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There is a high rate of inconformity between clinical staging and surgical-pathologic staging in endometrial cancer. Many patients
with advanced endometrial cancer are preoperatively understaged and thereby do not receive the optimal therapy. Here, we aimed
to develop a predictive model or biomarker for preoperative diagnosis of advanced endometrial cancer via multivariate logistic
regression analysis. In this study, 259 eligible patients were included, and 195 patients were assigned to the training dataset and
64 patients to validation dataset. Age, menopause status, sterilization situation, parity, body mass index, hypertension, diabetes
mellitus, tumor size, and ovarian malignancy algorithm (ROMA) index were included as predictive variables, and the binary
outcome was advanced endometrial cancer or not. When the P value was set as less than 0.01 in forward stepwise regression,
only ROMA index was retained. The odds ratio of being positive ROMA index was 15.531 times that of negative value. The
area under receiver operating characteristic curve was 0.790 in the training dataset and 0.776 in the validation dataset. The
decision curve analysis curve showed that the prediction by ROMA index added more net benefits for almost all threshold
probabilities. Therefore, ROMA index is an effective predictor for advanced endometrial cancer before surgery. Since ROMA
index is a standard, measurable, and reliable laboratory test, it can be used as a reference tool for gynecologists to design the
appropriate therapeutic schedule for patients with high-stage endometrial cancer before surgery.

1. Introduction

In developed countries, endometrial cancer is the most com-
mon gynecological malignancy, and its incidence is still on
the rise globally [1]. Thanks to the symptom of postmeno-
pausal bleeding, most patients can be diagnosed at an early
stage (limited to the uterus) [2]. Surgery is the mainstay of
the initial management of this disease, and total hysterec-
tomy and bilateral salpingo-oophorectomy is the basic oper-
ation [3]. According to the International Federation of
Gynecology and Obstetrics (FIGO) 2009 guidelines, endo-
metrial cancer is divided into four stages (stage I, stage II,
stage III, and stage IV). Primary advanced endometrial can-
cer (stage III and stage IV) was diagnosed in approximately
10 to 15% of patients [4], and the 5-year survival rate has
been reported to be only about 17% [5]. The less common
advanced disease account for roughly half of endometrial

cancer related deaths [6]. Given this, advanced endometrial
cancer deserves more attention in the future study.

It is reported that the improved outcomes for the stage
III-IV patients if the surgery area was sufficient and no resid-
ual lesions were left [7, 8]. However, it is difficult to know
the exact stage preoperatively in clinical practice because
the FIGO staging is based on pathological evaluation after
surgery, which may cause insufficient scope of operation
especially for advanced endometrial cancer. It is reported
to be inaccurate for clinical staging in reflecting actual dis-
ease extent, which causes understaging in 15-20% of patients
[9, 10]. Therefore, accurate preoperative assessment of stage
is important for every patient especially for the fertility-
sparing women and inoperable patients. In addition, there
are many other situations such as the following. Firstly, neo-
adjuvant chemotherapy significantly improved the overall
survival for advanced-stage patients before surgery [11].
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Secondly, sentinel lymph node mapping is not suitable for
the advanced endometrial cancer. Thirdly, the arrangement
of staff and time depends on the complexity of surgery.
Therefore, we are better to know more about stage informa-
tion because early detection of the advanced endometrial
cancer is quite important for the optimal treatment planning.
Currently, many methods have been applied for the stage
prediction before surgery such as ultrasound, computed
tomography (CT), magnetic resonance imaging (MRI), and
biomarkers, while the results are usually not ideal as expected
[12]. Therefore, the novel and simple method should be
further investigated.

Epidemiological studies have found that some risk fac-
tors may correlate to endometrial cancer such as estrogen
therapy, old age, race, family history, obesity, infertility,
and radiotherapy and that higher percentage of patients
suffer from hypertension and diabetes mellitus. However,
the association between risk factors and the progression of
endometrial cancer depends on the probability of individuals,
and the disease may become advanced without symptoms.
Here, we selected accessible and stable factors including age,
menopause status, sterilization situation, parity, body mass
index (BMI), hypertension, diabetes, tumor size, ovarian
malignancy algorithm (ROMA) index, and surgical proce-
dures to develop a comprehensive prediction model for the
advanced endometrial cancer.

