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The relatively low incidence of high-grade endometrial carcinoma (HGEC) poses 
a significant challenge as it limits the conduct of extensive prospective studies ded-
icated to identifying the best treatment approach. In most large-scale clinical in-
vestigations, HGEC cases are sparsely represented. As a result, the generaliza-
tions drawn from these studies may not accurately pertain to HGEC. Herein, we 
comprehensively review the surgical treatment strategies for HGEC, with a par-
ticular focus on the impact of temperature-based therapies, minimally invasive ap-
proaches, and molecular subtypes. Our aim is to provide a solid basis for the indi-
vidualized diagnosis and management of patients afflicted with this condition. 
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Introduction 

Based on the histomorphological characteristics, HGEC encompasses high-grade en-

dometrial endometrioid carcinoma (HG-EEC) and non-endometrial endometrioid carcinoma 

(NEEC) [1]. In recent years, there has been a significant upward trend in the proportion of 

HGEC cases [2]. However, the survival rate of endometrial carcinoma (EC) has not shown a 

remarkable improvement. This situation largely stems from the dearth of substantial therapeutic 

progress for patients who are at a high risk of metastasis and recurrence [3]. 

The standardized and individualized treatment of HGEC requires increased attention 

from clinicians. In addition to the proper implementation of postoperative adjuvant therapy, 

determining how to improve patient prognosis through precise preoperative diagnosis and 

standardized intraoperative assessment has emerged as one of the current research hotspots. 

This involves a comprehensive understanding of various factors such as the specific subtypes 

of HGEC, their biological behaviors, and the potential application of advanced diagnostic tech-

niques and intraoperative evaluation methods. Moreover, the exploration of new treatment mo-

dalities that can be tailored to the individual needs of patients is also of great significance in 

this context. 

–––––––––––––– 
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Choice of preoperative diagnostic methods 

In the context of EC, the distinction between HGEC and low-grade endometrial car-

cinoma (LGEC) is not only important in terms of understanding the disease's nature but also 

has significant implications for surgical decision-making. The surgical approach and the extent 

of resection can vary greatly between these two grades. A precise preoperative diagnosis is, 

therefore, of utmost importance as it directly influences the determination of the most appro-

priate surgical scope. 

Wang et al. [4] conducted a comparative study on the diagnostic efficacy of different 

methods. Their results clearly indicated that hysteroscopic endometrial biopsy had a superior 

performance in diagnosing endometrial serous carcinoma (ESC) prior to surgery when com-

pared to the traditional curettage method. The significant difference in the diagnostic rates 

(88.5% vs. 65.0%, P = 0.019) highlights the potential value of hysteroscopy in improving the 

accuracy of preoperative diagnosis. However, this seemingly advantageous technique is not 

without its concerns. During the process of hysteroscopic surgery, the use of uterine expansion 

media and the application of pressure within the uterine cavity create a complex environment. 

This environment poses a potential threat as it may facilitate the migration of cancer cells. These 

cells could potentially gain access to the pelvic cavity through the fallopian tube, or they might 

spread via the body's natural vascular and lymphatic systems. This iatrogenic tumor dissemina-

tion has been a subject of intense discussion within the medical community, with various studies 

presenting different viewpoints regarding its impact on patient prognosis [5-7]. 

Positive ascites cytology has emerged as an important factor in predicting the prog-

nosis of EC patients. Previous research has established it as an independent prognostic risk 

factor, particularly in cases of NEEC [7, 8]. However, the relationship between preoperative 

hysteroscopy and positive ascites cytology is not straightforward. Larish et al. [9] carried out a 

large-scale retrospective analysis involving 831 HGEC patients. Their findings were rather un-

expected as they did not find any evidence to suggest that preoperative hysteroscopy was asso-

ciated with an increased likelihood of positive ascites cytology, peritoneal dissemination, or 

disease progression. Similarly, Chen et al. [10] focused their analysis on type II EC patients 

and also failed to detect any significant differences in disease-specific survival (DFS) rates, 

progression-free survival (PFS) rates, or recurrence sites between the group that underwent 

hysteroscopy and the group that received diagnostic curettage. 

The HGEC is known for its highly aggressive nature, and this characteristic demands 

that clinicians carefully consider the potential risks associated with any diagnostic or treatment 

procedures. Preoperative hysteroscopy, in particular, requires a comprehensive assessment of 

its potential impact on patient prognosis. In the early stages of the disease, the clinical and 

imaging manifestations of HGEC and type I EC are remarkably similar. This similarity creates 

a challenge for clinicians as they cannot rely on these common features to accurately predict 

HGEC. As a result, it becomes difficult to make an informed decision regarding the choice of 

biopsy methods. 

