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ARTICLE INFO ABSTRACT
Keywords: Angiogenesis is required in cancer, including gynecological cancers, for the growth of primary tumors and
Angiogenesis secondary metastases. Development of anti-angiogenesis therapy in gynecological cancers and improvement of

Anti-angiogenic therapy
Endothelial cells
Endothelial cell metabolism
Gynecological cancer
Non-tip cells

its efficacy have been a major focus of fundamental and clinical research. However, survival benefits of current
anti-angiogenic agents, such as bevacizumab, in patients with gynecological cancer, are modest. Therefore, a
better understanding of angiogenesis and the tumor microenvironment in gynecological cancers is urgently
needed to develop more effective anti-angiogenic therapies, either or not in combination with other therapeutic

Tip cells approaches. We describe the molecular aspects of (tumor) blood vessel formation and the tumor microenvi-
Tumor microenvironment ronment and provide an extensive clinical overview of current anti-angiogenic therapies for gynecological
Vascular disrupting agents cancers. We discuss the different phenotypes of angiogenic endothelial cells as potential therapeutic targets,
strategies aimed at intervention in their metabolism, and approaches targeting their (inflammatory) tumor
microenvironment.

1. Introduction epidemiologic and genetic risk factors, symptoms, prognoses, and re-
sponses to therapy. However, what they have in common is that curative
Gynecological cancers, such as ovarian cancer, cervical cancer, and options are limited [2-6]. Therefore, novel insights at the molecular and
endometrial cancer, have an estimated worldwide incidence of one cellular level are needed to improve and personalize treatment

million cases and an estimated mortality rate of 500,000 deaths every strategies.
year [1]. Each type of these cancers is unique with different The understanding that vascularization is essential for tumor growth
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has led to the development of therapeutic approaches directed against who initially respond to these drugs develop resistance over time. These
the tumor vasculature [7,8]. Although anti-angiogenic therapy has disappointing results in cancer patients emphasize the urgent need for
become part of first-line maintenance treatment in several types of new insights at the molecular and cellular levels of the effects of the
human cancers, including gynecological cancers, anti-angiogenic agents current inhibitors of angiogenesis and/or for discovering alternative
in use today are only effective in a subset of patients, and many patients anti-angiogenic agents. For example, recurrent glioblastoma shows a
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Fig. 1. Endothelial cell differentiation: tip cell, stalk cell, and phalanx cell phenotypes. (A) Quiescent ECs form a monolayer of cells that are surrounded by pericytes,
which suppress EC activation and stabilize the quiescent vessel. (B) During angiogenesis, a single leading tip cell is attracted by microenvironmental signals and (C)
breaks down the basal lamina and migrates into the extracellular matrix. (D) Tip cells possess actin stress fibers with probing filopodia and are characterized by their
low proliferation activity, high migratory capacity, and their ability to recruit non-vascular cells. (E) The highly proliferative stalk cells follow the tip cell, form a
vascular lumen, and ensure vessel elongation. (F) Tip cell and stalk cell phenotype regulation involves several factors, including growth factors, transcription factors,
and metabolism. (G) A new vascular loop is established by connecting two sprouts of endothelial tip cells, thereby forming a continuous lumen, also known as
anastomosis. (H) The phalanx cell phenotype is eventually acquired by differentiated ECs once the new vessel is formed.
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radiographic response to bevacizumab, but patient survival is not
improved [9-12]. Below in chapter 6, we show that also in gynecolog-
ical cancers bevacizumab therapy has disappointing effects on patient
survival.

The healthy endothelium remains quiescent throughout adulthood
and is only activated during physiological processes such as wound
healing and the female reproductive cycle. During angiogenesis, endo-
thelial cells (ECs) rapidly switch to an activated state and start to form
new blood vessels. This process is tightly regulated by pro-angiogenic
and anti-angiogenic factors [13,14]. Angiogenesis is important in the
female reproductive system to allow monthly ovulation and successful
realization of pregnancy, but also has a critical role in the pathogenesis
of its cancers, by promoting tumor growth and metastatic spread. High
microvessel density of cancers is often associated with poor prognosis
and a greater risk of recurrence [15-24]. The female reproductive sys-
tem and its cancers have such an angiogenic molecular signature that
anti-angiogenic therapy theoretically is promising.

In the current review, we describe the process of angiogenesis and its
role in cancer in general, the genetic and metabolic regulators of
angiogenesis in the context of the female reproductive system, and their
role in ovarian cancer, cervical cancer, and endometrial cancer. We
highlight existing and novel therapeutic strategies for targeting angio-
genesis in these types of cancers and discuss the advantages and draw-
backs of these approaches.

2. Angiogenesis

2.1. Endothelial cell differentiation: Tip cell, stalk cell, and phalanx cell
phenotypes

Growing tissues become vascularized via different types of angio-
genesis [25]. Vessel co-option is a type of passive angiogenesis where
cells grow along existing vessels [26]. Intussusceptive angiogenesis is
characterized by splitting of existing blood vessels [27]. Sprouting
angiogenesis (Fig. 1) is the most efficient type of vascularization
[28,29]. In cancer, there is also a tumor cell-organized form of vascu-
larization called vasculogenic mimicry, leading to vascular networks
made up of transdifferentiated cancer cells that have an EC phenotype
[30,31].

Throughout the process of sprouting angiogenesis (Fig. 1), devel-
oping capillaries are guided by specialized ECs, located at the top of
growing vessels, the tip cells [32-34]. Tip cells have a low proliferative
activity, possess actin stress fibers with probing filopodia and migrate
into the extracellular matrix (ECM) (Fig. 1) towards a gradient of
angiogenic growth factors. Consequently, tip cells assimilate directional
cues from the environment and thereby determine the direction in
which the new sprout grows [32]. Additionally, tip cells actively recruit
pericytes and non-vascular cells, likely by platelet-derived growth
factor-B (PDGF-B) secretion. In resting vessels, pericytes share a basal
lamina with the ECs of capillaries and post-capillary venules (termed °
intramural’ pericytes) and are involved in the stabilization of the vessel
wall and control EC proliferation [14,35-38]. In sprouting angiogenesis,
pericytes reside outside the capillary wall, which has been termed
‘extramural’, and migrate alongside the angiogenic sprout [35]. Tip cells
are followed by stalk cells, which in contrast to tip cells are highly
proliferative, produce less filopodia, form a vascular lumen (Fig. 1)
[40-42], and establish adherens and tight junctions to maintain the
stability of the new sprout [43]. Tubulogenesis, the process of lumen
formation by ECs, is an essential step of angiogenesis and involves in-
teractions with the ECM and cytoskeletal reorganization [14,36,44]. The
third known specialized ECs are the phalanx cells, which tightly align
and form a smooth internal monolayer of the newly formed blood vessel
(Fig. 1). Phalanx cells have a more dormant phenotype, they do not
proliferate. These specialized ECs express tight junctions and are
involved in the normalization and stabilization of the newly for-
medvasculature through increased cell adhesion [45,46]. Finally, a new
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vascular loop is established by connecting two sprouts of endothelial tip
cells, thereby forming a continuous lumen, also known as a process
called anastomosis [14,47-49].

2.2. Genetic control of EC differentiation and new developments in
sprouting angiogenesis

Quiescent ECs form a monolayer of cells that is surrounded by per-
icytes, which provide cell-survival factors and anti-proliferative factors
(e.g. transforming growth factor (TGF)-p) that suppress EC activation
and stabilize the quiescent vessel [50]. The recruitment and mainte-
nance of pericytes requires growth factors such as PDGF and angio-
poietin 1 (ANG1) [51]. Endothelial cells and pericytes share a lamina
basalis consisting of ECM proteins that prevent ECs from leaving their
position. The need for oxygen and nutrients in surrounding tissues ini-
tiates sprouting angiogenesis by inciting the production of pro-
angiogenic signals, such as vascular endothelial growth factor (VEGF),
angiopoietin 2 (ANG2), fibroblast growth factor (FGF), epidermal
growth factor (EGF), and insulin-like growth factor 2 (IGF2) [52-54]. In
response to these angiogenic cues, the basal lamina of the quiescent EC
monolayer is degraded by matrix metalloproteases (MMPs), pericytes
detach from the vessel wall, and ECs of the quiescent vessel loosen their
junctions. Detachment of pericytes is stimulated by ANG2 that is pro-
duced and stored by ECs for rapid release when needed [55-58].

VEGF-A is the most important angiogenic factor that controls vessel
formation. VEGF-A expression is regulated by several factors including
hypoxia (hypoxia-inducible factor 1 (HIF1), growth factors, cytokines
(e.g. TGF-B), hormones (e.g. estrogen and progesterone), and expression
of oncogenes and tumor-suppressor genes [50,59,60]. Both tip cells and
stalk cells are stimulated by VEGF-A, but they have differential tran-
scriptional signatures [14,32,46,61]. VEGF binds to its receptor VEGFR2
on the ECs of the preexisting vessel and a single tip cell migrates into the
ECM and senses microenvironmental signals for guidance [32,46]. To
prevent excessive tip cell formation and movement towards the angio-
genic signal, the selection of a tip cell from a population of quiescent ECs
is tightly regulated. The selected tip cell itself prevents neighboring ECs
to become a tip cell via the delta-like 4 (DLL4)-Notch signaling pathway
[14,41,62-65]. The VEGF-VEGFR2 interaction induces upregulation of
DLL4 expression in tip cells and then DLL4 is transported to the cell
membrane to bind to Notch receptors on adjacent ECs causing the Notch
intracellular domain (NICD) to be released from the membrane. NCID
translocates to the nucleus and drives the expression of VEGFR1, while it
reduces the expression of VEGFR2 [66]. Soluble VEGFR1 acts as a decoy
receptor and limits the activity of VEGF and imposes a stalk cell
phenotype [40]. By lowering extracellular VEGF levels, soluble VEGFR1
modulates the signaling via VEGFR2 [67].

Besides their morphological characteristics, tip cells express tip cell-
specific genes (Fig. 1) that are much lower expressed by the other EC
subtypes [34,53,68]. Del Toro et al. identified tip cell-specific genes by
laser-capture analysis of ECs that were isolated from DLL4™/~ mouse
retinas compared to wild-type retinas [69]. Previous studies reported
that some of these genes are upregulated by VEGF stimulation (Dli4 and
endothelial cell-specific molecule 1 (Esm1)) [62,70] and under hypoxic
conditions (Esm1, Pdgf-b, and apelin (Apln)) [34]. Recombinant ESM1
protein promotes VEGF-induced EC migration and proliferation in vitro
[70] and induces endothelial tube formation [71]. Although ESM1 was
previously described to be specifically expressed in tip cells in the
developing mouse retina [69,72], in tumor blood vessels ESM1 expres-
sion was not restricted to sprouting cells, but can be detected throughout
the vasculature [73]. Recently, it has been shown that the VEGF-
activated transcription factor forkhead box 01 (FOXO1) inhibits tip
cell formation by inhibiting DLL4 expression [74]. FOXO1 is activated
via the protein kinase mammalian sterile 20-like kinase 1 (MST1), a core
kinase of the hippo pathway, under hypoxia. This results in the nuclear
import of FOXO1 in endothelial tip cells, thus increasing its transcrip-
tional regulation of genes associated with tip cell function and polarity.
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Consequently, MST1- or FOXO1-deficient mouse models showed loss of
tip cell polarity and impaired sprouting angiogenesis [75]. Furthermore,
knockdown of these genes in human umbilical vein endothelial cells
(HUVECs) reduced migration activity and inhibited the expression of
migration-associated genes [75]. Like MST1, yes-associated protein
(YAP) and its paralog transcriptional co-activator with PDZ-binding
motif (TAZ) are also core molecules of the hippo pathway [76]. YAP/
TAZ acts downstream of the hippo pathway and regulates key events in
angiogenesis. Yap/Taz knockout in mice reduced the number of prolif-
erating ECs and the number of tip cells and decreased filopodia density
on these cells [77]. In contrast, endothelial YAP/TAZ hyperactivation in
mice induced excessive filopodia on tip cells at the retinal vascular front
[78]. These findings suggest that YAP/TAZ is involved in the morpho-
genesis and abundancy of tip cells and in the proliferation of stalk cells
during sprouting angiogenesis. The 6 CCN family members, secreted
matricellular proteins that are associated with the ECM [79], are
involved in angiogenic processes, such as EC proliferation, migration,
and differentiation [37,80]. One of its members, cysteine-rich protein 61
(CYR61, also known as CCN1), is a target of the YAP/TAZ signaling
molecules [81,82], and regulates the tip cell phenotype through inter-
play with integrin avp3 and VEGFR2 [83].

The sialomucin CD34 is another tip cell marker that has been used to
study tip cell biology and function in vitro (Fig. 2). CD34™" tip cells are
present in all EC cultures and show increased abundance of the mRNA of
tip cell-specific genes. Genome-wide mRNA profiling of these cells
demonstrated enrichment for functions related to angiogenesis and
migration as compared to CD34™ non-tip cells [84]. Furthermore,
CD34™ tip cells demonstrated a much lower proliferation rate [84] and a
higher migratory capacity [85] compared to CD34  non-tip cells.
Several other tip cell and stalk cell regulators and markers have been
reviewed recently [53,86,87].

3. Angiogenesis in the female reproductive system

Angiogenesis has physiological functions in the female reproductive
system which do not occur in other organs. Ovaries and endometrium
undergo cyclic changes that are associated with angiogenesis and sub-
sequent loss of blood vessels. Therefore, ovaries and endometrium
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produce both pro-angiogenic and anti-angiogenic factors. In fact, both
basic FGF (bFGF), the first pro-angiogenic growth factor discovered, as
well as VEGF, were initially characterized in human ovaries [88-90].
ANG2 was the first anti-angiogenic factor found to function as an
endogenous regulator of blood vessel regression, and is highly expressed
in the ovarian corpus luteum during luteolysis, a process involved in the
structural and functional degradation of the corpus luteum and its
associated vasculature at the end of the ovarian cycle [91,92]. In the
following sections, we describe the dynamics of angiogenic processes in
the ovary and endometrium. The blood supply of the female reproduc-
tive system and its histology are shown in Fig. 3.

3.1. Angiogenesis in ovaries

In the ovaries, angiogenesis is one of the most important processes in
the development of primordial follicles into ovulatory follicles and
subsequently into a corpus luteum. The cyclic growth and maturation of
primordial follicles and luteal regression depend on angiogenesis and
subsequent breakdown of blood vessels [93,94]. Primordial follicles do
not have a vascular network of their own and their maintenance relies
on blood vessels in the surrounding stroma [95]. As follicles continue to
grow, an antrum develops in the follicles and ECs of blood vessels in the
adjacent stroma are activated for sprouting angiogenesis into the thecal
layer. A vascular sheath, consisting of two capillary networks in the
theca interna and externa, is formed. The newly formed vessels are
separated from the avascular granulosa cells by the membrana gran-
ulosa. Angiogenesis into the developing follicles increases steadily and
the newly-formed blood vessels provide oxygen, nutrients, and hor-
mones (e.g., gonadotropins), which are essential for the maturation of
follicles during the ovarian cycle [96-101]. Angiogenesis becomes even
more intense after ovulation, during the development of the corpus
luteum [96,102]. After enzymatic breakdown of the membrana gran-
ulosa, ECs from the theca interna rapidly migrate into the avascular
granulosa layer, and theca capillaries expand by angiogenesis to form a
dense sinusoidal capillary network [99,103-105]. Maturation of the
transient vascular bed of the corpus luteum is characterized by the
recruitment of pericytes that cover the capillaries to ensure vessel sta-
bilization [106]. Remarkably, the corpus luteum is so well vascularized

Fig. 2. CD34" tip cells in a 3D angiogenic
sprouting model. In channel 1 of an Orga-
noPlate® (Mimetas), a confluent layer of ECs
has formed a vessel on an ECM gel contain-
ing collagen 1 (channel 2). Out of the vessel,
sprouts are formed that grow towards chan-
nel 3 that contains angiogenic factors.
Immunofluorescent staining was performed
of CD34 (green), F-actin (red) and nuclei
(blue). ECs in the vessel show a luminal
staining of CD34. In addition, CD34 staining
was present on the tips of EC sprouts that
have a tip cell morphology including filopo-
dial extensions. Magnifications are shown
and indicated in the overview image. Scale
bars, overview, 100pm; higher magnifica-
tions, 50 pm.
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Fig. 3. Anatomy, histology and the blood supply of the female reproductive system showing the locations where the largest part of gynecological cancers occur:
endometrium (A; proliferative endometrium and B; secretory endometrium), transformation zone of stratified squamous epithelium of the exocervix and columnar
mucus secreting epithelium of the endocervix (C and D) and cubic ovarian surface epithelium in E and F. Scale bars, A, B, C, 100 pm; D, 25 ym; E,F, 50 pm.

that ECs are its most abundant cell type, with the majority of the
parenchymal cells in close contact with one or more capillaries
[99,102,107,108]. The mature corpus luteum has one of the highest
blood supplies per unit mass [109]. When fertilization and intra-uterine
implantation do not occur, the corpus luteum and the newly formed
vessels regress at the end of the ovarian cycle [100].

3.2. Angiogenesis in the endometrium

In the endometrium, vascular growth starts in the proliferative phase
and continues throughout the secretory phase of the menstrual cycle
[110,111]. The spiral arteries lengthen and have a coiled appearance
during the post-ovulatory phase of the menstrual cycle [112]. Long
straight pre-capillaries connect the coiled spiral arteries with the sub-
epithelial capillary plexus which matures below the epithelium
[111,113]. In the absence of an embryo, the functional layer of the
endometrium is shed and the superficial layer of the remaining basal
layer is repaired by angiogenesis [114]. Vascular sprouts have not been
found in the endometrium whereas proliferating ECs have been identi-
fied within existing endometrial vessels. In addition, EC proliferation
and capillary density in the endometrium does not change significantly
during the menstrual cycle [115-117]. These findings suggest that
vascular expansion in the endometrium does not occur as sprouting
angiogenesis but rather by elongation [118] and intussusceptive
angiogenesis [113,119-121]. In contrast to sprouting angiogenesis,
intussusceptive angiogenesis occurs rapidly within minutes or hours and
does not rely on EC proliferation [122].

4. Angiogenesis in gynecological cancers

The growth of primary tumors and secondary metastases depends on
angiogenesis as solid tumors and their metastases cannot grow beyond
1-2 mm? without additional vasculature, because of the lack of suffi-
cient nutrients and oxygen that are required for the growing tumors
[123-126]. Furthermore, unlike after physiological angiogenesis, tumor
blood vessels remain structurally and functionally abnormal. Tumor
angiogenesis takes place by uncontrolled proliferation of ECs that have a

different phenotype than ECs in non-cancer physiological conditions
[39,127]. Consequently, the tumor vasculature is irregularly shaped,
dilated, tortuous, and disorganized [126,128,129] which is associated
with high expression levels of pro-angiogenic factors, including VEGF,
bFGF, neuropilin 1 (NRP1) [130,131], TGF-p [132] andneurotrophins
[133]. Interestingly, it is also becoming evident that microRNAs (miRs)
play a major role in the viability, proliferation and integrity of the tumor
vasculature [134,135]. Examples here are miR125-a [136] that regu-
lates the VEGF signaling pathway, and miRs 7, 141, 153 and 221
[137-140] that each intervene in critical stages of tumor angiogenesis.
The density of the capillary network is inversely associated with overall
survival and progression-free survival of women with gynecological
cancers [15-24,141,142], at least partly due to increased metastatic
spread.

