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Gynecological cancers remain a leading cause of cancer among female patients, and surgery continues to be the primary therapeutic approach. Anesthesia is an indispensable component of perioperative period. In recent years, the influence of anesthesia drugs on cancer has become one of the focuses of anesthesiologists. Anesthetic drugs may influence cancer metabolic reprogramming and modulate immune function through the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system (SNS). Emerging evidence suggests that the choice of anesthetic agents could affect the prognosis of gynecological cancers. This review explores the relationship between anesthetic drugs and gynecological cancers (cervical cancer, ovarian cancer, and endometrial cancer), elucidating their effects on cancer prognosis through cellular pathways, metabolic regulation, and immune mechanisms. The findings aim to guide clinical decision-making and evaluate optimal perioperative anesthetic management strategies for gynecological cancer patients.
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1 INTRODUCTION
Cancer is a major contributor to the global burden of disease. Global statistics for 2022 indicated that there were nearly 20 million new cancer cases and nearly 10 million cancer deaths, and the number of new cancer cases was expected to increase by 77% by 2050 (Bray et al., 2024). Gynecologic cancers were the second most common cause of cancer in women. Cervical cancer ranked fourth and ovarian cancer sixth among women’s cancers globally. Analysis of global epidemiologic data showed that women in China had a higher likelihood of developing cervical cancer, while women in the United States and the United Kingdom exhibited higher incidence rates of uterine corpus tumors (Diao et al., 2024). The mean age at diagnosis for cervical cancer was 53 years, while the mean age at death from the disease was 59 years (Arbyn et al., 2020). Ovarian cancer occurred predominantly in postmenopausal women, with higher rates in European and North American countries (Cabasag et al., 2020).
With the popularization of HPV vaccine and early surgical treatment, the survival rate and quality of life of patients with gynecological cancer have been significantly improved. However, postoperative recurrence and metastasis are the common concerns of doctors and patients, which bring great psychological pressure and economic burden to patients. The progression of cancer is closely related to the perioperative period, which can promote angiogenesis, the shedding of circulating tumor cells (CTCs) and suppress immunity. Anesthesia is an important part of the perioperative period. A lot of studies have found that anesthetics and techniques have a certain impact on the progression of cancer, but the effects of different anesthetic techniques and drugs are inconsistent. There is a notable paucity of comprehensive reviews addressing the relationship between anesthesia and gynecological cancer. In this review, we first delineate the molecular mechanisms underlying cancer metastasis, followed by a systematic synthesis of existing evidence on the impacts of anesthetics on gynecological cancers and their associated pathophysiological pathways. This synthesis not only provides novel directions for future research in gynecological oncology but also establishes a strengthened theoretical foundation for exploring therapeutic targets, enhancing prognostic outcomes, and improving quality of life in affected patients.
2 MECHANISMS OF TUMOR METASTASIS
Metastasis, a hallmark feature of cancer, constitutes the primary cause of mortality in most cancer patients. Therefore, inhibiting cancer metastasis is critical for improving survival rate (Park et al., 2022). Direct therapeutic targeting of metastasis in cancer patients may enhance progression-free survival (PFS), representing a promising treatment strategy (Miszczyk et al., 2024). Therefore, understanding the mechanisms of cancer metastasis is essential.
The metastasis of tumor cells mainly goes through the following steps: 1. Epithelial-mesenchymal transition (EMT): This is necessary for metastasis, which makes residual tumor cells acquire motility, invasion and exudation. 2. Intravasation: Tumor cells become circulating tumor cells (CTCs) after intravasation, which is the key rate-limiting step and determines the number of CTCs in the circulation. 3. Circulation: Only a small number of CTCs survive in the circulatory system, which is affected by various factors, such as immune cell and platelet activity. 4. Colonization: CTCs can only be colonized by metastasis into the microvasculature of distant organs and extravasation (Sulekha Suresh and Guruvayoorappan, 2023). This can be simply understood as tumor cells intravasate into the blood or lymphatic vessels and then spread. After reaching the metastatic site, CTCs extravasate to the designated organ and survive and form metastatic tumors (Kitamura et al., 2015; Figure 1). The interaction between tumor metastasis and tumor metabolism affects the metastasis and progression of tumors.
[image: Figure 1]FIGURE 1 | The key steps of tumor cell metastasis are: 1 Tumor cells reach the surrounding blood vessels or lymphatic vessels. 2 Tumor cells become CTCs after intravasation. 3 Survival of CTCs in the circulation or lymphatic system. 4 CTCs extravasation and metastasis to distant organs.
Metabolic reprogramming, a hallmark of malignant tumors, facilitates accelerated cellular growth and proliferation through the modulation of energy metabolism. Under certain conditions, metabolic reprogramming can be used to diagnose, treat cancer, and monitor. In cultured cancer cells, typical cancer cell metabolic activities include aerobic glycolysis, glutamine catabolism, and macromolecular synthesis (Faubert et al., 2020). Cancer metabolism drives EMT, which in turn can reprogram the cancer metabolism. Abnormal tumor metabolism, especially the enhanced aerobic glycolysis, can increase the acid load of tumor cells while providing energy for tumor cells. Thus, cancer metabolism is involved in the growth and invasion of malignant tumors (Huang and Zong, 2017). Angiogenesis affects the intravasation of tumor cells, and tumor cells and the surrounding stroma secrete vascular endothelial growth factor (VEGF), causing neovascularization. HIF-1α is positively correlated with VEGF, and HIF-1α may promote tumor angiogenesis and tumor cell metastasis by up-regulating VEGF (Apte et al., 2019; Tian et al., 2018). The circulation and colonization of tumor cells are related to many factors, among which immune factors play an important role. Metabolites produced by tumor cells affect the generation and function of immune cells in the tumor microenvironment (TME). For example, acidified TME can inhibit the function of immune cells and eventually lead to immune escape (Xia et al., 2021). However, different metabolites of tumor cells have different effects on immune cells, so more researches are needed to explore, but the intervention of tumor metabolism is worth looking forward to in cancer immunotherapy.
Surgical treatment can remove tumor tissue, but it also provides the opportunity for residual tumor cells to intravasate into systemic circulation and lymphatic channels, thereby potentially initiating metastatic dissemination (Neeman and Ben-Eliyahu, 2013). However, not all tumor cells can metastasize, and generally only a few tumor cells can metastasize, which indicates that the metastasis of tumor cells is relatively complex and there is a “survival of the fittest”. This situation demonstrates essential interconnectivity with the human innate immune system and adaptive immune system. The innate immune system serves as the primary defensive barrier against cancer progression and orchestrates the activation of adaptive immune responses. The innate immune system includes immune cells, cytokines, chemokines and proteins of the complement system, which can activate the adaptive immune system through the complement system, promoting immune cell-mediated lysis and phagocytosis of tumor cells (Maiorino et al., 2022). NK cells are a major component of innate immunity, which can kill cells, promote the production of proinflammatory cytokines, and enhance the cytotoxicity and persistence of NK cells in vivo. NK cells are one of the targeted therapies for cancer and play an important role in tumor defense (Myers and Miller, 2021). Tumor-associated macrophages (TAMs) represent a phenotypically diverse and highly plastic cell population in TME. TAMs can induce EMT of tumor cells, alter the extracellular matrix (ECM), participate in the vascular signaling cascade, and enhance tumor cell migration, permeability, and spread (Friedman-DeLuca et al., 2024; Figure 2).
[image: Figure 2]FIGURE 2 | Surgery and anesthesia stimulate the activation of HPA axis and SNS, and release a series of neuroendocrine mediators, which affect tumor cells and their microenvironment, resulting in tumor recurrence or distant metastasis.
The immune system is regulated by the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system (SNS), in which glucocorticoids and catecholamines can inhibit immune function. The HPA axis and SNS can activate various complex cellular pathways in tumors to promote tumor growth and progression (Antoni et al., 2006). Both surgery and anesthesia can activate the SNS and HPA axis. Surgery can activate the stress response, promote the release of angiogenic factors, inhibit NK cells and cell-mediated immunity to promote tumor metastasis. Anesthesia can lead to immunosuppression and accelerate cancer recurrence (Kim, 2018).
3 ANESTHETICS AND GYNECOLOGIC CANCER OUTCOMES
In order to obtain safer and more effective anesthetic regimens, reduce cancer recurrence and prolong postoperative survival, we need to further understand the relationship between anesthetic drugs and the prognosis of gynecological tumors. The classification of anesthetics is briefly introduced (Figure 3).
[image: Figure 3]FIGURE 3 | Classification of commonly used anesthetics in clinical practice.
3.1 Intravenous anesthetics
3.1.1 Propofol
Propofol, an intravenous hypnotic drug, stands as one of the most extensively utilized intravenous anesthetics in surgery. It works by enhancing the inhibitory neurotransmitter γ-aminobutyric acid (GABA) on GABAA receptor. In recent years, propofol has been found to be associated with various types of cancer, mainly manifested as anti-tumor effects and minor pro-tumor effects (Farooqi et al., 2020; Sahinovic et al., 2018; Xu Y. et al., 2020). In addition, propofol can regulate postoperative immune function. Although it cannot directly reverse the immune changes caused by surgery and the activation of HPA and SNS, propofol can have effects on different immune cells, which may be the potential mechanism of propofol anti-tumor (Gu et al., 2022).
Propofol can not only affect cancer through immune function, but also affect the metabolic reprogramming of tumor cells, glycolysis is one of the main ways. Glycolysis is the predominant energy source for tumor cells (aerobic or anaerobic), also known as the Warburg effect. Therefore, targeting the glycolytic pathway of tumor cells has been a research hotspot in recent years (Qu et al., 2022; Wu Z. et al., 2022; Zhao et al., 2020).
3.1.1.1 Cervical cancer
Propofol can reduce the viability of cervical cancer cells and block the fusion of autophagosomes and lysosomes. At the same time, propofol can induce ER stress and destroy intracellular Ca2+ balance, and enhance the accumulation of autophagosomes. Propofol exerts anti-tumor effect by impairing autophagic flux (Chen et al., 2018). Propofol and paclitaxel can induce mitochondrial morphological changes related to apoptosis of cervical cancer cells and enhance intracellular ROS expression. In addition, propofol can enhance paclitaxel-induced death of cells, and propofol and paclitaxel have synergistic anticancer effects on cervical cancer cells (Zhao et al., 2022).
