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Abstract

:

Simple Summary


Present algorithms for the detection of pelvic sentinel lymph utilizing only tracers may fail to detect metastatic disease as women with nodal metastases overall have an overall lower mapping rate and that nodes at certain anatomic positions of the pelvic lymphatic pathways map less frequently. The study aimed to assess the increase in the diagnosis of pelvic nodal metastases by adding the removal of non-mapped nodes at defined known high-risk anatomic positions despite mapping at other positions. A 4.3% increase in the detection of pelvic nodal metastases was noted by the presence of isolated non-mapped metastatic nodes in the proximal obturator or external interiliac positions, suggesting that a hybrid algorithm combining tracer (ICG) with the removal of non-mapped nodes at either of the aforementioned positions should be utilized.




Abstract


Aim of the study: to investigate the incidence of non-mapped isolated metastatic pelvic lymph nodes at pre-defined anatomical positions. Patients and Methods: Between June 2019 and January 2024, women with uterine-confined endometrial cancer (EC) deemed suitable for robotic surgery and the detection of pelvic sentinel nodes (SLNs) were included. An anatomically based, published algorithm utilizing indocyanine green (ICG) as a tracer was adhered to. In women where no ICG mapping occurred in either the proximal obturator and/or the interiliac positions, defined as “typical positions”, those nodes were removed and designated as “SLN anatomy”. Ultrastaging and immunohistochemistry were applied to all SLNs. The proportion of isolated metastatic “SLN anatomy” was evaluated. Results: A non-mapping of either the obturator or interiliac area occurred in 180 of the 620 women (29%). In total, 114 women (18.4%) were node-positive and five of these women (4.3%) had isolated metastases in an “SLN anatomy”, suggesting a similar lower sensitivity of the ICG-only algorithm. Conclusion: In an optimized SLN algorithm for endometrial cancer, to avoid undetected nodal metastases in 4.3% of node-positive women, if mapping fails in either the proximal obturator or interiliac area, nodes should be removed from those defined anatomic positions, despite mapping at other positions.
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1. Introduction


Sentinel lymph node (SLN) mapping has been progressively incorporated into the management of women with endometrial cancer (EC) during later years. The insight that a cervical injection of tracer could accurately identify SLNs has contributed significantly to the advancement of the SLN concept, and indocyanine green has emerged as the tracer of choice [1,2,3,4,5]. The use of ultrastaging and immunohistochemistry has led to improved detection of small-volume metastases [6,7,8,9]. Four prospective studies on SLN detection in primarily high-risk EC where a completory pelvic and para-aortic lymph node dissection was performed demonstrated the potential of an ICG-based SLN concept in EC with a pooled sensitivity to detect pelvic nodal metastases of 95.7% (95% CI, 90.2–98.6) [6,10,11,12]. In the SHREC study, despite high sensitivity, node-positive women had a lower mapping rate compared to node-negative women (8/54 compared with 6/203, p < 0.001), particularly in the obturator fossa (22/54, 40.7%) [6]. A similar correlation between nodal metastases and non-mapping was later published by Raffone et al. [13]. In a recent study by Bollino et al., the obturator fossa was found to harbor 49.1% of all SLN metastases and was the sole position of SLN metastases in 25.3% of node-positive women with EC, underlining the importance of recognizing the frequent presence of parallel lymphatics along the upper paracervical pathway [14]. These findings are an important indicator that mapping by a tracer may not be sufficient for detecting all women with pelvic nodal metastases. In addition, not surprisingly, the overall number of metastatic pelvic nodes was found to be higher in women with non-endometrioid histology and/or myometrial depth invasion compared with low-grade tumors with no depth invasion. The number was five (range 1–36) compared with two (range 1–9), indicating that SLN sensitivity data from studies on women with a high-risk EC may not be directly transferable to women with low-risk EC, which indicates a need for a sharpened algorithm [6]. An optimal SLN algorithm in EC must take this into consideration [15]. Nodal status guides adjuvant treatment and affects patient prognosis [16,17,18,19,20,21,22]. It remains uncertain whether a complete pelvic and para-aortic lymphadenectomy (LND) is solely diagnostic or provides a survival advantage [23,24,25,26,27,28,29]. Given previous results regarding the anatomical location of metastatic SLNs, a selective removal of nodes located at these positions is an alternative to a full side-specific lymph node dissection in case of non-mapping [14,30]. More extensive lymph node dissection and associated lymphatic complications are particularly important to avoid in women with low-risk EC, women in whom nodal assessment was previously not performed [6,11,31,32,33,34,35].



