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Biliary tract cancers (BTCs), including cholangiocarcinoma (CCA) and gallbladder cancer
(GC), are malignancies originating from the biliary tract with poor prognosis. In the early
stage of BTCs, surgery is the only choice for cure. Unfortunately, most patients with BTC
are diagnosed at an advanced stage and lose the opportunity for surgery. For many
advanced solid tumors, antiangiogenic therapy has achieved encouraging results. While
most clinical studies on antiangiogenic therapy in advanced BTCs have shown an
excellent disease control rate (DCR), the improvement in overall survival (OS) is
controversial. Understanding how the relevant signaling molecules influence the
angiogenic response and the functional interaction is necessary for the formulation of
new treatment regimens and the selection of enrolled patients. In this review, we aim to
summarize and discuss the latest advances in antiangeogenesis for BTCs, mainly
focusing on the molecular mechanism of angiogenesis in BTCs and the therapeutic
effects from clinical trials. Furthermore, the horizon of antiangiogenesis for BTCs
is highlighted.

Keywords: angiogenesis, gallbladder carcinoma, biliary tract cancers, cholangiocarcinoma, targeted therapy,
mechanism, antiangiogenic therapy
INTRODUCTION

Biliary tract cancers (BTCs) are a diverse group of malignancies originating in the biliary epithelium
(1). According to their anatomical site of origin, BTCs are divided into cholangiocarcinoma (CCA)
and gallbladder cancer (GC). CCAs are further classified as intrahepatic CCA (iCCA), perihilar
CCA (pCCA), and distal CCA (dCCA) (2). PCCA and dCAA are also collectively called eCCA.
BTCs account for only 3% of all gastrointestinal cancers, and the incidence of BTCs has increased
over the past few decades (3). At present, surgical resection is still the only radical cure for BTCs (4).
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However, because the symptoms of BTCs in the early stage are
atypical, most cases are diagnosed at an advanced stage of disease
and therefore lose the opportunity for radical surgical treatment.
For patients with advanced unresectable or metastatic BTCs,
systemic therapy might be the only beneficial treatment option
(5). Unfortunately, due to the insensitivity to systemic therapies
such as chemotherapy, the outcome of advanced and metastatic
BTCs is unsatisfactory, with a 5-year survival rate of
approximately 10%. Therefore, new therapies for BTC are
urgently needed to improve the OS rate (6). In the era of
precise treatment, antiangiogenic drugs are a main component
of targeted therapy. However, the application of antiangiogenic
therapy in BTC lacks consensus, and the criteria to select
appropriate patients for antiangiogenic therapy have not been
studied (7).

Metastasis is the main cause of individual death during tumor
progression. There is sufficient evidence that tumor neovascularization
is the pathological basis and necessary condition for the growth and
metastasis of solid tumors (8). Tumor ischemia, on the one hand,
affects the nutritional supply of the tumor, but on the other hand, it also
impedes drug accessibility to the tumor and even promotes the
selection of more aggressive tumor cells. Some scholars believe that
promoting the normalization of tumor blood vessels will be an effective
treatment (7).

Tumor-associated angiogenesis is active, and microvascular
density is increased in BTCs, which contributes to the low cure and
high recurrence rates after surgical resection. Microvessel density
(MVD) is an indicator of tumor-driven neovascularization. MVD is
significantly associated with survival and prognosis in GC, iCCA and
extrahepatic cholangiocarcinoma (eCCA) (9–11). Studies confirmed
that higher MVD was associated with advanced tumor stage and
lower tumor resection rate and that MVD was an independent
prognostic factor in a multivariate analysis. The 5-year survival rate
of the high MVD group (2.2%) was significantly lower than that of
the lowMVD group (42.1%) (11), which suggested that the prognosis
of BTCs is closely related to tumor angiogenesis. Although some
antiangiogenic drugs have been approved for clinical trials in BTCs,
the results are unsatisfactory. At present, the mechanism of tumor
angiogenesis in BTCs is not clear, and the relevant targeted therapy
needs to be further studied (12). This review summarizes the current
Abbreviations: BTCs, Biliary tract cancers; CCA, Cholangiocarcinoma; iCCA,
intrahepatic cholangiocarcinoma; pCCA, perihilar cholangiocarcinoma; dCCA,
distal cholangiocarcinoma; eCCA, extrahepatic cholangiocarcinoma; GC,
gallbladder cancer; DCR, disease control rate; OS, overall survival; PFS, progress
free survival; mPFS, median progression-free survival; mTTP, median time to
progression; mOS, median overall survival; ORR, objective response rate; MVD,
microvessel density; ROS, reactive oxygen species; VEGF, Vascular Endothelial
Growth Factor; VEGFR, Vascular Endothelial Growth Factor Receptor; RTK,
tyrosine kinases; MMPs, matrix metalloproteinases; TGFb1, Transforming
Growth Factor Beta 1; TNF-a, Tumor necrosis factor-a; PDGF, The platelet-
derived growth factor family; PDGFR-b, platelet-derived growth factor; Ang1,
Angiogenin-1; Ang2, Angiogenin-2; bFGF, basic fibroblast growth factor; HPC,
hepatic stem/progenitor cells; PBC, primary biliary cirrhosis; Tems, TIE-2-expend
monocytes; VM, Vasculogenic mimicry; RTKs, receptor tyrosine kinase; aCECs,
activated circulating vascular epithelial cells; RECIST, Response Evaluation
Criteria in Solid Tumours; BF, bloodflow; BV, blood volume; GEM,
Gemcitabine; GC, Gemcitabine + Cisplatin; GemCap, Gemcitabine +
Capecitabine; GEMOX, Gemcitabine + Oxaliplatin; GEMOX-B, Gemcitabine +
Oxaliplatin + Bevacizumab; L-OHPL, Oxaliplatin; Cape, Capecitabine.
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consensus on tumor angiogenesis, with a focus on angiogenesis as the
driving force in BTC development, and the status of the research and
application of antiangiogenic therapy in BTCs.
TUMOR ANGIOGENESIS AND TUMOR
VASCULAR NORMALIZATION