2. Materials and Methods

2.1. Study Design. This project was a retrospective study of
endometrial cancer registered in Women’s Hospital, School
of Medicine, Zhejiang University. We collected hospitalized
endometrial cancer patients with surgery from January 2020
to June 2022. This cohort study was conducted in accordance
with the Declaration of Helsinki and obtained approval from
the hospital’s Ethics Committee (IRB-20220290-R). The sam-
ple was divided into two groups. Specifically, 75% of patients
were randomly assigned to the training dataset, and 25% of
patients were in validation dataset.

2.2. Study Subjects. All study subjects were endometrial can-
cer patients who did the surgery in hospital. Furthermore,
the patients must meet the following inclusion criteria: (1)
the pathologic diagnosis was endometrial cancer including
all histological types; (2) patients with complete medical
records that could be acquired from the electronic medical
records system including age, menopause status, sterilization
situation, parity, BMI, hypertension, diabetes mellitus,
tumor size, ROMA index, and surgical procedures; (3) surgi-
cal pathologic stage was confirmed by the specialists based
on the FIGO 2009 guidelines; (4) patients did not meet the
exclusion criteria. The exclusion criteria included the follow-
ing terms: (1) patients who also suffer from other malignant
tumors; (2) patients with acute infection; (3) patients with
endometriosis and adenomyosis; (4) patients with radiother-
apy or chemotherapy before surgery.

2.3. Study Variables: Predictors. The predictive variables
included age, menopause status, sterilization situation, par-
ity, BMI, hypertension, diabetes mellitus, tumor size, and

ROMA index. Among them, age and tumor size were con-
tinuous variables, and the others were dichotomous vari-
ables. Age, menopause status, sterilization situation, parity,
BMI, hypertension, and diabetes mellitus were always well
recorded in the electronic medical record. Tumor size refers
to the maximum diameter of the tumor measured by ultra-
sound or MRI. The cutoffs of ROMA index were 11.40% in
premenopausal women and 29.90% in postmenopausal
patients, respectively.

2.4. Study Variables: Primary Outcome. The primary out-
come was the surgical pathologic stages of every eligible
patients evaluated by at least two specialists after the staging
operation. According to the FIGO 2009 guidelines, endome-
trial cancer can be divided into stage I, stage II, stage III, and
stage IV. Patients with stage I and stage II were included in
the early stage, which was defined as the value of 0. Patients
with stage III and stage IV were included in advanced stage,
which was assigned the value of 1. Therefore, the primary
outcome was a dichotomous variable.

2.5. Statistical Analysis. The training dataset was used to
develop the prediction model using a logistic regression
model, and the validation dataset was applied for evaluating
the predictive performance. Variables that were significant
in the univariate analysis or meaningful in the clinical prac-
tice were included in the multivariate regression. Statistical
analysis was conducted using STATA 15.0 for Windows.
Forward stepwise selection was applied in the multivariable
logistic regression analysis when the likelihood ratio test with
Akaike’s information criterion (AIC) was performed as the
stopping rule [13]. The area under the receiver operating
characteristic (ROC) curve was applied for the quantification
of the discrimination. Decision curve analysis (DCA) was
conducted to quantify the net benefits at different threshold
probabilities in the dataset [14]. All statistical tests were two
sided, and P value of < 0.05 was considered significant.

3. Results

3.1. Patient Characteristics. According to the inclusion and
exclusion criteria, 259 patients were finally included in this
study. Among them, 195 patients were assigned to the train-
ing dataset, and 64 patients were to validation dataset. A
small portion of patients was suffered from advanced endo-
metrial cancer (stage = 1 in Table 1) (14.9% of the training
cohort and 18.8% of the validation cohort). In the training
data, 14.5% of early-stage patients were positive for ROMA
index, while 72.4% of advanced-stage patients were positive
for ROMA index. In the validation data, ROMA index was
positive in 12% of early-stage patients and in 67% of
advanced endometrial patients. The characteristics of
patients were summarized in Table 1, and the demographics
in two datasets were comparable.

