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Purpose

Both the International Federation of Gynecology and Obstetrics (FIGO) and the American Joint Committee on Cancer (AJCC) staging system for endometrial cancer (EC) defined the N category by the location of metastatic lymph nodes (LNs) rather than the metastatic LN count. We aimed to compare the accuracy of the AJCC staging system and the LN count-based staging system.



Patients and Methods

EC patients were selected from the Surveillance, Epidemiology and End Results (SEER) database between 2004 and 2016. Patients’ characteristics were collected, including age, race, marital status, histological type, grade, therapeutic measures, the number of metastatic LNs, the number of dissected LNs, vital status, and survival in months. Overall survival (OS) was analyzed by the Kaplan–Meier (KM) method and the concordance index (C-index) was used to compare the prognostic value of the AJCC staging system and the LN count-based staging system.



Results

We identified 4,276 EC cases from the SEER database, including 2,693 patients with stage IIIC1 and 1,583 patients with stage IIIC2. Multivariate analyses showed that independent prognostic factors for patients with stage IIIC1 included age, race, marital status, grade, histology, chemotherapy, and radiotherapy. Independent prognostic factors for patients with stage IIIC2 included age, marital status, grade, histology, chemotherapy, and radiotherapy. The C-index of the AJCC staging system and the LN count-based staging system were 0.483 and 0.617, respectively. At least six LNs should be dissected to ensure the accuracy of the LN count-based staging system.



Conclusion

A modified AJCC staging system based on the count of metastatic LNs might be superior to the current AJCC staging system, which still had room for improvement and further refinements were required. For accurate staging, we recommended that at least six LNs should be examined in the modified AJCC staging system.
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Introduction

Endometrial cancer (EC) is a malignant epithelial carcinoma that originates from the inner lining of the uterus (1). It represents one of the most common cancer types of the female reproductive system, accounting for approximately 4–6% of all cancers in women (2, 3). Treatment strategies depend on the stage of EC. There’s still a controversial in the role of lymph node dissection for patients with early-stage EC (4). For EC patients with stage IIIC, however, the standard approach is a total hysterectomy and bilateral salpingo-oophorectomy with lymph nodes assessment based on the National Comprehensive Cancer Network (NCCN) guidelines (5). The prognosis of EC also differed according to the stage (6). Primary adverse prognostic factors for EC patients include advanced pathological stage, lymph node (LN) involvement, lymphovascular space invasion (LVSI), greater tumor size, deeper level of myometrial invasion, high-risk histological subtypes, and the formation of aneuploidy (7–12). Among patients with EC without distant metastasis, the LN metastasis rate is up to 13–29% (13–16). The 5-year survival rate of patients with LN metastasis is approximately 60%, while that of those without LN metastasis could be over 80% (17). Therefore, EC with LN metastasis should be given more attention.

The most commonly used staging system for EC is the 2009 International Federation of Gynecology and Obstetrics (FIGO) staging system (18). Based on the FIGO system (2009), the American Joint Committee on Cancer (AJCC) released the 8th edition of the tumor-node-metastasis (TNM) staging system in 2016 (19). Both the FIGO and AJCC staging system share the same N classification: an N1 category (metastasis to pelvic LNs) and an N2 category (metastasis to para‐aortic LNs with or without metastasis to pelvic LNs). Patients with stage IIIC2 EC (T1-3N2M0) indeed have a higher mortality rate than those with stage IIIC1 (T1-3N1M0) (20). According to the convention of the AJCC staging system, however, the N classification is usually determined by the number of metastatic LNs rather than the location. For example, the N classification was divided into the N1 category (metastatic LNs along the cystic duct, common bile duct, hepatic artery, and/or portal vein) and N2 category (metastatic LNs to periaortic, pericaval, superior mesenteric artery, and/or celiac artery) based on the location of metastatic LNs in the 7th edition of the AJCC staging system for gallbladder cancer (21). In the 8th edition of the AJCC staging system for gallbladder cancer, the N classification had been revised as follows: the N1 category includes 1–3 metastatic LNs and the N2 category includes ≥4 metastatic LNs (22). Therefore, there is a need to evaluate whether the N classification could also be divided by the number of metastatic LNs in the next edition of the AJCC staging system for EC.

In the present study, we attempted to introduce the number of metastatic LNs instead of the location of metastatic LNs in the AJCC staging system using the Surveillance, Epidemiology and End Results (SEER) database, with the goal to more accurately stage EC.



