Lymphatic Mapping for Endometrial Cancer: An Update
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ABSTRACT
The staging for endometrial cancer is surgical and it should include both pelvic and para-aortic lymphadenectomy. The majority of endometrial cancers are diagnosed at early stage and lymphadenectomy gives no benefit for staging while adding surgical risks. Performing a systematic lymphadenectomy in very obese women is almost impossible. Preoperative lymphatic mapping (via planar lymphoscintigraphy, single photon emission computed tomography, or positron emission tomography) has poor correlation with surgical mapping of sentinel lymph nodes (SLNs), that has been proposed to avoid systematic lymphadenectomy in early stages. However, surgical SLN mapping is a very challenging procedure in endometrial cancer because the uterus has a complex lymphatic drainage. In the last 20 years, different authors used different tracers (vital stains, radioactive isotopes, or fluorescent dye), different sites of tracer injection (cervix, endometrium, or myometrium), and different surgical approaches (laparotomic, laparoscopic, or robotic) to find out the best procedure for SLNs identification. A well-designed, prospective, randomized, international multicenter tri​al aimed at validating the accuracy of a uniform procedure is still lacking. In the meantime, to reduce the false-negative rate of intra-operative SLN mapping a surgical algorithm limits systematic pelvic lymphadenectomy to the hemi-pelvis without SLNs mapping and includes removal of any suspicious, although not mapped, node together with mapped SLNs.  
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INTRODUCTION

A staging system is essential for an evidence-based approach to cancer management. It should assist the clinician in planning treatment and evaluating results, it should provide indications of prognosis, and it should facilitate the exchange of information among clinicians. Before 1988 endometrial cancer was staged clinically and the true spread pattern of the disease was not ascertained systematically. In 1988 the FIGO Committee on Gynecologic Oncology established that staging of endometrial cancer should be surgical and should include lymphadenectomy, both pelvic and para-aortic (1). In fact, survival is directly correlated with tumor stage (1).
A revision of the 1988 staging criteria for carcinoma of the endometrium has been proposed by the FIGO Committee on Gynecologic Oncology in 2008 (2). The 1988 FIGO IA and FIGO IB stages have been merged into the 2008 FIGO IA stage. The 1988 FIGO IC stage has been renamed FIGO IB stage in 2008. The 1988 FIGO IC stage has been cancelled in the 2008 FIGO staging system. The 2008 FIGO II stage has been defined as cervical stromal involvement because the involvement of only endocervical glands has been incorporated into the 2008 FIGO I stage (2). By contrast, the 2008 FIGO staging system has underlined the importance of performing both pelvic and para-aortic lymphadenectomy for pathologic identification of lymph node metastases. In fact, in the 2008 FIGO staging system the previous stage IIIC has been divided in two stages: IIIC1, when only pelvic nodes are positive, and IIIC2, when para-aortic nodes are positive (2). The prognosis is worse if the para-aortic nodes are involved (3).
Controversies in surgical staging of lymphatic spread
A high rate of positive para-aortic nodes above the inferior mesenteric artery without concomitant positive pelvic nodes has been found in women with endometrial cancer having high- risk prognostic factors (4). High-risk prognostic factors are: clear cell, serous papillary, or mixed clear cell-serous papillary variants, which are known to be aggressive; poorly differentiated (high grade, G3) histology; more than half myometrial invasion (2008 FIGO IB stage); cervical stromal involvement (2008 FIGO II stage) (5-7). By contrast, women with grade 1 and 2 endometrioid cancer with less than half myometrial invasion have a low rate of lymphatic metastasis and very few of them (less than 2%) have isolated positive para-aortic nodes without concomitant positive pelvic lymph nodes (4,8). However, the FIGO Committee on Gynecologic Oncology omitted to define “low-risk” and “high-risk” endometrial cancer categories in 2008 revised staging system (9).

Epidemiology of endometrial cancer suggests that approximately 80% of cancers are diagnosed at an early stage and systematic pelvic and para-aortic lymphadenectomy may produce additional morbidity without the benefit of appropriate staging in these cases (4,8,10).

