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Abstract: Angiogenesis is an essential mechanism for the progression of gynecological cancers. Although approved anti-angiogenic 
drugs have demonstrated clinical efficacy in treating gynecological cancers, the full potential of therapeutic strategies based on tumor 
blood vessels has not yet been realized. This review summarizes the latest angiogenesis mechanisms involved in the progression of 
gynecological cancers and discusses the current clinical practice of approved anti-angiogenic drugs and related clinical trials. Given 
the close relationship between gynecological cancers and blood vessels, we highlight more delicate strategies for regulating tumor 
vessels, including wise drug combinations and smart nano-delivery platforms to achieve highly efficient drug delivery and overall 
vessel microenvironment regulation. We also address current challenges and future opportunities in this field. We aim to generate 
interest in therapeutic strategies that target blood vessels as a key entry point and offer new potential and inspiration for combating 
gynecological cancers. 
Keywords: gynecological cancers, tumor blood vessel, tumor vascularization, anti-angiogenic, clinical trials, nano-delivery platforms, 
nanoparticles

Introduction
Gynecological cancers, including cervical cancer, ovarian cancer, endometrial cancer, and gestational trophoblastic 
neoplasia (GTN), pose a significant threat to women’s health. According to the cancer statistics report of 2022,1 ovarian 
cancer is among the top five leading causes of cancer death in females in the United States. Although the survival rate for 
most common cancers has improved since the mid-1970s, uterine cervix, and uterine corpus-associated cancers remain 
excluded. Despite being one of the most preventable cancers, cervical cancer persistently ranks as the second leading 
cause of cancer death in women aged 20 to 39 years. Furthermore, the mortality rates of endometrial cancer (EC) have 
been increasing by an average of 1.9% per year, primarily attributed to the increasing incidence of obesity, a known risk 
factor for the most frequent type of EC.2 Although the incidence of GTN is low, women of childbearing age must 
undergo adequate periods of cytotoxic chemotherapy.3 In summary, gynecological cancers continue to pose a serious 
threat to women’s health.

During surgeries, we can clearly see that malignant gynecological tumors are characterized by a high abundance of 
blood vessels. Angiogenesis is a complex, highly-regulated process that is indispensable for cancer progression. During 
this process, malignant tumors develop new vasculature to seize the necessary nutrition and oxygen supply.4,5 It is 
important to note that blood vessels also act as vital channels for delivering therapeutic agents. The over-production of 
pro-angiogenesis factors, such as vascular endothelial growth factors, gives rise to abnormal angiogenesis in gynecolo-
gical cancers. Although anti-angiogenic drugs can block this process, the excessive trimming of tumor blood vessels can 
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lead to problems. This is because, in addition to their tight relationship with gynecological cancer progression, blood 
vessels also play an indispensable role in the transportation of therapeutic agents. Specifically, abnormal intra-tumor 
vessels tend to be complex, disorganized, irregular, and leaky, resulting in poor delivery of drugs and therapeutic agents 
to the entire tumor, thereby affecting the chemotherapy response. Destruction of blood vessel integrity after anti- 
angiogenic treatment may also alter drug penetration,6 offer opportunities for hematogenous metastasis,7 and influence 
not only drug delivery8 but also immune infiltration (Figure 1).7,9

Therefore, the regulation of tumor vessel microenvironment deserves careful attention, and exploring therapeutic 
strategies against gynecological cancers with blood vessel regulation as an entry point holds great potential. Although 
anti-angiogenic drugs have already demonstrated clinical efficacy in gynecological cancers,10 the full potential of tumor 
blood vessel-associated therapeutic strategies has yet to be fulfilled. Inspiringly, the application of nano-delivery plat-
forms has offered great inspiration for more efficient drug delivery, as well as more delicate tumor vessel regulation and 
microenvironment rebuild. Nano drugs can spontaneously form a “treatment-delivery” loop to promote therapeutic 
agents toward deep tumor regions, leading to potent tumor inhibition and overall tumor microenvironment improve-
ments, including tumor vessel microenvironment and immune microenvironment.11

