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Purpose: The aim of this study was to analyze the survival of patients with endometrial cancer diagnosed after a prior cancer and 
identify risk factors of endometrial cancer death in this population.
Methods: Totally 1371 women diagnosed with second primary endometrial cancer (SPEC) between 2004 and 2015 were identified 
using the SEER database. Clinicopathological characteristics were collected, and Fine and Gray regression model was employed to 
assess the impact of treatment for the first primary cancer (FPC) and SPEC on the mortality of endometrial cancer patients. After 
propensity score matching (PSM), patients diagnosed with single primary endometrial cancer and SPEC between 2004 and 2015 were 
included as the second cohort. Kaplan-Meier and Cox survival risk models were used to assess the influence of previous cancer history 
on survival.
Results: Patients previously diagnosed as lung cancer exhibited the lowest overall survival (OS). A diagnostic interval of ≥3 years 
was significantly associated with higher mortality from SPEC compared with that <3 years. Surgical treatment for SPEC was linked to 
a reduced risk of endometrial cancer-specific mortality (ECSM) and non-ECSM. Conversely, radiotherapy and chemotherapy were 
associated with an increased risk of ECSM. The 1-, 3-, and 5-year OS rates of patients with SPEC were significantly lower than those 
with single primary endometrial cancer whether before or after PSM. Univariate and multivariate analyses further demonstrated that 
endometrial cancer, either as FPC or SPEC, was independently associated with an increased risk for endometrial cancer-specific 
survival (ECSS) and OS.
Conclusion: Chemotherapy and radiotherapy for SPEC can elevate the risk of ECSM. Whether as FPC or SPEC, endometrial cancer 
is demonstrated to be a significant independent risk factor for ECSS and OS.
Keywords: second primary cancer, endometrial cancer, risk factor, overall survival, SEER database

Introduction
The global incidence of cancer has surged in recent decades due to a combination of a growing and aging population, 
advances in early cancer detection, and improved cancer treatments. In 2020, there were 19.3 million new cases of cancer 
worldwide, resulting in 10 million deaths.1 In 2023, the United States (US) was projected to have about 1.9 million new 
cases of cancer and 0.6 million cancer-related deaths.2 Notably, endometrial cancer will be the second most prevalent 
cancer in women after breast cancer.3 Despite the continuous increase in cancer incidence, the 5-year survival rate for all 
cancers in the US has improved significantly since the mid-1970s, with nearly two-thirds of cancer survivors living for 
more than 5 years after their initial diagnosis, which increases the risk of developing a second primary cancer (SPC).2,4 

Based on established SEER criteria and previous literature, an SPC was defined as a distinct cancer that arises in a new 
organ or tissue at least two months after the diagnosis of the initial primary cancer, affects over 10% of young adult 
cancer patients and approximately 25% of older adult cancer patients.5,6 Currently, the etiology of SPC remains 
uncertain. It is reported that the occurrence of SPC is potentially associated with genetic susceptibility, negative effects 
caused by the first primary cancer (FPC) treatment, environmental influences and lifestyle choices.7–9
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Several studies have explored the risk of SPC in patients with multiple cancer types, including ovarian, testicular, 
breast, and gastrointestinal cancers.10–14 However, there is limited information about the characteristics of the FPC 
related to different types of SPC, which hinders the formulation of early screening strategies.15 A previous study has 
demonstrated that the prior cancer history had an adverse effect on the overall survival (OS) of patients with primary 
gastric cancer.16 A study on the impact of previous malignancies on breast cancer revealed that breast cancer as a SPC 
was associated with a reduced survival, particularly in hormone receptor-positive women. Furthermore, breast cancer- 
related treatment could lower the risk of breast cancer-specific mortality.17 Nevertheless, it remains unknown regarding 
the factors influencing overall and cancer-specific survival in endometrial cancer patients with prior cancer history.

In this study, we analyzed the risk factors in patients with second primary endometrial cancer (SPEC) related death 
utilizing the data from Surveillance, Epidemiology, and End Results (SEER) database. This information will help us 
understand the clinicopathological features of SPEC, including the type of previous cancer and the diagnostic interval. 
These insights are crucial for guiding long-term surveillance and developing effective treatment strategies aimed at 
reducing mortality rates among individuals with endometrial cancer.