To properly assess lymphatic spread in high-risk endometrial cancer, lymphadenectomy should be extended above the inferior mesenteric artery because a high incidence of positive nodes has been demonstrated at this level (11). However, systematic lymphadenectomy seems to benefit only staging because its therapeutic impact on survival (both overall and disease-free) is still debated (12-17). Moreover, women undergoing systematic lymphadenectomy have a high risk of systemic morbidity and lymphadenectomy could be unachievable in very obese women (14).
lymphatic MAPPING
In consideration of the existing controversy regarding the advantages and the risks of performing systematic lymphadenectomy in all women with endometrial cancer, the interest on lymphatic mapping via minimally invasive or non-invasive techniques and preoperative evaluation of risk factors for lymphatic spread increased in the last 20 years. Therefore, many clinical investigators evaluated the diagnostic reliability of the following approaches: intra-operative detection and biopsy of sentinel lymph nodes (SLN); preoperative lymphatic mapping via planar lymphoscintigraphy, single photon emission computed tomography, or positron emission tomography; preoperative assessment of myometrial invasion and/or cervical stromal involvement via magnetic resonance imaging, three-dimensional ultrasound, or three-dimensional power Doppler angiography.
intraoperative detection and biopsy of SLN
The SLNs are the first lymph nodes draining lymphatic vessels from a cancer. The first authors who have proposed this concept were Gould et al. in 1960 for cancer of the parotid gland (18). If SLNs have not metastases, then all the remainder lymph nodes that are reached by lymphatic vessels after the SLNs should have not metastases. Therefore, intra-operative detection and biopsy of SLNs could give information on lymphatic spread of malignancies with low risk of systemic morbidity compared to complete systematic lymphadenectomy. However, detection rates, false negative rates, and failed mapping rates in patients with metastatic lymph nodes have to be carefully evaluated before accepting SLNs biopsy as a standard practice.
Today, intra-operative detection and biopsy of SLNs is an accepted practice for melanoma and breast cancer (19,20). In gynaecologic oncology, lymphatic mapping via SLNs detection has been firstly investigated in vulvar and cervical cancer (21-23). Different vital stains and radiotracers or vital stains combined with radiotracers have been used (21-23).
In vulvar cancer, SLNs mapping has been proposed as a minimally invasive method for inguinal node staging. The highest detection rates have been obtained by injecting both vital stains and radiotracers and excluding women with palpable nodes. False negative cases have been reported mainly for midline tumors (21). 
In cervical cancer, the diagnostic accuracy of lymphatic mapping via detection and biopsy of SLNs has been reported to be the greatest compared to positron emission tomography, magnetic resonance imaging and computed tomography (22). Detection rates are high and pathologic ultra staging of SLNs increases micro metastasis detection (23). However, false negative cases and cases of failed mapping in patients with metastatic lymph nodes have been reported (23).
The first study focusing on intra-operative lymphatic mapping in endometrial cancer was published in 1996 (24). The study was performed in women with high-risk prognostic factors by injecting a blue vital stain into myometrium during laparotomy (24). Lymphatic drainage of uterine corpus resulted to be quite different from the one of uterine cervix. Lymphatic channels and multiple lymph nodes are present in different and separated locations: from parametrial tissue to presacral space, from obturator and iliac vessels to aorta and cava, from infundibulopelvic to round ligaments (24). Therefore, the authors found blue stained nodes in various locations (24). Moreover, the same authors observed that large nodal metastases may alter lymphatic drainage making lymphatic mapping a very challenging procedure in high-risk endometrial cancer (24). These findings were confirmed by the same authors in 2007 by injecting a radiotracer into myometrium during laparotomy (25).
Starting from 1996 a great number of clinical investigators tried to address the issue of intra-operative detection and biopsy of SLNs in endometrial cancer. The effects of different tracers (vital stains, radiotracers, or, more recently, fluorescent dye), different sites of injection (cervix, peritumoral endometrium, or subserosa myometrium), and different surgical accesses to retro peritoneum (laparotomy, laparoscopy, or, more recently, robotic surgery) have been evaluated by many authors in prospective or retrospective studies.
Some reviews focused on the accuracy of intra-operative detection of SLNs obtainable with the use of different tracers (alone or in combination) or different injection techniques (peri cervical, hysteroscopic, or subserosa) (26,27). In the present chapter the focus will be on different surgical accesses.