This review collects updated investigations on angiogenesis mechanisms during gynecological cancer progression and 
current clinical applications of tumor angiogenesis-regulating drugs. Related clinical trials involving tumor vessel 
regulation and associated combination therapy are also included. Additionally, more delicate tumor blood vessel- 
regulating strategies under pre-clinical investigation are further discussed, with a focus on cutting-edge nanoplatforms 
comprehensively regulating the tumor vessel microenvironment. We aim to draw attention to tumor blood vessels as 
a therapeutic target to develop novel strategies for comprehensive angiogenesis-regulating therapy in gynecological 
cancers.

Update on Angiogenesis Mechanisms in Gynecological Cancers
The hormonal and metabolic disorder environment often contributes to the angiogenesis and development of gynecolo-
gical cancers, given the close relationship between hormones and the reproductive system in gynecology. Studies have 
reported that high levels of estrogen receptor α (ERα) can inhibit tumor growth by modulating angiogenic factors, 
thereby limiting the blood supply to growing tumors.12,13 Moreover, the estrogen receptor has been found to play 
a significant role in mediating cervical cancer invasion and progression.14 Apart from the well-studied angiogenic growth 
factor, vascular endothelial growth factor (VEGF), ovarian and uterine cells can also overexpress other molecules that act 

Figure 1 Blood vessels in gynecological cancers serve as indispensable channels for drug delivery. Abnormal intra-tumor vessels are often complex, disorganized, and 
irregular. Local necrosis and destruction of blood vessel integrity after anti-angiogenic treatment may create opportunities for hematogenous metastasis and affect drug 
delivery and immune infiltration. (By Figfraw.).
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as angiogenic factors, such as neurotrophins and their receptors.15 However, the specific relationship between gyneco-
logical cancer progression and blood vessels varies among different gynecological cancer types and thus requires further 
exploration and comprehensive understanding. In this section, we present an update on the investigations of the 
angiogenesis mechanisms of the four main gynecological cancer types.

Cervical Cancer
Angiogenesis is among the hallmarks that contribute to the development of precancerous lesions and progression in many 
cancer types, including cervical cancer and its precursor lesions.16 Due to the strong causative association with human 
papillomavirus (HPV), the mechanism of angiogenesis regulation is thought to be unique in cervical cancer. It has been 
reported that the HPV18 E6 oncoprotein could contribute to tumor angiogenesis by inducing vascular endothelial growth 
factor (VEGF) transcription from the promoter in a p53-independent manner. Specifically, the production of E6 protein 
leads to dysregulation of p53 induction and ubiquitination, resulting in p53 protein degradation and consequently, 
upregulation of VEGF.17 Additionally, the E7 protein can displace histone deacetylases HDAC1, HDAC4, and 
HDAC7, leading to upregulation of hypoxia-inducible factor 1α and consequently increasing VEGF production.18 All 
of the aforementioned HPV-associated mechanisms contribute to the angiogenesis of cervical cancer.

Ovarian Cancer
Ovarian cancer is widely accepted as highly vascularized, and 4D bi-directional power Doppler has vividly displayed 
statistically significant vascularization differences between normal and malignant ovaries.19 Several studies have also 
found significantly higher levels of vascular endothelial growth factor in tissues and biological fluids of women with 
ovarian cancer compared to healthy control.20 Vascular endothelial growth factor signaling can activate several down-
stream effectors, including the Notch pathway, which plays an essential role in vascular homeostasis and integrity in the 
normal ovary. The Notch pathway is frequently altered in ovarian cancers, resulting in over-angiogenesis.21 A high 
degree of tumor angiogenesis has been shown to correlate with poor survival in ovarian cancer patients.10,22 Thus, it is 
crucial to regulate tumor angiogenesis, including both angiogenesis-related key factors and downstream effectors, to 
rebuild the tumor vessel microenvironment, which can facilitate tumor growth and influence treatment.