Tumor blood vessels are characterized by structural disorder,
incomplete wall structure and high permeability, which can lead
to local hypoperfusion of the tumor (13). Thus, it is difficult for
either oxygen or drugs transported through blood vessels to enter
the tumor parenchyma, which will greatly reduce the effectiveness
of radiotherapy, chemotherapy and immunotherapy (14–16). The
ionizing radiation of radiotherapy can locally produce reactive
oxygen species (ROS) in the presence of oxygen. ROS can damage
DNA and directly result in the death of tumor cells (17). However,
the low-oxygen tumor microenvironment weakens the effect of
this treatment. Systemic chemotherapy drugs need to attach to the
local tumor area through the blood circulation system. A low
perfusion state and increased interstitial pressure prevent drugs
from attaching to the tumor area or reduce the amount of drugs
entering the tumor parenchyma, thereby affecting the efficacy of
chemotherapy. For the tumor itself, the lack of effective blood
perfusion leads to a hypoxic tumor microenvironment (18).
Hypoxia can activates the HIF (Hypoxia-inducible factor)
signaling pathway, which promotes tumor cells to overexpress
VEGF to induce tumor angiogenesis (19); In addition, tumor cells
with more aggressive and metastatic ability will be screened out
because of the harsh tumor microenvironment (20). The RhoA-
ROCK1 signaling can be activated by HIF to enhance cell motility
(21). Hypoxia increases hypermethylation of tumor suppressor
gene, which makes epigenetic aberration and then promotes
tumor growth and metastasis (22). Furthermore, hypoxia
inhibits tumor immunity by inhibiting cytotoxic T cell activity,
promoting local tumor recruitment of Treg cells, and inhibiting
the synthesis of pro-inflammatory cytokines. These effects involve
a series of factors including cAMP, HIF, COX2, SDF1, IL-10, etc.
(23–26).

In the past, antiangiogenic therapy was thought to work by
blocking the pathway of tumor angiogenesis and cutting off the
nutrient supply to the tumor. However, with clinical research in
recent years, it has been found that the effect of antiangiogenic
therapy is limited, and some patients are more prone to tumor
metastasis after antiangiogenic therapy (27). This is because
antiangiogenic drugs severely degenerate tumor blood vessels,
while blocking the nutritional supply of tumor, the supply of
drugs and oxygen also been hindered. Such conditions can help
tumor tissue resist the effects of radiotherapy and chemotherapy,
and further deepen the hypoxia condition of tumor
microenvironment (28). As mentioned above, hypoxia
increases tumor malignant phenotype and inhibits tumor
immunity, which is obviously not conducive to tumor therapy.
Until the theory of tumor vascular normalization was proposed
in 2005 (13), the purpose of antiangiogenic therapy has not
changed from degrading tumor blood vessels to promoting the
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maturation of tumor blood vessels, thereby improving local
blood perfusion and material transportation in the tumor
microenvironment. This notion partly addresses the limitations
of antiangiogenic therapy and provides a theoretical basis for
antiangiogenic therapy combined with chemotherapy or targeted
therapy. After antiangiogenic treatment, there will be a specific
time window. At this time, the tumor blood vessels will be
temporarily and reversibly normalized, and drugs are easier to
enter the tumor microenvironment (29).

Inhibition of tumor angiogenesis and induction of tumor
vascular normalization are of great significance in the treatment
of tumors (30). Unfortunately, the existing antiangiogenic
therapies have not shown promising therapeutic effects,
especially in the field of BTCs. Existing studies have shown
that anti-VEGF therapy not only inhibits tumor angiogenesis,
but also promotes normalization of tumor blood vessels (31).
There are also reports showing that treatments targeting VEGF
can increase the invasion and metastatic phenotype of tumors
(32). These contradictory results are believed to be related to the
complex regulatory network of tumor angiogenesis. Vascular
endothelial protein tyrosine phosphatase (VE-PTP) inhibitors
can mature tumor vessels by activating Tie-2 (33).
Overexpression of proteins such as R-RAS and HRG which
contribute to vascular maturation can normalize abnormal
tumor vessels (34, 35). These findings provide new targets for
tumor vascular normalization. In addition to the drug itself, the
dose and duration of drugs are crucial for abnormal tumor
vascular development to different outcomes, tumor vascular
normalization and tumor vascular degeneration. While
methods to assess the time window of tumor vessel
normalization are still scarce, and the control of drug dose and
time is not ideal (36). Furthermore, the mechanism of
angiogenesis is ambiguous in tumors, and there are no
therapeutic targets that can bypass normal blood vessels.
Therefore, further research is needed to clarify the mechanism
and explore more effective targets and treatment strategies (7).
Frontiers in Oncology | www.frontiersin.org 3
FACTORS AND MECHANISMS THAT
REGULATE ANGIOGENESIS IN BTCs

The growth of solid tumors is accompanied by tumor
angiogenesis, and it is reasonable that anti-angiogenic therapy
should be an important part of anti-tumor therapy. However,
therapeutic regimens targeting VEGF/VEGFR have consistently
failed to provide encouraging results (37). The main reasons is
that there are many ways to promote angiogenesis (Figure 1).
VEGF-dependent or VEGF-independent neovascularization and
angiogenesis mimicry can all provide blood vessels for tumor
tissues. Inhibition of one pathway leads to compensatory
activation of other pathways. Besides, classical proangiogenic
pathways, such as the VEGF/VEGFR pathway, also play a role in
normal tissue. That makes treatment easier to be interrupted by
on-target off-tumor toxicities (38). Therefore, it is critical to find
tumor-specific antiangiogenic targets and the common pathways
in different angiogenesis mechanisms. Understanding the pro-
and anti-angiogenesis factors as well as their interaction and
molecular mechanisms is essential for the development of
durable and effective anti-angiogenesis drugs (39). In the
following content, we will describe the role of pro-angiogenic
and anti-angiogenic factors in BTCs, especially their
regulatory mechanism.
VEGF/VEGFR SIGNALING PATHWAY