3.2. ROMA Index and Tumor Size Were Predictive Factors
for Advanced Endometrial Cancer before Surgery in the
Training Data. In the training data including 195 patients,
age, menopause status, sterilization situation, parity, BMI,
hypertension, diabetes mellitus, tumor size, and ROMA
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index were included as predictive variables, and the binary
outcome was stages III-IV endometrial cancer (the value =
1) or not (the value = 0). When factors for which P < 0:05
in the multivariate logistic regression analysis were prelimi-
narily considered as significant, ROMA index and tumor
size were selected as the best subset of predictors for the
probability of advanced endometrial cancer. The result
showed that the odds ratio (OR) of being positive ROMA
index was 5.167 times that of negative value, and tumor size
was another risk factor for advanced endometrial cancer
(OR = 1:644) (Table 2). The above results demonstrated that
ROMA index and tumor size were predictive factors for
advanced endometrial cancer before surgery.

3.3. The Combination of ROMA Index and Tumor Size
Effectively Predicted Advanced Endometrial Cancer before
Surgery. In the training data, the receiver operating charac-
teristic (ROC) curve was used to perform preoperative pre-
diction via combination of ROMA index and tumor size,
and the results showed that the area under curve (AUC)
was 0.884 (Figure 1(a), Table 2), indicating that the
included risk factors could effectively predict advanced
endometrial cancer before surgery. To further validate the
predictive ability of ROMA index and tumor size, 64
patients were used as the training data. P value was generated
using the following formula calculated from the training data,
P = 1/ð1 + exp ð−ð−4:098 + 1:642∗ROMA + 0:497∗SizeÞÞÞ.
The results showed that the AUC was 0.853 in the validation
data (Figure 1(b), Table 2), demonstrating a good predictive
efficiency. In addition, the DCA curve showed that the preop-

erative prediction of advanced endometrial cancer by the
combination of ROMA index and tumor size benefited for
almost all threshold probabilities not only in the training data
(Figure 2(a)) but also in the validation data (Figure 2(b)). The
above data exhibited that the combination of ROMA index
and tumor size effectively predicted advanced endometrial
cancer before surgery.

3.4. ROMA Index Was Also an Effective Predictive Factor for
Advanced Endometrial Cancer before Surgery in the Training
Data. In order to further select the more significant factors,
we set P < 0:01 in forward stepwise regression, and then only
ROMA index was left. Since ROMA index is convenient for
screening, we continued to investigate whether only ROMA
index was a preoperative predictor for advanced endometrial
cancer. The results showed that the odds ratio of being
positive ROMA index was 15.531 times that of negative

Table 1: Characteristics of patients in the training and validation datasets.

Characteristics
Training dataset Validation dataset

Stage = 0 (n = 166) Stage = 1 (n = 29) P Stage = 0 (n = 52) Stage = 1 (n = 12) P

Age, median (IQR) 55 (50, 61) 55 (51, 61) 0.93 54 (49, 58) 55.5 (50, 63) 0.65

Menopause no. (%) 0.40 0.74

No 55 (33.1) 12 (41.4) 15 (29) 4 (33)

Yes 111 (66.9) 17 (58.6) 37 (71) 8 (67)

Sterilization no. (%) 0.24 1.00

No 128 (77.1) 19 (65.5) 40 (77) 10 (83)

Yes 38 (22.9) 10 (34.5) 12 (23) 2 (17)

Parity, median (IQR) 1 (1, 2) 2 (1, 2) 0.66 1 (1, 2) 1 (1, 1.5) 0.59

BMI, median (IQR) 24.7 (22.6, 27.6) 24.9 (23.6, 27.7) 0.35 24.3 (22.3, 27.6) 22.5 (21.7, 25.2) 0.11

Hypertension no. (%) 0.83 0.27

No 108 (65.1) 20 (69.0) 38 (73) 11 (92)

Yes 58 (34.9) 9 (31.0) 14 (27) 1 (8)

DM no. (%) 0.38 0.31

No 143 (86.1) 27 (93.1) 48 (92) 10 (83)

Yes 23 (13.9) 2 (6.9) 4 (8) 2 (17)

Tumor size, median (IQR) 2.4 (1.4) 4.9 (2.2) <0.001 2.7 (1.5) 5.5 (2.7) <0.001
ROMA index no. (%) <0.001 <0.001

No 142 (85.5) 8 (27.6) 46 (88) 4 (33)

Yes 24 (14.5) 21 (72.4) 6 (12) 8 (67)

Note: stage = 0, not advanced endometrial cancer; stage = 1, advanced endometrial cancer. Abbreviations: IQR: interquartile range; BMI: body mass index;
DM: diabetes mellitus.