In addition to the anti-cancer effect of propofol on cervical cancer cells by regulating the immune response, it can also reduce the migration ability of cells by changing the ultrastructure of the cell surface, inhibit the proliferation of cells, and promote cell apoptosis (Zhang F. et al., 2016). MIR155HG was shown to be significantly upregulated in cervical cancer patients, and propofol reduced the expression of MIR155HG, thereby inhibiting the growth and invasion of cervical cancer cells, and this effect was confirmed both in vivo and in vitro (Du et al., 2021). Stathmin protein is highly expressed in cervical cancer tissues and is related to clinical stage, T classification and metastasis, which is a valuable prognostic marker for cervical cancer patients (Xi et al., 2009). Studies have found that high concentrations of propofol enhance the cytotoxicity of paclitaxel against cervical cancer cells by down-regulating stathmin 1 expression, but clinical concentrations of propofol may not have this effect (Jin et al., 2023). However, clinically relevant concentrations of propofol can effectively inhibit the invasion of human cervical cancer cells by regulating Rho A (Mammoto et al., 2002). There are many reasons for these different results, such as different formulations of propofol, different manufacturers, and different experimental conditions, which can lead to different results. Therefore, we still need to continue to explore the specific mechanisms and signaling pathways of propofol against cancer.
Propofol can suppress cervical cancer cell viability, and enhance cisplatin-mediated apoptosis by inhibiting the EGFR/JAK2/STAT3 pathway, thereby enhancing the anti-tumor effect of cisplatin (Li et al., 2017). Propofol can inhibit the HOTAIR-mediated mTOR/p70S6K pathway in cervical cancer, thereby inhibiting tumor enlargement and cell viability, and promoting apoptosis (Zhang et al., 2015). Propofol inhibits cervical cancer cell viability, colony formation, invasion and migration, and promoting apoptosis by regulating the HOTAIR/miR-129-5p/RPL14 pathway (Sun D. et al., 2021). The above studies suggest that although the effects of clinically relevant concentrations of propofol on cervical cancer are still controversial, it has substantial advantages in the treatment of cervical cancer in vitro and in vivo.
3.1.1.2 Ovarian cancer
Upregulated miR-125a-5p inhibits the glycolysis in cancer (Huang et al., 2018). Propofol can inhibit the proliferation, migration and metastasis of ovarian cancer cells by enhancing miR-125a-5p, which targets LIN28B (Zeng et al., 2020). Whether propofol can affect the glycolysis of ovarian cancer cells by altering miR-125a-5p needs to be explored by more studies. Nuclear factor kappa B (NF-κB) serves as a pivotal mediator in regulating inflammatory responses, including innate and adaptive immunity. Its activation is recognized as an integral component of the stress response and involved in cancer processes (Barnabei et al., 2021). Propofol inhibits the cell viability, migration and invasion, and induces apoptosis, which is related to the upregulation of miR-9 expression and the inhibition of NF-κB and MMP-9 expression in ovarian cancer cells (Huang et al., 2016). In addition to down-regulating NF-κB and MMPs, propofol also exerts anti-tumor effects through other pathways.
Glutaminolysis, another metabolic feature of cancer cells, is one of the significant mechanisms in the development of ovarian cancer and may be a novel therapeutic target for ovarian cancer (Fasoulakis et al., 2023). MiR-145 inhibits the glutaminolysis in ovarian cancer cells (Li et al., 2019). Propofol can inhibit circVPS13C, upregulate miR-145 expression, thereby inhibiting cell viability, cell cycle, migration, proliferation and invasion, and increasing cell apoptosis rate. This is the first time that propofol has been found to work through circVPS13C/miR-145/MEK/ERK signaling in ovarian cancer cells (Lu et al., 2021). The aberrant activation of JAK2/STAT3 signaling has been detected across multiple solid tumors, where it drives tumorigenesis, tumor survival, proliferation, and metastatic. Consequently, the JAK2/STAT3 axis emerges as a rational therapeutic target for cancer (Mengie Ayele et al., 2022). Propofol can inhibit the proliferation, migration, invasion and induce apoptosis of human ovarian cancer cells by down-regulating the expression of HOST2 and inhibiting the JAK2/STAT3 signaling pathway in a dose-dependent manner (Shen et al., 2021).
The resistance of cancer cells to chemotherapy drugs has been a problem faced by patients for a long time. Propofol inhibits the resistance of ovarian cancer cells to cisplatin by regulating the miR-374a/FOXO1 signaling pathway, which provides more favorable evidence for propofol in the anesthesia of ovarian cancer patients (Sun et al., 2020). Propofol has synergistic effects with cisplatin and doxorubicin in ovarian cancer cells, depending on p53 status, and may reduce the required chemotherapy dose and related side effects (Sue et al., 2024). In addition to inhibiting the resistance of ovarian cancer cells to cisplatin, propofol can also enhance the killing effect of paclitaxel on ovarian cancer cells by inhibiting the expression of Slug (Wang et al., 2013).
Although the inhibiting effect of propofol on ovarian cancer cells has been substantiated in most studies, the molecular mechanism of its anti-cancer effect in ovarian cancer is not clear. In addition to the anti-cancer effect of propofol alone on ovarian cancer cells, propofol combined with chemotherapy drugs can also enhance the anti-cancer effect and drug resistance of chemotherapy drugs. Therefore, it is of great significance to explore the effect of propofol in ovarian cancer.
3.1.1.3 Endometrial cancer
Abnormal Wnt signaling can affect glycolysis, glutaminolysis and lipogenesis metabolism of tumor cells, and regulate tumor TME and immune function (El-Sahli et al., 2019). Propofol inhibits Sox4 expression by regulating Wnt/β-catenin signaling pathway, thereby inhibiting the proliferation, migration and invasion of endometrial cancer cells and promoting apoptosis in a dose-dependent manner, which elucidated the molecular mechanism of propofol affecting endometrial cancer (Du et al., 2018). However, there are few studies on the effect of propofol on endometrial cancer, and more studies are needed to explore the effect of propofol on endometrial cancer.
In summary, propofol can inhibit the proliferation, migration and invasion, and promote apoptosis of cervical, ovarian and endometrial cancer cells. However, the mechanism of action of propofol in gynecological tumors still needs to be explored.
3.1.2 Dexmedetomidine (DEX)
Dexmedetomidine (DEX) is an adrenergic receptor agonist with a higher selectivity for α2-receptors (α2: α1 ratio of 1,620:1). It exerts sedative, anxiolytic, sympatholytic and analgesic effects mainly by activating presynaptic and postsynaptic α2-receptors in the locus cereus. In 2008, DEX was approved for surgical use in the United States (Weerink et al., 2017). α2-receptors are widely found in immune tissues and mediate the biological behavior of the inflammatory immune system. Surgical trauma leads to stress response and aggravates perioperative inflammation and immunosuppression. Perioperative infusion of DEX can inhibit the release of cortisol, norepinephrine, and epinephrine, increase the number of T cells, B cells, and NK cells, and reduce perioperative stress and inflammation (Chen et al., 2022; Wang et al., 2019).
3.1.2.1 Cervical cancer
Th1 cells are the main effector of immune response, which can enhance anti-tumor immunity, while Th2 cells inhibit anti-tumor immunity. There is Th1/Th2 imbalance in cervical cancer patients, and the immune function of the body is weakened, which is related to the occurrence and development of cervical cancer. Balancing the expression of Th1 and Th2 cells can improve the immunosuppression of cervical cancer patients after surgery (Lin et al., 2019; Ma et al., 2015). In addition to immune function, vascular endothelial growth factor (VEGF) is critically implicated in cervical cancer angiogenesis, proliferation, and metastatic progression. VEGF is significantly overexpressed in patients with cervical squamous cell carcinoma, and patients with high VEGF expression have a worse survival rate (Kotowicz et al., 2016; Mitsuhashi et al., 2005; Zhang L. et al., 2016). Most studies estimate Th1/Th2 balance by calculating IFN-γ/IL-4. DEX combined with ketorolac increases IFN-γ concentration and IFN-γ/IL-4 ratio, which improves Th1/Th2 imbalance and improves the immune function of cervical cancer patients after surgery. In addition, DEX combined with ketorolac can reduce serum VEGF level, which may reduce the risk of cervical cancer recurrence (Ao et al., 2024). This is a study of the effect of DEX combined with other drugs on cervical cancer. The effect of DEX alone on cervical cancer is still poorly studied, but it is worth looking forward to the application prospect of DEX in cervical cancer.
3.1.2.2 Ovarian cancer
A retrospective analysis of patients undergoing radical ovarian cancer surgery revealed that, compared to the Midazolam group, the DEX group had stable hemodynamics, reduced the expression of TNF-α and IL-6, and suppressed perioperative stress responses (Liu et al., 2019). Therefore, Dex can reduce the expression of inflammatory factors and regulate immunity, and play a protective role in postoperative metastasis and recurrence of ovarian cancer. DEX can inhibit the surgical stress response and the release of stress mediators, promote the recovery of NK cell activity, and reduce the level of TNF-α, so it can be used as an effective immunomodulatory drug for patients with ovarian cancer during the perioperative period (Shin et al., 2021).
DEX treatment showed that DEX promoted the expression of miR-185, inhibited sex determining region Y-box 9 (SOX9) expression, and inactivated the downstream Wnt/β-catenin signaling pathway to inhibit the proliferation, invasion and migration of ovarian cancer cells (Tian et al., 2021). As mentioned previously, the Wnt/β-catenin signaling pathway affects the metabolism of tumor cells, and DEX can inhibit glycolysis of tumor cells (Zhu and Zhang, 2024). Whether DEX can regulate glycolysis of ovarian cancer through Wnt/β-catenin signaling pathway and affect the progression of ovarian cancer needs to be further explored. Insulin-like growth factor 2 (IGF2) signaling pathway plays a pivotal role in tumorigenesis. IGF2 can enhance the glycolytic pathway and promote the migration, invasion and proliferation of ovarian cancer cells (Ji et al., 2024). DEX can reduce the invasion and migration and enhance the immune function of ovarian cancer cells by inhibiting the IGF2 signaling pathway (H. Tian et al., 2019). The above studies provide a molecular mechanism for DEX to play an anti-cancer role in ovarian cancer, which has a positive significance for the treatment of ovarian cancer.
In conclusion, DEX exhibits predominant anti-cancer effects in cervical and ovarian cancers. Clinical studies indicates that DEX demonstrates protective properties against cancer recurrence in these cancers, so DEX is one of the ideal anesthesia drugs in the perioperative period.
3.2 Volatile anesthetics
3.2.1 Sevoflurane
Sevoflurane has different effects on oxidative stress and inflammation in different scenarios. The results of cell and animal experiments have found that sevoflurane has antioxidant and anti-inflammatory effects on a variety of cells except nerve cells. Sevoflurane can promote cancer progression by affecting innate and adaptive immunity, increasing the expression of catecholamines and cytokines, and inhibiting immune function (Choi and Hwang, 2024; Lee et al., 2015; Stollings et al., 2016).
3.2.1.1 Cervical cancer
Laparoscopic radical hysterectomy is a common surgical method for cervical cancer. In the study of these patients, it was found that compared with sevoflurane anesthesia, propofol had less damage to cellular immune function in cervical cancer patients. Compared with propofol group, the ratios of CD3+, CD4+ T cells, CD4+/CD8+ and NK cells were lower and the index recovery was later in sevoflurane group (Liu et al., 2016). Compared with propofol, sevoflurane has a greater impact on the immune function of patients with cervical cancer, and may be more unfavorable for the metastasis and recurrence of patients with cervical cancer. In addition, it has been found that sevoflurane can increase the expression of migration-related proteins Ezrin and MMP2 and apoptosis-related protein BCL-2 in cervical cancer cells, but reduce the expression of pro-apoptotic protein BAX, thereby promoting the proliferation and migration of cervical cancer cells and inhibiting the apoptosis of cervical cancer cells, while it has no effect on the sensitivity of cervical cancer cells to cisplatin (Xue et al., 2019).