4.1. Angiogenesis in ovarian cancer

The majority of ovarian cancers are epithelial ovarian cancers
(EOCs), and high grade serous carcinoma (HGSC) is the most prevalent
subtype (70-80%) [143]. Other subtypes of EOCs are low-grade serous
carcinoma (<5%), endometrioid carcinoma (10%), clear cell carcinoma
(10%) and mucinous carcinoma (3%) [144]. Most women with EOC are
diagnosed in an advanced stage of the disease, when metastases are
manifest on the peritoneum (also called peritoneal carcinomatosis often
accompanied by calcifications that are called psammoma bodies)
(Fig. 4) [145], in lymph nodes and/or in other organs [146-148]. The
peritoneal cavity has no anatomical barriers and allows cancer cells to
spread relatively easily. Metastatic spread primarily occurs by shedding
of the EOC cells from the ovary into the peritoneal cavity. In the peri-
toneal cavity, EOC cells are transported passively by the physiological
movements of peritoneal fluid and attach to the peritoneal mesenchymal
cells to form small superficial tumors [149-151].

In general, EOC tumors are well vascularized. However, recently we
have shown that the circulation in the vessels is poor [126]. Fig. 4E
shows that the vasculature towards carcinomatosis on the peritoneum of
ovarian cancer is dense, but insight the metastasis the flow in the blood
vessels is poor (Fig. 4E) promoting edema formation and inflammation.
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Fig. 4. Human peritoneum with peritoneal carcinomatosis (PC; metastases of
epithelial ovarian cancer (EOC)). A Laparoscopy image of the peritoneum of the
anterior abdominal wall in a patient with PC of EOC. Numerous metastases are
present on the peritoneum (red arrows). B Microscopic image of a metastasis
(M) showing capillaries running from the normal peritoneal microvasculature
towards the metastasis (arrows), bar = 500 um. C Differential interference
contrast (DIC) microscopical image of a metastasis, bar = 50 um. D DIC
microscopical image of calcium phosphate calcifications called psammoma
bodies (arrows) attached to the peritoneum besides a metastasis, which are
characteristic for carcinomatosis, bar = 10 um. E Incident dark field (IDF)
image of capillaries running from the normal peritoneal microvasculature to-
wards the metastasis (M), the image represents a field of view of 1.55 x 1.16
mm. F IDF image of the microvasculature of a metastasis, the image represents a
field of view of 1.55 x 1.16 mm. Images E and F are from Kastelein et al. in
Clinical Experimental Metastasis [126], with permission under the Creative
Commons License (http://creativecommons.org/licenses/by/4.0/). No changes
were made to the original images.

Besides the intraperitoneal dissemination of EOC cells, progression of
EOC and its metastases depends on the nature of the intra-tumoral
stroma. The stromal tumor microenvironment consists of ECM and a
variety of cell types, including ECs, cancer-associated fibroblasts (CAFs),
pericytes, mesenchymal stem cells, and white blood cells, such as
cancer-associated macrophages [152-155]. These cells may also be
involved in the interactive signaling with EOC cells and may promote or
inhibit metastasis [156-158]. CAFs often form the majority of stromal
cells in several types of human cancers and contribute to vascular sta-
bilization in EOC and other types of human cancers [158]. CAFs have a
different gene expression profile than normal fibroblasts, and mediate
paracrine or autocrine signaling in and between cancer cells and stromal
cells [159-162]. Tumor-derived pro-angiogenic growth factors, such as
PDGF, bFGF, TGF-p, and VEGF activate CAFs, demonstrating a close
interaction between CAFs and angiogenesis [163,164]. On the other
hand, CAFs promote angiogenesis by recruiting endothelial progenitor
cells to the tumor stroma, mediated by secretion of stromal cell-derived
factor-1a (SDF-1a). In addition, CAF-secreted SDF-1a stimulates tumor
growth directly by signaling through the receptor CXC chemokine
receptor type 4 (CXCR4), which is expressed by cancer cells [165-167].
The SDF-1a/CXCR4 axis also plays a role in the interactions between
cancer cells, immune cells and mesenchymal stem cells and in the
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homing of cancer stem cells in their niches [154].

Cancer stem cells (CSCs) have been described in EOC [168-170].
Non-cancerous stem cells and CSCs are protected in their niches (their
microenvironment) against radiotherapy and chemotherapy. This
microenvironment enforces stem cells and CSCs not to proliferate and
thus render them protected against therapy. CSCs are considered to be a
cause of recurrence of tumors and, therefore, are in focus of cancer
research in recent years [154,167-169,171,172]. Krishnapriya et al.
have reported that ovarian CSCs can contribute to angiogenesis on the
basis of in vitro experiments with the use of human ovarian CSCs har-
vested from ascites and grown in spheroids [168]. Under specific con-
ditions, the spheroids gave rise to EC-like cells that expressed EC
markers and nitric oxide synthase and formed tube-like structures in the
spheroids. The anti-VEGF antibody bevacizumab inhibited differentia-
tion into EC-like cells in the spheroids. These EC-like cells may be
transdifferentiated CSCs involved in a process called vascular mimicry
[173], which has been found frequently in tumors [174]. Vessel co-
option also occurs when cancer cells are invasive along existing blood
vessels [175,176]. An association between ovarian CSCs and angio-
genesis, on the basis of similar signaling pathways, such as VEGF, Wnt,
Notch, and Sonic hedgehog was also noted by Markowska et al. [177],
who listed clinical trials with anti-angiogenic agents. These clinical trials
are discussed below.

4.2. Angiogenesis in cervical cancer

The most common cervical cancers are squamous cell carcinoma
and adenocarcinoma [4,178]. Precursor lesions include cervical intra-
epithelial neoplasia (CIN) in squamous epithelium and adenocarcinoma
in situ (AIS) in columnar epithelium [179]. High grade CIN (or HSIL),
AIS and cervical cancer are characterized by a dense capillary network
[180], and neovascularization and increased capillary density have also
been demonstrated directly underneath precursor and malignant lesions
of the cervix [181-183]. There is an inverse correlation between the
density of the capillary network and the prognosis of cervical cancer
[184,185]. More specifically, the density of the capillary network
correlates inversely with pelvic lymph node metastases, disease-free
survival and overall survival [24,186-188]. Expression of VEGF has
been found to be directly correlated with the density of the capillary
network and the degree of dysplasia [185,189]. The oncoproteins
E6 and E7 that are encoded by human papillomavirus genes play a
distinct role in this phenomenon. E6 induces degradation of the tumor
suppressor protein p53 and E7 activates HIF1a and inactivates retino-
blastoma protein (pRb), which ultimately leads to upregulation of
VEGF expression and consequently tumor angiogenesis [190-192].
Furthermore, ANG1 and ANG2 and their Tie receptors are upregulated
in cervical cancer cells in vitro.

4.3. Angiogenesis in endometrial cancer

Endometrial cancers are broadly classified in two major types based
on clinicopathological features (type 1 low grade and type 2 high grade)
and can be further subdivided into POLE ultra-mutated, microsatellite
instability hypermutated, copy-number low, and copy-number high
[193]. High expression levels of pro-angiogenic factors including VEGF,
platelet-derived EC growth factor (PD-ECGF) and FGF2, have been
recognized as an essential characteristic of endometrial cancer growth,
survival, and metastasis and these high levels inversely correlate with
survival of patients with endometrial cancer [194-199]. The density of
the capillary network increases progressively from benign to malignant
tumors [22]. However, there are conflicting results with respect to the
prognostic relevance of the expression of VEGF and its receptors in
endometrial cancer [200-203]. In contrast, the density of the capillary
network has been shown to be a prognostic factor for endometrial cancer
[23,195,204]. VEGF expression is high in endometrial cancer, whereas it
is hardly expressed in healthy endometrium [200]. HIF1a and HIF2a are
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active as transcription factors in endometrial cancer cells and induce
expression of VEGF [205,206]. Hypoxia is an important controller of the
angiogenic switch that is mainly regulated by HIFla. HIF1a and HIF2«
are transcription factors with slightly different roles [154] that each
activate transcription of a set of key genes that are involved in cell
survival in hypoxic conditions such as those that are involved in the
initiation of angiogenesis [207,208]. Hypoxia is a general phenomenon
in solid tumors [209,210] due to their rapid growth, on the one hand,
the high interstitial pressure [211], and the too large distances between
cancer cells and capillaries on the other hand.

5. Therapeutic targeting of angiogenesis in gynecological
cancers

5.1. VEGF-targeted therapy in gynecological cancers

Current treatment of gynecological cancers includes surgery, radio-
therapy, and chemotherapy, and combination therapy with angiogen-
esis inhibitors [150,177,212-215]. Although in general the treatment of
low stage gynecological cancers is often successful, with many patients
achieving a long term survival, success of treatment of advanced or
recurrent disease is disappointing. Compensatory mechanisms and/or
escape mechanisms allow cancer cell survival leading to progression of
disease and recurrence [178]. Recent developments in molecular
biology of gynecological cancers have led to the development of agents
that target signaling pathways of ECs of the tumor vasculature.

In contrast to chemotherapy, targeted therapy interferes with spe-
cific molecular mechanisms and should take advantage of molecular
differences between cancer cells and non-cancer cells. Targeted therapy
can be divided into two major categories: monoclonal antibodies and
small-molecular compounds. Monoclonal antibodies do not enter cells
due to their size but target ligands in the extracellular environment of
tumors or receptors on the surface of cells. Small-molecular compounds
can enter cells, in particular when they have lipophilic moieties, to
interfere specifically with target molecules that are essential for cancer
cells and preferably not for non-cancer cells [216]. Anti-angiogenic
therapies are tested in gynecological cancers because of the impor-
tance of angiogenesis in gynecological cancers and the need for new
treatment strategies [152,217].

VEGF has emerged as a major therapeutic target in several types of
cancers [156,157,218,219] and other pathological conditions
[35,220-222]. Currently, three VEGF-targeting monoclonal antibodies,
bevacizumab, ramucirumab, and aflibercept, have been approved for
the treatment of various types of cancer [223,224]. Bevacizumab is a
recombinant antibody that impedes blood vessel formation and the
growth of tumor tissue by preventing the binding of VEGF-A to its re-
ceptors by neutralizing circulating VEGF. It has been approved by the
Food and Drug Administration (FDA) for the treatment of ovarian and
cervical cancer [216,225-227].

For ovarian cancers, bevacizumab treatment in combination with
chemotherapy (carboplatin/paclitaxel), followed by single-agent bev-
acizumab, was approved by the European Medicines Agency (EMA) in
2011 and by the FDA in 2018 as a first-line treatment for stage III and IV
epithelial ovarian, fallopian tube, and primary peritoneal cancers after
initial surgical resection. This approval was based on the GOG-0218
randomized phase III trial which demonstrated that patients treated
with this combination have a longer progression-free survival than pa-
tients treated with chemotherapy alone (14.1 versus 10.3 months)
[228]. However, a follow-up study showed no differences in overall
survival among patients receiving bevacizumab in combination with
chemotherapy as compared to patients receiving chemotherapy alone
[229].

In recurrent ovarian cancer, three phase III trials were conducted to
evaluate the use of bevacizumab. Both the AURELIA study [230], which
included platinum-resistant recurrent patients, and the OCEANS study
[231], which included platinum-sensitive recurrent patients,
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demonstrated a longer progression-free survival in the groups treated
with bevacizumab-combined chemotherapy as compared to chemo-
therapy alone (6.7 versus 3.4 months and 12.4 versus 8.4 months,
respectively). Again, no significant differences in overall survival were
found in these studies [230,231]. However, recently, the randomized
phase III GOG-0213 trial with platinum-sensitive recurrent epithelial
ovarian, fallopian tube or primary peritoneal cancers demonstrated an
improved overall survival in the group of patients treated with bev-
acizumab in combination with chemotherapy as compared to the group
of patients treated with chemotherapy alone (42.2 versus 37.3 months).
Progression-free survival was longer with the addition of bevacizumab
to chemotherapy than chemotherapy alone (13.8 versus 10.4 months)
[232]. On the basis of these studies, bevacizumab treatment has been
approved in both primary and recurrent ovarian cancer, although the
clinical benefit for patients is still modest and overall survival seems
unaffected.

In metastatic and recurrent cervical cancer, the combination treat-
ment of bevacizumab and chemotherapy was approved by the FDA in
2014 on the basis of the results of the Gynecologic Oncology Group
(GOG)-240 phase III trial [227,233]. The GOG-240 trial demonstrated
that patients treated with bevacizumab in combination with chemo-
therapy (topotecan/paclitaxel or cisplatin/paclitaxel) showed an
improved overall survival (17 versus 13.3 months), progression-free
survival (8.2 versus 5.9 months) and higher response rate (48% versus
36%) as compared to patients treated with chemotherapy alone [233].

The clinical trials of bevacizumab to treat ovarian cancer and cer-
vical cancer argued for testing of bevacizumab therapy to treat endo-
metrial cancer. Bevacizumab-combined chemotherapy or bevacizumab
as a single agent therapy for metastatic and recurrent endometrial
cancer have been tested in phase II studies, but these studies showed
only modest efficacy [234-237].

The overall positive effects of anti-VEGF therapy in gynecological
cancers are limited and subgroups of patients that would benefit most
have not yet been defined, as biomarkers of response are lacking [226].
The strict inclusion criteria that have been applied in the GOG-240 trial
[233] would exclude patients with metastatic or recurrent cervical
cancer from receiving bevacizumab treatment on the basis of the
occurrence of bleeding, poor renal function or poor performance status
[225]. In addition, there are still pending issues with respect to side
effects, such as hypertension [238,239] and therapy resistance
[152,217]. Adaptive resistance and intrinsic resistance, the upregulation
of alternative pro-angiogenic pathways and expression of pro-
angiogenic factors are considered to be mechanisms of bevacizumab
resistance [240]. However, predictive biomarkers for drug resistance
have not yet been identified [241,242]. Because the target cells (ECs)
were considered to be genetically stable, it was assumed that ECs would
not develop bevacizumab resistance. However, the study of Krishnap-
riya et al. (2019) has shown that bevacizumab inhibits the differentia-
tion of ovarian CSCs into ECs (vascular mimicry as described in chapter
4.1) [168]. As a consequence, it cannot be excluded that the therapy-
resistance of the ECs of the tumor vasculature is caused by the fact
that these ECs have the genetic makeup of the ovarian CSCs and are in
fact genetically-instable cancer cells. Identifying alternative anti-
angiogenic therapeutic strategies and/or targeting multiple angiogenic
pathways may increase the therapeutic benefit for gynecological cancers
and may overcome drug resistance by compensatory escape mecha-
nisms. A summary of ongoing clinical trials investigating anti-
angiogenic drugs in ovarian cancer, cervical cancer, and endometrial
cancer is listed in Table 1.

5.2. Targets within the tumor microenvironment: Pericyte-endothelial
interactions in tumor angiogenesis

Cancer cells may become resistant to anti-VEGF therapy because of
their genetic instability as discussed above, and due to alterations in the
microenvironment of cancer cells in response to anti-VEGF therapy
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Table 1
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Summary of ongoing trials registered as ‘recruiting’ in clincicaltrials.gov investigating anti-angiogenic drugs in ovarian cancer, cervical cancer and endometrial cancer
in September 2020.

No  Identifier Trial Short study title Anti-angiogenic Tumor type
phase intervention Drug(s)/
Biological(s)
1 NCT03737643  Phase 3 ~ Durvalumab treatment in combination with chemotherapy and Bevacizumab Advanced ovarian cancer
bevacizumab, followed by maintenance durvalumab, bevacizumab
and olaparib treatment in advanced ovarian cancer patients
2 NCT02399592  Phase 2  Bevacizumab and tocotrienol in recurrent ovarian cancer Bevacizumab Ovarian cancer
3 NCT03353831  Phase 3  Atezolizumab with bevacizumab and chemotherapy vs. bevacizumab  Bevacizumab Ovarian cancer
and chemotherapy in early relapse ovarian cancer
4 NCT02759588  Phase GL-ONC1 oncolytic immunotherapy in patients with recurrent or Bevacizumab Ovarian cancer
1b refractory ovarian cancer
Phase 2
5 NCT03740165  Phase 3  Study of chemotherapy with pembrolizumab followed by Bevacizumab Advanced epithelial ovarian cancer
maintenance with olaparib for the first-line treatment of women with
BRCA non-mutated advanced epithelial ovarian cancer
6 NCT02884648  Phase 2  Bevacizumab in ovarian cancer patients with disease at second-look ~ Bevacizumab Ovarian cancer
surgery
7 NCT01932125 Phase4  An interventional study of avastin (bevacizumab) in patients with Bevacizumab Advanced epithelial ovarian cancer,
advanced/metastatic epithelial ovarian cancer, fallopian tube cancer fallopian tube cancer, peritoneal
or peritoneal cancer carcinoma
8 NCT03363867 Phase2  BEACON - ABC in recurrent platinum resistant HGSOC (BEACON) Bevacizumab Ovarian cancer, fallopian tube cancer,
peritoneal carcinoma
9 NCT02584478 Phase 1 Phase 1/2a evaluation of adding AL3818 to standard platinum-based =~ AL3818 Recurrent or metastatic endometrial,
Phase 2  chemotherapy in subjects with recurrent or metastatic endometrial, ovarian, fallopian, primary peritoneal or
ovarian, fallopian, primary peritoneal or cervical carcinoma cervical carcinoma
10 NCT02873962 Phase2 A phase II study of nivolumab/ bevacizumab/ rucaparib Bevacizumab Peritoneal cancer, ovarian cancer,
fallopian tube cancer
11 NCT03587311 Phase 2  Bevacizumab and anetumab ravtansine or paclitaxel in treating Bevacizumab Fallopian tube cancer, ovarian cancer,
participants with refractory ovarian, fallopian tube, or primary primary peritoneal carcinoma
peritoneal cancer
12 NCT02839707  Phase 2  Pegylated liposomal doxorubicin hydrochloride with atezolizumab Bevacizumab Fallopian tube cancer, recurrent ovarian
Phase 3  and/or bevacizumab in treating patients with recurrent ovarian, cancer, primary peritoneal cancer
fallopian tube, or primary peritoneal cancer
13 NCT02312245  Phase2  Avatar-directed chemotherapy in treating patients with ovarian, Bevacizumab Recurrent fallopian tube carcinoma,
primary peritoneal, or fallopian tube cancer recurrent ovarian carcinoma, recurrent
primary peritoneal carcinoma
14  NCT03239145 Phasel  Pembrolizumab (Anti-PD-1) and AMG386 (Angiopoietin-2 (Ang-2) Trebananib (AMG386) Advanced solid tumors Gynecological:
in patients with advanced solid tumor ovarian cancer
15 NCT04121975 Phase2  CCRT combined with endostar for the treatment of locally advanced ~ Endostar Cervical cancer
cervical cancer
16  NCT03622827 Phase2  Postoperative concurrent chemoradiotherapy combined with Endostar Cervical cancer
endostar for high-risk early stage cervical cancer
17  NCT03786081 Phase1l  Safety and efficacy of tisotumab vedotin monotherapy & in Bevacizumab Cervical cancer
Phase 2  combination with other cancer agents in subjects with cervical
cancer
18 NCT03367871 Phase2  Combination pembrolizumab, chemotherapy and bevacizumab in Bevacizumab Cervical cancer
patients with cervical cancer
19 NCT03912415 Phase 3  Efficacy and safety of BCD-100 (Anti-PD-1) in combination with Bevacizumab Cervical cancer
platinum-based chemotherapy with and without bevacizumab as
first-line treatment of subjects with advanced cervical cancer
(FERMATA)
20  NCT03912402 Phase2  Efficacy and safety of BCD-100 (Anti-PD-1) in combination with Bevacizumab Cervical cancer
platinum-based chemotherapy and bevacizumab in patients with
recurrent, persistent or metastatic cervical cancer (CAESURA)
21 NCT04138992 Phase2 A study on the efficacy and safety of bevacizumab in untreated Bevacizumab Cervical cancer
Phase 3  patients with locally advanced cervical cancer
22 NCT03556839  Phase 3  Platinum chemotherapy plus paclitaxel with bevacizumab and Bevacizumab Cervical cancer
atezolizumab in metastatic carcinoma of the cervix
23 NCT03526432  Phase 2  Phase II study of atezolizumab + bevacizumab in endometrial cancer ~ Bevacizumab Endometrial cancer
24 NCT03694262 Phase 2 The EndoBARR trial (Endometrial bevacizumab, atezolizumab, Bevacizumab Endometrial cancer
rucaparib)
25 NCT01552434 Phase1  Bevacizumab and temsirolimus alone or in combination with Bevacizumab, Malignant female reproductive system
valproic acid or cetuximab in treating patients with advanced or Temsirolimus neoplasm

metastatic malignancy or other benign disease

[240]. Cancer cells do not act alone in tumor progression and metastatic
spread as these processes require remodeling of their microenvironment
by communication between cellular and non-cellular components [156].
Unlike the heterogeneity of cancer cells, common features are found in
the pro-angiogenic tumor microenvironment that supports vessel for-
mation and maturation [240]. Cancer progression creates hypoxia,
acidity, and oxidative stress within the tumor microenvironment, which
increases stiffness of the ECM and induces angiogenesis, and a metabolic

switch towards aerobic glycolysis [156]. As tumor growth and resistance
to anti-angiogenic therapy is associated with the (adapting) tumor
microenvironment, targeting of the tumor microenvironment offers new
therapeutic opportunities to treat gynecological cancers.