VEGF is a growth factor with the strongest angiogenic activity.
The VEGF growth factor family includes VEGF-A, -B, -C, -D, -E,
-F and placental growth factor (40). Among these types of VEGF,
VEGF-A is generally believed to play the most obvious role in
promoting angiogenesis. During mouse embryonic development,
VEGF or VEGF receptor (VEGFR) gene deletion leads to
embryonic death due to angiogenesis disorder. Additionally,
VEGF plays an important role in tumor angiogenesis. VEGF is
FIGURE 1 | Angiogenesis signaling pathways. The figure shows the main downstream pathways of receptors associated with angiogenesis. The main phenotypes
affected by each pathway are indicated by arrows.
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overexpressed in many epithelial tumor cells. A large number of
studies have reported that the level of VEGF in peripheral blood
is directly related to tumor prognosis (41).

VEGF mainly acts through the corresponding receptors Flt-1
and KDR, also known as VEGFR-1 and VEGFR-2 (42). Both Flt-
1 and KDR are receptors for tyrosine kinase receptors (RTKs).
The binding of VEGF and KDR activates the MAPK signaling
pathway and promotes endothelial cell proliferation and
angiogenesis. The function of Flt-1 is more complicated. In
addition to promoting angiogenesis, the combination of VEGF
can also activate matrix metalloproteinases (MMPs). The
increased expression of VEGF in tumor tissues is related to
hypoxia-inducible factors, which can promote the expression of
VEGF. The traditional concept states that VEGFR is specifically
expressed in endothelial cells. However, an increasing number of
recent studies have shown that tumor cells can also express
VEGFR. VEGF secreted by tumor cells can promote angiogenesis
and tumor cell proliferation through paracrine (acting on
endothelial cells VEGFR) and autocrine (acting on the VEGFR
of tumor cells) pathways.

Some researchers examined VEGF expression in four CCA cell
lines and their culture supernatants. The results show that CCA cells
can express and secrete VEGF (43). VEGF can be detected in bile
and can be used as a diagnostic and predictive biomarker for
different biliary diseases (44). Studies have shown that the positive
expression rates of VEGF in clinical samples of iCCA, eCCA and
GC are 53.8%, 59.2% and 56.3% (45–47). The overexpression of
VEGF is related to the intrahepatic metastasis of iCCA (P=0.0224),
while there was no significant correlation between VEGF and the
clinical features of eCCA in this study (46). Other studies have
shown that the expression of VEGF-A tends to increase in
hypervascularized eCCA, but it did not reach statistical
significance (P=0.08) (48). Further studies on eCCA have shown
Frontiers in Oncology | www.frontiersin.org 4
that, compared with pCCA, the positive expression rate of VEGF-A
in dCCA is higher (69% vs. 25%, P <0.0001), and it is related to an
increase in microvessel density (49). When VEGF was neutralized
by adding 10 mg/mL anti-VEGF antibody to the medium, vascular
endothelial cells decreased to 63.8% of the control group (P <0.02)
(43). Any factor that destroys the expression of VEGF or VEGFR
may affect the angiogenesis of BTCs. The following factors,
hormones or drugs that may affect the VEGF signaling pathway
were identified in the study of BTCs (Figure 2). TGF-b1 is
expressed in tumor cells or surrounding mesenchymal cells, and
immunostaining shows that its receptors TbR-I and TbR-II are
strongly positively expressed in tumor cells. Studies have shown that
TGFb1 can promote the expression of VEGF in tumor cells through
autocrine or paracrine modes and then affect tumor angiogenesis
(50). S100A8 is highly expressed in CCA cells and increases the
secretion of VEGF by activating the Toll-like receptor 4 (TLR4)/NF-
kB pathway, thereby inducing the migration of vascular endothelial
cells (51). Studies also show that COX-2 is related to angiogenesis.
COX-2 is highly expressed in CCA tissues, especially advanced CCA
(52). COX-2 inhibitors have been approved for adjuvant treatment
of CCA, but in vitro experiments show that they have no inhibitory
effect on the growth of tumor cells. COX-2 inhibitors can inhibit the
expression and secretion of VEGF-C, thereby affecting the invasion
of cholangiocarcinoma (52). MiR-101 can also inhibit COX-2 or
directly target the 3’ untranslated region of VEGF mRNA to inhibit
VEGF transcription (53). AKirin2 is overexpressed in CCA and
promotes VEGF-A expression by activating the IL-6/STAT3
signaling pathway. This process can be inhibited by miR-490-3p
(54). The highly conserved cell surface protein B7-H3 is reported to
correlate with pathological rather than physiological angiogenesis
and is regarded as an attractive target for the selective destruction of
tumor vasculature (55). Estrogen can significantly increase the
expression and secretion of VEGF-A in CCA cells. This effect is
FIGURE 2 | Molecules and mechanisms regulating the expression of VEGF in BTCs (Created in BioRender.com). The figure mainly shows the factors have been
reported to affect the expression of VEGF in BTCs. These factors are overexpressed in tumor cells and their downstream signaling pathways of affecting VEGF have
been described by researchers.
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partially inhibited by estrogen receptor antagonists and completely
blocked when used in combination with IGF1-R blocking
antibodies (56). Tumor necrosis factor-a (TNF-a) can promote
or inhibit endothelial cell growth and angiogenesis, depending on
the cell condition. Treatment with lupeol or stigmasterol
significantly reduced the secretion of TNF-a in umbilical vein
endothelial cells, and then, the transcription level of VEGFR-2
decreased, which interfered with tumor angiogenesis by inhibiting
VEGF signaling (57). HMGB1 induces angiogenesis by promoting
the expression of VEGFR-2 in vascular endothelial cells (58).
Histamine can increase the expression of VEGF-A/-C. Histamine
stimulation has an effect on the angiogenesis observed in the tumor
microenvironment. This effect can be inhibited by the HDC
inhibitor a-methyl-DL-histidine dihydrochloride or the H1HR
antagonist terfenadine (59). In addition, a drug, phenformin, can
increase the expression and secretion of VEGF (60).

