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For patients with low-grade endometrioid carcinoma of stage T1a, the role of lymphadenectomy in 
staging surgery remains controversial. This study aims to evaluate the impact of lymphadenectomy 
on cancer-specific survival (CSS) in this patient population using a large, population-based dataset. 
We conducted a retrospective analysis using the Surveillance, Epidemiology, and End Results (SEER) 
database, identifying 11,014 patients with stage T1a, low-grade endometrioid carcinoma from 
2004 to 2015. Patients were divided into lymphadenectomy and non-lymphadenectomy groups. 
Propensity score matching (PSM) was performed to balance baseline characteristics. Kaplan-Meier 
analysis, log-rank tests, and multivariate Cox regression were used to assess CSS and identify 
independent prognostic factors. Before PSM, the non-lymphadenectomy group had higher CSS 
compared to the lymphadenectomy group (HR = 1.56, 95% CI: 1.16–2.10, p = .003). After 1:1 PSM, 
CSS was similar between the two groups (HR = 1.09, 95% CI: 0.78–1.53, p = .605). Subgroup analyses 
showed no significant differences in CSS except for the subgroup with tumor size > 2 cm, where non-
lymphadenectomy was associated with better CSS (HR = 0.50, p = .035). Multivariate Cox regression 
analysis identified age, marital status, histological grade, and chemotherapy as independent 
prognostic factors for CSS, while lymphadenectomy was not (p = .980).. Our findings suggest that 
lymphadenectomy does not improve CSS in patients with low-grade endometrioid carcinoma of stage 
T1a.
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Globally, uterine cancer ranks as the sixth most prevalent form of cancer among women and the 14th most 
common cancer in general. In 2018, there were more than 380,000 new diagnoses of this disease1. The increasing 
prevalence of endometrial cancer is largely due to the rise in obesity rates and the aging population2. Consequently, 
mortality rates have been increasing by an average of 1.9% per year, primarily because of the growing obesity 
problem, which is the most significant known risk factor for endometrial cancer3,4. 80% of endometrial cancers 
are localized within the uterus at the time of diagnosis, often manifesting as postmenopausal bleeding5. This 
typical symptom facilitated early detection, which leaded to earlier treatment and better tumor outcomes6.

For individuals with endometrial cancer, the standard surgical treatment involves a complete extrafascial 
hysterectomy along with the removal of both fallopian tubes and ovaries, as well as an assessment of the pelvic 
and para-aortic lymph nodes7. Regarding the need for systematic lymphadenectomy, Mayo criteria (Pathological 
type of endometrioid carcinoma; Myographic infiltration does not exceed 50%; Histological grade was G1 or G2; 
Tumor size ≤ 2 cm) have been widely used in clinical practice to judge whether patients are at low risk of lymph 
node metastasis. Patients who do not meet the above criteria may be high risk of lymph node metastasis and 
should be considered for systemic lymphadenectomy8,9. However, these data are difficult to accurately evaluate 
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before the final pathological diagnosis is made, and some centers use intraoperative freezing pathology to assist 
decision-making, and avoid systematic lymphadenectomy if the return results meet the above criteria10.

It is still controversial to avoid systematic lymphadenectomy in staging surgery for patients with early-staged 
endometrial cancer11. Therefore, based on a large amount of data from the Surveillance, Epidemiology, and End 
Results (SEER) database, this study included patients with low-grade endometrioid carcinoma of stage T1a to 
further verify and explore the above controversial issues in terms of cancer-specific survival (CSS).

Methods
Data source
The SEER database is a comprehensive cancer statistics database managed by the National Cancer Institute. It 
collects data on the incidence, prevalence, survival, and mortality rates of cancer in each region of the United 
States. This study used the SEER-17 dataset from 2000 to 2021, covering approximately 26.5% of the total U.S. 
population. Considering SEER database is publicly available and does not require informed patient consent, 
therefore, ethical approval and informed consent were waived.