Materials and Methods
Data Source
The SEER database, a population-based cancer registry sponsored by the National Cancer Institute, collects compre
hensive data on patient demographic characteristics, cancer incidence, treatment, and survival. For our study, two distinct 
patient cohorts from the SEER database were utilized for separate analyses. We utilized SEER*Stat version 8.4.2 
software to extract the patient information from the SEER database based on Incidence - SEER Research Data, 17 
Registries (covering approximately 26.5% of the US population according to the 2020 Census data). The flowchart is 
shown in Supplementary Figure 1. The patient information had been researched by the United States Department of 
Health and Human Services. The data is publicly available and de-identified after permission. Therefore, the research did 
not require participant consent and was exempted by the ethics committee of Zhongda Hospital, Southeast University.

Inclusion and Exclusion Criteria of the First Cohort
Inclusion criteria: (1) Female patients initially diagnosed with endometrial cancer between January 2004 and 
December 2015; (2) Patients with pathologically confirmed primary tumors and subsequent diagnosis of SPEC. 
Exclusion criteria: (1) Patients with endometrial cancer as the FPC; (2) Patients with missing information; (3) Patients 
with previous non-malignant tumors; (4) Patients with an interval of less than 2 months between the occurrence of both 
primary cancers; and (5) Patients diagnosed only through a death certificate or through an autopsy.

In accordance with the above criteria, we conducted screening using the Case Listing and Person Selection modules 
in the SEER database. Subsequently, a total of 1371 patients with SPEC were ultimately included in the study. The 
demographic, clinical, and pathological data extracted from the SEER database included race, age, marital status, tumor 
differentiation, American Joint Committee on Cancer (AJCC, 6th edition) staging, disease staging, histology, surgical 
treatment, radiotherapy, chemotherapy, survival time, and cause of death.

Variable Definitions
According to ICD-O-3 morphology codes (8140, 8210, 8255, 8260, 8262, 8323, 8380, 8480, 8481, 8570, and 8574; 
8310, 8441, 8460, and 8461), histological subtypes were mainly classified as type I known as endometrial adenocarci
noma (endometrial adenocarcinoma, endometrioid, mucinous adenocarcinoma, and squamous differentiated adenocarci
noma) and type II (clear cell carcinoma and serous carcinoma), and the remaining were as others. According to the SEER 
summary staging criteria, disease staging at the time of diagnosis was classified as local, regional, and distant, and 
regional and distant cancers were defined as non-local cancers. The survival data in the dataset were recorded in months, 
including the time between the diagnosis of prior cancer and endometrial cancer, as well as the duration between the 
diagnosis of endometrial cancer and either death or the last follow-up. The survival status of each patient was classified 
as either alive, dead due to endometrial cancer, previous cancer, or other causes.
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Inclusion and Exclusion Criteria of the Second Cohort
Inclusion criteria: (1) Female patients initially diagnosed as endometrial cancer between January 2004 and 
December 2015. (2) Patients with pathologically confirmed single primary endometrial cancer (PEC) and those with 
multiple primary cancers with SPEC secondary to the FPC. Exclusion criteria were the same as the first cohort.

A total of 71,376 patients with endometrial cancer were eligible for the second cohort, comprising 70,005 patients with 
single PEC and 1371 patients with SPEC (Supplementary Figure 1). To mitigate the confounding bias of the included cases, 
propensity score matching (PSM) analysis with 1:1 nearest-neighbor matching was performed on all the clinicopathological 
characteristics affecting the prognosis, except the primary diagnosis. Endometrial cancer-specific survival (ECSS) was 
defined as the period from the diagnosis of endometrial cancer to the time of death attributable to endometrial cancer. OS 
was defined as the duration from the diagnosis of endometrial cancer to death resulting from any cause.

