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Bevacizumab targets the vascular endothelial growth factor signaling pathway, inhibiting tumor angiogenesis and reshaping the tumor microenvironment, positioning it as a cornerstone in ovarian cancer management. Its mechanisms of action include blocking VEGF-A-induced endothelial cell proliferation, promoting vascular normalization, alleviating hypoxic conditions, and reversing immunosuppression. Key phase III clinical trials, including GOG-0218, AURELIA, and PAOLA-1, have demonstrated that Bevacizumab significantly extends progression-free survival in the maintenance treatment of newly diagnosed advanced ovarian cancer, platinum-sensitive or resistant recurrent disease, and HRD-positive patients, with a median PFS of up to 37.2 months. However, its impact on overall survival remains limited, and challenges such as drug resistance, treatment-related toxicities, and high costs persist. Future advancements will hinge on multidisciplinary innovation, including dual-targeting approaches such as VEGF/Ang-2 bispecific antibodies, combination immunotherapies, intelligent nanodrug delivery systems, and AI-driven dynamic biomarker stratification. The use of biosimilars and adaptive platform trials offers promise in reducing costs and improving accessibility. These technological innovations mark a shift in ovarian cancer treatment from traditional chemotherapy to precision medicine, presenting new opportunities to improve long-term patient survival.
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1 INTRODUCTION
OC, one of the most lethal malignancies of the female reproductive system, exhibits marked geographic heterogeneity and molecular complexity (Webb and Jordan, 2024; Qin and Chen, 2022). Incidence rates have declined in developed countries, potentially due to the widespread use of oral contraceptives (Arshadi et al., 2024), but rising trends are observed in Eastern Europe and parts of Asia, particularly among women under 50 years old (Meagher et al., 2024). Epithelial OC accounts for 85%–90% of cases, with high-grade serous carcinoma (HGSC) comprising 70%–80% (de Nonneville et al., 2024). Key molecular alterations in ovarian cancer (OC) include TP53 mutations (>90%) and germline BRCA1/2 mutations (Miwa et al., 2024), with emerging evidence suggesting an origin in the fallopian tube fimbriae, such as in serous tubal intraepithelial carcinoma (STIC) (Yen et al., 2024). Risk factors for OC include BRCA1/2 mutations, with carriers facing lifetime risks of 54% and 23%, respectively (Miwa et al., 2024), which are further heightened by Lynch syndrome (Kiser et al., 2024). Nulliparity, early menarche, and late menopause significantly increase the risk (Merritt et al., 2025), while multiparity and breastfeeding offer protective effects (Sasamoto et al., 2024). Environmental exposures such as asbestos, talcum powder, and high-cholesterol diets are also associated with increased risk (Mirabelli and Terracini, 2024). Effective management of OC remains a major challenge, as approximately 60%–70% of patients present with advanced-stage disease (III/IV) at diagnosis (Nelson et al., 2024). Screening methods like CA125 combined with ultrasound have shown limited sensitivity, reducing their usefulness to high-risk genetic groups (Ishizawa et al., 2024). Although platinum-based chemotherapy initially achieves response rates of roughly 80%, relapses occur in 80% of patients within 2–3 years, with HGSC frequently developing platinum resistance (Tuninetti et al., 2024; Li N. et al., 2017). Driving resistance Mechanisms include enhanced DNA repair pathways, immunosuppressive tumor microenvironment (TME), and metabolic reprogramming (Pourmasoumi et al., 2024).
Targeted therapies and immunotherapies hold promise but face ongoing challenges. PARP inhibitors, such as Olaparib, have demonstrated prolonged progression-free survival (PFS) in BRCA-mutated patients; however, resistance often emerges (Park et al., 2024). Clinical trials combining immune checkpoint inhibitors, like atezolizumab, with anti-angiogenic agents, such as Bevacizumab, reveal synergistic effects, although overall response rate (ORR) can remain modest (Kurtz et al., 2023). Chemotherapy-induced neurotoxicity, myelosuppression, and high treatment costs continue to impose substantial physical, psychological, and financial burdens (Nogueira-Rodrigues et al., 2024). To address these limitations, developing early diagnostic biomarkers, optimizing treatment regimens, and exploring novel therapeutic approaches are critical. Angiogenesis plays a pivotal role in OC progression, not only sustaining tumor growth but also altering the TME. The VEGF-VEGFR signaling axis is central to this process. Binding of VEGF to VEGFR-2 activates downstream PI3K/AKT and RAS/MAPK pathways, driving endothelial cell proliferation, migration, and survival while promoting neovascularization (Zhou et al., 2024; He et al., 2014). This angiogenic activity fosters tumor cell invasiveness through epithelial-mesenchymal transition (EMT), disrupts vascular endothelial integrity, and increases vascular permeability, contributing to ascites formation (Tang et al., 2024). VEGF-mediated VE-cadherin phosphorylation weakens endothelial junctions, exacerbating vascular leakage and fluid accumulation (Mohamed et al., 2024; Hu et al., 2024). Hypoxia within the TME further amplifies these processes by stabilizing hypoxia-inducible factor-1α (HIF-1α), which upregulates VEGF expression and perpetuates a feedback loop of hypoxia and angiogenesis (Deng et al., 2024). HIF-1α also suppresses T cell function by enhancing PD-L1 expression, while recruiting regulatory T cells (Tregs) and tumor-associated macrophages (TAMs) that promote immune evasion (Garlisi et al., 2024; Wu et al., 2023; Hu et al., 2020). Cancer-associated fibroblasts (CAFs) secrete extracellular matrix components that create a stromal barrier, obstructing drug delivery (Wang X. et al., 2021; Chen DQ. et al., 2024). Hypoxia-driven glycolysis produces lactic acid, which acidifies the microenvironment, inhibits immune cell function, and activates matrix metalloproteinases (MMPs) that remodel the vascular basement membrane (Gonzalez-Avila et al., 2023).
Bevacizumab, an anti-VEGF monoclonal antibody, directly targets VEGF signaling but faces challenges stemming from the heterogeneity of the TME (Zhou et al., 2024). Abnormal vascular architecture, the presence of CAFs, and immunosuppressive cells contribute to a TME that impairs immune cell infiltration and function, thereby reducing the efficacy of both anti-angiogenic and immunotherapeutic approaches (Duru et al., 2020; Qian et al., 2023; Vienot et al., 2022; Guo et al., 2024). Resistance to Bevacizumab often arises through activation of alternative pro-angiogenic pathways, such as Angiopoietin/Tie2, underscoring the necessity for multi-pathway targeting strategies (Leong and Kim, 2020; Liu J. et al., 2023; Gao et al., 2023). Furthermore, tumor-derived exosomes have been implicated in metastasis and drug resistance by transferring pro-angiogenic factors, highlighting the need for a deeper understanding of these dynamic microenvironmental interactions and their role in therapeutic resistance (Chen C. et al., 2024). Elevated VEGF levels in patients with OC are associated with advanced disease stage, chemotherapy resistance, and reduced overall survival (OS) (Yu et al., 2013; Trifanescu et al., 2023; Li et al., 2004). Patients with high tumor VEGF expression exhibit a median survival time approximately 30%–40% shorter than those with low expression levels (Yamamoto et al., 1997). Preclinical studies have demonstrated the efficacy of anti-angiogenic therapies, including Bevacizumab, in suppressing VEGFR-2 phosphorylation, reducing tumor vascular density, and alleviating ascites in mouse models. Combining Bevacizumab with chemotherapy has shown increased treatment sensitivity and a reduction in peritoneal metastasis, with short-term administration improving vascular function and enhancing drug delivery (Liu et al., 2025a). Clinical trials have further confirmed Bevacizumab’s therapeutic benefits. When used alongside carboplatin-paclitaxel as first-line treatment, Bevacizumab significantly extends PFS, although its effect on OS is less clear (Burger et al., 2011). Additional studies, such as OCEANS and AURELIA, have validated Bevacizumab’s effectiveness in both platinum-sensitive and platinum-resistant recurrent cases (Aghajanian et al., 2012; Pujade-Lauraine et al., 2014). Moreover, combining Bevacizumab with PARP inhibitors or immune checkpoint inhibitors has demonstrated synergistic anti-tumor effects, reinforcing the value of combination strategies in improving outcomes (Guo et al., 2018; Jin et al., 2022; Monk et al., 2016).
Recently, Mao et al. (2022) and Rossi et al. (2017) have comprehensively summarized the mechanistic basis of bevacizumab and its limitations in early-phase clinical trials. While Liu S. et al. (2021) focused on its integration with conventional chemotherapy, and Yoshida et al. (2015) critically evaluated its clinical heterogeneity, emerging paradigms, such as nanotechnology-enabled drug delivery, AI-driven biomarker stratification, and dual-targeting strategies like VEGF/Ang-2 bispecific antibodies, remain underexplored. This review aims to bridge these gaps by synthesizing data from recent Phase III trials, such as PAOLA-1 and DUO-O, and proposing a multidisciplinary framework to address resistance mechanisms and advance precision oncology. Furthermore, we outline novel combination strategies, unresolved challenges, and future directions for optimizing bevacizumab-based regimens in ovarian cancer.
2 THE ROLE OF BEVACIZUMAB IN OC TREATMENT
2.1 Bevacizumab’s mechanism of action in OC
Bevacizumab is a recombinant humanized IgG1 monoclonal antibody that primarily targets VEGF-A, particularly the VEGF isoform, to block the angiogenesis signaling pathway (Wang et al., 2004). By inhibiting VEGF-A, Bevacizumab effectively disrupts the process of tumor angiogenesis, which is critical for the growth and metastasis of solid tumors, including OC (Ferrara et al., 2003). VEGF-A promotes endothelial cell proliferation, migration, and survival through its interaction with the VEGF receptor-2 (VEGFR-2) on endothelial cells, leading to the formation of new blood vessels (Peach et al., 2018). By binding to VEGF-A, Bevacizumab obstructs this interaction, thus inhibiting the process of neovascularization (Mao et al., 2022). In addition to inhibiting angiogenesis, Bevacizumab plays a crucial role in remodeling the TME (Chen and Hurwitz, 2018). TME in tumors is often characterized by hypoxia, immune evasion, and the presence of immunosuppressive cells such as Tregs and TAMs (Sasidharan et al., 2021; Mortezaee and Majidpoor, 2021). By targeting VEGF-A, Bevacizumab not only reduces tumor blood supply but also alters the immune landscape, potentially enhancing the efficacy of concurrent immunotherapies (de Aguiar and de Moraes, 2019). Bevacizumab’s ability to normalize aberrant blood vessels may also improve the delivery of chemotherapeutic agents, allowing for better penetration and efficacy (Wong et al., 2016). The multifaceted mechanisms of Bevacizumab, ranging from anti-angiogenesis to immune modulation, underline its potential in enhancing the therapeutic response when combined with other treatment strategies, such as chemotherapy and immune checkpoint inhibitors (Lee et al., 2025; Moore et al., 2021). These dynamic processes were illustrated Figure 1, highlighting the complex interaction between VEGF-A, Bevacizumab, and the TME.
[image: Figure 1]FIGURE 1 | Mechanism of Bevacizumab in OC: VEGF Signaling Blockade and TME Remodeling. (A) Bevacizumab binds VEGF-A, preventing its interaction with VEGFR-1/2 on endothelial cells. This inhibits downstream pro-angiogenic signaling (Ras/ERK and PI3K/AKT pathways), resulting in endothelial apoptosis and regression of immature blood vessels. (B) In the TME, Bevacizumab induces vascular normalization by enhancing tight endothelial junctions and pericyte coverage, reducing hypoxia and acidosis, and reprograming immunosuppressive components, including converting M2 macrophages to M1 phenotypes and increasing CD8+ T cell infiltration. These changes improve chemotherapy delivery and anti-tumor immunity. This figure was created by Figdraw (https://www.figdraw.com).
2.1.1 Bevacizumab’s anti-angiogenic effect
Bevacizumab exerts its anti-angiogenic effects by specifically binding VEGF-A, preventing its interaction with VEGF receptors and thereby blocking VEGF signaling (Hsu and Wakelee, 2009). VEGF-A, the most potent member of the VEGF family, activates VEGFR-1 and VEGFR-2, which in turn trigger downstream signaling cascades such as Ras/Raf/MEK/ERK and PI3K/AKT/mTOR, promoting endothelial cell proliferation, migration, and survival (Melincovici et al., 2018; Wang et al., 2020; Iida et al., 2024). By neutralizing VEGF-A, Bevacizumab disrupts these pathways, leading to G1-phase cell cycle arrest and increased endothelial cell apoptosis, thereby halting neovascularization (Ebos and Kerbel, 2011). Bevacizumab also reduces VEGF levels, causing regression of pre-existing, structurally abnormal blood vessels. These immature vessels, lacking pericyte coverage and basement membrane integrity, collapse after VEGF inhibition, resulting in reduced vascular density and diminished tumor blood supply (Paez-Ribes et al., 2009). In addition, Bevacizumab mitigates vascular permeability and tumor-associated edema by restoring endothelial junction proteins such as VE-cadherin, which are otherwise downregulated by VEGF (Zhuang et al., 2019; Wang et al., 2006; Cianfrocca et al., 2016). It also decreases MMP activity, stabilizes the extracellular matrix (ECM), and suppresses integrin signaling, collectively reducing tumor invasiveness (van Hinsbergh and Koolwijk, 2008). The interleukin-6 (IL-6) axis also contributes to VEGF-driven angiogenesis by suppressing angiopoietin-1 (Ang-1), a process counteracted by Bevacizumab, further reinforcing its anti-angiogenic effects (Mohamed et al., 2024). Beyond these actions on endothelial cells, Bevacizumab disrupts tumor angiogenic sprouting by interfering with the VEGF/Notch pathway, which is critical for endothelial tip cell formation and vascular branching. By blocking this interaction, Bevacizumab inhibits the formation of new vascular sprouts, limiting the expansion of the tumor’s vascular network (Carmeliet and Jain, 2011; Liu ZL. et al., 2023). This multi-pronged inhibition underpins the widespread adoption of Bevacizumab in OC therapy.
2.1.2 Bevacizumab remodels the TME in OC
Bevacizumab reshapes the TME by inhibiting VEGF-A, leading to a range of effects, including vascular structural repair, metabolic regulation, and the reversal of immunosuppression (Garcia et al., 2020). By blocking VEGF signaling, Bevacizumab normalizes abnormal vascular structures, as evidenced by upregulated expression of inter-endothelial junction proteins like VE-cadherin and enhanced pericyte coverage (PDGFRβ+), which together reduce vascular permeability and improve blood perfusion (de Aguiar and de Moraes, 2019; Darden et al., 2019). This normalization not only increases the penetration of chemotherapeutic agents, such as paclitaxel, into the tumor parenchyma but also inhibits ECM degradation by MMPs and integrin signaling, ultimately reducing tumor cell invasiveness and metastatic potential (Garcia et al., 2020; Yang T. et al., 2021; Wang K. et al., 2021).
A key aspect of Bevacizumab’s impact on the TME is the amelioration of the hypoxic environment. VEGF inhibition leads to improved tumor oxygenation, which reduces HIF-1α expression, decreases lactate accumulation, and increases pH, thereby relieving metabolic stress and reversing acidosis-induced immunosuppression (Fan et al., 2022). This enhanced oxygenation not only boosts chemotherapy efficacy but also promotes CD8+ T cell infiltration and cytotoxic activity while reducing the recruitment of immunosuppressive cells such as M2-type TAMs (Fanale et al., 2022; Quillien et al., 2019). Bevacizumab further reprograms the immunosuppressive TME by inducing polarization of TAMs towards a pro-inflammatory M1 phenotype (iNOS+, CD86+), decreasing the numbers of Tregs and myeloid-derived suppressor cells (MDSCs), and downregulating immune checkpoint molecule PD-L1((de Aguiar and de Moraes, 2019), (Huang et al., 2012)).
The synergy between Bevacizumab and immune checkpoint inhibitors, such as anti-PD-1/PD-L1, is particularly noteworthy (Zhang et al., 2019; Andrikopoulou et al., 2023). After vascular normalization, CD8+ T cells can efficiently infiltrate the tumor through the remodeled vasculature, where they release granzyme B and perforin to directly kill tumor cells (Sato et al., 2005). Additionally, enhanced dendritic cell (DC) maturation facilitates antigen presentation, further activating tumor-specific T cell responses (Fanale et al., 2022; Quillien et al., 2019). By counteracting VEGF-mediated suppression of DC function, Bevacizumab reduces Treg-mediated immunosuppression, shifting the TME from immune tolerance to immune support (Napoletano et al., 2019). Preclinical studies indicate that combining ANG-1 with Bevacizumab not only synergistically suppresses tumor stem cell properties but also suppresses M2-type TAM infiltration, further optimizing TME oxygenation and improving immune response (Sica and Mantovani, 2012).
2.1.3 Comparative analysis with other Anti-VEGF agents