Patient selection
In this study, we identified primary endometrial cancer cases from 2004 to 2015 in the SEER-17 data set using 
the codes C54.1. All patients underwent either simple hysterectomy or (modified) radical hysterectomy at the 
primary site (Surgery Codes: A400, A500, A600, A610; A620; A630; A640; A650; A660; A670). All patients had 
endometrioid carcinoma (8380/3), with a histological grade of either Grade I or Grade II. The T stage of all 
patients was T1a and the M stage was M0. The study was limited to adults aged 18 years and older, all of whom 
were histologically confirmed. During the screening process, we excluded cases with unknown lymph node 
evaluation methods and those with local lymph node biopsy or aspiration. In addition, we excluded patients 
with unclear information on oncology outcomes, as well as patients with 2 or more primary site tumors. Last but 
not least, patients whose marital status was unknown at diagnosis, as well as cases with missing information in 
residence and race, were not included in the final analysis. In the end, 11,014 patients were enrolled in the study. 
The patient selection process is shown in Fig. 1.

Fig. 1.  Patient screening flow chart. SEER: Surveillance, Epidemiology, and End Results.
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Variable processing
Based on the coding system of the SEER database, we obtained patients’ demographic characteristics (including 
age, marital status, median household income, place of residence, race and ethnicity), oncology characteristics 
(including histological grade, and tumor size), and treatment measures (radiotherapy, and chemotherapy). In 
addition, we determined CSS based on the patient’s final state and duration of follow-up.

In the subsequent statistical analysis, we divided the age at diagnosis into ≤ 60 years and > 60 years, and 
the marital status at diagnosis into married and unmarried (including single, separated, divorced, widowed, 
and unmarried or domestic partner). Median household income was classified as < 75,000 USD and ≥ 75,000 
USD, place of residence as urban and rural, racial groups as black, white, and other (Asian or Pacific Islander 
and American Indian/Native Alaska), and ethnic groups as Hispanic and non-Hispanic. Histological grade was 
classified into Grade I and Grade II. Tumor size was classified as ≤ 2 cm and > 2 cm.

Statistical analysis
The patients were divided into non-lymphadenectomy group and lymphadenectomy group. Differences in 
baseline features between the two groups were determined by Pearson Chi-square test. The tumor outcome 
measure we were interested in was CSS. Kaplan-Meier curves and Log-rank tests were used to assess differences 
in CSS between the two groups. Subsequently, to reduce the impact of baseline differences on survival, we 
performed 1:1 propensity score matching (PSM). After PSM, Kaplan-Meier curves and Log-rank tests were 
used again to assess the effects of two groups on CSS. In addition, subgroup analyses were performed based 
on predetermined variables. Finally, multivariate COX regression analysis was used to find the independent 
predictive factors on CSS. All statistical analyses in this study were performed using R software (version 4.3.0). 
All P-values were bilateral, and the threshold of significance was set at 0.05.

Results
Patient baseline characteristics
The baseline characteristics of the included patients are shown in Table 1. A total of 11,014 patients were included, 
with a median follow-up of 127 months. Among them, 5,145 (46.7%) patients had lymphadenectomy and 5,869 
(53.3%) patients did not. There were 7,380 patients (67.0%) aged ≤ 60 years, and 3,634 patients (33.0%) aged > 60 
years. In terms of demographics, most patients were married (59.8%), white (82.3%), non-Hispanic (87.4%), had 
a median household income of more than 75,000 USD (53.7%), and lived in urban (88.2%). In terms of tumor 
characteristics, there were 8,336 (75.7%) well differentiated (Grade I) patients, and 2,678 (24.3%) moderately 
differentiated (Grade II) patients. For tumor size of the primary site, 3,433 (31.2%) patients were ≤ 2 cm, 3,115 
(28.3%) patients were > 2 cm, and 4,466 (40.5%) patients were unknown. In terms of treatment, 209 patients 
(1.9%) received radiotherapy, and 52 patients (0.5%) received chemotherapy.