During angiogenesis, pericytes in their intramural form are consid-
ered to play an important role in the final stabilization and maturation of
the newly-formed vessels [14]. Vascular maturation and pericyte
coverage of the tumor vasculature also induce resistance to anti-
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angiogenic therapy [240]. However, in most tumors, blood vessels are
covered by high numbers of pericytes [127], which may be ‘extramural’.
In the literature, there are conflicting reports on the presence and role of
pericytes in tumor vasculature, which is probably due to the use of
different pericyte markers, some of which, like smooth muscle actin,
stain only highly differentiated pericytes [243]. Anti-VEGF therapy in-
hibits development of new vessels, but vessels that are already covered
by mural pericytes are mature, functional and not responsive to VEGF
anymore. In addition, blocking of VEGF signaling in human tumors in-
creases the number of vessels covered with mural pericytes [244-246].
Therefore, dual targeting of tumor-associated ECs and pericytes may be
an attractive approach for the treatment of gynecological cancers.

Recruitment of pericytes to the endothelium and their crosstalk with
ECs is mediated by multiple ligand-receptor complexes, including PDGF-
B/PDGF receptor-p (PDGFR-f), ANG1/Tie2, TGF-B/TGF-p receptor
(TGF-BR), and heparin-binding EGF (HB-EGF)/EGF receptor (EGFR).
During angiogenesis, PDGF-B is released by endothelial tip cells and
binds to its receptor PDGFR- expressed on pericytes. PDGF-B/PDGFR-
interaction is essential for vascular maturation, and blocking of either
PDGEF-B or PDGFR-f induces pericyte deficiency and vascular dysfunc-
tion [51]. Whereas PDGF-B/PDGFR-f signaling is EC-to-pericyte
signaling, pericytes-to-EC signaling occurs through the ANG1/Tie2
system [51,247]. ANG1 and ANG2 are both ligands for the endothelial
Tie2 receptor, but have opposite effects on Tie2 activation and signaling.
ANG1 is mainly expressed by pericytes and is considered to be an
agonistic ligand for Tie2, whereas ANG2 is predominantly expressed and
stored by ECs [55-58] and is an antagonistic ligand for Tie2
[91,248,249]. ANG1/Tie2 binding promotes pericyte adhesion and
vessel stabilization and is widely expressed in adult tissues, whereas
ANG2/Tie2 binding disrupts blood vessel formation and is only
expressed at sites of vascular remodeling [57,91].

TGF-f signaling induces the differentiation of myeloid progenitor
cells into pericytes, but is also involved in endothelial stalk cell prolif-
eration and differentiation [250,251]. TGF-p signaling is complex [252]
which is shown by the fact that both ECs and pericytes produce TGF-$
and TGF-PR and the effects of TGF-p signaling is a result of the in-
teractions between the two cell types [253]. In addition, crosstalk be-
tween TGF-f and Notch regulates the expression of N-cadherin, a
transmembrane protein that mediates cell-cell adhesion in junctional
adhesion plaques of ECs and pericytes [254,255].

HB-EGF belongs to the EGF family of growth factors and is expressed
in various types of cells, including ECs and pericytes [256,257]. Phos-
phorylation of EGFR on pericytes by EC-derived HB-EGF stimulates
pericyte proliferation, motility and recruitment to ECs [257,258]. The
observed increased activation of EGFR on pericytes in mouse xenografts
that acquired resistance to bevacizumab treatment, suggests that HB-
EGF/EGEFR signaling plays a role in resistance to anti-VEGF inhibitors
[259].

Clinical trials of combined therapies against pericytes and ECs are
described in the following sections.

5.3. Clinical anti-angiogenesis trials in ovarian cancer

5.3.1. Targeting the VEGF/VEGFR, PDGF/PDGFR, and EGF/EGFR axes
Several pericyte-endothelial combined targeted therapies in gyne-
cological cancers have been evaluated in clinical phase II/III trials.
Pazopanib, a non-specific tyrosine kinase inhibitor with activity against
VEGFR1, VEGFR2, VEGFR3, PDGFR-a, PDGFR-B, and c-Kit [260],
showed prolonged progression-free survival in women with stages II-IV
ovarian, fallopian tube, or peritoneal cancer, as compared to patients
treated with placebo (17.9 versus 12.3 months) in the AGO-OVAR 16
phase III trial [261]. Pazopanib in combination with paclitaxel treat-
ment showed prolonged progression-free survival in platinum-resistant
ovarian cancer patients as compared to the placebo group (6.4 versus
3.5 months) in the MITO-11 phase II trial [262]. Overall survival data of
the AGO-OVAR 16 and MITO-11 trials were not different with or
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without pazopanib treatment. Moreover, secondary endpoint measure-
ments in the AGO-OVAR 16 trial did not show differences in health-
related quality of life of patients treated with pazopanib as compared
to the placebo group [263]. Clinical trials with erlotinib, a tyrosine ki-
nase inhibitor of EGFR, as monotherapy or in combination with bev-
acizumab did not show effects in patients with ovarian cancer
[264,265].

5.3.2. Targeting the ANG/TIE axis

The TRINOVA-1 double-blind phase III clinical trial investigated the
combination of paclitaxel with placebo or with trebananib, an ANG1-
and ANG2-neutralizing peptibody that prevents their binding to the Tie2
receptor. A peptibody is the fusion protein of a peptide and an antibody
to prolong its biological activity [266]. Treatment of patients with
recurrent ovarian cancer with the combination of paclitaxel and treba-
nanib showed minimal prolonged progression-free survival as compared
to patients treated with paclitaxel and placebo (7.2 versus 5.4 months),
whereas overall survival did not differ (19 versus 17.3 months). In the
combined paclitaxel/trebananib patient group, treatment was dis-
continued more often and there was a higher incidence of edema (17%
versus 6% and 64% versus 28%, respectively) [267]. On the other hand,
treatment with paclitaxel/trebananib did not compromise quality of life
of the patients [268].

5.3.3. Targeting the TGF-f3/TGF-fiR axis

Tasisulam, a TGF-p/TGF-p type I receptor kinase (ALK5) inhibitor,
has been tested in two phase I clinical trials in patients with refractory or
malignant solid tumors, including ovarian cancer, to determine the
recommended dose for phase II trials [269,270]. Following these trials,
the multi-arm phase Ib study determined the maximum tolerated dose
for safety of tasisulam combined with standard chemotherapy in pa-
tients with advanced solid tumors. This study included ovarian, cervical,
uterine and endometrial cancer, which comprised only 6% of the total
number of patients [271]. The phase II single-arm study of tasisulam in
patients with platinum-resistant ovarian cancer demonstrated a
progression-free survival of 1.9 months and an overall survival of 12.9
months [272].

Trabedersen, a specific phosphorothioate antisense oligodeox-
ynucleotide that binds to TGF-2 mRNA and thereby inhibits TGF-f2
protein synthesis, has been studied in phase I/1I clinical trials in various
types of cancers, including brain, prostate, pancreatic, and colorectal
cancers [273]. To date, trabedersen and several tyrosine kinase in-
hibitors against the TGF-f pathway have been studied only in preclinical
ovarian cancer models [132,274].

5.4. Clinical anti-angiogenesis trials in cervical cancer

5.4.1. Targeting the VEGF/VEGFR, PDGF/PDGFR, and EGF/EGFR axes

Pazopanib, lapatinib (a tyrosine kinase inhibitor with activity
against EGFR and HER2/neu) or the combination of pazopanib and
lapatinib treatment, were studied in the VEG105281 phase II open-label
study in women with primary stage IVB or recurrent cervical cancer.
Patients treated with pazopanib showed prolonged progression-free
survival and significantly improved overall survival as compared to
patients treated with lapatinib (18.1 versus 17.1 weeks and 50.7 versus
39.1 weeks, respectively). Combined therapy of pazopanib and lapatinib
was excluded from the analysis because of the ineffectiveness and higher
toxicity compared to monotherapy [275].

5.4.2. Targeting the ANG/TIE axis

To the best of our knowledge, clinical trials with inhibitors against
the ANG/TIE axis have not been performed yet in patients with cervical
cancer.

5.4.3. Targeting the TGF-f/TGF-fR axis
Tasisulam treatment in cervical cancer was tested in one phase I



B. Yetkin-Arik et al.

clinical trial, which included only 1 patient with cervical cancer [269],
and one phase Ib clinical trial, which included 13 patients with ovarian,
uterine, endometrial, or cervical cancer. The exact number of patients
with cervical cancer was not indicated in this study [271]. As far as we
know, other clinical trials of inhibitors against the TGF-f/TGF-pR axis
have not been performed in cervical cancer patients.

5.5. Clinical anti-angiogenesis trials in endometrial cancer

5.5.1. Targeting the VEGF/VEGFR, PDGF/PDGFR, and EGF/EGFR axis

Elevated VEGF expression is an independent prognostic factor for
poor prognosis in endometrial cancer [276,277]. However, carboplatin-
paclitaxel-bevacizumab treatment of advanced and recurrent endome-
trial cancer in a randomized phase II trial (the MITO END-2 trial) did not
affect progression-free survival significantly in comparison to
carboplatin-paclitaxel [277,278]. Only one study of pazopanib mono-
therapy to treat endometrial cancer has been reported so far. This PAZEC
phase II non-randomized open-label study in chemotherapy-resistant
patients or patients with a contraindication for chemotherapy,
included a case report of a 57-year-old patient with FGF receptor 2
(FGFR2)-positive recurrent metastatic endometrial cancer demon-
strating a positive response to pazopanib monotherapy [279]. The pa-
tient, who suffered from abdominal wall metastasis, was free from
metastases of the abdominal wall and intestines after pazopanib treat-
ment and was still in complete remission 30 months after pazopanib
discontinuation [279]. Data of the PAZEC study has not been published
yet.

5.5.2. Targeting the ANG/TIE axis

Trebananib treatment has been evaluated in a single-arm clinical
trial including 32 persistent/recurrent endometrial cancer patients. The
progression-free survival and overall survival were 2.0 and 6.6 months,
respectively. One patient showed a partial response, 8 patients had
stable disease and 5 patients had 6 months event-free survival. Unfor-
tunately, trebananib monotherapy was not efficacious enough to war-
rant further studies [280].

5.5.3. Targeting the TGF-f3/ TGF-pR axis

Tasisulam treatment of endometrial cancer was tested in only a small
number of patients with cervical cancer. Tasisulam treatment in endo-
metrial cancer was tested in two phase I clinical trials, which included 1
patient with endometrial cancer [269,270], and one phase Ib clinical
trial, which included 13 patients with ovarian, uterine, endometrial, and
cervical cancer. The exact number of patients with endometrial cancer
was not indicated [271]. As far as we know, other trials with inhibitors
against the TGF-B/TGF-fR axis have not been performed in patients with
endometrial cancer.

6. Targeting the established tumor vasculature with vascular
disrupting agents

Vascular disrupting agents (VDAs) are a new class of anti-blood
vessel drugs that are aimed to target ECs of established tumor vascula-
ture. Structural and functional differences between tumor vessels and
non-tumor vessels allow selective vascular targeting. In contrast to non-
tumor vessels, the tumor vasculature is often fragile, leaky, and has an
abnormal blood flow [126,281]. Two types of VDAs have been tested
[282]. The first types are VDAs such as combretastatin A4-phosphatase
(CAA4P) that disrupt the microtubular cytoskeleton and endothelial cell-
cell junctions in tumors by targeting the colchicine-binding domain of
B-tubulin, which leads to rounding up of ECs and a collapse of the
immature tumor vasculature. This deprives the tumor of oxygen and
nutrients and ultimately leads to ischemia and necrosis of the tumor
mass [283]. Given the fact that the cytoskeleton is vital for EC functions
such as proliferation, migration, and barrier function, treatment with
VDAs may be successful in the treatment of (advanced) cancers
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[284-286]. The second type of VDAs are flavonoids [282] that target
ECs in tumors via DNA-damaging effects and induce EC apoptosis. The
exact mechanism of action that leads to EC apoptosis is not known
[287].

The efficacy of VDA treatment has limitations because mature blood
vessels in the periphery of tumors are not affected by VDAs. In contrast
to immature vessels in the center of the tumor mass, ECs of mature
vessels in the tumor periphery have a tight pericyte coverage, ensuring
vessel stabilization [39,127,288,289]. ECs in the periphery are less
dependent on the tubulin cytoskeleton for their structure and function,
but are rather dependent on actin filaments to support their cytoskeleton
[283,290]. Consequently, cancer cells in the periphery of tumors are still
provided with oxygen and nutrients and remain viable after VDA
treatment. Several attempts have been made to overcome tumor resis-
tance against EC-targeting VDAs. Chen et al. described the pericyte-
targeting VDA called Z-GP-DAVLBH, which is activated by fibroblast
activation protein a (FAPa). FAPa is specifically expressed on the plasma
membrane of CAFs and pericytes of epithelial cancers and has low or
undetectable expression in normal adult tissues [291,292]. Z-GP-
DAVLBH has been proposed as a VDA that selectively destroys the
cytoskeleton of FAPa-expressing tumor pericytes, disrupting the blood
vessels in both center and periphery of tumors. This was confirmed in
multiple lines of xenografts [293]. In addition, it was shown by Foley
et al. that the VDA called (S)-2-amino-N-(2-methoxy-5-(5-(3,4,5-trime-
thoxyphenyl)isoxazol-4-yl)phenyl)-3-phenylpropanamide  hydrochlo-
ride (STA-9584), targets vessels in both center and periphery in tumor
xenografts in vivo, but this study did not have a follow-up yet [294].

Combination treatment of VDAs with anti-angiogenesis compounds,
pericyte- and EC-targeting VDAs, or of VDAs and conventional chemo-
therapeutic agents may be an efficient treatment option [295]. Combi-
nation treatment of VDA and the mammalian target of rapamycin
(mTOR) inhibitor temsirolimus may be an option to delay tumor
recurrence after VDA treatment due to upregulation of HIF1a expression
as the mTOR inhibitor prevents this [296].

Here, we describe the human clinical trials of VDAs in ovarian cancer
and cervical cancer. To date, there are no trials of either type of VDA in
endometrial cancer, nor were patients with endometrial cancer part of
basket trials for solid tumors.

6.1. Clinical trials of VDAs in ovarian cancer

6.1.1. Combination of VDAs and chemotherapy

The safety of combining CA4P with standard doses of carboplatin
and paclitaxel was tested in a three-arm phase Ib dose escalation and
pharmacokinetic study. CA4P is the only VDA that has been developed
to treat ovarian cancer so far [297]. The combination with carboplatin
and/or paclitaxel appeared to be safe. Pharmacological interactions
between these drugs were were not found, and 7 out of 18 patients with
ovarian, fallopian tube, and peritoneal cancer showed a response ac-
cording to the Response Evaluation Criteria In Solid Tumors (RECIST)
and/or CA-125 criteria [298]. This study was followed by a single-arm
phase II trial in which 18 patients with relapsed or platinum-resistant
ovarian cancer received CA4P at 18-20 h prior to carboplatin and
paclitaxel treatment. The addition of CA4P to carboplatin and paclitaxel
treatment resulted in a response rate of 29% of this heterogeneous group
of patients according to RECIST and/or CA-125 criteria [299].

6.1.2. Combination of VDAs with anti-angiogenic compounds

The dose escalation and pharmacokinetic study of CA4P in combi-
nation with bevacizumab was tested in a single-arm phase I trial in 15
patients with advanced cancer, including 4 patients with ovarian cancer.
The combination of CA4P with bevacizumab was safe and well tolerated.
Two patients with ovarian cancer exhibited stable disease and 2 patients
had progressive disease according to RECIST. Among the patients with
ovarian cancer, one patient showed a response by CA-125 criteria that
lasted for over a year. The anti-vascular activity of CA4P in the presence
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or absence of bevacizumab was analyzed with the use of dynamic
contrast-enhanced magnetic resonance imaging (DCE-MRI). DCE-MRI
showed that CA4P alone increased vessel density in the tumors
whereas anti-vascular effects were found after treatment with CA4P in
combination with bevacizumab [300]. The GOG-186-I open-label ran-
domized phase II trial investigated treatment with the single agent
bevacizumab as compared to bevacizumab in combination with CA4P in
women with persistent or recurrent ovarian, fallopian tube, or perito-
neal cancer [301]. Patients treated with the combination of CA4P and
bevacizumab showed prolonged progression-free survival as compared
to patients treated with bevacizumab monotherapy (7.3 versus 4.8
months). The overall response rate was similar in patients treated with
bevacizumab alone and with CA4P and bevacizumab. However, patients
treated with the combination of CA4P and bevacizumab developed hy-
pertension more often than patients treated with bevacizumab alone
(35% versus 20%). [301]. Hypertension and adverse cardiovascular
events are side effects both of CA4P and other anti-angiogenic therapy
[302]. No treatment-related deaths were observed in this study.

6.2. Clinical trials of VDAs in cervical cancer

The flavonoid 5,6-dimethylxanthenone-4-acetic acid (DMXAA) is the
only VDA that has been tested in patients with cervical cancer [303].
The dose escalation, pharmacokinetics, and anti-vascular effects of
DMXAA were investigated in a single-arm phase I trial in 63 patients
with solid cancers, including 3 patients with cervical cancer. Tumor
responses were analyzed by plain radiographs every 3 weeks and by
computer tomography or ultrasound scans every 6 weeks. In general,
DMXAA treatment showed anti-tumor activity at well-tolerated doses.
One patient with metastatic cervical cancer showed a partial response
after 8 courses (1100 mg/mz) [303]. Other clinical trials with (flavo-
noid) VDAs have not been reported thus far in patients with cervical
cancer, which does not exclude the existence of unpublished negative
studies as was indicated recently by Daei Farshchi Adli et al. [304].