However, the effects of sevoflurane on cervical cancer are not all negative. A study confirmed that Ras and RhoA are the targets of sevoflurane in the treatment of cervical cancer and found that sevoflurane can inhibit the downstream signaling pathways Ras/Erk/Akt and Rho/MYPT1/MLC of both targets. Sevoflurane plays an anti-migration role by inhibiting RhoA and anti-proliferation role by inhibiting Ras, and can also improve the chemotherapy sensitivity of cervical cancer cells (Ding et al., 2019). There are many reasons for these different conclusions, and there are differences between humans, animals and cells. Moreover, sample size and experimental environment will affect the experimental results. Therefore, more experiments are still needed to explore the relationship between sevoflurane and cervical cancer.
3.2.1.2 Ovarian cancer
Through activation of MAPK signaling, it can cause ER stress and apoptosis in ovarian cancer cells (Li G. N. et al., 2022). Treatment of ovarian cancer cells with three different concentrations of sevoflurane showed that sevoflurane inhibited the proliferation, migration and invasion of ovarian cancer cells and induced apoptosis in a dose-dependent manner. Blocking the MAPK pathway can reduce the inhibitory effect of sevoflurane on ovarian cancer cells (Kang and Wang, 2019). Zhang et al. found that sevoflurane not only inhibited cell viability and colony formation ability of ovarian cancer cells, but also downregulated Cyclin D1/CDK4 to arrest the cell cycle in G0/G1 phase and induced apoptosis to play an anti-growth role. In addition, sevoflurane reduced the migration and invasion ability of ovarian cancer cells (Zhang et al., 2019).
However, in recent years, it has also been found that sevoflurane has a pro-tumor effect on ovarian cancer cells. The TWIK-related acid sensitive K+ channel-3 (TASK-3) is expressed in epithelial ovarian cancer, and it is involved in the progression of cancer by regulating the apoptosis and proliferation of ovarian cancer cells, so it is regarded as a new prognostic marker (Innamaa et al., 2013). Sevoflurane, as a TASK-3 channel activator, can promote the growth and metastasis, however, propofol can inhibit the migration and invasion of ovarian cancer cells (Hu et al., 2024). This is consistent with previous study showing that propofol inhibits glucose metabolism in ovarian cancer cells and plays an anti-cancer role, while sevoflurane has the opposite effect, which promotes the viability, proliferation, migration and invasion of ovarian cancer cells (Cong et al., 2022). An article examining the difference in long-term survival between sevoflurane and propofol in patients undergoing surgery for gynecologic cancers reported that recurrence-free survival (RFS), cancer-specific survival (CSS), and overall survival (OS) were worse in patients who received sevoflurane anesthesia, especially in those with ovarian cancer (Takeyama et al., 2021). However, in this study, the proportion of patients with clinical stage III/IV cancer was higher in the sevoflurane group; therefore, further studies are needed to determine the optimal anesthesia regimen for patients with gynecologic oncology to improve long-term survival.
At present, sevoflurane has both cancer-promoting and anti-cancer effects in cervical and ovarian cancer. However, the majority of evidence remains limited to preclinical animal models and in vitro studies. While in vitro models provide simplified experimental conditions, in vivo systems involve complex biological variables—such as the previously described immune modulation and metabolic reprogramming—that critically influence cancer cell metastasis. Furthermore, expanding clinical research is warranted to address existing knowledge gaps. Specifically, comparative clinical trials evaluating sevoflurane monotherapy versus its combination with other anesthetic agents (e.g., propofol, dexmedetomidine, and sufentanil) could clarify whether polypharmacological strategies mitigate potential limitations of sevoflurane in gynecologic cancer.
3.2.2 Isoflurane
The main mechanism by which anesthesia affects tumors is immunomodulatory. In mice with normal immune function, isoflurane accelerates tumor growth and reduces the infiltration of lymphocytes and monocytes. Therefore, isoflurane promotes cancer progression by disrupting immune function (Abrahams et al., 2023). However, it has also been confirmed that isoflurane can increase the expression of pro-apoptotic genes, reduce the expression of anti-apoptotic genes, and inhibit the growth, migration and invasion of liver cancer cells (Hu et al., 2018). Therefore, the role of isoflurane in tumors is currently controversial, and its effects in gynecologic tumors are still unclear.
3.2.2.1 Cervical cancer
The mammalian target of rapamycin (mTOR) is a key regulator of the immune response, which regulates the differentiation and function of adaptive and innate immune cells. Activation of the AMPK/mTOR signaling pathway can activate autophagy, which is one of the mechanisms of cell death in cervical cancer (Mafi et al., 2021; Yang et al., 2020). Isoflurane inhibits the viability of cervical cancer cells, induces apoptosis, enhances oxidative stress, and induces autophagy by activating AMPK/mTOR pathway. These effects have been confirmed in vitro and in vivo, indicating that isoflurane has anti-cancer effects on cervical cancer (Wei et al., 2021). However, isoflurane promotes the proliferation of squamous cervical cancer cells and increases the expression of histone deacetylase 6 (HDAC6) by activating AKT/mTOR signaling pathway (Zhang et al., 2021b). The effects of isoflurane on cervical cancer have been completely different, which may be related to the different mTOR upstream signaling molecules affected by isoflurane. In addition, different cervical cancer cells have their own biological characteristics, and experimental conditions also affect the experimental results. Compared with the former, the latter research lacks in vivo experimental models to further verify the in vitro results.
3.2.2.2 Ovarian cancer
Isoflurane increased the expression of insulin-like growth factor (IGF)-1, IGF-1R, VEGF, MMP2 and MMP9 in ovarian cancer cells, enhanced angiogenesis ability, and significantly increased cell migration, which was the first time that isoflurane was found to increase the malignant potential of ovarian cancer cells through IGF1/HIF signaling pathway in vitro (Luo et al., 2015). Isoflurane can also regulate ovarian cancer cell metabolism, stimulate ovarian cancer cells glucose uptake, lactic acid and extracellular acidification, this has to do with isoflurane induced miR-21 expression significantly correlated (Guo et al., 2017). Volatile anesthetics altered the expression of most metastasis-related genes, with significant increases in MMP-11, CXCR2, VEGF-A, and TGF-β expression, with the greatest effect of desflurane and the least effect of isoflurane. Clinically relevant concentrations of volatile anesthetics increased the metastatic potential of ovarian cancer. In addition, sevoflurane and desflurane can also enhance the proliferation and the malignancy of ovarian cancer cells by inhibiting miRNA (Ishikawa et al., 2021; Iwasaki et al., 2016). At present, the research on isoflurane in ovarian cancer is few and in an adverse state. Exploring more effects of isoflurane on ovarian cancer and its related mechanisms can provide more and more comprehensive theoretical basis for clinical anesthesia.
Although the effects of most volatile anesthetics on gynecological tumors have conflicting results, the current research is basically based on animal studies, and clinical studies are still lacking. Therefore, the long-term effects of volatile anesthetics on patients with gynecological tumors need to be discussed. In addition, at the time of surgery, anesthesia can not only rely on a single volatile anesthetic to meet the needs of surgery, need to be completed by other intravenous drugs. Perhaps when a variety of drugs are used together, the effect of volatile anesthetics on gynecological cancer will turn from disadvantage to advantage.
3.3 Local anesthetics
3.3.1 Lidocaine
Lidocaine is an amide local anesthetic, which is one of the most widely studied and used local anesthetics. Lidocaine can regulate immune and inflammatory responses, reduce surgical pain, reduce the survival ability of most tumor cells, and also have an effect on tumor cell migration and invasion, and also inhibits tumor cell metabolism to play an anti-cancer role. In addition, lidocaine combined with other general anesthetic drugs can reduce the use of the latter, and therefore, lidocaine has shown a more beneficial side in cancer (Karniel and Beitner, 2000; Liu et al., 2020; Zhang C. et al., 2021).
3.3.1.1 Cervical cancer
A 2023 study reported that intravenous lidocaine before surgery increased disease-free survival (DFS) and OS in cancer patients (Badwe et al., 2023). Ki-67/MIB-1 protein, a marker of cell proliferation, is one of the tumor markers. A meta-analysis showed that cervical cancer patients with high Ki-67/MIB1 expression had shorter OS, suggesting that Ki-67/MIB-1 has prognostic value for OS in cervical cancer patients (Pan et al., 2015). Lidocaine can induce Ki-67 degradation in the nucleus of cervical cancer cells, thereby inhibiting the growth of cancer cells, and arrest cervical cancer cells in G1 phase and delay their entry into S phase (Haraguchi-Suzuki et al., 2022).
MiR-421 reduces glucose consumption and lactate production, and is a negative regulator of aerobic glycolysis in cancer cells (Meng et al., 2016). Study on the molecular mechanism between lidocaine and cervical cancer cells found that lidocaine inhibits tumor growth by inhibiting cervical cancer cell viability and inducing apoptosis by regulating the lncRNA-MEG3/miR-421/BTG1 pathway, which provides a new direction for the clinical treatment of cervical cancer (Zhu and Han, 2019). Lidocaine could induce lymphocyte proliferation and maintain Th1/Th2 cell balance, which could protect cell-mediated immunity (CMI) and reduce the risk of cancer metastasis in cervical cancer patients (Wang et al., 2015). From the above results, it is reasonable to conclude that lidocaine has a beneficial effect on the prognosis of cervical cancer cells.
3.3.1.2 Ovarian cancer
Lidocaine can reduce the viability and inhibit the invasion and migration of ovarian cancer cells. The anti-cancer effect of lidocaine may be related to the reduction of calcium influx and the reduction of TRPV6 expression (Jiang et al., 2016). Subsequently, the anti-cancer mechanism of lidocaine in ovarian cancer was explored, and it was found that lidocaine promoted iron ptosis through MiR-382-5p/SLC7A11 axis, thereby inhibiting the cell viability and proliferation of ovarian cancer cells, inducing apoptosis, and weakening invasion and migration ability (Sun D. et al., 2021). Lidocaine can inhibit EMT of ovarian cancer cells through the Wnt/β-catenin pathway, and can inhibit the malignant progression of ovarian cancer cells (Sun M. et al., 2021). Lidocaine as a TASK-3 channel inhibitor can inhibit the growth and metastasis of ovarian cancer cells in vivo and in vitro, and reduce lung metastasis in vivo (Hu et al., 2024). It can be seen that the advantages of lidocaine in ovarian cancer are outstanding. In addition, lidocaine enhances the sensitivity of ovarian cancer cells to cisplatin (Liu et al., 2021), and perhaps lidocaine can be used as an adjuvant therapy for ovarian cancer patients in the future.
It can be seen from the above that lidocaine can play an anti-cancer role in ovarian cancer through multiple signaling pathways, but its role in clinical practice still needs further study. In a clinical study, researchers injected lidocaine 1.5 mg/kg at induction of general anesthesia, and continued infusion of 2 mg/(kg∙h) during surgery until the end of surgery, they found that lidocaine prolonged OS and DFS of ovarian cancer patients (Zhang et al., 2021b).
3.3.1.3 Endometrial cancer
Autophagy regulates innate and adaptive immune responses, including influencing the inflammatory environment and the development, survival, and effector functions of various immune cells. Autophagy has a dual impact on cancer biology, which may promote the development of endometrial cancer by enabling cell survival in adverse environments (Devis-Jauregui et al., 2021; Yamazaki et al., 2021). However, lidocaine has been found to inhibit the viability, proliferation and migration of endometrial cancer cells, and promote cell apoptosis by inducing autophagy (Long et al., 2022). Therefore, lidocaine has an anti-cancer effect on endometrial cancer and may be a potential therapeutic agent for endometrial cancer. However, since this is only an in vitro study, further confirmation by in vivo studies and clinical studies are lacking, more studies are needed to explore the effect of lidocaine on endometrial cancer.