Materials and Methods


Ethics Statement

This study was approved by the Institutional Review Board of Maternal and Child Health Care Hospital of Qinhuangdao. The informed consent of all patients in the SEER database has been obtained before the publication of the database by the National Institutes of Health (NIH) Ethics Office.



Patients

Patients with EC included in the SEER database between 2004 and 2016 were selected for this study. Our inclusion criteria for this study were: 1) 18 years of age or older; 2) first primary tumor; 3) histologically diagnosed as EC; 4) definite T category (T1-3) and N category (N1-2) according to the 8th edition of the AJCC staging system for EC; 5) the number of metastatic LNs is definite; 6) no distant metastases; 7) definite therapeutic measures (including surgery, chemotherapy, and radiotherapy); 8) available follow-up data. The follow-up period ranged from 0 to 83 months with a median follow-up time of 30 months. Patients with EC included in the database before 2004 were excluded as, for those patients, the staging information was incomplete. To modify the AJCC staging system, patients without definite LN count were also excluded from the study.

We collected patient characteristics, including age, race, marital status, histological type, grade, therapeutic measures, the number of metastatic LNs, the number of dissected LNs, vital status, and survival months.



Statistical Analysis

The basic characteristics of the entire cohort were compared using the chi-square test. We used Cox proportional-hazards regression analyses to identify independent predictors. Overall survival (OS) was defined as the primary endpoint and analyzed using the Kaplan–Meier (KM) method. The optimal number of dissected LNs was determined by the X-tile software (Yale University, Version 3.6.1). The Concordance index (C-index) was used to compare the prognostic value of the two staging systems (AJCC staging system and modified AJCC staging system) using the R package “survcomp.” A two-tailed p < 0.05 was defined as a statistically significant difference.




Results

We identified 4,276 patients with EC from the SEER database, including 2,693 patients with stage IIIC1 and 1,583 patients with stage IIIC2 tumors. The characteristics of the cohort are summarized in Table 1. The median age was 63 years (ranging from 19 to 94). The majority of patients were White (3220, 75.3%), and approximately half of the patients (1982, 46.4%) were married at the time of diagnosis. We included 1,455 (34.0%) patients with well/moderately differentiated tumors (grade I + II), and 1,946 (45.5%) patients with poorly differentiated or undifferentiated tumors (grade III+IV). The main histological subtypes were endometrioid [2,326 patients (54.4%)] and serous [656 patients (15.3%)]. Nearly all patients (99.7%) underwent surgical operations, 3,315 (77.5%) patients received chemotherapy, and 2,259 (52.8%) patients received radiotherapy. The median number of dissected LNs was 16 (ranging from 1 to 88), and the median number of positive LNs was 2 (ranging from 1 to 66).


Table 1 | Characteristics of stage IIIC patients with endometrial cancer.



To identify the possible predictive factors, we performed univariate and multivariate Cox proportional-hazards regression analyses. It was to be notated that surgical factor was excluded because only 0.3% of the cohort did not received surgery. Univariate analyses suggested that all the included variables were predictors of clinical outcomes (Table 2). Multivariate analyses revealed that independent prognostic factors for patients with stage IIIC1 included age, race, marital status, grade, histology, chemotherapy, and radiotherapy (Table 3). Independent prognostic factors for patients with stage IIIC2 included age, marital status, grade, histology, chemotherapy, and radiotherapy (Table 3).


Table 2 | Univariate analysis for overall survival (OS) of stage IIIC patients with endometrial cancer.




Table 3 | Multivariate analysis for overall survival (OS) of stage IIIC patients with endometrial cancer.



The KM survival analysis revealed that patients with stage IIIC1 had better clinical outcomes than those with stage IIIC2 (Figure 1A, p < 0.001). The overall 5-year survival rate of patients with stage IIIC1 was 61.8%, whereas that of patients with stage IIIC2 was 54.0%. The cohort was then divided into two groups according to the number of positive LNs: modified stage IIIC1 (1–3 positive LNs) and modified stage IIIC2 (four and more positive LNs). KM analysis showed that patients with modified stage IIIC1 had a better clinical outcome than those with modified stage IIIC2 (Figure 1B, p < 0.001). The overall 5-year survival rate of patients with modified stage IIIC1 was 63.8%, whereas that of patients with modified stage IIIC2 was 46.2%. The C-index of the AJCC staging system and the modified AJCC staging system were 0.483 [95% confidence interval (CI), 0.458–0.508] and 0.617 [95% CI, 0.592–0.642], respectively. This indicates that the modified AJCC staging system could distinguish the risk of death of EC better than the AJCC staging system.