Laparotomy. In 16 papers published from 1996 to 2010, intra-operative lymphatic mapping was obtained via laparotomy (24,25,28-41). SLNs detection rates were reported in all papers. The total number of patients with metastatic nodes was reported in 12 out of 16 papers. The number of patients with metastatic nodes but without SLNs detection because of failed mapping was reported in 12 out of 16 papers. The number of patients with metastatic nodes but with negative SLNs (false negative cases) was reported in 15 papers. In one small trial SLNs detection rate was 0% (28). Overall results were the following: a total number of 411 patients were included in the studies; detection rates ranged from 0 to 100%; the total number of patients with metastatic nodes was 45 (10.9%); the total number of patients with metastatic nodes but without SLNs detection because of failed mapping was 14; the total number of false negative cases was 4 (Table 1).
Laparoscopy. In 14 papers published from 2002 to 2013, intra-operative lymphatic mapping was obtained via laparoscopy (41-54). SLNs detection rates were reported in all papers. The total number of patients with metastatic nodes was reported in 12 out of 14 papers. The number of patients with metastatic nodes but without SLNs detection because of failed mapping was reported in 12 out of 14 papers. The number of patients with metastatic nodes but with negative SLNs (false negative cases) was reported in all papers. Overall results were the following: a total number of 382 patients were included in the studies; detection rates ranged from 61 to 100%; the total number of patients with metastatic nodes was 68 (17.8%); the total number of patients with metastatic nodes but without SLNs detection because of failed mapping was 9; the total number of false negative cases was 2 (Table 2).
Laparotomy or laparoscopy. From 2006 to 2013, seven authors pooled the results of intra-operative lymphatic mapping obtained via laparotomy or laparoscopy (55-61). SLNs detection rates were reported in all papers. The total number of patients with metastatic nodes was reported in 6 papers. The number of patients with metastatic nodes but without SLNs detection because of failed mapping was reported in 6 papers. The number of patients with metastatic nodes but with negative SLNs (false negative cases) was reported in all papers. Overall results were the following: a total number of 537 patients were included in the studies; detection rates ranged from 79 to 95%; the total number of patients with metastatic nodes was 73 (13.6%); the total number of patients with metastatic nodes but without SLNs detection because of failed mapping was 6; the total number of false negative cases was 7 (Table 3).
Robotic surgery. Starting from 2012 several papers reported the results of intra-operative lymphatic mapping obtained via robotic surgery (62-76). Also, in 2012 a fluorescent dye was first used as a tracer to identify SLNs (63). Thereafter, fluorescent dye was used by almost all authors during robotic surgery (62-76). SLNs detection rates, total number of patients with metastatic nodes, number of patients with metastatic nodes but without SLNs detection because of failed mapping, and number of patients with metastatic nodes but with negative SLNs (false negative cases) were reported in all papers but one small trial (64). Overall results were the following: a total number of 1556 patients were included in the studies; detection rates ranged from 62% to 100%; the total number of patients with metastatic nodes was 241 (15.5%); the total number of patients with metastatic nodes but without SLNs detection because of failed mapping was 11 (0.7%); the total number of false negative cases was 16 (1.03%) (Table 4). The highest detection rates (82%-100%) were obtained by injecting a radiotracer or fluorescent dye into the uterine cervix (62-65, 67, 69-76). Moreover, the injection of fluorescent dye was followed by high rates (68%-96%) of bilateral SLNs detection (65, 67, 69-76). Finally, the injection of fluorescent dye was followed by a better detection rate in obese patients as compared with the injection of blue vital stain (65, 67).  However, Eitan et al. (68) demonstrated that surgeons have to learn how to perform robotic SLNs mapping by injecting a tracer into the uterine cervix. In fact, surgeons needed to perform at least 30 cases to increase the detection rate from 50% to 85% (68).
Laparotomy or laparoscopy or robotic surgery. Three authors pooled the results of intra-operative lymphatic mapping obtained via laparotomy or laparoscopy or robotic surgery (77-79). SLNs detection rates were reported in all papers. The total number of patients with metastatic nodes was reported in all papers. The number of patients with metastatic nodes but without SLNs detection because of failed mapping was reported only in one paper as well as the number of patients with metastatic nodes but with negative SLNs (false negative cases). Overall results were the following: a total number of 973 patients were included in the studies; detection rates ranged from 81 to 84%; the total number of patients with metastatic nodes was 116 (11.9%). In the study of Barlin et al. (79) the number of patients with metastatic nodes but without SLNs detection because of failed mapping was 7 out of 54 and the number of false negative cases was also 7 out of 54 patients (Table 5).