While bevacizumab remains the foundation of anti-angiogenic therapy in ovarian cancer, other monoclonal antibodies including ramucirumab, which targets VEGFR-2, and brolucizumab, a single-chain inhibitor of VEGF-A, also warrant consideration. Ramucirumab, approved for gastric (Fuchs et al., 2014) and lung cancers (Garon et al., 2014), demonstrates limited efficacy in ovarian cancer, primarily due to compensatory activation of alternative angiogenic pathways such as FGF signaling (Santorsola et al., 2024). Although brolucizumab’s compact molecular structure improves tissue penetration, its clinical use is restricted to ophthalmic indications due to risks of systemic toxicity (Dugel et al., 2020). In contrast, bevacizumab’s clinical superiority is reinforced by robust validation in Phase III trials such as GOG-0218 (Burger et al., 2011) and ICON7 (Perren et al., 2011), as well as its compatibility with combination therapies involving PARP inhibitors and immunotherapies.
2.2 Pharmacokinetics and dosing regimens
The pharmacokinetics and dosing regimens of Bevacizumab in OC treatment have been increasingly defined through clinical trials. The standard regimen, based on Phase III studies, involves intravenous administration of 15 mg/kg every 3 weeks, which has shown improvements in PFS (Danesi et al., 2021; Krasner et al., 2019). However, in platinum-resistant recurrent OC, alternative schedules such as 10 mg/kg every 2 weeks or combinations with chemotherapeutic agents like paclitaxel have been proposed to optimize the balance between efficacy and toxicity (Alqaisi et al., 2025; Soyama et al., 2020). A Phase II randomized trial highlighted that alterations in dosing schedules may impact OS, underscoring the importance of tailoring treatment to individual patient profiles (Alqaisi et al., 2025). Bevacizumab has a half-life of approximately 20 days, facilitating prolonged circulation and enhancing synergy with chemotherapy (Papachristos and Sivolapenko, 2020). It reduces tumor interstitial pressure via inhibition of the VEGF signaling pathway, improving the intratumoral penetration of paclitaxel and its therapeutic efficacy (Cesca et al., 2016). This effect is especially pronounced with nanoparticle-based formulations, such as albumin-bound paclitaxel, which further concentrates the drug in target tissues (Kalogera et al., 2024). In combination regimens, chemotherapy agents are typically administered prior to Bevacizumab to avoid interference with drug distribution (Mirza et al., 2019a). When paired with PARP inhibitors like Niraparib, Bevacizumab’s half-life remains largely unaffected; however, dose-escalation studies are warranted to assess tolerability (Lorusso et al., 2021). Optimal dosing must also account for patient-specific factors. Phase I trials demonstrate that pharmacokinetic parameters, such as the AUC of Bevacizumab, remain consistent when co-administered with other anti-angiogenic agents, like those observed with monotherapy (Hyman et al., 2018).
3 CLINICAL ADVANCES OF BEVACIZUMAB IN OC TREATMENT
Bevacizumab, the first monoclonal antibody targeting VEGF, revolutionized anti-angiogenic therapy for solid tumors following its approval in 2004 for metastatic colorectal cancer (Hurwitz et al., 2004) (Figure 2). Its clinical application in OC began with early exploratory studies by Monk and colleagues, who reported a 21% ORR with single-agent therapy in advanced refractory OC, laying the groundwork for subsequent Phase III trials (Monk et al., 2009). Over the past decade, Bevacizumab’s clinical adoption has been bolstered by an expanding body of evidence, with several pivotal Phase III studies solidifying its role in OC management, including key indications such as first-line treatment, platinum-sensitive/resistant recurrence, and maintenance therapy (Table 1).
[image: Figure 2]FIGURE 2 | Timeline of Key Clinical Trials and FDA Approvals for Bevacizumab in OC. Abbreviations: PLD, Pegylated Liposomal Doxorubicin; PTX, Paclitaxel; HRD+, Homologous Recombination Deficiency Positive; PFS, Progression-Free Survival; OS, Overall Survival; OC, Ovarian Cancer. This figure was created by Figdraw (https://www.figdraw.com). Abbreviations: BEV, Bevacizumab; OC, ovarian cancer; HRD, homologous recombination deficiency; PFS, progression-free survival; OS, overall survival; HR, hazard ratio; PLD, pegylated liposomal Doxorubicin. PXT, Paclitaxel. Data sources: ClinicalTrials.gov, FDA labels, and published trial results.
TABLE 1 | Summary of Bevacizumab-Based Regimens in OC.
[image: Table 1]3.1 Bevacizumab in first-line therapy for advanced OC
The role of Bevacizumab in first-line treatment for advanced OC was solidified through two pivotal Phase III trials, GOG-0218 and ICON7. The GOG-0218 study (NCT00262847) demonstrated that Bevacizumab, when combined with carboplatin-paclitaxel chemotherapy and followed by maintenance therapy, significantly prolonged median PFS, but it did not significantly affect OS (Burger et al., 2011). A trend toward improved overall survival (OS) was observed in the stage IV subgroup, suggesting that tumor biological characteristics may influence Bevacizumab’s efficacy (Tewari et al., 2019). The ICON7 study (NCT00483782), which administered a lower dose of Bevacizumab in combination with chemotherapy, confirmed a significant OS benefit in the high-risk subgroup. In this group, the OS was extended to 39.3 months in the Bevacizumab arm, compared to 34.5 months in the control arm (Gonzalez Martin et al., 2019). This underscores the importance of patient stratification in predicting treatment outcomes. In unresectable advanced OC, the ANTHALYA studies evaluated Bevacizumab in combination with neoadjuvant chemotherapy, reporting an increased rate of pathological complete resection (Rouzier et al., 2017; Li Y. et al., 2017). However, no significant improvement was observed in the rate of complete cytoreduction (R0), and Phase III evidence remains lacking. The MITO16A study further revealed that while neoadjuvant chemotherapy combined with Bevacizumab reduced tumor volume, it did not lead to a significant increase in surgical success rates, suggesting that Bevacizumab’s vascular normalization effects may be constrained by TME heterogeneity (Daniele et al., 2017). Nevertheless, MITO16A confirmed that the combination of Bevacizumab and chemotherapy significantly prolonged both PFS and OS in high-risk patients with OC, such as those with stage IIIC/IV disease or postoperative residual lesions >1 cm (Daniele et al., 2017). Moreover, interval debulking surgery (IDS) following Bevacizumab and chemotherapy did not significantly increase perioperative complications, such as wound infection or intestinal obstruction, supporting its use in high-risk patients (Daniele et al., 2017). In contrast to the ICON7 trial, MITO16A utilized the same 15 mg/kg dose as the GOG-0218 study, while ICON7 employed 7.5 mg/kg, indicating that dose intensity may influence efficacy. The recent GOG-0218 trial confirmed that maintenance Bevacizumab therapy in ICON-7 was effective for patients exhibiting poor chemotherapy sensitivity (You et al., 2022). Takamatsu et al. further demonstrated that, in first-line treatment, Bevacizumab may offer greater benefit to patients with a poorer prognosis and a lower likelihood of disease rebound (Takamatsu et al., 2023). Therefore, Bevacizumab maintenance therapy should be prioritized for high-risk patients and those with poor chemotherapy sensitivity, with treatment decisions based on the patient’s KELIM score, considering both dose intensity and safety.
3.2 Bevacizumab in recurrent OC
The efficacy of Bevacizumab in recurrent OC has been established in two pivotal trials: OCEANS and AURELIA. The OCEANS study (NCT00434642) in platinum-sensitive recurrent patients revealed that Bevacizumab combined with gemcitabine-carboplatin chemotherapy followed by maintenance therapy significantly improved median PFS and ORR (Aghajanian et al., 2012). These findings support Bevacizumab as a standard treatment for platinum-sensitive recurrent patients, though further investigation into its long-term benefits is warranted. In platinum-resistant recurrent patients, the AURELIA study (NCT00976911) demonstrated that bevacizumab combined with non-platinum chemotherapy significantly enhanced median PFS, particularly benefiting patients with ascites, likely through the regulation of vascular permeability to mitigate intraperitoneal fluid accumulation (Pujade-Lauraine et al., 2014). In biomarker-driven therapy, the combination of bevacizumab with PARP inhibitors has shown promising potential. The PAOLA-1 study (NCT02477644) revealed that Bevacizumab plus olaparib maintenance therapy significantly extended median PFS to 37.2 months in patients with homologous recombination deficiency (HRD), with the BRCA-mutated subgroup achieving an unmeasurable PFS. However, in patients with wild-type BRCA, the improvement in OS was limited, suggesting that HRD may serve as a more reliable predictive biomarker (Ray-Coquard et al., 2019). The AVANOVA study further investigated the efficacy of Niraparib in combination with Bevacizumab, demonstrating a significant prolongation of PFS in patients with platinum-sensitive recurrent OC. However, this was accompanied by an increased incidence of grade 3 or higher hypertension, necessitating a careful balance between therapeutic benefit and toxicity (Mirza et al., 2019a). The synergistic mechanism between Bevacizumab and PARP inhibitors may involve vascular normalization, which enhances drug delivery, though the indirect modulation of DNA damage repair pathways requires further investigation (Lorusso et al., 2024). The role of hyperthermic intraperitoneal chemotherapy (HIPEC) in recurrent OC remains uncertain, despite improvements in OS when applied during interval cytoreductive surgery. The CHIPOR study examining HIPEC combined with Bevacizumab showed that postoperative HIPEC extended PFS but did not improve OS, while increasing toxicity, underscoring the need for a comprehensive risk-benefit assessment (Classe et al., 2024).
3.3 Bevacizumab in maintenance therapy
The PAOLA-1/ENGOT-ov25 study significantly expanded the role of Bevacizumab in maintenance therapy for OC. This phase III trial evaluated Bevacizumab plus Olaparib as first-line maintenance therapy for newly diagnosed advanced OC, yielding a substantial prolongation of PFS in the HRD+ subgroup, particularly in BRCA-mutated patients, with median PFS not reached (Ray-Coquard et al., 2019). In HRD+ patients with wild-type BRCA, the median PFS was 28.3 months, indicating that HRD status may serve as an independent predictive marker, although its optimal threshold requires further validation (Lorusso et al., 2024). Long-term follow-up data revealed a 5-year survival rate of 65.5% in the combination therapy group, compared to 48.2% in the control group. However, the OS difference across the entire study population did not achieve statistical significance, highlighting the need for precise patient stratification to optimize therapeutic efficacy (Lorusso et al., 2024). The PAOLA-1 studies confirmed that patients with FIGO stage III/IV disease, postoperative residual lesions <1 cm, and HRD+ status experienced the greatest benefit, with a median PFS of 46.8 months, while HRD-negative patients, regardless of BRCA status, showed no significant PFS improvement (Ray-Coquard et al., 2019; Lorusso et al., 2024). These findings advocate for the integration of HRD testing into routine molecular profiling before initiating maintenance therapy, though clinical implementation must consider the balance between testing costs and accessibility. Additionally, the increased toxicity observed with Bevacizumab combined with PARP inhibitors warrants attention. In the PAOLA-1 study, 19% of patients receiving combination therapy developed grade 3 or higher hypertension, compared to 5% in the Bevacizumab monotherapy group, while hematologic toxicities such as anemia and neutropenia increased by 12%–15% compared to Olaparib monotherapy. This underscores the need for dose adjustments and continuous monitoring to optimize tolerability (Ray-Coquard et al., 2019; Lorusso et al., 2024). In patients previously treated with Bevacizumab, the AVANOVA2/ENGOT-ov24 study demonstrated that Niraparib combined with Bevacizumab further extended median PFS in platinum-sensitive recurrent maintenance therapy. However, this combination was associated with a significantly higher risk of intestinal perforation and thrombocytopenia, highlighting the need for careful evaluation of vascular integrity and bone marrow function in multi-line therapy patients (Mirza et al., 2019b). Future research should focus on optimizing the sequencing of combination therapies, such as intermittent dosing, and exploring novel biomarkers, like angiogenesis-related gene expression profiles, to achieve a balance between efficacy and safety.
3.4 Bevacizumab in novel combination strategies
Bevacizumab, a cornerstone of anti-angiogenic therapy, is catalyzing a paradigm shift in OC treatment through innovative combination strategies, moving from empirical regimens to precision approaches driven by underlying mechanisms. Recent advancements in multidimensional synergistic therapies, incorporating immune modulation, DNA repair interventions, multi-target pathway inhibition, and biomarker stratification, aim to overcome drug resistance and extend survival. However, variability in therapeutic efficacy, including inconsistent OS benefits and differing biomarker responses, underscores the urgent need for precise patient stratification. To address the survival challenges in OC, several ongoing trials, such as NCT05116189 and NCT04953879, are exploring novel multi-drug combinations, as outlined in Table 2.
TABLE 2 | Ongoing clinical trials exploring novel bevacizumab combinations in OC.
[image: Table 2]3.4.1 PD-1/PD-L1
In the realm of immune combination therapies targeting microenvironment remodeling and therapeutic efficacy heterogeneity, Bevacizumab enhances the T-cell cytotoxic effects of PD-1/PD-L1 inhibitors by mitigating the VEGF-driven immunosuppressive microenvironment, which includes reducing the infiltration of regulatory T cells and MDSCs (Jain, 2005). The Phase III DUO-O study (NCT03737643) assessed a triple combination of Bevacizumab, durvalumab (anti-PD-L1), and Olaparib, achieving a 5.8-month prolongation of PFS in HRD+ newly diagnosed patients (Harter et al., 2019). However, OS did not reach statistical significance, indicating the need for optimized timing of immune activation and refined patient selection (Harter et al., 2019). Rosario et al. conducted a Phase II trial (NCT02853318) evaluating a triple therapy comprising the anti-PD-1 drug pembrolizumab, the anti-VEGF drug Bevacizumab, and oral Cyclophosphamide (Rosario et al., 2024). This combination significantly extended the median PFS of patients with recurrent OC to 10.2 months, with a disease control rate of 95%, providing promising treatment for platinum-resistant patients. Moreover, increased levels of glutamate, serine, and trimethylamine-N-oxide (TMAO) in patients’ feces were linked to enhanced CD8+ T cell function, suggesting that this triple therapy modulates the tumor immune microenvironment by altering the gut microbiota composition and metabolite levels (Rosario et al., 2024). The IMagyn050 study (NCT03038100) revealed that Bevacizumab plus atezolizumab benefits only PD-L1-positive patients in terms of PFS, highlighting the importance of TME heterogeneity. However, immune-related adverse events, including colitis and pneumonia, as well as proteinuria and hypertension associated with Bevacizumab, necessitate dynamic monitoring (Krishnan et al., 2023).
3.4.2 PARP inhibitors
Bevacizumab enhances the intratumoral delivery efficiency of PARP inhibitors by inducing tumor vascular normalization, while concurrently targeting angiogenesis and DNA repair pathways for synergistic effects (Fukumura et al., 2018; Zhang C. et al., 2024; Dai et al., 2024). The ATALANTE/ENGOT-ov29 phase III clinical trial demonstrated that in patients with recurrent OC and a progression-free interval (PFI) > 6 months, a triple therapy combining atezolizumab, Bevacizumab, and chemotherapy increased median overall survival (OS) to 35.5 months in the PD-L1-positive subgroup. However, the concomitant rise in immune-related adverse events underscores the need for further investigation into the OC immune microenvironment to optimize treatment strategies (Kurtz et al., 2023). The OVARIO Phase II trial revealed that the combination of niraparib and Bevacizumab significantly extended PFS to 28.3 months in patients with HRD without a significant increase in toxicity, suggesting greater potential in biomarker-selected patients. Nonetheless, hematologic toxicity remains a concern (Hardesty et al., 2022). Challenges persist, as HRD-negative patients exhibit limited responses to PARP inhibitors plus Bevacizumab, and genomic instability may accelerate clonal evolution. The ATHENA study (NCT03522246) employed an HRD-stratified approach (Bevacizumab plus Rucaparib or chemotherapy), highlighting the need for careful attention to cumulative toxicities during maintenance therapy (Monk et al., 2022). To address the gap in effective maintenance treatment for BRCA wild-type platinum-sensitive recurrent OC, Lee et al. conducted the phase II OPEB-01 trial (NCT04361370), which investigates the synergistic effects of Olaparib (PARP inhibitor), Pembrolizumab (PD-1 inhibitor), and Bevacizumab (anti-angiogenic agent), exploring potential treatment regimens for this patient subgroup (Lee et al., 2021).