Based on the current body of evidence, it appears that hysteroscopy does not have a 

significant impact on the spread of tumor cells within the abdominal cavity or on the overall 

progression of the disease in EC patients. However, it is important to note that type II EC pre-

sents unique challenges. The cancer tissue in type II EC is often fragile, with a tendency to 

hemorrhage and undergo necrosis. This fragility increases the likelihood of cancer cells detach-

ing from the primary tumor site. In light of these characteristics, during hysteroscopic proce-

dures in patients suspected of having type II EC, it is essential to exercise strict control over the 
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uterine distension pressure and to minimize the operation time as much as possible. This ap-

proach aims to reduce the potential risks associated with the procedure while still obtaining the 

necessary diagnostic information. 

Choice of surgical approach 

In the contemporary medical landscape, the advent and promotion of minimally inva-

sive surgery (MIS) have revolutionized the surgical management of EC. This innovative ap-

proach has gained significant traction and has gradually emerged as the standard surgical mo-

dality for EC patients. The NCCN guidelines [11] provide clear directives, stipulating that for 

patients whose tumors are confined within the uterine boundaries, standard surgical procedures 

should be carried out using MIS. This preference for MIS extends even to cases where the 

preoperative pathological diagnosis reveals more aggressive subtypes such as ESC, endometrial 

clear cell carcinoma (ECCC), dedifferentiated/undifferentiated carcinoma, or carcinosarcoma. 

These recommendations are based on comprehensive evaluations and evidence from extensive 

clinical research. Similarly, the ESGO/ESTRO/ESP guidelines [12] introduce a note of caution. 

When tumors have metastasized to other regions within the uterus, the cervix, or have infiltrated 

the lymph nodes, MIS is considered relatively contraindicated. This is because the spread of 

the tumor may complicate the minimally invasive procedure and potentially lead to incomplete 

resection or dissemination of cancer cells during the operation. 

The foundation of these guidelines lies in large-scale randomized controlled trials that 

have rigorously investigated the safety and efficacy of different surgical approaches. The  

LAP-2 study [13] and the laparoscopic approach to cancer of the endometrium (LACE) study 

[14] are prime examples of such research endeavors. These studies have convincingly demon-

strated the safety of MIS in the context of early stage EC. The results were quite remarkable, 

showing that survival outcomes in patients undergoing MIS were on par with those receiving 

open surgery (OPS). Moreover, MIS offered several advantages, including a reduced incidence 

of complications and an enhanced quality of life for the patients. However, it is important to 

note that these two studies had certain limitations. They predominantly included patients with 

relatively low risk EC, and the representation of HGEC within these cohorts was minuscule. 

The medical community's perception of MIS in EC was further challenged with the 

publication of the laparoscopic approach to cervical cancer (LACC) [15]. This led to a wave of 

re-evaluation and new research initiatives. In 2012, a significant multicenter retrospective study 

[16] was conducted, specifically focusing on HGEC. This study compared the outcomes of MIS 

and OPS in a large sample of 383 HGEC patients, encompassing various subtypes such as 122 

HG-EEC (31.8%), 120 ESC (31.3%), 44 ECCC (11.5%), and 97 mixed carcinoma (25.3%). 

The findings were somewhat reassuring as there was no significant difference in PFS between 

the two surgical groups. This result contributed to the wider acceptance and application of MIS 

in different pathological types of early stage EC. 

Nevertheless, subsequent investigations painted a more complex picture. It was found 

that in intermediate risk EC patients, MIS was associated with a higher recurrence rate com-

pared to OPS, although there was no significant impact on overall survival (OS) [17, 18]. Philp 

et al. [19] further corroborated this in their study of intermediate and high risk EC, reporting 

that the MIS group had a significantly shorter median time to recurrence at any site (P = 0.022). 

However, intriguingly, these recurrence risks did not translate into an increased risk of death. 

In high risk EC patients, especially those with high-grade histologic types or advanced disease 

[16, 20, 21], the surgical approach did not seem to have a substantial influence on PFS or OS. 