Surgical staging algorithm for SLNs mapping. In 2012, to overcome the problem related to the high rates of failed mapping in patients with metastatic nodes Barlin et al. (79) proposed an algorithm that included removal of any suspicious, although not mapped, node together with mapped SLNs. Moreover, if there was no mapping on a hemi-pelvis a side specific systematic lymphadenectomy was also performed (79). After applying this algorithm, the cases of failed mapping were no longer a problem and the number of false negative cases dropped from 14 to one (79). This last patient had an isolated para-aortic metastatic node and SLNs mapping and systematic lymphadenectomy were limited to pelvis (79). From a clinical point of view the application of the algorithm proposed by Barlin et al. (79) significantly reduced the need for systematic lymphadenectomy over a 3 years period (80). These results were confirmed by a multicentre study performed in France and published in 2013 (81). More recently, Hagen et al. (71) applied the surgical algorithm in women undergoing robot assisted SLN mapping following the cervical injection of fluorescent dye and confirmed that the algorithm allowed the identification of all nodal metastases. The algorithm has been published in the 2018 NCCN Clinical Practice Guidelines for Uterine Neoplasms, Version 1.2018 (82). Therefore, intra-operative detection of SLNs should not be used alone instead of systematic lymphadenectomy in women with endometrial cancer but it may help to reduce the number of unnecessary lymphadenectomies (79-82). In fact, several meta-analyses suggest that the diagnostic performance of intra-operative detection of SLNs using cervical injection of fluorescent dye or a combination of blue vital stain and radiotracer is good but large randomized studies are needed to better understand the factors that may influence detection rate, failed mapping, and incidence of false negative cases together with results in term of  recurrence rates (83-88).
PREOPERATIVE lymphatic mapping
Planar lymphoscintigraphy. Limits of lymphoscintigraphy for preoperative lymphatic mapping in women with endometrial cancer have been underlined in 2009 by Ballester et al. (89), who demonstrated that the correlation between lymphoscintigraphy and surgical mapping of SLNs was poor. The low detection rate of SLNs by planar scintigraphy was confirmed in 2013 by Kraft and Havel (90). A poor correlation between lymphoscintigraphy and surgical mapping of SLNs was evident by injecting technetium into the cervix of women with endometrial cancer both the day before surgery and the morning before surgery (91). The injection of the tracer the day before surgery was associated with better detection of para-aortic SLNs (91).
Single photon emission computed tomography/computed tomography (SPECT/CT). From 2010 to 2013, three papers assessed the role of SPECT/CT in SLNs mapping in gynecological cancers and compared its performance to the one of lymphoscintigraphy (90,92,93). SPECT/CT seemed to improve SLNs detection compared to lymphoscintigraphy (90,92,93). Unfortunately, only a total of 90 patients with endometrial cancer were included in these three studies (90,92,93). In 2013 a study focusing on patients with high-risk endometrial cancer undergoing ultrasound guided radiotracer injection into the myometrium, compared SLNs localization obtainable by using SPECT/CT lymphoscintigraphy with SLNs localization obtainable by using planar lymphoscintigraphy (94). SPECT/CT lymphoscintigraphy improved SLNs localization (94). Similar results were reported by Mücke et al. (95) in 2014 by injecting the radiotracer into the myometrium of the isthmus-cervical region. However, when comparing SPECT/CT lymphoscintigraphy results with those of SLN detection by gamma probe during surgery, Sawicki et al. (96) found a significant discrepancy in more than 25% of women. Also, Elisei et al. (97) found only moderate concordance between SPECT/CT and intra-operative SLNs mapping by gamma probe, although SPECT/CT showed a higher rate of bilateral SLNs detection. Moreover, peri cervical injection of the radiotracer has been reported as allowing better mapping of SLNs by SPECT/CT lymphoscintigraphy in comparison with peri tumoral hysteroscopic injection (98). Finally, when the radiotracer was injected peri cervically, the detection rate of SLNs by SPECT/CT lymphoscintigraphy seemed to be affected by venous drainage and high abdominal radioactivity (99).
Fluorine 18 Fluorodeoxyglucose Positron Emission Tomography Imaging (18F-FDG PET). In 2013 a systematic review and meta-analysis of the literature underlined that 18F-FDG PET has a low sensitivity for staging lymphatic spread in patients with endometrial cancer (100). The diagnostic accuracy of 18F-FDG PET is greater for the detection of distant metastases (100). The low sensitivity of FDG PET could be due to the limits of the technique in identifying micro metastases detected by ultra-staging in SLNs harvested during surgery (101). Moreover, Tanaka et al. (102) have recently shown that the sensitivity of FDG PET is higher than the sensitivity of intra-operative SLNs mapping for large metastatic nodes whereas intra-operative SLNs mapping has higher sensitivity than FDG PET for detecting small (<5mm) nodes. Finally, a prospective study published in 2019, focusing on the accuracy of preoperative PET/CT in identifying extrauterine disease in women with endometrial cancer, reported 45.8% sensitivity to detect metastatic lymph nodes and 37.5% sensitivity to detect peritoneal metastases (103). False-negative rates were, respectively, 54.2% and 62.5% (103). The authors concluded that because of these disappointing results PET/CT should not be routinely used in the preoperative workout of women with endometrial cancer (103).
preoperative assessment of myometrial invasion and/or cervical stromal involvement