Before PSM, significant differences were observed between non-lymphadenectomy group and 
lymphadenectomy group in various aspects, including age (p < .001), median household income (p < .001), place 
of residence (p < .001), race (p < .001), ethnicity (p = .013), histological grade (p < .001), tumor size (p < .001), 
radiotherapy (p < .001), and chemotherapy (p < .001). After 1:1 PSM, the analysis included 4,397 patients who 
did not undergo lymphadenectomy and 4,397 patients who underwent lymphadenectomy.

Survival outcomes
Before PSM, the CSS of the non-lymphadenectomy group is slightly higher than that of the lymphadenectomy 
group (HR = 1.56, 95% CI: 1.16–2.10, p = .003, Fig.  2). After adjustment with 1:1 PSM, the CSS of the non-
lymphadenectomy group is similar to that of the lymphadenectomy group (HR = 1.09, 95% CI: 0.78–1.53, 
p = .605, Fig. 3). Table 2 details the differences in CSS at key time points of 12 months, 36 months, and 60 months 
for the two groups before and after PSM.

In subgroup analyses, as depicted in Fig. 4, except for the subgroup with tumor size > 2 cm, where CSS was 
superior in the non-lymphadenectomy group compared to the lymphadenectomy group (HR = 0.50, p = .035), 
there were no significant differences in CSS between the two groups for all other subgroups.

In the multivariate Cox regression analysis, age, marital status, histological grade, and chemotherapy 
were identified as independent prognostic factors for CSS (p < .05). However, lymphadenectomy was not an 
independent prognostic factor for CSS (p = .980). The results of the Cox regression analysis are presented in 
Supplementary Table 1.

Discussion
The status of lymph node metastasis in patients with endometrial cancer is an important indicator of accurate 
staging, which can evaluate prognosis and guide adjuvant treatment. Previously, the NCCN guidelines 
recommended comprehensive staging surgery for all early-stage endometrial cancer patients, which included 
pelvic and para-aortic lymphadenectomy. However, as evidence accumulated, it became clear that certain early-
stage endometrial cancer patients have a very low risk of lymph node metastasis, and omitting lymphadenectomy 
does not affect prognosis. In recent years, the standard of care for lymph node management in early-stage 
endometrial cancer has evolved. According to the Mayo criteria, it is now recommended to perform sentinel 
lymph node biopsy or lymphadenectomy in patients with high-risk disease, while omitting lymphadenectomy 
in low-risk patients. Although lymphadenectomy is required for accurate staging, but its therapeutic value is 
controversial. On the one hand, the rate of lymph node metastasis in patients with early endometrial cancer 
is low, and the health and economic benefits of lymphadenectomy remain to be discussed. The rate of lymph 
node metastases varies with tumor stage and grade, from 3 to 5% in minimally invasive low-grade tumors 
to > 20% in high grade deep myometrial invasive tumors12. Literatures reported that the rate of preoperative 
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diagnosis of pelvic lymph node metastasis in patients with clinical stage I endometrial cancer ranges from 3.6–
13.3%13. On the other hand, for early-stage endometrial cancer, the results of multiple studies have indicated 
that lymphadenectomy does not improve the oncological outcomes for patients, may lead to an increased 
incidence of related complications, and affects the quality of life of the patients13,16–20. Complications associated 
with lymphadenectomy include damage to blood vessels and nerves during the operation; development of a 
deep vein thrombosis or pulmonary embolus during the postoperative period; and lymphoedema and/or pelvic 
lymphocyst formation. These complications can be particularly severe or disabling. Notably, lymphedema and 
lymphocyst formation may be underreported or underrecognized, especially in studies focused on short-term 
outcomes. Two randomized clinical trials are the most representative. A study by Pierluigi Benedetti Panici et 
al., focusing on patients with stage I endometrial cancer, found that systematic pelvic lymphadenectomy was 
associated with a higher incidence of postoperative complications, but it did not improve patients’ disease-free 
survival or overall survival, and only significantly improved the surgical staging statistically13. MRC ASTEC 
trial, which included 1408 preoperatively histologically confirmed endometrial cancers limited to the body of 
the uterus, found no evidence that pelvic lymphadenectomy was beneficial for overall survival or recurrence-free 
survival in women with early-stage endometrial cancer and did not recommend pelvic lymphadenectomy as a 
routine procedure for treatment19.