Figure 1 | (A) Survival curve of entire cohort according to the American Joint Committee on Cancer (AJCC) staging system. (B) Survival curve of entire cohort according to the modified AJCC staging system. (C) Survival curve of endometrial cancer (EC) patients with more than five lymph nodes (LNs) resected according to the AJCC staging system. (D) Survival curve of EC patients with more than five LNs resected according to the modified AJCC staging system.



We further attempted to determine the optimal number of dissected LNs that is most beneficial for patients with EC using the X-tile software (Yale University, Version 3.6.1). Our data indicate that at least six (more than five) LNs should be dissected (Figure 2). Therefore, EC patients with more than five dissected LNs were identified for further KM analysis of 3,726 cases. Among these patients, the overall 5-year survival rate of patients with stage IIIC1 was 65.0%, whereas that of patients with stage IIIC2 was 54.7% (Figure 1C, p < 0.001). The overall 5-year survival rate of patients with modified stage IIIC1 was 67.3%, whereas that of patients with modified stage IIIC2 was 47.0% (Figure 1D, p < 0.001). The C-index scores of the AJCC staging system and the modified AJCC staging system were 0.520 (95% CI, 0.494-0.546) and 0.590 (95% CI, 0.563–0.617), respectively. The modified AJCC staging system also exhibited a superior prognostic power.




Figure 2 | (A) X-tile plots (the black circle represented the optimal number. (B) The distribution of number of endometrial cancer (EC) patients according to the number of resected lymph nodes (LNs). (C) Survival curve of EC patients divided by the optimal number of resected LNs.





Discussion

Using the SEER database, we found that a modified AJCC staging system based on the count of metastatic LNs might be superior to the current AJCC staging system, which still had room for improvement, and further refinements were required. For accurate staging, we recommend that at least six LNs should be examined for the modified AJCC staging system. To our best knowledge, this is the first study to introduce the number of metastatic LNs into the AJCC staging system. These findings could provide better treatment suggestion and management for patients with EC, and facilitate more accurate prediction of their prognosis in clinical practice.

In fact, there is still controversy regarding which patient groups require lymphadenectomy or which procedures (e.g., biopsies, sentinel LN mapping, pelvic lymphadenectomy alone or combined pelvic and para-aortic lymphadenectomy) should be used since the risk of LN metastasis varies in different patient groups (23–27). Sentinel LN mapping is the emerging concept for EC. According to the current literature, sentinel LN mapping is quite promising in the treatment of EC, which can reduce the occurrence of postoperative complications, including lymphedema and lymphocyst formation (28–30). The emergence of minimally invasive techniques could also further improves the quality of life (QoL) of patients with EC (31, 32). For patients with LN metastasis, however, lymphadenectomy was significantly associated with improved survival outcomes in various large population-based studies (33–35). Todo et al. (34) reported that combined pelvic and para-aortic lymphadenectomy could prolong the OS time of patients with intermediate/high risk of recurrence (stage III and IV were classified into the high- risk group). Havrilesky et al. (36) also believed that patients with stage IIIC would benefit from lymphadenectomy. Kikuchi et al. (37) reported that most EC patients with stage IIIC1 received pelvic lymphadenectomy alone while those with stage IIIC2 received combined pelvic and para-aortic lymphadenectomy (at least para-aortic LN sampling) at their institution. As a result, patients with stage IIIC1 did not achieve a remarkable survival advantage over those with stage IIIC2. This indicates that extensive LN dissection might be an appropriate treatment modality for patients with stage IIIC.