Endometrial Cancer
The formation of new blood vessels is vital for blastocyst implantation and the growth of the placenta in obstetrics.23 

Therefore, human endometrial cells have strong angiogenic potential. Studies have reported that micro-vessel density 
significantly increases in endometrial cancer compared to normal endometrium. Micro-vessel density is a common 
indicator for evaluating tumor angiogenesis and has also been shown to correlate with endometrial cancer survival, 
International Federation of Gynecology and Obstetrics (FIGO) stage, as well as other histologic and clinicopathologic 
parameters of endometrial cancer.24 Estrogen has been reported to drive angiogenesis in the endometrium directly 
through increased expression of VEGF and β-FGF via the NF-κB signaling pathway,25 as well as indirectly through HIF- 
1α and PI3K/Akt activation.26

Gestational Trophoblastic Neoplasia
Maternal vascular adaptation to pregnancy is critical to expanding the capacity for blood flow through the uteroplacental 
unit to meet the needs of the developing fetus. During pregnancy, a variety of vessel-associated growth factors and 
cytokines are present.27 There is a delicate balance between the normal physiologic degradation of maternal decidual 
vasculature and the concurrent angiogenesis of the growing embryo. When such balance is disturbed, gestational 
trophoblastic diseases characterized by vascular abnormalities of the trophoblast may occur.28 Angiogenin and matrix 
metalloproteinase-2, two important molecules during the angiogenic process, were significantly elevated in the placental 
tissues and maternal serum of patients with gestational trophoblastic diseases. A high level of placental growth factor has 
been reported to promote the development of blood vessels in choriocarcinomas.29 High expression of VEGF and its 
receptor has also been found in gestational trophoblastic diseases.30
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Clinical Practice Involving Vessel Regulation
Approved Drugs
There are already approved vessel-regulating drugs for the treatment of gynecological cancers, and some are still under 
clinical trials. Bevacizumab, the recombinant humanized monoclonal antibody against VEGF and the most well- 
recognized blood vessel-regulating drug, has been approved for use in numerous indications, including advanced-stage 
epithelial ovarian and cervical cancers. Unfortunately, there are currently no validated biomarkers to select patients who 
will benefit from bevacizumab, and further investigation is required. Another small molecular angiogenesis inhibitor, 
lenvatinib, has also obtained approval, in combination with pembrozliumab, for subsequent-line treatment of advanced 
endometrial cancer.10 Table 1 presents more information about currently-approved drugs and their indications/clinical 
applications in gynecological cancers.

Clinical Trials
Current clinical application mainly focuses on anti-angiogenic therapy, yet there are still various problems, including 
disappointing outcomes and worrying adverse effects.39 Moreover, rapid adaptive resistance might occur within several 
months after initiating bevacizumab treatment, hindering the achievement of any overall survival benefit.40 Thus, a more 
comprehensive regulation of tumor blood vessels, along with the corresponding tumor microenvironment, needs to be 
considered. To meet this goal, a smart combination of drugs, as well as novel active pharmaceutical ingredients, are under 
clinical investigation.

Ovarian Cancer
Bevacizumab was first approved by the European Union (EU) for the first-line treatment of ovarian cancer in 2011 and 
subsequently approved by the EU for platinum-sensitive recurrent ovarian cancer in 2012. In 2014, it was further 
approved for platinum-resistant recurrent ovarian cancer.41 Bevacizumab-mediated apoptosis of tumor endothelial cells 
and a decrease in interstitial fluid pressure within the tumors allow greater capacity for chemotherapeutic drugs to reach 
targeted sites. Therefore, Bevacizumab has also demonstrated significant therapeutic benefits in combination with 

Table 1 Approved Vessel-Regulating Drugs for Gynecological Cancers

Drug Cancer Type Indication Tips

Bevacizumab31 Ovarian cancer Advanced-stage epithelial ovarian cancer Epithelial ovarian, fallopian tube, or primary 
peritoneal cancer