The aim of this prospective study was to study the incidence of pelvic nodal metastases in non-mapped typically positioned nodes in the proximal obturator fossa and the interiliac area (“SLN anatomy”).




2. Materials and Methods


Between June 2019 and January 2024, women with uterine-confined EC of all risk groups including endometrial intraepithelial neoplasia (EIN) deemed suitable for robot-assisted surgery and fit for adjuvant treatment were offered participation in this modified “SLN-only” study (clinicalTrials.gov NCT03838055). All women with EC underwent a preoperative CT scan of the thorax and abdomen. Women with EIN in whom EC was diagnosed at final histology had a postoperative CT scan. Vaginal ultrasonography was used for preoperative estimation of myometrial and cervical invasion. Inclusion/exclusion criteria are outlined in the online study protocol (Supplementary Text S1). Enrolled women were scheduled for a robotic hysterectomy, bilateral salpingoophorectomy, the detection of pelvic SLNs, and, if indicated, an infracolic omentectomy. A da Vinci® Si or Xi Surgical robot with the FireFly® application was used (Intuitive Surgical, Sunnyvale, CA, USA). The procedures were performed by either of three initial or two gradually introduced surgeons, all of whom were supervised by the surgeon responsible for study protocol (JP). One of the three initial surgeons acted as an assistant or supervisor during all procedures. All SLN procedures abided by a previously published anatomically based surgical algorithm with a strict definition of SLNs [15,36]. A total of 1 mL 2.5 mg/mL ICG solution was injected submucosally in the cervix at 2-4-8 and 10 o’clock (0.25 mL per position) with an ipsilateral submucosal reinjection of an additional 0.25 mL ICG solution at 3 and/or 9 o’clock in case of non-mapping. SLNs along the upper paracervical pathway (UPP) were identified, including SLNs along parallel lymphatics to the obturator and external iliac areas when present and the removal of the parauterine lymphovascular tissue (PULT). The PULT (in the original publication called “The upper paracervical lymphovascular tissue”) is defined as the tissue between the broad ligament and the obliterated umbilical artery, caudal to the supravesical artery, and ventral to the ureter. The PULT contains lymphatic tissue connecting the uterus with the lateral pelvic lymph nodes. [37,38]. Typical positions were defined as the “proximal obturator fossa” (the proximal third of the obturator fossa, lateral of the obliterated umbilical artery, dorsomedial of the ventral rim of the external iliac vein, and ventral of the obturator nerve) and the “interiliac position” (lateral of the obliterated umbilical artery, ventromedial of the external iliac vein, and within the bifurcation of the external and internal iliac arteries). These positions are reached by exploring the “lateral paravesical and pararectal spaces” [38]. In case of non-mapping in either of, or both, the proximal obturator or interiliac positions, nodes located at these positions were removed, designated as “SLN anatomy” and processed as SLNs. All SLN tissue was embedded and bisected if the minimum thickness exceeded 3 mm. Ultrastaging using hematoxylin and eosin staining (H&E) was performed in five sections at two to three different levels, 200 µm apart if the maximum diameter of the sentinel node tissue exceeded 1 mm. Immunohistochemistry with staining for pan-cytokeratin (cytokeratin MNF 116) was performed at one or two levels. Non-SLNs with a thickness of less than 3 mm were embedded entirely, and for nodes exceeding 3 mm, at least half the node was embedded. Non-SLNs were stained for H&E but were not subjected to immunohistochemistry. Metastatic disease was classified according to a modification of the American Joint Committee on Cancer staging definitions for axillary nodes in breast cancer (macrometastases = tumor greater than 2.0 mm in diameter, micrometastases = tumor cell aggregates between 0.2 and 2.0 mm in diameter, isolated tumor cells = individual tumor cells or aggregates that are less than 0.2 mm in diameter and less than 200 cells) [39]. Clinic demographic data and positions and types of SLNs and metastatic SLNs were continuously entered into a database. Descriptive data are presented with numbers and percentages. The study was approved by the Institutional Review Board (Skåne University Hospital, Dnr 2018/541) and registered at Clinical Trials.gov (NCT03838055). Written informed consent was obtained from all enrolled women.