A meta-analysis published in 2022, which incorporated post-hoc analysis of eight retrospective 
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studies and 1 randomized controlled trial, provided additional evidence that MIS did not in-

crease the risk of recurrence or death in HGEC patients [22]. However, this should be inter-

preted with caution as the high metastasis and recurrence rates inherent in HGEC patients could 

potentially mask the true impact of the surgical approach on survival. Additionally, the hetero-

geneity of post-surgical treatments, including adjuvant chemotherapy, radiotherapy, or com-

bined chemoradiotherapy, among these patients further complicates the analysis of the relation-

ship between the surgical method and survival outcomes. Therefore, it is of utmost importance 

that the choice of surgical approach for HGEC patients be individualized, taking into account 

all relevant high-risk factors. 

Another crucial aspect that has emerged in recent research is the role of molecular 

classification in determining the optimal surgical approach. Unfortunately, none of the previous 

studies mentioned above incorporated molecular classification information. This omission has 

precluded a comprehensive assessment of how the surgical approach affects EC patients with 

different molecular profiles. Dai et al. [23] made a significant discovery in this regard. Their 

research revealed that MIS was an independent risk factor for recurrence-free survival (RFS) 

in microsatellite stable (MSS) EC patients (HR = 2.45, 95%CI 1.06-5.64, P = 0.004), particu-

larly in the case of MSS endometrial endometrioid carcinoma. When patients were classified 

into the tumor mutational burden high (TMB-H) group based on specific gene mutations such 

as POLE mutation and microsatellite instability high (MSI-H) in tumor tissue, MIS did not have 

an adverse effect on their prognosis. Moreover, a TCGA-based study demonstrated that, among 

patients with TP53-mutant EC, MIS was associated with inferior RFS compared with OPS [24]. 

Based on the observed survival differences across molecular subtypes under different surgical 

approaches, a molecular feature–guided surgical decision framework was further proposed to 

inform the selection between MIS and OPS, fig. 1. The underlying mechanism may be related 

to the stronger in vivo anti-tumor immune responses in EC patients with TMB-H, which could 

potentially counteract the risk of intraperitoneal tumor dissemination associated with MIS [25]. 

However, in tumors with more aggressive genetic mutations, such as TP53 or CTNNB1 muta-

tions, the risk of recurrence due to MIS is significantly elevated. Moreover, studies have shown 

that the concordance between molecular subtypes identified in biopsy specimens and those in 

hysterectomy specimens is higher than that of histopathological diagnosis [26]. This finding 

highlights the need to reevaluate the current practice of performing molecular subtype analysis 

after surgery. Utilizing preoperative biopsy specimens for molecular typing could provide val-

uable information for determining a more rational surgical scope. 

The differences between OPS and MIS are not only limited to the surgical techniques 

but also have implications for potential tumor spread. The main differentiating factors include 

the use of uterine manipulators, the method of vaginal transection, and the use of CO₂ pneu-

moperitoneum. These elements can create an environment conducive to tumor spread during 

the surgical process, either to the vagina or the pelvic cavity. A case control study [27] estab-

lished a significant link between tumor spillover during MIS (encompassing events such as 

uterine perforation and exposure of the tumor to extrauterine locations like the vagina or ab-

dominopelvic cavity) and recurrence. The recurrence rate among patients with intraoperative 

tumor spillover was alarmingly 5.6 times higher than that of those without such incidents. Fur-

thermore, even with the implementation of postoperative adjuvant therapy, the negative impact 

on survival due to tumor spillover could not be alleviated. 

The use of a uterine lifter has been a subject of extensive research and debate. Earlier 

studies suggested that it did not increase the positive rate of ascites cytology or the recurrence 

rate of EC patients [28, 29], nor did it have a significant impact on the DFS or OS of HGEC  
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Figure 1. (a) A TCGA-based model for deciding proper surgical approach [24] and  
(b) a simplified model for deciding proper surgical approach [24] 

patients [30]. However, a recent multicenter retrospective study involving 2661 early stage EC 

patients contradicted these findings. This study reported a higher recurrence rate in patients who 

used a uterine lifter (11.69% vs. 7.4%, P < 0.001) and a significantly increased risk of death in 

patients with EC confined to the uterus (HR = 1.74, 95%CI 1.07-2.83, P = 0.026) [31]. This 

new evidence challenges the previously held notion of the safety of the uterine lifter in MIS. In 

addition, Feigenberg et al. [32] investigated whether vaginal removal of a large uterus during 

MIS increased the risk of recurrence in 758 HGEC patients. Their results indicated that a uterine 

weight > 75th percentile was associated with an increased risk of abdominal or vaginal recur-

rence (OR = 2.207, 95%CI 1.123-4.337, P = 0.020). Currently, the question of whether the use 

of a uterine lifting device leads to tumor cell dissemination or has a negative impact on prog-

nosis remains highly controversial. In light of this, it is essential to adhere to the principle of 
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tumor-free surgery. Surgical techniques related to uterine lifting and vaginal transection should 

be continuously optimized to minimize the risk of intraoperative tumor spillover. Additionally, 

for patients scheduled for MIS, a comprehensive pre-operative physical examination should be 

performed to accurately assess the size of the uterus and the likelihood of successful complete 

vaginal removal. 