The effect of lidocaine on gynecological cancer is mainly reflected in anti-cancer effect, which can inhibit the proliferation and migration of cancer cells and promote the apoptosis of cancer cells. Local application of lidocaine or intravenous injection can be considered. Intravenous injection can not only reduce the cough during tracheal intubation, but also prevent ventricular arrhythmia.
3.3.2 Ropivacaine
Ropivacaine is a long-acting amide local anesthetic, which was used in clinic in 1996, and it is safer than bupivacaine, so it is widely used in clinic. A large number of studies have found that ropivacaine inhibits cancer cell metabolism and proliferation through a variety of signaling pathways, such as Ras, RhoA and Wnt/β-catenin signaling pathway. In addition, ropivacaine can also inhibit the invasion and migration of cancer cells, and shorten the recovery time for cancer patients (Owen and Dean, 2000; Xu et al., 2022). Therefore, it is feasible to explore the mechanism of action of ropivacaine in gynecologic cancer.
3.3.2.1 Cervical cancer
Targeted inhibition of signal transducer and activator of transcription 3 (STAT3) may play an anti-cancer role by improving the tumor immune microenvironment and changing the metabolism of cancer cells (Li Y. et al., 2022). STAT3 is highly expressed in cervical cancer, and the expression of STAT3 protein is positively correlated with TNM stage of cervical cancer, depth of invasion and lymph node metastasis (Shi et al., 2021; Wu L. et al., 2022). Ropivacaine can inhibit the cell cycle process and induce cell apoptosis of cervical cancer cells by inhibiting miR613/MEG2/pSTAT3 pathway, thus inhibit the growth of cervical cancer cells (Chen et al., 2020). The effect of ropivacaine on cervical cancer cells was observed by loading ropivacaine into tumor active targeting liposomes. It was found that ropivacaine could disrupt autophagic degradation of cancer cells, promote cell death caused by nutrient deprivation, and inhibit tumor growth. In addition, ropivacaine could also reduce cancer pain (Zhang et al., 2020).
3.3.2.2 Ovarian cancer
Studies have found that ropivacaine, an inhibitor of NaV1.5, can attenuate the invasion ability of colon cancer cells (Baptista-Hon et al., 2014). As previously reported, lidocaine inhibits ovarian cancer cell growth, migration, and invasion by blocking Nav1.5 and its downstream pathway (Liu et al., 2021). It is reasonable to infer that ropivacaine exerts its anti-cancer effect in ovarian cancer cells through Nav1.5. In addition, local injection of ropivacaine can shorten the interval between the start of chemotherapy after surgery in ovarian cancer patients, which may have a beneficial effect on the prognosis of ovarian cancer patients (Hayden et al., 2020). However, in a recent phase III trial, it was found that local injection of ropivacaine did not shorten the time to return to intended oncology therapy (RIOT) after ovarian cancer surgery (Hasselgren et al., 2024).
The new use of old drugs is a hot spot, which can let us know more about the pharmacological effects of drugs. Secondly, it can provide anesthesiologists with better anesthesia programs. Lidocaine and ropivacaine have shown anticancer effects in gynecological cancer, and we believe that there may be more clinical studies to explore their effects on gynecological cancer in the future.
3.4 Other drugs
3.4.1 Opioids
Opioids are considered as immune modulators. Opioids can not only directly affect immune cells, such as neutrophils, macrophages and NK cells, but also affect immune function through the HPA axis. In addition, opioids can also regulate sympathetic nerve activity to affect immune function. Therefore, the use of opioids in cancer patients needs to weigh the pros and cons. Pain is a common symptom in patients with advanced cancer. Opioids are dominant in patients with cancer pain, but their immunosuppressive effect brings challenges to opioids (Al-Hashimi et al., 2013; Bradley and Boland, 2023; Li et al., 2024). Opioids can also regulate cancer cell metabolism, such as glycolysis, creatine metabolism and glutamine metabolism (Tarazi and Maynes, 2023). Understanding the mechanism and changes of metabolic pathways in gynecological cancer will help to better discover the role of opioids in gynecological cancer.
3.4.1.1 Cervical cancer
Epidermal growth factor (EGF) signaling is the first step in activating glycolysis, and inhibition of EGF receptor (EGFR) inhibits cancer cell proliferation and tumor growth. In addition, knockdown of EGFR reduces levels of glycolytic metabolites, glucose uptake and lactate production (Kim et al., 2018; Lim et al., 2016). EGFR is highly expressed in cervical cancer tissues and cells. Knockdown of EGFR can inhibit the proliferation, migration and invasion, and promote apoptosis of cervical cancer cells (Yang et al., 2023). Morphine promotes cell proliferation through opioid receptor-dependent activation of EGFR and stimulates cell migration through RhoA-independent activation, but it has no significant effect on cervical cancer cell apoptosis. In addition, morphine can reduce the efficacy of chemotherapy drugs on cervical cancer (Yu et al., 2022). Study has found that fentanyl is safe and effective in the use of cervical cancer patients, which can reduce pain and improve the quality of life of cervical cancer patients for a long time (Thanthong et al., 2017). The use of opioids is essential after the onset of pain symptoms in cervical cancer patients; therefore, more research is needed to explore the optimal choice of opioid use in cervical cancer patients.
3.4.1.2 Ovarian cancer
EGFR is not only abnormally expressed in cervical cancer, but also overexpressed in ovarian cancer, and downregulation of EGFR expression inhibits ovarian cancer cell proliferation (Dou et al., 2021). Fentanyl can specifically activate EGFR and its downstream MEK/ERK and PI3K/Akt signaling pathways, thereby promoting the proliferation and migration of ovarian cancer cells, but has no significant effect on cell apoptosis, and can reduce the death of ovarian cancer cells when combined with chemotherapy drugs (Xiao et al., 2022). A small retrospective study found that ovarian cancer patients treated with general anesthesia and fentanyl had a worse long-term prognosis than those treated with epidural anesthesia and analgesia (Lin et al., 2011), which is consistent with previous studies showing that local anesthetics lidocaine and ropivacaine have shown anti-cancer effects. Sufentanil and fentanyl are commonly used analgesics for patients with cancer pain. Both of them mainly act on mu-opioid receptors (MOR), which is involved in tumor proliferation, invasion, metastasis and angiogenesis, and may be a new target for cancer treatment (Zhang, et al., 2021c). A retrospective cohort study found that patients with high MOR expression required more sufentanil during surgery and had a higher risk of peripheral nerve invasion. However, MOR expression level was not associated with OS and DFS (Zhang et al., 2022a).
Opioids are at a disadvantage in gynecological tumors, mainly showing a cancer-promoting effect, but the use of opioids in patients with cancer pain is essential. Because there is a lack of research on opioids and gynecological tumors, more studies are needed to explore the relationship between them.
3.4.2 Dexamethasone (dex)
Dexamethasone (Dex) is a kind of glucocorticoid steroid, which is commonly used as an adjuvant drug in anesthesia. Dex is regulated by the HPA axis and participates in a variety of body activities, such as anti-inflammatory effect, immunosuppression, reduction of stress response, antiemetic, and enhanced analgesic effect when combined with analgesics (Chu et al., 2014). In addition, Dex can also inhibit glycolysis and induce autophagy, and high-dose Dex can reduce the expression of glycolysis-associated genes and lipid-associated genes, thereby inhibiting tumor progression (Gu et al., 2015; Xu L. et al., 2020).
3.4.2.1 Cervical cancer
The coxsackie and adenovirus receptor (CAR) is a transmembrane glycoprotein that inhibits cervical cancer cell migration (Brüning and Runnebaum, 2004). Dex downregulates CAR expression, resulting in reduced adenoviral gene transfer to human cancer cells, and the use of Dex should be carefully considered in the treatment of cervical cancer with adenovirus vectors (Brüning and Runnebaum, 2003). Early studies found that Dex inhibited cervical cancer cell apoptosis, which could be reversed by the use of hormone antagonists (Kamradt et al., 2000). However, a subsequent study of ursolic acid (a chemically similar substance to Dex) showed that ursolic acid inhibited the proliferation of HPV-associated cervical cancer cells and induced apoptosis, but Dex did not affect cervical cancer cell proliferation (Yim et al., 2006). In a study of human cervical cancer specimens, glucocorticoid receptor (GR) expression was found to be increased in cervical cancer tissues, and OS and progression-free survival were better with high GR expression (Kost et al., 2019). Dex is a GR agonist.
3.4.2.2 Ovarian cancer
As early as more than a dozen years ago, Dex was found to change the gene expression of ovarian tumors and affect the efficacy of chemotherapy in ovarian cancer patients (Melhem et al., 2009). Subsequently, Dex was found to affect chemotherapy-induced apoptosis by promoting ECM adhesion in human ovarian cancer cells (Chen et al., 2010). However, Dex was not associated with postoperative ovarian cancer recurrence (De Oliveira et al., 2014). Targeting ROR1 expression can improve the efficacy of chemotherapeutics (such as taxanes) and anti-apoptotic compounds (such as SMAC mimics) in ovarian cancer. Dex can increase ROR1 expression and enhance the sensitivity of AKT/PI3K targeted kinase inhibitors, and reduce the cytotoxic effects of taxanes and SMAC mimetics (Karvonen et al., 2020). A retrospective cohort study showed that early administration of Dex was an effective adjuvant therapy for ovarian cancer patients with high short-term mortality after the onset of symptoms associated with malignant small bowel obstruction (MSBO) (Jones et al., 2022).
3.4.2.3 Endometrial cancer
In 1999, 11b-HSD2 was found to be specifically expressed in human endometrial adenocarcinoma cells and Dex increased 11b-HSD2 activity, suggesting that the human endometrium is a target tissue for glucocorticoids (Darnel et al., 1999). Dex can inhibit the growth and invasion of endometrial cancer cells by inducing the expression of anti-proliferative factor c-fos relating transcription factor-2 (USF-2) and down-regulating the expression of cell adhesion molecule (n-cadherin) (Davies et al., 2006). However, it has also been found that GR is associated with poor prognosis of endometrial cancer, GR can increase the invasiveness of endometrial cancer cells with high expression of estrogen receptor (ER), and Dex and estradiol (E2) can promote the growth of endometrial cancer cells after co-treatment (Vahrenkamp et al., 2018).
Dex is a commonly used adjuvant drug for cancer patients, but its effect on the recurrence and metastasis of gynecological tumors is still unclear. More studies are needed to explore the effect of Dex on gynecological tumors and its related mechanisms.
4 SUMMARY
Combined with the above complaints, intravenous anesthetics (propofol and dexmedetomidine) and local anesthetics (lidocaine and ropivacaine) have mainly shown anti-cancer effects in gynecological tumors. However, not all anesthetic agents are uniformly favorable in gynecological tumors. The majority of volatile anesthetics exhibit dual effects including both cancer-promoting and anti-cancer effects, though current evidence exclusively indicates cancer-promoting effects of isoflurane in ovarian cancer. Opioids mainly show cancer-promoting effects, including morphine on cervical cancer and fentanyl and sufentanil on ovarian cancer. The impact of dexamethasone (Dex) on gynecological malignancies remains ambiguous, with reported anti-cancer effects in cervical cancer but conflicting reports regarding its role in endometrial carcinomas, where both cancer-promoting and anti-cancer effects have been documented. However, existing research on anesthetic agents and gynecologic cancers predominantly relies on preclinical animal models, and there is a lack of clinical experiments to explore their role in practical clinical work. Therefore, more studies are needed to explore the impact of anesthetics on gynecologic cancer. Finally, we summarize the effects of anesthetics on gynecological cancer and its related mechanisms in vitro (Table 1).
