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ABSTRACT

Objective: To develop and validate a 3-year recurrence prediction score (RPS) system for
predicting the baseline risk of recurrence of stage I-II endometrial carcinoma.

Methods: We reviewed 427 patients with International Federation of Gynecology and
Obstetrics staging I-1I endometrial carcinoma underwent surgery without any adjuvant
therapy from 2005 to 2013. The patients were divided into 2 groups: the test cohort (n=251)
comprising those who underwent surgery in odd-numbered years, and the validation cohort
(n=176) comprising those who underwent surgery in even-numbered years. Multivariate
analysis was performed using 7 candidate predictors to identify the risk factors for 3-year
recurrence-free interval (RFI) in the test cohort. Each risk factor was scored based on logistic
regression analyses of the test data set, and the sum of the risk factor scores was defined as
the RPS system. We then applied the system in the validation cohort.

Results: Multivariate analysis revealed that the significant risk factors were age >60 years,
pathological type II, positive cervical stromal invasion, and positive peritoneal cytology. In the
test cohort, the 3-year RFI rates were 100%, 95.8%, 79.9%, and 33.3% for RPSs of O, 1, 2, and
3, respectively. In the validation cohort, the 3-year RFI was significantly higher in the low-RPS
group (RPS 0 or 1) than in the high-RPS group (RPS 2 or 3) (95.2% vs. 79.9%, p<0.01).
Conclusions: The RPS system shows significant reproducibility for predicting the baseline
risk of recurrence. The system could potentially impact the choice of adjuvant therapy for
stage I-1I endometrial carcinoma.

Keywords: Endometrial Neoplasms

INTRODUCTION

Endometrial cancer is a common gynecologic cancer. In 2009, approximately 10,000 women

in Japan were diagnosed with gynecologic cancer, 1,600 of whom died [1]. The number of
diagnosed patients has since gradually increased, with approximately 13,000 women diagnosed
in 2013 [2]. The majority of women with endometrial cancer are diagnosed with early stage
tumors (stage I-1I) that are associated with good prognosis [3]. However, even patients with
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early stage tumors can develop recurrence. The risk factors for recurrence include older age,
higher pathological tumor grade, myometrial invasion (MI), lymphovascular invasion (LVI),
cervical stromal invasion, and positive peritoneal cytology [4-9].

Adjuvant therapy is generally considered for the patients at risk for recurrence. Several
organizations have used patient-scored prognostic factors to categorize the risk of recurrence as
low, intermediate, and high [10,11], which are then used as a basis for deciding the treatment.

However, the therapeutic strategies in Japan are different from that in western countries. The
National Comprehensive Cancer Network Guideline recommends adjuvant radiotherapy,
including vaginal brachytherapy and/or external beam radiotherapy, for patients with

stage I-1I endometrial cancer and with any risk factors for recurrence [12]. Meanwhile,
Japanese gynecologic oncologists argue that local control must be accomplished with radical
surgical procedure. The Japan Society of Obstetrics and Gynecology reported that only

1.5% of patients with endometrial cancer who underwent surgery were also given adjuvant
radiotherapy in 2016 [13]. Japanese clinicians tend to prefer adjuvant chemotherapy for
patients with intermediate to high risk. However, unlike in advanced stage, there is no clear
evidence supporting that adjuvant chemotherapy yields a survival benefit for stage I-II
endometrial carcinoma. As such, patients with stage I-II endometrial carcinoma do not
receive any adjuvant chemotherapy or radiotherapy at our institution. Thus, our clinical data
are suitable to assess the baseline risk of recurrence in stage I-1I endometrial carcinoma.

The currently used guideline for risk stratification has not been validated and only considers
limited risk factors; thus, it may not accurately reflect the risk of recurrence. Previously, we
have reported that the baseline 5-year recurrence rate of early stage endometrial cancer was
only 14% even in the high-risk group according to the European Society for Medical Oncology
clinical practice guidelines and Japan Society of Gynecologic Oncology (JSGO) guidelines

[3]. As such, a scoring system that includes multiple risk factors has to be established to
determine the group with a higher risk of recurrence.

There is no established evidence regarding the optimal follow-up duration in patients with
endometrial cancer, although a 3- to 5-year follow-up is commonly used. Frequent follow-ups
until 3 years after treatment are recommended because the majority of recurrences occur
during this period in patients with stage I-II endometrial cancer [14].