VEGF also has a close relationship with precancerous lesions.
There are stem cells called hepatic stem/progenitor cells (HPCs)
around the biliary tree. In primary biliary cirrhosis (PBC), a
precancerous lesion of CCA, HPC is activated, and VEGF-A and
VEGF-C are highly expressed (61). Higher angiogenesis can be
observed in PBC samples. These studies indicate that the VEGF/
VEGFR signaling pathway and angiogenesis may play an
important role in the occurrence and development of BTCs.
PDGF/PDGFR SIGNALING PATHWAY

The platelet-derived growth factor family (PDGF) regulates
angiogenesis in tumors, and four family members have been
identified, including PDGF-A, B, C, and D (62). PDGF can be
synthesized and secreted by platelets, smooth muscle cells,
vascular endothelial cells, pericytes and tumor cells. As a
growth factor, PDGF combines with its receptor PDGFR to
promote the growth of pericytes, vascular endothelial cells,
fibroblasts, vascular smooth muscle cells and tumor cells by
activating the Erk1/2 signalling pathway (63). PDGF promotes
tumor cells migration by activating the p38/MAPK signalling
pathway and overexpressing the MMPs. PDGF can also promote
the directional migration and vascular envelopment of pericytes,
thereby regulating the maturation and stability of tumor blood
vessels. PDGF has been found to be highly expressed in a variety
of solid tumors and as a predictor of poor prognosis. In biliary
tumors, PDGF has been shown to be highly expressed and
associated with poor prognosis (64, 65). Excessive activation of
platelets has been found in CCA, which may be the source of
PDGF in CCA (65). TCF-21 has been identified as a tumor
suppressor gene in a variety of tumors, including CCA. When
TCF-21 is overexpressed in CCA cells, it can inhibit the
expression of PDGF (66).
ANG-TIE-2 SIGNALING PATHWAY

Another important group of angiogenesis regulators is the
angiopoietin family, including Ang1 and Ang2, which act through
Frontiers in Oncology | www.frontiersin.org 5
their receptor Tie-2. In recent years, this family of proteins has
received increasing attention (67). When VEGF-mediated
angiogenesis is blocked, the upregulation of Ang expression has
been shown to be part of the angiogenesis rescue response, leading
to accelerated tumor metastasis. Ang1 and Ang2 have opposite
effects. Ang1 is the agonist ligand TiE-2 (68), which activates
downstream pathways after phosphorylation of the receptor,
protects blood vessels, maintains endothelial cell survival, and
inhibits inflammation and vascular leakage. Ang1 can be
expressed in a variety of cells, such as pericytes, smooth muscle
cells and fibroblasts. Ang2, which is mainly expressed in vascular
endothelial cells, has the opposite effect as Ang1. Ang2 is an
inhibitory ligand of TiE-2 that can block Ang1-induced TiE-2
activation. Ang2 can also destroy vascular stability and promote
inflammation and leakage (69). Therefore, both Ang1 and Ang2
play important roles in vascular remodeling and angiogenesis (70).

Ang1 has been shown to be highly expressed in a variety of
tumor cells. Tumor-associated endothelial cells express high
levels of Ang2, and the Ang2 concentration in peripheral blood
is thought to be related to the tumor progression of BTCs (71).
The TIE-2 receptor has also been detected in the tumor vascular
endothelium (68). Although reported to promote tumor growth,
Ang1 usually exerts an antitumor effect. In a study of biliary tract
tumors, a team found that the expression of Ang1 in pCCA was
negatively correlated with the metastasis rate, and the presence of
TIE-2-expanded monocytes (Tems) in tumor tissues was
associated with a lower recurrence rate (70). Ang2 expression
was correlated with higher MVD in CCA (P=0.015). When both
Ang2 and VEGF are positive, the MVD of CCA tissue is
significantly increased (45).
bFGF/FGFR SIGNALING PATHWAY

There are 22 members of the FGF family, from FGF-1 to FGF-23,
except for FGF15 (human FGF19 and mouse FGF15 are
homologous) (72). Among them, basic fibroblast growth factor
(bFGF, also called FGF2) can affect vascular endothelial cells and
stimulate angiogenesis. FGF receptor (FGFR) is expressed in
endothelial cells. bFGF has been shown to be overexpressed in
CCA (72, 73). Four CCA cell lines and their culture media were
tested, and it was found that two of them can express and secrete
bFGF, and all of them can express FGFR-1. The addition of anti-
bFGF neutralizing antibody did not affect the proliferation of
CCA cells but reduced the vascular endothelial cells to 58.9% of
the control group (P<0.001). These results indicate that bFGF
can affect the survival of the vascular endothelium in the form of
paracrine signaling (43).
APELIN/APLNR SIGNALING PATHWAY

The apelin/APLNR axis plays important roles in regulating
blood pressure and cardiovascular disease and in regulating
angiogenesis and the endothelial cell response to hypoxia
(74, 75). Studies have shown that high expression of apelin can
October 2021 | Volume 11 | Article 777617
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promote tumor angiogenesis in malignant tumors such as lung
and liver cancers (76, 77). In CCA, researchers found that high
expression levels of apelin and APLNR promote CCA cell
proliferation and angiogenesis. Exogenous apelin stimulation
can significantly increase the expression of angiogenesis factors
(VEGF and Ang). Anti-APLNR reduces not only the expression
of angiogenesis factors (VEGF and Ang) but also the expression
of vimentin, MMP-9 and MMP-3 (78). These results suggest that
the apelin/APLNR axis plays an important role in tumor
angiogenesis. The mechanism regulating the expression of
apelin/APLNR is not clear, but it has been extensively studied
in different tumors. Apelin expression is related to oral squamous
cell carcinoma hypoxia (79), and circulating apelin concentration
is related to C-reactive protein in gastric and esophageal cancers
(80). In prostate cancer, the level of apelin is regulated by
microRNA-224 (81). Further research is needed in CCA.
OTHER FACTORS AND MECHANISM