TABLE 1 | Effect of anesthetics on gynecological tumors.
[image: Table 1]Can we speculate that the combination of spinal anesthesia and general anesthesia is more suitable for gynecological tumor patients? The local anesthetics used in spinal anesthesia mainly play an anti-cancer effect on gynecological tumor, and at the same time, it can also reduce the dosage of general anesthetics and other adjuvant drugs to reduce the impact on cancer cells. However, a recent large study found that paravertebral block combined with propofol anesthesia did not reduce cancer recurrence compared with sevoflurane and opioid anesthesia (Sessler et al., 2019). In addition, patients undergoing gynecological cancer surgery are generally older on average, and the neuraxial anesthesia technique has higher requirements for anesthesiologists, which brings higher challenges to anesthesia. For gynecologic oncology patients, a combined neuraxial-general anesthesia approach is recommended as the preferred anesthetic strategy. In cases where neuraxial anesthesia is contraindicated or technically challenging, the current ultrasound-guided nerve block combined general anesthesia can be chosen.
AUTHOR CONTRIBUTIONS
YC: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Visualization, Writing – original draft, Writing – review and editing. YW: Conceptualization, Formal Analysis, Funding acquisition, Investigation, Resources, Software, Writing – review and editing. LX: Conceptualization, Data curation, Funding acquisition, Investigation, Resources, Software, Visualization, Writing – review and editing.
FUNDING
The author(s) declare that no financial support was received for the research and/or publication of this article.
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
 Abrahams, D., Ibrahim-Hashim, A., Ackerman, R. S., Brown, J. S., Whelan, C. J., Garfinkel, M. B., et al. (2023). Immunomodulatory and pro-oncologic effects of ketamine and isoflurane anesthetics in a murine model. PLoS One 18 (10), e0292492. doi:10.1371/journal.pone.0292492
 Al-Hashimi, M., Scott, S. W., Thompson, J. P., and Lambert, D. G. (2013). Opioids and immune modulation: more questions than answers. Br. J. Anaesth. 111 (1), 80–88. doi:10.1093/bja/aet153
 Antoni, M. H., Lutgendorf, S. K., Cole, S. W., Dhabhar, F. S., Sephton, S. E., McDonald, P. G., et al. (2006). The influence of bio-behavioural factors on tumour biology: pathways and mechanisms. Nat. Rev. Cancer 6 (3), 240–248. doi:10.1038/nrc1820
 Ao, L., Shi, J., Gan, J., Yu, W., and Du, H. (2024). Effects of dexmedetomidine and ketorolac applied for patient-controlled analgesia on the balance of th1/th2 and level of vegf in patients undergoing laparoscopic surgery for cervical cancer: a randomized controlled trial. Oncol. Lett. 28 (2), 379. doi:10.3892/ol.2024.14512
 Apte, R. S., Chen, D. S., and Ferrara, N. (2019). Vegf in signaling and disease: beyond discovery and development. Cell. 176 (6), 1248–1264. doi:10.1016/j.cell.2019.01.021
 Arbyn, M., Weiderpass, E., Bruni, L., de Sanjosé, S., Saraiya, M., Ferlay, J., et al. (2020). Estimates of incidence and mortality of cervical cancer in 2018: a worldwide analysis. Lancet Glob. Health 8 (2), e191–e203. doi:10.1016/s2214-109x(19)30482-6
 Badwe, R. A., Parmar, V., Nair, N., Joshi, S., Hawaldar, R., Pawar, S., et al. (2023). Effect of peritumoral infiltration of local anesthetic before surgery on survival in early breast cancer. J. Clin. Oncol. 41 (18), 3318–3328. doi:10.1200/jco.22.01966
 Baptista-Hon, D. T., Robertson, F. M., Robertson, G. B., Owen, S. J., Rogers, G. W., Lydon, E. L., et al. (2014). Potent inhibition by ropivacaine of metastatic colon cancer sw620 cell invasion and nav1.5 channel function. Br. J. Anaesth. 113 (Suppl. 1), i39–i48. doi:10.1093/bja/aeu104
 Barnabei, L., Laplantine, E., Mbongo, W., Rieux-Laucat, F., and Weil, R. (2021). Nf-κb: at the borders of autoimmunity and inflammation. Front. Immunol. 12, 716469. doi:10.3389/fimmu.2021.716469
 Bradley, A., and Boland, J. W. (2023). Effects of opioids on immune and endocrine function in patients with cancer pain. Curr. Treat. Options Oncol. 24 (7), 867–879. doi:10.1007/s11864-023-01091-2
 Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R. L., Soerjomataram, I., et al. (2024). Global cancer statistics 2022: globocan estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 74 (3), 229–263. doi:10.3322/caac.21834
 Brüning, A., and Runnebaum, I. B. (2003). Car is a cell-cell adhesion protein in human cancer cells and is expressional modulated by dexamethasone, tnfalpha, and tgfbeta. Gene Ther. 10 (3), 198–205. doi:10.1038/sj.gt.3301887
 Brüning, A., and Runnebaum, I. B. (2004). The coxsackie adenovirus receptor inhibits cancer cell migration. Exp. Cell. Res. 298 (2), 624–631. doi:10.1016/j.yexcr.2004.05.001
 Cabasag, C. J., Arnold, M., Butler, J., Inoue, M., Trabert, B., Webb, P. M., et al. (2020). The influence of birth cohort and calendar period on global trends in ovarian cancer incidence. Int. J. Cancer 146 (3), 749–758. doi:10.1002/ijc.32322
 Chen, R., Dou, X. K., Dai, M. S., Sun, Y., Sun, S. J., and Wu, Y. (2022). The role of dexmedetomidine in immune tissue and inflammatory diseases: a narrative review. Eur. Rev. Med. Pharmacol. Sci. 26 (21), 8030–8038. doi:10.26355/eurrev_202211_30157
 Chen, X., Li, K., and Zhao, G. (2018). Propofol inhibits hela cells by impairing autophagic flux via amp-activated protein kinase (ampk) activation and endoplasmic reticulum stress regulated by calcium. Med. Sci. Monit. 24, 2339–2349. doi:10.12659/msm.909144
 Chen, X., Liu, W., Guo, X., Huang, S., and Song, X. (2020). Ropivacaine inhibits cervical cancer cell growth via suppression of the mir-96/meg2/pstat3 axis. Oncol. Rep. 43 (5), 1659–1668. doi:10.3892/or.2020.7521
 Chen, Y. X., Wang, Y., Fu, C. C., Diao, F., Song, L. N., Li, Z. B., et al. (2010). Dexamethasone enhances cell resistance to chemotherapy by increasing adhesion to extracellular matrix in human ovarian cancer cells. Endocr. Relat. Cancer 17 (1), 39–50. doi:10.1677/erc-08-0296
 Choi, H., and Hwang, W. (2024). Anesthetic approaches and their impact on cancer recurrence and metastasis: a comprehensive review. Cancers (Basel) 16 (24), 4269. doi:10.3390/cancers16244269
 Chu, C. C., Hsing, C. H., Shieh, J. P., Chien, C. C., Ho, C. M., and Wang, J. J. (2014). The cellular mechanisms of the antiemetic action of dexamethasone and related glucocorticoids against vomiting. Eur. J. Pharmacol. 722, 48–54. doi:10.1016/j.ejphar.2013.10.008
 Cong, H., Bincheng, W., Zhigang, L., Qiling, C., Masashi, I., Han, L., et al. (2022). Sevoflurane but not propofol enhances ovarian cancer cell biology through regulating cellular metabolic and signaling mechanisms. Cell. Biol. Toxicol. 39 (4), 1395–1411. doi:10.1007/s10565-022-09766-6
 Darnel, A. D., Archer, T. K., and Yang, K. (1999). Regulation of 11beta-hydroxysteroid dehydrogenase type 2 by steroid hormones and epidermal growth factor in the ishikawa human endometrial cell line. J. Steroid Biochem. Mol. Biol. 70 (4-6), 203–210. doi:10.1016/s0960-0760(99)00116-8
 Davies, S., Dai, D., Pickett, G., and Leslie, K. K. (2006). Gene regulation profiles by progesterone and dexamethasone in human endometrial cancer ishikawa h cells. Gynecol. Oncol. 101 (1), 62–70. doi:10.1016/j.ygyno.2005.09.054
 De Oliveira, G. S., McCarthy, R., Turan, A., Schink, J. C., Fitzgerald, P. C., and Sessler, D. I. (2014). Is dexamethasone associated with recurrence of ovarian cancer?Anesth. Analg. 118 (6), 1213–1218. doi:10.1213/ANE.0b013e3182a5d656
 Devis-Jauregui, L., Eritja, N., Davis, M. L., Matias-Guiu, X., and Llobet-Navàs, D. (2021). Autophagy in the physiological endometrium and cancer. Autophagy 17 (5), 1077–1095. doi:10.1080/15548627.2020.1752548
 Diao, X., Guo, C., Jin, Y., Li, B., Gao, X., Du, X., et al. (2024). Cancer situation in China: an analysis based on the global epidemiological data released in 2024. Cancer Commun. (Lond) 45, 178–197. doi:10.1002/cac2.12627
 Ding, J., Zhang, L., Zeng, S., and Feng, T. (2019). Clinically relevant concentration of sevoflurane suppresses cervical cancer growth and migration through targeting multiple oncogenic pathways. Biochem. Biophys. Res. Commun. 514 (4), 1179–1184. doi:10.1016/j.bbrc.2019.05.082
 Dou, L., Zou, D., Song, F., Jin, Y., Li, Y., and Zhang, Y. (2021). Bufalin suppresses ovarian cancer cell proliferation via egfr pathway. Chin. Med. J. Engl. 135 (4), 456–461. doi:10.1097/cm9.0000000000001879
 Du, Q., Liu, J., Zhang, X., Zhang, X., Zhu, H., Wei, M., et al. (2018). Propofol inhibits proliferation, migration, and invasion but promotes apoptosis by regulation of sox4 in endometrial cancer cells. Braz J. Med. Biol. Res. 51 (4), e6803. doi:10.1590/1414-431x20176803
 Du, X. T., Wang, X. Y., Zheng, Y. H., and Liu, D. P. (2021). Propofol suppresses the growth and invasion of cervical carcinoma cells by inhibiting mir155hg. Aging (Albany NY) 13 (21), 24464–24475. doi:10.18632/aging.203697
 El-Sahli, S., Xie, Y., Wang, L., and Liu, S. (2019). Wnt signaling in cancer metabolism and immunity. Cancers (Basel) 11 (7), 904. doi:10.3390/cancers11070904
 Farooqi, A. A., Adylova, A., Sabitaliyevich, U. Y., Attar, R., Sohail, M. I., and Yilmaz, S. (2020). Recent updates on true potential of an anesthetic agent as a regulator of cell signaling pathways and non-coding rnas in different cancers: focusing on the brighter side of propofol. Gene 737, 144452. doi:10.1016/j.gene.2020.144452
 Fasoulakis, Z., Koutras, A., Ntounis, T., Prokopakis, I., Perros, P., Chionis, A., et al. (2023). Ovarian cancer and glutamine metabolism. Int. J. Mol. Sci. 24 (5), 5041. doi:10.3390/ijms24055041
 Faubert, B., Solmonson, A., and DeBerardinis, R. J. (2020). Metabolic reprogramming and cancer progression. Science 368 (6487), eaaw5473. doi:10.1126/science.aaw5473
 Friedman-DeLuca, M., Karagiannis, G. S., Condeelis, J. S., Oktay, M. H., and Entenberg, D. (2024). Macrophages in tumor cell migration and metastasis. Front. Immunol. 15, 1494462. doi:10.3389/fimmu.2024.1494462
 Gu, L., Pan, X., Wang, C., and Wang, L. (2022). The benefits of propofol on cancer treatment: decipher its modulation code to immunocytes. Front. Pharmacol. 13, 919636. doi:10.3389/fphar.2022.919636
 Gu, L., Xie, L., Zuo, C., Ma, Z., Zhang, Y., Zhu, Y., et al. (2015). Targeting mtor/p70s6k/glycolysis signaling pathway restores glucocorticoid sensitivity to 4e-bp1 null burkitt lymphoma. BMC Cancer 15, 529. doi:10.1186/s12885-015-1535-z
 Guo, N. L., Zhang, J. X., Wu, J. P., and Xu, Y. H. (2017). Isoflurane promotes glucose metabolism through up-regulation of mir-21 and suppresses mitochondrial oxidative phosphorylation in ovarian cancer cells. Biosci. Rep. 37 (6). doi:10.1042/bsr20170818
 Haraguchi-Suzuki, K., Kawabata-Iwakawa, R., Suzuki, T., Suto, T., Takazawa, T., and Saito, S. (2022). Local anesthetic lidocaine induces growth suppression of hela cells by decreasing and changing the cellular localization of the proliferation marker ki-67. Genes. cells 27 (11), 675–684. doi:10.1111/gtc.12983
 Hasselgren, E., Groes-Kofoed, N., Falconer, H., Björne, H., Zach, D., Hunde, D., et al. (2024). Effect of intraperitoneal ropivacaine during and after cytoreductive surgery on time-interval to adjuvant chemotherapy in advanced ovarian cancer: a randomised, double-blind phase III trial. Br. J. Anaesth. 134, 662–670. doi:10.1016/j.bja.2024.10.015
 Hayden, J. M., Oras, J., Block, L., Thörn, S. E., Palmqvist, C., Salehi, S., et al. (2020). Intraperitoneal ropivacaine reduces time interval to initiation of chemotherapy after surgery for advanced ovarian cancer: randomised controlled double-blind pilot study. Br. J. Anaesth. 124 (5), 562–570. doi:10.1016/j.bja.2020.01.026
 Hu, J., Hu, J., Jiao, H., and Li, Q. (2018). Anesthetic effects of isoflurane and the molecular mechanism underlying isoflurane-inhibited aggressiveness of hepatic carcinoma. Mol. Med. Rep. 18 (1), 184–192. doi:10.3892/mmr.2018.8945
 Hu, Z., Jia, Q., Yao, S., and Chen, X. (2024). The twik-related acid sensitive potassium 3 (task-3) channel contributes to the different effects of anesthetics on the growth and metastasis of ovarian cancer cells. Heliyon 10 (15), e34973. doi:10.1016/j.heliyon.2024.e34973