3.4.3 Additional therapeutic approaches
Multi-target inhibitors combined with Bevacizumab aim to disrupt compensatory angiogenic escape mechanisms and overcome resistance, particularly targeting the compensatory activation of the VEGF pathway, including HGF/MET and FGF/FGFR signaling. The Phase II BEACON study (NCT03363867) assessed Bevacizumab plus Cabozantinib, a VEGFR/MET inhibitor, in VEGF-high, platinum-resistant patients, achieving an ORR of 32%. However, the increased risks of hypertension and hepatotoxicity warrant cautious implementation (Manoharan et al., 2024). Heublein et al. conducted an exploratory analysis based on the AGO-OVAR11/ICON-7 phase III trial, suggesting that combining FGFR inhibitors with Bevacizumab could enhance anti-angiogenic efficacy by targeting the FGFR/FGF signaling pathway, such as inhibiting FGFR1/FGFR4, and leveraging the protective effects of FGF19. This combination could overcome Bevacizumab resistance and extend survival, providing a theoretical foundation for biomarker-driven precision combination therapy in patients with OC exhibiting high FGFR expression (Heublein et al., 2024). Dynamic adjustment strategies informed by molecular subtyping are reshaping treatment decisions. The combination of MIRV and Bevacizumab has shown promising results in patients with platinum-sensitive OC (PSOC) and platinum-resistant OC (PROC) across all levels of FRα expression (FORWARD II Phase trial, NCT02606305) (O'Malley et al., 2021; O'Malley et al., 2019). These trials indicate that the MIRV-Bevacizumab combination demonstrates an encouraging ORR and a favorable tolerability profile in patients with recurrent OC, particularly those with tumors exhibiting high FRα expression. However, Phase III validation is still needed (O'Malley et al., 2021; O'Malley et al., 2019). Recently, O'Malley et al. conducted the Phase III GLORIOSA trial (NCT05445778) in patients with FRα-high PSOC. This trial evaluates MIRV combined with Bevacizumab as a novel maintenance regimen for patients whose disease has not progressed after second-line platinum-based chemotherapy plus Bevacizumab, aiming to identify better long-term treatment options (O'Malley et al., 2024). The DUO-O study stratified patients by HRD status, limiting triple maintenance therapy to HRD+ individuals to prevent overtreatment, while the ATHENA trial used an adaptive design for real-time allocation of Bevacizumab plus PARP inhibitors or chemotherapy (Harter et al., 2019). However, inconsistencies in HRD detection thresholds and PD-L1 scoring criteria hinder cross-study comparability. Furthermore, clonal evolution under therapeutic pressure, including dynamic variations in circulating tumor DNA (ctDNA), may compromise the predictive value of biomarkers, highlighting the need for real-time monitoring through advanced techniques such as single cell sequencing and spatial transcriptomics (Paspalj et al., 2024). Nelson et al. confirmed the feasibility of combining Bevacizumab with Temsirolimus (an mTOR inhibitor) and Valproic acid (an HDAC inhibitor) for advanced cancer treatment in a Phase I clinical trial (NCT01552434), identifying the maximum tolerated dose. However, this combination regimen exhibited significant concomitant toxicity, with an ORR of only 7.9%, suggesting that strict management of toxicity is essential to support its future development (Nelson et al., 2023). Organoid models and AI-driven toxicity prediction tools may expedite the screening of combination regimens, while optimizing endpoints should integrate patient-reported outcomes alongside radiomic biomarkers, such as perfusion MRI, to assess vascular normalization (Scalia et al., 2025; Ambreen et al., 2025).
4 CHALLENGES AND LIMITATIONS
4.1 Toxicity and safety concerns
The widespread use of Bevacizumab in OC treatment has significantly improved patient survival, but its safety remains a critical concern in clinical practice (Coleman et al., 2017). Hypertension is one of the most common adverse effects associated with Bevacizumab, with incidence rates ranging from 18% to 35% across multiple studies. While typically manageable with antihypertensive medications, severe hypertension in certain patients may necessitate dose adjustments or discontinuation of treatment (Wang Y. et al., 2023). Proteinuria, occurring in approximately 21%–30% of patients, is another frequent toxicity, generally mild to moderate in severity. However, severe proteinuria (≥ Grade 3) can result in renal impairment, necessitating close monitoring (Wu et al., 2024). Gastrointestinal perforation, although rare, is a potentially fatal complication, with an incidence of 1%–2%, particularly in patients with a history of multiple abdominal surgeries or intestinal involvement (Coleman et al., 2017). Furthermore, the risk of wound healing complications is significantly elevated in patients receiving Bevacizumab shortly after surgery, and clinical guidelines recommend a minimum treatment-free interval of 4–6 weeks post-surgery to mitigate these risks (Kobayashi et al., 2020). Risk-benefit assessments should be individualized, especially for specific populations. Elderly patients (≥70 years) tend to have a reduced tolerance to Bevacizumab, with studies reporting a higher incidence of hypertension and thrombotic events compared to younger cohorts (Wang Y. et al., 2023). However, survival benefits in this group appear comparable to those in younger patients, emphasizing the need for careful patient selection and enhanced toxicity monitoring (Selle et al., 2018). Patients with comorbid cardiovascular disease or chronic kidney disease are at higher risk of hypertension and proteinuria, necessitating careful consideration of the survival benefits relative to the potential quality-of-life decrements due to exacerbated toxicity (Kose et al., 2020). Notably, a real-world study suggests that with stringent dose management and toxicity monitoring, Bevacizumab can maintain a manageable safety profile even in patients with comorbidities (Zhang et al., 2023). In conclusion, the toxicity profile of Bevacizumab necessitates thorough baseline patient evaluation before treatment, dynamic monitoring of adverse reactions during therapy, and a cautious balance of efficacy and safety in specific patient populations (Chitoran et al., 2024). Future research should focus on identifying biomarkers that can accurately delineate high-risk groups, optimizing individualized treatment strategies.
4.2 Bevacizumab resistance
Resistance to Bevacizumab poses a significant challenge in limiting its long-term efficacy, driven by complex dynamic interactions among tumor cells, the vascular system, and the immune TME (Figure 3). The mechanisms underlying this resistance can be classified into four major categories, with notable synergistic effects between these pathways.
[image: Figure 3]FIGURE 3 | The factors contributing to bevacizumab resistance. (A) Hypoxia-driven malignancy: HIF-1α-mediated EMT, metabolic reprogramming, and metastasis. (B) Vessel co-option and lymphangiogenesis: Tumor cells exploit pre-existing vessels or induce lymphatic expansion. (C) Immunosuppressive TME: Infiltration of M2 macrophages and Tregs, along with stromal fibrosis. (D) Bypass angiogenesis: Activation of alternative pro-angiogenic pathways (FGF/FGFR, PDGF/PDGFR, Ang-2/Tie2). This figure was created by Figdraw (https://www.figdraw.com).
The activation of alternative angiogenic pathways is the primary mechanism of Bevacizumab resistance. When VEGF/VEGFR signaling is inhibited, tumors compensate by upregulating alternative pathways, such as FGF/FGFR and Angiopoietin-2/Tie2, to maintain angiogenesis. For instance, in the AURELIA study involving platinum-resistant patients, tumor tissue demonstrated a 3.2-fold increase in FGF2 mRNA expression, while the combination of FGFR inhibitors raised the ORR to 27% (Heublein et al., 2024). Preclinical models have shown that dual targeting of VEGF and Ang-2 reduced vascular density by 58% (Zitzmann-Kolbe et al., 2023). These alternative pathways create a positive feedback loop with an immunosuppressive microenvironment: PDGF activates CAFs to secrete IL-6, promoting Treg expansion, which, in turn, enhances PDGF release, perpetuating a pro-angiogenic and immunosuppressive cycle (Horikawa et al., 2020). Vascular co-option and structural remodeling are additional critical mechanisms of resistance. Tumor cells bypass Bevacizumab’s anti-angiogenic effects by co-opting mature host vasculature or inducing lymphangiogenesis. In a Bevacizumab-resistant OC liver metastasis model, co-opted vessels constituted 42% of the vasculature, strongly correlating with elevated expression of hypoxia-inducible factor HIF-2α (Boso et al., 2023). Concurrently, post-Bevacizumab treatment, upregulation of VEGF-C/D-VEGFR3 signaling led to a 35% increase in lymphatic vessel density, facilitating tumor metastasis via the lymphatic system (Li et al., 2019). This process is closely linked to the hypoxic microenvironment: reduced blood flow from vessel co-option exacerbates hypoxia, which upregulates VEGF-C through HIF-1α, forming a self-reinforcing “hypoxia-lymphangiogenesis-metastasis” loop (Yue and Lu, 2023). Hypoxia-driven malignant transformation further amplifies resistance. Bevacizumab-induced vascular pruning triggers hypoxia, which activates HIF-mediated metabolic reprogramming and EMT. Single-cell sequencing revealed a 2.5-fold upregulation of glycolytic genes (HK2, LDHA) in resistant tumors, with increased lactate secretion promoting M2 polarization of TAMs (Lin et al., 2024). Hypoxia also elevates ZEB1/2 activity, increasing the proportion of CD44+CD117+ cancer stem cells from 5% to 18%, thereby enhancing tumor invasiveness (Nunes et al., 2024). Hypoxia-related factors, such as PGE2, also recruit MDSCs via the CXCL12/CXCR4 axis, suppressing CD8+ T-cell function and establishing a synergistic hypoxia-immunosuppression resistance mechanism (Abiko et al., 2021). Reprogramming of the TME sustains resistance progression. Although Bevacizumab may transiently enhance antitumor immunity in the early stages, prolonged therapy shifts the TME toward immunosuppression: the proportion of M2-type TAMs increases from 25% to 48%, inhibiting T-cell activity through IL-10 and TGF-β secretion (Boso et al., 2023); peripheral blood Treg levels rise 1.8-fold, and tumor cell PD-L1 expression significantly increases (Konstantinopoulos et al., 2019). This immunosuppression interacts with alternative angiogenic pathways, promoting M2 polarization via STAT3 signaling, while M2 macrophages secrete FGF2, creating a feedback loop that enhances resistance (Heublein et al., 2024). Additionally, prolonged anti-VEGF therapy may induce epigenetic dysregulation, such as the downregulation of miR-143-3p, leading to excessive PAI-1 secretion, which disrupts vascular structure and accelerates resistance (Yagi et al., 2023).
4.3 Limitations of biomarkers
The use of Bevacizumab in OC treatment faces substantial challenges, primarily due to the insufficient validation of biomarkers. Despite efforts to predict Bevacizumab efficacy using circulating VEGF levels or angiogenesis-related gene signatures, such as VEGF receptor mutations and HRD status, the clinical validation of these biomarkers exhibits considerable heterogeneity (Califano et al., 2021; Gao et al., 2021). For example, the MITO16A/MaNGO-OV2 trial revealed significant variability in the correlation between angiogenesis-related gene expressions, including VEGFA and ANGPT2, and response to Bevacizumab across different patient subgroups, with statistical significance absent in some cohorts (Califano et al., 2021). This limitation may be attributed to the dynamic activation of alternative pathways, including FGF/PDGF signaling, and the reduced predictive power of single biomarkers due to intratumoral heterogeneity (Jin et al., 2022; Ma et al., 2021). Additionally, studies investigating plasma VEGF concentration as a potential biomarker have yielded conflicting results. Some retrospective analyses report no significant association with PFS, suggesting that relying solely on VEGF levels is insufficient for guiding clinical decisions (Gao et al., 2021; Buechel et al., 2021). The challenge of patient stratification and personalized therapy is further compounded by the dynamic and complex nature of biomarkers. While genomic technologies have enabled molecular subtyping, the high genomic instability of OC makes single biomarkers inadequate for comprehensively reflecting treatment responses (You et al., 2022; Li et al., 2021). For instance, in the PAOLA-1 trial, Bevacizumab combined with Olaparib improved survival in certain patients based on HRD status; however, around 30% of HRD+ patients did not benefit, highlighting the limitations of current stratification strategies (Harter et al., 2022). Moreover, treatment-induced clonal evolution may further undermine the predictive value of biomarkers. Bevacizumab therapy can induce resistance via CD63-mediated VEGF sequestration in the TME, a dynamic alteration that baseline assessments struggle to capture (Ma et al., 2021; Li et al., 2021). Current research is predominantly limited to retrospective analyses or small-scale prospective studies, lacking multicenter, large-sample validation, which hampers the clinical implementation of biomarkers (Califano et al., 2021; Gao et al., 2021). For example, a retrospective study on Bevacizumab combined with chemotherapy proposed that lactate dehydrogenase (LDH) levels and the KELIM score could serve as predictive tools, but validation across independent cohorts remains inconsistent (You et al., 2022; Liu et al., 2025b). To date, no biomarker has been identified to define a patient subgroup responsive to Bevacizumab. Based on the MITO16A/MaNGO OV-2 trial, Bignotti et al. found, through next-generation sequencing for TP53 mutation assessment and immunohistochemistry for p53 expression evaluation, that unclassified missense TP53 mutations identify a patient subgroup with significant survival advantages. This mutation profile may serve as a potential prognostic marker for patients with OC receiving upfront Bevacizumab combined with chemotherapy (Bignotti et al., 2025). Moving forward, the integration of multi-omics data, including metabolomics and spatial transcriptomics, along with dynamic monitoring strategies, will be crucial for developing more comprehensive predictive models and overcoming existing limitations (Nunes et al., 2024; Liu X. et al., 2021).
4.4 Cost-effectiveness and accessibility
The application of Bevacizumab in OC treatment is significantly hindered by inadequate biomarker validation and limitations in stratification strategies. While biomarkers such as VEGF levels, genetic polymorphisms, and tumor mutational burden have been extensively explored, their predictive efficacy remains limited due to the absence of standardized validation criteria (Lu et al., 2024).
For instance, retrospective analyses have revealed significant heterogeneity in the relationship between plasma VEGF-A levels and Bevacizumab efficacy across studies. Consequently, using tumor VEGF-A expression as a surrogate marker for predicting response to VEGF inhibitor therapy in OC requires caution (Soyama et al., 2020). Genetic factors, such as VEGF receptor polymorphisms, have been linked to survival benefits in specific cohorts; however, validation data from Asian populations remains inadequate, restricting their broader clinical applicability (Zhao et al., 2020). The complexity of patient stratification and personalized treatment further exacerbates cost-effective challenges. Although existing stratification models, such as those combining HRD status with VEGF-D levels, enhance predictive accuracy, they rely on costly multi-omics profiling, making them impractical for widespread use in resource-limited settings (Rognoni et al., 2024). Additionally, the spatiotemporal heterogeneity of the TME complicates biomarker assessment, as single-time-point measurements may not accurately reflect treatment responses. For example, ctDNA exhibits a false-negative rate of up to 40% in patients with peritoneal metastases, while the feasibility of repeat biopsies is limited by technical barriers and patient compliance (Werner et al., 2021). The economic burden and disparities in accessibility are particularly pronounced. While biosimilars such as BEVZ92 can reduce treatment costs by up to 70%, their availability in low- and middle-income countries remains under 30%, with cold-chain logistics further restricting their use in remote areas (Yang J. et al., 2021). Adaptive clinical trial designs, such as the STAMP trial, present an opportunity to optimize resource allocation through dynamic treatment adjustments. However, their successful implementation depends on robust molecular diagnostic infrastructure and effective interdisciplinary collaboration networks (Ma et al., 2024). Moving forward, the development of low-cost, rapid diagnostic technologies, such as microfluidic chips, and the validation of stratification models’ cost-effectiveness through global data-sharing platforms are crucial to achieving equitable precision medicine.
5 FUTURE PERSPECTIVES
Bevacizumab is positioned to drive multidimensional, synergistic innovations in the future of OC treatment. Key areas of focus include overcoming resistance mechanisms, advancing precision stratification technologies, and optimizing global health strategies. The following sections delve into their potential and challenges within these domains (Figure 4).