MMP can degrade the extracellular matrix and promote tumor
angiogenesis. The expression of MMP2/MMP9 is increased in
CCA and associated with poor prognosis. The overexpression of
PDGF can contribute to the overexpression of MMP2/MMP9
(65). The roles of TSP-1 in tumor angiogenesis and tumor
progression are still controversial. The expression of TSP-1 is
associated with a significant decrease in MVD levels in CCA (45),
which suggests that TSP-1 may play a role in inhibiting
angiogenesis in CCA. However, the incidence of intrahepatic
metastasis is higher when TSP-1 is positive (45). In a study of
iCCA, TSP-1 was also positively correlated with lymphatic
invasion (82). LOXL1 is a classic member of the LOX family.
It is overexpressed in iCCA and can be secreted outside the cell.
LOXL1 protein can bind to the exposed RGD domain of FBLN5,
then the complex can bind to Integrin alpha V beta 3 on the
surface of vascular endothelial cells and promotes angiogenesis
via the downstream FAK and MAPK signaling pathways (83). In
addition, angiostatin and endostatin can also inhibit
angiogenesis (84, 85). Recombinant human endostatin
(ENDOSTAR) can act on a variety of cell signaling pathways.
It reduces tumor angiogenesis-related proteins and inhibits
tumor lymphangiogenesis to inhibit angiogenesis. Moreover, it
has been shown to have a good therapeutic effect on nonsmall
cell lung cancer (46). Recent studies have shown that
recombinant human endostatin can bring clinical benefits to
patients with advanced cervical cancer. However, the expression
and role of angiostatin in CCA remain unclear. Integrins belong
to the family of cell adhesion molecules and are involved in
tumor angiogenesis. Multiple subtypes of integrin are highly
expressed in BTCs (86, 87). Integrin as a receptor can promote
endothelial cell migration by activating FAK and MAPK
signaling pathways. Moreover, integrin on the surface of
vascular endothelial cells can bind to a certain structure of the
extracellular matrix to accelerate the migration of endothelial
cells and the formation of tumor blood vessels (88). Cilengitide is
an integrin antagonist that can recognize and interact with
Frontiers in Oncology | www.frontiersin.org 6
integrins. Their interaction induces tumor cell apoptosis and
inhibits tumor angiogenesis (89). Thalidomide can also inhibit
angiogenesis by blocking the secretion of VEGF and basic
fibroblast growth factor (bFGF) (90).

Vasculogenic mimicry (VM) is a form of vessels that is
different from vessels derived from classic tumor angiogenesis
and is independent of the vascular endothelium (91). It is
composed of a cord formed by aggressive and poorly
differentiated tumor cells, through which blood can be seen
(92). The pipeline is connected with the host’s blood vessels so
that the tumor cells can obtain blood supply to meet the needs of
tumor growth, invasion and metastasis (93). VM has been found
in liver cancer, lung cancer, prostate cancer and ovarian cancer,
and it has been proven to correlate with tumor growth,
differentiation and invasion. However, there is still a lack of
research in BTCs.
CLINICAL PROGRESS OF
ANTIANGIOGENIC THERAPY IN BTCs

Anti-angiogenic drugs (Figure 3) are currently divided into three
categories: anti-VEGF monoclonal antibodies such as
bevacizumab; signaling pathway inhibitors, represented by the
small molecule tyrosine kinase inhibitors; and recombinant
human vascular endostatin (94). Bevacizumab monotherapy
has been shown to be less effective. Long-term clinical studies
have shown that bevacizumab monotherapy can prolong
progression-free survival (PFS) but not overall survival (OS),
suggesting that inhibition of the classic VEGF pathway
may activate compensatory pathways that promote tumor
angiogenesis or metastasis, thereby leading to a rebound in
tumor malignancy. Small molecule multitargeted receptor
tyrosine kinase (RTK) inhibitors such as solafinib can
simultaneously suppress multiple signaling pathways (95). This
effect is expected to solve the problems of the abnormal
activation of other signaling pathways in the case of a single
inhibition of VEGF signaling pathways. Although TKI drugs,
including sorafenib, axitinib, and sunitinib, are all multitarget
inhibitors, their effects are mostly the same (96, 97). For example,
the main targets of axitinib are VEGFR-1, VEGFR-2, VEGFR-3,
the role of those are mainly angiogenesis (98). The inhibitory
effect is not obvious on the target of whose roles are mainly
promoting tumor cell survival and proliferation. Besides, these
small molecule tyrosine kinase inhibitors have minimal effect on
the tumor microenvironment. To improve the efficacy, on the
one hand, a combination of drugs can be applied to interfere with
angiogenesis and tumor proliferation simultaneously; on the
other hand, a new generation of antiangiogenic drugs should
cover more targets involved in the tumor growth. Anlotinib, as a
new generation of antiangiogenic drugs, can inhibit tumor
angiogenesis by targeting VEGFR, FGFR and PDGFR,
meanwhile, it can also inhibits tumor growth by targeting c-kit
(99). The significantly prolonged PFS and OS achieved in
anlotinib treated drug-resistant NSCLC patients may be due to
this dual effect (100). Currently, antiangiogenesis-based drug
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strategies for the treatment of malignant tumors include single-drug
therapies with targeted drugs, combinations of chemotherapy and
targeted drugs, combinations of immunotherapy and targeted drugs,
and combined applications of targeted drugs. At present,
antiangiogenic therapy has not been approved for the clinical
treatment of biliary tract tumors, and most of the relevant studies are
in the clinical trial stage. The following will summarize the research
progress of antiangiogenic therapy for biliary tumors (Table 1).
MONOTHERAPY REGIMENS