 Huang, P., Mao, L. F., Zhang, Z. P., Lv, W. W., Feng, X. P., Liao, H. J., et al. (2018). Down-regulated mir-125a-5p promotes the reprogramming of glucose metabolism and cell malignancy by increasing levels of cd147 in thyroid cancer. Thyroid 28 (5), 613–623. doi:10.1089/thy.2017.0401
 Huang, R., and Zong, X. (2017). Aberrant cancer metabolism in epithelial-mesenchymal transition and cancer metastasis: mechanisms in cancer progression. Crit. Rev. Oncol. Hematol. 115, 13–22. doi:10.1016/j.critrevonc.2017.04.005
 Huang, X., Teng, Y., Yang, H., and Ma, J. (2016). Propofol inhibits invasion and growth of ovarian cancer cells via regulating mir-9/nf-κb signal. Braz J. Med. Biol. Res. 49 (12), e5717. doi:10.1590/1414-431x20165717
 Innamaa, A., Jackson, L., Asher, V., Van Shalkwyk, G., Warren, A., Hay, D., et al. (2013). Expression and prognostic significance of the oncogenic k2p potassium channel kcnk9 (task-3) in ovarian carcinoma. Anticancer Res. 33 (4), 1401–1408.
 Ishikawa, M., Iwasaki, M., Zhao, H., Saito, J., Hu, C., Sun, Q., et al. (2021). Sevoflurane and desflurane exposure enhanced cell proliferation and migration in ovarian cancer cells via mir-210 and mir-138 downregulation. Int. J. Mol. Sci. 22 (4), 1826. doi:10.3390/ijms22041826
 Iwasaki, M., Zhao, H., Jaffer, T., Unwith, S., Benzonana, L., Lian, Q., et al. (2016). Volatile anaesthetics enhance the metastasis related cellular signalling including cxcr2 of ovarian cancer cells. Oncotarget 7 (18), 26042–26056. doi:10.18632/oncotarget.8304
 Ji, J., Bi, F., Zhang, X., Zhang, Z., Xie, Y., and Yang, Q. (2024). Single-cell transcriptome analysis revealed heterogeneity in glycolysis and identified igf2 as a therapeutic target for ovarian cancer subtypes. BMC Cancer 24 (1), 926. doi:10.1186/s12885-024-12688-7
 Jiang, Y., Gou, H., Zhu, J., Tian, S., and Yu, L. (2016). Lidocaine inhibits the invasion and migration of trpv6-expressing cancer cells by trpv6 downregulation. Oncol. Lett. 12 (2), 1164–1170. doi:10.3892/ol.2016.4709
 Jin, Y., Xie, S., Sheng, B., Chen, M., and Zhu, X. (2023). The effect of propofol on chemosensitivity of paclitaxel in cervical cancer cells. Cancer Med. 12 (13), 14403–14412. doi:10.1002/cam4.6064
 Jones, A. P. M., McGauran, M. F. G., Jagasia, N., Hiscock, R. J., Hyde, S., and Grant, P. (2022). Efficacy of dexamethasone in the management of malignant small bowel obstruction in advanced epithelial ovarian cancer. Support Care Cancer 30 (3), 2821–2827. doi:10.1007/s00520-021-06694-9
 Kamradt, M. C., Mohideen, N., and Vaughan, A. T. (2000). Ru486 increases radiosensitivity and restores apoptosis through modulation of hpv e6/e7 in dexamethasone-treated cervical carcinoma cells. Gynecol. Oncol. 77 (1), 177–182. doi:10.1006/gyno.1999.5724
 Kang, K., and Wang, Y. (2019). Sevoflurane inhibits proliferation and invasion of human ovarian cancer cells by regulating jnk and p38 mapk signaling pathway. Drug Des. Devel Ther. 13, 4451–4460. doi:10.2147/dddt.S223581
 Karniel, M., and Beitner, R. (2000). Local anesthetics induce a decrease in the levels of glucose 1, 6-bisphosphate, fructose 1,6-bisphosphate, and atp, and in the viability of melanoma cells. Mol. Genet. Metab. 69 (1), 40–45. doi:10.1006/mgme.1999.2954
 Karvonen, H., Arjama, M., Kaleva, L., Niininen, W., Barker, H., Koivisto-Korander, R., et al. (2020). Glucocorticoids induce differentiation and chemoresistance in ovarian cancer by promoting ror1-mediated stemness. Cell. Death Dis. 11 (9), 790. doi:10.1038/s41419-020-03009-4
 Kim, J. H., Nam, B., Choi, Y. J., Kim, S. Y., Lee, J. E., Sung, K. J., et al. (2018). Enhanced glycolysis supports cell survival in egfr-mutant lung adenocarcinoma by inhibiting autophagy-mediated egfr degradation. Cancer Res. 78 (16), 4482–4496. doi:10.1158/0008-5472.Can-18-0117
 Kim, R. (2018). Effects of surgery and anesthetic choice on immunosuppression and cancer recurrence. J. Transl. Med. 16 (1), 8. doi:10.1186/s12967-018-1389-7
 Kitamura, T., Qian, B. Z., and Pollard, J. W. (2015). Immune cell promotion of metastasis. Nat. Rev. Immunol. 15 (2), 73–86. doi:10.1038/nri3789
 Kost, B. P., Beyer, S., Schröder, L., Zhou, J., Mayr, D., Kuhn, C., et al. (2019). Glucocorticoid receptor in cervical cancer: an immunohistochemical analysis. Arch. Gynecol. Obstet. 299 (1), 203–209. doi:10.1007/s00404-018-4928-9
 Kotowicz, B., Fuksiewicz, M., Jonska-Gmyrek, J., Bidzinski, M., and Kowalska, M. (2016). The assessment of the prognostic value of tumor markers and cytokines as sccag, cyfra 21.1, il-6, vegf and stnf receptors in patients with squamous cell cervical cancer, particularly with early stage of the disease. Tumour Biol. 37 (1), 1271–1278. doi:10.1007/s13277-015-3914-0
 Lee, Y. M., Song, B. C., and Yeum, K. J. (2015). Impact of volatile anesthetics on oxidative stress and inflammation. Biomed. Res. Int. 2015, 242709. doi:10.1155/2015/242709
 Li, G. N., Zhao, X. J., Wang, Z., Luo, M. S., Shi, S. N., Yan, D. M., et al. (2022a). Elaiophylin triggers paraptosis and preferentially kills ovarian cancer drug-resistant cells by inducing mapk hyperactivation. Signal Transduct. Target Ther. 7 (1), 317. doi:10.1038/s41392-022-01131-7
 Li, H., Lu, Y., Pang, Y., Li, M., Cheng, X., and Chen, J. (2017). Propofol enhances the cisplatin-induced apoptosis on cervical cancer cells via egfr/jak2/stat3 pathway. Biomed. Pharmacother. 86, 324–333. doi:10.1016/j.biopha.2016.12.036
 Li, J., Li, X., Wu, L., Pei, M., Li, H., and Jiang, Y. (2019). Mir-145 inhibits glutamine metabolism through c-myc/gls1 pathways in ovarian cancer cells. Cell. Biol. Int. 43 (8), 921–930. doi:10.1002/cbin.11182
 Li, Y., Song, Z., Han, Q., Zhao, H., Pan, Z., Lei, Z., et al. (2022b). Targeted inhibition of stat3 induces immunogenic cell death of hepatocellular carcinoma cells via glycolysis. Mol. Oncol. 16 (15), 2861–2880. doi:10.1002/1878-0261.13263
 Li, Y., Sun, L., Zhou, Q., Lee, A. J., Wang, L., Zhang, R., et al. (2024). Effects of opioid drugs on immune function in cancer patients. Biomed. Pharmacother. 175, 116665. doi:10.1016/j.biopha.2024.116665
 Lim, S. O., Li, C. W., Xia, W., Lee, H. H., Chang, S. S., Shen, J., et al. (2016). Egfr signaling enhances aerobic glycolysis in triple-negative breast cancer cells to promote tumor growth and immune escape. Cancer Res. 76 (5), 1284–1296. doi:10.1158/0008-5472.Can-15-2478
 Lin, L., Liu, C., Tan, H., Ouyang, H., Zhang, Y., and Zeng, W. (2011). Anaesthetic technique may affect prognosis for ovarian serous adenocarcinoma: a retrospective analysis. Br. J. Anaesth. 106 (6), 814–822. doi:10.1093/bja/aer055
 Lin, W., Niu, Z., Zhang, H., Kong, Y., Wang, Z., Yang, X., et al. (2019). Imbalance of th1/th2 and th17/treg during the development of uterine cervical cancer. Int. J. Clin. Exp. Pathol. 12 (9), 3604–3612.
 Liu, C., Yu, M., Li, Y., Wang, H., Xu, C., Zhang, X., et al. (2021). Lidocaine inhibits the metastatic potential of ovarian cancer by blocking na(v) 1.5-mediated emt and fak/paxillin signaling pathway. Cancer Med. 10 (1), 337–349. doi:10.1002/cam4.3621
 Liu, H., Dilger, J. P., and Lin, J. (2020). Effects of local anesthetics on cancer cells. Pharmacol. Ther. 212, 107558. doi:10.1016/j.pharmthera.2020.107558
 Liu, M., Yi, Y., and Zhao, M. (2019). Effect of dexmedetomidine anesthesia on perioperative levels of tnf-α and il-6 in patients with ovarian cancer. Oncol. Lett. 17 (6), 5517–5522. doi:10.3892/ol.2019.10247
 Liu, S., Gu, X., Zhu, L., Wu, G., Zhou, H., Song, Y., et al. (2016). Effects of propofol and sevoflurane on perioperative immune response in patients undergoing laparoscopic radical hysterectomy for cervical cancer. Med. Baltim. 95 (49), e5479. doi:10.1097/md.0000000000005479
 Long, D., Chen, Y., Qu, L., and Dong, Y. (2022). Lidocaine inhibits the proliferation and migration of endometrial cancer cells, and promotes apoptosis by inducing autophagy. Oncol. Lett. 24 (4), 347. doi:10.3892/ol.2022.13467
 Lu, H., Zheng, G., Gao, X., Chen, C., Zhou, M., and Zhang, L. (2021). Propofol suppresses cell viability, cell cycle progression and motility and induces cell apoptosis of ovarian cancer cells through suppressing mek/erk signaling via targeting circvps13c/mir-145 axis. J. Ovarian Res. 14 (1), 30. doi:10.1186/s13048-021-00775-3
 Luo, X., Zhao, H., Hennah, L., Ning, J., Liu, J., Tu, H., et al. (2015). Impact of isoflurane on malignant capability of ovarian cancer in vitro. Br. J. Anaesth. 114 (5), 831–839. doi:10.1093/bja/aeu408
 Ma, W., Wang, K., Du, J., Luan, J., and Lou, G. (2015). Multi-dose parecoxib provides an immunoprotective effect by balancing t helper 1 (th1), th2, th17 and regulatory t cytokines following laparoscopy in patients with cervical cancer. Mol. Med. Rep. 11 (4), 2999–3008. doi:10.3892/mmr.2014.3003
 Mafi, S., Mansoori, B., Taeb, S., Sadeghi, H., Abbasi, R., Cho, W. C., et al. (2021). Mtor-mediated regulation of immune responses in cancer and tumor microenvironment. Front. Immunol. 12, 774103. doi:10.3389/fimmu.2021.774103
 Maiorino, L., Daßler-Plenker, J., Sun, L., and Egeblad, M. (2022). Innate immunity and cancer pathophysiology. Annu. Rev. Pathol. 17, 425–457. doi:10.1146/annurev-pathmechdis-032221-115501
 Mammoto, T., Mukai, M., Mammoto, A., Yamanaka, Y., Hayashi, Y., Mashimo, T., et al. (2002). Intravenous anesthetic, propofol inhibits invasion of cancer cells. Cancer Lett. 184 (2), 165–170. doi:10.1016/s0304-3835(02)00210-0
 Melhem, A., Yamada, S. D., Fleming, G. F., Delgado, B., Brickley, D. R., Wu, W., et al. (2009). Administration of glucocorticoids to ovarian cancer patients is associated with expression of the anti-apoptotic genes sgk1 and mkp1/dusp1 in ovarian tissues. Clin. Cancer Res. 15 (9), 3196–3204. doi:10.1158/1078-0432.Ccr-08-2131
 Meng, D., Yang, S., Wan, X., Zhang, Y., Huang, W., Zhao, P., et al. (2016). A transcriptional target of androgen receptor, mir-421 regulates proliferation and metabolism of prostate cancer cells. Int. J. Biochem. Cell. Biol. 73, 30–40. doi:10.1016/j.biocel.2016.01.018
 Mengie Ayele, T., Tilahun Muche, Z., Behaile Teklemariam, A., Bogale Kassie, A., and Chekol Abebe, E. (2022). Role of jak2/stat3 signaling pathway in the tumorigenesis, chemotherapy resistance, and treatment of solid tumors: a systemic review. J. Inflamm. Res. 15, 1349–1364. doi:10.2147/jir.S353489
 Miszczyk, M., Rajwa, P., Yanagisawa, T., Nowicka, Z., Shim, S. R., Laukhtina, E., et al. (2024). The efficacy and safety of metastasis-directed therapy in patients with prostate cancer: a systematic review and meta-analysis of prospective studies. Eur. Urol. 85 (2), 125–138. doi:10.1016/j.eururo.2023.10.012
 Mitsuhashi, A., Suzuka, K., Yamazawa, K., Matsui, H., Seki, K., and Sekiya, S. (2005). Serum vascular endothelial growth factor (vegf) and vegf-c levels as tumor markers in patients with cervical carcinoma. Cancer 103 (4), 724–730. doi:10.1002/cncr.20819
 Myers, J. A., and Miller, J. S. (2021). Exploring the nk cell platform for cancer immunotherapy. Nat. Rev. Clin. Oncol. 18 (2), 85–100. doi:10.1038/s41571-020-0426-7
 Neeman, E., and Ben-Eliyahu, S. (2013). Surgery and stress promote cancer metastasis: new outlooks on perioperative mediating mechanisms and immune involvement. Brain Behav. Immun. 30 (Suppl. l), S32–S40. doi:10.1016/j.bbi.2012.03.006
 Owen, M. D., and Dean, L. S. (2000). Ropivacaine. Expert Opin. Pharmacother. 1 (2), 325–336. doi:10.1517/14656566.1.2.325
 Pan, D., Wei, K., Ling, Y., Su, S., Zhu, M., and Chen, G. (2015). The prognostic role of ki-67/mib-1 in cervical cancer: a systematic review with meta-analysis. Med. Sci. Monit. 21, 882–889. doi:10.12659/msm.892807
 Park, M., Kim, D., Ko, S., Kim, A., Mo, K., and Yoon, H. (2022). Breast cancer metastasis: mechanisms and therapeutic implications. Int. J. Mol. Sci. 23 (12), 6806. doi:10.3390/ijms23126806
 Qu, D., Zou, X., and Liu, Z. (2022). Propofol modulates glycolysis reprogramming of ovarian tumor via restraining circular rna-zinc finger rna-binding protein/microrna-212-5p/superoxide dismutase 2 axis. Bioengineered 13 (5), 11881–11892. doi:10.1080/21655979.2022.2063649
 Sahinovic, M. M., Struys, M., and Absalom, A. R. (2018). Clinical pharmacokinetics and pharmacodynamics of propofol. Clin. Pharmacokinet. 57 (12), 1539–1558. doi:10.1007/s40262-018-0672-3
 Sessler, D. I., Pei, L., Huang, Y., Fleischmann, E., Marhofer, P., Kurz, A., et al. (2019). Recurrence of breast cancer after regional or general anaesthesia: a randomised controlled trial. Lancet 394 (10211), 1807–1815. doi:10.1016/s0140-6736(19)32313-x