Novel microtubule inhibitors are being developed, such as WX-132-
18B [305], NOV202 [306], plocabulin [307], vinyl sulfone [308], de-
rivatives of quinaldine and carbazole [309], and ethoxy-erianin phos-
phate [310], but they have not been tested in clinical trials yet.

7. Targeting the metabolism of the tumor vasculature
7.1. Metabolic adaptation of ECs

Formation of new blood vessels by differentiated endothelial tip
cells, stalk cells, and phalanx cells during angiogenesis (Fig. 1) is an
energy-demanding process. In addition to genetic signals, a metabolic
switch has been associated with EC differentiation [311]. In vitro and in
animal models, it has been shown that ECs in general have a relatively
high glycolytic activity, which is further increased during angiogenesis
[311,312], leading to metabolic characteristics similar to proliferative
cancer cells [156,209,313-315]. ECs take up glucose via glucose
transporters (GLUT), mainly by GLUT-1, and it has been shown that
VEGF increases GLUT-1 expression via the activation of the PI3K-AKT
signaling pathway [316]. In line with these observations, metabolic
inhibitors are becoming attractive sensitizers to standard anti-cancer
therapy [317-320]. Because angiogenesis depends on metabolism in
EC, metabolic inhibitors can be regarded as anti-angiogenic agents as
well.

The main limitation of previous studies on EC metabolism is that the
models employed in these studies did not allow for appropriate
discrimination between tip cells and other angiogenic phenotypes
[311,312,321]. The relative contribution and regulatory functions of
metabolic pathways in tip cells and non-tip cells, respectively, were not
determined in these studies. Therefore, we studied metabolism in iso-
lated fractions of tip cells and non-tip cells in more detail with the use of
an in vitro approach to identify and isolate CD34™" tip cells and CD34~
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non-tip cells in EC cultures using flow cytometry [85,322]. These studies
have shown that both endothelial tip cells and non-tip cells use glycol-
ysis as well as mitochondrial respiration for their energy demand, but
that tip cells are less glycolytic as compared to non-tip cells [85].
Although glycolysis is significantly lower in tip cells, glycolysis is
essential to maintain the tip cell phenotype and for the differentiation of
tip cells from non-tip cells [322]. It has been postulated that ECs increase
their glycolytic flux when switching from quiescence to proliferation
[321], but we found that glycolysis as well as mitochondrial respiration
are necessary for the proliferation of non-tip cells [85].

Although ECs are considered to be glycolytic, studies have suggested
that mitochondrial respiration is essential for homeostasis and angio-
genic capacity of the endothelium [323-325], indicating metabolic
flexibility in the pathways to generate adenosine triphosphate (ATP)
[209,314,315,326]. ECs are able to switch to mitochondrial respiration
for their energy demand when anaerobic glycolysis is impaired, a con-
dition referred to as the Crabtree effect [327]. For example, it has been
shown that inhibition of glycolysis in ECs induces a switch to mito-
chondrial respiration, inhibits cell proliferation, and enhances the
oxidation of mitochondrial fuels (pyruvate, fatty acids, amino acids)
[85,322,327,328]. Differentiated ECs and in particular tip cells are
known to exhibit metabolic flexibility that is characterized by the ability
to reversibly shift between substrates and/or metabolic pathways to
respond or adapt to conditional changes that may occur during sprout-
ing angiogenesis [85,322,329,330].

Hypoxia triggers angiogenesis, but it is also known as a biologically
unbalanced status, referred to as cycling hypoxia [331,332]. During
angiogenesis, migrating tip cells and proliferating stalk cells are both
exposed to various microenvironmental conditions, such as areas with
hypoxia or normoxia and areas with or without growth factors. In
addition, ECs are well-equipped to metabolize mitochondrial-oxidizable
substrates such as fatty acids and glutamine [333,334]. Adaptations to
such varying conditions in the microenvironment of the growing vessel
requires the differentiated ECs to have a flexible metabolism that can
meet such fluctuations, and in vitro studies have shown that this is the
case [85,322]. The dynamic nature and the complexity of the metabolic
networks in differentiated EC types (tip cells, stalk cells, and phalanx
cells) during sprouting angiogenesis challenge/hamper the development
of new effective anti-angiogenic therapy-based on targets of the meta-
bolic pathways, either or not in combination with standard therapies.

7.2. Clinical trials of metabolic targeting in ovarian cancer

Lonidamine is applied as an inhibitor of glycolysis in cancer cells,
likely by inhibition of hexokinase [335]. Hexokinase is a rate-limiting
glycolytic enzyme that converts glucose into glucose-6-phosphate and
is found in several cellular compartments, including the outer mito-
chondrial membrane and in mitochondria. Interestingly, lonidamine
elevates aerobic glycolysis in healthy cells, whereas in cancer cells
lonidamide inhibits glycolysis [335]. Although the exact mechanism of
metabolic lonidamine effects remains unclear, lonidamine has been
shown to be tolerated well in a single-arm phase II study when combined
with paclitaxel and cisplatin in patients with advanced ovarian cancer
[336]. In the group of women with measurable disease (patients with a
tumor size between 2 and 5 cm or > 5 cm) a complete or partial response
was found in 80% of patients, and in the group of women with evaluable
disease (patients with a tumor size of <2 cm, no evidence of disease, or
microscopic disease only) 16% of the patients showed clinical progres-
sion according to WHO criteria [337].

Metformin is widely prescribed for type 2 diabetes and is considered
to be an anti-hyperglycemic drug as it lowers blood glucose levels. The
use of metformin is associated with a reduced risk of cancer in patients
with type 2 diabetes [338,339]. Although the exact mechanism of action
on cancer cells is unclear, the use of metformin in cancer treatment has
gained a huge interest. Metformin inhibits complex I of the mitochon-
drial respiratory chain and thereby suppresses mitochondrial coupled
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ATP production [320,339]. In addition, metformin has been reported to
inhibit the glycolytic enzyme hexokinase by mimicking glucose-6-
phosphate as a competitive inhibitor [340]. The dose escalation and
pharmacokinetic study of the anti-cancer effects of metformin in com-
bination with temsirolimus was tested in a phase I trial including 21
patients with advanced or refractory cancers, including 2 patients with
ovarian cancer and 4 patients with endometrial cancer [341]. Temsir-
olimus is an inhibitor of mTOR, which is an enzyme that is regulated by
upstream receptor tyrosine kinases such as the IGF-1 receptor (IGF-1R)
and is involved in the regulation of cell growth, proliferation, and
apoptosis [342]. The combination of metformin and temsirolimus
appeared to be well tolerated. Tumor progression and response rate
were evaluated according to RECIST and it appeared that 44% of the
patients showed tumor progression and 56% of the patients showed
stable disease as their best response. The clinical benefit, described as no
evidence of progression during 6 or more treatment cycles, appeared to
occur in 22% of patients with advanced or refractory cancers [341].

Sodium phenylbutyrate is a fatty acid compound that has been
applied in the clinic for the treatment of children with genetic defects in
the urea cycle [343]. The genetic defects in the urea cycle caused
impaired conversion of the highly toxic ammonia, a waste product of
amino acid catabolism, into urea. The resulting hyperammonemia re-
sults in cognitive decline. Phenylbutyrate is oxidized to phenylacetate,
which conjugates with glutamine and lowers ammonia levels by pre-
venting glutamine-stimulated ammoniagenesis [344]. The dose escala-
tion and pharmacokinetic study of phenylbutyrate was tested in a phase
I trial in 21 patients with advanced solid tumors, including 1 patient
with ovarian cancer. Phenylbutyrate monotherapy was well tolerated.
However, the clinical response rates were moderate because 4 patients
developed rapid progression of their disease and were withdrawn from
therapy and only 3 patients (2 patients with anaplastic astrocytoma and
1 patient with glioblastoma) showed stable disease which lasted for 5, 7,
and 4 months, respectively, according to the standard National Cancer
Institute tumor response criteria [345].

7.3. Clinical trials of metabolic targeting in cervical cancer

The association between the use of metformin and survival of women
with cervical cancer has been tested in a retrospective study [346]. This
study included 70 patients that had been treated with metformin and
715 non-users of metformin. The percentages of patients with a 5-year
progression-free survival and overall survival were similar between
patients treated with metformin and patients not treated with metformin
(57.3% versus 61.8% and 71.7% versus 70.7%, respectively). Patients
treated with radiotherapy as primary therapy either or not in combi-
nation with metformin therapy also did not show significant differences
in 5-year progression-free survival and overall survival. The use of
metformin monotherapy does not appear to be associated with an
improved clinical outcome in cervical cancer patients [346].

The dose-escalating and pharmacokinetic study of the glucose analog
2-deoxyglucose (2-DG), an inhibitor of the glycolytic pathway by its
interaction with the first glycolytic enzyme hexokinase, was tested in a
phase I trial in 12 patients with advanced cancer, including 1 patient
with cervical cancer. The uptake of 2-DG was assessed with
fluorodeoxyglucose-positron emission tomography (FDG-PET) scan-
ning. Monotherapy with 2-DG appeared to be well tolerated by patients
with advanced cancer [347]. However, a clinical outcome of treatment
of patients with gynecological cancer is not available yet.

7.4. Clinical trials of metabolic targeting in endometrial cancer

A translational pre-operative prospective trial of metformin treat-
ment showed reduced cancer cell proliferation in patients with endo-
metrial cancer. Immunohistochemical analysis of endometrial cancer
tissues showed reduced expression of the proliferation markers Ki-67
and topoisomerase Ila after metformin treatment (in 90% and 80% of
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patients, respectively) [348]. Several other studies confirmed these
findings [349,350]. Following these findings, a phase II trial of met-
formin was tested in combination with medroxyprogesterone acetate (a
synthetic variant of the hormone progesterone) as treatment for fertility
preservation and prevention of recurrence of endometrial carcinoma.
This study included 17 patients with endometrial hyperplasia and 19
patients with endometrial cancer. Treatment with metformin in com-
bination with medroxyprogesterone acetate appeared to be safe and well
tolerated. Within 36 weeks of treatment, 81% of patients showed a
complete response (16 patients with endometrial hyperplasia and 13
patients with endometrial cancer) and of these patients 10.3% relapsed
in a follow-up study. Partial responses were found in 14% of patients
within 36 weeks of treatment. After initial treatment, 2 patients with
endometrial cancer showed progression at 12 weeks. In both patients the
cancer dedifferentiated from grade 1 endometrioid adenocarcinoma into
undifferentiated adenocarcinoma. Despite the promising results, a lim-
itation of this study is that more than 80% of the patients were obese and
showed insulin resistance, therefore the effect of metformin in non-
obese patients or insulin-sensitive patients remains to be elucidated in
future studies [348].

7.5. Therapeutic targeting of tumor metabolism in combination with anti-
angiogenesis therapy in gynecological cancers

Cancer cells also have flexible adaptive responses to hypoxia and
limited availability of nutrients like ECs during angiogenesis. Metabolic
adaptation of cancer cells is required for both malignant transformation
and subsequent tumor development. Although aerobic glycolysis has
been widely accepted as a common feature of metabolic adaptation of
cancer cells, the so-called Warburg effect, recent studies have shown
that mitochondrial respiration is also involved in the metabolic adap-
tation of cancer cells [314,351]. As the tumor microenvironment con-
tributes to adaptation of cancer cell metabolism and tumor vessel
abnormalities impair the delivery and efficiency of current chemother-
apeutic agents, targeting of the dysregulated metabolism in combination
with anti-angiogenesis therapy may be effective to suppress tumor
growth and metastasis [352,353].

8. Conclusions

Recurrent and advanced epithelial ovarian cancer, cervical cancer,
and endometrial cancer have a poor prognosis, and current systemic
therapies have limited effectivity. Alternatively, anti-angiogenic agents
have been FDA approved, of which bevacizumab is the most widely used
drug in gynecological cancers [354]. However, survival benefit for pa-
tients with ovarian cancer, cervical cancer, and endometrial cancer is
disappointing. Other strategies, such as dissociating pericytes from the
tumor vasculature and targeting both ECs and pericytes to overcome
anti-VEGF therapy resistance, show more promising results in patients
with gynecological cancers. However, these strategies have unwanted
side effects because limited pericyte coverage of capillaries disrupt
systemic endothelial integrity, causing vessel leakage, edema, and can-
cer cells to enter the vascular system to metastasize more easily [240].
Unfortunately, predictive biomarkers identifying the categories of pa-
tients who will benefit from targeted therapy against both ECs and
pericytes are still missing. Newer anti-angiogenic strategies include
tyrosine kinase inhibitors (drugs that target mediators of the signaling
cascade of biological processes like cell growth, differentiation, and
metabolism) and VDAs (drugs that target ECs of established tumor
vasculature). Several tyrosine kinase inhibitors, administered as single
agents or in combination with chemotherapy, showed only modest ef-
ficacy in ovarian cancer, cervical cancer, and endometrial cancer as well
[355,356]. VDAs targeting established vasculature have been tested in
clinical trials for ovarian cancers only, in combination with chemo-
therapy or with other anti-angiogenic compounds. Again, patient sur-
vival was only modestly prolonged. Therefore, new avenues have to be
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found to render anti-angiogenesis agents including VDA successful.
Combination therapies with metabolism-targeting therapeutics, ECM-
targeting agents, and anti-inflammatory agents are attractive options
that warrant further investigation.

Author’s roles

BYA, AWK, and CJFvN: conceptualization and writing. CJFVN:
CJFVNC supervision, review, and editing. MT: contributed to Fig. 4,
Visualization. ROS: participation in study design and critical discussion.
CHJRJ, YPL, AB, KK, AJW, FA, CARL, IK, ROS: review and editing. All
authors contributed to the critical revision of the content and approved
the final version of the paper.

Funding

This study was supported financially by the following foundations:
BYA, IK, ROS: Landelijke Stichting voor Blinden en Slechtzienden,
Algemene Nederlandse Vereniging ter Voorkoming van Blindheid,
Stichting Blinden-Penning, Stichting Oogfonds Nederland, Mac-
ulaFonds, that all contributed through UitZicht (Grant 2018-26, 2017-
29 and 2015-19), Stichting tot Verbetering van het Lot der Blinden,
Rotterdamse Stichting Blindenbelangen (Grant B20140049), Stichting
voor Ooglijders, Stichting Blindenhulp. This study was published with
the help of the Edmond en Marianne Blaauw Fonds voor Oogheelkunde.
MV and CJFvN were supported by a research grant of the Slovenian
Research Agency (ARRS), grant number J3-2526. The funding organi-
zations had no role in the design or conduct of this research. They
provided unrestricted grants.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

We thank Yasmin Habani (Ocular Angiogenesis Group, Department
of Ophthalmology, Amsterdam UMC, University of Amsterdam, Mei-
bergdreef 9, Amsterdam, The Netherlands) for providing us with images
of the 3D angiogenic sprouting model (Fig. 2).

References

[1] F. Bray, et al., Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries, CA Cancer J. Clin. 68
(6) (2018) 394-424.

K.M. Moxley, D.S. McMeekin, Endometrial carcinoma: a review of chemotherapy,
drug resistance, and the search for new agents, Oncologist 15 (10) (2010)
1026-1033.

1. Diaz-Padilla, et al., Treatment of metastatic cervical cancer: future directions
involving targeted agents, Crit. Rev. Oncol. Hematol. 85 (3) (2013) 303-314.
N. Howlader, et al., SEER Cancer Statistics Review, 1975-2016, National Cancer
Institute, Bethesda, MD, 2020.

R. Salani, et al., An update on post-treatment surveillance and diagnosis of
recurrence in women with gynecologic malignancies: society of gynecologic
oncology (SGO) recommendations, Gynecol. Oncol. 146 (1) (2017) 3-10.

R. Agarwal, S.B. Kaye, Ovarian cancer: strategies for overcoming resistance to
chemotherapy, Nat. Rev. Cancer 3 (2003) 502.

J. Folkman, Anti-angiogenesis: new concept for therapy of solid tumors, Ann.
Surg. 175 (3) (1972) 409-416.

J. Folkman, What is the evidence that tumors are angiogenesis dependent?

J. Natl. Cancer Inst. 82 (1) (1990) 4-6.

H.P. Ellis, et al., Clinically actionable insights into initial and matched recurrent
glioblastomas to inform novel treatment approaches, J. Oncol. 2019 (2019)
4878547.

J.J. Raizer, et al., A phase 2 trial of single-agent bevacizumab given in an every-3-
week schedule for patients with recurrent high-grade gliomas, Cancer 116 (22)
(2010) 5297-5305.

H.S. Friedman, et al., Bevacizumab alone and in combination with irinotecan in
recurrent glioblastoma, J. Clin. Oncol. 27 (28) (2009) 4733-4740.

[2]

[3]
[4]
[5]

[6]
[71
[81
[91

[10]

[11]

13

[12]

[13]
[14]
[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]
[44]

[45]

BBA - Reviews on Cancer 1875 (2021) 188446

T.N. Kreisl, et al., Phase II trial of single-agent bevacizumab followed by
bevacizumab plus irinotecan at tumor progression in recurrent glioblastoma,

J. Clin. Oncol. 27 (5) (2009) 740-745.

I. Geudens, H. Gerhardt, Coordinating cell behaviour during blood vessel
formation, Development 138 (21) (2011) 4569-4583.

M.J. Siemerink, et al., Endothelial tip cells in ocular angiogenesis: potential target
for anti-angiogenesis therapy, J. Histochem. Cytochem. 61 (2) (2013) 101-115.
W. Tjalma, et al., Quantification and prognostic relevance of angiogenic
parameters in invasive cervical cancer, Br. J. Cancer 78 (2) (1998) 170-174.

1. Skirnisdottir, H. Akerud, T. Seidal, Clinical significance of growth factor
receptor EGFR and angiogenesis regulator VEGFR2 in patients with ovarian
cancer at FIGO stages I-1I, Int. J. Oncol. 53 (4) (2018) 1633-1642.

M. Mendiola, et al., Predicting response to standard first-line treatment in high-
grade serous ovarian carcinoma by angiogenesis-related genes, Anticancer Res.
38 (9) (2018) 5393-5400.

G.M. Abu-Jawdeh, et al., Strong expression of vascular permeability factor
(vascular endothelial growth factor) and its receptors in ovarian borderline and
malignant neoplasms, Lab. Investig. 74 (6) (1996) 1105-1115.

H.C. Hollingsworth, et al., Tumor angiogenesis in advanced stage ovarian
carcinoma, Am. J. Pathol. 147 (1) (1995) 33-41.

G. Gasparini, et al., Prognostic and predictive value of tumour angiogenesis in
ovarian carcinomas, Int. J. Cancer 69 (3) (1996) 205-211.

V. Chopra, T.V. Dinh, E.V. Hannigan, Angiogenin, interleukins, and growth-factor
levels in serum of patients with ovarian cancer: correlation with angiogenesis,
Cancer J. Sci. Am. 2 (5) (1996) 279-285.

O. Abulafia, et al., Angiogenesis in endometrial hyperplasia and stage I
endometrial carcinoma, Obstet. Gynecol. 86 (4 Pt 1) (1995) 479-485.

C.V. Kirschner, et al., Angiogenesis factor in endometrial carcinoma: a new
prognostic indicator? Am. J. Obstet. Gynecol. 174 (6) (1996) 1879-1882
(discussion 1882-4).

D.L. Wiggins, et al., Tumor angiogenesis as a prognostic factor in cervical
carcinoma, Gynecol. Oncol. 56 (3) (1995) 353-356.

A.W. Griffioen, G. Molema, Angiogenesis: potentials for pharmacologic
intervention in the treatment of cancer, cardiovascular diseases, and chronic
inflammation, Pharmacol. Rev. 52 (2) (2000) 237-268.