Our study focused on patients with low-grade endometrioid carcinoma of stage T1a and included 11,014 
patients eventually. After analysis, we found that before PSM, the CSS of patients in the non-lymphadenectomy 
group was even better than that of patients in the lymphadenectomy group (p = .003), but after PSM, there was 
no statistically significant difference in CSS between the two groups (p = .605), that is, the CSS of patients in the 
non-lymphadenectomy group was no worse than that of patients in the lymphadenectomy group. Our findings 

Characteristics

Before PSM After PSM (1:1)

SMD
Non-lymphadenectomy, 
N = 5,8691

Lymphadenectomy, 
N = 5,1451 p-value2

Non-
lymphadenectomy, 
N = 4,3971

Lymphadenectomy, 
N = 4,3971 p-value2

Age < 0.001 0.685

≤ 60 years 4,055 (69%) 3,325 (65%) 2,911 (66%) 2,893 (66%) -0.009

>60 years 1,814 (31%) 1,820 (35%) 1,486 (34%) 1,504 (34%) 0.009

Marital status 0.882 0.179

Married 3,503 (60%) 3,078 (60%) 2,572 (58%) 2,634 (60%) 0.029

Unmarried 2,366 (40%) 2,067 (40%) 1,825 (42%) 1,763 (40%) -0.029

Median household income < 0.001 0.369

<75,000 USD 2,836 (48%) 2,268 (44%) 1,985 (45%) 2,027 (46%) 0.019

≥ 75,000 USD 3,033 (52%) 2,877 (56%) 2,412 (55%) 2,370 (54%) -0.019

Place of residence < 0.001 0.250

Urban 5,117 (87%) 4,596 (89%) 3,923 (89%) 3,889 (88%) -0.025

Rural 752 (13%) 549 (11%) 474 (11%) 508 (12%) 0.025

Race < 0.001 0.085

Black 338 (6%) 329 (6%) 278 (6%) 292 (7%) 0.013

White 4,924 (84%) 4,141 (80%) 3,558 (81%) 3,478 (79%) -0.046

Other 607 (10%) 675 (13%) 561 (13%) 627 (14%) 0.044

Ethnicity 0.013 0.499

Hispanic 781 (13%) 604 (12%) 540 (12%) 561 (13%) 0.015

Non-Hispanic 5,088 (87%) 4,541 (88%) 3,857 (88%) 3,836 (87%) -0.015

Histological grade < 0.001 0.003

Well differentiated; Grade I 4,939 (84%) 3,397 (66%) 3,467 (79%) 3,351 (76%) -0.056

Moderately differentiated; 
Grade II 930 (16%) 1,748 (34%) 930 (21%) 1,046 (24%) 0.056