3. Results


A total of 746 women were assessed for eligibility, 703 women were enrolled, and data from 620 women were included in the final analysis (strobe flow chart. Figure 1). Demographic and clinical data are presented in Table 1. In women with EC at final histology, 451/620 (72.7%) had a low grade, 50/620 (8.1%) had high-grade endometrioid cancers, and 119/620 (19.2%) had non-endometrioid cancers.



The bilateral ICG-defined mapping rate (at least one ICG-defined SLN per hemipelvis) following the reinjection of tracer in 105/620 (16.9%) women was 93.2% and 87.7% in SLN-negative and SLN-positive cohorts, respectively. The median number of ICG-defined SLNs was 4 (range 1–8) as perceived by the surgeon and 6 (1–20) on final histology. A total of 114 (18.4%) women had pelvic SLN metastases; 14 of these women had metastases in an “SLN anatomy”; in 5 women (4.3%), this was the only manifestation of nodal spread. Of all women with metastatic SLNs, 55/114 (48.2%) had at least one “SLN anatomy” identified and removed due to non-mapping. In 41 (35.9%) women, SLN anatomy was identified in the obturator fossa, and in 30 (26.3%) women, in the interiliac area. Fourteen women had “SLN anatomy” at both locations. In the obturator fossa, 14/41 (34.1%) of “SLN anatomy” were metastatic, and isolated metastases were found in 3/114 (2.6%) of node-positive women. At the external interiliac area, 10/30 (33.3%) “SLN anatomy” were metastatic, and 2/114 (1.7%) of node-positive women had isolated interiliac metastases (Table 2). Of all metastatic SLN anatomy, 10/17 (58.8%) were isolated tumor cells (ITC), 1/17 (5.9%) were micrometastases (MIM) and 6/17 (35.3%) were macrometastases (MAM).



Three of the five women with isolated metastases in an “SLN anatomy” had grade 1 endometroid cancers, and two had non-endometroid cancers. Per intraoperatively utilized protocols, no injuries to the obturator nerve, ureters, or vascular injuries requiring suturing or repair occurred during the removal of SLNs as such. In summary, “SLN anatomy” increased the detection of pelvic nodal metastatic disease by 4.3%.