B. Galjart, et al., Angiogenic desmoplastic histopathological growth pattern as a
prognostic marker of good outcome in patients with colorectal liver metastases,
Angiogenesis 22 (2) (2019) 355-368.

R. Gianni-Barrera, et al., PDGF-BB regulates splitting angiogenesis in skeletal
muscle by limiting VEGF-induced endothelial proliferation, Angiogenesis 21 (4)
(2018) 883-900.

C. Korbel, et al., Notch signaling controls sprouting angiogenesis of endometriotic
lesions, Angiogenesis 21 (1) (2018) 37-46.

R.R. Ramjiawan, A.W. Griffioen, D.G. Duda, Anti-angiogenesis for cancer
revisited: is there a role for combinations with immunotherapy? Angiogenesis 20
(2) (2017) 185-204.

V.L. Thijssen, et al., Targeting PDGF-mediated recruitment of pericytes blocks
vascular mimicry and tumor growth, J. Pathol. 246 (4) (2018) 447-458.

D.W. van der Schaft, et al., Effects of angiogenesis inhibitors on vascular network
formation by human endothelial and melanoma cells, J. Natl. Cancer Inst. 96 (19)
(2004) 1473-1477.

H. Gerhardt, et al., VEGF guides angiogenic sprouting utilizing endothelial tip cell
filopodia, J. Cell Biol. 161 (6) (2003) 1163-1177.

P. Fournier, et al., The protein tyrosine phosphatase PTPRJ/DEP-1 contributes to
the regulation of the notch-signaling pathway and sprouting angiogenesis,
Angiogenesis 23 (2) (2020) 145-157.

M. Fukumoto, et al., Tip-cell behavior is regulated by transcription factor FoxO1
under hypoxic conditions in developing mouse retinas, Angiogenesis 21 (2)
(2018) 203-214.

AN. Witmer, et al., Vascular endothelial growth factors and angiogenesis in eye
disease, Prog. Retin. Eye Res. 22 (1) (2003) 1-29.

M.G. Dallinga, et al., Tip cells in angiogenesis, in: eLS, John Wiley & Sons, Ltd,
2015.

R.J. Van Geest, et al., A shift in the balance of vascular endothelial growth factor
and connective tissue growth factor by bevacizumab causes the angiofibrotic
switch in proliferative diabetic retinopathy, Br. J. Ophthalmol. 96 (4) (2012)
587-590.

D. Ribatti, B. Nico, E. Crivellato, The role of pericytes in angiogenesis, Int. J. Dev.
Biol. 55 (3) (2011) 261-268.

R.O. Schlingemann, et al., Differential expression of markers for endothelial cells,
pericytes, and basal lamina in the microvasculature of tumors and granulation
tissue, Am. J. Pathol. 138 (6) (1991) 1335-1347.

L.K. Phng, H. Gerhardt, Angiogenesis: a team effort coordinated by notch, Dev.
Cell 16 (2) (2009) 196-208.

M. Hellstrom, et al., D114 signalling through notchl regulates formation of tip
cells during angiogenesis, Nature 445 (7129) (2007) 776-780.

S. Abraham, et al., VE-cadherin-mediated cell-cell interaction suppresses
sprouting via signaling to MLC2 phosphorylation, Curr. Biol. 19 (8) (2009)
668-674.

E. Dejana, Endothelial cell-cell junctions: happy together, Nat. Rev. Mol. Cell Biol.
5 (4) (2004) 261-270.

B.L. Hogan, P.A. Kolodziej, Organogenesis: molecular mechanisms of
tubulogenesis, Nat. Rev. Genet. 3 (7) (2002) 513-523.

A.A. Blancas, et al., Specialized tip/stalk-like and phalanx-like endothelial cells
from embryonic stem cells, Stem Cells Dev. 22 (9) (2013) 1398-1407.


http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0005
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0005
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0005
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0010
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0010
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0010
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0015
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0015
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0020
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0020
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0025
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0025
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0025
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0030
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0030
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0035
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0035
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0040
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0040
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0045
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0045
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0045
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0050
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0050
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0050
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0055
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0055
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0060
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0060
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0060
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0065
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0065
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0070
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0070
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0075
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0075
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0080
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0080
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0080
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0085
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0085
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0085
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0090
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0090
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0090
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0095
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0095
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0100
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0100
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0105
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0105
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0105
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0110
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0110
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0115
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0115
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0115
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0120
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0120
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0125
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0125
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0125
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0130
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0130
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0130
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0135
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0135
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0135
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0140
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0140
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0145
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0145
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0145
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0150
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0150
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0155
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0155
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0155
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0160
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0160
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0165
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0165
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0165
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0170
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0170
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0170
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0175
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0175
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0180
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0180
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0185
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0185
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0185
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0185
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0190
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0190
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0195
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0195
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0195
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0200
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0200
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0205
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0205
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0210
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0210
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0210
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0215
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0215
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0220
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0220
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0225
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0225

B. Yetkin-Arik et al.

[46]
[47]
[48]

[49]

[50]
[51]
[52]
[53]
[54]

[55]

[56]

[57]

[58]

[59]
[60]
[61]

[62]

[63]
[64]

[65]

[66]
[671

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]
[76]
[77]
[78]
[79]
[80]

[81]

P. Carmeliet, et al., Branching morphogenesis and antiangiogenesis candidates:
tip cells lead the way, Nat. Rev. Clin. Oncol. 6 (6) (2009) 315-326.

V. Gebala, et al., Blood flow drives lumen formation by inverse membrane
blebbing during angiogenesis in vivo, Nat. Cell Biol. 18 (4) (2016) 443-450.

M. Potente, H. Gerhardt, P. Carmeliet, Basic and therapeutic aspects of
angiogenesis, Cell 146 (6) (2011) 873-887.

A.E. van der Wijk, et al., Spatial and temporal recruitment of the neurovascular
unit during development of the mouse blood-retinal barrier, Tissue Cell 52 (2018)
42-50.

H.F. Dvorak, Angiogenesis: update 2005, J. Thromb. Haemost. 3 (8) (2005)
1835-1842.

K. Gaengel, et al., Endothelial-mural cell signaling in vascular development and
angiogenesis, Arterioscler. Thromb. Vasc. Biol. 29 (5) (2009) 630-638.

M.J. Siemerink, A.J. Augustin, R.O. Schlingemann, Mechanisms of ocular
angiogenesis and its molecular mediators, Dev. Ophthalmol. 46 (2010) 4-20.
M.G. Dallinga, et al., IGF2 and IGF1R identified as novel tip cell genes in primary
microvascular endothelial cell monolayers, Angiogenesis 21 (4) (2018) 823-836.
P. Carmeliet, R.K. Jain, Molecular mechanisms and clinical applications of
angiogenesis, Nature 473 (7347) (2011) 298-307.

A. Stratmann, W. Risau, K.H. Plate, Cell type-specific expression of angiopoietin-1
and angiopoietin-2 suggests a role in glioblastoma angiogenesis, Am. J. Pathol.
153 (5) (1998) 1459-1466.

S.F. Hackett, et al., Angiopoietin 2 expression in the retina: upregulation during
physiologic and pathologic neovascularization, J. Cell. Physiol. 184 (3) (2000)
275-284.

H.G. Augustin, et al., Control of vascular morphogenesis and homeostasis through
the angiopoietin-tie system, Nat. Rev. Mol. Cell Biol. 10 (3) (2009) 165-177.
Y.Q. Huang, et al., Thrombin induces increased expression and secretion of
angiopoietin-2 from human umbilical vein endothelial cells, Blood 99 (5) (2002)
1646-1650.

L.F. Brown, et al., Vascular permeability factor/vascular endothelial growth
factor: a multifunctional angiogenic cytokine, Exs 79 (1997) 233-269.

R. Blanco, H. Gerhardt, VEGF and notch in tip and stalk cell selection, Cold Spring
Harb. Perspect. Med. 3 (1) (2013) a006569.

F. le Noble, et al., Neural guidance molecules, tip cells, and mechanical factors in
vascular development, Cardiovasc. Res. 78 (2) (2008) 232-241.

L.B. Lobov, et al., Delta-like ligand 4 (DI14) is induced by VEGF as a negative
regulator of angiogenic sprouting, Proc. Natl. Acad. Sci. U. S. A. 104 (9) (2007)
3219-3224.

J.D. Leslie, et al., Endothelial signalling by the notch ligand delta-like 4 restricts
angiogenesis, Development 134 (5) (2007) 839-844.

A.F. Siekmann, N.D. Lawson, Notch signalling limits angiogenic cell behaviour in
developing zebrafish arteries, Nature 445 (7129) (2007) 781-784.

S. Suchting, et al., The notch ligand delta-like 4 negatively regulates endothelial
tip cell formation and vessel branching, Proc. Natl. Acad. Sci. U. S. A. 104 (9)
(2007) 3225-3230.

Y. Funahashi, et al., Notch regulates the angiogenic response via induction of
VEGFR-1, J. Angiogenes. Res. 2 (1) (2010) 3.

N.C. Kappas, et al., The VEGF receptor Flt-1 spatially modulates Flk-1 signaling
and blood vessel branching, J. Cell Biol. 181 (5) (2008) 847-858.

R.A. Deckelbaum, et al., The potassium channel Kcne3 is a VEGFA-inducible gene
selectively expressed by vascular endothelial tip cells, Angiogenesis 23 (2) (2020)
179-192.

R. del Toro, et al., Identification and functional analysis of endothelial tip cell-
enriched genes, Blood 116 (19) (2010) 4025-4033.

J.W. Shin, R. Huggenberger, M. Detmar, Transcriptional profiling of VEGF-A and
VEGF-C target genes in lymphatic endothelium reveals endothelial-specific
molecule-1 as a novel mediator of lymphangiogenesis, Blood 112 (6) (2008)
2318-2326.

T. Su, et al., Endocan blockade suppresses experimental ocular neovascularization
in mice, Invest. Ophthalmol. Vis. Sci. 59 (2) (2018) 930-939.

G.A. Strasser, J.S. Kaminker, M. Tessier-Lavigne, Microarray analysis of retinal
endothelial tip cells identifies CXCR4 as a mediator of tip cell morphology and
branching, Blood 115 (24) (2010) 5102-5110.

S.F. Rocha, et al., Esm1 modulates endothelial tip cell behavior and vascular
permeability by enhancing VEGF bioavailability, Circ. Res. 115 (6) (2014)
581-590.

L.T.H. Dang, et al., Hyperactive FOXO1 results in lack of tip stalk identity and
deficient microvascular regeneration during kidney injury, Biomaterials 141
(2017) 314-329.

Y.H. Kim, et al., A MST1-FOXO1 cascade establishes endothelial tip cell polarity
and facilitates sprouting angiogenesis, Nat. Commun. 10 (1) (2019) 838.

S. Piccolo, S. Dupont, M. Cordenonsi, The biology of YAP/TAZ: hippo signaling
and beyond, Physiol. Rev. 94 (4) (2014) 1287-1312.

M. Sakabe, et al., YAP/TAZ-CDC42 signaling regulates vascular tip cell migration,
Proc. Natl. Acad. Sci. U. S. A. 114 (41) (2017) 10918-10923.

J. Kim, et al., YAP/TAZ regulates sprouting angiogenesis and vascular barrier
maturation, J. Clin. Invest. 127 (9) (2017) 3441-3461.

A. Leask, D.J. Abraham, All in the CCN family: essential matricellular signaling
modulators emerge from the bunker, J. Cell Sci. 119 (Pt 23) (2006) 4803-4810.
P. Henrot, et al., CCN proteins as potential actionable targets in scleroderma, Exp.
Dermatol. 28 (1) (2019) 11-18.

H. Zhang, H.A. Pasolli, E. Fuchs, Yes-associated protein (YAP) transcriptional
coactivator functions in balancing growth and differentiation in skin, Proc. Natl.
Acad. Sci. U. S. A. 108 (6) (2011) 2270-2275.

14

[82]
[83]
[84]

[85]

[86]
[87]

[88]

[89]

[901]

[91]

[92]

[93]
[94]
[95]
[96]

[97]

[98]
[99]
[100]

[101]

[102]

[103]

[104]
[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

BBA - Reviews on Cancer 1875 (2021) 188446

F.X. Yu, et al., Regulation of the hippo-YAP pathway by G-protein-coupled
receptor signaling, Cell 150 (4) (2012) 780-791.

M.H. Park, et al., CCN1 interlinks integrin and hippo pathway to autoregulate tip
cell activity, Elife 8 (e46012) (2019).

M.J. Siemerink, et al., CD34 marks angiogenic tip cells in human vascular
endothelial cell cultures, Angiogenesis 15 (1) (2012) 151-163.

B. Yetkin-Arik, et al., The role of glycolysis and mitochondrial respiration in the
formation and functioning of endothelial tip cells during angiogenesis, Sci. Rep. 9
(1) (2019) 12608.

W. Chen, et al., The endothelial tip-stalk cell selection and shuffling during
angiogenesis, J. Cell Commun. Signal 13 (3) (2019) 291-301.

C. Margadant, Positive and negative feedback mechanisms controlling tip/stalk
cell identity during sprouting angiogenesis, Angiogenesis 23 (2) (2020) 75-77.
D. Gospodarowicz, K.K. Thakral, Production of a corpus luteum angiogenic factor
responsible for proliferation of capillaries and neovascularization of the corpus
luteum, Proc. Natl. Acad. Sci. U. S. A. 75 (2) (1978) 847-851.

N. Ravindranath, et al., Vascular endothelial growth factor messenger ribonucleic
acid expression in the primate ovary, Endocrinology 131 (1) (1992) 254-260.
D. Shweiki, et al., Patterns of expression of vascular endothelial growth factor
(VEGF) and VEGF receptors in mice suggest a role in hormonally regulated
angiogenesis, J. Clin. Invest. 91 (5) (1993) 2235-2243.

P.C. Maisonpierre, et al., Angiopoietin-2, a natural antagonist for Tie2 that
disrupts in vivo angiogenesis, Science 277 (5322) (1997) 55-60.

K. Muller, C. Ellenberger, H.A. Schoon, Histomorphological and
immunohistochemical study of angiogenesis and angiogenic factors in the ovary
of the mare, Res. Vet. Sci. 87 (3) (2009) 421-431.

L.P. Reynolds, S.D. Killilea, D.A. Redmer, Angiogenesis in the female reproductive
system, FASEB J. 6 (3) (1992) 886-892.

H.M. Fraser, C. Wulff, Angiogenesis in the corpus luteum, Reprod. Biol.
Endocrinol. 1 (2003) 88.

R.L. Stouffer, et al., Regulation and action of angiogenic factors in the primate
ovary, Arch. Med. Res. 32 (6) (2001) 567-575.

J.G. Clark, The origin, development and degeneration of the blood vessels of the
human ovary, John Hopkins Hosp. Rep., 1900, pp. 593-676.

R.M. Moor, R.F. Seamark, Cell signaling, permeability, and microvasculatory
changes during antral follicle development in mammals, J. Dairy Sci. 69 (3)
(1986) 927-943.

R.S. Robinson, et al., Angiogenesis and vascular function in the ovary,
Reproduction 138 (6) (2009) 869-881.

T. Suzuki, et al., Cyclic changes of vasculature and vascular phenotypes in normal
human ovaries, Hum. Reprod. 13 (4) (1998) 953-959.

H.G. Augustin, Vascular morphogenesis in the ovary, Baillieres Best Pract. Res.
Clin. Obstet. Gynaecol. 14 (6) (2000) 867-882.

M.A. Abdel-Ghani, T. Shimizu, H. Suzuki, Expression pattern of vascular
endothelial growth factor in canine folliculogenesis and its effect on the growth
and development of follicles after ovarian organ culture, Reprod. Domest. Anim.
49 (5) (2014) 734-739.

H.M. Fraser, W.C. Duncan, Vascular morphogenesis in the primate ovary,
Angiogenesis 8 (2) (2005) 101-116.

F. Gaytan, et al., A quantitative study of changes in the human corpus luteum
microvasculature during the menstrual cycle, Biol. Reprod. 60 (4) (1999)
914-919.

J.D. O’Shea, D.G. Cran, M.F. Hay, Fate of the theca interna following ovulation in
the ewe, Cell Tissue Res. 210 (2) (1980) 305-319.

M.F. Smith, E.W. McIntush, G.W. Smith, Mechanisms associated with corpus
luteum development, J. Anim. Sci. 72 (7) (1994) 1857-1872.

C. Wulff, et al., Angiogenesis in the human corpus luteum: simulated early
pregnancy by HCG treatment is associated with both angiogenesis and vessel
stabilization, Hum. Reprod. 16 (12) (2001) 2515-2524.

L.P. Reynolds, et al., Mitogenic factors of corpora lutea, Prog. Growth Factor. Res.
5(2) (1994) 159-175.

A.M. Dharmarajan, N.W. Bruce, G.T. Meyer, Quantitative ultrastructural
characteristics relating to transport between luteal cell cytoplasm and blood in
the corpus luteum of the pregnant rat, Am. J. Anat. 172 (1) (1985) 87-99.

L.P. Reynolds, Utero-ovarian interactions during early pregnancy: role of
conceptus-induced vasodilation, J. Anim. Sci. 62 (Suppl. 2) (1986) 47-61.

A. Ferenczy, G. Bertrand, M.M. Gelfand, Proliferation kinetics of human
endometrium during the normal menstrual cycle, Am. J. Obstet. Gynecol. 133 (8)
(1979) 859-867.

G. Weston, P.A. Rogers, Endometrial angiogenesis, Baillieres Best Pract. Res. Clin.
Obstet. Gynaecol. 14 (6) (2000) 919-936.

L.R. Kaiserman-Abramof, H.A. Padykula, Angiogenesis in the postovulatory
primate endometrium: the coiled arteriolar system, Anat. Rec. 224 (4) (1989)
479-489.

C.E. Gargett, P.A. Rogers, Human endometrial angiogenesis, Reproduction 121
(2) (2001) 181-186.

M.D. Graubert, et al., Vascular repair after menstruation involves regulation of
vascular endothelial growth factor-receptor phosphorylation by sFLT-1, Am. J.
Pathol. 158 (4) (2001) 1399-1410.

P.A. Rogers, C.L. Au, B. Affandi, Endometrial microvascular density during the
normal menstrual cycle and following exposure to long-term levonorgestrel,
Hum. Reprod. 8 (9) (1993) 1396-1404.