Cervical cancer Persistent, recurrent, or metastatic cervical cancer In combination with paclitaxel and cisplatin/ 
paclitaxel and topotecan

Lenvatinib Endometrial cancer Subsequent-line treatment of advanced endometrial 
cancer32

In combination with pembrozliumab;32 

as second-line therapy in unresectable 

endometrial cancer33 (NCT01111461)

Sunitinib Ovarian cancer Epithelial ovarian, fallopian tube or peritoneal 

cancer34

NCT00768144, 

Phase II, Completed

Endometrial cancer Recurrent or metastatic endometrial cancer35 NCT00478426, 

Phase II, Completed

Cervical cancer Uterine cervical cancer that is IVB, recurrent, or 

cannot be removed by surgery36

NCT00389974, 

Phase II, Completed

Sorafenib Ovarian cancer Persistent or recurrent epithelial ovarian or 

peritoneal cancer37

NCT00093626, 

Phase II, Completed

Nintedanib Endometrial cancer Recurrent or persistent endometrial cancer38 NCT01225887, 

Phase II, Completed
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standard chemotherapy.42 The combination of blood vessel-regulating drugs (not limited to Bevacizumab) and other 
drugs has attracted interest in the management of tricky ovarian cancers. Cediranib, an oral multi-targeted tyrosine kinase 
inhibitor (TKI), has demonstrated clinical efficacy both as antiangiogenic monotherapy and in combination with other 
drugs, such as platinum-based chemotherapy in recurrent platinum-sensitive ovarian cancer and olaparib in recurrent 
platinum-resistant ovarian cancer patients without germline BRCA1/2 mutation.43,44 Apatinib is another small-molecule 
antiangiogenic agent that selectively inhibits vascular endothelial growth factor receptor 2 (VEGFR-2) and mildly 
inhibits c-Kit and c-Src tyrosine kinases.45 The efficacy and safety of the combination therapy of apatinib and oral 
etoposide were assessed in patients with platinum-resistant or platinum-refractory ovarian cancer, considering the 
potential advantage of home administration without hospital admission.46 Ovarian cancer has been the subject of 
extensive clinical research compared to other gynecological cancers. Table 2 presents more examples.

Endometrial Cancer
Clinical trials have been conducted to evaluate the effectiveness of anti-angiogenic therapy in endometrial cancer, with 
mixed results.57 Bevacizumab was found to have a clinical benefit rate of 19% in pretreated patients with advanced 

Table 2 Clinical Trials of Combination Strategies/Single Active Pharmaceutical Ingredients Involving Vessel-Regulating for 
Gynecological Cancers

Regimens Stage Vessel Regulating Point NCT

Ovarian cancer

Anti-angiogenic agent pazopanib ± fosbretabulin 
in advanced recurrent ovarian cancer47

Phase Ib and Phase II; 
terminated (safety)

Fosbretabulin is a vascular disrupting agent 
selectively targeting endothelial cells and induces 

neoplastic neovascularization regression, reducing 

tumor blood flow and causing central tumor 
necrosis.

NCT02055690

Weekly paclitaxel + trebananib/placebo in 
recurrent ovarian cancer48

Phase III; Completed Trebananib is a peptibody that blocks angiopoietin 
1 and −2 binding to Tie2.

NCT01204749

Bevacizumab + nivolumab (as one arm) in 
relapsed ovarian cancer49

Phase II; Recruiting Combination strategies of PD-1/PD-L1 inhibition 
with antiangiogenic therapy.

NCT02873962

Physician’s Choice Chemotherapy (weekly 
paclitaxel or pegylated liposomal doxorubicin) + 

Bevacizumab + CA4P/placebo in platinum 

resistant ovarian cancer50

Phase II/III; Terminated 
(Interim analysis failed 

to show efficacy 

benefit)

CA4P targets pre-existing tumor vasculature, 
resulting in an acute, reversible reduction in 

tumor blood flow that leads to central necrosis 

within tumors.