Preoperative assessment of myometrial invasion and/or cervical stromal involvement may help to predict high-risk endometrial cancer, thus suggesting the need for lymphadenectomy. Conventional magnetic resonance imaging (MRI), as well as quantitative dynamic contrast-enhanced MRI (DCE-MRI) and diffusion-weighted imaging (DWI), have all been shown to predict high-risk endometrial cancer (104). DCE-MRI and DWI represent precious supplements to conventional MRI (104). However, the sensitivity of MRI for predicting lymph node metastases has been recently shown to be lower than 60% although MRI gives valuable information about myometrial invasion and cervical stromal involvement (105).
A systematic review and meta-analysis published in 2017 demonstrated that MRI is better, but not statistically significant, than transvaginal ultrasonography (TVS) for preoperative assessment of myometrial invasion in women with endometrial cancer (106). However, three-dimensional TVS has been recently reported to be equivalent to MRI for preoperative assessment of both myometrial invasion and cervical stromal involvement (105). 
Subjective evaluation of transvaginal images by ultrasound experts has been reported to be reproducible in assessing deep myometrial and cervical stromal invasion (107, 108). Also, objective ultrasound measurements have been proposed to predict deep myometrial and cervical stromal invasion in women with endometrial cancer (109).
In 2008, the International Endometrial Tumor Analysis (IETA) group was formed to reach an agreement about terms to be used to describe ultrasound findings in the uterine cavity. The IETA group published a consensus statement in 2010 to offer a basis for future studies aimed at predicting the risk of endometrial cancer depending on ultrasound images (110). The reproducibility of the color score proposed by IETA group for the evaluation of endometrial vascularization was confirmed in 2017 (111). In 2018, a prospective multicenter study performed on more than 1500 women with endometrial cancer confirmed that ultrasonographic features were different in low-risk as compared to high-risk tumor by using IETA terminology (112). Finally, the performance of objective ultrasound measurements was compared with subjective evaluation of transvaginal images by ultrasound experts in 1275 of the same 1500 patients included in the prospective multicenter study (112, 113). Subjective evaluation of transvaginal images by ultrasound experts resulted to be superior to objective ultrasound measurements in assessing deep myometrial and cervical stromal invasion in grade 1-2 cancers (113).
CONCLUSION
A great number of women with endometrial cancer present with early stage disease. However, the evaluation of prognostic factors may help clinicians in identifying risk groups that should undergo adjuvant therapy to reduce recurrences (114,115). Non-invasive diagnostic methods, such as imaging techniques, have still a low diagnostic accuracy in the staging of endometrial cancer. Therefore, there is no alternative to aggressive staging via surgery. However, a surgical algorithm combining intraoperative detection of SLNs with removal of any suspicious, although not mapped, node and a side specific systematic lymphadenectomy if there is no mapping on a hemi-pelvis has been demonstrated to significantly reduce surgical staging aggressiveness with a still good diagnostic performance.
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TABLE 1. Intra-operative lymphatic mapping via laparotomy.
	AUTHORS