A.M. Goodger, P.A. Rogers, Endometrial endothelial cell proliferation during the
menstrual cycle, Hum. Reprod. 9 (3) (1994) 399-405.


http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0230
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0230
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0235
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0235
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0240
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0240
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0245
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0245
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0245
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0250
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0250
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0255
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0255
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0260
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0260
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0265
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0265
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0270
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0270
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0275
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0275
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0275
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0280
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0280
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0280
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0285
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0285
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0290
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0290
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0290
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0295
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0295
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0300
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0300
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0305
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0305
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0310
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0310
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0310
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0315
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0315
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0320
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0320
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0325
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0325
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0325
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0330
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0330
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0335
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0335
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0340
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0340
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0340
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0345
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0345
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0350
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0350
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0350
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0350
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0355
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0355
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0360
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0360
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0360
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0365
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0365
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0365
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0370
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0370
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0370
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0375
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0375
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0380
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0380
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0385
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0385
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0390
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0390
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0395
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0395
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0400
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0400
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0405
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0405
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0405
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0410
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0410
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0415
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0415
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0420
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0420
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0425
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0425
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0425
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0430
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0430
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0435
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0435
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0440
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0440
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0440
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0445
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0445
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0450
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0450
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0450
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0455
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0455
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0460
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0460
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0460
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0465
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0465
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0470
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0470
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0475
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0475
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0480
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0480
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0485
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0485
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0485
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0490
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0490
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0495
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0495
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0500
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0500
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0505
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0505
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0505
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0505
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0510
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0510
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0515
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0515
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0515
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0520
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0520
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0525
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0525
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0530
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0530
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0530
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0535
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0535
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0540
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0540
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0540
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0545
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0545
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0550
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0550
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0550
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0555
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0555
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0560
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0560
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0560
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0565
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0565
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0570
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0570
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0570
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0575
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0575
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0575
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0580
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0580

B. Yetkin-Arik et al.

[117]

[118]

[119]

[120]

[121]
[122]
[123]

[124]
[125]

[126]

[127]

[128]
[129]
[130]
[131]
[132]
[133]
[134]
[135]
[136]
[137]

[138]

[139]

[140]

[141]

[142]
[143]
[144]

[145]

[146]

[147]

[148]

[149]

[150]
[151]
[152]
[153]

[154]

L.L. Hii, P.A. Rogers, Endometrial vascular and glandular expression of integrin
alpha(v)beta3 in women with and without endometriosis, Hum. Reprod. 13 (4)
(1998) 1030-1035.

L.S. Gambino, et al., Angiogenesis occurs by vessel elongation in proliferative
phase human endometrium, Hum. Reprod. 17 (5) (2002) 1199-1206.

D.H. Ausprunk, D.R. Knighton, J. Folkman, Differentiation of vascular
endothelium in the chick chorioallantois: a structural and autoradiographic study,
Dev. Biol. 38 (2) (1974) 237-248.

J.H. Caduff, L.C. Fischer, P.H. Burri, Scanning electron microscope study of the
developing microvasculature in the postnatal rat lung, Anat. Rec. 216 (2) (1986)
154-164.

P.H. Burri, M.R. Tarek, A novel mechanism of capillary growth in the rat
pulmonary microcirculation, Anat. Rec. 228 (1) (1990) 35-45.

P.H. Burri, R. Hlushchuk, V. Djonov, Intussusceptive angiogenesis: its emergence,
its characteristics, and its significance, Dev. Dyn. 231 (3) (2004) 474-488.

J. Folkman, Tumor angiogenesis: therapeutic implications, N. Engl. J. Med. 285
(21) (1971) 1182-1186.

J. Folkman, Tumor angiogenesis, Adv. Cancer Res. 19 (0) (1974) 331-358.

O. Abulafia, W.E. Triest, D.M. Sherer, Angiogenesis in malignancies of the female
genital tract, Gynecol. Oncol. 72 (2) (1999) 220-231.

A.W. Kastelein, et al., Poor perfusion of the microvasculature in peritoneal
metastases of ovarian cancer, Clin. Exp. Metastasis 37 (2) (2020) 293-304.

R.O. Schlingemann, et al., Expression of the high molecular weight melanoma-
associated antigen by pericytes during angiogenesis in tumors and in healing
wounds, Am. J. Pathol. 136 (6) (1990) 1393-1405.

P. Baluk, H. Hashizume, D.M. McDonald, Cellular abnormalities of blood vessels
as targets in cancer, Curr. Opin. Genet. Dev. 15 (1) (2005) 102-111.

J.A. Nagy, et al., Heterogeneity of the tumor vasculature, Semin. Thromb.
Hemost. 36 (3) (2010) 321-331.

T. Baba, et al., Neuropilin-1 promotes unlimited growth of ovarian cancer by
evading contact inhibition, Gynecol. Oncol. 105 (3) (2007) 703-711.

H. Chen, et al., VEGF, VEGFRs expressions and activated STATs in ovarian
epithelial carcinoma, Gynecol. Oncol. 94 (3) (2004) 630-635.

B.M. Roane, R.C. Arend, M.J. Birrer, Review: targeting the transforming growth
factor-B pathway in ovarian cancer, Cancers 11 (5) (2019) 668.

M.P. Garrido, et al., Angiogenesis in gynecological cancers: role of neurotrophins,
Front. Oncol. 9 (2019) 913.

X. Chen, et al., Identifying and targeting angiogenesis-related microRNAs in
ovarian cancer, Oncogene 38 (33) (2019) 6095-6108.

J.R. van Beijnum, et al., miRNAs: micro-managers of anticancer combination
therapies, Angiogenesis 20 (2) (2017) 269-285.

P. Hou, et al., PinX1 represses renal cancer angiogenesis via the mir-125a-3p/
VEGF signaling pathway, Angiogenesis 22 (4) (2019) 507-519.

N. Babae, et al., Systemic miRNA-7 delivery inhibits tumor angiogenesis and
growth in murine xenograft glioblastoma, Oncotarget 5 (16) (2014) 6687-6700.
X.G. Wu, et al., Cancer-derived exosomal miR-221-3p promotes angiogenesis by
targeting THBS2 in cervical squamous cell carcinoma, Angiogenesis 22 (3) (2019)
397-410.

H. Liang, et al., miR-153 inhibits the migration and the tube formation of
endothelial cells by blocking the paracrine of angiopoietin 1 in breast cancer cells,
Angiogenesis 21 (4) (2018) 849-860.

H. Dong, et al., The regulatory network of miR-141 in the inhibition of
angiogenesis, Angiogenesis 22 (2) (2019) 251-262.

L. He, Q. Wang, X. Zhao, Microvessel density as a prognostic factor in ovarian
cancer: a systematic review and meta-analysis, Asian Pac. J. Cancer Prev. 16 (3)
(2015) 869-874.

C. Reijnen, et al., Poor outcome in hypoxic endometrial carcinoma is related to
vascular density, Br. J. Cancer 120 (11) (2019) 1037-1044.

B.M. Reid, J.B. Permuth, T.A. Sellers, Epidemiology of ovarian cancer: a review,
Cancer Biol. Med. 14 (1) (2017) 9-32.

V.W. Chen, et al., Pathology and classification of ovarian tumors, Cancer 97 (10
Suppl) (2003) 2631-2642.

T. Pusiol, et al., Prevalence and significance of psammoma bodies in
cervicovaginal smears in a cervical cancer screening program with emphasis on a
case of primary bilateral ovarian psammocarcinoma, Cytojournal 5 (2008) 7.
T.L. Yeung, et al., Cellular and molecular processes in ovarian cancer metastasis.
A review in the theme: cell and molecular processes in cancer metastasis, Am. J.
Phys. Cell Phys. 309 (7) (2015) C444-C456.

B.A. Goff, et al., Ovarian carcinoma diagnosis, Cancer 89 (10) (2000) 2068-2075.
R.C. Bast Jr., B. Hennessy, G.B. Mills, The biology of ovarian cancer: new
opportunities for translation, Nat. Rev. Cancer 9 (6) (2009) 415-428.

A.W. Kastelein, et al., Embryology, anatomy, physiology and pathophysiology of
the peritoneum and the peritoneal vasculature, Semin. Cell Dev. Biol. 92 (2019)
27-36.

J. van Baal, et al., Development of peritoneal carcinomatosis in epithelial ovarian
cancer: a review, J. Histochem. Cytochem. 66 (2) (2018) 67-83.

J.0. van Baal, et al., The histophysiology and pathophysiology of the peritoneum,
Tissue Cell 49 (1) (2017) 95-105.

J.R. van Beijnum, et al., The great escape; the hallmarks of resistance to
antiangiogenic therapy, Pharmacol. Rev. 67 (2) (2015) 441-461.

B. Breznik, et al., Mesenchymal stem cells differentially affect the invasion of
distinct glioblastoma cell lines, Oncotarget 8 (15) (2017) 25482-25499.

V.V.V. Hira, et al., Similarities between stem cell niches in glioblastoma and bone
marrow: rays of hope for novel treatment strategies, J. Histochem. Cytochem. 68
(1) (2020) 33-57.

15

[155]

[156]
[157]
[158]
[159]
[160]
[161]
[162]
[163]

[164]

[165]

[166]

[167]

[168]

[169]
[170]
[171]
[172]
[173]
[174]
[175]
[176]
[177]
[178]

[179]

[180]
[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]
[190]

[191]

BBA - Reviews on Cancer 1875 (2021) 188446

H. Motaln, et al., Human mesenchymal stem cells exploit the immune response
mediating chemokines to impact the phenotype of glioblastoma, Cell Transplant.
21 (7) (2012) 1529-1545.

D. Hanahan, R. Weinberg, Hallmarks of cancer: the next generation, Cell 144 (5)
(2011) 646-674.

D. Hanahan, R.A. Weinberg, The hallmarks of cancer, Cell 100 (1) (2000) 57-70.
D. Granot, et al., In vivo imaging of the systemic recruitment of fibroblasts to the
angiogenic rim of ovarian carcinoma tumors, Cancer Res. 67 (19) (2007)
9180-9189.

O.E. Franco, et al., Cancer associated fibroblasts in cancer pathogenesis, Semin.
Cell Dev. Biol. 21 (1) (2010) 33-39.

L.A. Liotta, E.C. Kohn, The microenvironment of the tumour-host interface,
Nature 411 (6835) (2001) 375-379.

P. Micke, A. Ostman, Tumour-stroma interaction: cancer-associated fibroblasts as
novel targets in anti-cancer therapy? Lung Cancer 45 (2004) S163-S175.

H. Sugimoto, et al., Identification of fibroblast heterogeneity in the tumor
microenvironment, Cancer Biol. Ther. 5 (12) (2006) 1640-1646.

D. Fukumura, et al., Tumor induction of VEGF promoter activity in stromal cells,
Cell 94 (6) (1998) 715-725.

F.-T. Wang, et al., Cancer-associated fibroblast regulation of tumor neo-
angiogenesis as a therapeutic target in cancer, Oncol. Lett. 17 (3) (2019)
3055-3065.

A. Orimo, et al., Stromal fibroblasts present in invasive human breast carcinomas
promote tumor growth and angiogenesis through elevated SDF-1/CXCL12
secretion, Cell 121 (3) (2005) 335-348.

A. Orimo, R.A. Weinberg, Stromal fibroblasts in cancer: a novel tumor-promoting
cell type, Cell Cycle 5 (15) (2006) 1597-1601.

V.V. Hira, et al., Cathepsin K cleavage of SDF-1 inhibits its chemotactic activity
towards glioblastoma stem-like cells, Biochim. Biophys. Acta, Mol. Cell Res. 1864
(3) (2017) 594-603.

S. Krishnapriya, et al., Cancer stem cells contribute to angiogenesis and
lymphangiogenesis in serous adenocarcinoma of the ovary, Angiogenesis 22 (3)
(2019) 441-455.

S.C. Parte, S.K. Batra, S.S. Kakar, Characterization of stem cell and cancer stem
cell populations in ovary and ovarian tumors, J. Ovarian Res. 11 (1) (2018) 69.
S. Parte, et al., PTTGI1: a unique regulator of stem/cancer stem cells in the ovary
and ovarian cancer, Stem Cell Rev. Rep. 15 (6) (2019) 866-879.

D. Bhartiya, H. Patel, D. Sharma, Heterogeneity of stem cells in the ovary, Adv.
Exp. Med. Biol. 1169 (2019) 213-223.

V.V.V. Hira, D.A. Aderetti, C.J.F. van Noorden, Glioma stem cell niches in human
glioblastoma are periarteriolar, J. Histochem. Cytochem. 66 (5) (2018) 349-358.
A.J. Maniotis, et al., Vascular channel formation by human melanoma cells in
vivo and in vitro: vasculogenic mimicry, Am. J. Pathol. 155 (3) (1999) 739-752.
L. Ayala-Dominguez, et al., Mechanisms of vasculogenic mimicry in ovarian
cancer, Front. Oncol. 9 (2019) 998.

E. Latacz, et al., Pathological features of vessel co-option versus sprouting
angiogenesis, Angiogenesis 23 (1) (2020) 43-54.

Y. Zhang, S. Wang, A.C. Dudley, Models and molecular mechanisms of blood
vessel co-option by cancer cells, Angiogenesis 23 (1) (2020) 17-25.

A. Markowska, et al., Angiogenesis and cancer stem cells: new perspectives on
therapy of ovarian cancer, Eur. J. Med. Chem. 142 (2017) 87-94.

R.L. Siegel, K.D. Miller, A. Jemal, Cancer statistics, CA Cancer J. Clin. 69 (1)
(2019) 7-34.

F.J. Montz, Management of high-grade cervical intraepithelial neoplasia and low-
grade squamous intraepithelial lesion and potential complications, Clin. Obstet.
Gynecol. 43 (2) (2000) 394-409.

A. Stafl, R.F. Mattingly, Angiogenesis of cervical neoplasia, Am. J. Obstet.
Gynecol. 121 (6) (1975) 845-852.

K.K. Smith-McCune, N. Weidner, Demonstration and characterization of the
angiogenic properties of cervical dysplasia, Cancer Res. 54 (3) (1994) 800-804.
O. Abulafia, W.E. Triest, D.M. Sherer, Angiogenesis in squamous cell carcinoma in
situ and microinvasive carcinoma of the uterine cervix, Obstet. Gynecol. 88 (6)
(1996) 927-932.

M. Sotiropoulou, et al., Angiogenic properties of carcinoma in situ and
microinvasive carcinoma of the uterine cervix, Eur. J. Gynaecol. Oncol. 25 (2)
(2004) 219-221.

W. Tjalma, et al., Angiogenesis in cervical intraepithelial neoplasia and the risk of
recurrence, Am. J. Obstet. Gynecol. 181 (3) (1999) 554-559.

S.P. Dobbs, et al., Angiogenesis is associated with vascular endothelial growth
factor expression in cervical intraepithelial neoplasia, Br. J. Cancer 76 (11)
(1997) 1410-1415.

A. Dellas, et al., Angiogenesis in cervical neoplasia: microvessel quantitation in
precancerous lesions and invasive carcinomas with clinicopathological
correlations, Gynecol. Oncol. 67 (1) (1997) 27-33.

G.L. Bremer, et al., Tumor angiogenesis: an independent prognostic parameter in
cervical cancer, Am. J. Obstet. Gynecol. 174 (1 Pt 1) (1996) 126-131.

A. Obermair, et al., Tumor angiogenesis in stage IB cervical cancer: correlation of
microvessel density with survival, Am. J. Obstet. Gynecol. 178 (2) (1998)
314-319.

J.S. Lee, et al., Angiogenesis, cell proliferation and apoptosis in progression of
cervical neoplasia, Anal. Quant. Cytol. Histol. 24 (2) (2002) 103-113.

L.E. Minion, K.S. Tewari, Cervical cancer - state of the science: from angiogenesis
blockade to checkpoint inhibition, Gynecol. Oncol. 148 (3) (2018) 609-621.

F. Tomao, et al., Angiogenesis and antiangiogenic agents in cervical cancer, Onco
Targets Ther. 7 (2014) 2237-2248.


http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0585
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0585
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0585
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0590
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0590
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0595
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0595
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0595
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0600
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0600
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0600
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0605
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0605
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0610
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0610
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0615
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0615
http://refhub.elsevier.com/S0304-419X(20)30165-7/or0005
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0620
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0620
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0625
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0625
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0630
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0630
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0630
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0635
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0635
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0640
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0640
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0645
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0645
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0650
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0650
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0655
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0655
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0660
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0660
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0665
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0665
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0670
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0670
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0675
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0675
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0680
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0680
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0685
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0685
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0685
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0690
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0690
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0690
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0695
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0695
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0700
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0700
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0700
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0705
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0705
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0710
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0710
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0715
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0715
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0720
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0720
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0720
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0725
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0725
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0725
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0730
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0735
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0735
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0740
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0740
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0740
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0745
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0745
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0750
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0750
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0755
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0755
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0760
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0760
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0765
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0765
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0765
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0770
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0770
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0770
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0775
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0775
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0780
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0785
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0785
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0785
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0790
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0790
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0795
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0795
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0800
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0800
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0805
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0805
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0810
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0810
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0815
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0815
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0815
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0820
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0820
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0820
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0825
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0825
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0830
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0830
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0830
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0835
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0835
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0835
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0840
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0840
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0845
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0845
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0850
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0850
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0855
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0855
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0860
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0860
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0865
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0865
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0870
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0870
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0875
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0875
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0880
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0880
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0885
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0885
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0890
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0890
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0890
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0895
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0895
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0900
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0900
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0905
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0905
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0905
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0910
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0910
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0910
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0915
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0915
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0920
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0920
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0920
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0925
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0925
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0925
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0930
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0930
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0935
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0935
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0935
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0940
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0940
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0945
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0945
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0950
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0950

B. Yetkin-Arik et al.

[192]
[193]

[194]

[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]
[209]

[210]

[211]

[212]

[213]
[214]

[215]

[216]

[217]
[218]
[219]

[220]

[221]

[222]

[223]

[224]

R.N. Eskander, K.S. Tewari, Targeting angiogenesis in advanced cervical cancer,
Ther. Adv. Med. Oncol. 6 (6) (2014) 280-292.

C. Kandoth, et al., Integrated genomic characterization of endometrial carcinoma,
Nature 497 (7447) (2013) 67-73.

D.S. McMeekin, et al., A phase II trial of thalidomide in patients with refractory
endometrial cancer and correlation with angiogenesis biomarkers: a gynecologic
oncology group study, Gynecol. Oncol. 105 (2) (2007) 508-516.

T. Kaku, et al., Angiogenesis in endometrial carcinoma, Cancer 80 (4) (1997)
741-747.

N. Seki, et al., Vascular endothelial growth factor and platelet-derived endothelial
cell growth factor expression are implicated in the angiogenesis of endometrial
cancer, Eur. J. Cancer 36 (1) (2000) 68-73.

R. Giavazzi, et al., Modulation of tumor angiogenesis by conditional expression of
fibroblast growth factor-2 affects early but not established tumors, Cancer Res. 61
(1) (2001) 309-317.

R. Giavazzi, et al., Distinct role of fibroblast growth factor-2 and vascular
endothelial growth factor on tumor growth and angiogenesis, Am. J. Pathol. 162
(6) (2003) 1913-1926.

A.J. Guidi, et al., Expression of vascular permeability factor (vascular endothelial
growth factor) and its receptors in endometrial carcinoma, Cancer 78 (3) (1996)
454-460.

C.M. Holland, et al., Expression of the VEGF and angiopoietin genes in
endometrial atypical hyperplasia and endometrial cancer, Br. J. Cancer 89 (5)
(2003) 891-898.

B.A. Fine, et al., VEGF, flt-1, and KDR/flk-1 as prognostic indicators in
endometrial carcinoma, Gynecol. Oncol. 76 (1) (2000) 33-39.

Y. Yokoyama, et al., Prognostic significance of vascular endothelial growth factor
and its receptors in endometrial carcinoma, Gynecol. Oncol. 77 (3) (2000)
413-418.

S. Cai, et al., Expressions and clinical significance of COX-2, VEGF-C, and EFGR in
endometrial carcinoma, Arch. Gynecol. Obstet. 296 (1) (2017) 93-98.

J.Z. Wang, et al., Clinicopathological and prognostic significance of blood
microvessel density in endometrial cancer: a meta-analysis and subgroup analysis,
Arch. Gynecol. Obstet. 297 (3) (2018) 731-740.

A. Berg, et al., Tissue and imaging biomarkers for hypoxia predict poor outcome
in endometrial cancer, Oncotarget 7 (43) (2016) 69844-69856.

H. Kato, et al., Induction of human endometrial cancer cell senescence through
modulation of HIF-lalpha activity by EGLN1, Int. J. Cancer 118 (5) (2006)
1144-1153.