Table 2: Predictors for advanced endometrial cancer before
surgery.

Intercept and variable β Odds ratio (95% CI) P

Intercept -4.098 — —

ROMA 1.642 5.167 (1.673 to 15.957) .004

Size 0.497 1.644 (1.211 to 2.231) .001

Area under ROC curve —

Training dataset 0.884 (0.828 to 0.941)

Validation dataset 0.853 (0.726 to 0.980)

Note: β, regression coefficient; ROC: receiver operating characteristic.
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value (Table 3). The above results demonstrated that ROMA
index was also an effective predictive factor for advanced
endometrial cancer before surgery in the training data.

3.5. ROMA Index Can Effectively Predict Advanced
Endometrial Cancer before Surgery. AUC was also utilized
to detect the predictive efficacy of ROMA index in the training
data, and the results showed that the AUC was 0.790
(Figure 3(a), Table 3), indicating that only this biomarker
could effectively predict advanced endometrial cancer before
surgery. We further validated the predictive ability of ROMA
index in the validation data. P value was generated using the
following formula calculated from the training data, P = 1/ð1
+ exp ð−ð−2:876 + 2:743∗ROMAÞÞÞ. The results showed that
the AUC was 0.776 in the validation data (Figure 3(b),
Table 3), demonstrating a good predictive efficiency. Further-

more, the DCA curve showed that the prediction of endo-
metrial cancer before surgery by ROMA index added
more net benefits for almost all threshold probabilities not
only in the training dataset (Figure 4(a)) but also in the
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Figure 1: Receiver operating characteristic (ROC) curve for the preoperative prediction of advanced endometrial cancer by the combination
of ROMA and tumor size. (a) The area under ROC was 0.884 in the training dataset. (b) The area under ROC was 0.853 in the validating
dataset.
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Figure 2: Decision curve analysis (DCA) curve of the prediction of advanced endometrial cancer before surgery by the combination of
ROMA and tumor size. (a) The attainable net benefit in the training dataset. (b) The attainable net benefit in the validating dataset.

Table 3: Prediction by ROMA index for advanced endometrial
cancer before surgery.

Intercept and variable β Odds ratio (95% CI) P

Intercept -2.876 — —

ROMA 2.743 15.531 (6.177 to 39.053) .000

Area under ROC curve —

Training dataset 0.790 (0.63 to 0.77)

Validation dataset 0.776 (0.630 to 0.922)

Note: β, regression coefficient; ROC: Receiver operating characteristic.
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validation dataset (Figure 4(b)). The above data demon-
strated that ROMA index could effectively predict advanced
endometrial cancer before surgery.

4. Discussion

About 89000 women die from endometrial cancer every year,
while 380000 new cases are diagnosed annually throughout
the world [15]. Although the majority of patients have a
favorable prognosis, the mortality is increasing for endome-
trial cancer unlike other cancers even in the United States
[16]. One of reasons is the poor prognosis of advanced endo-
metrial cancer. The survival rate of patients with endometrial
cancer beyond the uterus at diagnosis was only 5-15%, and it
was related to half of all related deaths. Furthermore, when
advanced endometrial cancer was not resectable, a median

survival was only 2-8 months [6]. Therefore, the improve-
ment of the prognosis of high-stage cancer could save a large
number of patients since its high incidence rate.