In conclusion, MIS has emerged as the preferred surgical option for early stage EC. 

In the context of HGEC, although the patient population is relatively small and the malignancy 

is high, MIS appears to be safe based on current evidence. However, given the aggressive nature 

of HGEC, more prospective studies are urgently needed to provide conclusive evidence regard-

ing the safety of MIS. Furthermore, the application of molecular classification of EC based on 

preoperative pathology has not yet been widely adopted, and the potential of this approach to 

optimize surgical treatment strategies for EC is still in the nascent stages of exploration. 

The importance of complete surgical staging 

The fundamental surgical procedure for EC consists of total hysterectomy + bilateral 

adnexectomy ± pelvic lymphadenectomy and para-aortic lymphadenectomy. For HGEC, espe-

cially when it comes to type II EC, resection of para-aortic lymph nodes at the level of the 

inferior mesenteric artery or renal vein is required. In the case of type II EC, comprehensive 

staging surgery or cytoreductive surgery should be conducted in accordance with the principles 

of ovarian cancer surgery. Even in the early stages, omentectomy or peritoneal biopsy should 

be routinely performed [12]. In previous reports, the rate of comprehensive staging surgery 

among ESC patients ranged from approximately 31.5%-62.3% [4, 33], and for ECCC, it was 

44%-52% [34, 35]. A significant number of patients did not meet the requirements stipulated 

in the guidelines. 

Due to the highly aggressive nature of ESC, there is a substantial risk of extrauterine 

occult metastasis even in the early stages of the disease. Wang et al. [36] reported that the me-

tastasis rates of pelvic and para-aortic lymph nodes in ESC patients were as high as 45.2% and 

51.5%, respectively. Notably, among 34 patients with para-aortic lymph node metastasis, 2 pa-

tients had skipping para-aortic lymph node metastasis without pelvic lymph node metastasis. 

Hence, systematic resection of retroperitoneal lymph nodes for ESC patients should be empha-

sized. Chen et al. [37] reported that the rate of omental metastasis in ESC patients was 18.7%, 

and the rate of occult omental metastasis was 9.1%. This not only indicates the high prevalence 

of omental metastasis in ESC patients but also highlights that macroscopic evaluation and 

omental biopsy alone may not be sufficient to identify occult metastasis. That is to say, 

omentectomy should be an integral part of the staging process for ESC patients. Previous stud-

ies have emphasized the significance of comprehensive staging surgery for ESC patients: com-

prehensive staging surgery significantly improves DFS and OS [36] of ESC patients. Even for 

patients with stage IA ESC whose lesions are confined to the endometrium, staged lymph node 

resection can significantly enhance patient survival [38]. Therefore, it is crucial to consider the 

impact of comprehensive surgical staging on ECCC patients as well. In summary, comprehen-

sive staging surgery is of utmost importance for HGEC patients as it enables a better assessment 

of the patient's stage and guides the selection of postoperative adjuvant therapy. Of course, this 

is predicated on an accurate preoperative pathological diagnosis. 

Different guidelines have slightly varying recommendations regarding omental resec-

tion. The NCCN guidelines [11] suggest omental biopsy for patients with ESC, ECCC, and 

carcinosarcoma, while the ESMO guidelines [39] only recommend omental resection for pa-

tients with ESC and carcinosarcoma. The ESGO/ESTRO/ESP guidelines [12] also hold the 
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view that the rate of omental metastasis in clinical stage I ECCC is low [40], and thus 

omentectomy during the operation may not be necessary. Currently, the mainstream opinion 

still favors recommending routine omental resection for ECCC patients to avoid overlooking 

occult omental metastasis. Additionally, there is debate regarding whether omentectomy in non-

endometrial endometrioid carcinoma (NEEC) should only be performed when metastatic dis-

ease is macroscopically visible or should be carried out routinely under all circumstances. Ka-

ban et al. [41] found that micrometastases in the greater omentum accounted for 44.1% of oc-

cult metastases in NEEC, and the sensitivity of the surgeon's visual assessment was 0.55. Re-

searchers believe that routine omental sampling is essential regardless of the pathological type 

of NEEC. However, there is still no definitive conclusion as to whether the resection of normal 

omentum confers a survival benefit to patients and whether occult metastasis of the greater 

omentum affects patient survival. Larger-sample-size and prospective randomized controlled 

trials are required to formulate more targeted clinical guidelines. Molecular classification 

guides for postoperative adjuvant therapy of early stage EC [42].  

