
Maehana et al. BMC Women’s Health          (2024) 24:671  
https://doi.org/10.1186/s12905-024-03528-8

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

BMC Women’s Health

A novel prognostic score of recurrence 
for endometrial cancer patients with staging 
surgery
Tomoka Maehana1, Naoki Kawahara1*, Junya Kamibayashi1, Motoki Matsuoka1, Keita Waki1, 
Ryuji Kawaguchi1 and Fuminori Kimura1 

Abstract 

Background  Recently, there have been an increasing number of reports on the association between inflammatory 
markers and the prognosis of malignant tumors. However, the current inflammatory indicators have limited accuracy. 
We aimed to develop a new scoring system for predicting endometrial cancer recurrence using inflammatory mark-
ers, tumor markers, and histological diagnoses.

Methods  Patients with primary, previously untreated, and suspected endometrial cancer who underwent surgery 
at the Nara Medical University Hospital between January 2007 and December 2020 were included and followed 
up until March 2024. Items were divided into positive and negative using scores based on cutoff values and placed 
into the new scoring system, the endometrial tumor-related (ETR) score.

Results  We found that positive postoperative histological examination of lymph node metastasis and myometrial 
invasion, high levels of carcinoembryonic antigen and D-dimer in preoperative blood tests, and a large difference 
in preoperative and postoperative white blood cell counts were significantly associated with recurrence. The sensi-
tivity and specificity of recurrence prediction using the ETR score were not inferior to those using the International 
Federation of Gynecology and Obstetrics staging system, which is considered the best prognostic factor for survival.

Conclusions  The ETR score is a significant prognostic marker of recurrence in patients who have undergone staging 
surgery, with complete surgical tumor removal.

Keywords  Endometrial cancer, Recurrence, Disease-free survival rate, ETR score, D-dimer, White blood cell count

Background
Endometrial cancer (EC) is the second most prevalent 
gynecological cancer after cervical cancer in women 
[1, 2]. The morbidity of EC has been increasing glob-
ally; in 2018, almost 90,000 deaths due to EC were 
reported worldwide [3]. EC is known to recur in 18% 

of all patients [4], and the International Federation of 
Gynecology and Obstetrics (FIGO) staging system is 
considered one of the best prognostic indicators for 
survival [5]. FIGO (2008) stage I includes tumors con-
fined to the corpus uteri, stage II includes those that 
invade the cervical stroma but do not extend beyond 
the uterus, stage III includes local and/or regional 
spread of the tumor, and stage IV includes tumors that 
invade the ladder/bowel mucosa and/or distant metas-
tases [5]. The 5-year disease-free survival rates were 
reportedly 85%, 75%, 45%, and 25% for stages I, II, III, 
and IV, respectively [5]. In addition, the histological 
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types of EC are known to correlate with the prognosis 
[6]. These include endometrioid carcinoma, serous car-
cinoma, clear cell carcinoma, mixed carcinoma, undif-
ferentiated carcinoma, carcinosarcoma, other unusual 
types, and gastrointestinal mucinous carcinomas [6]. 
These histological types are divided into two groups, 
non-aggressive and aggressive, based on their prog-
nostic value [6]. Non-aggressive types include endo-
metrioid carcinoma grades 1 and 2, whereas the other 
types are aggressive [6, 7]. EC is typically treated with 
surgery, including hysterectomy and bilateral salpingo-
oophorectomy [8, 9]. Lymphadenectomy is also known 
to be associated with prognosis in patients with inter-
mediate- and high-risk EC [8, 10, 11].