The optimal dissection range of LNs also remains controversial. The SEER data showed that the median number of resected LNs among all patients undergoing LN assessment (stage I–IV) was 7 and 12 during the time periods 1988–1992 and 1998–2001, respectively (38). Our study was also derived from the SEER database and showed that the median number of resected LNs among EC patients with stage IIIC was 16. The dissection range of LNs seemed to be extended over time. Compared with other studies, however, the dissection range of LNs from the SEER database was still relatively conservative. Fujimoto et al. (39) reported that the median number of resected LNs was 51 and 21 for stage IIIC1 and stage IIIC2, respectively. The SEPAL study from Japan showed that the median number of resected LNs was 34 in pelvic LN dissection group and 82 in the para‐aortic/pelvic LN dissection group (34). However, more radical LN dissection was not representative of better clinical outcomes. Extensive LN dissection also increased the risk of perioperative complications, including greater blood loss, ureteral or intestinal injury, and lymphedema. Although the median number of LNs resected has frequently been used as the cut-off value of the optimal dissection range of LNs, it was arbitrary and not practical because it varied from one study to another. It had been suggested that at least 10 pelvic LNs and five para-aortic LNs should be dissected, but this suggestion had not been well supported by scientific evidence (33). Our modified staging system based on the SEER database suggests that at least six LNs should be examined. Indeed, more prospective data are required to verify our results.

Additionally, Odagiri et al. (16) showed that 61.9% (26/42) of patients with stage IIIC exhibited metastasis to pelvic LNs alone (stage IIIC1) while 38.1% (16/42) exhibited metastasis to para-aortic LNs (with or without pelvic LNs, stage IIIC2). A single-center retrospective study also reported that a larger proportion of patients with LN metastasis were classified as stage IIIC2 rather than stage IIIC1 based on the AJCC staging system (40). These results are not consistent with our population-based findings that 37.0% (1,583/4,276) of patients were classified as stage IIIC1. The inconsistency may be due to the small sample size in these studies.

There are several limitations to the present study. First, the SEER data were retrospective, which has an inherent limitation by nature. Second, information about cancer recurrence and procedure-related complications are not recorded in the SEER database. Third, each cancer has different molecular and clinical characteristics. To define whether it is appropriate to introduce the LN count into the definition of the N category, we must determine if the LN count-based staging system has advantages over the LN location-based staging system. Nonetheless, we offered a possibility of improving the current staging system.



Data Availability Statement

Publicly available datasets were analyzed in this study. This data can be found here: https://seer.cancer.gov.



Ethics Statement

This study was approved by the Institutional Review Board of Maternal and Child Health Care Hospital of Qinhuangdao. The informed consent of all patients in the SEER database has been obtained before the publication of the database by the National Institutes of Health (NIH) Ethics Office.



Author Contributions

SW made substantial contributions to the design of the study, carried out the analysis, interpreted the data. XH contributed to the review of previous literature, data discussion, and critically commented on the manuscript for scientific content. All authors contributed to the article and approved the submitted version.



References

1. Zighelboim, I, Schmidt, AP, Gao, F, Thaker, PH, Powell, MA, Rader, JS, et al. ATR mutation in endometrioid endometrial cancer is associated with poor clinical outcomes. J Clin Oncol (2009) 27(19):3091–6. doi: 10.1200/JCO.2008.19.9802

2. Tempfer, C, Froese, G, Buerkle, B, Polterauer, S, Grimm, C, Concin, N, et al. Does duration of hysteroscopy increase the risk of disease recurrence in patients with endometrial cancer? A multi-centre trial. Exp Ther Med (2011) 2(5):991–5. doi: 10.3892/etm.2011.309

3. Masuda, K, Banno, K, Hirasawa, A, Yanokura, M, Tsuji, K, Kobayashi, Y, et al. Relationship of lower uterine segment cancer with Lynch syndrome: a novel case with an hMLH1 germline mutation. Oncol Rep (2012) 28(5):1537–43. doi: 10.3892/or.2012.2008

4. Trojano, G, Olivieri, C, Tinelli, R, Damiani, GR, Pellegrino, A, and Cicinelli, E. Conservative treatment in early stage endometrial cancer: a review. Acta BioMed (2019) 90(4):405–10. doi: 10.23750/abm.v90i4.7800

5. National Comprehensive Cancer Network. NCCN Guidelines. National Comprehensive Cancer Network (NCCN) (2019). Available at: https://www.nccn.org/professionals/physician_gls/default.aspx.


