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Objective

This study aimed to assess the prognosis of endometrial cancer (EC) patients after sentinel lymph node biopsy (SLNB) or lymph node dissection (LND) alone.





Methods

EMBASE, PUBMED, COCHRANE, and WEB of SCIENCE were thoroughly searched for relevant articles until October 2024. The outcomes of interest encompassed overall survival (OS), progression-free survival (PFS), and disease-specific survival (DSS). Data analysis was made in STATA 18.0. The Newcastle-Ottawa Scale tool was leveraged to appraise study quality.





Results

13 studies were included, involving 36621 EC patients. No difference was revealed in OS between SLNB and LND (HR=1.04, 95%CI: 0.80–1.33; P=0.789). In subgroup analyses, the SLNB group from survival curves had worse OS (HR=1.63, 95%CI: 1.04-2.56; P=0.035); the SLNB group with intermediate- to high-risk EC had better OS (HR=0.20, 95%CI: 0.08-0.49; P<0.001). No difference was revealed in PFS between SLNB and LND (HR=0.99, 95%CI: 0.76–1.28; P=0.927). SLNB had better PFS in Asia (HR=0.44, 95% CI: 0.20-0.98, P=0.046) and stage I-III EC (HR=0.46, 95% CI: 0.24-0.89; P=0.021). No statistical difference was found in DSS (HR=3.18, 95%CI: 0.91-11.07; P=0.069).





Conclusion

SLNB is an effective alternative to conventional LND in either low- or intermediate-high-risk EC patients. However, due to the retrospective nature of most included studies and the limited data on high-risk patients, further prospective randomized controlled trials are warranted to validate these findings.





Systematic review registration

https://www.crd.york.ac.uk/PROSPERO, identifier CRD42024489323.
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1 Introduction

Endometrial cancer (EC) is the sixth most prevalent cancer in women worldwide (1). GLOBOCAN 2020 reported 417,367 new cases of EC and 97,370 deaths globally in 2021, and the incidence and mortality are increasing year by year (2). Surgery is currently the main treatment method for EC. According to the 2009 FIGO staging system for endometrial cancer, the survival rates of stage IA, stage IB, stage IIIC1, and stage IIIC2 EC are 89.6%, 77.6%, 57%, and 49%, respectively (3). Multiple factors affect EC prognosis, including histological type, pathological grading, myometrial infiltration, and lymph node metastasis (LNM) (4, 5). Among them, LNM affects the surgical pathological stage and may lead to recurrence and distant metastases, thereby reducing long-term survival (6). Hence, the accurate identification of LNM status intraoperatively is the key to EC surgery (7).

Traditional comprehensive surgical staging usually includes systematic pelvic and/or para-abdominal aortic lymph node dissection (LND) to determine the presence of LNM and to provide evidence to subsequent adjuvant therapy (8, 9). Nonetheless, although this extensive LND is helpful for accurate staging, it also poses a higher risk of complications, like lymphedema, infection, and nerve damage, which greatly affects the quality of life (10, 11). With the development of minimally invasive techniques and imaging in recent year, sentinel lymph node biopsy (SLNB) has gained attention as a more conservative surgical approach (12). SLNB is designed to identify and detect the lymph nodes that are the first to receive tumor drainage (i.e., the sentinel lymph nodes), thereby ensuring diagnostic accuracy while decreasing unnecessary LND and its associated side effects (13, 14). Some guidelines recommend SLNB for low-risk EC individuals, while systematic pelvic and aortic LND is still recommended for high-risk patients (15). Meanwhile, recent studies have stated that SLNB yields similar oncologic outcomes to LND (16, 17). Other studies have demonstrated significant differences in overall survival (OS) between SLNB and LND (18, 19), possibly related to the risk status in EC patients. Given the controversial findings in recent years, this meta-analysis aims to pool previous relevant studies to analyze the prognostic difference between SLNB and LND in EC patients, especially for high-risk EC patients.




2 Materials and methods

This paper was registered in the PROSPERO (CRD42024489323) and followed the PRISMA guidelines (20).



2.1 Search strategy

EMBASE, PUBMED, COCHRANE, and WEB of SCIENCE were thoroughly searched for relevant articles until October 2024. The search keywords encompassed “endometrial cancer”, “sentinel node”, and “lymphadenectomy”. The retrieved documents included reviews, meta-analyses, and some gray literature to ensure the comprehensive search. Details of search strategies are listed in Supplementary Table S1.