NCT02641639

Apatinib + etoposide in platinum resistant or 
refractory ovarian cancer38

Phase II; Completed Apatinib is a novel VEGFR2 tyrosine kinase 
inhibitor with the potential advantage of home 

administration.

NCT02867956

Apatinib plus pegylated liposomal doxorubicin 

for platinum-resistant recurrent ovarian cancer51

Phase II; Active, not 

recruiting

Apatinib is a novel VEGFR2 tyrosine kinase 

inhibitor with potential to improve the quality of 

life of patients and prolong survival.

NCT04348032

Pazopanib + weekly paclitaxel in platinum 

resistant/refractory ovarian cancer52

Phase II; Completed Focus on patients who relapse during 

bevacizumab maintenance.

NCT02383251

Endometrial cancer

Single-agent cediranib in recurrent/persistent 

endometrial cancer53

Phase II; Completed Cediranib is a novel multi-tyrosine kinase inhibitor 

targeting VEGFR, PDGFR and FGFR.

NCT01132820

Brivanib in recurrent or persistent endometrial 

cancer54

Phase II; Completed Brivanib is an oral, multi-targeted tyrosine kinase 

inhibitor against both VEGFR and FGFR.

NCT00888173

(Continued)
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endometrial cancer.58 While lenvatinib, a multitargeted tyrosine kinase inhibitor that targets both vascular endothelial 
growth factor and placental growth factor, showed limited efficacy as a second-line treatment for recurrent endometrial 
cancer, combining lenvatinib with the immune-regulating drug pembrolizumab led to significantly longer progression- 
free survival and overall survival than chemotherapy among patients with advanced endometrial cancer.59 Based on these 
results, lenvatinib has been approved for use in endometrial cancer in combination with pembrozliumab. In addition to 
drug combinations, single-agent cediranib, and brivanib were also evaluated in recurrent/persistent endometrial cancer. 
Other multi-targeted tyrosine kinase inhibitors are listed in Table 2.

Cervical Cancer
A retrospective study was conducted to evaluate the efficacy and safety of anlotinib in patients with persistent, metastatic, 
or recurrent cervical cancer who had failed first-line therapy.60 Interestingly, the study compared the efficacy of anlotinib 
(targeting vascular endothelial growth factor receptors (VEGFRs), platelet-derived growth factor receptors (PDGFR), 
fibroblast growth factor receptors (FGFR), etc.), and apatinib (targeting only VEGFR2). The study reported that anlotinib 
showed superior efficacy and safety over apatinib. A Cochrane review assessed the benefits and harms of VEGF- 
targeting agents in the management of persistent, recurrent, or metastatic cervical cancer.61 Low-certainty evidence was 
found in favor of using bevacizumab plus chemotherapy, despite an increased risk of adverse events such as gastro-
intestinal perforations or fistulae, thromboembolic events, and hypertension. However, the use of cediranib plus 
chemotherapy, apatinib plus chemotherapy, or pazopanib monotherapy was all disappointing, and some results have 
not been published (Table 2).

Gestational Trophoblastic Neoplasia
Most gestational trophoblastic diseases can be successfully treated with standard chemotherapy regimens, and anti- 
angiogenic drugs are seldom used. However, treatment options for patients with high-risk chemo-refractory or relapsed 
GTN are scarce. A case of refractory choriocarcinoma treated with bevacizumab was reported to achieve satisfactory 
clinical efficacy. After failing to respond to several lines of chemotherapy treatment, the patient was treated with 
bevacizumab (10mg/kg) and anti-endoglin monoclonal antibody (TRC105), and her HCG levels decreased to normal 
after four courses.62 Furthermore, a single-arm, open-label, Phase 2 trial was conducted to evaluate the anti-tumor 
activity and safety of camrelizumab (an immune checkpoint inhibitor) plus apatinib (a VEGFR inhibitor) in patients with 
high-risk chemo-refractory or relapsed GTN, and the results were promising (Table 2).24

Pre-Clinical Nano-Delivery Platforms Involving Vessel Regulation
The use of nano-delivery platforms sheds light on the application of vascular modulation as an adjuvant therapy in 
combination with other treatments, as well as global remodeling of the vascular microenvironment.63 In addition to direct 

Table 2 (Continued). 