6. Zhao, S, Li, G, Yang, L, Li, L, and Li, H. Response-specific progestin resistance in a newly characterized Ishikawa human endometrial cancer subcell line resulting from long-term exposure to medroxyprogesterone acetate. Oncol Lett (2013) 5(1):139–44. doi: 10.3892/ol.2012.975

7. Pradhan, M, Abeler, VM, Danielsen, HE, Sandstad, B, Trope, CG, Kristensen, GB, et al. Prognostic importance of DNA ploidy and DNA index in stage I and II endometrioid adenocarcinoma of the endometrium. Ann Oncol (2012) 23(5):1178–84. doi: 10.1093/annonc/mdr368

8. Lewin, SN, Herzog, TJ, Barrena Medel, NI, Deutsch, I, Burke, WM, Sun, X, et al. Comparative performance of the 2009 international Federation of gynecology and obstetrics’ staging system for uterine corpus cancer. Obstet Gynecol (2010) 116(5):1141–9. doi: 10.1097/AOG.0b013e3181f39849

9. Brown, AP, Gaffney, DK, Dodson, MK, Soisson, AP, Belnap, TW, Alleman, K, et al. Survival analysis of endometrial cancer patients with positive lymph nodes. Int J Gynecol Cancer (2013) 23(5):861–8. doi: 10.1097/IGC.0b013e3182915c3e

10. Veade, AE, Foote, J, Ehrisman, J, Broadwater, G, Davidson, BA, Lee, PS, et al. Associations between lymphovascular space invasion, nodal recurrence, and survival in patients with surgical stage I endometrioid endometrial adenocarcinoma. World J Surg Oncol (2019) 17(1):80. doi: 10.1186/s12957-019-1620-x

11. Budak, A, Beyan, E, Inan, AH, Kanmaz, AG, Aldemir, OS, Oral, A, et al. PET Parameters are Useful in Predicting Endometrial Cancer Risk Classes and Prognosis. Nuklearmedizin (2020) 60(1):16–24. doi: 10.1055/a-1267-8976

12. Capozzi, VA, Sozzi, G, Uccella, S, Ceni, V, Cianciolo, A, Gambino, G, et al. Novel preoperative predictive score to evaluate lymphovascular space involvement in endometrial cancer: an aid to the sentinel lymph node algorithm. Int J Gynecol Cancer (2020) 30(6):806–12. doi: 10.1136/ijgc-2019-001016

13. Zhu, L, Sun, X, and Bai, W. Nomograms for Predicting Cancer-Specific and Overall Survival Among Patients With Endometrial Carcinoma: A SEER Based Study. Front Oncol (2020) 10:269. doi: 10.3389/fonc.2020.00269

14. Lee, KB, Ki, KD, Lee, JM, Lee, JK, Kim, JW, Cho, CH, et al. The risk of lymph node metastasis based on myometrial invasion and tumor grade in endometrioid uterine cancers: a multicenter, retrospective Korean study. Ann Surg Oncol (2009) 16(10):2882–7. doi: 10.1245/s10434-009-0535-0

15. Kumar, S, Podratz, KC, Bakkum-Gamez, JN, Dowdy, SC, Weaver, AL, McGree, ME, et al. Prospective assessment of the prevalence of pelvic, paraaortic and high paraaortic lymph node metastasis in endometrial cancer. Gynecol Oncol (2014) 132(1):38–43. doi: 10.1016/j.ygyno.2013.10.002

16. Odagiri, T, Watari, H, Kato, T, Mitamura, T, Hosaka, M, Sudo, S, et al. Distribution of lymph node metastasis sites in endometrial cancer undergoing systematic pelvic and para-aortic lymphadenectomy: a proposal of optimal lymphadenectomy for future clinical trials. Ann Surg Oncol (2014) 21(8):2755–61. doi: 10.1245/s10434-014-3663-0

17. Siesto, G, Romano, F, Ieda, NP, and Vitobello, D. Survival outcomes after surgical management of endometrial cancer: Analysis after the first 10-year experience of robotic surgery in a single center. Int J Med Robot (2020) 16(6):1–9. doi: 10.1002/rcs.2157

18. McCluggage, WG, Hirschowitz, L, Ganesan, R, Kehoe, S, and Nordin, A. Which staging system to use for gynaecological cancers: a survey with recommendations for practice in the UK. J Clin Pathol (2010) 63(9):768–70. doi: 10.1136/jcp.2010.080978

19. McCluggage, WG. Pathologic Staging of Endometrial Carcinomas: Selected Areas of Difficulty. Adv Anat Pathol (2018) 25(2):71–84. doi: 10.1097/PAP.0000000000000182