4. Discussion


Removing nodes at typical positions, i.e., “SLN anatomy” identified five node-positive women in addition to the 109 identified by the ICG algorithm, i.e., demonstrating a lack of sensitivity in the range of 5% using ICG mapping only. Three of these had presumed low-risk cancer and were identified using ultrastaging or immunohistochemistry which would go undetected if abiding by traditional algorithms. The remaining two were women with non-endometroid cancers with macrometastases in which non-mapping was probably due to blocked lymphatics because of tumor aggregates. The results from the present study strongly suggest that to optimize sensitivity, an SLN algorithm should, even in the presence of bilateral mapping, be a hybrid between ICG-based mapping and the removal of non-mapped nodes at defined high-risk anatomic positions. This underlines the suggestion in a previous study recommending the removal of nodes at those typical positions, rather than a side-specific lymphadenectomy, in case of a complete hemipelvic non-mapping. This approach helps retain information on nodal involvement while reducing the rate of associated surgical and lymphatic complications [14]. Contrary to most other SLN algorithms, the present study underlines the importance of the exploration of parallel lymphatics within the upper paracervical pathway, i.e., both the interiliac and obturator area [15,30]. Recent studies have shown that the obturator fossa harbors a majority of nodal metastases and a high rate of isolated metastases, which further stresses the significance of exploring this less accessible area to optimize the nodal detection rate even in case of non-mapping [14]. Identifying all women with nodal involvement is important in order to determine the individual woman’s prognosis and to guide the need for adjuvant treatment to optimize care, although a correct assessment also allows for the performance of future studies aiming to further individualize cancer care. Despite the current FIGO staging not taking into account isolated tumor cells in lymph nodes and a clinical situation where there is limited data on the impact on recurrence and survival, we believe it is important to also present data from those women hence considered node-positive in this study. The strengths of this study are the prospective design and the low proportion of protocol violations. Adherence to a strict surgical protocol when performing the procedures and supervision by one initially, and later three accredited surgeons, resulted in a high internal validity. Another strength is the uniform histological management of SLNs consistently applying ultrastaging and immunohistochemistry on all SLNs. Weaknesses of the study are a lack of generalizability of the results and that the results may not be transferrable to other surgical approaches or tracers. Not including the exploration of the lower paracervical pathway (LPP) in all patients contributed to a lower bilateral mapping rate compared to the SHREC study, although the rate of 93.2% in the present study exceeds that of the SENTOR, applying a reinjection of tracer, and the FIRES study where the bilateral mapping rate was 77% and 52%, respectively [10,11]. “SLN anatomy” is in our opinion a complement to and not a replacement of an ICG-based algorithm. Anatomical variations including tortuous vessels seen in many elderly women and SLNs obscured by fatty tissue in women with obesity are challenges where ICG facilitates SLN detection [40,41]. When tracers with proven lower mapping rates such as radiotracers and patent blue are utilized, a hybrid algorithm including “SLN anatomy” might be particularly helpful to optimize the detection of nodal disease without the need for a more extensive nodal dissection [1].




5. Conclusions


Non-ICG mapped lymph nodes in the proximal obturator and/or the interiliac anatomic positions contain isolated metastases in 4.3% of node-positive women with endometrial cancer despite mapping at other pelvic positions uni- or bilaterally. Optimizing the sensitivity of the pelvic SLN algorithm should therefore include the removal of non-mapped nodes at those typical positions even when other ICG-mapped SLNs are present at a hemipelvis, i.e., utilizing a hybrid SLN algorithm as described.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/cancers16183242/s1, Text S1: Online study protocol. References [42,43] are cite in Supplementary Materials.





Author Contributions


Conceptualization, M.B., C.L. and J.P.; methodology, M.B., B.G., P.R., C.L. and J.P.; software, M.B. and J.P.; validation, P.R., C.L. and J.P.; formal analysis, M.B.; investigation, P.R., C.L. and J.P.; resources, M.B. and J.P.; data curation, M.B. and B.G.; writing—original draft preparation, M.B., B.G., P.R., C.L. and J.P.; writing—review and editing, M.B., B.G., P.R., C.L. and J.P.; visualization, M.B. and J.P.; supervision, J.P.; project administration, M.B. and J.P.; funding acquisition, M.B. and J.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by Skåne County Council’s Research and development Foundation (Grant number REGSKANE 353601, REGSKANE 632231, REGSKANE 43656, and REGSKANE 44551). Role of the funding source: The funding sources solely contributed with means for carrying out the study but were otherwise not involved.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by Institutional Review Boards (Skåne University Hospital, Dnr 2018/541 approval date 2 August 2018).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study. Written informed consent has been obtained from the patient(s) to publish this paper.




Data Availability Statement


All data are available upon request.




Conflicts of Interest


Jan Persson received honoraria for proctoring and lectures from the manufacturer of the da Vinci system. Celine Lönnerfors received honoraria for lectures from the manufacturer of the da Vinci system. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results. The other authors report no conflicts of interest.




