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Abstract

:

Sentinel lymph node (SLN) biopsy has emerged as an alternative staging approach in women with assumed early-stage endometrial carcinoma. Through image-guided surgery and pathologic ultrastaging, the SLN approach is introducing “precision medicine” to the surgical management of gynecologic cancers, providing a comprehensive evaluation of high-yield lymph nodes. This approach improves the surgeons’ ability to detect small-volume metastatic disease while reducing intraoperative and postoperative morbidity associated with lymphadenectomy. Although the majority of clinicians in Europe and the USA have recognized the value of SLN biopsy in endometrial carcinoma and introduced this as part of clinical practice, there is ongoing debate regarding its role in very low-risk patients as well as in patients at high risk of nodal metastasis. The significance of low-volume metastasis is not fully understood, and there is no consensus in regard to how the presence of isolated tumor cells should guide adjuvant therapy. Standardized protocols for histopathologic evaluation of SLNs are lacking. In this review article we aim to provide a framework for the introduction of SLN biopsy in endometrial cancer, give an updated overview of the existing literature, as well as discuss potential controversies and unanswered questions regarding this approach and future directions.
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1. Introduction


Endometrial carcinoma is the most common gynecologic malignancy in Europe and North America. The estimated number of new cases worldwide in 2020 is 417,367, with an estimated 97,370 deaths [1]. There has been a steady increase in incidence over latter decades, in large part due to the global obesity pandemic and aging population. It is estimated that in 2040 there will be 608,100 new cases and 157,800 deaths, globally [1]. The majority of women with endometrial carcinoma present at an early stage, with disease confined to the uterus. It is well accepted that surgical staging should include hysterectomy and bilateral salpingo-oophorectomy (BSO). However, the role and extent of lymph node dissection is highly debated and without international consensus. Evidence suggests that lymphadenectomy provides prognostic information and directs the use of appropriate adjuvant treatment in patients who are node-positive. Furthermore, it eliminates the need for adjuvant treatment in low-risk patients with negative nodes and no extrauterine spread of disease. Since lymphadenectomy has not been associated with improved survival for women with apparent early-stage endometrial carcinoma [2,3], and carries risks of intra- and postoperative complications [4], sentinel lymph node (SLN) biopsy has emerged as an alternative staging approach thought to reduce potential complications associated with lymphadenectomy whilst still providing accurate staging. As SLN biopsy is gaining acceptance, there is debate regarding its role in patients with very low risk of nodal metastasis as well as in patients with a high risk. The prognostic role of very low-volume metastasis remains largely unknown, and there is a paucity of standardized histopathologic processing protocols for ultrastaging of SLNs. The purpose of this review article is to provide a background for the introduction of SLN biopsy in endometrial carcinoma, give an updated overview of the literature, and discuss potential controversies and unanswered questions regarding this approach.




2. Classification of Endometrial Carcinoma


The dualistic model described by Bokhman in 1983 characterized endometrial carcinomas as type I; stimulated by estrogen, typically preceded by endometrial hyperplasia, presenting at an early stage having a good prognosis, and type II; often developing in non-obese, elderly women, arising from an atrophic endometrium as serous or clear cell carcinoma [5,6]. This dualistic approach was very broad and lacked the ability to categorize tumors for accurate, targeted adjuvant therapy. In 2013 The Cancer Genome Atlas (TCGA) Research Network published the results of an integrated genomic, transcriptomic and proteomic characterization of endometrial carcinoma [7], identifying four distinct molecular subgroups correlating with progression-free survival. This study caused a paradigm shift in our understanding of endometrial carcinoma. Researchers in Vancouver and Leiden have since developed surrogate assays analogous to the TCGA molecular-based classification [8,9]. These molecular surrogate assays are integrated in the most recent ESGO/ESTRO/ESP guidelines for the management of patients with endometrial carcinoma, encouraging molecular classification in all patients, particularly in high-grade tumors [10]. Algorithms incorporating clinical, molecular and histopathologic risk factors with precision surgical staging, such as SLN mapping, should guide adjuvant therapy of women with endometrial carcinoma.




3. Rationale for Surgical Staging in Endometrial Carcinoma


The first International Federation of Gynecology and Obstetrics (FIGO) staging system of endometrial carcinoma was a two-stage system. Stage I was clinically confined to the uterus and stage II spread beyond the uterus. This staging system has since undergone multiple revisions, most importantly the expansion to a four-stage system in 1962, and a shift from clinical to surgico-pathologic staging in 1988, incorporating depth of myometrial invasion, identification of tumor cells in peritoneal cytology and metastasis to retroperitoneal lymph nodes [11]. This change in FIGO staging was based on findings published in the landmark study by Creasman describing surgical pathologic spread patterns of endometrial carcinoma and uterine factors increasing the risk of pelvic and para-aortic lymph node involvement [12], not on evidence demonstrating improved survival. Prior to this study, the treatment of endometrial carcinoma predominantly consisted of preoperative intrauterine radium placement by various techniques followed by hysterectomy and BSO. The shift to surgico-pathologic staging assumed that women would be treated by a primary surgical approach, and that histologic evaluation would guide adjuvant therapy.



Despite two randomized controlled trials demonstrating no survival benefit to lymphadenectomy in women with presumed early-stage endometrial carcinoma [2,3], there is lack of national and international consensus regarding the role and extent of nodal assessment in these patients. Although some retrospective studies have suggested that lymphadenectomy may have a therapeutic effect [13,14], a recent Cochrane review found no evidence that lymphadenectomy decreases risk of death or disease recurrence compared with no lymphadenectomy in women with presumed stage I disease [15].



Selective lymphadenectomy was evaluated by Mariani and colleagues in a prospective observational study applying the Mayo Clinic “low-risk” criteria. This study demonstrated that patients with the predefined low-risk features had less than a 1% risk of nodal metastasis, compared to a 16% risk in women who did not meet the low-risk criteria [16]. Low risk was defined as grade 1 or 2 endometrioid type with myometrial invasion (MI) ≤ 50% and primary tumor diameter ≤ 2 cm. This selective lymphadenectomy approach can prevent lymphadenectomy in low-risk patients, but will lead to unnecessary lymphadenectomy in many high-risk patients. The approach relies on intra-operative frozen section by experienced gynecologic pathologists, which is not readily available even in most major cancer centers.