Temperature based therapies 

Temperature based therapies have emerged as a promising area of research in the 

treatment of HGEC. These therapies utilize thermal energy to target cancer cells, either alone 

or in combination with other treatment modalities. 

Hyperthermia [43] is one of the commonly studied temperature based techniques. It 

involves raising the temperature of the tumor tissue to a level that is cytotoxic to cancer cells 

while minimizing damage to normal surrounding tissues. In the context of HGEC, local or re-

gional hyperthermia can be applied. Local hyperthermia may be achieved through various 

methods such as interstitial heating probes inserted directly into the tumor tissue. This approach 

allows for precise temperature elevation within the target area. Regional hyperthermia, on the 

other hand, can be used to heat a larger area that encompasses the tumor, for example, by using 

external heating devices that apply heat to the pelvic region. The heat generated during hyper-

thermia can cause multiple effects on cancer cells. It can disrupt cell membranes, interfere with 

cellular metabolism, and induce apoptosis. Moreover, hyperthermia has been shown to enhance 

the effects of chemotherapy and radiotherapy. When combined with chemotherapy drugs, the 

increased temperature can improve the penetration of the drugs into the tumor cells and increase 

their cytotoxicity. Similarly, in combination with radiation therapy, hyperthermia can make 

cancer cells more sensitive to radiation, potentially improving the treatment outcome. 

Another temperature based approach is cryotherapy [44]. Cryotherapy involves the 

use of extremely low temperatures to freeze and destroy cancer cells. In the treatment of HGEC, 

cryoprobes can be inserted into the tumor under image guidance. The rapid freezing of the tissue 

causes ice crystal formation within the cells, which leads to cell damage and death. Cryotherapy 

can be particularly useful for small, localized tumors or as a palliative measure in cases where 

complete surgical resection is not possible. It has the advantage of being a minimally invasive 

procedure with relatively low morbidity compared to traditional surgical approaches. However, 

one of the challenges with cryotherapy is ensuring complete destruction of the tumor cells, as 

some cells at the periphery of the frozen area may survive and potentially lead to recurrence. 

The development of temperature based therapies for HGEC also involves the use of 

advanced temperature monitoring and control systems. Because the temperature affects greatly 

the metabolic rates for both human body’s cells and tumor cells [45, 46].  

In recent years, micro electro mechanical systems (MEMS) technology [47-49] has 

shown great potential in this field. The MEMS based devices can be designed to provide real 
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time monitoring within the body during and after treatment. For example, miniaturized sensors 

can be used to detect changes in tissue conditions, such as temperature, pressure, or biochemical 

markers related to HGEC. This information can assist surgeons in making more informed de-

cisions during the operation, optimizing the surgical approach based on the actual in vivo situ-

ation. 

Despite the potential benefits, the implementation of temperature based therapies in 

HGEC treatment also faces several limitations. One of the main challenges is the accurate iden-

tification and targeting of the tumor. The complex anatomy of the uterus and the surrounding 

pelvic structures can make it difficult to precisely apply the thermal treatment only to the can-

cerous tissue. There is also a lack of large-scale clinical trials to fully evaluate the long term 

efficacy and safety of these therapies. Moreover, the combination of temperature based thera-

pies with other standard treatments such as surgery, chemotherapy, and radiotherapy requires 

careful optimization to determine the most effective treatment sequence and dosing regimens. 

Future research should focus on addressing these limitations to further develop and integrate 

temperature based therapies into the comprehensive treatment of HGEC. 

Conclusions 

The HGEC is an extremely aggressive disease, and consequently, its treatment strat-

egy demands high precision and personalization. Given the high degree of malignancy of 

HGEC and the complexity associated with heterogeneous postoperative treatments, additional 

prospective studies remain essential to validate the safety of minimally invasive surgery. 