Statistical Analysis
The demographic and clinicopathological characteristics of patients who succumbed to endometrial cancer were 
compared with those who died from FPC using Student’s t-test and chi-square test. Fine and Gray competing risk 
regression models were utilized to assess the association of treatments targeting the FPC and SPEC with the risk of 
endometrial cancer-specific mortality (ECSM) defined as the proportion of deaths caused specifically by endometrial 
cancer, and the death from prior cancer or other causes was set as a competing risk. Survival between the two groups in 
the second cohort was compared using Kaplan-Meier analysis. The factors influencing ECSS and OS were evaluated 
through univariate and multivariate Cox regression analyses. Additionally, subgroup analyses were conducted based on 
histological subtypes and AJCC staging. All statistical tests were two-sided, with a significance level of p<0.05. All 
statistical analyses were performed using SPSS software (version 25.0, IBM, USA) and R software (version 4.2.2, 
R Foundation for Statistical Computing).

Results
Patient Characteristics of the First Cohort
Of the 1371 patients, the most common first primary tumor site was the breast (60.6%), followed by colorectum (15.5%), 
gynecological cancers including ovary, cervix, vagina and vulva (5.5%), lymph (5.3%), kidney (4.2%), lung and 
bronchus (2.8%) and thyroid (1.5%). The highest number of patients diagnosed with a previous cancer was in the 60– 
64 year group (222 cases, 16.2%), while that of patients with diagnosis of SPEC was in the 65–70 year group (233 cases, 
17.0%). The majority of patients were white (80.5%). Totally 1104 patients (80.5%) had a prior cancer diagnosis of 
AJCC staging I–II, while 1059 (77.2%) had a diagnosis of endometrial cancer of AJCC staging I–II. The median 
(interquartile range, IQR) interval between the two diagnoses was 34 months (IQR: 14–66 months). By the end of 2015, 
the median follow-up of patients was 76 months (IQR: 36–109 months), and 595 patients (43.4%) died during this 
period, among whom 203 (34.1%) died from endometrial cancer, 139 (23.4%) died from previous cancers, and 253 
(42.5%) died from other causes (Table 1).

Endometrial Cancer-Related Deaths in the First Cohort
There was a statistically significant difference in OS between patients with different primary tumor types (P = 0.026), 
with those having prior lung and bronchial cancers showing the shortest OS (Figure 1A). Patients were stratified based on 
the death cause. Notably, 34.1% of patients died from endometrial cancer, whereas 23.4% died from prior cancers. 
Patients with prior gynecological cancers had the lowest ECSM (14.9%), while those with previous lymphoma had the 
highest ECSM (37.1%). The proportion of patients who died from endometrial cancer was higher than those who died 
from prior breast cancer (36.8% vs 23.4%), colorectal cancer (26.4% vs 25.3%), lymphoma (37.1% vs 17.1%), and renal 
cancer (31.8% vs 22.7%). However, it was lower than prior gynecological malignancies (14.9% vs 63.0%), lung and 
bronchial cancers (29.2% vs 41.7%), and thyroid cancers (28.6% vs 42.9%) (all P<0.05) (Figure 1B). Additionally, the 
number of patients who died from endometrial cancer with the diagnostic interval of ≥3 years was significantly higher 
than those with the interval of <3 years (P < 0.001).
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Association of Clinicopathological Characteristics with Endometrial Cancer Mortality 
in the First Cohort
The rates of type II (33.8% vs 10.1%), chemotherapy (36.2% vs 9.1%), and high-grade disease (40.7% vs 12.2%), III–IV 
AJCC staging (40.7% vs 12.2%), and non-local cancers (33.4% vs 11.1%) of endometrial cancer were significantly 
higher in patients who died from endometrial cancer compared with those who died from previous cancer (all P < 0.05). 
Conversely, no statistical differences were found regarding the age, marital status, race, radiotherapy, and surgery. 
Additionally, the patients who died from endometrial cancer experienced a longer duration between the two cancer 
diagnoses compared to those who died from previous cancer (48.6 vs 29.9 months, P < 0.001).