Tumor size < 0.001 0.304

≤ 2 cm 2,102 (36%) 1,331 (26%) 1,247 (28%) 1,271 (29%) 0.012

>2 cm 1,350 (23%) 1,765 (34%) 1,333 (30%) 1,379 (31%) 0.022

Unknown 2,417 (41%) 2,049 (40%) 1,817 (41%) 1,747 (40%) -0.033

Radiotherapy < 0.001 0.004

Yes 75 (1%) 134 (3%) 63 (1%) 99 (2%) 0.051

No/Unknown 5,794 (99%) 5,011 (97%) 4,334 (99%) 4,298 (98%) -0.051

Chemotherapy < 0.001 0.105

Yes 11 (0%) 41 (1%) 11 (0%) 20 (0%) 0.023

No/Unknown 5,858 (100%) 5,104 (99%) 4,386 (100%) 4,377 (100%) -0.023

Table 1.  Patient demographics and baseline characteristics. 1n (%) 2Pearson’s Chi-squared test
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Fig. 3.  Cancer-specific survival of patients with low-grade endometrioid carcinoma of stage T1a who 
underwent surgery between 2004 and 2015 after propensity score matching.

 

Fig. 2.  Cancer-specific survival of patients with low-grade endometrioid carcinoma of stage T1a who 
underwent surgery between 2004 and 2015 before propensity score matching.

 

Scientific Reports |        (2025) 15:15952 5| https://doi.org/10.1038/s41598-025-00531-3

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


are consistent with the conclusions of the two randomized clinical trials above, supporting the avoidance of 
systemic lymphadenectomy in clinical practice for patients with low-grade endometrioid carcinoma of stage 
T1a.

However, some studies have put forward different perspectives, mainly covering two aspects. First, there 
are still studies indicating that lymphadenectomy is the most important prognostic factor for endometrial 
cancer, and the extent of lymphadenectomy improves the survival rates of patients with medium/high-risk 
endometrioid endometrial cancer21–26. Moreover, lymphadenectomy is crucial for accurate surgical staging21. 
Second, completing surgical staging can reduce the use of adjuvant radiotherapy and offers the highest cost-
effectiveness27.

Fig. 4.  Forest plot of subgroup analysis.

 

Characteristic 12-Month 36-Month 60-Month p-value1

CSS before PSM

Overall 99.9% (99.8%, 99.9%) 99.5% (99.4%, 99.7%) 99.1% (98.9%, 99.3%)

Lymphadenectomy 99.8% (99.7%, 99.9%) 99.4% (99.2%, 99.6%) 98.8% (98.5%, 99.1%) 0.003

Non-lymphadenectomy 99.9% (99.9%, 100.0%) 99.7% (99.5%, 99.8%) 99.4% (99.2%, 99.6%)

CSS after PSM

Overall 99.9% (99.8%, 100.0%) 99.5% (99.4%, 99.7%) 99.2% (99.0%, 99.4%)

Lymphadenectomy 99.9% (99.8%, 100.0%) 99.5% (99.3%, 99.7%) 99.1% (98.8%, 99.4%) 0.605

Non-lymphadenectomy 99.9% (99.8%, 100.0%) 99.6% (99.4%, 99.8%) 99.3% (99.0%, 99.5%)

Table 2.  Cancer-specific survival at 12, 36, and 60 months of two groups before and after propensity score 
matching. Abbreviation: CSS, cancer-specific survival; PSM, propensity score matching. 1Log-rank test.
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To avoid overtreatment, an increasing number of experts are recommending a more selective and individualized 
lymph node evaluation method called sentinel lymph node dissection (SLND). Multiple retrospective and 
prospective studies have demonstrated the safety and accuracy of SLND for low-risk endometrial cancer 
(defined as stage I, grade I, or grade II endometrioid histology)28,29. Based on these robust published studies, 
the National Comprehensive Cancer Network (NCCN) has included SLND in its management guidelines for 
patients with endometrial cancer30. Because SLND is accompanied by pathological ultra-staging, the detection 
rate of lymph node metastases in patients undergoing SLND is 5–15% higher than in patients undergoing 
systemic lymphadenectomy31. And compared with systemic lymphadenectomy, SLND was associated with 
shorter operative time, less blood loss and a lower risk of lymphedema32,33.