[image: Figure 4]FIGURE 4 | Future application strategies for Bevacizumab. (A) Immuno-angiogenic synergy (Blue): Bevacizumab synergizes with PD-1 inhibitors and vaccines to activate T cells and reprogram macrophages. (B) Targeting resistance pathways (Red): Dual inhibition of angiogenesis (Ang-2/FGFR) and hypoxia signaling to overcome adaptive resistance. (C) Innovative drug delivery systems (Purple): Nanoparticles and localized delivery enhance tumor targeting and reduce toxicity. (D) Biomarker-driven precision medicine (Orange): Dynamic biomarker monitoring and machine learning guide personalized therapy. This figure was created by Figdraw (https://www.figdraw.com).
5.1 Synergistic immune-angiogenesis modulation
The combination strategy of Bevacizumab with immunomodulators leverages the interaction between angiogenesis and the TME. Bevacizumab inhibits the VEGF signaling pathway, reducing regulatory T cell infiltration while promoting dendritic cell maturation, thus enhancing antigen presentation efficiency. This forms a synergistic foundation for immune checkpoint inhibitors such as anti-PD-1/PD-L1 therapies (Napoletano et al., 2019; Ribatti, 2022). The IMagyn050 trial demonstrated that the combination of atezolizumab and Bevacizumab increased the ORR to 35% in PD-L1 positive or high TMB patients, but PFS did not show a significant improvement in the overall population, underscoring the need for biomarker-based patient stratification to identify benefiting subgroups (Moore et al., 2021; Pignata et al., 2023). Further subgroup analysis from the PAOLA-1 trial revealed that Bevacizumab combined with Olaparib upregulated the interferon-γ signaling pathway and increased the formation of tertiary lymphoid structures within tumors (proportion increased by 40%), a mechanism linked to elevated MHC class I molecule expression (Harter et al., 2022; Ray-Coquard et al., 2023). Clinical trials targeting the conversion of “cold tumors” into “hot tumors” aim to reverse the immunosuppressive state of the TME. The GARNET trial found that FGFR inhibitors co-loaded with Bevacizumab in nanoparticles could simultaneously inhibit alternative angiogenic pathways and reduce the recruitment of MDSCs (with a 30% reduction), thereby remodeling the immune microenvironment (Rosario et al., 2024; Bhattacharya et al., 2023). Similarly, the INOVA trial demonstrated that the combination of Sintilimab (anti-PD-1) and Bevacizumab achieved an ORR of 48% in recurrent ovarian clear cell carcinoma, with tumor-infiltrating lymphocyte (TIL) density positively correlating with response rate (Peng et al., 2024). In murine models, combining personalized neoantigen vaccines with Bevacizumab increased the complete tumor remission rate from 20% (monotherapy) to 60%; however, clinical translation faces challenges such as antigen heterogeneity and delivery efficiency (Tanyi et al., 2018). Future research should integrate multi-omics approaches, including spatial transcriptomics and metabolomics, to dynamically track the evolution of TME. Moreover, the development of bispecific antibodies or engineered cell therapies may further enhance synergistic effects (Rosario et al., 2024; Landen et al., 2023). Prospective validation of stratification models based on PD-L1 expression, HRD, and TIL density will be critical to optimizing patient selection and minimizing immune-related adverse events (Moore et al., 2021; Pignata et al., 2023).
5.2 Multi-targeted approaches to overcome resistance
Bevacizumab, a key anti-angiogenic therapeutic agent, often faces limited clinical benefits due to adaptive remodeling of the TME and compensatory activation of signaling pathways. Overcoming resistance necessitates multidimensional strategies. In recent years, dual targeting of angiogenic pathways has gained significant attention. For example, targeting VEGF alone may become ineffective due to compensatory upregulation of other pro-angiogenic factors, such as Angiopoietin-2 (Ang-2) (Mitamura et al., 2018). Ang-2 promotes vascular remodeling and endothelial cell survival by binding to the Tie2 receptor. Inhibiting Ang-2 can synergistically block VEGF-independent angiogenic pathways, thereby delaying resistance progression (Deng et al., 2016). Preclinical models have demonstrated that simultaneous inhibition of VEGFR and Ang-2 significantly reduces tumor vascular density and improves microenvironment normalization, underscoring the potential of a dual-targeting approach (Al Wadi and Ghatage, 2016; Zhang X. et al., 2024). The hypoxic microenvironment also plays a pivotal role in driving resistance to anti-angiogenic therapy. HIF-1α, a central regulator of the hypoxia response, activates VEGF-independent angiogenic pathways and promotes metabolic reprogramming in tumor cells (Yue and Lu, 2023). For instance, HIF-1α enhances the survival capacity of tumor cells under hypoxic conditions by upregulating molecules such as carbonic anhydrase IX, while also inducing the expression of VEGF family members like placental growth factor (PlGF), which diminishes Bevacizumab efficacy (Boso et al., 2023). Inhibiting HIF-1α or its downstream effectors could potentially reverse hypoxia-mediated resistance phenotypes. Preclinical studies suggest that HIF-1α inhibitors reduce glycolytic activity and restore vascular normalization by downregulating VEGF-independent angiogenic pathways, such as PDGF/IL-8, thereby enhancing sensitivity to Bevacizumab (Deng et al., 2016). Furthermore, combining hypoxia regulators with Bevacizumab may improve therapeutic efficacy by suppressing tumor stem-like cell expansion and extracellular matrix remodeling (Olejarz et al., 2020). However, the specificity and toxicity of HIF-1α inhibitors require further optimization to avoid disrupting normal tissue oxygen homeostasis. Future research should employ multi-omics technologies to precisely identify resistance subtypes and develop sequential combination therapy strategies. For example, initiating treatment with Bevacizumab combined with an Ang-2 inhibitor, followed by HIF-1α-targeted agents upon disease progression, could enable dynamic intervention. Additionally, the development and application of traditional Chinese medicine (TCM) resources offer new avenues for overcoming Bevacizumab resistance. The multi-target regulatory effects of natural products provide an innovative direction for enhancing treatment efficacy (Wang X. et al., 2023). For instance, Bizzaro et al. found that a dose-dense regimen of DDP/PTX plus Bevacizumab was most effective in delaying tumor progression in preclinical models (Bizzaro et al., 2018). Active components of TCM, such as triptolide, can modulate the polarization states of TAMs and MDSCs, improving the immunosuppressive microenvironment (Bao et al., 2024). Curcumin, another anti-tumor component of TCM, inhibits tumor growth and angiogenesis through multiple mechanisms, including the PI3K/Akt, Wnt/β-catenin, JAK/STAT3, and MEK/ERK1/2 pathways, showing potential as an effective treatment for OC (Mohamadian et al., 2022). These findings suggest that the multidimensional “vascular-metabolism-immunity” regulatory capabilities of natural products could overcome the limitations of single-target therapies. However, further validation is required for clinical translation (Zhang et al., 2015).
5.3 Innovative drug delivery systems
Recent advances in nanotechnology-based Bevacizumab delivery systems have significantly improved the targeting specificity and safety of OC treatment. Nanoparticle carriers offer distinct advantages by optimizing drug release kinetics and enhancing tumor penetration (Zhang et al., 2015; Long et al., 2024). For example, the albumin-bound paclitaxel/Bevacizumab co-delivery system (AB160) has achieved a 54% overall response rate (ORR) in platinum-resistant patients, while reducing neutropenia incidence by 25%. This effect is potentially linked to albumin-mediated tumor-specific uptake and sustained release (Kalogera et al., 2024). Mesoporous silica nanoparticles modified with antibody fragments improve Bevacizumab accumulation in tumor tissues, resulting in a 2.8-fold increase in drug concentration in peritoneal metastases compared to conventional intravenous administration, while also mitigating the risk of proteinuria due to non-target organ exposure (Zhang et al., 2015). Furthermore, preclinical studies demonstrate that Bevacizumab-based nanomedicine enhances the intratumoral distribution of chemotherapeutic agents by inhibiting abnormal angiogenesis, thereby increasing paclitaxel’s antitumor efficacy with a 35% reduction in tumor volume (Cesca et al., 2016). The exploration of localized delivery strategies presents promising approaches for minimizing systemic toxicity. Intraperitoneal administration, which directly exposes tumor lesions to high drug concentrations, has shown survival benefits in platinum-resistant patients. Preliminary studies on pressurized intraperitoneal aerosol chemotherapy (PIPAC) combined with Bevacizumab indicate a median PFS extension of 3.2 months (Bakrin et al., 2018). However, the application of intraperitoneal Bevacizumab requires careful balancing of efficacy and safety. Retrospective analyses suggest an increased risk of gastrointestinal perforation, underscoring the importance of rigorous patient selection and optimized dosing regimens (Ueda et al., 2022). Notably, OC organoid-based nano-delivery systems, such as folate receptor-targeted liposomes, exhibit specific accumulation in peritoneal metastases, achieving a peritoneal drug concentration 3.5 times higher than in the bloodstream, thus offering an effective, low-toxicity solution for managing malignant ascites (Zhang et al., 2015; Singh et al., 2020). Future research should further assess the long-term safety of novel delivery systems and incorporate multimodal imaging technologies for real-time monitoring of drug distribution, facilitating precise dose regulation and optimized administration schedules.
5.4 Biomarker-driven precision medicine
In recent years, biomarker-driven personalized treatment strategies have significantly improved the clinical efficacy of Bevacizumab in OC (Werner et al., 2024). Dynamic monitoring of ctDNA facilitates real-time assessment of tumor burden and molecular heterogeneity. For instance, elevated plasma VEGF-C levels correlate negatively with the efficacy of Bevacizumab maintenance therapy, while ctDNA clearance rate can serve as an early predictor of treatment response (Ding et al., 2022; Liu et al., 2025b). An immune microenvironment analysis has revealed a correlation between the proportion of PD-1+ regulatory T cells and Bevacizumab resistance. Conversely, patients with high Ang-2 expression demonstrate a 2.3-fold increase in response rate to Bevacizumab, indicating that the interplay between immune-suppressive phenotypes and angiogenesis pathways may be a critical target for combination therapy (Park et al., 2023; Volk et al., 2023; Zhang H. et al., 2024). The integration of angiogenic gene signatures has further refined patient stratification, with the KELIM score—based on chemotherapy sensitivity models and VEGF receptor gene polymorphisms—providing an accurate prediction of Bevacizumab-induced PFS prolongation. Additionally, low AKAP12 expression is strongly associated with resistance to anti-VEGF therapies (You et al., 2022; Liang et al., 2022). The combination of multi-omics data has introduced new dimensions for dynamic monitoring. The whole-exome sequencing coupled with transcriptome analysis has revealed that abnormal activation of the CXCL12/CXCR4 axis in HRD+ tumors diminishes Bevacizumab efficacy, while metabolomic markers, such as LDH levels, are closely associated with the degree of Bevacizumab-induced vascular normalization (Liu X. et al., 2021; D'Alterio et al., 2022). Moreover, spatial multi-omics technologies, including multiplex immunofluorescence, enable the quantification of CD8+ T cell distribution and vascular density within the TME. The combined scoring approach significantly enhances predictive performance over single biomarkers (Wang et al., 2023c; Wang et al., 2022; Zhang et al., 2021; Hu et al., 2015). Notably, epigenetic regulation, such as pathogen-mimicry signaling mediated by ZNFX1, may influence Bevacizumab sensitivity by reshaping endothelial cell phenotypes, offering a novel target for overcoming resistance (Stojanovic et al., 2025). Future research should focus on the prospective validation of current biomarkers for clinical implementation and the development of AI-driven multimodal integration models, such as radiomics combined with liquid biopsy, to address challenges related to tumor heterogeneity and spatiotemporal evolution (Wang et al., 2023d; Xu et al., 2024).
6 CONCLUSION
Bevacizumab inhibits tumor angiogenesis and remodels the immunosuppressive TME by targeting VEGF-A, becoming a core drug in the comprehensive treatment of OC. Its combination with chemotherapy, PARP inhibitors, or immune checkpoint inhibitors can significantly prolong patient PFS, especially in patients with HRD positivity. Current trends in combination therapy concentrate on dual-target strategies, such as VEGF/Ang-2 bispecific antibodies, synergistic immunotherapy-anti-angiogenesis treatments, and intelligent nano-delivery systems. Meanwhile, precision stratification strategies based on biomarkers are progressively advancing. However, the OS benefit is limited, and the mechanisms of resistance, including alternative pathway activation and hypoxia-driven malignant transformation, as well as the lack of effective predictive biomarkers, remain major challenges. Treatment toxicity, including hypertension and proteinuria, along with high costs, further limits its application. Future efforts should focus on optimizing drug delivery systems, such as targeted nanocarriers, exploring multi-target inhibitors to overcome resistance, and conducting prospective clinical trials to validate new combination regimens. This should involve integrating artificial intelligence with dynamic biomarker monitoring to achieve personalized treatment.
AUTHOR CONTRIBUTIONS
MZ: Conceptualization, Project administration, Software, Validation, Visualization, Writing – original draft, Writing – review and editing. JZ: Project administration, Supervision, Writing – review and editing. YB: Formal Analysis, Validation, Writing – review and editing. QA: Investigation, Software, Validation, Writing – review and editing. XM: Investigation, Supervision, Validation, Writing – review and editing. ZQ: Formal Analysis, Investigation, Methodology, Writing – review and editing. YZ: Formal Analysis, Resources, Supervision, Writing – review and editing. YC: Formal Analysis, Investigation, Supervision, Writing – review and editing. HZ: Funding acquisition, Methodology, Resources, Writing – review and editing. JG: Investigation, Methodology, Resources, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by the National Natural Science Foundation of China (Grant No. 82060477), the Natural Science Foundation of Jiangxi Province (Grant Nos. 20202BAB206054 and 20242BAB25525), the Nanchang High-Level Scientific and Technological Innovation Talents ‘Double Hundred Plan’ Project (Hongke Zi [2021] No. 156-29), the Science and Technology Plan of Jiangxi Provincial Health Commission in 2021 (Grant No. 202120073), the ‘Five-Level Progressive’ Talent Cultivation Project of Jiangxi Cancer Hospital & Institute, Jiangxi Cancer Hospital (the Second Affiliated Hospital of Nanchang Medical College) Talent Training Support Plan (Grant No. WCDJ2024XK01), the Jiangxi Chinese Medicine Administration Science and Technology Program (Grant Nos. 2024A0092 and 2024B0158), and the Nanchang Medical College Discipline Leader Project: Clinical Medicine of Integrated Traditional Chinese and Western Medicine (Gynecology and Pediatrics).
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abiko, K., Hayashi, T., Yamaguchi, K., Mandai, M., and Konishi, I. (2021). Potential novel ovarian cancer treatment targeting myeloid-derived suppressor cells. Cancer Invest 39 (4), 1–5. doi:10.31487/j.crogr.2020.03.03
 Aghajanian, C., Blank, S. V., Goff, B. A., Judson, P. L., Teneriello, M. G., Husain, A., et al. (2012). 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. 30 (17), 2039–2045. doi:10.1200/jco.2012.42.0505
 Alqaisi, H. A., Cohn, D. E., Chern, J. Y., Duska, L. R., Jewell, A., Corr, B. R., et al. (2025). Randomized phase II study of bevacizumab with weekly anetumab ravtansine or weekly paclitaxel in platinum-resistant/refractory high grade ovarian cancer (NCI trial). Clin. Cancer Res. 31 (6), 993–1001. doi:10.1158/1078-0432.ccr-24-3128
 Al Wadi, K., and Ghatage, P. (2016). Efficacy of trebananib (AMG 386) in treating epithelial ovarian cancer. Expert Opin. Pharmacother. 17 (6), 853–860. doi:10.1517/14656566.2016.1161027
 Ambreen, S., Umar, M., Noor, A., Jain, H., and Ali, R. (2025). Advanced AI and ML frameworks for transforming drug discovery and optimization: with innovative insights in polypharmacology, drug repurposing, combination therapy and nanomedicine. Eur. J. Med. Chem. 284, 117164. doi:10.1016/j.ejmech.2024.117164
 Andrikopoulou, A., Liontos, M., Skafida, E., Koutsoukos, K., Apostolidou, K., Kaparelou, M., et al. (2023). Pembrolizumab in combination with bevacizumab and oral cyclophosphamide in heavily pre-treated platinum-resistant ovarian cancer. Int. J. Gynecol. Cancer 33 (4), 571–576. doi:10.1136/ijgc-2022-003941