Surgical treatment of patients with SPEC was associated with a reduced risk of ECSM [hazard ratio (HR): 0.260, 95% 
confidence interval (CI): 0.166–0.405, P < 0.001] and non-ECSM (HR: 0.231, 95% CI: 0.166–0.321, P < 0.001). 
However, radiotherapy and chemotherapy were associated with an increased risk of ECSM (HR: 1.357, 95% CI: 1.006– 

Table 1 Summary Description of Demographic and Clinicopathological Factors (n=1371), n (%)

At Prior Cancer Diagnosis At Endometrial Cancer Diagnosis

Characteristics Value Characteristics Value

Age, years Age, years

<50 209 (15.2) <50 114 (8.3)
50–70 782 (57.0) 50–70 740 (54.0)

>70 380 (27.7) >70 517 (37.7)

Differentiation Differentiation
Well/Moderately 916 (66.8) Well/Moderately 865 (63.1)

Poorly/Undifferentiated 455 (33.2) Poorly/Undifferentiated 506 (36.9)

Race Race
White 1103 (80.5) White 1103 (80.5)

Black 133 (9.7) Black 133 (9.7)

Other 135 (9.8) Other 135 (9.8)
Marital status Marital status

Single 589 (43.0) Single 645 (47.0)

Married/unmarried or domestic partner 782 (57.0) Married/unmarried or domestic partner 726 (53.0)
AJCC staging AJCC staging

I–II 1104 (80.5) I–II 1059 (77.2)

III–IV 267 (19.5) III–IV 312 (22.8)

Intervals between diagnosis, months Follow up from EC diagnosis to death or end of study, months

Mean (range) 41.8 (2–139) Mean (range) 77.2 (0–201)

Median (IQR) 34 (14–66) Median (IQR) 76 (36–109)
Disease staging Disease staging

Local 859 (62.7) Local 946 (69.0)

Regional 414 (30.2) Regional 337 (24.6)
Distant 98 (7.1) Distant 88 (6.4)

Sites Histological subtypes

Breast 831 (60.6) Type I 1129 (82.3)

Colorectum 212 (15.5) Type II 198 (14.4)
Female genitals 74 (5.5) Others 44 (3.2)

Lymph 72 (5.3)

Kidney 57 (4.2)
Lung and bronchus 38 (2.8)

Thyroid 21 (1.5)

Others 66 (4.8)

Abbreviations: IQR, interquartile range; AJCC, American Joint Committee on Cancer; EC, endometrial cancer.
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Figure 1 Overall survival (OS) of patients with endometrial cancer as a second primary cancer. (A) OS curves of patients with various types of prior cancer. (B) The 
percentage of deaths related to endometrial cancer or prior cancer among patients with different types of prior cancer.
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1.829, P = 0.045; HR: 5.035, 95% CI: 3.814–6.645, P < 0.001), but not non-ECSM. The site of the primary tumor in 
endometrial cancer patients was not significantly associated with ECSM or non-ECSM. The histological type II was also 
correlated with increased ECSM (HR: 3.958, 95% CI: 2.931–5.344, P < 0.001) and non-ECSM (HR: 1.659, 95% CI: 
1.258–2.188, P < 0.001) in endometrial cancer patients (Supplementary Figure 2). Moreover, the FPC-related treatment 
was differentially associated with tumor-specific mortality in patients. Specifically, surgical treatment was associated with 
a decreased risk of ECSM (HR: 0.466, 95% CI: 0.290–0.748, P = 0.02) and non-ECSM (HR: 0.426, 95% CI: 0.306– 
0.593, P < 0.001). Radiotherapy was linked to a decreased risk of non-ECSM (HR: 0.647, 95% CI: 0.525–0.798, P < 
0.001), but not ECSM. Additionally, chemotherapy did not demonstrate a significant association with either ECSM or 
non-ECSM.