(year)

(Reference)
	Patients (n)
	Injection site
	Tracer
	Extension

of LA
	Surgical detection rate
	Patients with MLN 
	Patients with MLN and failed mapping
	False-negative cases

(patients)

	Burke et al. (1996)
(24)
	15
	SM
	BVS
	PE-PA
	67%
	4
	1
	1

	Echt et al. (1999)
(28)
	8
	SM
	BVS
	PE-PA
	0%
	nr
	nr
	na

	Niikura et al. (2004)

(29)
	28
	END
	RAD
	PE-PA
	82%
	2
	1
	0

	Raspagliesi et al. (2004)
(30)
	18
	END
	RAD + BVS
	PE
	100%
	4
	0
	0

	Fersis et al. (2004)

(31)
	10
	END
	RAD
	PE-(PA)a
	70%
	1
	nr
	0

	Maccauro et al. (2005)
(32)
	26
	END
	RAD + BVS
	PE-(PA)b
	100%
	4
	0
	0

	Gien et al. (2005)
(33)
	16
	SM, END, SM+END
	BVS
	PE
	0-56%
	nr
	nr
	1

	Frumovitz et al. (2007)
(25)
	18
	SM
	RAD + BVS
	PE-(PA)c
	45%
	nr
	3
	0

	Altgassen et al. (2007)
(34)
	25
	SM
	BVS
	PE-(PA)d
	92%
	3
	1
	1

	Li et al.

(2007)
(35)
	20
	SM
	BVS
	PE-(PA)d
	75%
	2
	0
	0

	Lopes et al. (2007)
(36)
	40
	SM
	BVS
	PE-(PA)d
	77.5%
	11
	5
	1

	Perrone et al. (2008)
(37)
	44
	PC or END
	RAD
	PE-(PA)a
	65-70%
	6
	0
	0

	Robova et al. (2009)
(38)
	91
	SM or END
	RAD + BVS
	PE-PA
	50-73%
	5
	2
	0

	Zenzola et al. (2009)
(39)
	14
	PC
	RAD + BVS
	PE
	71%
	1
	0
	0

	Feranec et al. (2010)

(40)
	21
	END
	RAD
	PE-(PA)a
	81%
	nr
	nr
	0

	Mais et al.

