >3 acute fever and chills
and grade ½ target-mediated toxicities. Of the 17
evaluable patients, 1 achieved complete
remission and 10 had achieved stable disease.
Median progression-free survival was 4 months.

Phase I study of chimeric antigen receptor-
modified T cells in treating HER2-positive
advanced biliary tract cancers and
pancreatic cancers [161]

11 patients with advanced BTCs were
enrolled in the trial and given the CART-
HER2 cell therapy.

The most common adverse event associated with
CART-HER2 cell therapy was acute febrile
syndrome. Also, 2 patients got pruritus and
upper gastrointestinal hemorrhage but resolved
when therapy was completed. 1 obtained a
partial response and 5 stable diseases. Median
PFS was 4.8 months.
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and immunotherapy is more effective than dual monotherapy
treatment without chemotherapy.

CAR-T/EGFR & CAR-T/HER-2
Chimeric antigen receptor-modified T (CAR-T) cells are
genetically modified T Cells that are engineered to target
specific surface markers on target cells like tumor cells
without the need for major histocompatibility complex
(MHC)-I presentation by the said tumor cell. One such
marker is EGFR, a receptor tyrosine kinase, which is
commonly expressed in BTCs and nearly all intrahepatic
cholangiocarcinoma and 50% of extrahepatic
cholangiocarcinoma [160]. 19 Patients with EGFR-positive
advanced unresectable, relapsed/metastatic BTCs were
enrolled and infused with CAR-T/EGFR cells. 3 patients
suffered grade >3 acute fever and chills and grade ½ target-
mediated toxicities [160]. Of the 17 evaluable patients, 1
achieved complete remission and 10 had achieved stable
disease. Median progression-free survival was 4 months.
These results indicate that CAR T-cells could be another
potential benefit to patients resistant to chemotherapies
when the tumor is expressing the target marker. In a case
study, a 52-year-old female with a history of
cholecystectomy and partial resection of the hepatic left lobe
followed by a diagnosis with advanced unresectable perihilar
CCA, following radiotherapy, the patient was enrolled in
CAR-T/EGFR trial [159]. She achieved a partial response in
her first assessment 6 weeks later and illustrated more than
80% shrinkage of metastatic lesions in the hepatic hilar
region. Partial response status was maintained for
8.5 months until she developed frequent unmanageable,
vomiting, upper abdominal dull pain, and gastric acid
reflux. After, 90% of tumor cells began to express CD133
protein, and the patient was switched to CD133-specific
CAR-T cells with PD-1 immunotherapy. Direct adverse
effects from CAR-T/EGFR were chills, fatigue, fever,
vomiting, and muscle soreness. In addition, gradually
worsening scattered tiny rashes appeared and became
apparent and pruritic. This case study indicates that CAR-T
cells are an effective treatment in chemotherapy-resistant
patients and that combination with immunotherapy could
enhance immune function against the tumor. In another
study, 11 patients with advanced BTCs were enrolled in a
trial and given CAR-T/HER2 cell therapy [161] (Table 1).
The most common adverse event associated with CART-
HER2 cell therapy was acute febrile syndrome. Also, 2
patients got pruritus and upper gastrointestinal hemorrhage
but resolved when therapy was completed. 1 obtained
partial response and 5 achieved stable disease. The median
PFS was 4.8 months. These results indicate that a CAR T-
Cell against HER2 could potentially benefit patients.

Conclusion

Recent research has shed light on the tumor
microenvironment, offering new possibilities for targeted
therapies. Promising approaches include cell-based vaccines,
targeting specific cells like tumor-associated neutrophils and
hepatic stellate cells. Cancer-associated fibroblasts are also
involved in disease progression. Selective therapies aimed at

the tumor microenvironment have shown the potential to
induce tumor cell death and slow cancer growth.
Immunosuppressive therapies and immune checkpoint
inhibitors are showing promise, especially for patients who
can’t tolerate chemotherapy, offering hope for improved
outcomes. Given the significant role that cancer stem cells
play in cholangiocarcinoma progression and resistance,
targeting these cells alongside their microenvironmental
niches presents a promising direction for future therapeutic
strategies [201–203]. Future research should focus on
refining and optimizing the efficacy of vaccines like MUC1
and WT1, particularly by exploring their use in combination
with other immunotherapeutic strategies such as immune
checkpoint inhibitors. Additionally, further investigation
into the role of the tumor microenvironment, including
tumor-associated neutrophils and cancer-associated
fibroblasts, could lead to the development of more precise
and effective targeted therapies that not only enhance
immune response but also disrupt the supportive networks
that tumors rely on for growth and survival [204]. While
more research is necessary, the tumor microenvironment
remains a new and exciting realm of research that may be of
benefit to patients suffering from cholangiocarcinoma.
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