In recent years, there have been an increasing num-
ber of reports on the association between inflamma-
tory markers and the prognosis of malignant tumors 
[12, 13]. The inflammatory markers used include the 
systemic immune inflammation index (SII), neutrophil-
to-lymphocyte ratio (NLR), monocyte-to-lymphocyte 
ratio (MLR), and platelet-to-lymphocyte ratio (PLR), 
all of which are calculated using blood cell counts [12–
14]. The Glasgow Prognostic Score (GPS) is an inflam-
mation-based prognostic marker calculated using 
C-reactive protein and albumin levels [15]. We previ-
ously reported the association of the SII, NLR, and PLR 
and the prognosis of EC for all stages in 2021 and con-
cluded that elevated SII was a better indicator of overall 
survival and progression-free survival in patients with 
EC than PLR or NLR [12].

Current indicators have limited accuracy because they 
rely only on one timepoint before surgery. To enhance 
accuracy, we aimed to develop a prediction system using 
preoperative and postoperative data rather than just one 
pretreatment timepoint. To ensure consistency in clinical 
background, we focused on cases that included lymphad-
enectomy. We aimed to develop a new scoring system 
to predict EC recurrence after complete tumor removal, 
including lymphadenectomy.

Methods
Patients
A list of patients with primary, previously untreated, and 
suspected EC who underwent surgery at the Nara Medi-
cal University Hospital (Kashihara, Japan) between Janu-
ary 2007 and December 2020 was generated from our 
institutional registry. The patients were followed up until 
March 2024. Informed consent for the use of the patients’ 
clinical data for research was obtained from all partici-
pants at their first hospitalization. After approval by the 
Ethics Review Committee of the Nara Medical Hospi-
tal (Kashihara, Japan), an opt-out form was provided 
through our institutional homepage. This study was 

conducted in accordance with the guidelines of the Dec-
laration of Helsinki and was approved by the Institutional 
Ethics Committee of Nara Medical University Hospital 
(protocol code: 3603).

Patients with suspected EC were included in this study. 
The inclusion criteria were as follows: (1) histologically 
confirmed EC after surgery, (2) lymphadenectomy, and 
(3) did not undergo chemotherapy or radiotherapy before 
the first surgery. The exclusion criteria were as follows: 
(1) stage IV, (2) combined with other malignant tumors 
or hematologic diseases, (3) lost to follow-up, and (4) 
insufficient preoperative and postoperative serum data, 
which included no blood tests within 14–60 days or per-
formed while infection occurred.

Collection of candidates predicting recurrence
The following data were collected through a chart 
review of the patients’ medical records: age, body mass 
index, parity, and postoperative diagnosis, including 
the FIGO stage, histological type, myometrial invasion, 
lymphovascular invasion, ascites cytology, lymph node 
metastasis, and distant metastasis. In addition, data 
concerning the use of adjuvant chemotherapy and the 
results of preoperative and postoperative blood tests 
were collected.

Examination of prognosis using past prognostic 
indicators
We examined the efficacy of past inflammation-based 
prognostic indices such as SII, NLR, MLR, PLR, and 
GPS. These indicators were calculated using the fol-
lowing formulas: SII = platelet count×neutrophil 
count/lymphocyte count, NLR = neutrophil count/
lymphocyte count, MLR = monocyte count/lympho-
cyte count, and PLR = platelet count/lymphocyte 
count. If an elevated C-reactive protein level (> 1.0 mg/
dL) and hypoalbuminemia (< 3.5  g/dL) were pre-
sent, the GPS was 2. Patients with only one of these 
were assigned a score of 1, and those with none were 
assigned a score of 0.

Statistical analysis
All statistical analyses were performed using IBM SPSS 
Statics for Windows, version 29.0 (IBM Corp., Armonk, 
NY, USA). Differences in each factor were compared 
using Student’s t-test or the Mann–Whitney U test after 
assessing whether the distribution was normal. The 
receiver operating characteristic (ROC) curve analysis 
was performed to determine the cutoff value for predict-
ing poor prognosis. The cutoff value was based on the 
highest Youden index (i.e., sensitivity + specificity – 1). 
Next, logistic regression analyses were used to assess 
the risk factors for recurrence and death. Kaplan–Meier 
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life table analysis and log-rank tests were used to assess 
the disease-free and overall survival rates. We also per-
formed a Kaplan-Meier life table analysis for the groups 
that underwent only pelvic lymphadenectomy and up-to 
para-aortic lymphadenectomy. A two-sided p < 0.05 was 
considered statistically significant. Multivariate analyses 
of prognostic factors for disease-free and overall surviv-
als were performed using the Cox proportional hazard 
regression model.