References


	



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] [PubMed] [PubMed Central]

	



Barlin, J.N.; Khoury-Collado, F.; Kim, C.H.; Leitao, M.M., Jr.; 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]

	



Papadia, A.; Gasparri, M.L.; Buda, A.; Mueller, M.D. Sentinel lymph node mapping in endometrial cancer: Comparison of fluorescence dye with traditional radiocolloid and blue. J. Cancer Res. Clin. Oncol. 2017, 143, 2039–2048. [Google Scholar] [CrossRef] [PubMed]

	



Abu-Rustum, N.R.; Khoury-Collado, F.; Gemignani, M.L. Techniques of sentinel lymph node identification for early-stage cervical and uterine cancer. Gynecol. Oncol. 2008, 111 (Suppl. S2), S44–S50. [Google Scholar] [CrossRef] [PubMed]

	



Abu-Rustum, N.R.; Khoury-Collado, F.; Pandit-Taskar, N.; Soslow, R.A.; Dao, F.; Sonoda, Y.; Levine, D.A.; Brown, C.L.; Chi, D.S.; Barakat, R.R.; et al. Sentinel lymph node mapping for grade 1 endometrial cancer: Is it the answer to the surgical staging dilemma? Gynecol. Oncol. 2009, 113, 163–169. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Persson, J.; Salehi, S.; Bollino, M.; Lonnerfors, 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] [PubMed]

	



Mueller, J.J.; Pedra Nobre, S.; Braxton, K.; Alektiar, K.M.; Leitao, M.M., Jr.; Aghajanian, C.; Ellenson, L.H.; Abu-Rustum, N.R. Incidence of pelvic lymph node metastasis using modern FIGO staging and sentinel lymph node mapping with ultrastaging in surgically staged patients with endometrioid and serous endometrial carcinoma. Gynecol. Oncol. 2020, 157, 619–623. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Kennard, J.A.; Stephens, A.J.; Ahmad, S.; Zhu, X.; Singh, C.; McKenzie, N.D.; Kendrick, J.E.; Holloway, R.W. Sentinel lymph nodes (SLN) in endometrial cancer: The relationship between primary tumor histology, SLN metastasis size, and non-sentinel node metastasis. Gynecol. Oncol. 2019, 154, 53–59. [Google Scholar] [CrossRef] [PubMed]

	



Bollino, M.; Geppert, B.; Lonnerfors, C.; Måsbäck, A.; Kasselaki, I.; Persson, J. Prevalence and size of pelvic sentinel lymph node metastases in endometrial cancer. Eur. J. Cancer 2024, 209, 114265. [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] [PubMed]

	



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] [PubMed] [PubMed Central]

	



Bjornholt, S.M.; Sponholtz, S.E.; Mogensen, O.; Bouchelouche, K.; Parner, E.T.; Neumann, G.; Jochumsen, K.M.; Hamid, B.H.; Davidsen, M.B.; Bjorn, S.F.; et al. The SENTIREC-endo study—Risks and benefits of a national adoption of sentinel node mapping in low and intermediate risk endometrial cancer. Gynecol. Oncol. 2023, 171, 121–128. [Google Scholar] [CrossRef] [PubMed]

	



Raffone, A.; Fanfani, F.; Raimondo, D.; Rovero, G.; Renzulli, F.; Travaglino, A.; De Laurentiis, U.; Santoro, A.; Zannoni, G.F.; Casadio, P.; et al. Predictive factors of sentinel lymph node failed mapping in endometrial carcinoma patients: A systematic review and meta-analysis. Int. J. Gynecol. Cancer 2023, 33, 853–859. [Google Scholar] [CrossRef] [PubMed]

	



Bollino, M.; Geppert, B.; Lonnerfors, C.; Persson, J. A selective anatomically based lymph node sampling can replace a side specific pelvic lymphadenectomy in endometrial cancer with failed sentinel node mapping. Eur. J. Cancer 2024, 204, 114049. [Google Scholar] [CrossRef] [PubMed]

	



Persson, J.; Geppert, B.; Lonnerfors, C.; Bollino, M.; Masback, 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]

	



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]

	



Oaknin, A.; Bosse, T.J.; Creutzberg, C.L.; Giornelli, G.; Harter, P.; Joly, F.; Lorusso, D.; Marth, C.; Makker, V.; Mirza, M.R.; et al. Endometrial cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann. Oncol. 2022, 33, 860–877. [Google Scholar] [CrossRef] [PubMed]

	



Morice, P.; Leary, A.; Creutzberg, C.; Abu-Rustum, N.; Darai, E. Endometrial cancer. Lancet 2016, 387, 1094–1108. [Google Scholar] [CrossRef] [PubMed]