Regimens Stage Vessel Regulating Point NCT

Cervical cancer

Pazopanib plus lapatinib compared to lapatinib or 

pazopanib monotherapy in metastatic cervical 

cancer55

Phase II; Completed Pazopanib is an oral multitargeted antivascular 

agent; lapatinib is an oral dual anti-EGFR and anti- 

HER2 kinase inhibitor.

NCT00430781

The combination of cisplatin, paclitaxel and 

apatinib in recurrent or persistent advanced 
cervical cancer56

Phase II; Completed Apatinib is a small-molecule tyrosine kinase 

inhibitor of VEGFR-2.

NCT04188847

Gestational trophoblastic neoplasia

Camrelizumab plus apatinib in high-risk chemo- 

refractory or relapsed GTN24

Phase II; Recruiting Apatinib is a novel VEGFR2 tyrosine kinase 

inhibitor.

NCT05139095
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tumor inhibition, the nanoplatform construction can improve drug distribution in vivo, reduce adverse effects, and 
combat drug resistance.64,65 Therapeutic strategies assisted by nano-delivery platforms are gaining increasing attention 
and showing great potential in gynecological cancers (Figure 2).

Tumor Vessel-Targeted Nanoplatforms
Although standard chemotherapies theoretically target highly proliferating cancer cells, they have little effect on the 
slowly dividing endothelial cells. The F3 peptide has also shown the capability of binding to nucleolin protein expressed 
on the surface of tumor endothelial cells as well as on the surface of tumor cells. Winer et al used the F3 peptide to 
modify cisplatin-loaded polyacrylamide (PAA) nanoparticles to target tumors in both murine and human ovarian cancer 
models.66 Their data strongly supported the efficacy of vascular-targeted nanoparticle therapy in ovarian cancer, which 
was also the first to show chemo-nanoparticle binding to human tumor vessels in vivo. In their model, tumor vascular 
cells were derived from human embryonic stem cells, and the binding of F3-modified nanoparticles to human CD31+ 

tumor vessels was vividly observed. This treatment was effective in both platinum-sensitive and platinum-resistant cell 
lines, showing great potential for overcoming ovarian cancer chemoresistance by directly targeting nanoplatforms to the 
tumor neovasculature. Apart from the F3 peptide, RGD (arginine-glycine-aspartic acid) motif-containing peptides have 
also been utilized to modify nanoplatforms, which can bind to integrin molecules that are up-regulated on tumor 
vessels.67

In addition to the consideration that tumor vascularization depends on the proliferation of endothelial cells and the 
sprouting of new capillaries, vasculogenic mimicry (VM) of tumor cells cannot be ignored. VM is an important 
supplement to tumor angiogenesis and deserves special attention. Wang et al designed cRGD (cyclic Arg-Gly-Asp) 
peptide-containing nanoparticles to inhibit not only endothelium-dependent vessels (EDV) but also VM formation in 
ovarian cancer cells.68 The classical cRGD peptide can specifically bind with integrin αvβ3 and α5β1, exhibiting a specific 
inhibitory effect on EDV. They found that cRGD could also suppress VM formation in ovarian cancer cells by regulating 

Figure 2 Nano-delivery platforms application in gynecological cancers for (A) tumor vessel-targeting, (B) the combination of anti-angiogenic and chemotherapy, and (C) 
vessel normalization and tumor microenvironment (TME) rebuild. (By Figfraw).
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the VM essential pathway (MMP2/Laminin 5c2) and reversing epithelial-mesenchymal transition (EMT). In their work, 
the tumor-specific ligands folate and cRGD were conjugated with the nanocarrier heparin to self-assemble into heparin- 
folate-cRGD-nanoparticles (cRGD-NPs). These versatile anti-angiogenic nanoplatforms achieved significant cytotoxicity 
and superior anti-tumor effects in SKOV3 (a human ovarian cancer cell line) xenografts.