Results
Patients
A total of 521 patients were suspected of having EC 
during the study period, of whom 230 met the inclu-
sion criteria (Fig.  1). The median patient age was 59 
years (range, 23–79 years), and the median follow-up 
period was 84.5 months (range, 12–195 months). The 
patients’ peripheral blood data were collected before 
the operation, and the median number of days until the 

Fig. 1  Participant selection. Of the 338 women who met the inclusion criteria, 108 were excluded as they met the exclusion criteria, while 230 
patients participated in the study
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Table 1  Clinical characteristics of the study cohort

BMI body mass index, FIGO The International Federation of Gynecology and Obstetrics, EM endometrioid carcinoma, G1 Grade 1, G2 Grade 2, G3 Grade 3, CCC​ clear cell 
carcinoma, WBC white blood cell count
a median (range)
* p < 0.05, **p < 0.01, ***p < 0.001 calculated using a Mann-Whitney U test

Total n = 230 No recurrence n = 194 Recurrence n = 36 p - value

Age (years)a 59 (23–79) 59 (23–79) 61.5 (43–77) 0.105

BMI (kg/m2)a 23.65 (15.1–43.5) 24.1 (15.1–43.5) 22.8 (17.6–32.8) 0.108

Parity

  0 50 (21.7%) 42 (21.6%) 8 (22.2%) 0.675

  ≥1 180 (78.3%) 152 (78.4%) 28 (77.8%)

FIGO Stage

  I 169 (73.5%) 152 (78.4%) 17 (47.2%) < 0.001***

  II 23 (10.0%) 19 (9.8%) 4 (11.1%)

  III 38 (16.5%) 23 (11.9%) 15 (41.7%)

Tumor subtype

  EM G1/G2 155 (67.4%) 135 (69.6%) 20 (55.6%) 0.152

  EM G3 25 (10.9%) 20 (10.3%) 5 (13.9%)

  CCC​ 8 (3.5%) 5 (2.6%) 3 (8.3%)

  Serous carcinoma 7 (3.0%) 4 (2.1%) 3 (8.3%)

  Carcinosarcoma 10 (4.3%) 7 (3.6%) 3 (8.3%)

  Undifferentiated 6 (2.6%) 6 (3.1%) 0 (0.0%)

  Mixed type 17 (7.4%) 15 (7.7%) 2 (5.6%)

  Others 2 (0.9%) 2 (1.0%) 0 (0.0%)

Myometrial invasion

  < 1/2 140 (60.9%) 124 (63.9%) 16 (44.4%) 0.028*

  ≥ 1/2 90 (39.1%) 70 (36.1%) 20 (55.6%)

Lymph vascular invasion

  Positive 83 (36.1%) 66 (34.0%) 17 (47.2%) 0.131

  Negative 147 (63.9%) 128 (66.0%) 19 (52.8%)

Ascites cytology

  Positive 42 (18.3%) 33 (17.0%) 9 (25.0%) 0.288

  Negative 183 (79.6%) 156 (80.4%) 27 (75.0%)

Lymph node metastasis

  Positive 29 (12.6%) 16 (8.2%) 13 (36.1%) < 0.001***

  Negative 201 (87.4%) 178 (91.8%) 23 (63.9%)

Adjuvant chemotherapy

  Yes 146 (63.5%) 119 (61.3%) 27 (75.0%) 0.119

  No 84 (36.5%) 75 (38.7%) 9 (25.0%)