 Arshadi, M., Hesari, E., Ahmadinezhad, M., Yekta, E. M., Ebrahimi, F., Azizi, H., et al. (2024). The association between oral contraceptive pills and ovarian cancer risk: a systematic review and meta-analysis. Bull. Cancer 111 (10), 918–929. doi:10.1016/j.bulcan.2024.05.010
 Bakrin, N., Tempfer, C., Scambia, G., De Simone, M., Gabriel, B., Grischke, E. M., et al. (2018). PIPAC-OV3: a multicenter, open-label, randomized, two-arm phase III trial of the effect on progression-free survival of cisplatin and doxorubicin as Pressurized Intra-Peritoneal Aerosol Chemotherapy (PIPAC) vs. chemotherapy alone in patients with platinum-resistant recurrent epithelial ovarian, fallopian tube or primary peritoneal cancer. Pleura Perit. 3 (3), 20180114. doi:10.1515/pp-2018-0114
 Bao, S., Yi, M., Xiang, B., and Chen, P. (2024). Antitumor mechanisms and future clinical applications of the natural product triptolide. Cancer Cell Int. 24 (1), 150. doi:10.1186/s12935-024-03336-y
 Bhattacharya, R., Ghosh, A., and Mukhopadhyay, S. (2023). High-grade serous ovarian carcinoma, the “Achiles' hill” for clinicians and molecular biologists: a molecular insight. Mol. Biol. Rep. 50 (11), 9511–9519. doi:10.1007/s11033-023-08760-3
 Bignotti, E., Simeon, V., Ardighieri, L., Kuhn, E., Marchini, S., Califano, D., et al. (2025). TP53 mutations and survival in ovarian carcinoma patients receiving first-line chemotherapy plus bevacizumab: results of the MITO16A/MaNGO OV-2 study. Int. J. Cancer 156 (5), 1085–1096. doi:10.1002/ijc.35203
 Bizzaro, F., Falcetta, F., D'Agostini, E., Decio, A., Minoli, L., Erba, E., et al. (2018). Tumor progression and metastatic dissemination in ovarian cancer after dose-dense or conventional paclitaxel and cisplatin plus bevacizumab. Int. J. Cancer 143 (9), 2187–2199. doi:10.1002/ijc.31596
 Boso, D., Tognon, M., Curtarello, M., Minuzzo, S., Piga, I., Brillo, V., et al. (2023). Anti-VEGF therapy selects for clones resistant to glucose starvation in ovarian cancer xenografts. J. Exp. Clin. Cancer Res. 42 (1), 196. doi:10.1186/s13046-023-02779-x
 Buechel, M. E., Enserro, D., Burger, R. A., Brady, M. F., Wade, K., Secord, A. A., et al. (2021). Correlation of imaging and plasma based biomarkers to predict response to bevacizumab in epithelial ovarian cancer (EOC). Gynecol. Oncol. 161 (2), 382–388. doi:10.1016/j.ygyno.2021.02.032
 Burger, R. A., Brady, M. F., Bookman, M. A., Fleming, G. F., Monk, B. J., Huang, H., et al. (2011). Incorporation of bevacizumab in the primary treatment of ovarian cancer. N. Engl. J. Med. 365 (26), 2473–2483. doi:10.1056/nejmoa1104390
 Califano, D., Gallo, D., Rampioni Vinciguerra, G. L., De Cecio, R., Arenare, L., Signoriello, S., et al. (2021). Evaluation of angiogenesis-related genes as prognostic biomarkers of bevacizumab treated ovarian cancer patients: results from the phase IV MITO16A/ManGO OV-2 translational study. Cancers (Basel) 13 (20), 5152. doi:10.3390/cancers13205152
 Carmeliet, P., and Jain, R. K. (2011). Molecular mechanisms and clinical applications of angiogenesis. Nature 473 (7347), 298–307. doi:10.1038/nature10144
 Cesca, M., Morosi, L., Berndt, A., Fuso Nerini, I., Frapolli, R., Richter, P., et al. (2016). Bevacizumab-induced inhibition of angiogenesis promotes a more homogeneous intratumoral distribution of paclitaxel, improving the antitumor response. Mol. Cancer Ther. 15 (1), 125–135. doi:10.1158/1535-7163.mct-15-0063
 Chen, C., Wang, F., Cheng, C., Li, H., Fan, Y., and Jia, L. (2024b). Cancer-associated fibroblasts-derived exosomes with HOXD11 overexpression promote ovarian cancer cell angiogenesis via FN1. Reprod. Sci. 32, 1530–1544. doi:10.1007/s43032-024-01716-3
 Chen, D. Q., Xie, Y., Cao, L. Q., Fleishman, J. S., Chen, Y., Wu, T., et al. (2024a). The role of ABCC10/MRP7 in anti-cancer drug resistance and beyond. Drug Resist Updat 73, 101062. doi:10.1016/j.drup.2024.101062
 Chen, D. S., and Hurwitz, H. (2018). Combinations of bevacizumab with cancer immunotherapy. Cancer J. 24 (4), 193–204. doi:10.1097/ppo.0000000000000327
 Chitoran, E., Rotaru, V., Ionescu, S. O., Gelal, A., Capsa, C. M., Bohiltea, R. E., et al. (2024). Bevacizumab-based therapies in malignant tumors-real-world data on effectiveness, safety, and cost. Cancers (Basel) 16 (14), 2590. doi:10.3390/cancers16142590
 Cianfrocca, R., Tocci, P., Rosano, L., Caprara, V., Sestito, R., Di Castro, V., et al. (2016). Nuclear β-arrestin1 is a critical cofactor of hypoxia-inducible factor-1α signaling in endothelin-1-induced ovarian tumor progression. Oncotarget 7 (14), 17790–17804. doi:10.18632/oncotarget.7461
 Classe, J. M., Meeus, P., Hudry, D., Wernert, R., Quenet, F., Marchal, F., et al. (2024). Hyperthermic intraperitoneal chemotherapy for recurrent ovarian cancer (CHIPOR): a randomised, open-label, phase 3 trial. Lancet Oncol. 25 (12), 1551–1562. doi:10.1016/s1470-2045(24)00531-x
 Coleman, R. L., Brady, M. F., Herzog, T. J., Sabbatini, P., Armstrong, D. K., Walker, J. L., et al. (2017). 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), 779–791. doi:10.1016/s1470-2045(17)30279-6
 Dai, L., Yu, P., Fan, H., Xia, W., Zhao, Y., Zhang, P., et al. (2024). Identification and validation of new DNA-PKcs inhibitors through high-throughput virtual screening and experimental verification. Int. J. Mol. Sci. 25 (14), 7982. doi:10.3390/ijms25147982
 D'Alterio, C., Spina, A., Arenare, L., Chiodini, P., Napolitano, M., Galdiero, F., et al. (2022). Biological role of tumor/stromal CXCR4-CXCL12-CXCR7 in mito16a/MaNGO-OV2 advanced ovarian cancer patients. Cancers (Basel) 14 (7), 1849. doi:10.3390/cancers14071849
 Danesi, R., Cremolini, C., Ciccarone, F., and Lorusso, D. (2021). Clinical applications of bevacizumab in the treatment of colorectal and ovarian cancer. Recenti Prog. Med. 112 (6), 444–453. doi:10.1701/3620.36027
 Daniele, G., Lorusso, D., Scambia, G., Cecere, S. C., Nicoletto, M. O., Breda, E., et al. (2017). Feasibility and outcome of interval debulking surgery (IDS) after carboplatin-paclitaxel-bevacizumab (CPB): a subgroup analysis of the MITO-16A-MaNGO OV2A phase 4 trial. Gynecol. Oncol. 144 (2), 256–259. doi:10.1016/j.ygyno.2016.12.011
 Darden, J., Payne, L. B., Zhao, H., and Chappell, J. C. (2019). Excess vascular endothelial growth factor-A disrupts pericyte recruitment during blood vessel formation. Angiogenesis 22 (1), 167–183. doi:10.1007/s10456-018-9648-z
 de Aguiar, R. B., and de Moraes, J. Z. (2019). Exploring the immunological mechanisms underlying the anti-vascular endothelial growth factor activity in tumors. Front. Immunol. 10, 1023. doi:10.3389/fimmu.2019.01023
 Deng, Z., Li, B., Wang, W., Xia, W., Zhang, L., Chen, L., et al. (2024). TCEB2/HIF1A signaling axis promotes chemoresistance in ovarian cancer cells by enhancing glycolysis and angiogenesis. Eur. J. Med. Res. 29 (1), 456. doi:10.1186/s40001-024-02050-9
 Deng, Z., Zhou, J., Han, X., and Li, X. (2016). TCEB2 confers resistance to VEGF-targeted therapy in ovarian cancer. Oncol. Rep. 35 (1), 359–365. doi:10.3892/or.2015.4388
 de Nonneville, A., Kalbacher, E., Cannone, F., Guille, A., Adelaide, J., Finetti, P., et al. (2024). Endometrioid ovarian carcinoma landscape: pathological and molecular characterization. Mol. Oncol. 18 (10), 2586–2600. doi:10.1002/1878-0261.13679
 Ding, Y., Oliveira-Ferrer, L., Vettorazzi, E., Legler, K., Milde-Langosch, K., Woelber, L., et al. (2022). VEGF-C serum level is associated with response to bevacizumab maintenance therapy in primary ovarian cancer patients. PLoS One 17 (6), e0269680. doi:10.1371/journal.pone.0269680
 Dugel, P. U., Koh, A., Ogura, Y., Jaffe, G. J., Schmidt-Erfurth, U., Brown, D. M., et al. (2020). HAWK and HARRIER: phase 3, multicenter, randomized, double-masked trials of brolucizumab for neovascular age-related macular degeneration. Ophthalmology 127 (1), 72–84. doi:10.1016/j.ophtha.2019.04.017
 Duru, G., van Egmond, M., and Heemskerk, N. (2020). A window of opportunity: targeting cancer endothelium to enhance immunotherapy. Front. Immunol. 11, 584723. doi:10.3389/fimmu.2020.584723
 Ebos, J. M., and Kerbel, R. S. (2011). Antiangiogenic therapy: impact on invasion, disease progression, and metastasis. Nat. Rev. Clin. Oncol. 8 (4), 210–221. doi:10.1038/nrclinonc.2011.21
 Fan, Y., Cheng, H., Liu, Y., Liu, S., Lowe, S., Li, Y., et al. (2022). Metformin anticancer: reverses tumor hypoxia induced by bevacizumab and reduces the expression of cancer stem cell markers CD44/CD117 in human ovarian cancer SKOV3 cells. Front. Pharmacol. 13, 955984. doi:10.3389/fphar.2022.955984
 Fanale, D., Dimino, A., Pedone, E., Brando, C., Corsini, L. R., Filorizzo, C., et al. (2022). Prognostic and predictive role of tumor-infiltrating lymphocytes (TILs) in ovarian cancer. Cancers (Basel) 14 (18), 4344. doi:10.3390/cancers14184344
 Ferrara, N., Gerber, H. P., and LeCouter, J. (2003). The biology of VEGF and its receptors. Nat. Med. 9 (6), 669–676. doi:10.1038/nm0603-669
 Fuchs, C. S., Tomasek, J., Yong, C. J., Dumitru, F., Passalacqua, R., Goswami, C., et al. (2014). Ramucirumab monotherapy for previously treated advanced gastric or gastro-oesophageal junction adenocarcinoma (REGARD): an international, randomised, multicentre, placebo-controlled, phase 3 trial. Lancet 383 (9911), 31–39. doi:10.1016/s0140-6736(13)61719-5
 Fukumura, D., Kloepper, J., Amoozgar, Z., Duda, D. G., and Jain, R. K. (2018). Enhancing cancer immunotherapy using antiangiogenics: opportunities and challenges. Nat. Rev. Clin. Oncol. 15 (5), 325–340. doi:10.1038/nrclinonc.2018.29
 Gao, J., Li, F., Liu, Z., Huang, M., Chen, H., Liao, G., et al. (2021). Multiple genetic variants predict the progression-free survival of bevacizumab plus chemotherapy in advanced ovarian cancer: a retrospective study. Med. Baltim. 100 (35), e27130. doi:10.1097/md.0000000000027130
 Gao, L., Zhang, J., Long, Q., Yang, Y., Li, Y., Li, G., et al. (2023). SETD7 promotes metastasis of triple-negative breast cancer by YY1 lysine methylation. Biochim. Biophys. Acta Mol. Basis Dis. 1869 (7), 166780. doi:10.1016/j.bbadis.2023.166780
 Garcia, J., Hurwitz, H. I., Sandler, A. B., Miles, D., Coleman, R. L., Deurloo, R., et al. (2020). Bevacizumab (Avastin®) in cancer treatment: a review of 15 years of clinical experience and future outlook. Cancer Treat. Rev. 86, 102017. doi:10.1016/j.ctrv.2020.102017
 Garlisi, B., Lauks, S., Aitken, C., Ogilvie, L. M., Lockington, C., Petrik, D., et al. (2024). The complex tumor microenvironment in ovarian cancer: therapeutic challenges and opportunities. Curr. Oncol. 31 (7), 3826–3844. doi:10.3390/curroncol31070283
 Garon, E. B., Ciuleanu, T. E., Arrieta, O., Prabhash, K., Syrigos, K. N., Goksel, T., et al. (2014). Ramucirumab plus docetaxel versus placebo plus docetaxel for second-line treatment of stage IV non-small-cell lung cancer after disease progression on platinum-based therapy (REVEL): a multicentre, double-blind, randomised phase 3 trial. Lancet 384 (9944), 665–673. doi:10.1016/s0140-6736(14)60845-x
 Gonzalez-Avila, G., Sommer, B., Flores-Soto, E., and Aquino-Galvez, A. (2023). Hypoxic effects on matrix metalloproteinases' expression in the tumor microenvironment and therapeutic perspectives. Int. J. Mol. Sci. 24 (23), 16887. doi:10.3390/ijms242316887
 Gonzalez Martin, A., Oza, A. M., Embleton, A. C., Pfisterer, J., Ledermann, J. A., Pujade-Lauraine, E., et al. (2019). Exploratory outcome analyses according to stage and/or residual disease in the ICON7 trial of carboplatin and paclitaxel with or without bevacizumab for newly diagnosed ovarian cancer. Gynecol. Oncol. 152 (1), 53–60. doi:10.1016/j.ygyno.2018.08.036
 Guo, Q., Yang, Q., Li, J., Liu, G., Nikoulin, I., and Jia, S. (2018). Clinical trials of novel targeted therapies in ovarian cancer: moving beyond poly ADP ribose polymerase (PARP) inhibitors. Curr. Pharm. Biotechnol. 19 (14), 1114–1121. doi:10.2174/1389201020666181226123054
 Guo, S., Xie, X., Chen, Y., Liu, Y., and Luo, L. (2024). Editorial: advances of novel approaches to enhance therapeutic efficacy and safety in human solid cold tumor. Front. Immunol. 15, 1398270. doi:10.3389/fimmu.2024.1398270
 Hardesty, M. M., Krivak, T. C., Wright, G. S., Hamilton, E., Fleming, E. L., Belotte, J., et al. (2022). OVARIO phase II trial of combination niraparib plus bevacizumab maintenance therapy in advanced ovarian cancer following first-line platinum-based chemotherapy with bevacizumab. Gynecol. Oncol. 166 (2), 219–229. doi:10.1016/j.ygyno.2022.05.020
 Harter, P., Bidziński, M., Colombo, N., Floquet, A., Pérez, M. J. R., Kim, J.-W., et al. (2019). DUO-O: a randomized phase III trial of durvalumab (durva) in combination with chemotherapy and bevacizumab (bev), followed by maintenance durva, bev and olaparib (olap), in newly diagnosed advanced ovarian cancer patients;37(15_Suppl. l):TPS5598-TPS. doi:10.1200/jco.2019.37.15_suppl.tps5598
 Harter, P., Mouret-Reynier, M. A., Pignata, S., Cropet, C., Gonzalez-Martin, A., Bogner, G., et al. (2022). Efficacy of maintenance olaparib plus bevacizumab according to clinical risk in patients with newly diagnosed, advanced ovarian cancer in the phase III PAOLA-1/ENGOT-ov25 trial. Gynecol. Oncol. 164 (2), 254–264. doi:10.1016/j.ygyno.2021.12.016
 He, Z., Tian, T., Guo, D., Wu, H., Chen, Y., Zhang, Y., et al. (2014). Cytoplasmic retention of a nucleocytoplasmic protein TBC1D3 by microtubule network is required for enhanced EGFR signaling. PLoS One 9 (4), e94134. doi:10.1371/journal.pone.0094134
 Heublein, S., Pfisterer, J., du Bois, A., Anglesio, M., Aminossadati, B., Bhatti, I., et al. (2024). Fibroblast growth factor receptors and ligands in context of bevacizum ab response in ovarian carcinoma: an exploratory analysis of AGO-OVAR1 1/ICON-7. Laboratory investigation; a J. Tech. methods pathology 104 (4), 100321. doi:10.1016/j.labinv.2023.100321
 Horikawa, N., Abiko, K., Matsumura, N., Baba, T., Hamanishi, J., Yamaguchi, K., et al. (2020). Anti-VEGF therapy resistance in ovarian cancer is caused by GM-CSF-induced myeloid-derived suppressor cell recruitment. Br. J. Cancer 122 (6), 778–788. doi:10.1038/s41416-019-0725-x
 Hsu, J. Y., and Wakelee, H. A. (2009). Monoclonal antibodies targeting vascular endothelial growth factor: current status and future challenges in cancer therapy. BioDrugs 23 (5), 289–304. doi:10.2165/11317600-000000000-00000
 Hu, J., Cao, J., Huang, S., and Chen, Y. (2024). ITGAX promotes gastric cancer progression via epithelial-mesenchymal transition pathway. Front. Pharmacol. 15, 1536478. doi:10.3389/fphar.2024.1536478
 Hu, J. L., Hua, Y. J., Chen, Y., Yu, B., and Gao, S. (2015). Structural analysis of tumor-related single amino acid mutations in human MxA protein. Chin. J. Cancer 34 (12), 55–93. doi:10.1186/s40880-015-0055-1
 Hu, J. L., Liang, H., Zhang, H., Yang, M. Z., Sun, W., Zhang, P., et al. (2020). FAM46B is a prokaryotic-like cytoplasmic poly(A) polymerase essential in human embryonic stem cells. Nucleic Acids Res. 48 (5), 2733–2748. doi:10.1093/nar/gkaa049
 Huang, Y., Yuan, J., Righi, E., Kamoun, W. S., Ancukiewicz, M., Nezivar, J., et al. (2012). Vascular normalizing doses of antiangiogenic treatment reprogram the immunosuppressive tumor microenvironment and enhance immunotherapy. Proc. Natl. Acad. Sci. U. S. A. 109 (43), 17561–17566. doi:10.1073/pnas.1215397109
 Hurwitz, H., Fehrenbacher, L., Novotny, W., Cartwright, T., Hainsworth, J., Heim, W., et al. (2004). Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic colorectal cancer. N. Engl. J. Med. 350 (23), 2335–2342. doi:10.1056/nejmoa032691
 Hyman, D. M., Rizvi, N., Natale, R., Armstrong, D. K., Birrer, M., Recht, L., et al. (2018). Phase I study of MEDI3617, a selective angiopoietin-2 inhibitor alone and combined with carboplatin/paclitaxel, paclitaxel, or bevacizumab for advanced solid tumors. Clin. Cancer Res. 24 (12), 2749–2757. doi:10.1158/1078-0432.ccr-17-1775
 Iida, Y., Yanaihara, N., Yoshino, Y., Saito, M., Saito, R., Tabata, J., et al. (2024). Bevacizumab increases the sensitivity of olaparib to homologous recombination-proficient ovarian cancer by suppressing CRY1 via PI3K/AKT pathway. Front. Oncol. 14, 1302850. doi:10.3389/fonc.2024.1302850
 Ishizawa, S., Niu, J., Tammemagi, M. C., Irajizad, E., Shen, Y., Lu, K. H., et al. (2024). Estimating sojourn time and sensitivity of screening for ovarian cancer using a Bayesian framework. J. Natl. Cancer Inst. 116 (11), 1798–1806. doi:10.1093/jnci/djae145
 Jain, R. K. (2005). Normalization of tumor vasculature: an emerging concept in antiangiogenic therapy. Science 307 (5706), 58–62. doi:10.1126/science.1104819
 Jin, C., Yuan, M., Bu, H., and Jin, C. (2022). Antiangiogenic strategies in epithelial ovarian cancer: mechanism, resistance, and combination therapy. J. Oncol. 2022, 1–15. doi:10.1155/2022/4880355
 Kalogera, E., Nevala, W. K., Finnes, H. D., Suman, V. J., Schimke, J. M., Strand, C. A., et al. (2024). A phase I trial of nab-paclitaxel/bevacizumab (AB160) nano-immunoconjugate therapy for gynecologic malignancies. Clin. Cancer Res. 30 (12), 2623–2635. doi:10.1158/1078-0432.ccr-23-3196
 Kiser, D., Elhanan, G., Bolze, A., Neveux, I., Schlauch, K. A., Metcalf, W. J., et al. (2024). Screening familial risk for hereditary breast and ovarian cancer. JAMA Netw. Open 7 (9), e2435901. doi:10.1001/jamanetworkopen.2024.35901
 Kobayashi, K., Kaira, K., and Kagamu, H. (2020). Recovery of the sensitivity to anti-PD-1 antibody by celecoxib in lung cancer. Anticancer Res. 40 (9), 5309–5311. doi:10.21873/anticanres.14537
 Konstantinopoulos, P. A., Waggoner, S., Vidal, G. A., Mita, M., Moroney, J. W., Holloway, R., et al. (2019). Single-arm phases 1 and 2 trial of niraparib in combination with pembrolizumab in patients with recurrent platinum-resistant ovarian carcinoma. JAMA Oncol. 5 (8), 1141–1149. doi:10.1001/jamaoncol.2019.1048