 Shen, X., Wang, D., Chen, X., and Peng, J. (2021). Propofol inhibits proliferation, migration, invasion and promotes apoptosis by regulating host2/jak2/stat3 signaling pathway in ovarian cancer cells. Cytotechnology 73 (2), 243–252. doi:10.1007/s10616-021-00462-7
 Shi, S., Ma, H. Y., and Zhang, Z. G. (2021). Clinicopathological and prognostic value of stat3/p-stat3 in cervical cancer: a meta and bioinformatics analysis. Pathol. Res. Pract. 227, 153624. doi:10.1016/j.prp.2021.153624
 Shin, S., Kim, K. J., Hwang, H. J., Noh, S., Oh, J. E., and Yoo, Y. C. (2021). Immunomodulatory effects of perioperative dexmedetomidine in ovarian cancer: an in vitro and xenograft mouse model study. Front. Oncol. 11, 722743. doi:10.3389/fonc.2021.722743
 Stollings, L. M., Jia, L. J., Tang, P., Dou, H., Lu, B., and Xu, Y. (2016). Immune modulation by volatile anesthetics. Anesthesiology 125 (2), 399–411. doi:10.1097/aln.0000000000001195
 Sue, S. H., Tseng, W. C., Wu, Z. S., Huang, S. M., Chen, J. L., Wu, Z. F., et al. (2024). The synergistic mechanisms of propofol with cisplatin or doxorubicin in human ovarian cancer cells. J. Ovarian Res. 17 (1), 187. doi:10.1186/s13048-024-01509-x
 Sulekha Suresh, D., and Guruvayoorappan, C. (2023). Molecular principles of tissue invasion and metastasis. Am. J. Physiol. Cell. Physiol. 324 (5), C971–c991. doi:10.1152/ajpcell.00348.2022
 Sun, D., Li, Y. C., and Zhang, X. Y. (2021a). Lidocaine promoted ferroptosis by targeting mir-382-5p/slc7a11 axis in ovarian and breast cancer. Front. Pharmacol. 12, 681223. doi:10.3389/fphar.2021.681223
 Sun, M., Huang, S., and Gao, Y. (2021b). Lidocaine inhibits the proliferation and metastasis of epithelial ovarian cancer through the wnt/β-catenin pathway. Transl. Cancer Res. 10 (7), 3479–3490. doi:10.21037/tcr-21-1047
 Sun, N., Zhang, W., Liu, J., Yang, X., and Chu, Q. (2021c). Propofol inhibits the progression of cervical cancer by regulating hotair/mir-129-5p/rpl14 axis. Onco Targets Ther. 14, 551–564. doi:10.2147/ott.S279942
 Sun, Y., Peng, Y. B., Ye, L. L., Ma, L. X., Zou, M. Y., and Cheng, Z. G. (2020). Propofol inhibits proliferation and cisplatin resistance in ovarian cancer cells through regulating the microrna-374a/forkhead box o1 signaling axis. Mol. Med. Rep. 21 (3), 1471–1480. doi:10.3892/mmr.2020.10943
 Takeyama, E., Miyo, M., Matsumoto, H., Tatsumi, K., Amano, E., Hirao, M., et al. (2021). Long-term survival differences between sevoflurane and propofol use in general anesthesia for gynecologic cancer surgery. J. Anesth. 35 (4), 495–504. doi:10.1007/s00540-021-02941-9
 Tarazi, D., and Maynes, J. T. (2023). Impact of opioids on cellular metabolism: implications for metabolic pathways involved in cancer. Pharmaceutics 15 (9), 2225. doi:10.3390/pharmaceutics15092225
 Thanthong, S., Rojthamarat, S., Worasawate, W., Vichitvejpaisal, P., Nantajit, D., and Ieumwananontachai, N. (2017). Comparison of efficacy of meperidine and fentanyl in terms of pain management and quality of life in patients with cervical cancer receiving intracavitary brachytherapy: a double-blind, randomized controlled trial. Support Care Cancer 25 (8), 2531–2537. doi:10.1007/s00520-017-3662-3
 Tian, H., Hou, L., Xiong, Y., and Cheng, Q. (2021). Dexmedetomidine upregulates microrna-185 to suppress ovarian cancer growth via inhibiting the sox9/wnt/β-catenin signaling pathway. Cell. Cycle 20 (8), 765–780. doi:10.1080/15384101.2021.1897270
 Tian, H., Hou, L., Xiong, Y., Cheng, Q., and Huang, J. (2019). Effect of dexmedetomidine-mediated insulin-like growth factor 2 (igf2) signal pathway on immune function and invasion and migration of cancer cells in rats with ovarian cancer. Med. Sci. Monit. 25, 4655–4664. doi:10.12659/msm.915503
 Tian, Q. G., Wu, Y. T., Liu, Y., Zhang, J., Song, Z. Q., Gao, W. F., et al. (2018). Expressions and correlation analysis of hif-1α, survivin and vegf in patients with hepatocarcinoma. Eur. Rev. Med. Pharmacol. Sci. 22 (11), 3378–3385. doi:10.26355/eurrev_201806_15159
 Vahrenkamp, J. M., Yang, C. H., Rodriguez, A. C., Almomen, A., Berrett, K. C., Trujillo, A. N., et al. (2018). Clinical and genomic crosstalk between glucocorticoid receptor and estrogen receptor α in endometrial cancer. Cell. Rep. 22 (11), 2995–3005. doi:10.1016/j.celrep.2018.02.076
 Wang, H. L., Yan, H. D., Liu, Y. Y., Sun, B. Z., Huang, R., Wang, X. S., et al. (2015). Intraoperative intravenous lidocaine exerts a protective effect on cell-mediated immunity in patients undergoing radical hysterectomy. Mol. Med. Rep. 12 (5), 7039–7044. doi:10.3892/mmr.2015.4235
 Wang, K., Wu, M., Xu, J., Wu, C., Zhang, B., Wang, G., et al. (2019). Effects of dexmedetomidine on perioperative stress, inflammation, and immune function: systematic review and meta-analysis. Br. J. Anaesth. 123 (6), 777–794. doi:10.1016/j.bja.2019.07.027
 Wang, P., Chen, J., Mu, L. H., Du, Q. H., Niu, X. H., and Zhang, M. Y. (2013). Propofol inhibits invasion and enhances paclitaxel-induced apoptosis in ovarian cancer cells through the suppression of the transcription factor slug. Eur. Rev. Med. Pharmacol. Sci. 17 (13), 1722–1729.
 Weerink, M. A. S., Struys, M., Hannivoort, L. N., Barends, C. R. M., Absalom, A. R., and Colin, P. (2017). Clinical pharmacokinetics and pharmacodynamics of dexmedetomidine. Clin. Pharmacokinet. 56 (8), 893–913. doi:10.1007/s40262-017-0507-7
 Wei, H., Sun, T., Liu, J., Wang, X., Zhao, G., Shi, J., et al. (2021). Isoflurane activates amp-activated protein kinase to inhibit proliferation, and promote apoptosis and autophagy in cervical carcinoma both in vitro and in vivo. J. Recept Signal Transduct. Res. 41 (6), 538–545. doi:10.1080/10799893.2020.1831535
 Wu, L., Shen, B., Li, J., Zhang, H., Zhang, K., Yang, Y., et al. (2022a). Stat3 exerts pro-tumor and anti-autophagy roles in cervical cancer. Diagn Pathol. 17 (1), 13. doi:10.1186/s13000-021-01182-4
 Wu, Z., Wang, H., Shi, Z. A., and Li, Y. (2022b). Propofol prevents the growth, migration, invasion, and glycolysis of colorectal cancer cells by downregulating lactate dehydrogenase both in vitro and in vivo. J. Oncol. 2022, 8317466. doi:10.1155/2022/8317466
 Xi, W., Rui, W., Fang, L., Ke, D., Ping, G., and Hui-Zhong, Z. (2009). Expression of stathmin/op18 as a significant prognostic factor for cervical carcinoma patients. J. Cancer Res. Clin. Oncol. 135 (6), 837–846. doi:10.1007/s00432-008-0520-1
 Xia, L., Oyang, L., Lin, J., Tan, S., Han, Y., Wu, N., et al. (2021). The cancer metabolic reprogramming and immune response. Mol. Cancer 20 (1), 28. doi:10.1186/s12943-021-01316-8
 Xiao, K., Zheng, Q., and Bao, L. (2022). Fentanyl activates ovarian cancer and alleviates chemotherapy-induced toxicity via opioid receptor-dependent activation of egfr. BMC Anesthesiol. 22 (1), 268. doi:10.1186/s12871-022-01812-4
 Xu, L., Xia, H., Ni, D., Hu, Y., Liu, J., Qin, Y., et al. (2020a). High-dose dexamethasone manipulates the tumor microenvironment and internal metabolic pathways in anti-tumor progression. Int. J. Mol. Sci. 21 (5), 1846. doi:10.3390/ijms21051846
 Xu, P., Zhang, S., Tan, L., Wang, L., Yang, Z., and Li, J. (2022). Local anesthetic ropivacaine exhibits therapeutic effects in cancers. Front. Oncol. 12, 836882. doi:10.3389/fonc.2022.836882
 Xu, Y., Pan, S., Jiang, W., Xue, F., and Zhu, X. (2020b). Effects of propofol on the development of cancer in humans. Cell. Prolif. 53 (8), e12867. doi:10.1111/cpr.12867
 Xue, F., Xu, Y., Song, Y., Zhang, W., Li, R., and Zhu, X. (2019). The effects of sevoflurane on the progression and cisplatinum sensitivity of cervical cancer cells. Drug Des. Devel Ther. 13, 3919–3928. doi:10.2147/dddt.S219788
 Yamazaki, T., Bravo-San Pedro, J. M., Galluzzi, L., Kroemer, G., and Pietrocola, F. (2021). Autophagy in the cancer-immunity dialogue. Adv. Drug Deliv. Rev. 169, 40–50. doi:10.1016/j.addr.2020.12.003
 Yang, T., Tian, S., Zhao, J., Pei, M., Zhao, M., and Yang, X. (2023). Lncrna abhd11-as1 activates egfr signaling to promote cervical cancer progression by preventing fus-mediated degradation of abhd11 mrna. Cell. Cycle 22 (23-24), 2538–2551. doi:10.1080/15384101.2023.2297591
 Yang, Y., Wang, Q., Song, D., Zen, R., Zhang, L., Wang, Y., et al. (2020). Lysosomal dysfunction and autophagy blockade contribute to autophagy-related cancer suppressing peptide-induced cytotoxic death of cervical cancer cells through the ampk/mtor pathway. J. Exp. Clin. Cancer Res. 39 (1), 197. doi:10.1186/s13046-020-01701-z
 Yim, E. K., Lee, M. J., Lee, K. H., Um, S. J., and Park, J. S. (2006). Antiproliferative and antiviral mechanisms of ursolic acid and dexamethasone in cervical carcinoma cell lines. Int. J. Gynecol. Cancer 16 (6), 2023–2031. doi:10.1111/j.1525-1438.2006.00726.x
 Yu, Z., Jin, S., Tian, S., and Wang, Z. (2022). Morphine stimulates cervical cancer cells and alleviates cytotoxicity of chemotherapeutic drugs via opioid receptor-dependent and -independent mechanisms. Pharmacol. Res. Perspect. 10 (5), e01016. doi:10.1002/prp2.1016
 Zeng, J., Li, Y. K., Quan, F. F., Zeng, X., Chen, C. Y., Zeng, T., et al. (2020). Propofol-induced mir-125a-5p inhibits the proliferation and metastasis of ovarian cancer by suppressing lin28b. Mol. Med. Rep. 22 (2), 1507–1517. doi:10.3892/mmr.2020.11223
 Zhang, C., Wang, B., Wang, X., Sheng, X., and Cui, Y. (2019). Sevoflurane inhibits the progression of ovarian cancer through down-regulating stanniocalcin 1 (stc1). Cancer Cell. Int. 19, 339. doi:10.1186/s12935-019-1062-0
 Zhang, C., Xie, C., and Lu, Y. (2021a). Local anesthetic lidocaine and cancer: insight into tumor progression and recurrence. Front. Oncol. 11, 669746. doi:10.3389/fonc.2021.669746
 Zhang, D., Zhou, X. H., Zhang, J., Zhou, Y. X., Ying, J., Wu, G. Q., et al. (2015). Propofol promotes cell apoptosis via inhibiting hotair mediated mtor pathway in cervical cancer. Biochem. Biophys. Res. Commun. 468 (4), 561–567. doi:10.1016/j.bbrc.2015.10.129
 Zhang, F., Wang, C., Cui, Y., Li, S., Yao, Y., Ci, Y., et al. (2016a). Effects of propofol on several membrane characteristics of cervical cancer cell lines. Cell. Physiol. Biochem. 40 (1-2), 172–182. doi:10.1159/000452535
 Zhang, H., Gu, J., Qu, M., Sun, Z., Huang, Q., Cata, J. P., et al. (2021b). Effects of intravenous infusion of lidocaine on short-term outcomes and survival in patients undergoing surgery for ovarian cancer: a retrospective propensity score matching study. Front. Oncol. 11, 689832. doi:10.3389/fonc.2021.689832
 Zhang, H., Qu, M., Sun, C., Wang, Y., Li, T., Xu, W., et al. (2022a). Association of mu-opioid receptor expression with long-term survival and perineural nerve invasion in patients undergoing surgery for ovarian cancer. Front. Oncol. 12, 927262. doi:10.3389/fonc.2022.927262
 Zhang, H., Zhou, D., Gu, J., Qu, M., Guo, K., Chen, W., et al. (2021c). Targeting the mu-opioid receptor for cancer treatment. Curr. Oncol. Rep. 23 (10), 111. doi:10.1007/s11912-021-01107-w
 Zhang, J., Zhu, S., Tan, Q., Cheng, D., Dai, Q., Yang, Z., et al. (2020). Combination therapy with ropivacaine-loaded liposomes and nutrient deprivation for simultaneous cancer therapy and cancer pain relief. Theranostics 10 (11), 4885–4899. doi:10.7150/thno.43932
 Zhang, L., Chen, Q., Hu, J., Chen, Y., Liu, C., and Xu, C. (2016b). Expression of hif-2α and vegf in cervical squamous cell carcinoma and its clinical significance. Biomed. Res. Int. 2016, 5631935. doi:10.1155/2016/5631935
 Zhang, W., Xue, F., Xie, S., Chen, C., Li, J., and Zhu, X. (2021d). Isoflurane promotes proliferation of squamous cervical cancer cells through mtor-histone deacetylase 6 pathway. Mol. Cell. Biochem. 476 (1), 45–55. doi:10.1007/s11010-020-03884-7
 Zhao, H., Wei, H., He, J., Wang, D., Li, W., Wang, Y., et al. (2020). Propofol disrupts cell carcinogenesis and aerobic glycolysis by regulating circtada2a/mir-455-3p/foxm1 axis in lung cancer. Cell. Cycle 19 (19), 2538–2552. doi:10.1080/15384101.2020.1810393
 Zhao, M. Y., Liu, P., Sun, C., Pei, L. J., and Huang, Y. G. (2022). Propofol augments paclitaxel-induced cervical cancer cell ferroptosis in vitro. Front. Pharmacol. 13, 816432. doi:10.3389/fphar.2022.816432
 Zhu, J., and Han, S. (2019). Lidocaine inhibits cervical cancer cell proliferation and induces cell apoptosis by modulating the lncrna-meg3/mir-421/btg1 pathway. Am. J. Transl. Res. 11 (9), 5404–5416.
 Zhu, J., and Zhang, Y. (2024). Dexmedetomidine inhibits the migration, invasion, and glycolysis of glioblastoma cells by lactylation of c-myc. Neurol. Res. 46 (12), 1105–1112. doi:10.1080/01616412.2024.2395069
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 Cheng, Wu and Xu. 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/fcell-13-1587548-g003.gif