2.2 Eligibility criteria

Two reviewers (ZS and ZDD) selected eligible studies independently. Articles were eligible if they fulfilled the criteria: 1) EC individuals diagnosed by pathology; 2) comparing SLNB (whether with additional LND or not) and LND; 3) reporting OS and progression-free survival (PFS); 4) retrospective or prospective cohort study, or randomized controlled trial (RCT). The exclusion criteria encompassed 1) animal experiments; 2) review, meta-analysis, case report, comment, letter, and conference; 3) unavailable full texts; 4) written not in English; and 5) studies related to pathological mechanisms. During the initial screening, titles and abstracts of the retrieved studies were evaluated. The full text was subsequently read to determine eligibility. Disagreements were tackled through discussion with the third author (ZJ).




2.3 Data extraction

Information like the author, year, country, study design, institution, study period, populations, age, body mass index (BMI), FIGO stage, grade, histology, risk stratification, operation approach, and SLNB procedure were extracted from each eligible study. Two reviewers (ZS and ZDD) extracted the data and negotiated with the third author (ZJ) in case of disputes.




2.4 Quality assessment

Study quality was appraised via the Newcastle-Ottawa Scale (NOS) tool (21). Studies with > 6 scores were grated as high quality, while those with ≤5 scores were grated as moderate quality.




2.5 Statistical analysis

Heterogeneity was appraised with Cochran’s q-test and I² statistics. Data were pooled via a random-effects model (DerSimonia-Laird method) if I² >50% or P<0.10; otherwise, a fixed-effects model (Mantel-Haenszel method) was selected. Sensitivity analysis was implemented to determine the stability of the result. Egger’s test was conducted to explore publication bias. P<0.05 (two-sided) implied statistical differences. All data were analyzed by STATA18.





3 Results



3.1 Search results

Through database searches, 2,420 articles were identified. Of them, 1513 articles remained after duplicates were removed. Next, 60 articles remained following title and abstract screening. 15 articles were eligible after full-text reading, and two were excluded for indefinite hazard ratio (HR). The screening process is displayed in Supplementary Figure S1.




3.2 Study characteristics

The included studies were all retrospective cohort studies. Patients were aged from 50 to 92 years in the SLNB group and 38 to 90 years in the LND group. BMI ranged from 17.6 to 56.1 kg/m2 in the SLNB group and 17.2 to 60.3 kg/m2 in the LND group. Overall, 36,621 EC patients were included, with 10976 (30.0%) in the SLNB group and 25645 (70.0%) in the LND group. Detailed traits of the 13 studies (22–34) are summarized in Supplementary Table S2.




3.3 Quality assessment

The NOS tool indicated that all included studies had a quality score of >6, reflecting moderate to high methodological quality. All studies were retrospective in design (Supplementary Table S3). While most demonstrated adequate follow-up and clear outcome assessment, there were differences in the ascertainment of exposure and comparability of cohorts, indicating methodological heterogeneity and lack of standardization across studies.




3.4 Oncological outcomes



3.4.1 OS

11 studies reported OS, with 10566 individuals in the SLNB group and 24905 in the LND group. A random-effects model (I2 = 77.5%, P<0.001) unveiled no difference in OS between SLNB and LND (HR=1.04, 95%CI: 0.80–1.33; P=0.789) (Figure 1).




Figure 1 | Forest of OS.



Given high heterogeneity, subgroup analyses were designed based on risk stratification, FIGO stage, data source, sample size, and SLNB strategy. Details are manifested in Supplementary Supplementary Figure SS2. SLNB was not associated with OS in different continents (Supplementary Figure S2A. North America: HR=0.99, 95%CI: 0.75–1.29, P=0.924; Europe: HR=1.24, 95%CI: 0.39–3.95, P=0.716; Asia: HR=1.44, 95%CI: 0.62–3.37, P=0.400), FIGO stages (Supplementary Supplementary Figure SS2B. I-IV: HR=1.69, 95%CI: 0.75–3.82, P=0.209; I-III: HR=0.75, 95%CI: 0.34–1.65, P=0.475; I-II: HR=1.01,95%CI: 0.88–1.15, P=0.881), sample sizes (Supplementary Supplementary Figure SS2C. <1160: HR=1.36, 95%CI: 0.49–3.75, P=0.555; ≥1160: HR=0.96, 95%CI: 0.78–1.18, P=0.673), and SLNB strategies (Supplementary Figure S2D. SLNB: HR=0.75, 95%CI: 0.46–1.22, P=0.242; SLNB+LND: HR=1.21, 95%CI: 0.94–1.57, P=0.137) (Table 1). Subgroup analysis of data sources uncovered that SLNB in four studies originating from the survival plot yielded worse OS (Supplementary Figure S2E. Curves: HR=1.63, 95% CI: 1.04-2.56, P=0.035). In the subgroup analysis of risk stratification, SLNB produced better OS in intermediate and high-risk EC patients (Supplementary Figure S2F. Intermediate, High: HR=0.20, 95% CI: 0.08-0.49, P<0.001) (Table 1).