4. The Sentinel Lymph Node Concept


4.1. History of Sentinel Lymph Node Concept


More than a century ago, the surgeons William Halsted and Herbert Snow hypothesized that cancer spread in an orderly fashion, initially to regional lymph nodes and thereafter to more distant sites. They subsequently advocated for lymph node dissection in patients with melanoma and breast cancer [17,18]. Sentinel node for carcinoma of the parotid gland was first described by Dr. Ernest Gould in 1960. Dr. Gould advocated that the sentinel node should be dissected and sent for frozen section and if found to be without malignancy a radical neck dissection could be omitted [19]. The first report of successful SLN mapping was in 1977 for lymphangiography of the penis and has since become standard of care in cutaneous melanoma, penile, breast and vulvar carcinoma [20]. The evolution of the initiation and acceptance of SLN mapping has been unique to each disease site, due to multiple variations in demographic and clinico-pathologic characteristics.



In gynecologic cancers, SLN mapping was first implemented in the setting of vulvar carcinoma. Vulvar tumors are easily accessible to injection of tracer, and the lymphatic drainage is well described following lymphatic channels to one or both groins. SLN biopsy in endometrial carcinoma was first reported by Burke and colleagues in 1996 [21]. In this pilot study, they injected isosulfan blue dye sub-serosally into the myometrium of 15 women with high-risk endometrial carcinoma and were able to identify uptake of dye in nodes in 67% (10 of 15) of cases. Several other observational studies followed, exploring injection sites and selection of dye, as well as oncologic and patient reported outcomes.




4.2. Sentinel Lymph Node Injection Site


Three main injection techniques have been evaluated for SLN mapping in endometrial carcinoma: cervical, hysteroscopic and laparoscopic fundal injection [22,23,24]. Cervical injection is preferable and has been adapted by the majority of surgeons due to its feasibility and high detection rates [25]. Some para-aortic lymph nodes may be reached only via the infundibulo-pelvic ligament pathway, which are not commonly accessible via the superficial cervical injection, and there is concern that some isolated para-aortic lymph node metastases are missed due to this. This is mainly of concern in patients with high grade and deeply invasive tumors, where isolated para-aortic metastasis has been reported in as many as 16% of patients [26]. These reports are from the pre-SLN era, prior to image-guided surgery and the introduction of pathologic ultrastaging and may thus have missed metastatic nodes in the pelvis. When retrospectively performing pathologic ultrastaging of patients with previously confirmed negative pelvic lymph nodes and isolated para-aortic metastasis, Multinu and colleagues found the prevalence of isolated para-aortic metastasis in their cohort to be reduced from 2.5% (10/394) to 1.8% (7/394) [27].



The Multicenter Italian Trials in Ovarian cancer (MITO) study group recently published the results from their prospective randomized controlled trial on hysteroscopic peritumoral injection versus cervical injection of indocyanine green (ICG) for sentinel node detection in endometrial carcinoma, where the primary endpoint was para-aortic detection rate [28]. The hysteroscopic injection route detected more para-aortic SLNs than the cervical injection route, however this difference did not reach statistical significance. The bilateral pelvic mapping rate was 60% in the hysteroscopic injection group versus 85% in the cervical injection group. This study supports the use of cervical injection with ICG for SLN biopsy in surgical staging of endometrial carcinoma. Surgeons should however consider the potential drawbacks of cervical injection on para-aortic SLN detection in women with higher risk of para-aortic metastasis.




4.3. Choice of Tracer and SLN Algorithm


The main goal of the SLN approach is to identify high-yield lymph nodes, limiting the need for comprehensive lymphadenectomy. To achieve this, the technique must have a high bilateral SLN detection rate, a high sensitivity for detection of metastatic lymph nodes and a low false negative rate. Multiple studies have evaluated the detection rates of SLNs in endometrial carcinoma using various tracers, alone and in combination. The use of ICG is associated with higher rates of bilateral SLN detection than blue dye. However, the combination of a radiotracer and blue dye is comparable to IGC alone and may be an option in centers where ICG and near infrared imaging is not available [29,30,31,32]. The randomized FILM (Fluorescence Imaging for Lymphatic Mapping) study randomized patients to SLN mapping with isosulfan blue followed by ICG or ICG followed by isosulfan blue [32]. This study demonstrated that ICG had a significantly higher overall and bilateral (96% vs. 74% and 78% vs. 31%, respectively) SLN detection rates than blue dye, and a post-hoc analysis showed that 38% of metastatic nodes would have been missed with the use of blue dye alone. ICG and near-infrared imaging is considered the gold standard for SLN detection in women with endometrial carcinoma.



Adherence to a SLN algorithm significantly improves the sensitivity and decreases the false negative rate of the SLN approach [33]. The accuracy of SLN biopsy to detect metastatic disease in endometrial carcinoma has been established in several prospective trials [34,35,36,37] (Table 1). The SENTI-ENDO trial was first to evaluate the accuracy of SLN biopsy using dual cervical injection of technetium and blue dye. The study showed an overall detection rate of 89% and a negative predictive value (NPV) of 97% [34]. These findings were affirmed in the FIRES (Fluorescent Imaging for Robotic Endometrial Cancer Sentinel lymph node biopsy) study, where women with clinical stage I endometrial carcinoma of all histologies and grades were included. A cervical injection of ICG with SLN biopsy followed by pelvic (340 cases) ± para-aortic (196 (55%) cases) lymphadenectomy, using the robotic platform. This study reported a sensitivity to detect node-positive disease of 97.2% and a NPV of 99.6% [35]. Most recently, the Sentinel Lymph Node Biopsy vs. Lymphadenectomy for Intermediate- and High-Grade Endometrial Cancer Staging (SENTOR) study evaluated the accuracy of SLN biopsy using cervical injection of ICG in intermediate- and high-grade endometrial carcinoma [37]. The SENTOR study demonstrated a sensitivity of 96%, negative predictive value of 99% and false negative rate of 4% when applying the SLN algorithm. These results are comparable to rates found in breast cancer and melanoma where SLN biopsy is standard of care, and established the accuracy of SLN biopsy in endometrial carcinoma, importantly also in women with high risk of nodal metastasis.