The single-drug regimens of antiangiogenic therapy mostly use
signaling pathway inhibitors, which can act on multiple targets
simultaneously. Although more targets can increase the efficacy,
the possibility of the corresponding side effects is also increased.
Sunitinib, a multitarget tyrosine kinase inhibitor that targets
PDGFR, VEGFR, KIT, FLT-3 and RET, can inhibit not only
tumor proliferation but also angiogenesis at the same time.
Sunitinib has been shown to be effective in the treatment of
several solid tumors. In a study of advanced biliary tract tumors,
Jun Ho Yi et al. believed that sunitinib monotherapy had a poor
clinical effect. The PFS was only 1.7 months, and the incidence of
grade 3–4 toxicities was high (46.4%) (101). Dreyer C et al.
reported three cases of ICC patients with tumor progression after
receiving first-line chemotherapy and treated them with
sunitinib. Reductions in tumor size and density were observed
in all three cases; one achieved partial remission, and two
achieved stable disease (SD). They concluded that sunitinib
was well tolerated and had manageable side effects. Based on
these encouraging results, they initiated a phase II clinical
study of sunitinib for second-line treatment in patients with
Frontiers in Oncology | www.frontiersin.org 7
advanced intrahepatic cholangiocarcinoma who had received
chemotherapy (102). Fifty-three patients were included in this
study, of whom 15% achieved partial remission, 71% achieved
disease stability, the median PFS (mPFS) was 5.2 months and the
median OS (mOS) was 9.6 months [95% CI: 5.8–13.1] (103).
Thus, sunitinib monotherapy shows promising activity in
advanced intrahepatic cholangiocarcinoma. Sorafenib, a hot
multitarget tyrosine kinase inhibitor that targets VEGFR-2/-3,
PDGFR-B, B-Raf, and C-Raf, achieved a 2% disease remission
rate in the second-line treatment of 46 patients with advanced
cholangiocarcinoma. The median progression-free survival was
2.3 months (range: 0–12 months), and the median overall
survival was 4.4 months (range: 0–22 months) (104). Another
study using sorafenib as a first-line regimen for advanced biliary
tumors showed that the median PFS was 3 months (95% CI: 2–4
months) and the median OS was 9 months (95% CI: 4–12
months) (105). The results of these two clinical trials indicate
that sorafenib did not achieve positive resultes in the treatment of
advanced biliary tumors as a Monotherapy, and the combination
therapy of sorafenib with other drugsit may be a promissing
future direction. Lenvatinib is an inhibitor of VEGFR, FGFR and
PDGFR. A phase II clinical trial was conducted with lenvatinib as
a single agent for advanced biliary tract tumors. An interim
evaluation of 17 patients showed a DCR of 82% (106). Finally, 26
patients were recruited into the study, and the results showed
that the median PFS was 3.19 months (95% CI: 2.79–7.23) and
the median OS was 7.35 months (95% CI: 4.50–11.27).
Therefore, the study authors concluded that lenvatinib showed
promising therapeutic effects in advanced biliary tract tumors
with manageable side effects (107). Regorafenib is a multitarget
inhibitor that targets VEGFR, PDGFR-b, KIT, RET and RAF-1.
For patients with advanced biliary tract tumors who received
failing first-line treatment, the average progression-free survival
FIGURE 3 | Classification and targets of anti-angiogenic drugs (Created in BioRender.com). Every drug in the picture points to its own targets, and the four drug
types are distinguished by four colors.
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TABLE 1 | Anti-angiogenic drugs of BTCs in phase II.

mPFS/mTTP months (95% CI) mOS months ( 95% CI) ORR DCR

　 　 　 　

TC 3.0 (2.0-4.0) 9.0 (4.0-12.0) 0.0% 39.0%
CA 5.2 9.6 (5.8-13.1) 15.0% 85.0%
TC 1.7 (1.0-2.4)* 4.8 (3.8-4.8) 8.9% 50.0%
TC 6.0% 82.0%
TC 3.2 (2.79-7.23) 7.4 (4.5-11.3) 11.5% 85.0%
TC 3.9 (3.2-6.2) 8.0 (3.3-18.6) 11.0% 56.0%
CA 3.2 (2.7-5.1) 8.3 (3.8-12.9) 20.8% 62.5%
CA 2.0 (0.7-3.3) 9. 0 (4.6-13.4) 11.5% 50.3%
TC 3.4 (2.3-5) 7.4 (6.1 -11.7) 3.6% 25.0%

　 　 　 　

3.7 (2.9-6.2) 9.2 (6.9-11.6) 19.3% 29.8%

TC 4.8 (1.9-7.3) 9.9 (8.2-16.9) 13.5% 20.0%

TC 6.5 (3.5-8.3) 14.4 (11.6-19.2)

TC 8.1 (5.3-9.9) 10.2 (7.5-13.7) 24.0% 72.0%

TC 7.0 (5.3-10.3) 12.7 (7.3-18.1) 40.0% 69.0%

TC 6.1 (5.8-8.1) 9.5 (8.3-13.3) 46.0%

8.2 (5.3-10.6) 12.3 (8.8-13.3) 18.0%

TC 4.9 (3.5-7.7) 11.2 10.0% 90.0%
3.0 (1.8-7.2) 8.4 14.0% 86.0%

TC 8.0 (6.5-9.3) 14.1 (10.2-16.4) 44.0% 78.0%
7.4 (5.7-8.5) 11.9 (9.2-14.3) 19.0% 65.0%

　 　 　 　