Antiangiogenic and Chemotherapy Co-Loading Nanoplatforms
Ebeid et al reported that polymeric nanoparticles (NP) co-loaded with the angiogenesis molecular inhibitor BIBF 1120 
and paclitaxel had significant selective cytotoxicity against serous uterine cancer with a loss-of-function p53 mutation.69 

The NPs also inhibited tumor progression but also improved survival in an endometrial cancer xenograft model. PTX- 
loaded nanoparticles were found to be superior to PTX in solution, displaying the advantage of the nano-delivery 
formulation. Moreover, the combination of PTX-loaded NPs with antiangiogenic regulation showed the most promising 
effects.

Particle replication in non-wetting templates (PRINT®), a soft lithography process, is a recently developed method of 
fabricating nanocarriers for the efficient delivery of therapeutic moieties. Docetaxel incorporated in poly (lactic acid-co- 
glycolic acid) (PLGA)-PRINT nanoparticles displayed higher plasma exposure and greater intratumor accumulation than 
docetaxel alone. In addition to PLGA-PRINT nanoparticles containing docetaxel, another antiangiogenic component with 
mEZH2 siRNA incorporated into chitosan nanoparticles was designed.70 Endothelial cells were found to be quite 
sensitive to low doses of docetaxel therapy in a metronomic schedule, and PLGA-PRINT displayed strong anti- 
proliferative, anti-apoptotic, and anti-angiogenic effects in ovarian cancers. Combining PLGA-PRINT with antiangio-
genic mEZH2 siRNA proved to be the most efficacious in reducing tumor burden.

Vessel Normalization and TME Rebuilding Nanoplatforms
The vascular dysfunction of ovarian cancer is known to contribute to chemotherapeutic resistance. Targeted delivery of 
miR-484 via RGD-modified exosomes was reported to improve vascular normalization, sensitize cancer to chemother-
apy, and prolong the survival time of tumor-bearing mice, providing a promising avenue for the clinical management of 
chemotherapy resistance.71 Vascular maturity and functionality are associated with chemo-sensitization, which restore the 
physiological perfusion and oxygenation of tumor vasculature and improve the delivery of chemotherapy drugs. Targeted 
drug delivery assisted with nanoplatforms further enhances this strategy.

Lipid nanoparticles (LNP) have been proven effective in the delivery of siRNAs to the liver and tumors in animals. 
Scientists initiated a trial of the nanoplatform named ALN-VSP, an LNP formulation of siRNAs targeting VEGF and 
kinesin spindle protein, to examine the activity and safety of LNP-formulated siRNAs in humans. Biweekly intravenous 
administration of ALN-VSP was shown to be safe and well-tolerated. Moreover, the detection of drugs in tumor biopsies, 
siRNA-mediated mRNA cleavage in the liver, pharmacodynamics suggestive of target downregulation, and anti-tumor 
activity, including complete regression of liver metastases in endometrial cancer, were demonstrated.72 This nanoplat-
form suggests that more delicate tumor vessel regulation assisted with nano-delivery strategy is favorable for overall 
tumor microenvironment rebuild, including both tumor vessel microenvironment and immune microenvironment.