	



Abu-Rustum, N.; Yashar, C.; Arend, R.; Barber, E.; Bradley, K.; Brooks, R.; Campos, S.M.; Chino, J.; Chon, H.S.; Chu, C.; et al. Uterine Neoplasms, Version 1.2023, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Cancer Netw. 2023, 21, 181–209. [Google Scholar] [CrossRef] [PubMed]

	



Hogberg, T.; Signorelli, M.; de Oliveira, C.F.; Fossati, R.; Lissoni, A.A.; Sorbe, B.; Andersson, H.; Grenman, S.; Lundgren, C.; Rosenberg, P.; et al. Sequential adjuvant chemotherapy and radiotherapy in endometrial cancer--results from two randomised studies. Eur. J. Cancer 2010, 46, 2422–2431. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



de Boer, S.M.; Powell, M.E.; Mileshkin, L.; Katsaros, D.; Bessette, P.; Haie-Meder, C.; Ottevanger, P.B.; Ledermann, J.A.; Khaw, P.; Colombo, A.; et al. Adjuvant chemoradiotherapy versus radiotherapy alone for women with high-risk endometrial cancer (PORTEC-3): Final results of an international, open-label, multicentre, randomised, phase 3 trial. Lancet Oncol. 2018, 19, 295–309. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



de Boer, S.M.; Powell, M.E.; Mileshkin, L.; Katsaros, D.; Bessette, P.; Haie-Meder, C.; Ottevanger, P.B.; Ledermann, J.A.; Khaw, P.; D’Amico, R.; et al. Adjuvant chemoradiotherapy versus radiotherapy alone in women with high-risk endometrial cancer (PORTEC-3): Patterns of recurrence and post-hoc survival analysis of a randomised phase 3 trial. Lancet Oncol. 2019, 20, 1273–1285. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



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

	



Benedetti Panici, P.; Basile, S.; Maneschi, F.; Alberto Lissoni, 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]

	



Capozzi, V.A.; Rosati, A.; Maglietta, G.; Vargiu, V.; Scarpelli, E.; Cosentino, F.; Sozzi, G.; Chiantera, V.; Ghi, T.; Scambia, G.; et al. Long-term survival outcomes in high-risk endometrial cancer patients undergoing sentinel lymph node biopsy alone versus lymphadenectomy. Int. J. Gynecol. Cancer 2023, 33, 1013–1020. [Google Scholar] [CrossRef] [PubMed]

	



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] [PubMed]

	



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] [PubMed]

	



Tong, S.Y.; Lee, J.M.; Lee, J.K.; Kim, J.W.; Cho, C.H.; Kim, S.M.; Park, S.Y.; Park, C.Y.; Kim, K.T. Efficacy of para-aortic lymphadenectomy in early-stage endometrioid uterine corpus cancer. Ann. Surg. Oncol. 2011, 18, 1425–1430. [Google Scholar] [CrossRef] [PubMed]

	



Creasman, W.T.; Mutch, D.E.; Herzog, T.J. ASTEC lymphadenectomy and radiation therapy studies: Are conclusions valid? Gynecol. Oncol. 2010, 116, 293–294. [Google Scholar] [CrossRef] [PubMed]

	



Restaino, S.; Buda, A.; Puppo, A.; Capozzi, V.A.; Sozzi, G.; Casarin, J.; Gallitelli, V.; Murgia, F.; Vizzielli, G.; Baroni, A.; et al. Anatomical distribution of sentinel lymph nodes in patients with endometrial cancer: A multicenter study. Int. J. Gynecol. Cancer 2022, 32, 517–524. [Google Scholar] [CrossRef] [PubMed]

	



Lindqvist, E.; Wedin, M.; Fredrikson, M.; Kjolhede, P. Lymphedema after treatment for endometrial cancer—A review of prevalence and risk factors. Eur. J. Obstet. Gynecol. Reprod. Biol. 2017, 211, 112–121. [Google Scholar] [CrossRef] [PubMed]

	



Larson, D.M.; Johnson, K.; Olson, K.A. Pelvic and para-aortic lymphadenectomy for surgical staging of endometrial cancer: Morbidity and mortality. Obstet. Gynecol. 1992, 79, 998–1001. [Google Scholar] [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] [PubMed Central]

