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Endometrial cancer (EC) is the most frequent gynecological malignancy in developed countries and requires a relatively
invasive diagnostic evaluation and operative therapy as the primary therapeutic approach. Angiogenesis is one of the
main processes needed for cancer growth and spread. The production of angiogenic factors (AFs) appears early in the
process of carcinogenesis. The detection of AFs in plasma and tissue and a better understanding of the angiogenic
properties of EC may contribute not only to earlier but also more specific diagnosis and consequently tailored and
individual therapeutic approaches. AFs and their receptors also have high potential as binding sites for targeted cancer
therapy.
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| 1. Introduction

Endometrial cancer (EC) is the most frequent gynecological malignancy in the developed world, and its incidence strongly
depends on several risk factors . One of the most prominent risk factors is obesity 28], Adipose tissue serves as a
storage for hormones that promote the proliferation of endometrial tissue, which leads to malignant alterations. Once
endometrial cells become malignant, they obtain the ability of uncontrolled fast growth, which requires a good supply of
oxygen and nutrients. Such supply via diffusion is extremely limited and can only support tumors smaller than 1-2 mm in
diameter ¥l For larger tumors, EC cells must start to produce angiogenic factors (AFs), i.e., special cytokines, which are
secreted into the surrounding tissue and nearby vessels, causing angiogenesis and the delivery of nutrients to the
cancerous cells. Elevated AF levels can also be detected in the systemic circulation, indicating a potential non-invasive
strategy to detect cancer in its early stages &I,

Altered AF levels in plasma and tissue and understanding of angiogenesis in EC may contribute to not only earlier but
also more specific diagnosis. Furthermore, AFs and their receptors are also potential binding sites for targeted cancer
therapy and may contribute to more tailored therapeutic approaches to EC.

| 2. Angiogenesis in Cancer

During the initial stage of tumor growth and development (i.e., before the tumor’s size exceeds 1-2 mm3), the tumor is
independent of the vascular network, as nutrients and oxygen can be obtained via diffusion. During the later stages of
carcinogenesis, such nutrient supply becomes insufficient. Due to rapid tumor growth, high interstitial pressure, and larger
distances between cancer cells and capillaries, hypoxia occurs in solid tumors. Hypoxia is an important controller of the
angiogenic switch that is mainly regulated by hypoxia-inducible factor-1a (HIF-10), a transcription factor that activates the
transcription of a set of key genes involved in cell survival under hypoxic conditions, e.g., those involved in initiating
angiogenesis [22]. In this way, new vasculature is formed in and around the tumor that provides essential nutrients and
oxygen for the tumor cells and allows continuous growth and unlimited proliferation. Simultaneously, this vascular network
is used for metastatic spread to other organs [4,23]. The density of the capillary network has been shown to be a
prognostic factor for EC. Blood microvessel density was associated with deeper myometrial invasion, positive
lymphovascular invasion, positive lymph node metastasis, and poor overall survival in EC patients [24].
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| 3. Diagnostic Value of AFs

Normal angiogenesis is regulated by both molecular activators and inhibitors. In cancer, the balance between them is
disturbed in favor of angiogenic activators. More than a few dozen different proteins have been identified as pro-AFs,
including growth factors, cytokines, proteases, protease inhibitors, trace elements, oncogenes, and endogenous
modulators [25]. The production of AFs by cancer cells alters AF levels in the surrounding tissue and blood plasma.
Altered AF levels may thus represent potential markers that could detect cancer from blood plasma samples in the early
and prognostically favorable stages of cancer [26]. AF plasma concentrations could also represent an important additional
diagnostic tool for a more precise diagnosis of EC, which could also guide decision-making regarding the extent of
surgical treatment.

| 4. Anti-Angiogenic Treatment of EC

The standard treatment of EC consists of surgery with or without adjuvant radiotherapy and/or chemotherapy, depending
on the risk of disease recurrence . EC at the advanced stage has a very poor prognosis under conventional treatment:
the 5-year overall survival rate is 40-65% for stage Ill and 15-17% for stage IV of the disease /. Due to the lack of
effective treatments, treating patients in an advanced-stage, recurrent, or refractory setting is very challenging. However,
advances in our understanding of the molecular mechanisms of EC progression have revealed novel binding sites for
targeted therapies, which are emerging as innovative and promising cancer treatment strategies.

Various potential therapeutic approaches are being investigated. Due to the importance of new vasculature for tumor
growth, efforts have been made to develop anti-angiogenic therapies for cancer treatment in recent decades. The main
classes of anti-angiogenic agents are anti-VEGF monoclonal antibodies (e.g., bevacizumab), soluble VEGFRs (e.g.,
aflibercept), inhibitors of angiopoietin-Tie2 receptor (e.g., trebananib), and tyrosine kinase inhibitors (e.g., brivanib,
cediranib, nintedanib, sunitinib, and lenvatinib) &,

The earliest exploration of anti-angiogenic agents in EC was a phase-Il study of thalidomide in refractory EC performed by
the Gynecologic Oncology Group Foundation &, It demonstrated an association between elevated plasma VEGF levels
and poor prognosis, while thalidomide exhibited limited ability to delay the progression or reduce angiogenic marker
levels. Nonetheless, several approaches have been developed to block VEGF action and have achieved good clinical
efficacy, including blocking antibodies, decoy receptors, and small interfering RNA against VEGF-A LILIL2] The pest-
known anti-angiogenic agent for gynecological malignancies is bevacizumab, a humanized anti-VEGF monoclonal
antibody, currently approved by the FDA as a combination and/or maintenance treatment for certain ovarian and cervical
cancer patients. Several phase-Il studies have been conducted with bevacizumab in EC patients; however, the results of
phase-IIl studies in EC patients are limited. Although clinically active in various solid cancers, these drugs are associated
with typical adverse effects of anti-VEGF treatment, e.g., hypertension, thrombosis, emboli, bleeding, impaired wound
healing, proteinuria, bowel perforation, and CNS disorders, which lead to treatment discontinuation in many patients 12!,
Furthermore, many tumors are either inherently resistant or gradually develop adaptive resistance to VEGF pathway



inhibition therapies 24, This dictates the use of anti-VEGF treatments, like other targeted treatments, only according to
selected molecular subgroups.