 Kose, F., Alemdaroglu, S., Mertsoylu, H., Besen, A. A., Guler, O. C., Simsek, S. Y., et al. (2020). Half-dose bevacizumab experience in relapsed ovarian cancer patients i n Turkey due to formal regulations: similar effectiveness with lower r ate of hypertension. J. BUON official J. Balkan Union Oncol. 25 (4), 1928–1934.
 Krasner, C. N., Castro, C., Penson, R. T., Roche, M., Matulonis, U. A., Morgan, M. A., et al. (2019). Final report on serial phase II trials of all-intraperitoneal chemotherapy with or without bevacizumab for women with newly diagnosed, optimally cytoreduced carcinoma of Mullerian origin. Gynecol. Oncol. 153 (2), 223–229. doi:10.1016/j.ygyno.2019.02.004
 Krishnan, V., Chang, C.-W., Hamidi, H., Bookman, M. A., Landen, C., Myers, T., et al. (2023). Abstract 5702: ovarian cancer tumor microenvironment and atezolizumab (atezo) clinical activity: IMagyn050 sub-study. Cancer Res. 83 (7_Suppl. ment), 5702. doi:10.1158/1538-7445.am2023-5702
 Kurtz, J. E., Pujade-Lauraine, E., Oaknin, A., Belin, L., Leitner, K., Cibula, D., et al. (2023). Atezolizumab combined with bevacizumab and platinum-based therapy for platinum-sensitive ovarian cancer: placebo-controlled randomized phase III ATALANTE/ENGOT-ov29 trial. J. Clin. Oncol. 41 (30), 4768–4778. doi:10.1200/jco.23.00529
 Landen, C. N., Molinero, L., Hamidi, H., Sehouli, J., Miller, A., Moore, K. N., et al. (2023). Influence of genomic landscape on cancer immunotherapy for newly diagnosed ovarian cancer: biomarker analyses from the IMagyn050 randomized clinical trial. Clin. Cancer Res. 29 (9), 1698–1707. doi:10.1158/1078-0432.ccr-22-2032
 Lee, J. Y., Tan, D., Ray-Coquard, I., Lee, J. B., Kim, B. G., Van Nieuwenhuysen, E., et al. (2025). Phase II randomized study of dostarlimab alone or with bevacizumab versus non-platinum chemotherapy in recurrent gynecological clear cell carcinoma (DOVE/APGOT-OV7/ENGOT-ov80). J. Gynecol. Oncol. 36 (1), e51. doi:10.3802/jgo.2025.36.e51
 Lee, Y. J., Lim, M. C., Kim, B. G., Ngoi, N. Y., Choi, C. H., Park, S. Y., et al. (2021). A single-arm phase II study of olaparib maintenance with pembrolizumab and bevacizumab in BRCA non-mutated patients with platinum-sensitive recurrent ovarian cancer (OPEB-01). J. Gynecol. Oncol. 32 (2), e31. doi:10.3802/jgo.2021.32.e31
 Leong, A., and Kim, M. (2020). The angiopoietin-2 and TIE pathway as a therapeutic target for enhancing antiangiogenic therapy and immunotherapy in patients with advanced cancer. Int. J. Mol. Sci. 21 (22), 8689. doi:10.3390/ijms21228689
 Li, J., Yue, H., Yu, H., Lu, X., and Xue, X. (2021). Patients with low nicotinamide N-methyltransferase expression benefit significantly from bevacizumab treatment in ovarian cancer. BMC Cancer 21 (1), 67. doi:10.1186/s12885-021-07785-w
 Li, L., Nan, F., Guo, Q., Guan, D., and Zhou, C. (2019). Resistance to bevacizumab in ovarian cancer SKOV3 xenograft due to EphB4 overexpression. J. Cancer Res. Ther. 15 (6), 1282–1287. doi:10.4103/0973-1482.204896
 Li, L., Wang, L., Zhang, W., Tang, B., Zhang, J., Song, H., et al. (2004). Correlation of serum VEGF levels with clinical stage, therapy efficacy, tumor metastasis and patient survival in ovarian cancer. Anticancer Res. 24 (3b), 1973–1979.
 Li, N., Gao, Y., Zhang, W., Li, X., Li, B., Tian, H., et al. (2017a). Comparative analysis of ATP-based tumor chemosensitivity assay-directed chemotherapy versus physician-decided chemotherapy in platinum-resistant recurrent ovarian cancer. Oncol. Transl. Med. 3 (6), 225–230. doi:10.1007/s10330-017-0241-1
 Li, Y., Wang, S., Yang, L., Yin, C., and Yang, H. (2017b). A retrospective clinical study of neoadjuvant chemotherapy for advanced epithelial ovarian cancer. Oncol. Transl. Med. 3 (6), 231–240. doi:10.1007/s10330-017-0242-2
 Liang, Q., Peng, J., Xu, Z., Li, Z., Jiang, F., Ouyang, L., et al. (2022). Pan-cancer analysis of the prognosis and immunological role of AKAP12: a potential biomarker for resistance to anti-VEGF inhibitors. Front. Genet. 13, 943006. doi:10.3389/fgene.2022.943006
 Lin, H., Wu, C. H., Fu, H. C., and Ou, Y. C. (2024). Evolving treatment paradigms for platinum-resistant ovarian cancer: an update narrative review. Taiwan J. Obstet. Gynecol. 63 (4), 471–478. doi:10.1016/j.tjog.2024.05.006
 Liu, J., Fan, H., Liang, X., and Chen, Y. (2023a). Polycomb repressor complex: its function in human cancer and therapeutic target strategy. Biomed. Pharmacother. 169, 115897. doi:10.1016/j.biopha.2023.115897
 Liu, S., Kasherman, L., Fazelzad, R., Wang, L., Bouchard-Fortier, G., Lheureux, S., et al. (2021a). The use of bevacizumab in the modern era of targeted therapy for ovarian cancer: a systematic review and meta-analysis. Gynecol. Oncol. 161 (2), 601–612. doi:10.1016/j.ygyno.2021.01.028
 Liu, X., Wu, A., Wang, X., Liu, Y., Xu, Y., Liu, G., et al. (2021b). Identification of metabolism-associated molecular subtype in ovarian cancer. J. Cell Mol. Med. 25 (20), 9617–9626. doi:10.1111/jcmm.16907
 Liu, Y., Kong, L., Yu, Y., Zang, J., Zhang, L., Guo, R. B., et al. (2025a). Tumor microenvironment responsive key nanomicelles for effective against invasion and metastasis in ovarian cancer using mice model. Int. J. Nanomedicine 20, 215–238. doi:10.2147/ijn.s470219
 Liu, Y., Yuan, L., Lin, Z., Huixian, M., Huangyang, M., and Cheng, W. (2025b). The serum LDH level and KELIM scores are potential predictors of a benefit from bevacizumab first-line therapy for patients with advanced ovarian cancer. Clin. Transl. Oncol. 27 (1), 340–350. doi:10.1007/s12094-024-03569-3
 Liu, Z. L., Chen, H. H., Zheng, L. L., Sun, L. P., and Shi, L. (2023b). Angiogenic signaling pathways and anti-angiogenic therapy for cancer. Signal Transduct. Target Ther. 8 (1), 198. doi:10.1038/s41392-023-01460-1
 Long, Q., Zhao, X., Gao, L., Liu, M., Pan, F., Gao, X., et al. (2024). Effects of surface IR783 density on the in vivo behavior and imaging performance of liposomes. Pharmaceutics 16 (6), 744. doi:10.3390/pharmaceutics16060744
 Lorusso, D., Maltese, G., Sabatucci, I., Cresta, S., Matteo, C., Ceruti, T., et al. (2021). Phase I study of rucaparib in combination with bevacizumab in ovarian cancer patients: maximum tolerated dose and pharmacokinetic profile. Target Oncol. 16 (1), 59–68. doi:10.1007/s11523-020-00780-4
 Lorusso, D., Mouret-Reynier, M. A., Harter, P., Cropet, C., Caballero, C., Wolfrum-Ristau, P., et al. (2024). Updated progression-free survival and final overall survival with maintenance olaparib plus bevacizumab according to clinical risk in patients with newly diagnosed advanced ovarian cancer in the phase III PAOLA-1/ENGOT-ov25 trial. Int. J. Gynecol. Cancer 34 (4), 550–558. doi:10.1136/ijgc-2023-004995
 Lu, B., Dvorani, E., Nguyen, L., Beca, J. M., Mercer, R. E., Adamic, A., et al. (2024). Cost-effectiveness analysis of bevacizumab biosimilars versus originator bevacizumab for metastatic colorectal cancer: a comparative study using real-world data. Value Health 27 (12), 1689–1697. doi:10.1016/j.jval.2024.07.018
 Ma, L., Guo, H., Zhao, Y., Liu, Z., Wang, C., Bu, J., et al. (2024). Liquid biopsy in cancer current: status, challenges and future prospects. Signal Transduct. Target Ther. 9 (1), 336. doi:10.1038/s41392-024-02021-w
 Ma, S., Mangala, L. S., Hu, W., Bayaktar, E., Yokoi, A., Hu, W., et al. (2021). CD63-mediated cloaking of VEGF in small extracellular vesicles contributes to anti-VEGF therapy resistance. Cell Rep. 36 (7), 109549. doi:10.1016/j.celrep.2021.109549
 Manoharan, S., Bressel, M., James, P., Ko, Y.-A., Hamilton, A. L., Scott, C. L., et al. (2024). Beacon: a phase II study of bevacizumab, atezolizumab, and cobimetinib in patients with recurrent, platinum resistant, high grade serous ova rian cancer. JCO 42 (16_Suppl. l), 5565. doi:10.1200/jco.2024.42.16_suppl.5565
 Mao, C. L., Seow, K. M., and Chen, K. H. (2022). The utilization of bevacizumab in patients with advanced ovarian cancer: a systematic review of the mechanisms and effects. Int. J. Mol. Sci. 23 (13), 6911. doi:10.3390/ijms23136911
 Meagher, N. S., White, K. K., Wilkens, L. R., Bandera, E. V., Berchuck, A., Carney, M. E., et al. (2024). Racial and ethnic differences in epithelial ovarian cancer risk: an analysis from the Ovarian Cancer Association Consortium. Am. J. Epidemiol. 193 (9), 1242–1252. doi:10.1093/aje/kwae076
 Melincovici, C. S., Bosca, A. B., Susman, S., Marginean, M., Mihu, C., Istrate, M., et al. (2018). Vascular endothelial growth factor (VEGF) - key factor in normal and pathological angiogenesis. Rom. J. Morphol. Embryol. 59 (2), 455–467.
 Merritt, M. A., Abe, S. K., Islam, M. R., Rahman, M. S., Saito, E., Katagiri, R., et al. (2025). Reproductive factors and risk of epithelial ovarian cancer: results from the Asia Cohort Consortium. Br. J. Cancer 132 (4), 361–370. doi:10.1038/s41416-024-02924-z
 Mirabelli, D., and Terracini, B. (2024). Carcinogenicity of asbestos-free talc and talcum powder: a systematic review of the epidemiological evidence after the 2006 monograph of the International Agency for Research on Cancer. Epidemiol. Prev. 48 (3), 220–232. doi:10.19191/EP24.3.A688.057
 Mirza, M. R., Avall Lundqvist, E., Birrer, M. J., dePont Christensen, R., Nyvang, G. B., Malander, S., et al. (2019b). Niraparib plus bevacizumab versus niraparib alone for platinum-sensitive recurrent ovarian cancer (NSGO-AVANOVA2/ENGOT-ov24): a randomised, phase 2, superiority trial. Lancet Oncol. 20 (10), 1409–1419. doi:10.1016/s1470-2045(19)30515-7
 Mirza, M. R., Bergmann, T. K., Mau-Sorensen, M., Christensen, R. D., Avall-Lundqvist, E., Birrer, M. J., et al. (2019a). A phase I study of the PARP inhibitor niraparib in combination with bevacizumab in platinum-sensitive epithelial ovarian cancer: NSGO AVANOVA1/ENGOT-OV24. Cancer Chemother. Pharmacol. 84 (4), 791–798. doi:10.1007/s00280-019-03917-z
 Mitamura, T., Pradeep, S., McGuire, M., Wu, S. Y., Ma, S., Hatakeyama, H., et al. (2018). Induction of anti-VEGF therapy resistance by upregulated expression of microseminoprotein (MSMP). Oncogene 37 (6), 722–731. doi:10.1038/onc.2017.348
 Miwa, M., Kitagawa, M., Asami, Y., Kobayashi-Kato, M., Watanabe, T., Ogasawara, A., et al. (2024). Prevalence and outcomes of germline pathogenic variants of homologous recombination repair genes in ovarian cancer. Cancer Sci. 115 (12), 3952–3962. doi:10.1111/cas.16367
 Mohamadian, M., Bahrami, A., Moradi Binabaj, M., Asgharzadeh, F., and Ferns, G. A. (2022). Molecular targets of curcumin and its therapeutic potential for ovarian cancer. Nutr. Cancer 74 (8), 2713–2730. doi:10.1080/01635581.2022.2049321
 Mohamed, A. H., Ahmed, A. T., Al Abdulmonem, W., Bokov, D. O., Shafie, A., Al-Hetty, H., et al. (2024). Interleukin-6 serves as a critical factor in various cancer progression and therapy. Med. Oncol. 41 (7), 182. doi:10.1007/s12032-024-02422-5
 Monk, B. J., Minion, L. E., and Coleman, R. L. (2016). Anti-angiogenic agents in ovarian cancer: past, present, and future. Ann. Oncol. 27 (Suppl. 1), i33–i39. doi:10.1093/annonc/mdw093
 Monk, B. J., Parkinson, C., Lim, M. C., O'Malley, D. M., Oaknin, A., Wilson, M. K., et al. (2022). ATHENA–MONO (GOG-3020/ENGOT-ov45): a randomized, double-blind, phase 3 trial evaluating rucaparib monotherapy versus placebo as maintenance treatment following response to first-line platinum-based chemotherapy in ovarian cancer. JCO 40 (17_Suppl. l), LBA5500–LBA. doi:10.1200/jco.2022.40.17_suppl.lba5500
 Monk, B. J., Sill, M. W., Burger, R. A., Gray, H. J., Buekers, T. E., and Roman, L. D. (2009). Phase II trial of bevacizumab in the treatment of persistent or recurrent squamous cell carcinoma of the cervix: a gynecologic oncology group study. J. Clin. Oncol. 27 (7), 1069–1074. doi:10.1200/jco.2008.18.9043
 Moore, K. N., Bookman, M., Sehouli, J., Miller, A., Anderson, C., Scambia, G., et al. (2021). Atezolizumab, bevacizumab, and chemotherapy for newly diagnosed stage III or IV ovarian cancer: placebo-controlled randomized phase III trial (IMagyn050/GOG 3015/ENGOT-OV39). J. Clin. Oncol. 39 (17), 1842–1855. doi:10.1200/jco.21.00306
 Mortezaee, K., and Majidpoor, J. (2021). The impact of hypoxia on immune state in cancer. Life Sci. 286, 120057. doi:10.1016/j.lfs.2021.120057
 Napoletano, C., Ruscito, I., Bellati, F., Zizzari, I. G., Rahimi, H., Gasparri, M. L., et al. (2019). Bevacizumab-based chemotherapy triggers immunological effects in responding multi-treated recurrent ovarian cancer patients by favoring the recruitment of effector T cell subsets. J. Clin. Med. 8 (3), 380. doi:10.3390/jcm8030380
 Nelson, B. E., Tsimberidou, A. M., Fu, X., Fu, S., Subbiah, V., Sood, A. K., et al. (2023). A phase I trial of bevacizumab and Temsirolimus in combination with valproic acid in advanced solid tumors. Oncologist 28 (12), 1100–e1292. doi:10.1093/oncolo/oyad158
 Nelson, B. H., Hamilton, P., Phung, M. T., Milne, K., Harris, B., Thornton, S., et al. (2024). Immunological and molecular features of the tumor microenvironment of long-term survivors of ovarian cancer. J. Clin. Invest 134 (24), e179501. doi:10.1172/jci179501
 Nogueira-Rodrigues, A., Giannecchini, G. V., and Secord, A. A. (2024). Real world challenges and disparities in the systemic treatment of ovarian cancer. Gynecol. Oncol. 185, 180–185. doi:10.1016/j.ygyno.2024.02.021
 Nunes, M., Bartosch, C., Abreu, M. H., Richardson, A., Almeida, R., and Ricardo, S. (2024). Deciphering the molecular mechanisms behind drug resistance in ovarian cancer to unlock efficient treatment options. Cells 13 (9), 786. doi:10.3390/cells13090786
 Olejarz, W., Kubiak-Tomaszewska, G., Chrzanowska, A., and Lorenc, T. (2020). Exosomes in angiogenesis and anti-angiogenic therapy in cancers. Int. J. Mol. Sci. 21 (16), 5840. doi:10.3390/ijms21165840
 O'Malley, D. M., Matulonis, U. A., Birrer, M. J., Castro, C. M., Vergote, I., Martin, L. P., et al. (2019). Mirvetuximab soravtansine, a folate receptor alpha (FRα)-targeting ant ibody-drug conjugate (ADC), in combination with bevacizumab in patient s (pts) with platinum-resistant ovarian cancer: Final findings from th e FORWARD II study. JCO 37 (15_Suppl. l), 5520. doi:10.1200/jco.2019.37.15_suppl.5520
 O'Malley, D. M., Myers, T., Wimberger, P., Van Gorp, T., Redondo, A., Cibula, D., et al. (2024). Maintenance with mirvetuximab soravtansine plus bevacizumab vs bevacizumab in FRalpha-high platinum-sensitive ovarian cancer. Future Oncol. 20 (32), 2423–2436. doi:10.1080/14796694.2024.2372241
 O'Malley, D. M., Oaknin, A., Matulonis, U. A., Mantia-Smaldone, G., Lim, P. C., Castro, C. M., et al. (2021). Mirvetuximab soravtansine, a folate receptor alpha (FRα)-targeting ant ibody-drug conjugate (ADC), in combination with bevacizumab in patient s (pts) with platinum-agnostic ovarian cancer: final analysis. JCO 39 (15_Suppl. l), 5504. doi:10.1200/jco.2021.39.15_suppl.5504
 Paez-Ribes, M., Allen, E., Hudock, J., Takeda, T., Okuyama, H., Vinals, F., et al. (2009). Antiangiogenic therapy elicits malignant progression of tumors to increased local invasion and distant metastasis. Cancer Cell 15 (3), 220–231. doi:10.1016/j.ccr.2009.01.027
 Papachristos, A., and Sivolapenko, G. B. (2020). Pharmacogenomics, pharmacokinetics and circulating proteins as biomarkers for bevacizumab treatment optimization in patients with cancer: a review. J. Pers. Med. 10 (3), 79. doi:10.3390/jpm10030079
 Park, J., Kim, J. C., Lee, M., Lee, J., Kim, Y. N., Lee, Y. J., et al. (2023). Frequency of peripheral PD-1(+)regulatory T cells is associated with treatment responses to PARP inhibitor maintenance in patients with epithelial ovarian cancer. Br. J. Cancer 129 (11), 1841–1851. doi:10.1038/s41416-023-02455-z
 Park, J., Kim, J. C., Lee, Y. J., Kim, S., Kim, S. W., Shin, E. C., et al. (2024). Unique immune characteristics and differential anti-PD-1-mediated reinvigoration potential of CD8(+) TILs based on BRCA1/2 mutation status in epithelial ovarian cancers. J. Immunother. Cancer 12 (7), e009058. doi:10.1136/jitc-2024-009058
 Paspalj, V., Grimm, C., Postl, M., Tauber, C. V., Segui, N., Brueffer, C., et al. (2024). Tumor-informed ctDNA as an objective marker for postoperative residual disease in epithelial ovarian cancer. JCO 42 (16_Suppl. l), 5544. doi:10.1200/jco.2024.42.16_suppl.5544
 Peach, C. J., Mignone, V. W., Arruda, M. A., Alcobia, D. C., Hill, S. J., Kilpatrick, L. E., et al. (2018). Molecular pharmacology of VEGF-A isoforms: binding and signalling at VEGFR2. Int. J. Mol. Sci. 19 (4), 1264. doi:10.3390/ijms19041264
 Peng, Z., Li, H., Gao, Y., Sun, L., Jiang, J., Xia, B., et al. (2024). Sintilimab combined with bevacizumab in relapsed or persistent ovarian clear cell carcinoma (INOVA): a multicentre, single-arm, phase 2 trial. Lancet Oncol. 25 (10), 1288–1297. doi:10.1016/s1470-2045(24)00437-6
 Perren, T. J., Swart, A. M., Pfisterer, J., Ledermann, J. A., Pujade-Lauraine, E., Kristensen, G., et al. (2011). A phase 3 trial of bevacizumab in ovarian cancer. N. Engl. J. Med. 365 (26), 2484–2496. doi:10.1056/nejmoa1103799
 Pignata, S., Bookman, M., Sehouli, J., Miller, A., Penson, R. T., Taskiran, C., et al. (2023). Overall survival and patient-reported outcome results from the placebo-controlled randomized phase III IMagyn050/GOG 3015/ENGOT-OV39 trial of atezolizumab for newly diagnosed stage III/IV ovarian cancer. Gynecol. Oncol. 177, 20–31. doi:10.1016/j.ygyno.2023.06.018
 Pourmasoumi, P., Moradi, A., and Bayat, M. (2024). BRCA1/2 mutations and breast/ovarian cancer risk: a new insights review. Reprod. Sci. 31 (12), 3624–3634. doi:10.1007/s43032-024-01666-w
 Pujade-Lauraine, E., Hilpert, F., Weber, B., Reuss, A., Poveda, A., Kristensen, G., et al. (2014). Bevacizumab combined with chemotherapy for platinum-resistant recurrent ovarian cancer: the AURELIA open-label randomized phase III trial. J. Clin. Oncol. 32 (13), 1302–1308. doi:10.1200/jco.2013.51.4489