20. Cosgrove, CM, Cohn, DE, Rhoades, J, and Felix, AS. The prognostic significance of aortic lymph node metastasis in endometrial cancer: Potential implications for selective aortic lymph node assessment. Gynecol Oncol (2019) 153(3):505–10. doi: 10.1016/j.ygyno.2019.03.251

21. Edge, SB, and Compton, CC. The American Joint Committee on Cancer: the 7th edition of the AJCC cancer staging manual and the future of TNM. Ann Surg Oncol (2010) 17(6):1471–4. doi: 10.1245/s10434-010-0985-4

22. Edge SB, MB, and Frederick, LG. American Joint Committee on Cancer (AJCC) Staging Handbook: From the AJCC Cancer Staging Manual, 8th ed. Union for International Cancer Control and American Joint Committee on Cancer(AJCC/AJCC) (2016).


23. Fotopoulou, C, Kraetschell, R, Dowdy, S, Fujiwara, K, Yaegashi, N, Larusso, D, et al. Surgical and systemic management of endometrial cancer: an international survey. Arch Gynecol Obstet (2015) 291(4):897–905. doi: 10.1007/s00404-014-3510-3

24. Colombo, N, Creutzberg, C, Amant, F, Bosse, T, Gonzalez-Martin, A, Ledermann, J, et al. ESMO-ESGO-ESTRO Consensus Conference on Endometrial Cancer: Diagnosis, Treatment and Follow-up. Int J Gynecol Cancer (2016) 26(1):2–30. doi: 10.1097/IGC.0000000000000609

25. Morice, P, Leary, A, Creutzberg, C, Abu-Rustum, N, and Darai, E. Endometrial cancer. Lancet (2016) 387(10023):1094–108. doi: 10.1016/S0140-6736(15)00130-0

26. Milam, MR, Java, J, Walker, JL, Metzinger, DS, Parker, LP, Coleman, RL, et al. Nodal metastasis risk in endometrioid endometrial cancer. Obstet Gynecol (2012) 119(2 Pt 1):286–92. doi: 10.1097/AOG.0b013e318240de51

27. Abu-Rustum, NR, Gomez, JD, Alektiar, KM, Soslow, RA, Hensley, ML, Leitao, MM Jr., et al. The incidence of isolated paraaortic nodal metastasis in surgically staged endometrial cancer patients with negative pelvic lymph nodes. Gynecol Oncol (2009) 115(2):236–8. doi: 10.1016/j.ygyno.2009.07.016

28. Leitao, MM Jr., Khoury-Collado, F, Gardner, G, Sonoda, Y, Brown, CL, Alektiar, KM, et al. Impact of incorporating an algorithm that utilizes sentinel lymph node mapping during minimally invasive procedures on the detection of stage IIIC endometrial cancer. Gynecol Oncol (2013) 129(1):38–41. doi: 10.1016/j.ygyno.2013.01.002

29. Volpi, L, Sozzi, G, Capozzi, VA, Ricco, M, Merisio, C, Di Serio, M, et al. Long term complications following pelvic and para-aortic lymphadenectomy for endometrial cancer, incidence and potential risk factors: a single institution experience. Int J Gynecol Cancer (2019) 29(2):312–9. doi: 10.1136/ijgc-2018-000084

30. Cianci, S, Rosati, A, Capozzi, VA, Tarascio, M, Uccella, S, Palumbo, MA, et al. Quality of life and sexual functioning of patient affected by endometrial cancer. Minerva Med (2020) 112(1):81–95. doi: 10.23736/S0026-4806.20.07081-0

31. Gueli Alletti, S, Rossitto, C, Cianci, S, Restaino, S, Costantini, B, Fanfani, F, et al. Telelap ALF-X vs Standard Laparoscopy for the Treatment of Early-Stage Endometrial Cancer: A Single-Institution Retrospective Cohort Study. J Minim Invasive Gynecol (2016) 23(3):378–83. doi: 10.1016/j.jmig.2015.11.006

32. Gueli Alletti, S, Cianci, S, Perrone, E, Fanfani, F, Vascone, C, Uccella, S, et al. Technological innovation and personalized surgical treatment for early-stage endometrial cancer patients: A prospective multicenter Italian experience to evaluate the novel percutaneous approach. Eur J Obstet Gynecol Reprod Biol (2019) 234:218–22. doi: 10.1016/j.ejogrb.2019.01.024