In recent years, advances in miniaturized sensing and monitoring technologies have 

opened new possibilities for real-time intraoperative and postoperative assessment in HGEC, 

supporting more informed surgical decision-making. 

Simultaneously, the potential value of molecular subtyping in guiding surgical proce-

dures has been receiving increasing attention. Specifically, the combination of molecular char-

acteristics to optimize the surgical method and scope holds the promise of improving patient 

prognosis. This approach could potentially revolutionize the way we approach the surgical man-

agement of HGEC, taking into account the unique molecular profiles of each patient to tailor 

the most effective treatment plan. 

References 

[1] Zhang, C., Zheng, W., High-Grade Endometrial Carcinomas: Morphologic Spectrum and Molecular 
Classification, Seminars in Diagnostic Pathology, 39 (2022), 3, pp. 176-186 

[2] Goto, T., et al., Prognosis of High-Grade Endometrial Cancer: A Comparison of Serous-Type and Clear 
Cell Type to Grade 3 Endometrioid-Type, European J. of Gynaecological Oncology, 33 (2012), 579 

[3] McGunigal, M., et al., Survival Differences Among Uterine Papillary Serous, Clear Cell and Grade 3 
Endometrioid Adenocarcinoma Endometrial Cancers: A National Cancer Database Analysis, Interna-
tional Journal of Gynecologic Cancer, 27 (2016), 1, pp. 85-92 

[4] Wang, Y., et al., Clinicopathological and Survival Analysis of Uterine Papillary Serous Carcinoma: A 
Single Institutional Review of 106 Cases, Cancer Manag Res, 10 (2018), Oct., pp. 4915-4928 

[5] Seagle, B. L., et al., Prognosis and Treatment of Positive Peritoneal Cytology in Early Endometrial Can-
cer: Matched Cohort Analyses from the National Cancer Database, American Journal of Obstetrics and 
Gynecology, 218 (2018), 3, pp. 329.e1-329.e15 

[6] Quintana-Berto, R., et al., Oncological Safety of Hysteroscopy in Endometrial Cancer, Int J Gynecol 
Cancer, 32 (2022), 11, pp. 1395-1401 

[7] Matsuo, K., et al., Malignant Peritoneal Cytology and Increased Mortality Risk in Stage I Non-Endo-
metrioid Endometrial Cancer, Gynecologic Oncology, 159 (2020), 1, pp. 43-51 

[8] Han, K. H., et al., Peritoneal Cytology: a Risk Factor of Recurrence for Non-Endometrioid Endometrial 
Cancer, Gynecol. Oncol., 134 (2014), 2, pp. 293-296 



Peng, Y., et al.: Surgical Strategies for High-Grade Endometrial Cancer … 
THERMAL SCIENCE: Year 2026, Vol. 30, No. 2A, pp. 1087-1096 1095 

[9] Larish, A., et al., Impact of Hysteroscopy on Course of Disease in High-Risk Endometrial Carcinoma, 
Int J Gynecol Cancer, 30 (2020), 10, pp. 1513-1519 

[10] Chen, J., et al., Does Hysteroscopy Worsen Prognosis in Women with Type II Endometrial Carcinoma? 
PLoS One, 12 (2017), e0174226 

[11] Abu-Rustum, N., et al., Uterine Neoplasms, Version 1.2023, NCCN Clinical Practice Guidelines in On-
cology, J. Natl. Compr. Canc. Netw., 21 (2023), 2, pp. 181-209 

[12] Concin, N., et al., ESGO/ESTRO/ESP Guidelines for the Management of Patients with Endometrial 
Carcinoma, Int. J. Gynecol. Cancer, 31 (2021), 1, pp. 12-39 

[13] Walker, J. L., et al., Recurrence and Survival after Random Assignment to Laparoscopy vs. Laparotomy 
for Comprehensive Surgical Staging of Uterine Cancer: Gynecologic Oncology Group LAP2 Study, J. 
Clin. Oncol., 30 (2012), 7, pp. 695-700 

[14] Janda, M., et al., Effect of Total Laparoscopic Hysterectomy vs Total Abdominal Hysterectomy on Dis-
ease-Free Survival Among Women With Stage I Endometrial Cancer, JAMA, 317 (2017), 1224 

[15] Ramirez, P. T., et al., Minimally Invasive vs. Abdominal Radical Hysterectomy for Cervical Cancer, 
The New England Journal of Medicine, 378 (2018), 20, pp. 1895-1904 