	



Hopp, E.E.; Osborne, J.L.; Schneider, D.K.; Bojar, C.J.; Uyar, D.S. A prospective pilot study on the incidence of post-operative lymphedema in women with endometrial cancer. Gynecol. Oncol. Rep. 2016, 15, 25–28. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Hayes, S.C.; Janda, M.; Ward, L.C.; Reul-Hirche, H.; Steele, M.L.; Carter, J.; Quinn, M.; Cornish, B.; Obermair, A. Lymphedema following gynecological cancer: Results from a prospective, longitudinal cohort study on prevalence, incidence and risk factors. Gynecol. Oncol. 2017, 146, 623–629. [Google Scholar] [CrossRef] [PubMed]

	



Geppert, B.; Lonnerfors, C.; Bollino, M.; Arechvo, A.; Persson, J. A study on uterine lymphatic anatomy for standardization of pelvic sentinel lymph node detection in endometrial cancer. Gynecol. Oncol. 2017, 145, 256–261. [Google Scholar] [CrossRef] [PubMed]

	



Luhrs, O.; Ekdahl, L.; Geppert, B.; Lonnerfors, C.; Persson, J. Resection of the upper paracervical lymphovascular tissue should be an integral part of a pelvic sentinel lymph node algorithm in early stage cervical cancer. Gynecol. Oncol. 2021, 163, 289–293. [Google Scholar] [CrossRef] [PubMed]

	



Bizzarri, N.; Ianieri, M.M.; Rosati, A.; Pedone Anchora, L.; Ronsini, C.; Ladisa, I.; Cavinato, M.; Fanfani, F.; Fagotti, A.; Scambia, G.; et al. Consensus on the Gemelli terminology of surgical anatomy for radical hysterectomy. Int. J. Gynecol. Cancer 2023, 33, 876–881. [Google Scholar] [CrossRef] [PubMed]

	



Amin, M.B.; Edge, S.B.; Greene, F.L.; Byrd, D.R.; Brookland, R.K.; Washington, M.K.; Gershenwald, J.E.; Compton, C.C.; Hess, K.R.; Sullivan, D.C. AJCC Cancer Staging Manual; Springer: Cham, Switzerland, 2017. [Google Scholar]

	



Sozzi, G.; Fanfani, F.; Berretta, R.; Capozzi, V.A.; Uccella, S.; Buono, N.; Giallombardo, V.; Di Donna, M.C.; Monterossi, G.; Restaino, S.; et al. Laparoscopic sentinel node mapping with intracervical indocyanine green injection for endometrial cancer: The SENTIFAIL study—A multicentric analysis of predictors of failed mapping. Int. J. Gynecol. Cancer 2020, 30, 1713–1718. [Google Scholar] [CrossRef] [PubMed]

	



Vargiu, V.; Rosati, A.; Capozzi, V.A.; Sozzi, G.; Gioe, A.; Berretta, R.; Chiantera, V.; Scambia, G.; Fanfani, F.; Cosentino, F. Impact of Obesity on Sentinel Lymph Node Mapping in Patients with apparent Early-Stage Endometrial Cancer: The ObeLyX study. Gynecol. Oncol. 2022, 165, 215–222. [Google Scholar] [CrossRef] [PubMed]

	



Geppert, B.; Lönnerfors, C.; Bollino, M.; Persson, J. Sentinel lymph node biopsy in endometrial cancer. Feasibility, safety and lymphatic complications. Gynecol. Oncol. 2018, 148, 491–498. [Google Scholar] [CrossRef] [PubMed]

	



Lührs, O.; Ekdahl, L.; Lönnerfors, C.; Geppert, B.; Persson, J. Combining Indocyanine Green and Tc99-nanocolloid does not increase the detection rate of sentinel lymph nodes in early stage cervical cancer compared to Indocyanine Green alone. Gynecol. Oncol. 2020, 156, 335–340. [Google Scholar] [CrossRef] [PubMed]








[image: Cancers 16 03242 g001] 