33. Abu-Rustum, NR, Iasonos, A, Zhou, Q, Oke, E, Soslow, RA, Alektiar, KM, et al. Is there a therapeutic impact to regional lymphadenectomy in the surgical treatment of endometrial carcinoma? Am J Obstet Gynecol (2008) 198(4):457 e1–5; discussion 457 e5-6. doi: 10.1016/j.ajog.2008.01.010

34. Todo, Y, Kato, H, Kaneuchi, M, Watari, H, Takeda, M, and Sakuragi, N. Survival effect of para-aortic lymphadenectomy in endometrial cancer (SEPAL study): a retrospective cohort analysis. Lancet (2010) 375(9721):1165–72. doi: 10.1016/S0140-6736(09)62002-X

35. Mariani, A, Webb, MJ, Galli, L, and Podratz, KC. Potential therapeutic role of para-aortic lymphadenectomy in node-positive endometrial cancer. Gynecol Oncol (2000) 76(3):348–56. doi: 10.1006/gyno.1999.5688

36. Havrilesky, LJ, Cragun, JM, Calingaert, B, Synan, I, Secord, AA, Soper, JT, et al. Resection of lymph node metastases influences survival in stage IIIC endometrial cancer. Gynecol Oncol (2005) 99(3):689–95. doi: 10.1016/j.ygyno.2005.07.014

37. Kikuchi, A, Yanase, T, Sasagawa, M, and Honma, S. The role of para-aortic lymphadenectomy in stage IIIC endometrial cancer: A single-institute study. J Obstet Gynaecol (2017) 37(4):510–3. doi: 10.1080/01443615.2017.1281894

38. Chan, JK, Cheung, MK, Huh, WK, Osann, K, Husain, A, Teng, NN, et al. Therapeutic role of lymph node resection in endometrioid corpus cancer: a study of 12,333 patients. Cancer (2006) 107(8):1823–30. doi: 10.1002/cncr.22185

39. Fujimoto, T, Nanjyo, H, Nakamura, A, Yokoyama, Y, Takano, T, Shoji, T, et al. Para-aortic lymphadenectomy may improve disease-related survival in patients with multipositive pelvic lymph node stage IIIc endometrial cancer. Gynecol Oncol (2007) 107(2):253–9. doi: 10.1016/j.ygyno.2007.06.009

40. Widschwendter, P, Bauer, E, De Gregorio, N, Bekes, I, Janni, W, Scholz, C, et al. Influence of Prognostic Factors on Lymph Node Involvement in Endometrial Cancer: A Single-Center Experience. Int J Gynecol Cancer (2018) 28(6):1145–52. doi: 10.1097/IGC.0000000000001290



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Huo and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-11-641962-g002.jpg
Survival %

Larger High Population

100

50,

Larger Low Population

35 6.9
Time (years)

461

No. of patients

1

No. of examined LNs

88





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        A Lymph Node Count-Based AJCC Staging System Facilitates a More Accurate Prediction of the Prognosis of Patients With Endometrial Cancer

      

        		

          Purpose

        



        		

          Patients and Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Ethics Statement

          



          		

            Patients

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2021.641962_cover.jpg
’ frontiers
in Oncology

A Lymph Node Count-Based AJCC
Staging System Facilitates a More
Accurate Prediction of the Prognosis
of Patients With Endometrial Cancer





OEBPS/Images/table2.jpg
Variables

Age, yrs
18-60

>60

Race

White

Black
Others.
Marital status.
Married
Others.
Grade

T

v

Others.
Histology
‘Endometrioid
Serous
Others.
Chemotherapy
Yes
No/unknown
Radiotherapy
Yes
No/unknown

Stage liCt

HR
(8% 1)

Reference
2017 (1.762-2308)

Reference
1,688 (1.443-1.974)
0634 (0497-0.808)

Reference
1574 (1.387-1.785)

Reference
3414 2.920-3977)
2,027 (1676-2.452)

Reference
2534 2.135-3009)
2616 (2.290-2988)

Reference
1694 (1.503-1911)

Reference
1959 (1.729-2219)

<0001

<0001
<0001

<0001
<0001

<0001
<0001

<0001

<0001

Stage lic2

HR
(95% C)

Reference
1,778 (1.613-2.090)

Reference
1,650 (1.372-1.985)
0842 (0.660-1.074)

Reference
1,549 (1.333-1.800)