In the GOG-86P trial (NCT00977574, [105]), researchers implemented translational research to examine results for
common somatic mutations and microsatellite instability for associations with patients’ outcomes in each of three arms,
containing either bevacizumab, temsirolimus, or ixabepilone, with standard paclitaxel and carboplatin in advanced or
recurrent EC. Progression-free survival and overall survival were not increased in any of the experimental arms. However,
in a post hoc analysis of the data, CTNNB1 mutations (present in up to 20% of EC patients) were associated with a
significantly increased PFS in bevacizumab-treated patients. CTNNB1 mutations may be associated with increased VEGF
expression and angiogenesis. They are primarily found in the subset of low-grade endometrioid tumors that have a higher
risk of recurrence. The authors conclude that CTNNB1 mutations may serve as a predictive biomarker for bevacizumab
treatment.

Similarly, the assessment of TP53 mutation status in the same trial showed that women with TP53 mutant EC had both
improved progression-free and overall survival when treated with bevacizumab and chemotherapy, whereas women with
TP53 wild-type tumors showed no difference in outcomes. This might be due to the cell cycle regulation disruption and
enhanced angiogenesis in tumor cells due to the loss of wild-type p53 repression of pro-angiogenic factors including the
bevacizumab target VEGF-A [15],

Another group of anti-angiogenic agents evaluated in clinical trials for use in EC patients are tyrosine kinase inhibitors of
VEGFRs. Nintedanib showed modest activity with an objective response rate (ORR) of 9.4% in the treatment of advanced
or recurrent EC and did not meet the study’s primary endpoint of efficacy. Nevertheless, preclinical trials on nintedanib
suggest that it may be more effective in tumors with loss-of-function TP53 mutations 8. Monotherapy with cediranib for
recurrent or persistent EC was well tolerated and showed sufficient activity (with a median PFS of 3.7 months and median
OS of 12.5 months), which warranted further investigation for recurrent EC 4. Brivanib was also well tolerated and
worthy of further investigation as a single agent in recurrent or persistent EC, based on PFS at 6 months (30.2%). Rates
of 6-month PFS were higher for endometrioid carcinoma (31.5%) or mixed epithelial subtypes (50%) compared with
serous carcinoma (10%) 8. The combination of levanitinib and pembrolizumab was assessed in the phase-1l KEYNOTE
146 trial (NCT02501096) in advanced EC patients. The EC cohort (n = 108) showed an ORR of 64% in the mismatch-
repair-deficient group and 36% in the mismatch-repair-proficient group 2. In July 2021 (after accelerated approval was
granted in 2019), the FDA approved this combination for EC patients with advanced EC that is not microsatellite-
instability-high or mismatch-repair-deficient and who exhibit disease progression following prior systemic therapy but are
not candidates for curative surgery or radiation 22,

Aflibercept serves as a decoy receptor for VEGF binding at high affinity. In the Gynecologic Oncology Group Phase-l|
clinical trial, it met pretrial activity parameters but was associated with significant toxicity at the dose and schedule used
(21, Trebananib is an Fc fusion peptibody that prevents Tie2 receptor activation through binding of both Ang-1 and Ang-2.
However, a phase-ll trial showed an ORR of 3.1% for recurrent or persistent EC, with insufficient single-agent activity to
warrant further investigation of trebananib 22,

| 5. Conclusions

Angiogenesis represents an important step in the pathogenesis of EC development, progression, and metastases and
thus an opportunity for better diagnostic and tailored therapeutic approaches. There are conflicting results regarding the
role of AFs in EC, and more clinical studies that evaluate circulating AFs are necessary to reach a uniform conclusion
regarding the use of AFs as diagnostic and prognostic biomarkers. However, although the results from different studies
regarding the use of AFs as biomarkers for gynecological cancer are not conclusive, there is a clear pattern of decreased
progression-free survival and overall survival rates when pro-AFs are over-expressed in either serum or EC tissue.
Relevant studies concluded that increased AF levels were correlated with worsening in the clinical stage and histological
grade of EC and were associated with poorer prognosis.

Molecular changes occur earlier than phenotypic changes, and thus identifying new biomarkers may enable early
diagnosis and facilitate decision making regarding the appropriate therapeutic (surgical and/or pharmacotherapeutic)
measures. There is a trend toward a combined molecular and histological approach to risk stratification, and the discovery
of robust prognostic biomarkers will eventually lead to improved survival outcomes for women with EC.

Anti-angiogenic therapy has already been incorporated into the regular treatment of several types of human cancers,
including EC and other gynecological cancers. However, the anti-angiogenic agents in use today are only effective in a



subset of patients, and many initial responders become resistant over time. This emphasizes the urgent need for a better
understanding of the molecular and cellular effects of current anti-angiogenic agents as well as the discovery of
alternative inhibitors of angiogenesis. As learned from recent clinical trials, proper design and conduct of translational
research can yield important findings and allow assessment of treatment efficacy within biologically similar tumors. This
may help to stratify patient populations for future treatment options.
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