Of note, the above-mentioned prospective multicenter trials showed lower rates of bilateral mapping than single-center studies. This may reflect the importance and impact of case load and experience in injection technique as well as surgical technique for successful mapping and diagnostic accuracy. When implementing the SLN approach, individual surgeons should track their mapping rates and oncologic outcomes, particularly nodal recurrences in SLN negative cases. Failure of SLN mapping can be due to disruption of lymphatic channels or distorted anatomy due to previous surgery or pelvic radiation. Increasing body mass index (BMI) also decreases the rate of successful SLN mapping in women with endometrial carcinoma [38,39]. As per the Memorial Sloan Kettering Cancer Center (MSKCC) SLN surgical algorithm, any suspicious nodes should be removed, and a side-specific lymphadenectomy is performed in any unmapped hemi-pelvis [33]. Failure of SLN identification can be due to empty nodal packets; to avoid this the surgeon should palpate excised SLNs at time of surgery. In an attempt to standardize SLN dissection in endometrial carcinoma, Dr. Moloney and colleagues recently published their study on the development of a surgical competency assessment tool for sentinel lymph node dissection by minimally invasive surgery for endometrial carcinoma, applying a Delphi methodology including 35 expert gynecological oncology surgeons from 16 countries. The purpose of this study was to develop and validate a competency assessment tool for use in surgical quality assurance by identifying mandatory and prohibited steps of SLN dissection in endometrial carcinoma [40]. This tool can be helpful for surgeons and departments initiating a SLN mapping program to check for surgical proficiency as well as whether SLN dissection has been performed in accordance with an agreed standard.




4.4. Pathologic Ultrastaging and Low-Volume Metastasis


When introducing a SLN algorithm approach it is mandatory to include pathological ultrastaging of the harvested SLNs. SLN metastasis are reported according to the American Joint Committee on Cancer (AJCC) guidelines for the staging of breast cancer. Macrometastasis are defined as groups of malignant cells > 2.0 mm. Micrometastasis are defined as tumors within a lymph node measuring >0.2 mm and/or >200 cells, but ≤2.0 mm. Isolated tumor cell (ITC) clusters are small clusters of cells ≤ 0.2 mm, present either as single tumor cells or clusters of <200 cells [41]. The clinical and prognostic significance of low volume metastasis (ICTs) in endometrial carcinoma is largely unknown and a topic of debate [42]. The controversy regarding the value of ultrastaging in endometrial cancer may reflect the general uncertainty surrounding the value of lymphatic assessment in this disease.



There are currently no evidence-based guidelines for the pathologic assessment of SLNs in endometrial carcinoma. There is considerable variation between institutions with respect to the number of sections examined by routine Hematoxylin and Eosin (H&E) staining, depth of sectioning into tissue blocks, the interval of microns between parallel sections and the use of immunohistochemistry (IHC) to identify tumor cells not noted on H&E stain alone [43]. Some centers have adopted one-step nucleic acid amplification (OSNA) in evaluation of SLNs and showed that patients with metastatic non-SLNs had macrometastasis in the positive SLNs as defined by OSNA [44,45]. OSNA could potentially replace intraoperative frozen section of SLNs in cases where the status of metastatic vs. non-metastatic SLN would influence intraoperative management. This may be of greater clinical significance in patients with assumed early-stage cervical carcinoma than those with endometrial carcinoma. Further studies are needed to understand the potential role of OSNA in the detection of SLN metastasis in gynecologic cancers.




4.5. Oncologic Outcomes


Although the diagnostic accuracy of SLN mapping and biopsy is well-established, oncologic outcomes comparing SLN biopsy to comprehensive lymphadenectomy have not been investigated in prospective randomized trials, for any histologic subtype. It is generally accepted that SLN biopsy is sufficient for nodal assessment and without detriment to patients with negative SLNs due to the excellent NPV of this approach. Plante and colleagues explored the risk of metastasis in remaining non-SLNs in patients with a positive SLN, evaluating 268 women with apparent early-stage endometrial carcinoma [46]. They found that when the size of the SLN metastasis was ≤2 mm, the risk of having another positive lymph node was 5%, conversely, when the size of the SLN metastasis was >2 mm, the risk of having another positive lymph node was 60.8%. Histologic type, grade, depth of myometrial invasion, LVSI, cervical stromal invasion and CA-125 were not predictive. By this information, SLN biopsy should not influence oncologic outcomes significantly in women with SLN micrometastasis or ITCs. Although two randomized clinical trials have not demonstrated a survival benefit to lymphadenectomy in endometrial carcinoma [2,3], the therapeutic effect of removing metastatic nodes remains a controversial topic. There is ongoing debate, whether patients with high-risk endometrial carcinoma should undergo comprehensive lymphadenectomy, and by the same token if patients with positive SLNs should undergo completion lymphadenectomy. The Endometrial Cancer Lymphadenectomy Trial (ECLAT) started recruitment in March 2018 and may answer this question. The primary aim of this trial is to ascertain whether or not systematic pelvic and para-aortic lymphadenectomy have a significant impact on overall survival in patients with endometrial carcinoma FIGO Stages I or II and high risk of recurrence; this includes FIGO IB or II all histologic subtypes and FIGO IA endometrioid G3 or non-endometrioid endometrial carcinoma. In total, 640 patients will be randomized. In arm A, a total hysterectomy, bilateral salpingo-oophorectomy and in case of serous or clear cell histology an omentectomy will additionally be performed. In arm B, systematic pelvic and para-aortic lymphadenectomy up to the level of the left renal vein will additionally be performed. Final results from the ECLAT trial are not expected until 2029 [47].



Our knowledge regarding oncologic outcomes after SLN biopsy is limited to retrospective observational studies (Table 2). Historic cohorts from the Mayo Clinic and Memorial Sloan Kettering Cancer Center were compared to evaluate oncologic outcomes comparing SLN mapping and selective lymphadenectomy in women with endometrial carcinoma at low risk of nodal metastasis [48]. Of 1135 cases identified, 642 (57%) were managed with an SLN approach and 493 (43%) with a lymphadenectomy approach. Metastasis to pelvic LNs was detected in 5.1% and 2.6% of patients, respectively, and to para-aortic LNs in 0.8% and 1.0%, respectively. The three-year disease-free survival rates were 94.9% and 96.8% respectively, suggesting that both approaches are reasonable in detecting nodal metastasis with similar oncologic outcomes. When comparing oncologic outcomes in patients with deeply invasive endometrioid endometrial carcinoma there was no association between type of nodal assessment and recurrence or overall survival [49]. The same group compared oncologic outcomes after lymph node assessment by a SLN algorithm (118 cases) vs. comprehensive pelvic and para-aortic lymphadenectomy (96 cases) in patients with serous and clear cell endometrial carcinoma, and found that overall survival (OS) was not compromised with the SLN algorithm [50]. The study found that SLN may be associated with a decreased recurrence-free survival in this population, but similar OS in node-negative cases despite the majority receiving chemotherapy [50].