(2010)

(41)
	17
	PC
	BVS
	PE
	41%
	2
	1
	0


LA: systematic lymphadenectomy; MLN: metastatic lymph nodes; SM:  subserosal myometrium; BVS: blue vital stain; PE: pelvic; PA: para-aortic; END: endometrium; RAD: radioactive isotope; PC: pericervical; nr: not reported; na: not applicable; a only in women with high risk prognostic factors; bonly in seven women; c only sampling;  d only in women with low morbidity risk

TABLE 2. Intra-operative lymphatic mapping via laparoscopy.
	AUTHORS

(year)

(Reference)
	Patients (n)
	Injection site
	Tracer
	Extension

of LA
	Surgical detection rate
	Patients with MLN 
	Patients with MLN and failed mapping
	False-negative cases

(patients)

	Holub et al. (2002)
(42)
	25
	SM,

SM+ PC
	BVS
	PE
	61-83%
	2
	0
	0

	Pelosi et al. (2002)

(43)
	11
	PC
	RAD + BVS
	PE
	100%
	3
	0
	0

	Gargiulo
et al. (2003) (44)
	11
	PC
	RAD + BVS
	PE
	100%
	3
	0
	0

	Pelosi et al. (2003)

(45)
	16
	PC
	RAD + BVS
	PE
	94%
	3
	0
	0

	Barranger
et al. (2004) (46)
	17
	PC
	RAD + BVS
	PE
	94%
	5
	0
	0

	Lelievre et al. (2004)

(47)
	12
	PC
	RAD + BVS
	PE
	92%
	3
	0
	0

	Bats et al. (2005)

(48)
	26
	PC
	RAD + BVS
	PE
	81%
	7
	2
	0

	Depelch et al. (2007)

(49)
	23
	PC
	RAD + BVS
	PE
	83%
	nr
	nr
	0

	Bats et al. (2008)

(50)
	43
	PC
	RAD + BVS
	PE-(PA)a
	70%
	10
	2
	0

	Ballester
et al. (2008)

(51)
	39
	PC
	RAD + BVS
	PE-(PA)a
	91%
	10
	0
	0

	Barranger
et al. (2009) (52)
	33
	PC
	RAD + BVS
	PE
	82%
	nr
	nr
	0

	Vidal-Sicart et al. (2009)

(53)
	35
	END
	RAD
	nr
	63%
	5
	2
	2

	Mais et al. (2010)

(41)
	17
	PC
	BVS
	PE
	82%
	4
	2
	0

	Torné et al. (2013)

(54)
	74
	SM
	RAD
	PE-PA
	82%
	13
	1
	0


LA: systematic lymphadenectomy; MLN: metastatic lymph nodes; SM:  subserosal myometrium; BVS: blue vital stain; PE: pelvic; PA: para-aortic; END: endometrium; RAD: radioactive isotope; PC: pericervical; nr: not reported.
a only in women with high risk prognostic factors
TABLE 3. Intra-operative lymphatic mapping via laparotomy or laparoscopy.
	AUTHORS

(year)

(Reference)
	Patients (n)
	Injection site
	Tracer
	Extension

of LA
	Surgical detection rate
	Patients with MLN 
	Patients with MLN and failed mapping 
	False-negative cases

(patients)

	Dzvincuk et al. (2006)
(55)
	33
	PC
	RAD
	PE-(PA)a
	79%
	nr
	nr
	0

	Delaloye et al. (2007)
(56)
	60
	END
	RAD + BVS
	PE-PA
	82%
	9
	1
	0

	Abu-Rustum

et al. (2009)
(57)
	42
	PC or PC+SM
	RAD + BVS
	PE-(PA)a
	86%
	4
	0
	0

	Khoury-Collado
et al. (2009)
(58)
	115
	PC or PC+SM
	RAD + BVS
	PE-(PA)a
	85%
	15
	3
	2