TC 4.9 (4.7-5.2) 11.0 (9.6-12.3) 25.0% 78.1%

TC 2.0 (2.0-3.0) 6.0 (3.0-8.0) 6.0% 35.0%

TC 4.4 (3.0-7.8)* 9.9 (7.2-13.6) 12.0% 63.0%

latin; Cape, Capecitabine; NCT, National Clinical Trial; mPFS, median progression-free survival;
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Therapy Target NCT Line Phase n Patient

monotherapies 　 　 　 　 　

Sorafenib VEGFR, PDGFR, Raf NCT 00238212 first II 31 advanced B
Sunitinib VEGFR, PDGFR, c-Kit, IRE1a NCT 01718327 second II 53 advanced iC
Sunitinib VEGFR, PDGFR, c-Kit, IRE1a NCT 01082809 second II 56 advanced B
Lenvatinib VEGFR, FGFR, PDGFR, Kit, RET NCT 02579616 second II 17 advanced B
Lenvatinib VEGFR, FGFR, PDGFR, Kit, RET NCT 02579616 second II 26 advanced B
Regorafenib VEGFR, PDGFR, Kit, RET, Raf NCT 02053376 second II 43 advanced B
Apatinib VEGFR-2 NCT 03521219 second II 24 advanced iC
Apatinib VEGFR-2 NCT 03251443 second II 26 advanced iC
Vandetanib VEGFR, EGFR, PDGFR, Tie-2, FGFR NCT 00753675 first II 56 advanced B
Cytotoxic + targeted therapies 　 　 　 　

GEM+
Vandetanib

VEGFR, EGFR,
PDGFR, Tie-2, FGFR

NCT 00753675 first II 57

GEM+
placebo

52 advanced B

GC+
Sorafenib

VEGFR, PDGFR, Raf NCT 00919061 first II 39 advanced B

GemCap+
Bevacizumab

VEGF NCT 01007552 first II 50 advanced B

GEMOX+
Bevacizumab

VEGF NCT 00361231 first + second II 35 advanced B

GEM+L-OHPL+
Cape+Panitumumab

EGFR NCT 01206049 first II 45 advanced B

GEM+L-OHPL+
Cape+Bevacizumab

VEGF 43

GEM+placebo VEGFR, PDGFR, RAF, KIT, FLT-3 NCT 00661830 first II 36 advanced B
GEM+Sorafenib 41
GC+Cediranib VEGFR, PDGFR, c-kit NCT 00939848 first II 62 advanced B
GC+placebo 62
Targeted + targeted therapies 　 　 　 　

Lenvatinib+
Pembrolizumab

VEGFR, FGFR, PDGFR, Kit, RET, PD-1 NCT 03895970 second II 32 advanced B

Sorafenib
+Erlotinib

VEGFR, PDGFR, RAF, KIT, FLT-3, EGFR NCT 01093222 first II 34 advanced B

Bevacizumab
+Erlotinib

VEGF
+EGFR

NCT 00356889 first II 49 advanced B

*These data represent mTTP.
GEM, Gemcitabine; GC, Gemcitabine + Cisplatin; GemCap, Gemcitabine + Capecitabine; GEMOX, Gemcitabine + Oxaliplatin; L-OHPL, Oxalip
mTTP, median time to progression; mOS, median overall survival; ORR, objective response rate; DCR, disease control rate.
s
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of regorafenib treatment was 3.9 months (95% CI: 3.2–6.2), and
the average overall survival time was 8 months (95% CI: 3.3–
18.6). Regorafenib may exert its promising efficacy in advanced
biliary tract tumors, which is worthy of further study (108).
COMBINATION THERAPY REGIMENS

Chemotherapy Combined With
Targeted Therapy
A phase II study of bevacizumab combined with gemcitabine/
capecitabine in the treatment of advanced BTCs showed that the
mPFS was 8.1 months, and the mOS was 10.2 months.
Compared with the results of the gemcitabine/cisplatin
combination in the ABC-02 trial (8 months of PFS and 11.7
months of OS), it could not be concluded that bevacizumab
combined with Gemcitabine plus Capecitabine (GemCap) would
benefit patients. However, more clinical stage IV patients were
enrolled in the former group than in the latter group, and the
proportion of patients with stage III disease was relatively low
(6% vs. 25%) (109). Gemcitabine plus Oxaliplatin (GEMOX) in
BTCs achieved an ORR of 26%-50% and a median overall
survival of 11–12 months. The ORR of Gemox-B (the addition
of bevacizumab to GEMOX) in BTCS reached 40%, the median
progression-free survival reached 7.0 months, and the median
overall survival reached 12.7 months (110). A phase II clinical
trial showed that after two treatment cycles of bevacizumab
combined with gemcitabine and oxaliplatin, the maximum
standardized uptake value on FDG-PET scans was significantly
decreased, indicating disease control and longer PFS and OS
(110). A phase II clinical trial of the multitarget tyrosine kinase
inhibitor cediranib combined with first-line chemotherapy in the
treatment of advanced biliary tract cancer was conducted.
Patients were randomly divided into two groups: cediranib
combined with chemotherapy or placebo combined with
chemotherapy. However, only ORR but not mPFS or mOSz
showed a statistically significant difference, with 44% in the
cediranib group versus 19% in the placebo group (111). In
addition, sorafenib has also been introduced into several
clinical trials of combination therapy regimens. However, the
strategy of sorafenib combined with gemcitabine and cisplatin
failed to improve the efficacy (112). Another trial on sorafenib
combined with gemcitabine versus gemcitabine combined with
placebo showed that the addition of sorafenib did not improve
the outcome of advanced biliary tumors (113). Vandetanib is also
a kinase inhibitor that has been shown to inhibit angiogenesis
in vivo and in vitro. The efficacy and side effects of vandetanib as
a monotherapy, vandetanib combined with gemcitabine and
gemcitabine combined with placebo were studied. There was
no difference in side effects among the three groups, while the
objective response rate (ORR) of the vandetanib combined with
gemcitabine group was higher than those of the other two groups
(114). The efficacy of chemotherapy combined with EGFR
inhibitor and VEGF monoclonal antibody was also studied,
and the results showed no significant difference in mOS and
mPFs between the GEM + L-OHPL + CAPE + panitumumab
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group and the GEM + L-OHPL + CAPE + bevacizumab group,
although the former group had a higher ORR (115). From the
results above, a conclusion can be drawn that cytotoxic drugs
combined with anti-angiogenic drugs may achieve a better ORR
in patients with BTCs, although little improvements in mPFS
and mOS was observed.