[16] Fader, A. N., et al., Impact of Histology and Surgical Approach on Survival among Women with Early-
Stage, High-Grade Uterine Cancer: An NRG Oncology/Gynecologic Oncology Group Ancillary Anal-
ysis, Gynecol. Oncol., 143 (2016), 3, pp. 460-465 

[17] Song, J., et al., A Comparison of Disease Recurrence between Robotic vs. Laparotomy Approach in 
Patients with Intermediate-Risk Endometrial Cancer, International Journal of Gynecological Cancer, 
30 (2020), 160 

[18] Kim, S. I., et al., Survival Rates of Patients who Undergo Minimally Invasive Surgery for Endometrial 
Cancer with Cervical Involvement, International Journal of Medical Sciences, 18 (2021), 10, pp. 2204-
2208 

[19] Philp, L., et al., Effect of Surgical Approach on Risk of Recurrence after Vaginal Brachytherapy in 
Early-Stage High-Intermediate Risk Endometrial Cancer, Gynecologic Oncology, 160 (2021), 2, pp. 
389-395 

[20] Koskas, M., et al., Long-Term Oncological Safety of Minimally Invasive Surgery in High-Risk Endo-
metrial Cancer, European Journal of Cancer, 65 (2016), Sept., pp. 185-191 

[21] Borgfeldt, C., et al., Survival in Endometrial Cancer in Relation to Minimally Invasive Surgery or Open 
Surgery – a Swedish Gynecologic Cancer Group (SweGCG) Study, BMC Cancer, 21 (2021), 658 

[22] Kim, N. R., et al., Minimally Invasive Surgery vs. Open Surgery in High-Risk Histologic Endometrial 
Cancer Patients: A Meta-Analysis, Gynecologic Oncology, 166 (2022), 2, pp. 236-244 

[23] Dai, Y., Z., et al., Survival of Microsatellite-Stable Endometrioid Endometrial Cancer Patients after 
Minimally Invasive Surgery: An Analysis of the Cancer Genome Atlas Data, Gynecologic Oncology, 
158 (2020), 1, pp. 92-98 

[24] Dai, Y., et al., Tumor Molecular Features Predict Endometrial Cancer Patients’ Survival After Open or 
Minimally Invasive Surgeries, Frontiers in Oncology, 11 (2021), 634857 

[25] McMeekin, D. S., et al., Clinicopathologic Significance of Mismatch Repair Defects in Endometrial 
Cancer: An NRG Oncology/Gynecologic Oncology Group Study, Journal of Clinical Oncology, 34 
(2016), 25, pp. 3062-3068 

[26] Abdulfatah, E., et al., Molecular Classification of Endometrial Carcinoma Applied to Endometrial Bi-
opsy Specimens: Towards Early Personalized Patient Management, Gynecologic Oncology, 154 (2019), 
3, pp. 467-474 

[27] McMeekin, D. S., et al., Clinicopathologic Significance of Mismatch Repair Defects in Endometrial 
Cancer: An NRG Oncology/Gynecologic Oncology Group Study, Journal of Clinical Oncology, 34 
(2016), 25, pp. 3062-3068 

[28] Meng, Y., et al., The Effects of Uterine Manipulators in Minimally Invasive Hysterectomy for Endome-
trial Cancer: A Systematic Review and Meta-Analysis, European Journal of Surgical Oncology, 46 
(2020), 7, pp. 1225-1232 

[29] Machida, H., et al., Intrauterine Manipulator Use during Minimally Invasive Hysterectomy and Risk of 
Lymphovascular Space Invasion in Endometrial Cancer, Int. J. Gynecol. Cancer, 28 (2018), 2, pp. 208-
219 

[30] Segarra-Vidal, B., et al., Minimally Invasive Compared with Open Hysterectomy in High-Risk Endo-
metrial Cancer, Obstetrics and Gynecology, 138 (2021), 6, 828 



Peng, Y., et al.: Surgical Strategies for High-Grade Endometrial Cancer … 
1096 THERMAL SCIENCE: Year 2026, Vol. 30, No. 2A, pp. 1087-1096 

[31] Padilla-Iserte, P., et al., Impact of Uterine Manipulator on Oncological Outcome in Endometrial Cancer 
Surgery, American Journal of Obstetrics and Gynecology, 224 (2021), 1, pp. 65.e1-65.e11 