Table 1 | Subgroup analysis of OS.






3.4.2 PFS

Five studies were included regarding PFS, with 609 individuals in the SLNB group and 1,133 in the LND group. A fixed-effects model (I2 = 45.8%, P=0.117) elicited no statistical difference in PFS (HR=0.99, 95% CI: 0.76-1.28; P=0.927) (Figure 2).




Figure 2 | Forest of PFS.



Despite little heterogeneity in PFS, subgroup analyses were performed based on the same six variables described above to explore the impact of clinical traits on outcomes. Details are manifested in Supplementary Figure S3. SLNB was not associated with PFS in different data sources (Supplementary Figure S3B. Curves: HR=1.35, 95%CI: 0.89–2.05, P=0.161, multivariate analysis: HR=0.64, 95%CI: 0.39–1.06, P=0.086, univariate analysis: HR=0.97, 95%CI: 0.62–1.51, P=0.893), sample sizes (Supplementary Figure S3C. ≥245: HR=1.02, 95%CI: 0.77-1.36, P=0.874, <245: HR=0.82, 95%CI: 0.43–1.58, P=0.555), and SLNB strategies (Supplementary Figure S3D. SLNB: HR=0.99, 95%CI: 0.69-1.41, P=0.952, SLNB+LND: HR=0.99, 95%CI: 0.67-1.45, P=0.944) (Table 2). In the subgroup analysis of continents, 1 study in Asia suggested that SLNB yielded better PFS (Supplementary Figure S3A. Asia: HR=0.44, 95% CI: 0.20-0.98, P=0.04). In the subgroup analysis of risk stratification, 1 study of not reported (NR) risk showed that SLNB yielded better PFS (Supplementary Figure S3E. NR: HR=0.44, 95% CI: 0.20-0.98, P=0.046). In the subgroup analysis of FIGO stage, two studies on stage I-III EC demonstrated that SLNB produced better PFS (Supplementary Figure S3F. I-III: HR=0.46, 95% CI: 0.24-0.89, P=0.021) (Table 2).


Table 2 | Subgroup analysis of PFS.






3.4.3 DSS

Two studies analyzed DSS. A fixed-effects (I2 = 0.0%, P=0.509) analysis elicited no statistical difference between SLNB and LND in DSS (HR=3.18, 95% CI: 0.91-11.07; P=0.069) (Figure 3).




Figure 3 | Forest of DSS.







3.5 Sensitivity analysis and publication bias

Sensitivity analyses for OS, PFS, and DSS found that the merged results were all relatively stable (Figures 4–6). Egger’s test indicated no publication bias for OS (P=0.211).




Figure 4 | Sensitivity analysis of OS.






Figure 5 | Sensitivity analysis of PFS.






Figure 6 | Sensitivity analysis of DSS.







4 Discussion

This meta-analysis combined and analyzed all studies that compared SLNB and LND in the prognostic impact on EC patients. The results illustrated no difference in the prognosis of EC patients between SLNB and LND. However, the OS subgroup analysis suggested that SLNB from survival graphs had worse OS than that of studies that provided original HR data, and intermediate and high-risk EC had better OS; and the PFS subgroup analysis suggested that SLNB in the studies of stage I-III EC and the studies in Asia yielded better PFS.

Similar to Gu, Y et al. (35), the present study pooled available comparisons of SLNB and LND in EC and noticed no differences in OS, PFS, and DSS between these two approaches. The survival HRs were analyzed in this study, whereas Gu, Y et al. compared survival rates from only three publications, with a follow-up period of survival ranging from 3 to 6 years, which could contribute to different results to some extent. In addition, subgroup analyses were performed based on the continent, risk stratification, FIGO stage, data source, sample size, and SLNB strategy. The results elicited that the conclusions were influenced by risk stratification and FIGO stage. Additionally, in previous studies (36, 37), some patients in both the SLNB and LND groups received additional measures at a later stage, which may have influenced outcomes in both groups. For a more rigorous analysis, we restricted the LND group to individuals who did not receive SLNB. In existing studies, patients in the SLNB group often received preparatory or elective LND after SLNB failure, resulting in fewer SLNB-only patients. Therefore, the inclusion criteria for the SLNB cohort in this study were broader, and participants in the SLNB group receiving LND were also included. However, this meta-analysis analyzed SLNB as an independent surgical strategy in a separate subgroup, thus presenting more accurate results.