Survival of Patients with Endometrial Cancer as Previous Cancer or SPC in the Second 
Cohort
We analyzed 70,005 patients who only had endometrial cancer and 1371 that had endometrial cancer and a prior cancer. 
The 1-, 3-, and 5-year OS rates for SPEC patients were significantly lower than those for PEC patients (5-year: 80.0% vs 
68.1%, P < 0.001). However, the 1-, 3-, and 5-year ECSS rates (5-year: 87.1% vs 85.3%, P = 0.061) did not show 
a statistically significant difference when compared to PEC. After PSM was applied to balance the baseline character
istics of PEC and SPEC patients, the clinicopathological characteristic between the PEC and SPEC groups were not 
statistically significant (Table 2). The 1-, 3-, and 5-year OS rates for SPEC patients were significantly lower than those 
for PEC patients (5-year: 80.0% vs 68.1%, P < 0.001). However, no statistically significant difference was observed 
between the two groups for ECSS (5-year: 87.1% vs 85.3%, P = 0.175) (Table 3; Figure 2).

Table 2 Baseline Characteristics of Patients with PEC and SPEC, n (%)

Variables Before PSM After PSM

PEC (70,005) SPEC (1371) P PEC (1371) SPEC (1371) P

Age, years <0.001 0.997

<50 10,118 (14.5) 114 (8.3) 113 (8.2) 114 (8.3)
50–70 43,695 (62.4) 740 (54.0) 740 (54.0) 740 (54.0)

>70 16,192 (23.1) 517 (37.7) 518 (37.8) 517 (37.7)

Race 0.130 0.793
White 57,536 (82.2) 1103 (80.5) 1117 (81.5) 1103 (80.5)

Black 5766 (8.2) 133 (9.7) 126 (9.2) 133 (9.7)

Other 6703 (9.6) 135 (9.8) 128 (9.3) 135 (9.8)
Marital status 0.307 0.702

Single 31,963 (45.7) 645 (47.0) 635 (46.3) 645 (47.0)

Married/unmarried or domestic partner 38,042 (54.3) 726 (53.0) 736 (53.7) 726 (53.0)
Differentiation <0.001 1.000

Well/Moderately 52,002 (74.3) 865 (63.1) 865 (63.1) 865 (63.1)

Poorly/Undifferentiated 18,003 (25.7) 506 (36.9) 506 (36.9) 506 (36.9)
AJCC staging

I–II 55,355 (79.1) 1059 (77.2) 0.099 1059 (77.2) 1059 (77.2) 1.000

III–IV 14,650 (20.9) 312 (22.8) 312 (22.8) 312 (22.8)
Disease staging 0.026 0.967

Local 50,224 (71.7) 946 (69.0) 945 (68.9) 946 (69.0)

Regional/distant 19,781 (28.3) 425 (31.0) 426 (31.1) 425 (31.0)
Histology <0.001 0.994

Type I 62,422 (89.2) 1129 (82.3) 1130 (82.4) 1129 (82.3)
Type II 4907 (7.0) 198 (14.4) 198 (14.4) 198 (14.4)

Others 2676 (3.8) 44 (3.2) 43 (3.1) 44 (3.2)

(Continued)
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Factors Associated with Survival in Patients Endometrial Cancer as a Single or SPC
Univariate and multivariate COX analyses were performed to determine the factors influencing survival. Based on the 
univariate analysis, age, race, marital status, tumor differentiation, AJCC staging, histological subtypes, disease staging, 
surgical treatment, chemotherapy, and radiotherapy were all found to be significant risk factors for both ECSS and OS 
(all P<0.001). In the multivariate analysis, age, race, tumor differentiation, AJCC staging, disease staging, status of 
endometrial cancer, surgical treatment, and radiotherapy were established as independent prognostic factors for both 
ECSS and OS. Interestingly, chemotherapy treatment was not an independent prognostic factor for OS (P =0.077) and 
ECSS (P =0.311) (Supplementary Table 1).

After stratification according to the subtype of endometrial cancer and AJCC staging, it was found that in type I, PEC 
and SPEC were both significant risk factors and independent prognostic factors for OS (P<0.001), but not for ECSS 
(P=0.14). However, a history of previous malignancies did not affect the OS (P=0.76) and cancer-specific survival 
(P=0.14) of patients with high-grade type I endometrial cancer.