	Ballester et al.
(2011)
(59)
	125
	PC
	RAD + BVS
	PE-(PA)a
	89%
	20
	1
	3

	Solima et al.
(2012)
(60)
	59
	END
	RAD
	PE-(PA)a
	95%
	10
	0
	1

	Ballester et al.
(2013)
(61)
	103
	PC
	RAD + BVS
	PE-(PA)a
	86%
	15
	1
	1


LA: systematic lymphadenectomy; MLN: metastatic lymph nodes; SM:  subserosal myometrium; BVS: blue vital stain; PE: pelvic; PA: para-aortic; END: endometrium; RAD: radioactive isotope; PC: pericervical; nr: not reported.
a only in women with high risk prognostic factors
TABLE 4. Intra-operative lymphatic mapping via robotic surgery.
	AUTHORS

(year)

(Reference)
	Patients (n)
	Injection site
	Tracer
	Extension

of LA
	Surgical detection rate
	Patients with MLN 
	Patients with MLN and failed mapping
	False-negative cases

(patients)

	How et al.

(2012) (62)
	100
	PC
	BVS + RAD
	PE-(PA)a
	92%
	11
	8
	1

	Holloway
et al. (2012)
(63)
	35
	PC
	BVS + FD
	PE-PA
	100%
	10
	0
	1

	Rossi et al.

(2013) (64)
	29
	PC + END
	FD
	PE-PA
	82% (PC)
33% (END)
	-
	-
	1

	Sinno et al. (2014) (65)
	71
	PC
	BVS or FD
	PE-(PA)a
	83.1%
	5
	0
	0

	Desai et al. (2014) (66)
	120
	PC
	BVS
	PE
	86%
	10
	0
	0

	Tanner et al. (2015) (67)
	111
	PC
	BVS or FD
	(PE)-(PA)
	85.6%
	7
	0
	1

	Eitan et al. (2015) 68)
	74
	PC
	BVS
	PE
	62.1%
	6
	1
	0

	Paley et al. (2016) (69)
	123
	PC
	FD
	PE-(PA)a
	96.7%
	9
	0
	0

	Holloway et al. (2016) (70)
	119
	PC
	BVS + FD
	PE-PA
	98.3%
	36
	0
	1

	Hagen et al. (2016) (71)
	108
	PC
	FD
	PE-(PA)a
	96%
	17
	1
	1

	Holloway et al. (2017) (72)
	200
	PC
	BVS + FD
	PE-(PA)a
	96.1%
	41
	0
	5

	Clinton et al. (2017) (73)
	108
	PC
	BVS + FD
	PE
	99%
	22
	0
	2

	Persson et al. (2017) 74)
	102
	PC
	FD
	PE-PA
	96%
	24
	0
	0

	Tanner et al. (2017) (75)
	52

(high-grade)
	PC
	FD
	PE-PA
	-
	9
	0
	2

	Backes et al. (2019) (76)
	204
	PC
	BVS + FD
	PE-(PA)a
	90.2%
	34
	1
	1


LA: systematic lymphadenectomy; MLN: metastatic lymph nodes; PC: pericervical; END: endometrium; BVS: blue vital stain; RAD: radioactive isotope; FD: fluorescent dye; PE: pelvic; PA: para-aortic; 

a only in women with high risk prognostic factors
TABLE 5. Intra-operative lymphatic mapping via laparotomy or laparoscopy or robotic surgery.
	AUTHORS

(year)

(Reference)
	Patients (n)
	Injection site
	Tracer
	Extension

of LA
	Surgical detection rate
	Patients with MLN 
	Patients with MLN and failed mapping
	False-negative cases

(patients)

	Frimer et al.  (2010)
(77)
	209
	PC + SM
	BVS + RAD
	nr
	84%
	30
	nr
	nr

	Khoury-Collado
et al.  (2011)

78)
	266
	PC + SM
	BVS + RAD
	PE-(PA)a
	84%
	32
	nr
	nr

	Barlin et al.  (2012)
(79)
	498
	PC
	BVS
	PE-(PA)a
	81%
	54
	7
	7


LA: systematic lymphadenectomy; MLN: metastatic lymph nodes; PC: pericervical; SM:  subserosal myometrium; BVS: blue vital stain; RAD: radioactive isotope; PE: pelvic; PA: para-aortic; nr: not reported.
a  at the operating surgeon's discretion.
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