Pretreatment evaluation and preoperative clinical stag-
ing are crucial for the management of endometrium cancer
patients. However, it was proved that there was a high rate
of inconformity between clinical staging and surgical-
pathologic staging [17]. More importantly, 22.4% of patients
were upstaged after surgical exploration and histopatholo-
gical examination. Specifically, 8.6% of clinical stage I
patients were upstaged to stage II, 11.8% to stage III, and
2.0% to stage IV, respectively. Therefore, the therapeutic
schedule including the scope of operation for the underesti-
mated patients may not be optimal. Therefore, accurate
preoperative assessment of the stages is important for the
treatment of advanced endometrial cancer. In clinical
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Figure 3: Receiver operating characteristic (ROC) curve for the preoperative prediction of advanced endometrial cancer by ROMA. (a) The
area under ROC was 0.790 in the training dataset. (b) The area under ROC was 0.776 in the validating dataset.
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Figure 4: Decision curve analysis (DCA) curve of the prediction of advanced endometrial cancer before surgery by ROMA. (a) The
attainable net benefit in the training dataset. (b) The attainable net benefit in the validating dataset.
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practice, preoperative imaging and serum tumor markers
were applied. Transvaginal ultrasound is economic and
mostly common, while the accuracy of assessing node
metastasis still needs to be enhanced. Although large-scale
medical equipments including MRI and PET-CT may have
the highest efficacy, it is also hard for them to detect the
microscopic node metastasis and is not practical in develop-
ing countries or at basic-level hospitals. Therefore, the reli-
able marker should be further investigated.

ROMA index is a scoring system that initially aims at dis-
tinguishing ovarian cancer from benign diseases via combi-
nation of CA125, HE4, and menopausal status [18, 19].
CA125, initially presented by Bast et al., is used as a tumor
marker for adnexal masses [20]. Later, CA125 was also com-
monly applied for the detection of endometrial cancer, while
CA125 has been proved to be elevated in 24.6% of EC patients
and in only 10% of stage I and II patients [21]. Currently,
HE4 was found to be a promising biomarkers for early detec-
tion, diagnosis, prognosis, and recurrence of ovarian and
endometrial cancers [22]. HE4 seems to be less likely affected
by benign pelvic masses, inflammation, endometriosis, ade-
nomyosis, or pregnancy when compared to CA125. To fur-
ther better predict the ovarian cancer, serum CA125, HE4,
and ROMA index were compared in the diagnosis of epithe-
lial ovarian cancer, and the results showed that ROMA had
the best validity [23]. However, few studies were conducted
to investigate the relationship between ROMA index and
endometrial cancer. Here, we focus on the prediction of
advanced endometrial cancer concerning its poor prognosis.

In this study, we not only included ROMA index but also
involved other risk factors (age, menopause status, steriliza-
tion situation, parity, BMI, hypertension, diabetes, and
tumor size) to investigate which one is the strongest predic-
tor via multivariable logistic regression analysis. The results
indicated that ROMA index and tumor size were the best
subset of predictors for the probability of advanced endome-
trial cancer when P < 0:05 in the forward stepwise selection
of logistic regression, and the AUC was as high as 0.884,
which indicated that the combination of ROMA index and
tumor size could effectively predict advanced endometrial
cancer before surgery. Furthermore, when P was less than
0.01 in the forward stepwise selection of risk factors, only
ROMA index was left as a predictor. The result showed that
the odds ratio of being positive ROMA index was 15.531
times that of negative value, and the AUC was 0.790, indicat-
ing that only ROMA index was the predictive factor for
advanced endometrial cancer before surgery. The DCA
curve further mirrored that the prediction of endometrial
cancer before surgery by ROMA index enhanced more net
benefits for nearly all threshold probabilities. The results
demonstrated that only ROMA index could effectively pre-
dict advanced endometrial cancer before surgery. However,
limitations might exist in this study. Firstly, a prospective
clinical control study should be further conducted. Secondly,
the sample size was not large enough to further divide
advanced endometrial cancer into stage IIIA, IIIB, IIIC,
IVA, and IVB, and more patients should be included.
Thirdly, this study was performed in one hospital, and more
countries and areas should be involved.

5. Conclusion

In summary, ROMA index is an effective predictor for
advanced endometrial cancer before surgery. Since ROMA
index is a standard, measurable, and reliable laboratory test,
it can be used as a reference tool for gynecologists to design
the appropriate therapeutic schedule for patients with high-
stage endometrial cancer before surgery.