OPS/images/fcell-13-1587548-t001.jpg
pe of cancel

Cervical cancer

Cell resource

Hela

Caski and SiHa cell

Hela, Caski, C-33A and
SiHa

ES-2, I0SE-80, A2780,

Effect

Promotes
autophagosome
accumulation

Restrains the growth and
invasion capacity of
cervical carcinoma cells

Inhibits tumor size, cell

viability and promotes
apoptosis

Inhibits cell

Mechanism

Induction of ER stress
and regulation of
AMPK/mTOR signaling

Inhibits MIR155HG

Inhibits mTOR/p70S6K
pathway mediated by
HOTAIR and
HOTAIR/miR-129-
5p/RPLI4 axis

Inhibits the activation of

References

Chen etal. (2018)

Duetal. (2021)

Sun etal. (2021¢);
Zhangetal. (2015)

Huang et al. (2016);

SKOV3, 293 T and proliferation, migration, | MEK/ERK signalingand | Luctal. (2021);
OVCAR3 invasion and induces the JAK2/STATS signal Shen et al. (2021)
Propofol apoptosis pathway, upregulates
miR9 expression and
inhibits NF-kB
activation and its
. downstream MMP-9
Ovarian cancer
expression
SKOV3 and OVCAR3 Suppresses colony Inhibits the ovarian Sue etal. (2024)
formation, disrupts cancer cell cither alone
‘mitochondrial or in combination with
membrane potential, and | chemotherapy agents
induces apoptosis and
autophagy
Endometrial cancer | Ishikawa Inhibits cell Inhibits Soxd expression | Du et al. (2018)
proliferation, migration, | via inactivation of
and invasion but Wnt/p-catenin signal
promotes apoptosis. pathway
SK-OV-3 Promotes the recovery of | Suppresses the SSRand | Shin etal. (2021)
NK cell activity and stress mediator release
reduce TNF-a level
Dexmedetomidine Ovarian cancer SKOV3 and HO-8910 Inhibits cell Upregulates miR-185 Tian etal. (2021)
proliferation, invasion expression and
and migration inactivates the
SOX9/Wat/p-catenin
signaling pathway
Siha and Hela Promotes cell = Xue etal. (2019)
proliferation and
migration, inhibits
Cervical cancer apoptosis
HeLa, SiHa and C-33A Inhibits cell proliferation | Inhibits Ras and RhoA Ding et al. (2019)
and migration GTPase activities
i |
Sevoflurane SKOV3 and OVCAR3 Inhibits cell Tnhibits JNK and p38 Kangand Wang (2019);
proliferation, migration, | MAPK signaling Zhang et al. (2019)
and invasion but pathway and the
1 tosi £STCL
Ovarian cancer promotes apoptosis expression of
SKOV3 Promotes cell Upregulates the Erk1/2 Congetal. (2022);
proliferation and pathway and activates Hu et al. 2024)
migration TASK-3 channel
Hela Inhibits cell viability, Activates the Wei etal. (2021)
triggers oxidative stress, | AMPK/mTOR pathway
induces apoptosis and
Cervical cancer autophagy
SiHa and Caski Enhances cell Activates the Zhang et al. (2021d)
iiurene proliferation AKT/mTOR pathway
Ovarian cancer SKOV3 and TOV2IG Increases cell Upregulates miR21and | Guo et al. (2017),
proliferation, AKT phosphorylation Luo etal. 2015)
angiogenesis,
upregulates glucose
uptake and lactate
production
Hela Increases cell population | Regulates the expression | Haraguchi-Suzuki et al
in the GO/G1 phase and distribution of Ki-67 (2022)
Gefvicalicances Hela Inhibits cell proliferation | Modulates the IncRNA- Zhu and Han (2019)
and induces apoptosis MEG3/miR-421/BTG1
pathway
Ovarian cancer ES-2, SKOV3 Inhibits cell migration Reduces rate of calcium | Jiang et al. (2016);
Lidocaine and invasion influxand downregulates | Sun D. et al. (2021)
TRPV6 expression,
promotes ferroptosis by
miR-382-5p/SLC7A1L
axis
Endometrial cancer | RL95-2 Inhibits cell viability, - Long et al. (2022)
proliferation, migration
and induces apoptosis
Ropivacaine Cervical cancer Siha and Caski Inhibis cell cycle Inhibits the Chen etal. (2020)
progression and miR613/MEG2/pSTAT3
promotes apoptosis axis
Cervical cancer C-33A and Caski Promotes proliferation Activates Yuetal. 2022)
and migration EGFR-mediated and
RhoA-mediated
Opioids signaling pathways
Ovarian cancer SW626, SKOV3 and Promotes proliferation Activates EGFR and Xiao etal. (2022)
TOV21G and migration its-mediated
downstream pathways
Ovarian cancer SKOV3 and HO-8910 Promotes ECM adhesion | Enhances the protein Chen etal. (2010)
lLevels of members of
integrin B1 subfamily
and TGF-B1-signaling
Dexamethasone pathway

Endometrial cancer

Ishikawa H

Inhibits cell growth and
invasion

Induces USF-2 and
downregulates
N-cadherin

Davies et al. (2006)






OPS/xhtml/nav.xhtml
Contents

		Cover

		Effects of anesthetics on development of gynecological cancer		1 Introduction

		2 Mechanisms of tumor metastasis

		3 Anesthetics and gynecologic cancer outcomes		3.1 Intravenous anesthetics

		3.2 Volatile anesthetics

		3.3 Local anesthetics

		3.4 Other drugs





		4 Summary

		Author contributions

		Funding

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Cell and Developmental Biology






OPS/images/fcell-13-1587548-g001.gif





OPS/images/fcell-13-1587548-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers ‘ Frontiers in Cell and Developmental Biology