Preoperative CEA

  < 2.4 (ng/mL) 151 (65.7%) 137 (70.6%) 14 (38.9%) < 0.001***

  ≥ 2.4 (ng/mL) 79 (34.3%) 57 (29.4%) 22 (61.1%)

Preoperative D-dimer

  < 1.1 (µg/mL) 177 (77.0%) 159 (82.0%) 18 (50.0%) < 0.001***

  ≥ 1.1 (µg/mL) 53 (23.0%) 35 (18.0%) 18 (50.0%)

WBC (pre – post operation)

  < 1,050 (/µL) 120 (52.2%) 111 (57.2%) 9 (25.0%) < 0.001***

  ≥ 1,050 (/µL) 110 (47.8%) 83 (42.8%) 27 (75.0%)
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operation was 37 (range, 1–92 days). In addition, the 
postoperative blood data before adjuvant therapy were 
collected, and the median number of days between the 
operation date and the blood test was 26 days (range, 
14–59 days). The overall recurrence rate was 15.7% 
(n = 36). Table  1 and Additional file  1 present the 
demographic and clinical characteristics of the study 
cohort. The surgeries performed in the study cohort are 
outlined in Additional file 2.

Candidates predicting the recurrence of EC
The results of the ROC curve based on recurrence 
were used to determine the value of the new scoring 
system in predicting EC recurrence. Candidates varied 
according to patient characteristics; histological find-
ings after the surgery; and preoperative and postopera-
tive serum data, including tumor markers, blood cell 
counts, differential counts of leukocytes, albumin, and 
D-dimer levels. The ROC analysis showed that lymph 
node metastasis, myometrial invasion, preoperative 
carcinoembryonic antigen (CEA) (ng/mL), preopera-
tive D-dimer (µg/mL), and subtracted value of post-
operative from preoperative white blood cell (WBC) 
counts (/µL) significantly predicted EC recurrence 
(Table  2). In addition, the cutoff value for evaluating 
whether a patient relapsed using these parameters 
alone was obtained from the cutoff value calculated 
with the highest Youden index. In the new scoring sys-
tem, the endometrial tumor-related (ETR) score was 

assigned on a 5-point scale (range, 0–5), with each 
parameter scored as 1 for values greater than or equal 
to this cutoff value and 0 for those below this cutoff 
value.

Evaluation to predict the recurrence of EC using 
past prognostic indicators
The results of the ROC curve analysis based on recur-
rence were used to evaluate past prognostic indicators for 
predicting EC recurrence. The cutoff value was calculated 
using the highest Youden index. None of the past prog-
nostic indicators showed significant differences between 
the recurrent and nonrecurrent groups (Table  3). How-
ever, the new scoring system, the ETR score, showed 
significant differences between the recurrent and non-
recurrent groups (Table  3). Some of the study cohort 
groups had missing data for calculating the past prognos-
tic indicators. The percentages of analyzed and missing 
data are shown (Additional file 3).

Evaluation of the new scoring system
The ROC curve showed that ETR score was not an infe-
rior prognostic tool compared to the FIGO staging sys-
tem for predicting EC recurrence (Fig.  2). Specifically, 
the area under the curve for the ETR score and FIGO 
staging system was 0.766 and 0.669, respectively. The 
cutoff value of the ETR score and FIGO staging sys-
tem was calculated as 2.5 and 1.5, respectively, using 
the Youden index. According to this cutoff value, we 

Table 2  Cutoff values for predicting recurrence

AUC​ area under the curve, CI confidential interval, CEA carcinoembryonic antigen, WBC white blood cell. * p < 0.05, **:p < 0.01