The main treatment regimen for EC is surgery, and a joint announcement by the American College of Obstetricians and Gynecologists and the Society of Gynecologic Oncology recommends surgical staging in initial treatment (38). LND is currently the main modality for determining LNM (39), but the clinical value of LND is highly controversial (40). Some articles have shown that up to 90% of stage I EC patients receive non-essential LND (41). Recent ESGO/ESTRO/ESP guidelines and other guidelines recommend SLNB for standardized clinical treatment of EC but mainly focus on early-stage low-risk EC patients (42, 43)). Few studies focus on intermediate and high-risk cohorts, and the application and effectiveness of SLNB for high-risk EC patients remain significantly controversial (44, 45). However, available studies have shown that in patients with intermediate- to high-risk EC, SLNB can almost completely exclude lymph node metastasis when performed by experienced physicians. Although no relevant studies on long-term survival have been conducted, existing evidence supports that SLNB can replace LND in intermediate- and high-risk EC (46).

In this meta-analysis, four articles included focused on high-risk EC. Subgroup analysis unveiled no considerable differences in OS and PFS between SLNB and LND in high-risk EC. However, these findings are based on a limited number of studies. More studies are needed to assess the oncological safety and prognostic value of SLNB in this specific patient population (37). In intermediate-high EC, SLNB had better OS. However, the findings were only from an article on older adults, and the conclusions need to be interpreted with caution. More investigations are warranted to ascertain prognostic differences between SLNB and LND for intermediate- and high-risk EC populations. Overall, SLNB yields either indistinguishable or better outcomes than LND, suggesting that SLNB is applicable regardless of the population. In addition to long-term survival outcomes, SLNB offers significant advantages in reducing postoperative dysfunction. Studies have shown that SLNB significantly reduces the incidence of lower-extremity lymphedema, which in turn improves patients’ quality of life (46). Compared with systematic lymph node dissection, SLNB preserves postoperative quality of life while maintaining tumor control. Furthermore, one of the key advantages of SLNB lies in its ability to perform ultrastaging, thus enhancing the detection of low-volume metastases such as micrometastases and isolated tumor cells (ITCs), which are often missed with conventional lymphadenectomy. A recent multicenter study of low-risk EC patients who underwent SLNB without adjuvant therapy demonstrated that the presence of ITCs in SLNs was associated with significantly worse recurrence-free survival compared to node-negative patients, despite similar clinicopathologic features (47). The evidence helps explain the comparable or even improved outcomes observed in patients undergoing SLNB.

Confounding factors in multivariate analyses were also analyzed. Eight studies assessed prognostic outcomes through multivariate analyses, and these factors included age, ASA score, tumor stage, grade, lymphovascular space invasion presence, adjuvant therapy, and surgical approach. In one of the studies (27), before multivariate correction, notable differences occurred in uncorrected OS between SLNB and LND, with LND having better OS. After adjustment for age, adjuvant therapy, and surgical approach, no significant difference in oncologic outcomes was revealed between the two groups. In another article (18), even after adjustment for ASA score, age, tumor grade, tumor stage, and lymphovascular space invasion presence, SLNB had better OS. Those findings confirm the potential impact of adjuvant therapy and surgical approach on EC prognosis, which should be substantiated in future research. Although molecular typing was not evaluated in the present meta-analysis, data from the latest study suggest that molecular typing is valuable in the prognostic stratification of EC patients with lymph node metastasis. The results of a multicenter study showed that p53-abnormal and mismatch repair-deficient types were associated with different risks of recurrence in lymph node-positive patients (48). However, differences in SLNB mapping techniques, such as blue dye versus indocyanine green (ICG) fluorescence, may influence detection rates and oncologic outcomes. Previous research suggests that ICG fluorescence improves the detection rate of sentinel lymph nodes compared to blue dye alone (49), which could impact survival outcomes and false-negative rates. Future studies should standardize SLNB methodologies to minimize discrepancies across studies.

There are also certain limitations. First, most articles included are retrospective cohort studies, which prevents high-grade assessment. Future prospective RCTs are warranted to compare SLNB and LND. Second, some included studies only provide survival curves, and statistical methods are used to acquire proper data, which may increase inaccuracy. Future studies should ensure that HRs and confidence intervals are explicitly reported to enhance data reliability. Third, although the subgroup analysis of risk stratification was performed, there are few articles examining high/moderate-high risk, limiting the interpretation of the results.




5 Conclusion

This paper pooled current evidence on the comparisons of SLNB and LND and illustrated that SLNB did not reduce survival in EC patients. However, in intermediate and high-risk EC, SLNB yielded better OS. This conclusion may be restrained by the number of articles. More prospective studies or large RCTs are warranted to further substantiate the conclusion in intermediate and high-risk EC.
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