With deep insights into the tumor microenvironment (TME) and intratumor barriers that hinder drug delivery, 
attention has shifted towards regulating the TME (not just tumor vessel microenvironment) to augment tumor targeting 
and therapeutic efficacy. One study utilized sequential modulations of the tumor vasculature and stromal barriers to 
augment the active targeting efficacy of an antibody-modified nano-photosensitizer in desmoplastic ovarian cancer. The 
researchers revealed that while tumor vasculature normalization by thalidomide enhanced the tumor accumulation of 
nanoparticles, they may still get sequestered in the stromal bed of the tumor mass. However, photoablation of stromal 
cells located in perivascular regions significantly improved the accessibility of the antibody-modified nano- 
photosensitizer to receptor-overexpressed cancer cells. Hence, comprehensive regulation and rebuilding of the TME 
could help enhance the antitumor efficacy through synergistic enhancements of tumor accumulation and cancer cell 
accessibility of therapeutic nanoparticles.73
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Challenges and Opportunities
Toxicology concerns regarding therapeutic agents, including the combination of anti-angiogenic drugs and chemotherapy 
drugs, as well as nano-delivery platforms, always exist. However, associated clinical trials have been carried out to 
evaluate their safety. For instance, a phase Ib study evaluated the safety and efficiency of paclitaxel combined with 
navicixizumab (a bispecific anti-angiogenic antibody against vascular endothelial growth factor and delta-like ligand 4) 
in platinum-resistant ovarian cancer.74 The study found that navicixizumab plus paclitaxel demonstrated promising 
clinical activity with manageable toxicity. Another Phase I study found that intraperitoneal administration of nanopar-
ticles in combination with standard neoadjuvant chemotherapy in patients newly diagnosed with epithelial ovarian, 
fallopian tube, or primary peritoneal cancer was safe and had an impact on the tumor microenvironment.75 Here, the IL- 
12 plasmid formulated with PEG-PEI-cholesterol lipopolymer was utilized, indicating the great potential of nano- 
delivery platforms and their bright future in clinical transformation.

In addition to cancer treatment, vessel-related investigations are also favorable for risk assessment and diagnosis. 
Scientists found that a high level of serum vascular endothelial growth factor has prognostic significance for identifying 
ovarian cancer patients with a higher risk of death and/or recurrence.76 Similarly, across the molecular spectrum of 
endometrial cancer, elevated levels of pro-angiogenic factors such as VEGF, platelet-derived endothelial cell growth 
factor, and fibroblast growth factor are prognostic for survival.77 FK506 binding protein-like (FKBPL), a member of the 
immunophilin family with anti-angiogenic effects capable of inhibiting the migration of endothelial cells and blood 
vessel formation, demonstrated a significant decrease in endometrioid endometrial carcinoma (in comparison to benign 
endometrial hyperplasia). Thus, the loss of FKBPL expression displays a high predictive value for malignancy.78

Assisted by high-resolution photoacoustic microscopy and a professional quantification algorithm, researchers have 
developed an efficient method for analyzing the vascular features of ovarian and fallopian tube specimens, including the 
mean vessel diameter, vascular density, global vascular directionality, local vascular definition, and local vascular 
tortuosity/branchedness.79 Microscopic vascular analysis of a larger set of samples in the future could potentially 
contribute to the current understanding of how ovarian malignancies develop at an early stage. Today, scientists can 
model the diffusive flow of individual drug molecules through the three-dimensional network of blood vessels that 
vascularize the tumor and surrounding tissues, using molecular mechanics techniques, which might help us better 
understand drug transportation in complex vascular networks in the future.80 Moreover, the development of nanoparticles 
with a unique capacity for encapsulating or conjugating therapeutic and imaging agents has created a great revolution in 
all aspects of cancer diagnosis, prevention, and treatment.81

Conclusion
This review provides an updated investigation of angiogenesis mechanisms during gynecological cancer progression and 
the current clinical applications of tumor angiogenesis-regulating drugs. However, we have found that we are still far 
from effectively tailoring nano-delivery platforms, and much work remains to be accomplished to push forward into 
clinical practice for each patient. With the gradual deepening of our understanding of the mechanism of cancer 
progression and the accumulation of both clinical and pre-clinical investigation data, we are on a meaningful path to 
develop novel strategies for comprehensive angiogenesis-regulating therapy. Considering the close connection between 
gynecological cancers and blood vessels, more efficient therapeutic strategies with tumor blood vessels as the entry point, 
such as wise clinical drug combinations and smart nano-delivery platforms, are expected to broaden the therapeutic 
landscape of gynecological cancers.
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