Data Availability

The data in this study are available upon reasonable request
to the corresponding author.

Ethical Approval

The study was approved by the Ethics Committee of
Women’s Hospital, School of Medicine, Zhejiang University
(IRB-20220290-R).

Conflicts of Interest

The authors declare no conflict of interest.

Authors’ Contributions

Conception was contributed by Jianzhang Wang and Xinmei
Zhang. Literature search was performed by Ping Xu and Gen
Zou. Data collection was performed by Jianzhang Wang,
Meichen Yin, and Xinqi Mao. Statistical analysis was con-
tributed by Jianzhang Wang, Meichen Yin, and Xinqi Mao.
Data interpretation was contributed by Ping Xu, Gen Zou,
Meichen Yin, and Xinqi Mao. Manuscript preparation was
performed by Jianzhang Wang and Xiangmei Zhang. Jianz-
hang Wang, Ping Xu, and Gen Zou contributed equally to
this work.

Acknowledgments

This study was supported by National Natural Science
Foundation of China (Grant numbers: 81802591, 81974225,
and 82171636). We appreciate the technology support from
Alibaba Cloud.

References

[1] V. Makker, H. MacKay, I. Ray-Coquard et al., “Endometrial
cancer,” Nature Reviews. Disease Primers, vol. 7, no. 1, p. 88,
2021.

[2] M. Koskas, F. Amant, M. R. Mirza, and C. L. Creutzberg, “Can-
cer of the corpus uteri: 2021 update,” International Journal of
Gynecology & Obstetrics, vol. 155, Suppl 1, pp. 45–60, 2021.

[3] E. J. Crosbie, S. J. Kitson, J. N. McAlpine, A. Mukhopadhyay,
M. E. Powell, and N. Singh, “Endometrial cancer,” Lancet,
vol. 399, no. 10333, pp. 1412–1428, 2022.

[4] R. A. Brooks, G. F. Fleming, R. R. Lastra et al., “Current recom-
mendations and recent progress in endometrial cancer,” CA: a
Cancer Journal for Clinicians, vol. 69, no. 4, pp. 258–279, 2019.

[5] R. L. Siegel, K. D. Miller, H. E. Fuchs, and A. Jemal, “Cancer
statistics, 2021,” CA: a Cancer Journal for Clinicians, vol. 71,
no. 1, pp. 7–33, 2021.

6 Disease Markers



[6] M. Palisoul and D. G. Mutch, “The clinical management of
inoperable endometrial carcinoma,” Expert Review of Antican-
cer Therapy, vol. 16, no. 5, pp. 515–521, 2016.

[7] S. Rajkumar, R. Nath, G. Lane, G. Mehra, S. Begum, and
A. Sayasneh, “Advanced stage (IIIC/IV) endometrial cancer:
role of cytoreduction and determinants of survival,” European
Journal of Obstetrics & Gynecology and Reproductive Biology,
vol. 234, pp. 26–31, 2019.

[8] B. B. Albright, K. A. Monuszko, S. J. Kaplan et al., “Primary
cytoreductive surgery for advanced stage endometrial cancer:
a systematic review and meta-analysis,” American Journal of
Obstetrics and Gynecology, vol. 225, no. 3, pp. 237.e1–
237.e24, 2021.

[9] R. C. Boronow, C. P. Morrow, W. T. Creasman et al., “Surgical
staging in endometrial cancer: clinical-pathologic findings of a
prospective study,” Obstetrics & Gynecology, vol. 63, no. 6,
pp. 825–832, 1984.

[10] M. F. B. Jamaluddin, Y. A. Ko, A. Ghosh et al., “Proteomic and
functional characterization of intra-tumor heterogeneity in
human endometrial cancer,” Cell Reports Medicine, vol. 3,
no. 9, article 100738, 2022.

[11] L. Philp, A. Kanbergs, J. S. Laurent, W. B. Growdon,
C. Feltmate, and A. Goodman, “The use of neoadjuvant che-
motherapy in advanced endometrial cancer,” Gynecologic
Oncology Reports, vol. 36, article 100725, 2021.