Schiavone and colleagues reported outcomes of 136 women with uterine carcinosarcoma [51]. In total, 48 patients underwent surgical staging with SLN mapping and 88 had routine lymphadenectomy consisting of pelvic and/or para-aortic lymph node dissection. There was no difference in median progression-free survival between the groups (23 vs. 23.2 months), and recurrence was distant/multifocal in 70% and 74% of patients in the SLN and lymphadenectomy groups, respectively. Another single-center study comparing SLN mapping to lymphadenectomy in patients with uterine serous carcinoma found no significant difference in two-year OS in stage I/II disease (96.6% vs. 89.6%), or in stage III disease (73.6% vs. 77.3% in the SLN and lymphadenectomy cohorts, respectively) [52]. The lack of consensus and standardization of adjuvant therapy in endometrial carcinoma may challenge interpretation of trials evaluating nodal approach as well as the design of future trials.



We await the results of two prospective trials evaluating oncologic outcomes: the ENDO 3 trial and the SELECT (Sentinel Lymph node Endometrial Cancer) Trial. ENDO 3 is a phase III randomized clinical trial comparing sentinel node biopsy with no retroperitoneal node dissection in apparent early-stage endometrial carcinoma. The study started in January 2021 and the expected completion date is January 2031. This trial aims to determine the value of SLN biopsy for patients, the healthcare system and to exclude detriment to patients. Its objectives are twofold; Firstly, to determine the recovery of participants (defined as incidence of adverse events, lower limb lymphedema and health-related quality of life) and to the healthcare system (cost) of SLN biopsy for the surgical treatment of endometrial carcinoma. Secondly, to compare disease-free survival at 4.5 years for participants randomized to receive hysterectomy, bilateral salpingo-oophorectomy with SLN biopsy compared to participants randomized to hysterectomy, bilateral salpingo-oophorectomy without retroperitoneal node dissection [53].



The SELECT trial, is a prospective multicenter international single-arm observational study on the oncological safety of the SLN algorithm in stage I intermediate-risk endometrial carcinoma. The study started in February 2020, expected primary completion date is February 2024. Its primary outcome measure is to assess the 36-month incidence of pelvic/non-vaginal recurrence in women with pathologically confirmed stage I intermediate-risk endometrioid endometrial carcinoma who have bilateral negative pelvic sentinel lymph nodes [54].




4.6. Patientreported Outcomes


Lymphadenectomy is thought to increase the risk of lower extremity lymphedema (LEL) in women having undergone surgery for endometrial carcinoma [4]. In addition to lymphadenectomy, these women commonly have comorbid conditions such as hypertension, diabetes and obesity, further increasing their risk of developing LEL. Women with chronic lymphedema often suffer leg heaviness, erythema, ulcers and pain requiring life-long treatment and psychosocial support [55]. Women report significant unmet needs related to pain or discomfort due to lymphedema [56]. One of the expected benefits of the sentinel lymph node approach is a reduction in LEL, however, there is limited data on this topic internationally. Validated questionnaires to detect LEL have been developed in relation to the GOG 244 study, designed to evaluate the incidence and risk factors for lymphedema associated with surgery for gynecologic malignancies [57,58,59], and by the Mayo group [60].



Leitao and colleagues investigated the prevalence of patient-reported LEL with SLN mapping versus comprehensive lymph node dissection, and found that SLN mapping was independently associated with a significantly lower prevalence of patient-reported LEL (27% vs 41%). They also found that high BMI and adjuvant external beam radiotherapy were associated with an increased prevalence of patient-reported LEL [61]. One challenge in studying LEL is the lack of standardized measurement techniques for LEL. Pigot and colleagues recently reported from a prospective, longitudinal gynecological cancer cohort study to determine LEL incidence up to 24 months post-diagnosis of endometrial carcinoma using bioimpedance spectroscopy (BIS) and self-reported leg swelling (SRLS) [62]. In this study the overall incidence of LEL was 33% and 45% according to BIS and SRLS, respectively. When analyses were restricted to obese women, incidence increased to 67% (BIS) and 54% (SRLS). Further prospective studies capturing quality of life and LEL in women with early-stage endometrial carcinoma are needed, as well as a standardization of measurements to refine and redefine the optimal risk-reduction strategies to diminish morbidity associated with treatment of gynecologic cancers [63].





5. Conclusions and Future Perspectives


Sentinel lymph node biopsy is increasingly used as an alternative to lymphadenectomy in surgical staging of women with endometrial carcinoma. The approach has gained significant acceptance and is applied in many centers. There is robust evidence regarding the accuracy of SLN biopsy for nodal staging in all risk-categories of endometrial carcinoma, however, prospective data on oncologic outcomes are lacking. The significance of low-volume disease identified by ultrastaging remains unknown. Future research should focus on understanding the optimal clinical management of this sub-group of patients. Standardized histopathological, and possibly molecular assessment protocols of SLNs is lacking. Reaching a consensus regarding histopathologic evaluation is important as the SLN approach is gaining acceptance and becoming more widespread. Oncologic outcomes, particularly in women at high risk of nodal metastasis, is lacking, and should be the focus of prospective trials. Any trial investigating the SLN approach should include patient reported outcomes.







Author Contributions


Conceptualization, A.G.Z.E.; writing—original draft preparation, A.G.Z.E.; writing—review and editing, A.G.Z.E., B.D., P.B.T., B.E., G.F.D., Y.W. and A.C.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



The Global Cancer Observatory. Available online: https://gco.iarc.fr/tomorrow/en/dataviz/trends?types=0&sexes=2&mode=cancer&group_populations=0&multiple_populations=0&multiple_cancers=1&cancers=24&populations=910 (accessed on 20 May 2021).

	



ASTEC-Studygroup; Kitchener, H.; Swart, A.; Qian, Q.; Amos, C.; Parmar, M. Efficacy of systematic pelvic lymphadenectomy in endometrial cancer (MRC ASTEC trial): A randomised study. Lancet 2009, 373, 125–136. [Google Scholar]

	



Panici, P.B.; Basile, S.; Maneschi, F.; Lissoni, A.A.; Signorelli, M.; Scambia, G.; Angioli, R.; Tateo, S.; Mangili, G.; Katsaros, D.; et al. Systematic Pelvic Lymphadenectomy vs No Lymphadenectomy in Early-Stage Endometrial Carcinoma: Randomized Clinical Trial. J. Natl. Cancer Inst. 2008, 100, 1707–1716. [Google Scholar] [CrossRef] [PubMed]

	



Yost, K.J.; Cheville, A.L.; Al-Hilli, M.M.; Mariani, A.; Barrette, B.A.; McGree, M.E.; Weaver, A.L.; Dowdy, S.C. Lymphedema after surgery for endometrial cancer: Prevalence, risk factors, and quality of life. Obstet Gynecol. 2014, 124, 307–315. [Google Scholar] [CrossRef] [PubMed]

	