G.L. Wang, G.L. Semenza, Characterization of hypoxia-inducible factor 1 and
regulation of DNA binding activity by hypoxia, J. Biol. Chem. 268 (29) (1993)
21513-21518.

G.L. Semenza, Targeting HIF-1 for cancer therapy, Nat. Rev. Cancer 3 (10) (2003)
721-732.

K.M. Talasila, et al., The angiogenic switch leads to a metabolic shift in human
glioblastoma, Neuro-Oncology 19 (3) (2017) 383-393.

V.V. Hira, et al., CD133+ and nestin+ glioma stem-like cells reside around CD31
-+ arterioles in niches that express SDF-1, CXCR4, osteopontin and cathepsin K,
J. Histochem. Cytochem. 63 (7) (2015) 481-493.

S.K. Libutti, L. Tamarkin, N. Nilubol, Targeting the invincible barrier for drug
delivery in solid cancers: interstitial fluid pressure, Oncotarget 9 (87) (2018)
35723-35725.

I. Romero, R.C. Bast Jr., Minireview: human ovarian cancer: biology, current
management, and paths to personalizing therapy, Endocrinology 153 (4) (2012)
1593-1602.

H.J. Long, Current research directions for locally advanced cervix cancer, Curr.
Oncol. Rep. 5 (6) (2003) 468-472.

A.J. Cortez, et al., Advances in ovarian cancer therapy, Cancer Chemother.
Pharmacol. 81 (1) (2018) 17-38.

Y.C. Lee, S. Lheureux, A.M. Oza, Treatment strategies for endometrial cancer:
current practice and perspective, Curr. Opin. Obstet. Gynecol. 29 (1) (2017)
47-58.

P. Basu, A. Mukhopadhyay, I. Konishi, Targeted therapy for gynecologic cancers:
toward the era of precision medicine, Int. J. Gynaecol. Obstet. 143 (Suppl. 2)
(2018) 131-136.

E.J. Huijbers, et al., Role of the tumor stroma in resistance to anti-angiogenic
therapy, Drug Resist. Updat. 25 (2016) 26-37.

J. Folkman, M. Klagsbrun, Angiogenic factors, Science 235 (4787) (1987)
442-447.

H.M. Verheul, E.E. Voest, R.O. Schlingemann, Are tumours angiogenesis-
dependent? J. Pathol. 202 (1) (2004) 5-13.

N. Kumar, et al., Retinal pigment epithelial cell loss assessed by fundus
autofluorescence imaging in neovascular age-related macular degeneration,
Ophthalmology 120 (2) (2013) 334-341.

M.J. Sankar, et al., Anti-vascular endothelial growth factor (VEGF) drugs for
treatment of retinopathy of prematurity, Cochrane Database Syst. Rev. 2 (2016).
Cd009734.

P. Nowak-Sliwinska, et al., Consensus guidelines for the use and interpretation of
angiogenesis assays, Angiogenesis 21 (3) (2018) 425-432.

J. Luo, G. Nishikawa, V. Prasad, A systematic review of head-to-head trials of
approved monoclonal antibodies used in cancer: an overview of the clinical trials
agenda, J. Cancer Res. Clin. Oncol. 145 (9) (2019) 2303-2311.

1. Ingram, FDA approves aflibercept (Zaltrap) for metastatic colorectal cancer,
Oncology 26 (9) (2012) 842-873. Williston Park.

16

[225]

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

[236]

[237]

[238]

[239]

[240]

[241]

[242]
[243]
[244]

[245]

[246]

[247]

[248]

[249]

[250]

[251]

[252]

[253]

[254]

BBA - Reviews on Cancer 1875 (2021) 188446

W.P.T. Skelton, et al., Bevacizumab eligibility in patients with metastatic and
recurrent cervical cancer: A retrospective review. Clin Insights Oncol 12 (2018),
29887734.

C. Marchetti, et al., First-line treatment of women with advanced ovarian cancer:
focus on bevacizumab, OncoTargets Ther. 12 (2019) 1095-1103.

K.S. Pfaendler, M.C. Liu, K.S. Tewari, Bevacizumab in cervical cancer: 5 years
after, Cancer J. 24 (4) (2018) 187-192.

R.A. Burger, et al., Incorporation of bevacizumab in the primary treatment of
ovarian cancer, N. Engl. J. Med. 365 (26) (2011) 2473-2483.

R.A. Burger, et al., Final overall survival (OS) analysis of an international
randomized trial evaluating bevacizumab (BEV) in the primary treatment of
advanced ovarian cancer: a NRG oncology/Gynecologic oncology group (GOG)
study, J. Clin. Oncol. 36 (15_suppl) (2018) 5517.

E. Pujade-Lauraine, et al., Bevacizumab combined with chemotherapy for
platinum-resistant recurrent ovarian cancer: the AURELIA open-label randomized
phase III trial, J. Clin. Oncol. 32 (13) (2014) 1302-1308.

C. Aghajanian, et al., OCEANS: a randomized, double-blind, placebo-controlled
phase III trial of chemotherapy with or without bevacizumab in patients with
platinum-sensitive recurrent epithelial ovarian, primary peritoneal, or fallopian
tube cancer, J. Clin. Oncol.: Off. J. Am. Soc. Clin. Oncol. 30 (17) (2012)
2039-2045.

R.L. Coleman, et al., Bevacizumab and paclitaxel-carboplatin chemotherapy and
secondary cytoreduction in recurrent, platinum-sensitive ovarian cancer (NRG
oncology/Gynecologic oncology group study GOG-0213): a multicentre, open-
label, randomised, phase 3 trial, Lancet Oncol. 18 (6) (2017) 779-791.

K.S. Tewari, et al., Improved survival with bevacizumab in advanced cervical
cancer, N. Engl. J. Med. 370 (8) (2014) 734-743.

E. Sato, et al., Bevacizumab plus chemotherapy continued beyond progression in
patients with type II endometrial cancer previously treated with bevacizumab
plus chemotherapy: a case report, Mol. Clin. Oncol. 7 (3) (2017) 391-394.

D. Lorusso, et al., Randomized phase II trial of carboplatin-paclitaxel (CP)
compared to carboplatin-paclitaxel-bevacizumab (CP-B) in advanced (stage III-
1V) or recurrent endometrial cancer: The MITO END-2 trial, J. Clin. Oncol. 33 (15_
suppl) (2015) 5502.

A.N. Viswanathan, et al., A prospective feasibility study of radiation and
concurrent bevacizumab for recurrent endometrial cancer, Gynecol. Oncol. 132
(1) (2014) 55-60.

C. Aghajanian, et al., Phase II trial of bevacizumab in recurrent or persistent
endometrial cancer: a gynecologic oncology group study, J. Clin. Oncol. 29 (16)
(2011) 2259-2265.

C. Plummer, et al., Expert recommendations on the management of hypertension
in patients with ovarian and cervical cancer receiving bevacizumab in the UK, Br.
J. Cancer 121 (2) (2019) 109-116.

A. Chelariu-Raicu, R.L. Coleman, A.K. Sood, Anti-angiogenesis therapy in ovarian
cancer: which patient is it most likely to benefit? Oncology 33 (7) (2019),
629378.

G. Bergers, D. Hanahan, Modes of resistance to anti-angiogenic therapy, Nat. Rev.
Cancer 8 (8) (2008) 592-603.

S. Kommoss, et al., Bevacizumab may differentially improve ovarian cancer
outcome in patients with proliferative and mesenchymal molecular subtypes,
Clin. Cancer Res. 23 (14) (2017) 3794-3801.

R. Murakami, et al., Prediction of taxane and platinum sensitivity in ovarian
cancer based on gene expression profiles, Gynecol. Oncol. 141 (1) (2016) 49-56.
A.L. Ribeiro, O.K. Okamoto, Combined effects of pericytes in the tumor
microenvironment, Stem Cells Int. 2015 (2015) 868475.

C.G. Willett, et al., Direct evidence that the VEGF-specific antibody bevacizumab
has antivascular effects in human rectal cancer, Nat. Med. 10 (2) (2004) 145-147.
T. Inai, et al., Inhibition of vascular endothelial growth factor (VEGF) signaling in
cancer causes loss of endothelial fenestrations, regression of tumor vessels, and
appearance of basement membrane ghosts, Am. J. Pathol. 165 (1) (2004) 35-52.
A.W. Griffioen, et al., Rapid angiogenesis onset after discontinuation of sunitinib
treatment of renal cell carcinoma patients, Clin. Cancer Res. 18 (14) (2012)
3961-3971.

S. Savant, et al., The orphan receptor Tiel controls angiogenesis and vascular
remodeling by differentially regulating Tie2 in tip and stalk cells, Cell Rep. 12
(11) (2015) 1761-1773.

L. Eklund, B.R. Olsen, Tie receptors and their angiopoietin ligands are context-
dependent regulators of vascular remodeling, Exp. Cell Res. 312 (5) (2006)
630-641.

S. Davis, et al., Isolation of angiopoietin-1, a ligand for the TIE2 receptor, by
secretion-trap expression cloning, Cell 87 (7) (1996) 1161-1169.

T. Yamazaki, et al., Tissue myeloid progenitors differentiate into pericytes
through TGF-f signaling in developing skin vasculature, Cell Rep. 18 (12) (2017)
2991-3004.

A. Armulik, G. Genové, C. Betsholtz, Pericytes: developmental, physiological, and
pathological perspectives, problems, and promises, Dev. Cell 21 (2) (2011)
193-215.

R.J. Van Geest, et al., Differential TGF-B signaling in retinal vascular cells: a role
in diabetic retinopathy? Invest. Ophthalmol. Vis. Sci. 51 (4) (2010) 1857-1865.
Y. Sato, D.B. Rifkin, Inhibition of endothelial cell movement by pericytes and
smooth muscle cells: activation of a latent transforming growth factor-beta 1-like
molecule by plasmin during co-culture, J. Cell Biol. 109 (1) (1989) 309-315.

F. Li, et al., Endothelial Smad4 maintains cerebrovascular integrity by activating
N-cadherin through cooperation with notch, Dev. Cell 20 (3) (2011) 291-302.


http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0955
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0955
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0960
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0960
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0965
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0965
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0965
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0970
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0970
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0975
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0975
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0975
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0980
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0980
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0980
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0985
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0985
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0985
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0990
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0990
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0990
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0995
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0995
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf0995
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1000
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1000
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1005
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1005
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1005
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1010
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1010
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1015
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1015
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1015
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1020
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1020
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1025
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1025
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1025
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1030
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1030
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1030
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1035
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1035
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1040
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1040
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1045
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1045
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1045
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1050
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1050
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1050
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1055
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1055
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1055
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1060
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1060
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1065
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1065
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1070
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1070
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1070
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1075
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1075
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1075
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1080
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1080
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1085
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1085
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1090
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1090
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1095
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1095
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1095
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1100
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1100
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1100
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1105
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1105
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1110
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1110
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1110
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1115
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1115
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1120
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1120
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1120
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1125
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1125
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1130
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1130
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1135
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1135
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1140
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1140
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1140
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1140
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1145
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1145
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1145
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1150
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1150
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1150
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1150
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1150
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1155
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1155
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1155
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1155
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1160
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1160
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1165
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1165
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1165
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1170
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1170
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1170
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1170
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1175
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1175
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1175
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1180
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1180
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1180
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1185
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1185
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1185
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1190
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1190
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1190
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1195
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1195
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1200
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1200
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1200
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1205
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1205
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1210
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1210
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1215
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1215
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1220
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1220
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1220
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1225
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1225
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1225
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1230
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1230
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1230
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1235
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1235
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1235
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1240
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1240
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1245
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1245
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1245
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1250
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1250
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1250
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1255
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1255
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1260
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1260
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1260
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1265
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1265

B. Yetkin-Arik et al.

[255]

[256]

[257]

[258]

[259]

[260]
[261]

[262]

[263]

[264]

[265]

[266]

[267]

[268]

[269]

[270]

[271]

[272]

[273]

[274]

[275]

[276]

[277]

[278]

[279]

[280]

[281]

[282]

R.C. Sainson, A.L. Harris, Regulation of angiogenesis by homotypic and
heterotypic notch signalling in endothelial cells and pericytes: from basic research
to potential therapies, Angiogenesis 11 (1) (2008) 41-51.

M. Yoshizumi, et al., Tumor necrosis factor increases transcription of the heparin-
binding epidermal growth factor-like growth factor gene in vascular endothelial
cells, J. Biol. Chem. 267 (14) (1992) 9467-9469.

E. Iivanainen, et al., Angiopoietin-regulated recruitment of vascular smooth
muscle cells by endothelial-derived heparin-binding EGF-like growth factor,
FASEB J. 17 (12) (2003) 1609-1621.

A.N. Stratman, et al., Endothelial-derived PDGF-BB and HB-EGF coordinately
regulate pericyte recruitment during vasculogenic tube assembly and
stabilization, Blood 116 (22) (2010) 4720-4730.

T. Cascone, et al., Upregulated stromal EGFR and vascular remodeling in mouse
xenograft models of angiogenesis inhibitor-resistant human lung
adenocarcinoma, J. Clin. Invest. 121 (4) (2011) 1313-1328.

F.A.B. Schutz, T.K. Choueiri, C.N. Sternberg, Pazopanib: clinical development of a
potent anti-angiogenic drug, Crit. Rev. Oncol. Hematol. 77 (3) (2011) 163-171.
A.D. Bois, et al., Incorporation of pazopanib in maintenance therapy of ovarian
cancer, J. Clin. Oncol. 32 (30) (2014) 3374-3382.

S. Pignata, et al., Pazopanib plus weekly paclitaxel versus weekly paclitaxel alone
for platinum-resistant or platinum-refractory advanced ovarian cancer (MITO
11): a randomised, open-label, phase 2 trial, Lancet Oncol. 16 (5) (2015)
561-568.

M. Friedlander, et al., Quality of life in patients with advanced epithelial ovarian
cancer (EOC) randomized to maintenance pazopanib or placebo after first-line
chemotherapy in the AGO-OVAR 16 trial measuring what matters-patient-
centered end points in trials of maintenance therapy, Ann. Oncol. 29 (3) (2018)
737-743.

L.B. Vergote, et al., Randomized phase III study of erlotinib versus observation in
patients with no evidence of disease progression after first-line platin-based
chemotherapy for ovarian carcinoma: a European organisation for research and
treatment of cancer-gynaecological cancer group, and gynecologic cancer
intergroup study, J. Clin. Oncol. 32 (4) (2014) 320-326.

H.S. Nimeiri, et al., Efficacy and safety of bevacizumab plus erlotinib for patients
with recurrent ovarian, primary peritoneal, and fallopian tube cancer: a trial of
the Chicago, PMH, and California phase II consortia, Gynecol. Oncol. 110 (1)
(2008) 49-55.

G. Shimamoto, et al., Peptibodies: a flexible alternative format to antibodies,
MAbs 4 (5) (2012) 586-591.

B.J. Monk, et al., Anti-angiopoietin therapy with trebananib for recurrent ovarian
cancer (TRINOVA-1): a randomised, multicentre, double-blind, placebo-
controlled phase 3 trial, Lancet Oncol. 15 (8) (2014) 799-808.

K. Fujiwara, et al., Health-related quality of life in women with recurrent ovarian
cancer receiving paclitaxel plus trebananib or placebo (TRINOVA-1), Ann. Oncol.
27 (6) (2016) 1006-1013.

G.R. Simon, et al., A phase I study of tasisulam sodium (LY573636 sodium), a
novel anticancer compound in patients with refractory solid tumors, Cancer
Chemother. Pharmacol. 68 (5) (2011) 1233-1241.

M.S. Gordon, et al., A phase I study of tasisulam sodium (LY573636 sodium), a
novel anticancer compound, administered as a 24-h continuous infusion in
patients with advanced solid tumors, Cancer Chemother. Pharmacol. 71 (1)
(2013) 21-27.

R.M. Jotte, et al., An innovative, multi-arm, complete phase 1b study of the novel
anti-cancer agent tasisulam in patients with advanced solid tumors, Investig. New
Drugs 33 (1) (2015) 148-158.

M. Gordon, et al., Phase II, single-arm study of tasisulam-sodium (LY573636-
sodium) as 2nd-4th line therapy for platinum resistant ovarian cancer [abstract],
Mol. Cancer Ther. (2009) B197.

Y.Y. Sheen, et al., Targeting the transforming growth factor-f signaling in cancer
therapy, Biomol. Ther. 21 (5) (2013) 323-331.

0. D’Cruz, et al., 1662P Synergistic antitumor effects of OT-101 (trabedersen), a
transforming growth factor-beta 2 (TGF-$2) antisense oligonucleotide (ASO) and
chemotherapy in preclinical tumor models, Ann. Oncol. 28 (suppl 5) (2017).
B.J. Monk, L.N. Pandite, Survival data from a phase II, open-label study of
pazopanib or lapatinib monotherapy in patients with advanced and recurrent
cervical cancer, J. Clin. Oncol. 29 (36) (2011) 4845.

F. Simpkins, et al., A phase II trial of paclitaxel, carboplatin, and bevacizumab in
advanced and recurrent endometrial carcinoma (EMCA), Gynecol. Oncol. 136 (2)
(2015) 240-245.

D. Lorusso, et al., Carboplatin-paclitaxel compared to carboplatin-paclitaxel-
bevacizumab in advanced or recurrent endometrial cancer: MITO END-2 - a
randomized phase II trial, Gynecol. Oncol. 155 (3) (2019) 406-412.

C. Aghajanian, et al., A phase II study of frontline paclitaxel/carboplatin/
bevacizumab, paclitaxel/carboplatin/temsirolimus, or ixabepilone/carboplatin/
bevacizumab in advanced/recurrent endometrial cancer, Gynecol. Oncol. 150 (2)
(2018) 274-281.

M.J. van der Steen, et al., An impressive response to pazopanib in a patient with
metastatic endometrial carcinoma, Neth. J. Med. 74 (9) (2016) 410-413.

K.N. Moore, et al., A phase II trial of trebananib (AMG 386; IND#111071), a
selective angiopoietin 1/2 neutralizing peptibody, in patients with persistent/
recurrent carcinoma of the endometrium: an NRG/Gynecologic oncology group
trial, Gynecol. Oncol. 138 (3) (2015) 513-518.

A.C. Dudley, Tumor endothelial cells, Cold Spring Harb. Perspect. Med. 2 (3)
(2012) a006536.

D.M. Chase, D.J. Chaplin, B.J. Monk, The development and use of vascular
targeted therapy in ovarian cancer, Gynecol. Oncol. 145 (2) (2017) 393-406.

17

[283]
[284]

[285]

[286]

[287]

[288]

[289]

[290]

[291]

[292]

[293]

[294]

[295]

[296]

[297]

[298]

[299]

[300]

[301]

[302]

[303]

[304]
[305]

[306]

[307]

[308]

[309]

[310]

[311]
[312]

[313]
[314]

BBA - Reviews on Cancer 1875 (2021) 188446

G.M. Tozer, C. Kanthou, B.C. Baguley, Disrupting tumour blood vessels, Nat. Rev.
Cancer 5 (6) (2005) 423-435.

E.L. Schwartz, Antivascular actions of microtubule-binding drugs, Clin. Cancer
Res. 15 (8) (2009) 2594-2601.

N. Ohga, et al., Heterogeneity of tumor endothelial cells: comparison between
tumor endothelial cells isolated from high- and low-metastatic tumors, Am. J.
Pathol. 180 (3) (2012) 1294-1307.