[12] P. Torok, Z. Krasznai, S. Molnar, R. Lampe, and A. Jakab, “Pre-
operative assessment of endometrial cancer,” Translational
Cancer Research, vol. 9, no. 12, pp. 7746–7758, 2020.

[13] K. G. Moons, D. G. Altman, J. B. Reitsma et al., “Transparent
reporting of a multivariable prediction model for individual
prognosis or diagnosis (TRIPOD): explanation and elabora-
tion,” Annals of Internal Medicine, vol. 162, no. 1, pp. W1–
73, 2015.

[14] A. J. Vickers and E. B. Elkin, “Decision curve analysis: a novel
method for evaluating prediction models,” Medical Decision
Making, vol. 26, no. 6, pp. 565–574, 2006.

[15] J. Ferlay, M. Colombet, I. Soerjomataram et al., “Estimating the
global cancer incidence and mortality in 2018: GLOBOCAN
sources and methods,” International Journal of Cancer,
vol. 144, no. 8, pp. 1941–1953, 2019.

[16] K. H. Lu and R. R. Broaddus, “Endometrial cancer,” New
England Journal of Medicine, vol. 383, no. 21, pp. 2053–2064,
2020.

[17] A. Ayhan, H. Yarali, B. Urman et al., “Comparison of clinical
and surgical-pathologic staging in patients with endometrial
carcinoma,” Journal of Surgical Oncology, vol. 43, no. 1,
pp. 33–35, 1990.

[18] V. Dochez, H. Caillon, E. Vaucel, J. Dimet, N. Winer, and
G. Ducarme, “Biomarkers and algorithms for diagnosis of
ovarian cancer: CA125, HE4, RMI and ROMA, a review,”
Journal of Ovarian Research, vol. 12, no. 1, p. 28, 2019.

[19] R. Zhang, M. K. Y. Siu, H. Y. S. Ngan, and K. K. L. Chan,
“Molecular biomarkers for the early detection of ovarian can-
cer,” International Journal of Molecular Sciences, vol. 23,
no. 19, p. 12041, 2022.

[20] R. C. Bast Jr., M. Feeney, H. Lazarus, L. M. Nadler, R. B.
Colvin, and R. C. Knapp, “Reactivity of a monoclonal anti-
body with human ovarian carcinoma,” Journal of Clinical
Investigation, vol. 68, no. 5, pp. 1331–1337, 1981.

[21] S. Capriglione, F. Plotti, A. Miranda et al., “Further insight into
prognostic factors in endometrial cancer: the new serum bio-

marker HE4,” Expert Review of Anticancer Therapy, vol. 17,
no. 1, pp. 9–18, 2017.

[22] R. Behrouzi, C. E. Barr, and E. J. Crosbie, “HE4 as a biomarker
for endometrial cancer,” Cancers, vol. 13, no. 19, p. 4764, 2021.

[23] N. V. Q. Huy, V. Van Khoa, L. M. Tam et al., “Standard and
optimal cut-off values of serum ca-125, HE4 and ROMA in
preoperative prediction of ovarian cancer in Vietnam,” Gyne-
cologic Oncology Reports, vol. 25, pp. 110–114, 2018.

7Disease Markers


	ROMA Index Is an Effective Predictor for Advanced Endometrial Cancer before Surgery
	1. Introduction
	2. Materials and Methods
	2.1. Study Design
	2.2. Study Subjects
	2.3. Study Variables: Predictors
	2.4. Study Variables: Primary Outcome
	2.5. Statistical Analysis

	3. Results
	3.1. Patient Characteristics
	3.2. ROMA Index and Tumor Size Were Predictive Factors for Advanced Endometrial Cancer before Surgery in the Training Data
	3.3. The Combination of ROMA Index and Tumor Size Effectively Predicted Advanced Endometrial Cancer before Surgery
	3.4. ROMA Index Was Also an Effective Predictive Factor for Advanced Endometrial Cancer before Surgery in the Training Data
	3.5. ROMA Index Can Effectively Predict Advanced Endometrial Cancer before Surgery

	4. Discussion
	5. Conclusion
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