Cut-off value p-value AUC​ 95% CI Sensitivity Specificity

Lymph node metastasis - 0.013* 0.639 0.530–0.749 0.361 0.918

Myometrial invasion - 0.014* 0.620 0.525–0.715 0.556 0.639

preoperative CEA (ng/mL) 2.4 0.010* 0.640 0.534–0.747 0.611 0.706

preoperative D-dimer (µg/mL) 1.1 0.003** 0.657 0.533–0.761 0.500 0.820

WBC (pre – post operation) (/µL) 1050 0.010* 0.637 0.533–0.741 0.750 0.572

Table 3  Cutoff values of past predictive indicators to predict recurrence

AUC​ area under the curve, CI confidential interval, PPV positive predictive value, NPV negative predictive value, SII systemic immune-inflammation index, 
NLR neutrophil to lymphocyte ratio, MLR monocyte to lymphocyte ratio, PLR platelet to lymphocyte ratio, GPS Glasgow prognostic score, ETR score endometrial 
cancer-tumor related score. ***p < 0.001

Cut-off value p-value AUC​ 95% CI Sensitivity Specificity

SII 574 0.102 0.593 0.482–0.704 0.706 0.508

NLR 2.72 0.070 0.599 0.492–0.706 0.618 0.608

MLR 0.41 0.500 0.537 0.429–0.645 0.147 0.931

PLR 121.9 0.084 0.587 0.488–0.686 0.941 0.286

ETR score 2.5 < 0.001*** 0.766 0.672–0.861 0.639 0.840
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considered > 3 for the ETR score as the poor group, with 
a sensitivity and specificity of 63.9% and84.0%, respec-
tively, for diagnosing recurrence. In contrast, > 2 was 
used for the FIGO staging system to define the poor 
group, with a sensitivity and specificity of 52.8% and 
78.4%, respectively, for diagnosing recurrence. In addi-
tion, we used this cutoff point to evaluate the sensitivity 
and specificity for predicting death. The sensitivity and 
specificity were 70.0% and 81.0%, respectively. Kaplan–
Meier life table analysis revealed significant differences 
in disease-free and overall survival rates using a cutoff 
value of 3 (Fig. 3a and b). Also, when we categorized the 
cases into only pelvic lymphadenectomy (Fig.  3c) and 
up-to paraaortic lymphadenectomy (Fig.  3d) groups, 
the KaplanMeier life table analysis showed significant 
differences in disease-free survival between the two 
groups. Especially, the up-to paraaortic lymphad-
enectomy group showed a more significant difference 
between in high and low ETR scores. Cox regression 
analyses demonstrated that the ETR score was a sig-
nificant independent prognostic factor affecting the dis-
ease-free survival of patients with EC (Table 4).

Discussion
In this study, we successfully developed a new scor-
ing system, the ETR score, to predict EC recurrence 
after radical surgery. The score comprised lymph node 
metastasis, myometrial invasion, preoperative CEA 

levels, preoperative D-dimer levels, and WBC differ-
ence (preoperative–postoperative value). The strength 
of the ETR score is that it is easy to calculate because 
blood tests and histological findings have already been 
used worldwide. We previously reported that SII was 
essential marker for EC [12]. However, in above study, 
we examined a cohort of patients without distant 
metastasis and who had undergone a pelvic lymphad-
enectomy. Pecorino et  al. reported that early-stage 
low-grade endometrioid cancer and synchronous endo-
metrial-ovarian endometrioid cancer without apparent 
lymph node involvement at preoperative imaging have 
a relatively low rate of lymph node metastasis and simi-
lar relapse rate with or without lymphadenectomy [16]. 
Moreover, across all histological types, patients with 
distant metastasis and those who could not undergo 
lymphadenectomy for health reasons evidently have 
poor prognoses. Then, we believe that by separating the 
patient population, we developed a more meaningful 
scoring system. According to the result of the Kaplan-
Meier life table analysis, more severe cases that need 
paraaortic lymphadenectomy show a more significant 
difference between ETR high and low.