Discussion
The population of cancer survivors is rapidly increasing, leading to a growing number of patients with multiple primary 
or multi-organ cancers. It has been previously documented that SPC is significantly more prevalent in patients with 
certain cancers than in the general population; the number of cancer survivors in the US is increasing by 2% per year, and 
up to 18% of American cancers are likely to be second malignant tumors based on the SEER data.18 Nevertheless, the 
clinicopathological factors associated with fatality and survival in patients with SPEC have not been clarified.

In this population-based study, breast cancer, colorectal cancer, gynecological cancer, lymphoma, kidney cancer, lung 
cancer, and thyroid cancer were found to be the most prevalent pre-existing cancer types, which may be linked to the fact 
that breast, ovarian, colorectal, and endometrial cancers were all common malignancies with genetic predisposition. 
Survivors with breast and ovarian cancers often face a heightened risk of developing endometrial cancer as a SPC due to 

Table 2 (Continued). 

Variables Before PSM After PSM

PEC (70,005) SPEC (1371) P PEC (1371) SPEC (1371) P

Surgery 0.636 0.668

No 3331 (4.8) 69 (5.0) 74 (5.4) 69 (5.0)
Yes 66,674 (95.2) 1302 (95.0) 1297 (94.6) 1302 (95.0)

Radiation 0.301 1.000

No/unknown 51,622 (73.7) 1028 (75.0) 1028 (75.0) 1028 (75.0)
Yes 18,383 (26.3) 343 (25.0) 343 (25.0) 343 (25.0)

Chemotherapy <0.001 0.963

No/unknown 57,983 (82.8) 1064 (77.6) 1065 (77.7) 1064 (77.6)
Yes 12,022 (17.2) 307 (22.4) 306 (22.3) 307 (22.4)

Abbreviations: PSM, propensity score matching; PEC, single primary endometrial cancer; SPEC, second primary endometrial cancer; AJCC, American 
Joint Committee on Cancer.

Table 3 OS and ECSS of Patients with PEC and SPEC Before and After PSM

Group Patients OS (%) mOS (Months) P ECSS (%) mOS (Months) P

1-Year 3-Year 5-Year 1-Year 3-Year 5-Year

Pre-PSM PEC 70,005 93.1 85.0 80.0 203.0 <0.001 95.2 89.7 87.1 203.0 0.061

SPEC 1371 89.6 75.3 68.1 140.3 95.3 88.1 85.3 201.0

Post-PSM PEC 1371 93.1 84.9 80.0 203.0 <0.001 95.2 89.7 87.1 203.0 0.175

SPEC 1371 89.6 75.3 68.1 140.3 95.3 88.1 85.3 201.0

Abbreviations: OS, overall survival; ESCC, endometrial cancer-specific survival; PSM, propensity score matching; PEC, primary endometrial cancer; SPEC, second primary 
endometrial cancer; mOS, median survival time.
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mutations in genes such as BRCA1 or BRCA2.19 Additionally, some breast cancer patients may receive estrogen receptor 
antagonists like tamoxifen to prevent cancer recurrence. While these antagonists can lower the risk of breast cancer 
recurrence, they can also have a weak estrogenic impact on the endometrium, potentially promoting abnormal prolifera
tion and leading to the development of endometrial polyps, endometrial hyperplasia, and even endometrial cancer.20,21 

Hereditary colorectal cancer, accounting for about 3% of all colorectal cancers, often manifests as Lynch syndrome, 
generally caused by germline mutations in DNA mismatch repair genes (MSH2, MLH1, MSH6, PMS2). Individuals with 
Lynch syndrome are not only prone to colorectal cancer but also at risk of other extracolonic malignancies, with 
endometrial cancer being the most common one.22 Consequently, regular gynecological examinations and prompt 
completion of relevant genetic screening are advisable for high-risk patients.