Figure 1. Strobe flow chart of consecutive women with endometrial cancer evaluated for eligibility in a prospective study assessing the proportion of non-mapped metastatic SLN nodes at defined anatomic positions (SLN anatomy). 
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Table 1. Clinicopathologic characteristics of 620 consecutive women with endometrial cancer included in a study evaluation of an SLN algorithm with the removal of non-ICG mapped lymph nodes at defined anatomic positions in addition to ICG-defined SLNs.
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	Variable n (%) or Median (Range) as Appropriate
	Node Negative Cohort

(n = 504)
	Node Positive Cohort (n = 116) a
	p Value b





	Age (years)
	69 (31–95)
	77 (41–88)
	<0.01



	Body mass index (kg/m²)
	28.7 (17.6–66.1)
	27 (16.6–47.5)
	<0.01



	Final histology
	
	
	



	Low grade endometrioid adenocarcinoma (grade I-II)
	384 (76.2)
	67 (57.7)
	<0.01



	High grade endometrioid adenocarcinoma (grade III)
	37 (7.3)
	13 (11.2)
	0.23



	Serous adenocarcinoma
	45 (8.9)
	22 (18.9)
	<0.01



	Clear cell adenocarcinoma
	14 (2.8)
	6 (5.2)
	0.30



	Carcinosarcoma
	21 (4.2)
	7 (6)
	0.53



	other
	3 (0.6)
	1 (0.8)
	1.0



	Stage (FIGO 2009)
	
	
	



	IA
	382 (75.8)
	-
	



	IB
	90 (17.8)
	-
	



	II
	23 (4.6)
	-
	



	III A-B
	5 (0.9)
	-
	



	IIIC1
	-
	89 (76.7)
	



	IIIC2
	-
	27 (23.3)
	



	IVA-B
	5 (0.9)
	0
	



	Uterine stage

(Irrespective of overall surgical stage)
	
	
	



	IA
	397 (78.7)
	48 (41.7)
	<0.01



	IB
	107 (21.3)
	67 (58.3)
	<0.01



	II
	31 (6.1)
	21 (17.9)
	<0.01



	Lymph node assessment
	
	
	



	SLN biopsy only c
	455 (90.3)
	68 (58.6)
	<0.01



	SLN biopsy only c + PALND
	49 (9.7)
	48 (41.4)
	<0.01







FIGO, International Federation of Obstetrics and Gynecology; PALND, para-aortic lymph node dissection. a Including 2 women with isolated para-aortic metastases b Comparisons between groups were evaluated using the two-sample t-test for age and body mass index and the χ2 or Fisher’s exact test for each of the categorical variables c Includes detection of SLNs along the LPP (Lower Paracervical Pathway) in women with non-endometrioid histology.













 





Table 2. Overview of positions (all and isolated) of metastatic SLNs defined by indocyanine green (SLN-ICG) or non-mapped lymph nodes at predefined typical positions (“SLN anatomy”) in 114 node-positive women with endometrial cancer.






Table 2. Overview of positions (all and isolated) of metastatic SLNs defined by indocyanine green (SLN-ICG) or non-mapped lymph nodes at predefined typical positions (“SLN anatomy”) in 114 node-positive women with endometrial cancer.





	

	
Upper Paracervical Pathway

	

	




	

	
External Iliac Area

	
Obturator Area

	
Parauterine Lymphovascular Tissue






	
SLN ICG

	
45/114 (39.5%)

	
84/114 (73.7%)

	
15/114 (13.2%)




	
SLN ICG isolated

	
14/114 (12.3%)

	
25/114 (21.9%)

	
2/114 (1.7%)




	
“SLN anatomy”

	

	

	




	
10/114 (8.8%)

	
14/114 (12.3%)

	
-




	
10/30 (33.3%) *

	
14/41 (34.1%) *

	




	
“SLN anatomy”

isolated

	

	

	




	
2/114 (1.7%)

	
3/114 (2.6%)

	
-








Compartments presented independently from each other, implying that each of the 114 node-positive women can have metastatic SLNs, per definitions, in multiple compartments. * Proportion of metastatic SLN anatomy per position.
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