 Qian, C., Liu, C., Liu, W., Zhou, R., and Zhao, L. (2023). Targeting vascular normalization: a promising strategy to improve immune-vascular crosstalk in cancer immunotherapy. Front. Immunol. 14, 1291530. doi:10.3389/fimmu.2023.1291530
 Qin, T., and Chen, G. (2022). Recent advances in targeted therapy for ovarian cancer. Oncol. Transl. Med. 8 (1), 28–35. doi:10.1007/s10330-022-0557-7
 Quillien, V., Carpentier, A. F., Gey, A., Avril, T., Tartour, E., Sejalon, F., et al. (2019). Absolute numbers of regulatory T cells and neutrophils in corticosteroid-free patients are predictive for response to bevacizumab in recurrent glioblastoma patients. Cancer Immunol. Immunother. 68 (6), 871–882. doi:10.1007/s00262-019-02317-9
 Ray-Coquard, I., Leary, A., Pignata, S., Cropet, C., Gonzalez-Martin, A., Marth, C., et al. (2023). Olaparib plus bevacizumab first-line maintenance in ovarian cancer: final overall survival results from the PAOLA-1/ENGOT-ov25 trial. Ann. Oncol. 34 (8), 681–692. doi:10.1016/j.annonc.2023.05.005
 Ray-Coquard, I., Pautier, P., Pignata, S., Perol, D., Gonzalez-Martin, A., Berger, R., et al. (2019). Olaparib plus bevacizumab as first-line maintenance in ovarian cancer. N. Engl. J. Med. 381 (25), 2416–2428. doi:10.1056/nejmoa1911361
 Ribatti, D. (2022). Immunosuppressive effects of vascular endothelial growth factor (Review). Oncol. Lett. 24 (4), 369. doi:10.3892/ol.2022.13489
 Rognoni, C., Lorusso, D., Costa, F., and Armeni, P. (2024). Cost-effectiveness analysis of HRD testing for previously treated patients with advanced ovarian cancer in Italy. Adv. Ther. 41 (4), 1385–1400. doi:10.1007/s12325-024-02791-3
 Rosario, S. R., Long, M. D., Chilakapati, S., Gomez, E. C., Battaglia, S., Singh, P. K., et al. (2024). Integrative multi-omics analysis uncovers tumor-immune-gut axis influencing immunotherapy outcomes in ovarian cancer. Nat. Commun. 15 (1), 10609. doi:10.1038/s41467-024-54565-8
 Rossi, L., Verrico, M., Zaccarelli, E., Papa, A., Colonna, M., Strudel, M., et al. (2017). Bevacizumab in ovarian cancer: a critical review of phase III studies. Oncotarget 8 (7), 12389–12405. doi:10.18632/oncotarget.13310
 Rouzier, R., Gouy, S., Selle, F., Lambaudie, E., Floquet, A., Fourchotte, V., et al. (2017). Efficacy and safety of bevacizumab-containing neoadjuvant therapy followed by interval debulking surgery in advanced ovarian cancer: results from the ANTHALYA trial. Eur. J. Cancer 70, 133–142. doi:10.1016/j.ejca.2016.09.036
 Santorsola, M., Capuozzo, M., Nasti, G., Sabbatino, F., Di Mauro, A., Di Mauro, G., et al. (2024). Exploring the spectrum of VEGF inhibitors' toxicities from systemic to intra-vitreal usage in medical practice. Cancers (Basel) 16 (2), 350. doi:10.3390/cancers16020350
 Sasamoto, N., Hathaway, C. A., Townsend, M. K., Terry, K. L., Trabert, B., and Tworoger, S. S. (2024). Prospective analysis of circulating biomarkers and ovarian cancer risk in the UK biobank. Cancer Epidemiol. Biomarkers Prev. 33 (10), 1347–1355. doi:10.1158/1055-9965.epi-24-0319
 Sasidharan, N. V., Saleh, R., Toor, S. M., Cyprian, F. S., and Elkord, E. (2021). Metabolic reprogramming of T regulatory cells in the hypoxic tumor microenvironment. Cancer Immunol. Immunother. 70 (8), 2103–2121. doi:10.1007/s00262-020-02842-y
 Sato, E., Olson, S. H., Ahn, J., Bundy, B., Nishikawa, H., Qian, F., et al. (2005). Intraepithelial CD8+ tumor-infiltrating lymphocytes and a high CD8+/regulatory T cell ratio are associated with favorable prognosis in ovarian cancer. Proc. Natl. Acad. Sci. U. S. A. 102 (51), 18538–18543. doi:10.1073/pnas.0509182102
 Scalia, I. G., Pathangey, G., Abdelnabi, M., Ibrahim, O. H., Abdelfattah, F. E., Pietri, M. P., et al. (2025). Applications of artificial intelligence for the prediction and diagnosis of cancer therapy-related cardiac dysfunction in oncology patients. Cancers (Basel) 17 (4), 605. doi:10.3390/cancers17040605
 Selle, F., Colombo, N., Korach, J., Mendiola, C., Cardona, A., Ghazi, Y., et al. (2018). Safety and efficacy of extended bevacizumab therapy in elderly (≥70 Years) versus younger patients treated for newly diagnosed ovarian cancer in the international ROSiA study. Int. J. Gynecol. Cancer 28 (4), 729–737. doi:10.1097/igc.0000000000001221
 Sica, A., and Mantovani, A. (2012). Macrophage plasticity and polarization: in vivo veritas. J. Clin. Invest 122 (3), 787–795. doi:10.1172/jci59643
 Singh, M. S., Goldsmith, M., Thakur, K., Chatterjee, S., Landesman-Milo, D., Levy, T., et al. (2020). An ovarian spheroid based tumor model that represents vascularized tumors and enables the investigation of nanomedicine therapeutics. Nanoscale 12 (3), 1894–1903. doi:10.1039/c9nr09572a
 Soyama, H., Miyamoto, M., Matsuura, H., Iwahashi, H., Kakimoto, S., Ishibashi, H., et al. (2020). Rapid decrease in serum VEGF-A levels may be a worse prognostic biomarker for patients with platinum-resistant recurrent ovarian cancer treated with bevacizumab and gemcitabine. Cancer Chemother. Pharmacol. 85 (5), 941–947. doi:10.1007/s00280-020-04070-8
 Stojanovic, L., Abbotts, R., Tripathi, K., Coon, C. M., Rajendran, S., Abbasi Farid, E., et al. (2025). ZNFX1 functions as a master regulator of epigenetically induced pathogen mimicry and inflammasome signaling in cancer. Cancer Res. 85 (7), 1183–1198. doi:10.1158/0008-5472.can-24-1286
 Takamatsu, S., Nakai, H., Yamaguchi, K., Hamanishi, J., Mandai, M., and Matsumura, N. (2023). Time-dependent changes in risk of progression during use of bevacizumab for ovarian cancer. JAMA Netw. Open 6 (8), e2326834. doi:10.1001/jamanetworkopen.2023.26834
 Tang, X., Ma, C., Wu, Q., and Yu, M. (2024). Ovarian cancer derived extracellular vesicles promote the cancer progression and angiogenesis by mediating M2 macrophages polarization. J. Ovarian Res. 17 (1), 172. doi:10.1186/s13048-024-01497-y
 Tanyi, J. L., Bobisse, S., Ophir, E., Tuyaerts, S., Roberti, A., Genolet, R., et al. (2018). Personalized cancer vaccine effectively mobilizes antitumor T cell immunity in ovarian cancer. Sci. Transl. Med. 10 (436), eaao5931. doi:10.1126/scitranslmed.aao5931
 Tewari, K. S., Burger, R. A., Enserro, D., Norquist, B. M., Swisher, E. M., Brady, M. F., et al. (2019). Final overall survival of a randomized trial of bevacizumab for primary treatment of ovarian cancer. J. Clin. Oncol. 37 (26), 2317–2328. doi:10.1200/jco.19.01009
 Trifanescu, O. G., Gales, L. N., Tanase, B. C., Marinescu, S. A., Trifanescu, R. A., Gruia, I. M., et al. (2023). Prognostic role of vascular endothelial growth factor and correlation with oxidative stress markers in locally advanced and metastatic ovarian cancer patients. Diagn. (Basel) 13 (1), 166. doi:10.3390/diagnostics13010166
 Tuninetti, V., Marin-Jimenez, J. A., Valabrega, G., and Ghisoni, E. (2024). Long-term outcomes of PARP inhibitors in ovarian cancer: survival, adverse events, and post-progression insights. ESMO Open 9 (11), 103984. doi:10.1016/j.esmoop.2024.103984
 Ueda, A., Watari, H., Mandai, M., Fukuhara, S., Sugitani, Y., Ogino, K., et al. (2022). Incidence of gastrointestinal perforation associated with bevacizumab in combination with neoadjuvant chemotherapy as first-line treatment of advanced ovarian, fallopian tube, or peritoneal cancer: analysis of a Japanese healthcare claims database. J. Gynecol. Oncol. 33 (6), e78. doi:10.3802/jgo.2022.33.e78
 van Hinsbergh, V. W., and Koolwijk, P. (2008). Endothelial sprouting and angiogenesis: matrix metalloproteinases in the lead. Cardiovasc Res. 78 (2), 203–212. doi:10.1093/cvr/cvm102
 Vienot, A., Pallandre, J. R., Renaude, E., Viot, J., Bouard, A., Spehner, L., et al. (2022). Chemokine switch regulated by TGF-β1 in cancer-associated fibroblast subsets determines the efficacy of chemo-immunotherapy. Oncoimmunology 11 (1), 2144669. doi:10.1080/2162402x.2022.2144669
 Volk, A., Legler, K., Hamester, F., Kuerti, S., Eylmann, K., Rossberg, M., et al. (2023). Ang-2 is a potential molecular marker for lymphatic metastasis and better response to bevacizumab therapy in ovarian cancer. J. Cancer Res. Clin. Oncol. 149 (17), 15957–15967. doi:10.1007/s00432-023-05354-1
 Wang, C. W., Chang, C. C., Khalil, M. A., Lin, Y. J., Liou, Y. A., Hsu, P. C., et al. (2022). Histopathological whole slide image dataset for classification of treatment effectiveness to ovarian cancer. Sci. Data 9 (1), 25. doi:10.1038/s41597-022-01127-6
 Wang, C. W., Lee, Y. C., Lin, Y. J., Chang, C. C., Sai, A. K., Wang, C. H., et al. (2023d). Interpretable attention-based deep learning ensemble for personalized ovarian cancer treatment without manual annotations. Comput. Med. Imaging Graph 107, 102233. doi:10.1016/j.compmedimag.2023.102233
 Wang, C. W., Lee, Y. C., Lin, Y. J., Firdi, N. P., Muzakky, H., Liu, T. C., et al. (2023c). Deep learning can predict bevacizumab therapeutic effect and microsatellite instability directly from histology in epithelial ovarian cancer. Lab. Invest 103 (11), 100247. doi:10.1016/j.labinv.2023.100247
 Wang, F. Q., So, J., Reierstad, S., and Fishman, D. A. (2006). Vascular endothelial growth factor-regulated ovarian cancer invasion and migration involves expression and activation of matrix metalloproteinases. Int. J. Cancer 118 (4), 879–888. doi:10.1002/ijc.21421
 Wang, K., Chen, Q., Liu, N., Zhang, J., and Pan, X. (2021b). Recent advances in, and challenges of, anti-angiogenesis agents for tumor chemotherapy based on vascular normalization. Drug Discov. Today 26 (11), 2743–2753. doi:10.1016/j.drudis.2021.07.024
 Wang, X., Bove, A. M., Simone, G., and Ma, B. (2020). Molecular bases of VEGFR-2-mediated physiological function and pathological role. Front. Cell Dev. Biol. 8, 599281. doi:10.3389/fcell.2020.599281
 Wang, X., Du, Z. W., Xu, T. M., Wang, X. J., Li, W., Gao, J. L., et al. (2021a). HIF-1α is a rational target for future ovarian cancer therapies. Front. Oncol. 11, 785111. doi:10.3389/fonc.2021.785111
 Wang, X., Li, J., Chen, R., Li, T., and Chen, M. (2023b). Active ingredients from Chinese medicine for combination cancer therapy. Int. J. Biol. Sci. 19 (11), 3499–3525. doi:10.7150/ijbs.77720
 Wang, Y., Fei, D., Vanderlaan, M., and Song, A. (2004). Biological activity of bevacizumab, a humanized anti-VEGF antibody in vitro. Angiogenesis 7 (4), 335–345. doi:10.1007/s10456-004-8272-2
 Wang, Y., Lin, H., Ou, Y., Fu, H., Tsai, C., Chien, C. C., et al. (2023a). Safety analysis of bevacizumab in ovarian cancer patients. J. Clin. Med. 12 (5), 2065. doi:10.3390/jcm12052065
 Webb, P. M., and Jordan, S. J. (2024). Global epidemiology of epithelial ovarian cancer. Nat. Rev. Clin. Oncol. 21 (5), 389–400. doi:10.1038/s41571-024-00881-3
 Werner, B., Sjoquist, K. M., Espinoza, D., Yip, S., Chang, G., Cummins, M. M., et al. (2024). Cell-free DNA in plasma and ascites as a biomarker of bevacizumab response-a translational research sub-study of the REZOLVE (ANZGOG-1101) clinical trial. Transl. Oncol. 43, 101914. doi:10.1016/j.tranon.2024.101914
 Werner, B., Yuwono, N., Duggan, J., Liu, D., David, C., Srirangan, S., et al. (2021). Cell-free DNA is abundant in ascites and represents a liquid biopsy of ovarian cancer. Gynecol. Oncol. 162 (3), 720–727. doi:10.1016/j.ygyno.2021.06.028
 Wong, P. P., Bodrug, N., and Hodivala-Dilke, K. M. (2016). Exploring novel methods for modulating tumor blood vessels in cancer treatment. Curr. Biol. 26 (21), R1161–R1166. doi:10.1016/j.cub.2016.09.043
 Wu, D., He, J., Shi, P., Wang, Z., Liu, M., and Liu, A. (2024). Quality of life in ovarian cancer patients treated with bevacizumab: a meta-analysis. Expert Opin. Drug Saf. 23 (3), 269–276. doi:10.1080/14740338.2023.2271830
 Wu, Y., Zhang, P., Fan, H., Zhang, C., Yu, P., Liang, X., et al. (2023). GPR35 acts a dual role and therapeutic target in inflammation. Front. Immunol. 14, 1254446. doi:10.3389/fimmu.2023.1254446
 Xu, Y., Xiong, F., Li, H., Zheng, H., Jiang, J., Li, Q., et al. (2024). Biomarker-driven targeted therapy in patients with recurrent platinum-resistant epithelial ovarian cancer (BRIGHT): protocol for an open-label, multicenter, umbrella study. Int. J. Gynecol. Cancer 34 (9), 1461–1465. doi:10.1136/ijgc-2024-005351
 Yagi, T., Sawada, K., Miyamoto, M., Shimizu, A., Oi, Y., Toda, A., et al. (2023). Continuous administration of anti-VEGFA antibody upregulates PAI-1 secretion from ovarian cancer cells via miR-143-3p downregulation. Mol. Cancer Res. 21 (10), 1093–1106. doi:10.1158/1541-7786.mcr-23-0015
 Yamamoto, S., Konishi, I., Mandai, M., Kuroda, H., Komatsu, T., Nanbu, K., et al. (1997). Expression of vascular endothelial growth factor (VEGF) in epithelial ovarian neoplasms: correlation with clinicopathology and patient survival, and analysis of serum VEGF levels. Br. J. Cancer 76 (9), 1221–1227. doi:10.1038/bjc.1997.537
 Yang, J., Liu, R., Ektare, V., Stephens, J., and Shelbaya, A. (2021b). Does biosimilar bevacizumab offer affordable treatment options for cancer patients in the USA? A budget impact analysis from us commercial and medicare payer perspectives. Appl. Health Econ. Health Policy 19 (4), 605–618. doi:10.1007/s40258-021-00637-5
 Yang, T., Xiao, H., Liu, X., Wang, Z., Zhang, Q., Wei, N., et al. (2021a). Vascular normalization: a new window opened for cancer therapies. Front. Oncol. 11, 719836. doi:10.3389/fonc.2021.719836
 Yen, J. C., Wu, T. I., Stone, R., Wang, T. L., Visvanathan, K., Chen, L. Y., et al. (2024). Salpingectomy for ectopic pregnancy reduces ovarian cancer risk-a nationwide study. JNCI Cancer Spectr. 8 (3), pkae027. doi:10.1093/jncics/pkae027
 Yoshida, H., Yabuno, A., and Fujiwara, K. (2015). Critical appraisal of bevacizumab in the treatment of ovarian cancer. Drug Des. Devel Ther. 9, 2351–2358. doi:10.2147/dddt.s83275
 You, B., Purdy, C., Copeland, L. J., Swisher, E. M., Bookman, M. A., Fleming, G., et al. (2022). Identification of patients with ovarian cancer experiencing the highest benefit from bevacizumab in the first-line setting on the basis of their tumor-intrinsic chemosensitivity (KELIM): the GOG-0218 validation study. J. Clin. Oncol. 40 (34), 3965–3974. doi:10.1200/jco.22.01207
 Yu, L., Deng, L., Li, J., Zhang, Y., and Hu, L. (2013). The prognostic value of vascular endothelial growth factor in ovarian cancer: a systematic review and meta-analysis. Gynecol. Oncol. 128 (2), 391–396. doi:10.1016/j.ygyno.2012.11.002
 Yue, H., and Lu, X. (2023). Metabolic reprogramming of the ovarian cancer microenvironment in the development of antiangiogenic resistance. Acta Biochim. Biophys. Sin. (Shanghai) 55 (6), 938–947. doi:10.3724/abbs.2023046
 Zhang, C., Zhang, H., Zhang, Q., Fan, H., Yu, P., Xia, W., et al. (2024a). Targeting ATP catalytic activity of chromodomain helicase CHD1L for the anticancer inhibitor discovery. Int. J. Biol. Macromol. 281 (Pt 4), 136678. doi:10.1016/j.ijbiomac.2024.136678
 Zhang, H., Fan, H., Wang, J., Hou, T., Saravanan, K. M., Xia, W., et al. (2024c). Revolutionizing GPCR-ligand predictions: DeepGPCR with experimental validation for high-precision drug discovery. Brief. Bioinform 25 (4), bbae281. doi:10.1093/bib/bbae281
 Zhang, H., Zhang, S. H., Hu, J. L., Wu, Y. T., Ma, X. Y., Chen, Y., et al. (2021). Structural and functional characterization of multiple myeloma associated cytoplasmic poly(A) polymerase FAM46C. Cancer Commun. (Lond). 41 (7), 615–630. doi:10.1002/cac2.12163
 Zhang, L., Chen, Y., Li, F., Bao, L., and Liu, W. (2019). Atezolizumab and bevacizumab attenuate cisplatin resistant ovarian cancer cells progression synergistically via suppressing epithelial-mesenchymal transition. Front. Immunol. 10, 867. doi:10.3389/fimmu.2019.00867
 Zhang, N., Zheng, H., Gao, Y., Shu, T., and Wang, H. (2023). Real-world study of bevacizumab treatment in patients with ovarian cancer: a Chinese single-institution study of 155 patients. BMC Womens Health 23 (1), 178. doi:10.1186/s12905-023-02329-9
 Zhang, X., Zhong, B., Sun, Y., Liu, D., Zhang, X., Wang, D., et al. (2024b). Deciphering the endogenous SUMO-1 landscape: a novel combinatorial peptide enrichment strategy for global profiling and disease association. Chem. Sci. 16 (6), 2634–2647. doi:10.1039/d4sc07379g
 Zhang, Y., Guo, J., Zhang, X. L., Li, D. P., Zhang, T. T., Gao, F. F., et al. (2015). Antibody fragment-armed mesoporous silica nanoparticles for the targeted delivery of bevacizumab in ovarian cancer cells. Int. J. Pharm. 496 (2), 1026–1033. doi:10.1016/j.ijpharm.2015.10.080
 Zhao, J., Li, D., Tang, H., and Tang, L. (2020). Association of vascular endothelial growth factor polymorphisms with polycystic ovarian syndrome risk: a meta-analysis. Reprod. Biol. Endocrinol. 18 (1), 18. doi:10.1186/s12958-020-00577-0
 Zhou, W., Zeng, T., Chen, J., Tang, X., Yuan, Y., Hu, D., et al. (2024). Aberrant angiogenic signaling pathways: accomplices in ovarian cancer progression and treatment. Cell Signal 120, 111240. doi:10.1016/j.cellsig.2024.111240
 Zhuang, H., Shi, S., Yuan, Z., and Chang, J. Y. (2019). Bevacizumab treatment for radiation brain necrosis: mechanism, efficacy and issues. Mol. Cancer 18 (1), 21. doi:10.1186/s12943-019-0950-1
 Zitzmann-Kolbe, S., Kristian, A., Zopf, D., Kamfenkel, C., Politz, O., Ellingsen, C., et al. (2023). A targeted thorium-227 conjugate demonstrates efficacy in preclinical models of acquired drug resistance and combination potential with chemotherapeutics and antiangiogenic therapies. Mol. Cancer Ther. 22 (9), 1073–1086. doi:10.1158/1535-7163.mct-22-0808
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Zhang, Zhu, Bao, Ao, Mao, Qiu, Zhang, Chen, Zhu and Gao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fbioe-13-1589841-t001.jpg
Primary