To ensure the reliability of our findings, we conducted subgroup analyses and multivariate Cox regression 
analysis. The results indicated that lymphadenectomy did not improve CSS for patients with low-grade 
endometrioid carcinoma of stage T1a in nearly all subgroups. Moreover, the multivariate Cox regression 
analysis revealed that lymphadenectomy was not an independent prognostic factor for CSS in these patients. It 
is noteworthy that in the subgroup with tumor size > 2 cm, our study showed that patients who did not undergo 
lymphadenectomy had higher CSS than those who did, which seems counterintuitive. Commonly, larger tumor 
size is associated with a higher rate of lymph node metastasis, and lymphadenectomy is generally beneficial 
for the oncological outcome in endometrial cancer patients with high lymph node metastasis possibility. 
However, our study yielded the opposite result, possibly due to below two main factors. First, the overall positive 
outcome event rate in early-stage endometrial cancer is very low (only 1.56% in our study). Specifically, in 
patients with tumor size > 2  cm, the positive outcome event rate was 2.10% in the lymphadenectomy group 
and 1.05% in the non-lymphadenectomy group. These low event rates may lead to low statistical power and 
instability in the results. Second, a significant proportion of patients (40.5%) had unknown tumor sizes, and the 
prognostic information related to lymphadenectomy and tumor size for these patients is unknown, which may 
influence the statistical outcomes. Our study also found that age and marital status were independent prognostic 
factors for early-stage endometrial cancer patients, consistent with some other studies34–37, suggesting that in 
treating these patients, attention should not be focused solely on the physical disease but also on providing 
sufficient psychological support and companionship to achieve better treatment outcomes. Chemotherapy was 
previously considered ineffective for stage I endometrial cancer patients and did not improve survival rates 
compared to radiotherapy38,39. Our study results align with this conclusion, indicating that chemotherapy is 
not an independent protective factor for CSS in early-stage endometrial cancer patients. Instead, chemotherapy 
emerged as an independent risk factor for CSS, possibly due to the low incidence of adjuvant therapy in the 
patients included in the study, inevitably leading to statistical bias.

Our study has the following strengths. First, the SEER database is one of the world’s largest cancer databases, 
containing a vast amount of patient data, which significantly enhances the statistical power and representativeness 
of our study. Second, the SEER database is an open database, meaning that all statistical analyses are reproducible, 
which is a considerable advantage. Moreover, the use of PSM and multivariate Cox regression analysis minimized 
the impact of baseline characteristic differences and covariates on the outcomes, increasing the reliability of our 
conclusions. However, our study also has certain limitations. First, due to the nature of the SEER database, we 
were unable to obtain all variables that might affect prognosis, such as lifestyle factors, specific radiotherapy or 
chemotherapy regimens, and dosages. Although PSM effectively balanced known confounding factors between 
the two groups, there may still be unmeasured confounding factors affecting the results. Second, the retrospective 
design of this study may introduce selection bias and information bias, although we have taken measures to 
minimize these biases as much as possible. Third, we cannot access detailed treatment plans and the rationale 
behind them, which complicates our understanding of certain counterintuitive findings. For instance, in our 
study, the lymphadenectomy rate for T1a low-grade endometrioid carcinoma was as high as 46.7%. Fourth, the 
SEER database lacks critical pathological features such as lymphovascular space invasion (LVSI) and molecular 
subtyping, which are related to lymph node metastasis and prognosis. This limits our ability to further explore 
risk factors for lymph node metastasis using this database. Fifth, a significant proportion of patients (40.5%) 
in our study had unknown tumor sizes. Including these patients as a separate category in the multivariate Cox 
regression may lead to ambiguity in identifying independent prognostic factors for CSS.

Conclusion
Lymphadenectomy does not improve CSS in patients with low-grade endometrioid carcinoma of stage T1a. It can 
be considered to reduce lymphadenectomy in such patients during staging surgery, with the aim of minimizing 
complications and economic burden associated with lymphadenectomy without affecting oncological outcomes.

Data availability
The data used in this study are all available through the SEER database.
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