Serum CEA, an item of the ETR score, is a diagnostic 
and prognostic marker of broad-spectrum malignant 
tumors, especially colon and rectal cancers [17, 18]. 
Although Cancer antigen 125 (CA125) is a well-estab-
lished tumor marker for gynecologic cancer, particu-
larly in ovarian cancer, preoperative CA125 has limited 
sensitivity in predicting the prognosis of EC [19]. How-
ever, Kozakiewicz et  al. reported that postoperative 
CEA levels reflect recurrence or distant metastasis of 
EC [20], suggesting a relationship between EC prog-
nosis and CEA level. This study included preoperative 
CEA levels in the predictive scoring system for recur-
rence, suggesting that these values can predict recur-
rence. It is reasonable to use CEA instead of CA125 as 
a predictive value.

There have been reports linking high WBC counts to 
aggressive tumors or poor prognosis. According to a 
large cohort study conducted by the UK Biobank, ele-
vated WBC counts may indicate an overly active inflam-
matory response, which could contribute to the eventual 
onset of certain types of cancer [21]. In endometrial neo-
plasia, WBC counts were significantly higher in patients 
with cancer than in those with hyperplasia, according 
to a study that compared the hyperplasia, EC, and con-
trol groups [22]. Based on a few reports suggesting the 
usefulness of pretreatment peripheral WBC counts, this 
difference may help predict the prognosis. Our previous 
study showed that this difference contributes to the prog-
nosis of ovarian cancer by comparing presurgical and 
postsurgical analyses [23, 24]. This study reaffirmed the 

Fig. 2  ROC curve of the FIGO staging system and new ETR score. 
The cutoff value was calculated as 2.5 using the Youden index. 
Using this cutoff value, the sensitivity and specificity were 63.9% 
and 84.0%, respectively. ROC, receiver operating characteristic curve; 
FIGO, International Federation of Gynecology and Obstetrics; ETR, 
endometrial tumor-related
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usefulness of the differences in WBC counts in predicting 
recurrence.

Serum D-dimer level, an item of the ETR score, is a 
well-known biomarker of thrombosis, such as pulmonary 
embolism and venous thrombosis [25]. However, it is also 
known as a prognostic marker for several malignancies, 
such as ovarian [26], breast [27], lung [28], and other can-
cers [29–33]. According to a previous study, it is reason-
able to include serum D-dimer levels in the new scoring 
system.

This study had a few limitations. First, a bias might exist 
owing to the nature of a retrospective and single-center 
study. Second, although serous and clear cell carcinomas 
have poor prognoses, the study cohort did not show a 
significant difference in histological types. Such patients 
ordinarily harbor an advanced stage and then receive 
chemotherapy rather than surgical treatment. ETR score 
could not reflect these small pathological groups. Third, 
although the latest classification of endometrial cancer 

includes molecular categorization, such as POLE, micro-
satellite instability, copy-number high, and copy-num-
ber low, we could not assess the relationships between 
these types and ETR score [16, 34]. However, since we 
demonstrated the usefulness of the ETR score in this 
retrospective study, we intend to add next-generation 
sequencing analysis and other methods to further investi-
gate the relationship between the ETR score and molecu-
lar categorization.

Conclusions
The ETR score, comprising the presence of lymph 
node metastasis and myometrial invasion, preopera-
tive CEA and D-dimer levels, and the difference in 
WBC levels (preoperative – postoperative value) WBC 
levels, is a good prognostic marker for patients with 
EC who have undergone complete surgery. Moreover, 

Fig. 3  Kaplan–Meier life table analysis of disease-free survival in patients with EC according to the ETR score using a cutoff value of 3 
points (p < 0.01). a Disease-free survival and b overall survival of all cases. c Cases of only pelvic lymphadenectomy and d up-to paraaortic 
lymphadenectomy groups. FIGO, International Federation of Gynecology and Obstetrics; ETR, endometrial tumor-related; EC, endometrial cancer
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prospective multicenter studies are needed to validate 
our findings.
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