Reference
3.3212.706-4.077)
2,170 (1.680-2.804)

Reference
2277 (1.881-2757)
2.131(1.802-2520)

Reference
1,701 (1.468-1.970)

Reference
1.753 (1.507-2.089)

<0001

<0001
0,166

<0001

<001
<0001

<0001
<001

<0001

<0001





OEBPS/Images/table3.jpg
Variables

Age, yrs.
18-60

>60

Race

White

Black
Others.
Marital status.
Married
Others.
Grade

P

v

Others.
Histology
‘Endometrioid
Serous

No/unknown
Radiotherapy
Yes

No/unknown

Stage liC1

HR
(85% 1)

Reference
1579 (1.375-1814)

Reference
1310 (1.117-1537)
0754 (0.5%0-0969)

Reference
1,308 (1.145-1.484)

Reference
2528 (2.143-2989)
1809 (1.491-2.195)

Reference
1,406 (1.167-1.694)
1883 (1.697-2.166)

Reference
1,446 (1.287-1670)

Reference
1,526 (1.396-1.743)

<0001

0001
o024

<0001

<0001
<0001

<0001
<0001

<0001

<0001

Stage lic2

HR
(95% C)

Reference
1.481 (1.255-1.748)

Reference
1,186 (0.955-1.400)
0,896 (0.700-1.147)

Reference
1,366 (1.171-1.599)

Reference
2555 (2.040-3.200)
1,884 (1.452-2.446)

Reference
1,394 (1.128-1.722)
1,489 (1.217-1.749)

Reference
1,581 (1.350-1.859)

Reference
1,376 (1.170-1.619)

<0001

0136

<0001

<0001
<0001

<0001
<001

<0001

<0001





OEBPS/Images/fonc-11-641962-g001.jpg
Overall survival (percentage)

Overall survival (percentage)

0.8

0.6

0.4

02

08

0.6

0.4

02

Time (months)

AJCC B modified AJCC
1.0
oy
£ 08
]
3
206
e
T 04
3
— Stage I1IC1 = - Stage IIC1
= Sugemca § 02{ nkna
p<0.001 2 <0.001
<}
0
0 20 40 60 80 100 0 20 40 60 80 100
Time (months) Time (months)
AJCC D modified AJICC
(>5 LNs examination) (>5 LNs examination)
1.0
IO
£ 08
£
8
il §. 0.6
E
s 04
Z
- St mct = - Stage lIC1
T Sasmea £ 021 Dl
p<0.001 = P<0.001
<}
0
0 20 40 60 80 100 0 20 40 60 80 100

Time (months)





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/table1.jpg
Characteristics

No. of patients.

No/unknown
Chemotherapy
Yes

No/unknown
Radiotherapy

Yes

No/unknown

No. of examined
LNs*

Range (median)
No. of positive LNs.
Range (median)

o Ol A

Total (%)

276

1,748 (40.9%)
2,628 (59.1%)

3220 (75.3%)
560(13.1%)
496 (11.6%)

1,982 (46.4%)
2294 (536%)

1,455 (34.0%)
1,946 (45.5%)
875 205%)
2326 (54.4%)
656 (15.3%)
1,204 (303%)

4263(997%)
13(03%)

3315 (77.5%)
961 (225%)

2250 (526%)
2017 (47.2%)
1-88(16)

1-66(2)

Stage liC1
)

2603

1,182 (42.0%)
1,561 (58.0%)

2,057 (76.4%)
337 (125%)
200 (11.1%)

1,243 (46.2%)
1,450 (53.8%)

998 (87.1%)
1,112 (41.3%)
583 21.6%)
1553 (57.7%)
42 (127%)
798 (20.6%)

2,685 (99.7%)
803%)

2,054 (76.3%)
639 28.7%)

1,471 (64.6%)
1,222 (45.4%)
1-88(15)

1-29(1)

Stage lic2
)

1583

616(389%)
967 (61.1%)

1,163 (73.5%)
223(14.1%)
197 (12.4%)

789 (46.7%)
844 (53.3%)

457 (289%)
834 (527%)
202 (18.4%)
773 (18:8%)
314 (198%)
496 (31.4%)

1,678 (90.7%)
503%)

1,261 (79.7%)
322 (203%)

788 (19.8%)
795 (50.2%)
1-83(19)

1466 (4)

3

0015

0102

0739

<0001

0914

0010