Combination Therapy With Multiple
Targeted Drugs
A phase II multicenter clinical trial of bevacizumab and erlotinib
(an EGFR tyrosine kinase inhibitor) showed that 12% of patients
had a confirmed partial response, 51% achieved stable disease,
the median TTP was 4.4 months (95% CI: 3.0–7.8), and the
median overall survival was 9.9 months (95% CI: 7.2–13.6) (116).
Another clinical trial recruited 32 patients who were pretreated
with systemic antitumor treatments to receive treatment with
pembrolizumab combined with lenvatinib. The ORR of all
patients was 25%, the median OS was 11.0 months (95% CI:
9.6–12.3), and the median PFS was 4.9 months (95% CI: 4.7–5.2)
(117). Furthermore, a phase II SWOG study with sorafenib and
erlotinib for advanced cholangiocarcinoma yielded a median
progression-free survival of 2 months (95% CI: 2–3 months)
and a median overall survival of 6 months (95% CI: 3–8 months)
(118). The combination of multiple targeted drugs as an
alternative strategy for advanced BTCs has preclinical
evidences. The activity of this combination has been verified in
some clinical trails, Although, the improvement in OS or PFS
should be investigated by further clinical trails.
DISCUSSION

Biliary tract tumors account for 3% of all digestive tract tumors.
Their incidence has been increasing in recent years for various
reasons (119). Therefore, it is urgent to increase the treatment
selection of BTCs (120, 121). The development of individualized
treatment plans is of great significance for cholangiocarcinoma
with high heterogeneity (122, 123). The clinical trial results
revealed that most antiangiogenic drugs alone or in
combination did not significantly prolong OS and PFS in
patients with biliary tract tumors. However, some of these
clinical trials achieved considerable ORR, indicating significant
tumor regression at the early stage of treatment. There are two
possible reasons for the unsatisfactory results of antiangiogenic
therapy. On the one hand, a compensatory feedback pathway
may be activated when one angiogenesis pathway is inhibited.
For example, inhibiting VEGF signaling pathways may activate
Ang pathways. On the other hand, inhibition of angiogenesis
leads to hypoxia in the local environment, which may promote
the expression of tumor proliferation and migration genes. For
example, HIF-1 and downstream gene expression levels were
increased after VEGF inhibition. Therefore, combination therapy
as the future direction of antiangiogenic therapy seems to be
feasible. The combination of the antiangiogenic drug
bevacizumab and the antiproliferative drug acetazolamide
results in tumor inhibition in mice (124). Further clinical
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studies should be performed in the future to test this hypothesis.
Based on the theory that antiangiogenic agents help target drugs
penetrate into the tumor microenvironment, the effect of
pemigatinib, a novel drug, which is approved by the FDA for
the treatment of cholangiocarcinoma, in combined with should
also be investigated for the treatment of patients with
FGFR mutations.

The selection of potential patients who will benefit from
antiangiogenic drugs is also crucial for the design of clinical
trials and may be a critical factor for reaching the main endpoint.
Dreyer C et al. reported promising results in three iCCA patients
who were selected with hypervascular features. Therefore, the
selection of cases with active tumor angiogenesis through
imaging or histological evaluation may be conducive to
improving the ORR. Some researchers have confirmed that the
DWI phase of MRI is effective in evaluating tumor angiogenesis
(125). Wu Xin et al. analyzed 88 cases of eCCA and found that
ADC values were negatively correlated with MVD and VEGF
(p < 0.05), indicating that DWI could be performed for the
selection of BTC patients who may benefit from antiangiogenic
treatment. It is critical to find more useful methods and markers
to help clinicians assess whether patients can benefit from
antiangiogenic therapy before medication.

At present, in clinical studies, RECIST is mostly applied to
evaluate the effect of antiangiogenic therapy. However,
antiangiogenic treatment may not result in a significant change
in tumor volume in BTCs. After vascular degeneration, the
interior of the tumor is necrotic, and the volume may not
change. Therefore, traditional RECIST is not appropriate to
evaluate the efficacy. Some researchers have proposed new ways
to assess efficacy. It has been suggested that activated circulating
vascular epithelial cells (aCECs) have higher sensitivity and
reliability in efficacy evaluation than upstream factors such as
VEGF. Some scholars have proposed using intratumor blood
perfusion indicators [such as blood flow (BF) and blood volume
(BV)] to reflect changes in blood supply. In particular, in view of
the theory of vascular normalization proposed in recent years, how
to evaluate the time window of anti-vascular therapy has become
an urgent problem to be solved.

There are many kinds of cells in the tumor microenvironment,
and the cytokines secreted and the receptors expressed by them
constitute multiple signaling pathways that interact with each other.
Frontiers in Oncology | www.frontiersin.org 10
These signaling pathways are involved in tumor angiogenesis (126).
Inhibition of one target or one pathway may result in short-term
tumor regression, but inhibition of one pathway may promote
another pathway. Therefore, effective antiangiogenic therapy needs
to focus on common targets or multiple targets of multiple
pathways and solve drug delivery problems in the leaky and
poorly perfused tumor microenvironment. The study of
improving the mechanism of angiogenesis in cholangiocarcinoma
is helpful to find new therapeutic targets. Strengthening the
construction of methods to evaluate tumor vascular normalization
is helpful for the clinical development of reasonable
antivascular therapy.

In conclusion, as highly heterogeneous tumors, the treatment
and management of BTCs needs comprehensive evaluation and
individualized medication, for which antiangiogenic therapy is a
promising treatment method.
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