K. Hida, Y. Hida, M. Shindoh, Understanding tumor endothelial cell abnormalities
to develop ideal anti-angiogenic therapies, Cancer Sci. 99 (3) (2008) 459-466.
J.W. Lippert 3rd, Vascular disrupting agents, Bioorg. Med. Chem. 15 (2) (2007)
605-615.

P. Wesseling, et al., Early and extensive contribution of pericytes/vascular smooth
muscle cells to microvascular proliferation in glioblastoma multiforme: an
immuno-light and immuno-electron microscopic study, J. Neuropathol. Exp.
Neurol. 54 (3) (1995) 304-310.

A. Eberhard, et al., Heterogeneity of angiogenesis and blood vessel maturation in
human tumors: implications for antiangiogenic tumor therapies, Cancer Res. 60
(5) (2000) 1388-1393.

G.M. Tozer, et al., Tumour vascular disrupting agents: combating treatment
resistance, Br. J. Radiol. 81 (2008) S12-S20.

W.N. Brennen, et al., Targeting carcinoma-associated fibroblasts within the tumor
stroma with a fibroblast activation protein-activated prodrug, J. Natl. Cancer Inst.
104 (17) (2012) 1320-1334.

M.G. Kim, et al., Selective activation of anticancer chemotherapy by cancer-
associated fibroblasts in the tumor microenvironment, J. Natl. Cancer Inst. 109
(1) (2016).

M. Chen, et al., Pericyte-targeting prodrug overcomes tumor resistance to
vascular disrupting agents, J. Clin. Invest. 127 (10) (2017) 3689-3701.

K.P. Foley, et al., The vascular disrupting agent STA-9584 exhibits potent
antitumor activity by selectively targeting microvasculature at both the center
and periphery of tumors, J. Pharmacol. Exp. Ther. 343 (2) (2012) 529-538.
D.W. Siemann, D.J. Chaplin, M.R. Horsman, Realizing the potential of vascular
targeted therapy: the rationale for combining vascular disrupting agents and anti-
angiogenic agents to treat cancer, Cancer Investig. 35 (8) (2017) 519-534.

H. Yu, et al., Tumor regression and potentiation of polymeric vascular disrupting
therapy through reprogramming of a hypoxia microenvironment with
temsirolimus, Biomater. Sci. 8 (1) (2020) 325-332.

G.J. Rustin, et al., A phase Ib trial of CA4P (combretastatin A-4 phosphate),
carboplatin, and paclitaxel in patients with advanced cancer, Br. J. Cancer 102 (9)
(2010) 1355-1360.

G.J. Rustin, et al., Definitions for response and progression in ovarian cancer
clinical trials incorporating RECIST 1.1 and CA 125 agreed by the gynecological
cancer intergroup (GCIG), Int. J. Gynecol. Cancer 21 (2) (2011) 419-423.

M. Zweifel, et al., Phase II trial of combretastatin A4 phosphate, carboplatin, and
paclitaxel in patients with platinum-resistant ovarian cancer, Ann. Oncol. 22 (9)
(2011) 2036-2041.

P. Nathan, et al., Phase I trial of combretastatin A4 phosphate (CA4P) in
combination with bevacizumab in patients with advanced cancer, Clin. Cancer
Res. 18 (12) (2012) 3428-3439.

B.J. Monk, et al., Randomized phase II evaluation of bevacizumab versus
bevacizumab plus fosbretabulin in recurrent ovarian, tubal, or peritoneal
carcinoma: an NRG oncology/gynecologic oncology group study, J. Clin. Oncol.
34 (19) (2016) 2279-2286.

R.N. Grisham, G. Iyer, Low-grade serous ovarian cancer: current treatment
paradigms and future directions, Curr. Treat. Options Oncol. 19 (11) (2018) 54.
M.B. Jameson, et al., Clinical aspects of a phase I trial of 5,6-dimethylxanthenone-
4-acetic acid (DMXAA), a novel antivascular agent, Br. J. Cancer 88 (12) (2003)
1844-1850.

A. Daei Farshchi Adli, et al., An overview on vadimezan (DMXAA): The vascular
disrupting agent, Chem. Biol. Drug Des. 91 (5) (2018) 996-1006.

F. Guan, et al., WX-132-18B, a novel microtubule inhibitor, exhibits promising
anti-tumor effects, Oncotarget 8 (42) (2017) 71782-71796.

L. Rickardson, et al., Evaluation of the antitumor activity of NOV202, a novel
microtubule targeting and vascular disrupting agent, Drug Des. Devel. Ther. 11
(2017) 1335-1351.

C.M. Galmarini, et al., Plocabulin, a novel tubulin-binding agent, inhibits
angiogenesis by modulation of microtubule dynamics in endothelial cells, BMC
Cancer 18 (1) (2018) 164.

W. Li, et al., Discovery of novel vinyl sulfone derivatives as anti-tumor agents
with microtubule polymerization inhibitory and vascular disrupting activities,
Eur. J. Med. Chem. 157 (2018) 1068-1080.

T. Naret, et al., 1,1-Diheterocyclic ethylenes derived from quinaldine and
carbazole as new tubulin-polymerization inhibitors: synthesis, metabolism, and
biological evaluation, J. Med. Chem. 62 (4) (2019) 1902-1916.

W. Yuan, et al., Biological and anti-vascular activity evaluation of ethoxy-erianin
phosphate as a vascular disrupting agent, J. Cell. Biochem. 120 (10) (2019)
16978-16989.

K. De Bock, M. Georgiadou, P. Carmeliet, Role of endothelial cell metabolism in
vessel sprouting, Cell Metab. 18 (5) (2013) 634-647.

S. Schoors, et al., Partial and transient reduction of glycolysis by PFKFB3 blockade
reduces pathological angiogenesis, Cell Metab. 19 (1) (2014) 37-48.

O. Warburg, On the origin of cancer cells, Science 123 (3191) (1956) 309-314.
M. Khurshed, et al., In silico gene expression analysis reveals glycolysis and
acetate anaplerosis in IDH1 wild-type glioma and lactate and glutamate
anaplerosis in IDH1-mutated glioma, Oncotarget 8 (30) (2017) 49165-49177.


http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1270
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1270
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1270
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1275
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1275
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1275
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1280
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1280
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1280
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1285
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1285
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1285
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1290
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1290
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1290
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1295
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1295
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1300
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1300
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1305
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1305
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1305
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1305
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1310
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1310
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1310
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1310
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1310
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1315
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1315
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1315
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1315
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1315
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1320
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1320
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1320
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1320
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1325
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1325
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1330
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1330
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1330
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1335
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1335
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1335
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1340
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1340
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1340
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1345
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1345
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1345
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1345
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1350
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1350
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1350
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1355
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1355
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1355
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1360
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1360
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1365
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1365
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1365
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1370
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1370
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1370
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1375
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1375
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1375
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1380
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1380
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1380
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1385
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1385
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1385
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1385
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1390
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1390
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1395
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1395
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1395
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1395
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1400
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1400
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1405
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1405
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1410
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1410
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1415
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1415
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1420
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1420
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1420
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1425
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1425
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1430
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1430
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1435
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1435
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1435
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1435
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1440
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1440
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1440
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1445
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1445
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1450
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1450
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1450
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1455
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1455
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1455
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1460
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1460
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1465
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1465
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1465
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1470
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1470
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1470
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1475
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1475
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1475
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1480
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1480
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1480
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1485
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1485
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1485
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1490
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1490
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1490
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1495
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1495
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1495
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1500
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1500
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1500
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1500
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1505
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1505
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1510
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1510
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1510
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1515
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1515
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1520
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1520
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1525
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1525
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1525
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1530
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1530
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1530
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1535
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1535
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1535
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1540
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1540
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1540
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1545
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1545
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1545
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1550
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1550
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1555
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1555
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1560
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1565
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1565
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1565

B. Yetkin-Arik et al.

[315]

[316]

[317]

[318]

[319]

[320]
[321]

[322]

[323]

[324]

[325]

[326]

[327]

[328]

[329]

[330]

[331]

[332]

[333]

[334]

A.C. Navis, et al., Increased mitochondrial activity in a novel IDH1-R132H mutant
human oligodendroglioma xenograft model: in situ detection of 2-HG and alpha-
KG, Acta Neuropathol. Commun. 1 (2013) 18.

W.L. Yeh, C.J. Lin, W.M. Fu, Enhancement of glucose transporter expression of
brain endothelial cells by vascular endothelial growth factor derived from glioma
exposed to hypoxia, Mol. Pharmacol. 73 (1) (2008) 170-177.

M. Zhou, et al., Warburg effect in chemosensitivity: targeting lactate
dehydrogenase-a re-sensitizes taxol-resistant cancer cells to taxol, Mol. Cancer 9
(2010) 33.

K. Augoff, A. Hryniewicz-Jankowska, R. Tabola, Lactate dehydrogenase 5: an old
friend and a new hope in the war on cancer, Cancer Lett. 358 (1) (2015) 1-7.
R.J. Molenaar, et al., Study protocol of a phase IB/II clinical trial of metformin
and chloroquine in patients with IDH1-mutated or IDH2-mutated solid tumours,
BMJ Open 7 (6) (2017), e014961.

R.J. Molenaar, et al., Wild-type and mutated IDH1/2 enzymes and therapy
responses, Oncogene 37 (15) (2018) 1949-1960.

K. De Bock, et al., Role of PFKFB3-driven glycolysis in vessel sprouting, Cell 154
(3) (2013) 651-663.

B. Yetkin-Arik, et al., Endothelial tip cells in vitro are less glycolytic and have a
more flexible response to metabolic stress than non-tip cells, Sci. Rep. 9 (1)
(2019) 10414.

S.M. Davidson, M.R. Duchen, Endothelial mitochondria: contributing to vascular
function and disease, Circ. Res. 100 (8) (2007) 1128-1141.

B.P. Dranka, B.G. Hill, V.M. Darley-Usmar, Mitochondrial reserve capacity in
endothelial cells: the impact of nitric oxide and reactive oxygen species, Free
Radic. Biol. Med. 48 (7) (2010) 905-914.

M. Schleicher, et al., Prohibitin-1 maintains the angiogenic capacity of
endothelial cells by regulating mitochondrial function and senescence, J. Cell
Biol. 180 (1) (2008) 101-112.

C. Jose, N. Bellance, R. Rossignol, Choosing between glycolysis and oxidative
phosphorylation: a tumor’s dilemma? Biochim. Biophys. Acta 1807 (6) (2011)
552-561.

A. Krutzfeldt, et al., Metabolism of exogenous substrates by coronary endothelial
cells in culture, J. Mol. Cell. Cardiol. 22 (12) (1990) 1393-1404.

0. Coutelle, et al., Embelin inhibits endothelial mitochondrial respiration and
impairs neoangiogenesis during tumor growth and wound healing, EMBO Mol.
Med. 6 (5) (2014) 624-639.

Z. Dagher, et al., Acute regulation of fatty acid oxidation and AMP-activated
protein kinase in human umbilical vein endothelial cells, Circ. Res. 88 (12) (2001)
1276-1282.

S. Schoors, et al., Fatty acid carbon is essential for ANTP synthesis in endothelial
cells, Nature 520 (7546) (2015) 192-197.

F. Polet, O. Feron, Endothelial cell metabolism and tumour angiogenesis: glucose
and glutamine as essential fuels and lactate as the driving force, J. Intern. Med.
273 (2) (2013) 156-165.

M.W. Dewhirst, Relationships between cycling hypoxia, HIF-1, angiogenesis and
oxidative stress, Radiat. Res. 172 (6) (2009) 653-665.

G. Wu, et al., Glutamine metabolism in endothelial cells: ornithine synthesis from
glutamine via pyrroline-5-carboxylate synthase, Comp. Biochem. Physiol. A Mol.
Integr. Physiol. 126 (1) (2000) 115-123.

U. Harjes, K. Bensaad, A.L. Harris, Endothelial cell metabolism and implications
for cancer therapy, Br. J. Cancer 107 (8) (2012) 1207-1212.

18

[335]
[336]
[337]

[338]

[339]

[340]

[341]

[342]
[343]
[344]

[345]

[346]

[347]

[348]

[349]

[350]
[351]
[352]
[353]
[354]

[355]

[356]

BBA - Reviews on Cancer 1875 (2021) 188446

K. Nath, et al., Mechanism of antineoplastic activity of lonidamine, Biochim.
Biophys. Acta 1866 (2) (2016) 151-162.

M. De Lena, et al., Paclitaxel, cisplatin and lonidamine in advanced ovarian
cancer. A phase II study, Eur. J. Cancer 37 (3) (2001) 364-368.

A.B. Miller, et al., Reporting results of cancer treatment, Cancer 47 (1) (1981)
207-214.

H.J. Kim, et al., Metformin reduces the risk of cancer in patients with type 2
diabetes: an analysis based on the Korean National Diabetes Program Cohort,
Medicine 97 (8) (2018) e0036.

B.J. Quinn, et al., Repositioning metformin for cancer prevention and treatment,
Trends Endocrinol. Metab. 24 (9) (2013) 469-480.

C. Marini, et al., Direct inhibition of hexokinase activity by metformin at least
partially impairs glucose metabolism and tumor growth in experimental breast
cancer, Cell Cycle 12 (22) (2013) 3490-3499.

M.R. Khawaja, et al., Phase I dose escalation study of temsirolimus in combination
with metformin in patients with advanced/refractory cancers, Cancer Chemother.
Pharmacol. 77 (5) (2016) 973-977.

M.A. Bjornsti, P.J. Houghton, The TOR pathway: a target for cancer therapy, Nat.
Rev. Cancer 4 (5) (2004) 335-348.

S.W. Brusilow, et al., Treatment of episodic hyperammonemia in children with
inborn errors of urea synthesis, N. Engl. J. Med. 310 (25) (1984) 1630-1634.

J. Liu, et al., The Pharmabiotic approach to treat hyperammonemia, Nutrients 10
(2) (2018) 140.

L.H. Camacho, et al., Phase I dose escalation clinical trial of phenylbutyrate
sodium administered twice daily to patients with advanced solid tumors, Investig.
New Drugs 25 (2) (2007) 131-138.

T. Takiuchi, et al., Association of metformin use and survival outcome in women
with cervical cancer, Int. J. Gynecol. Cancer 27 (7) (2017) 1455-1463.

M. Stein, et al., Targeting tumor metabolism with 2-deoxyglucose in patients with
castrate-resistant prostate cancer and advanced malignancies, Prostate 70 (13)
(2010) 1388-1394.

A. Mitsuhashi, et al., Effects of metformin on endometrial cancer cell growth in
vivo: a preoperative prospective trial, Cancer 120 (19) (2014) 2986-2995.

1. Laskov, et al., Anti-diabetic doses of metformin decrease proliferation markers
in tumors of patients with endometrial cancer, Gynecol. Oncol. 134 (3) (2014)
607-614.

V.N. Sivalingam, et al., Measuring the biological effect of presurgical metformin
treatment in endometrial cancer, Br. J. Cancer 114 (3) (2016) 281-289.

G. Cannino, et al., Metabolic plasticity of tumor cell mitochondria, Front. Oncol. 8
(2018) 333.

R.K. Jain, Normalization of tumor vasculature: an emerging concept in
antiangiogenic therapy, Science 307 (5706) (2005) 58-62.

R.K. Jain, Normalizing tumor microenvironment to treat cancer: bench to bedside
to biomarkers, J. Clin. Oncol. 31 (17) (2013) 2205-2218.

B.J. Monk, L.E. Minion, R.L. Coleman, Anti-angiogenic agents in ovarian cancer:
past, present, and future, Ann. Oncol. 27 (Suppl. 1) (2016) i33-i39.

A. Gadducci, N. Lanfredini, C. Sergiampietri, Antiangiogenic agents in
gynecological cancer: state of art and perspectives of clinical research, Crit. Rev.
Oncol. Hematol. 96 (1) (2015) 113-128.

B. Zand, R.L. Coleman, A.K. Sood, Targeting angiogenesis in gynecologic cancers,
Hematol. Oncol. Clin. North Am. 26 (3) (2012) 543-563.


http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1570
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1570
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1570
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1575
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1575
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1575
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1580
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1580
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1580
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1585
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1585
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1590
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1590
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1590
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1595
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1595
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1600
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1600
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1605
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1605
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1605
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1610
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1610
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1615
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1615
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1615
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1620
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1620
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1620
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1625
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1625
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1625
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1630
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1630
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1635
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1635
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1635
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1640
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1640
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1640
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1645
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1645
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1650
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1650
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1650
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1655
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1655
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1660
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1660
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1660
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1665
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1665
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1670
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1670
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1675
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1675
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1680
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1680
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1685
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1685
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1685
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1690
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1690
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1695
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1695
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1695
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1700
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1700
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1700
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1705
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1705
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1710
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1710
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1715
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1715
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1720
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1720
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1720
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1725
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1725
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1730
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1730
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1730
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1735
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1735
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1740
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1740
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1740
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1745
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1745
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1750
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1750
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1755
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1755
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1760
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1760
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1765
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1765
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1770
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1770
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1770
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1775
http://refhub.elsevier.com/S0304-419X(20)30165-7/rf1775

	Angiogenesis in gynecological cancers and the options for anti-angiogenesis therapy
	1 Introduction
	2 Angiogenesis
	2.1 Endothelial cell differentiation: Tip cell, stalk cell, and phalanx cell phenotypes
	2.2 Genetic control of EC differentiation and new developments in sprouting angiogenesis

	3 Angiogenesis in the female reproductive system
	3.1 Angiogenesis in ovaries
	3.2 Angiogenesis in the endometrium

	4 Angiogenesis in gynecological cancers
	4.1 Angiogenesis in ovarian cancer
	4.2 Angiogenesis in cervical cancer
	4.3 Angiogenesis in endometrial cancer

	5 Therapeutic targeting of angiogenesis in gynecological cancers
	5.1 VEGF-targeted therapy in gynecological cancers
	5.2 Targets within the tumor microenvironment: Pericyte-endothelial interactions in tumor angiogenesis
	5.3 Clinical anti-angiogenesis trials in ovarian cancer
	5.3.1 Targeting the VEGF/VEGFR, PDGF/PDGFR, and EGF/EGFR axes
	5.3.2 Targeting the ANG/TIE axis
	5.3.3 Targeting the TGF-β/TGF-βR axis

	5.4 Clinical anti-angiogenesis trials in cervical cancer
	5.4.1 Targeting the VEGF/VEGFR, PDGF/PDGFR, and EGF/EGFR axes
	5.4.2 Targeting the ANG/TIE axis
	5.4.3 Targeting the TGF-β/TGF-βR axis

	5.5 Clinical anti-angiogenesis trials in endometrial cancer
	5.5.1 Targeting the VEGF/VEGFR, PDGF/PDGFR, and EGF/EGFR axis
	5.5.2 Targeting the ANG/TIE axis
	5.5.3 Targeting the TGF-β/ TGF-βR axis


	6 Targeting the established tumor vasculature with vascular disrupting agents
	6.1 Clinical trials of VDAs in ovarian cancer
	6.1.1 Combination of VDAs and chemotherapy
	6.1.2 Combination of VDAs with anti-angiogenic compounds

	6.2 Clinical trials of VDAs in cervical cancer

	7 Targeting the metabolism of the tumor vasculature
	7.1 Metabolic adaptation of ECs
	7.2 Clinical trials of metabolic targeting in ovarian cancer
	7.3 Clinical trials of metabolic targeting in cervical cancer
	7.4 Clinical trials of metabolic targeting in endometrial cancer
	7.5 Therapeutic targeting of tumor metabolism in combination with anti-angiogenesis therapy in gynecological cancers

	8 Conclusions
	Author’s roles
	Funding
	Declaration of Competing Interest
	Acknowledgments
	References