Bokhman, J.V. Two pathogenetic types of endometrial carcinoma. Gynecol. Oncol. 1983, 15, 10–17. [Google Scholar] [CrossRef]

	



Kurman, R.J.; Visvanathan, K.; Shih, I.E.M. Bokhman’s dualistic model of endometrial carcinoma. Revisited. Gynecol. Oncol. 2013, 129, 271–272. [Google Scholar] [CrossRef]

	



Kandoth, C.; Schultz, N.; Cherniack, A.D.; Akbani, R.; Liu, Y.; Shen, H.; Kandoth, C.; Dooling, D.; Fulton, R. Integrated genomic characterization of endometrial carcinoma. Nature 2013, 497, 67–73. [Google Scholar]

	



Stelloo, E.; Nout, R.A.; Osse, E.M.; Juergenliemk-Schulz, I.J.; Jobsen, J.J.; Lutgens, L.C.; Van Der Steen-Banasik, E.M.; Nijman, H.W.; Putter, H.; Bosse, T.; et al. Improved Risk Assessment by Integrating Molecular and Clinicopathological Factors in Early-stage Endometrial Cancer—Combined Analysis of the PORTEC Cohorts. Clin. Cancer Res. 2016, 22, 4215–4224. [Google Scholar] [CrossRef]

	



Talhouk, A.; McConechy, M.K.; Leung, S.; Yang, W.; Lum, A.; Senz, J.; Boyd, N.; Pike, J.; Anglesio, M.; Kwon, J.S.; et al. Confirmation of ProMisE: A simple, genomics-based clinical classifier for endometrial cancer. Cancer 2017, 123, 802–813. [Google Scholar] [CrossRef]

	



Concin, N.; Matias-Guiu, X.; Vergote, I.; Cibula, D.; Mirza, M.R.; Marnitz, S.; Ledermann, J.; Bosse, T.; Chargari, C.; Fagotti, A.; et al. ESGO/ESTRO/ESP guidelines for the management of patients with endometrial carcinoma. Int. J. Gynecol. Cancer 2021, 31, 12–39. [Google Scholar] [CrossRef] [PubMed]

	



Shepherd, J.H. Revised FIGO staging for gynaecological cancer. BJOG 1989, 96, 889–892. [Google Scholar] [CrossRef]

	



Creasman, W.T.; Morrow, C.P.; Bundy, B.; Homesley, H.; Graham, J.E.; Heller, P.B. Surgical Pathological Spread Patterns of Endometrial Cancer. Cancer 1987, 60, 2035–2041. [Google Scholar] [CrossRef]

	



Todo, Y.; Kato, H.; Kaneuchi, M.; Watari, H.; Takeda, M.; Sakuragi, N. Survival effect of para-aortic lymphadenectomy in endometrial cancer (SEPAL study): A retrospective cohort analysis. Lancet 2010, 375, 1165–1172. [Google Scholar] [CrossRef]

	



Chan, J.K.; Cheung, M.K.; Huh, W.K.; Osann, K.; Husain, A.; Teng, N.N.; Kapp, D.S. Therapeutic role of lymph node resection in endometrioid corpus cancer. A study of 12,333 patients. Cancer 2006, 107, 1823–1830. [Google Scholar] [CrossRef]

	



Frost, J.A.; Webster, K.E.; Bryant, A.; Morrison, J. Lymphadenectomy for the management of endometrial cancer. Cochrane Database Syst. Rev. 2017, 10. [Google Scholar] [CrossRef] [PubMed]

	



Mariani, A.; Dowdy, S.C.; Cliby, W.A.; Gostout, B.S.; Jones, M.B.; Wilson, T.O.; Podratz, K.C. Prospective assessment of lymphatic dissemination in endometrial cancer: A paradigm shift in surgical staging. Gynecol. Oncol. 2008, 109, 11–18. [Google Scholar] [CrossRef]

	



Neuhaus, S.J.; Clark, M.A.; Thomas, J.M. Dr. Herbert Lumley Snow, MD, MRCS (1847-1930): The original champion of elective lymph node dissection in melanoma. Ann. Surg. Oncol. 2004, 11, 875–878. [Google Scholar] [CrossRef] [PubMed]

	



Halsted, W.S. The results of radical operations for the cure of carcinoma of the breast. Ann. Surg. 1907, 46, 1–19. [Google Scholar] [CrossRef] [PubMed]

	



Gould, E.A.; Winship, T.; Philbin, P.H.; Kerr, H.H. Observations on a “sentinel node” in cancer of the parotid. Cancer 1960, 13, 77–78. [Google Scholar] [CrossRef]

	



Cabanas, R.M. An approach for the treatment of penile carcinoma. Cancer 1977, 39, 456–466. [Google Scholar] [CrossRef]

	



Burke, T.; Levenback, C.; Tornos, C.; Morris, M.; Wharton, J.T.; Gershenson, G.M. Intraabdominal Lymphatic Mapping to Direct Selective Pelvic and Para-arotic lymphadenectomy in Women with High-Risk Endometrial Cancer: Results of a Pilot Study. Gynecol Oncol. 1996, 62, 169–173. [Google Scholar] [CrossRef]

	



Perrone, A.M.; Casadio, P.; Formelli, G.; Levorato, M.; Ghi, T.; Costa, S.; Meriggiola, M.C.; Pelusi, G. Cervical and hysteroscopic injection for identification of sentinel lymph node in endometrial cancer. Gynecol. Oncol. 2008, 111, 62–67. [Google Scholar] [CrossRef] [PubMed]

	



Holub, Z.; Jabor, A.; Kliment, L. Comparison of two procedures for sentinel lymph node detection in patients with endometrial cancer: A pilot study. Eur. J. Gynaecol. Oncol. 2002, 23, 53–57. [Google Scholar]

	



Persson, J.; Geppert, B.; Lönnerfors, C.; Bollino, M.; Måsbäck, A. Description of a reproducible anatomically based surgical algorithm for detection of pelvic sentinel lymph nodes in endometrial cancer. Gynecol. Oncol. 2017, 147, 120–125. [Google Scholar] [CrossRef] [PubMed]

	



Cormier, B.; Rozenholc, A.T.; Gotlieb, W.; Plante, M.; Giede, C.; Communities of Practice Group of Society of Gynecologic Oncology of C. Sentinel lymph node procedure in endometrial cancer: A systematic review and proposal for standardization of future research. Gynecol. Oncol. 2015, 138, 478–485. [Google Scholar] [CrossRef] [PubMed]

	



AlHilli, M.M.; Mariani, A. The role of para-aortic lymphadenectomy in endometrial cancer. Int. J. Clin. Oncol. 2013, 18, 193–199. [Google Scholar] [CrossRef]