[32] Feigenberg, T., et al., Factors Associated with an Increased Risk of Recurrence in Patients Diagnosed 
with High-Grade Endometrial Cancer Undergoing Minimally Invasive Surgery: A Study of the Society 
of Gynecologic Oncology of Canada (GOC) Community of Practice (CoP), Gynecologic Oncology, 162 
(2021), 3, pp. 606-612 

[33] Black, C., et al., Uterine Papillary Serous Carcinoma: A Single-Institution Review of 62 Cases, Int. J. 
Gynecol. Cancer, 26 (2016), 1, pp. 133-140 

[34] Abdulfatah, E., et al., Clear Cell Carcinoma of the Endometrium, International Journal of Gynecologi-
cal Cancer, 27 (2017), 8, pp. 1714-1721 

[35] Murphy, K. T., et al., Outcome and Patterns of Failure in Pathologic Stages I–IV Clear-Cell Carcinoma 
of the Endometrium: Implications for Adjuvant Radiation Therapy, International Journal of Radiation 
Oncology*Biology*Physics, 55 (2003), 5, pp. 1272-1276 

[36] Wang, Y., et al., Clinicopathological and Survival Analysis of Uterine Papillary Serous Carcinoma: A 
Single Institutional Review of 106 Cases, Cancer Manag. Res., 10 (2018), Oct., pp. 4915-4928 

[37] Chen, M., et al., The Role of Omentectomy in the Surgical Treatment of Uterine Serous Carcinoma, 
European Journal of Obstetrics & Gynecology and Reproductive Biology: X, 4 (2019), 100084 

[38] Mahdi, H., et al., Impact of Adjuvant Chemotherapy and Pelvic Radiation on Pattern of Recurrence and 
Outcome in Stage I Non-Invasive Uterine Papillary Serous Carcinoma. A Multi-Institution Study, Gy-
necologic Oncology, 137 (2015), 2, pp. 239-244 

[39] Oaknin, A., et al., Endometrial Cancer: ESMO Clinical Practice Guideline for Diagnosis, Treatment and 
Follow-up, Annals of Oncology, 33 (2022), 9, pp. 860-877 

[40] Joo, W. D., et al., Microscopic Omental Metastasis in Clinical Stage I Endometrial Cancer: A Meta-
Analysis. Annals of Surgical Oncology, 22 (2015), 11, pp. 3695-3700 

[41] Kaban, A., et al., Is Omentectomy Necessary for Non-Endometrioid Endometrial Cancer, Gynecologic 
and Obstetric Investigation, 83 (2018), 5, pp. 482-486 

[42] Peng, Y. X., Yang, X. S., Molecular Classification Guides for the Postoperative Adjuvant Therapy of 
Early - Stage Endometrial Carcinoma, Thermal Science, 28 (2024), 3A, pp. 2217-2224 

[43] McGilvery, W., Pasca, I. F., Obstetric Hyperthermia, in: Peripartum Care of the Pregnant Patient, (eds. 
Sinha, A. C., Pasca, I. F.), Springer, New York, USA, 2024 

[44] Quesnot, A., et al., Randomized Controlled Trial of Compressive Cryotherapy vs. Standard Cryotherapy 
after Total Knee Arthroplasty: Pain, Swelling, Range of Motion and Functional Recovery, BMC Mus-
culoskelet Disord, 25 (2024), 182 

[45] Gillooly, J. F., et al., Effects of Size and Temperature on Metabolic Rate, Science, 293 (2001), 5538, pp. 
2248-2251 

[46] He, J.-H., Shrinkage of Body Size of Small Insects: A Possible Link to Global Warming? Chaos Solitons 
& Fractals, 34 (2007), 3, pp. 727-729 

[47] He, J.-H., Periodic Solution of a Micro-Electromechanical System, Facta Universitatis, Series: Mechan-
ical Engineering, 22 (2024), 2, pp. 187-198 

[48] He, J.-H., et al., Piezoelectric Biosensor Based on Ultrasensitive MEMS System, Sensors and Actuators 
A: Physical, Volume, 376 (2024), 115664 

[49] Zhang, Y. N., et al., Applying Numerical Control to Analyze the Pull-in Stability of MEMS Systems, 
Thermal Science, 28 (2024), 3A, pp. 2171-2178 

 

 

 

 

Paper submitted: November 13, 2026   
Paper revised: May 4, 2025 2026 Published by the Vinča Institute of Nuclear Sciences, Belgrade, Serbia. 
Paper accepted: May 12, 2025 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions.  

http://www.vin.bg.ac.rs/index.php/en/