Outcomes

References

GOG-0218

ICON7

OCEANS

AURELIA

PAOLA-1

1Magyn050

ATALANTE

DUO-O

Newly diagnosed
advanced OC
(FIGO HII/IV)
post-debulking

High-risk early-
stage or
advanced OC

Platinum-sensitive
recurrent OC

Platinum-resistant
recurrent OC

Advanced OC
with HRD*

Newly diagnosed

advanced OC

Advanced OC
(ongoing,)

Advanced OC
(ongoing)

BEV 15 mg/kg *
Carboplatin/PTX — BEV
maintenance

BEV 7.5 mg/kg +
Carboplatin/PTX — BEV
‘maintenance

BEV 15 mg/kg q3w +
Gemcitabine/
Carboplatin— BEV
maintenance

BEV 15 mg/kg + PLD/
Topotecan/weekly PTX

BEV 15 mg/kg +
Olaparib maintenance.
after chemo + BEV

BEV 15 mg/kg +
Atezolizumab +
Carboplatin/PTX — BEV
+ Atezolizumab
‘maintenance

Carboplatin/PXT + BEV
15 mg/kg +

Atezolizumab — BEV +
Atezolizumab
‘maintenance

BEV + Durvalumab +
Carboplatin/PXT — BEV
+ Durvalumab +
Olaparib maintenance

Placebo +
Carboplatin/PXT —
placebo maintenance

Chemotherapy alone

Placebo +
Gemcitabine/
Carboplatin —

placebo maintenance.

Chemotherapy alone

BEV + placebo
‘maintenance

BEV + Placebo +
chemotherapy — BEV
+ Placebo
maintenance

BEV + chemotherapy
— BEV + Placebo
‘maintenance

BEV + chemotherapy
— BEV + Placebo
‘maintenance

PES: 14.1 vs. 10.3 months;
08: No significant
difference

PES: 22.4 vs. 24.1 months;
0S: Subgroup in high-risk
patients 28.8vs36.6 months

median PFS: 12.4 vs.
8.4 months

PES: 67 vs. 3.4 months

PF$: 37.2 vs. 17.7 months in

HRD" subgroup
PD-L1-positive population

PFS: 20.8 vs. 18.5 months

Primary endpoint: PES
(Researchers evaluate)

Primary endpoint: PFS
(results pending)

First trial establishing
BEV in frontline
therapy

Lower BEV dose used;
OS benefit in high-risk
subgroup

First trial in platinum-
sensitive recurrence

BEV + chemotherapy

as salvage therapy

Biomarker-driven
strategy

First BEV +
immunotherapy
combination trial

‘Triple-combination
strategy

Triple-combination

strategy

Liu et al. (2025a)

Soyama et al. (2020)

Burger et al. (2011)

Aghajanian et al.
(2012)

Papachristos and
Sivolapenko (2020)

Mortezaee and
Majidpoor (2021),
Cesca et al. (2016)

Park et al. (2024)

NCT03737643.

Abbreviations: BEV, Bevacizumab; OC, ovarian cancer; HRD, homologous recombination deficiency; PFS, progression-free survival; OS, overall survival; HR, hazard ratio; PLD, pegylated
liposomal Doxorubicin. PXT, Paclitaxel. Data sources: ClinicalTrials.gov, FDA labels, and published trial results.





OPS/images/fbioe-13-1589841-t002.jpg
Trial Patient Intervention Primary Key Innovations ClinicalTrials.gov
Acronym Population Endpoint ID
DUO-O Newly diagnosed Arm A: BEV + Durvalumab + chemo — PES (HRD* Triple therapy (BEV + NCT03737643
advanced OC (HRD") BEV + Durvalumab + Olaparib subgroup) PD-L1 inhibitor + PARPI)
maintenanceArm B: BEV + chemo — BEV +
placebo maintenance
ATALANTE Platinum-sensitive Arm 1: BEV + Niraparib Arm 2: BEV + | PFS (comparative | Novel ADC and PARPi NCT02891824
recurrent OC Mirvetuximab Soravtansine (ADC) Arm 3: efficacy) combinations
BEV + standard chemo
BEACON Platinum-resistant OC BEV + Cabozantinib (VEGFR/MET ORR Dual anti-angiogenic NCT04729622
with high VEGF inhibitor) targeting
expression
MIMOSA Recurrent OC with Arm A: BEV + Pembrolizumab + chemo | Ascites reduction | Immuno-angiogenic NCT05200364
ascites Arm B: BEV + chemo at 12 weeks | synergy in ascites control
GARNET Advanced OC with BEV + Erdafitinib (FGER inhibitor) MTD, ORR | Targeting FGER pathway NCT04919642
FGER alterations resistance
OVARIO Advanced OC with BEV + Adavosertib (WEEI inhibitor) +  6-month PFS rate | Synthetic lethality with NCT03579316
BRCA wild type Olaparib DNA damage repair
inhibitors
ATHENA Newly diagnosed OC | Arm A: BEV + Rucaparib (HRD" subgroup) =~ PES (biomarker- Biomarker-guided NCT03522246
Arm B: BEV + chemo (HRD" subgroup) driven) adaptive design
GLORIOSA Fra - high PSOC BEV + MIRV PES :133 months | MIRV plus Bevacizumab NCT05445778

Abbreviations: BEV, bevacizumab; OC, ovarian cancer; HRD, homologous recombination deficiency; PFS, progression-free survival; ORR, objective response rate; ADC, antibody-drug
conjugate; PARPi, PARP, inhibitor; MTD, maximun tolerated dose; PSOC, platinum.-sensitive ovarian cancer; MIRV, Mirvetuximab Soravtansine - gynx. Data sources: Clinical Tials.gov and

- A—






OPS/images/fbioe-13-1589841-g003.gif





OPS/images/fbioe-13-1589841-g004.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Bevacizumab in ovarian cancer therapy: current advances, clinical challenges, and emerging strategies		1 Introduction

		2 The role of bevacizumab in OC treatment		2.1 Bevacizumab’s mechanism of action in OC

		2.2 Pharmacokinetics and dosing regimens





		3 Clinical advances of bevacizumab in OC treatment		3.1 Bevacizumab in first-line therapy for advanced OC

		3.2 Bevacizumab in recurrent OC

		3.3 Bevacizumab in maintenance therapy

		3.4 Bevacizumab in novel combination strategies





		4 Challenges and limitations		4.1 Toxicity and safety concerns

		4.2 Bevacizumab resistance

		4.3 Limitations of biomarkers

		4.4 Cost-effectiveness and accessibility





		5 Future perspectives		5.1 Synergistic immune-angiogenesis modulation

		5.2 Multi-targeted approaches to overcome resistance

		5.3 Innovative drug delivery systems

		5.4 Biomarker-driven precision medicine





		6 Conclusion

		Author contributions

		Funding

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
’ frontiers | Frontiersin Bioengineering and Biotechnology

Bevacizumab in ovarian cancer
therapy: current advances,
clinical challenges, and
emerging strategies





OPS/images/fbioe-13-1589841-g001.gif





OPS/images/fbioe-13-1589841-g002.gif
Timeline of Key Ciiical Trias and FOA Approval Mikstones










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers i

Bioengineering and Biotechnology