	



Multinu, F.; Casarin, J.; Cappuccio, S.; Keeney, G.L.; Glaser, G.E.; Cliby, W.A.; Weaver, A.L.; McGree, M.E.; Angioni, S.; Faa, G.; et al. Ultrastaging of negative pelvic lymph nodes to decrease the true prevalence of isolated paraaortic dissemination in endometrial cancer. Gynecol. Oncol. 2019, 154, 60–64. [Google Scholar] [CrossRef] [PubMed]

	



Ditto, A.; Casarin, J.; Pinelli, C.; Perrone, A.M.; Scollo, P.; Martinelli, F.; Bogani, G.; Maggiore, U.L.R.; Signorelli, M.; Chiappa, V.; et al. Hysteroscopic versus cervical injection for sentinel node detection in endometrial cancer: A multicenter prospective randomised controlled trial from the Multicenter Italian Trials in Ovarian cancer (MITO) study group. Eur. J. Cancer 2020, 140, 1–10. [Google Scholar] [CrossRef]

	



Eriksson, A.G.Z.; Beavis, A.; Soslow, R.A.; Zhou, Q.; Abu-Rustum, N.R.; Gardner, G.J.; Zivanovic, O.; Roche, K.L.; Sonoda, Y.; Leitao, M.M.; et al. A Comparison of the Detection of Sentinel Lymph Nodes Using Indocyanine Green and Near-Infrared Fluorescence Imaging Versus Blue Dye During Robotic Surgery in Uterine Cancer. Int. J. Gynecol. Cancer 2017, 27, 743–747. [Google Scholar] [CrossRef]

	



How, J.; Gotlieb, W.; Press, J.; Abitbol, J.; Pelmus, M.; Ferenczy, A.; Probst, S.; Gotlieb, R.; Brin, S.; Lau, S. Comparing indocyanine green, technetium, and blue dye for sentinel lymph node mapping in endometrial cancer. Gynecol. Oncol. 2015, 137, 436–442. [Google Scholar] [CrossRef]

	



Holloway, R.W.; Ahmad, S.; Kendrick, J.E.; Bigsby, G.E.; Brudie, L.A.; Ghurani, G.B.; Stavitzski, N.M.; Gise, J.L.; Ingersoll, S.B.; Pepe, J.W. A Prospective Cohort Study Comparing Colorimetric and Fluorescent Imaging for Sentinel Lymph Node Mapping in Endometrial Cancer. Ann. Surg. Oncol. 2017, 24, 1972–1979. [Google Scholar] [CrossRef]

	



Frumovitz, M.; Plante, M.; Lee, P.S.; Sandadi, S.; Lilja, J.F.; Escobar, P.F.; Gien, L.T.; Urbauer, D.L.; Abu-Rustum, N.R. Near-infrared fluorescence for detection of sentinel lymph nodes in women with cervical and uterine cancers (FILM): A randomised, phase 3, multicentre, non-inferiority trial. Lancet Oncol. 2018, 19, 1394–1403. [Google Scholar] [CrossRef]

	



Barlin, J.N.; Khoury-Collado, F.; Kim, C.; Leitao, M.M.; Chi, D.S.; Sonoda, Y.; Alektiar, K.; DeLair, D.F.; Barakat, R.R.; Abu-Rustum, N.R. The importance of applying a sentinel lymph node mapping algorithm in endometrial cancer staging: Beyond removal of blue nodes. Gynecol. Oncol. 2012, 125, 531–535. [Google Scholar] [CrossRef] [PubMed]

	



Ballester, M.; Dubernard, G.; Lécuru, F.; Heitz, D.; Mathevet, P.; Marret, H.; Querleu, D.; Golfier, F.; Leblanc, E.; Rouzier, R.; et al. Detection rate and diagnostic accuracy of sentinel-node biopsy in early stage endometrial cancer: A prospective multicentre study (SENTI-ENDO). Lancet Oncol. 2011, 12, 469–476. [Google Scholar] [CrossRef]

	



Rossi, E.C.; Kowalski, L.D.; Scalici, J.; Cantrell, L.; Schuler, K.; Hanna, R.K.; Method, M.; Ade, M.; Ivanova, A.; Boggess, J.F. A comparison of sentinel lymph node biopsy to lymphadenectomy for endometrial cancer staging (FIRES trial): A multicentre, prospective, cohort study. Lancet Oncol. 2017, 18, 384–392. [Google Scholar] [CrossRef]

	



Persson, J.; Salehi, S.; Bollino, M.; Lönnerfors, C.; Falconer, H.; Geppert, B. Pelvic Sentinel lymph node detection in High-Risk Endometrial Cancer (SHREC-trial)—The final step towards a paradigm shift in surgical staging. Eur. J. Cancer 2019, 116, 77–85. [Google Scholar] [CrossRef]

	



Cusimano, M.C.; Vicus, D.; Pulman, K.; Maganti, M.; Bernardini, M.Q.; Bouchard-Fortier, G.; Laframboise, S.; May, T.; Hogen, L.F.; Covens, A.L.; et al. Assessment of Sentinel Lymph Node Biopsy vs Lymphadenectomy for Intermediate- and High-Grade Endometrial Cancer Staging. JAMA Surg. 2021, 156, 157–164. [Google Scholar] [CrossRef]

	



Eriksson, A.G.Z.; Montovano, M.; Beavis, A.; Soslow, R.A.; Zhou, Q.; Abu-Rustum, N.R.; Gardner, G.J.; Zivanovic, O.; Barakat, R.R.; Brown, C.L.; et al. Impact of Obesity on Sentinel Lymph Node Mapping in Patients with Newly Diagnosed Uterine Cancer Undergoing Robotic Surgery. Ann. Surg. Oncol. 2016, 23, 2522–2528. [Google Scholar] [CrossRef] [PubMed]

	



Tanner, E.J.; Sinno, A.; Stone, R.L.; Levinson, K.L.; Long, K.C.; Fader, A.N. Factors associated with successful bilateral sentinel lymph node mapping in endometrial cancer. Gynecol. Oncol. 2015, 138, 542–547. [Google Scholar] [CrossRef]

	



Moloney, K.; Janda, M.; Frumovitz, M.; Leitao, M.; Abu-Rustum, N.R.; Rossi, E.; Nicklin, J.L.; Plante, M.; Lecuru, F.R.; Buda, A.; et al. Development of a surgical competency assessment tool for sentinel lymph node dissection by minimally invasive surgery for endometrial cancer. Int. J. Gynecol. Cancer 2021, 31, 647–655. [Google Scholar] [CrossRef]