In this study, 34.1% of patients with SPEC succumbed to endometrial cancer, while only 23.4% died due to prior 
cancers, among whom patients with a history of lung cancer had the shortest OS, and those with prior breast, colorectal, 
kidney cancers and lymphoma were more susceptible to succumb to endometrial cancer. Patients with prior gynecolo
gical cancers exhibited the lowest ECSM, likely due to heightened awareness regarding reproductive health. Regular 

Figure 2 Kaplan-Meier survival curves of patients with endometrial cancer as the second primary cancer (SPEC) compared to those with endometrial cancer as the only 
cancer (PEC). (A and B) show the overall survival of the entire cohort (A) and the propensity score matched cohort (B). (C and D) show the endometrial-cancer specific 
survival of the entire cohort (C) and the propensity score matched cohort (D).
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gynecological examinations among these patients facilitate early detection of endometrial lesions. Significantly more 
patients died from endometrial cancer when the diagnostic interval was ≥3 years compared to those diagnosed within <3 
years. These observations suggest that endometrial cancer, as a SPC, represents the principal cause of mortality in women 
with a history of cancer. Importantly, SPEC was linked to decreased survival rates. Whether before or after PSM, the 1-, 
3-, and 5-year OS rates of patients with SPEC were markedly lower than those with PEC. Univariate and multivariate 
analyses demonstrated that endometrial cancer, as the FPC or SPC, independently posed a risk for ECSS and OS. 
Notably, upon stratification by endometrial cancer subtypes and AJCC staging, it was determined that a history of prior 
malignancies did not affect OS and ECSS in patients with high-grade endometrial adenocarcinoma, consistent with the 
findings by Mohamed et al.23 Thus, it is important to carefully assess advanced endometrial adenocarcinoma patients 
with a history of malignancies in clinical trials to ensure that they are not deprived of potential therapeutic benefits.

The high incidence of endometrial cancer and mortality among cancer survivors may be attributable to genetic 
mutations and systemic treatments, including chemotherapy and radiotherapy for prior cancers.24–26 Patients with FPC 
who have received systemic treatments such as radiotherapy and chemotherapy may result in SPECs that are less 
sensitive and tolerant to radiotherapy and chemotherapy. As shown in our study, surgical treatment for endometrial 
cancer was associated with a reduced risk of ECSM and non-ECSM, but radiotherapy and chemotherapy were associated 
with an increased risk of ECSM. Therefore, the selection of chemoradiotherapy for SPEC should be carefully considered 
in the context of the patient’s overall condition. Recent studies have highlighted the potential benefits of sentinel lymph 
node (SLN) mapping in endometrial cancer treatment. According to Bogani et al, SLN mapping offers a minimally 
invasive alternative for assessing nodal status without increasing morbidity, compared to traditional lymphadenectomy. 
The authors indicate that SLN mapping is effective in identifying nodal disease, including micrometastases and isolated 
tumor cells, which might be missed by conventional pathological examination. This technique allows for more accurate 
staging and tailored postoperative treatments based on precise nodal involvement. In another significant study, Cuccu 
et al analyzed the five-year oncologic outcomes of SLN mapping in high-intermediate and high-risk endometrial cancer 
patients. Their multi-institutional retrospective study showed that SLN mapping did not negatively impact 5-year disease- 
free survival and overall survival when compared to systematic lymphadenectomy. This suggests that SLN mapping can 
be a viable option even for higher-risk patients, potentially reducing surgery-related complications and improving quality 
of life. While an increasing number of studies are investigating the use of sentinel lymph node mapping in patients with 
endometrial cancer, we were unable to include this factor in our analysis due to the absence of relevant data in the SEER 
database.27,28

The study has several limitations that should be acknowledged. First, as a retrospective study, it was susceptible to 
selection bias. Although efforts were made to minimize this bias through PSM, residual confounders cannot be entirely 
excluded. Second, the lack of detailed information on genetic or environmental factors and treatments may have 
impacted the outcomes. Additionally, the study only encompassed the data from cancer patients in the US, which may 
affect the generalization of the research results. In the future, patients from other regions will be included to comprehen
sively analyze and to further validate our results.

Conclusion
For SPEC, chemotherapy and radiotherapy can elevate the risk of ECSM. Regarding the status of endometrial cancer, it 
is associated with an increased risk of ECSS and OS.
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