	



Compton, C.C.; Byrd, D.R.; Garcia-Aguilar, J.; Kurtzman, S.H.; Olawaiye, A.; Washington, M.K. Purposes and Principles of Cancer Staging. In AJCC Cancer Staging Atlas: A Companion to the Seventh Editions of the AJCC Cancer Staging Manual and Handbook; Compton, C.C., Byrd, D.R., Garcia-Aguilar, J., Kurtzman, S.H., Olawaiye, A., Washington, M.K., Eds.; Springer: New York, NY, USA, 2012; pp. 3–22. [Google Scholar]

	



Bogani, G.; Mariani, A.; Paolini, B.; Ditto, A.; Raspagliesi, F. Low-volume disease in endometrial cancer: The role of micrometastasis and isolated tumor cells. Gynecol. Oncol. 2019, 153, 670–675. [Google Scholar] [CrossRef]

	



Holloway, R.W.; Abu-Rustum, N.R.; Backes, F.J.; Boggess, J.F.; Gotlieb, W.H.; Lowery, W.J.; Rossi, E.C.; Tanner, E.; Wolsky, R.J. Sentinel lymph node mapping and staging in endometrial cancer: A Society of Gynecologic Oncology literature review with consensus recommendations. Gynecol. Oncol. 2017, 146, 405–415. [Google Scholar] [CrossRef]

	



Monterossi, G.; Buca, D.; Dinoi, G.; La Fera, E.; Zannoni, G.F.; Spadola, S.; Scambia, G.; Fanfani, F. Intra-operative assessment of sentinel lymph node status by one-step nucleic acid amplification assay (OSNA) in early endometrial cancer: A prospective study. Int. J. Gynecol. Cancer 2019, 29, 1016–1020. [Google Scholar] [CrossRef]

	



Fanfani, F.; Monterossi, G.; Di Meo, M.L.; La Fera, E.; Dell’Orto, F.; Gioè, A.; Lamanna, M.; Ferrari, D.; De Ponti, E.; Perego, P.; et al. Standard ultra-staging compared to one-step nucleic acid amplification for the detection of sentinel lymph node metastasis in endometrial cancer patients: A retrospective cohort comparison. Int. J. Gynecol. Cancer 2020, 30, 372–377. [Google Scholar] [CrossRef] [PubMed]

	



Touhami, O.; Trinh, X.-B.; Gregoire, J.; Sebastianelli, A.; Renaud, M.-C.; Grondin, K.; Plante, M. Predictors of non-sentinel lymph node (non-SLN) metastasis in patients with sentinel lymph node (SLN) metastasis in endometrial cancer. Gynecol. Oncol. 2015, 138, 41–45. [Google Scholar] [CrossRef] [PubMed]

	



Emons, G.; Kim, J.-W.; Weide, K.; de Gregorio, N.; Wimberger, P.; Trillsch, F.; Gabriel, B.; Denschlag, D.; Kommoss, S.; Aydogdu, M.; et al. Endometrial Cancer Lymphadenectomy Trial (ECLAT) (pelvic and para-aortic lymphadenectomy in patients with stage I or II endometrial cancer with high risk of recurrence; AGO-OP.6). Int. J. Gynecol. Cancer 2021, 31, 1075–1079. [Google Scholar] [CrossRef]

	



Eriksson, A.G.Z.; Ducie, J.; Ali, N.; McGree, M.E.; Weaver, A.L.; Bogani, G.; Cliby, W.A.; Dowdy, S.C.; Bakkum-Gamez, J.N.; Abu-Rustum, N.R.; et al. Comparison of a sentinel lymph node and a selective lymphadenectomy algorithm in patients with endometrioid endometrial carcinoma and limited myometrial invasion. Gynecol. Oncol. 2016, 140, 394–399. [Google Scholar] [CrossRef]

	



Schlappe, B.A.; Weaver, A.L.; Ducie, J.A.; Eriksson, A.G.Z.; Dowdy, S.C.; Cliby, W.A.; Glaser, G.E.; Soslow, R.A.; Alektiar, K.M.; Makker, V.; et al. Multicenter study comparing oncologic outcomes between two nodal assessment methods in patients with deeply invasive endometrioid endometrial carcinoma: A sentinel lymph node algorithm versus a comprehensive pelvic and paraaortic lymphadenectomy. Gynecol. Oncol. 2018, 151, 235–242. [Google Scholar] [CrossRef]

	



Schlappe, B.A.; Weaver, A.L.; McGree, M.E.; Ducie, J.; Eriksson, A.G.Z.; Dowdy, S.C.; Cliby, W.A.; Glaser, G.E.; Abu-Rustum, N.R.; Mariani, A.; et al. Multicenter study comparing oncologic outcomes after lymph node assessment via a sentinel lymph node algorithm versus comprehensive pelvic and paraaortic lymphadenectomy in patients with serous and clear cell endometrial carcinoma. Gynecol. Oncol. 2020, 156, 62–69. [Google Scholar] [CrossRef] [PubMed]

	



Schiavone, M.B.; Zivanovic, O.; Zhou, Q.; Leitao, M.M.; Levine, D.A.; Soslow, R.A.; Alektiar, K.M.; Makker, V.; Iasonos, A.; Abu-Rustum, N.R. Survival of Patients with Uterine Carcinosarcoma Undergoing Sentinel Lymph Node Mapping. Ann. Surg. Oncol. 2016, 23, 196–202. [Google Scholar] [CrossRef]

	



Basaran, D.; Bruce, S.; Aviki, E.M.; Mueller, J.J.; Broach, V.A.; Cadoo, K.; Soslow, R.A.; Alektiar, K.M.; Abu-Rustum, N.R.; Leitao, M.M. Sentinel lymph node mapping alone compared to more extensive lymphadenectomy in patients with uterine serous carcinoma. Gynecol. Oncol. 2020, 156, 70–76. [Google Scholar] [CrossRef]

	



Sentinel Node Biopsy in Endometrial Cancer (ENDO-3). Available online: https://ClinicalTrials.gov/show/NCT04073706 (accessed on 20 May 2021).

	



Grassi, T.; Mariani, A.; Cibula, D.; Soliman, P.T.; Suman, V.J.; Weaver, A.L.; Nobre, S.P.; Weigelt, B.; Glaser, G.E.; Cappuccio, S.; et al. A prospective multicenter international single-arm observational study on the oncological safety of the sentinel lymph node algorithm in stage I intermediate-risk endometrial cancer (SELECT, SEntinel Lymph node Endometrial Cancer Trial). Int. J. Gynecol. Cancer 2020, 30, 1627–1632. [Google Scholar] [CrossRef] [PubMed]

	



Achouri, A.; Huchon, C.; Bats, A.-S.; Bensaid, C.; Nos, C.; Lécuru, F. Complications of lymphadenectomy for gynecologic cancer. Eur. J. Surg. Oncol. (EJSO) 2013, 39, 81–86. [Google Scholar] [CrossRef] [PubMed]

	



Beesley, V.L.; Rowlands, I.J.; Hayes, S.; Janda, M.; O’Rourke, P.; Marquart, L.; Quinn, M.A.; Spurdle, A.; Obermair, A.; Brand, A.; et al. Incidence, risk factors and estimates of a woman’s risk of developing secondary lower limb lymphedema and lymphedema-specific supportive care needs in women treated for endometrial cancer. Gynecol. Oncol. 2015, 136, 87–93. [Google Scholar] [CrossRef] [PubMed]

	



Carlson, J.W.; Kauderer, J.; Hutson, A.; Carter, J.; Armer, J.; Lockwood, S.; Nolte, S.; Stewart, B.R.; Wenzel, L.; Walker, J.; et al. GOG 244-The lymphedema and gynecologic cancer (LEG) study: Incidence and risk factors in newly diagnosed patients. Gynecol. Oncol. 2020, 156, 467–474. [Google Scholar] [CrossRef] [PubMed]

	



Carter, J.; Raviv, L.; Appollo, K.; Baser, R.E.; Iasonos, A.; Barakat, R.R. A pilot study using the Gynecologic Cancer Lymphedema Questionnaire (GCLQ) as a clinical care tool to identify lower extremity lymphedema in gynecologic cancer survivors. Gynecol. Oncol. 2010, 117, 317–323. [Google Scholar] [CrossRef] [PubMed]

	



Carter, J.; Huang, H.Q.; Armer, J.; Carlson, J.W.; Lockwood, S.; Nolte, S.; Kauderer, J.; Hutson, A.; Walker, J.L.; Fleury, A.C.; et al. GOG 244—The LymphEdema and Gynecologic cancer (LEG) study: The association between the gynecologic cancer lymphedema questionnaire (GCLQ) and lymphedema of the lower extremity (LLE). Gynecol. Oncol. 2019, 155, 452–460. [Google Scholar] [CrossRef]

	



Yost, K.J.; Cheville, A.L.; Weaver, A.L.; Al Hilli, M.; Dowdy, S.C. Development and Validation of a Self-Report Lower-Extremity Lymphedema Screening Questionnaire in Women. Phys. Ther. 2013, 93, 694–703. [Google Scholar] [CrossRef]

	



Leitao, M.M.; Zhou, Q.C.; Gomez-Hidalgo, N.R.; Iasonos, A.; Baser, R.; Mezzancello, M.; Chang, K.; Ward, J.; Chi, D.S.; Roche, K.L.; et al. Patient-reported outcomes after surgery for endometrial carcinoma: Prevalence of lower-extremity lymphedema after sentinel lymph node mapping versus lymphadenectomy. Gynecol. Oncol. 2020, 156, 147–153. [Google Scholar] [CrossRef]

	



Pigott, A.; Obermair, A.; Janda, M.; Vagenas, D.; Ward, L.C.; Reul-Hirche, H.; Hayes, S.C. Incidence and risk factors for lower limb lymphedema associated with endometrial cancer: Results from a prospective, longitudinal cohort study. Gynecol. Oncol. 2020, 158, 375–381. [Google Scholar] [CrossRef]

	



Russo, S.; Walker, J.L.; Carlson, J.W.; Carter, J.; Ward, L.C.; Covens, A.; Tanner, E.J.; Armer, J.M.; Ridner, S.; Hayes, S.; et al. Standardization of lower extremity quantitative lymphedema measurements and associated patient-reported outcomes in gynecologic cancers. Gynecol. Oncol. 2021, 160, 625–632. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Prospective trials determining diagnostic accuracy of SLN mapping.
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	Study
	Study Population
	N
	Dye
	Injection
	SLN Mapping
	Metastatic Nodes
	Sensitivity
	NPV





	SENTI-ENDO

Ballester [34]
	All histologies
	133

125 evaluable
	Technetium + patent blue
	Cervical
	Bilateral: 62%

Unilateral: 89%
	16%
	84%
	97%



	FIRES

Rossi [35]
	All histologies
	385

340 evaluable
	ICG
	Cervical
	Bilateral: 52%

Unilateral: 86%
	12%
	97.2%
	99.6%



	SHREC

Persson [36]
	All histologies
	275

257 evaluable
	ICG
	Cervical
	Bilateral: 82%

Reinjection: 95%
	21%
	100%
	100%



	SENTOR

Cusimano [37]
	All histologies
	156
	ICG
	Cervical
	Bilateral: 76%

Unilateral:87.5%
	17%
	96%
	99%







SLN, Sentinel lymph node; NPV, negative predictive value; ICG, indocyanine green.
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Table 2. Oncologic outcomes of patients with endometrial carcinoma having undergone SLN mapping.
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	Study
	Study Population
	Nodal Assessment
	n
	Metastatic Nodes
	p-Value
	DFS
	p-Value
	OS
	p-Value





	Eriksson

[48]
	Endometroid

Myoinvasion < 50%
	SLN

LND
	642

493
	5.1% pelvic

2.6% pelvic
	0.03
	94.9%

96.8%

(3-year)
	nr
	97.4%

95.4%

(3-year)
	0.07



	Schlappe

[49]
	Endometrioid

Myoinvasion > 50%
	SLN

LND
	82

94
	33.3% pelvic

14.8% pelvic
	0.005
	78.7%

77.7%

(3-year)
	nr
	91.8%

77.6%

(3-year)
	nr



	Schlappe

[50]
	Serous & Clear Cell
	SLN

LND
	118

96
	22% pelvic

20% pelvic
	0.83
	69%

80%

(3-year)
	0.32
	88%

77%

(3-year)
	0.06



	Schiavone

[51]
	Carcinosarcoma
	SLN

LND
	48

88
	17.5%

nr
	na
	23 mo

23.2 mo
	0.7
	nr
	na



	Basaran

[52]
	Serous Carcinoma
	SLN

LND
	79

166
	26.5%

29.5%
	0.63
	58.8%

64.9%

(2-year)
	0.48
	89.1%

83.9%

(2-year)
	0.85







SLN, sentinel lymph node; LND, lymphadenectomy; DFS, disease-free survival; OS, overall survival; mo, months; na, not applicable; nr, not reported.
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