This study aimed to develop a 3-year recurrence prediction score (RPS) system and validate its
capability for predicting the baseline risk of recurrence of stage I-II endometrial carcinoma.

MATERIALS AND METHODS

1. Patients

Among the patients with stage I-II endometrial carcinoma who underwent surgery between
January 2005 and December 2013 at the National Cancer Center Hospital, those who met
the following criteria were excluded: histological diagnosis of undifferentiated carcinoma,
mixed epithelial and mesenchymal tumors, neuroendocrine features, history of adjuvant
chemotherapy or radiotherapy, and death within 30 days of the surgery. Patients with
histologically confirmed lymph node metastases were also excluded from this study. Surgical
staging was according to the International Federation of Gynecology and Obstetrics (FIGO)
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2009 guidelines [15]. Stage Il was defined as a state with pathologically diagnosed cervical
stromal invasion. Estrogen-dependent (type 1) endometrial carcinoma was defined as G1 or
G2 endometrioid adenocarcinoma, while the estrogen-independent (type 2) type was defined
as G3 or non-endometrioid adenocarcinoma [106].

We divided the patients into 2 groups: the test cohort comprising those who underwent
surgery in odd-numbered years, and the validation cohort comprising those who underwent
surgery in even-numbered years. We then retrospectively collected the medical records of
these patients from our institutional database. We confirmed our statistical consultant that
the treated year is an independent factor and is valid as a study design to carry out internal
validation.

The Institutional Review Board (IRB) of the National Cancer Center Hospital approved

this study (IRB Approval No. 2015-259). All procedures were in accordance with the ethical
standards of the institutional research committee and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards. Informed consent was not required
for this type of study.

2. Surgical procedure

All patients underwent at least abdominal total hysterectomy and bilateral salpingo-
oophorectomy. Radical hysterectomy was performed for patients with suspicious cervical
stromal invasion preoperatively. Pelvic lymph node biopsy and para-aortic examination
were performed in patients with G1/2 disease or inner-half MI, and suspicious nodes were
examined via rapid frozen section. Meanwhile, pelvic lymphadenectomy was performed in
patients with outer-half MI, G3 disease, or non-endometrioid adenocarcinoma. Pelvic and
para-aortic lymphadenectomy were performed when lymph node metastases were detected
on preoperative examination, intraoperatively, or on frozen sections. In this study, we defined
the patient who underwent retroperitoneal lymphadenectomy as the patient who underwent
pelvic lymphadenectomy with or without para-aortic lymphadenectomy. Peritoneal lavage
cytology was routinely performed, and omentectomy was performed in patients with non-
endometrioid adenocarcinoma or positive peritoneal cytology.

3. Follow-up evaluation

All patients were followed up from the day of surgery. Postoperative follow-up procedures for
the first 2 years comprised internal examination every 3 months and vaginal stump cytology
as necessary. Thereafter, patients were followed up every 6 months for up to 5 postoperative
years; computed tomography examination was performed annually or when any abnormal
findings were recognized.

The patterns of recurrence were defined as follows: locoregional recurrence was defined as
vaginal or intrapelvic recurrence, while distant recurrence included upper para-aortic lymph
node metastasis, abdominal metastasis, and metastasis to other organs.

4. Adjuvant therapy

In our institution, only patients with stage III-IV endometrial adenocarcinoma (FIGO 2009),
that is, residual tumor or extra-uterine metastasis, undergo adjuvant chemotherapy with
doxorubicin-cisplatin. Positive peritoneal cytology alone is not considered an indication for
adjuvant chemotherapy. Similar with most Japanese clinicians, we attained local control only
surgically and do not routinely perform adjuvant radiotherapy. However, we recommend
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adjuvant brachytherapy to patients with pathological vaginal margin involvement. In either
case, the patients who underwent adjuvant chemotherapy or radiotherapy were excluded
from this study.

5. Recurrence prediction score

Because the majority of recurrences occur within the first 3 years after treatment in patients
with stage I-II endometrial cancer, we developed a scoring system to predict the 3-year risk
of recurrence [14]. We conducted a multivariate analysis of patients in the test cohort using
all risk factors that were previously reported [4-9]: age, pathological type, MI, LVI, cervical
stromal invasion, peritoneal cytology, and extent of retroperitoneal lymphadenectomy.
Pathological type was defined as follows: type 1 group as G1 and G2 endometrioid
adenocarcinoma and type 2 group as G3 endometrioid adenocarcinoma and other subtypes.
We assigned scores to each risk factor based on the f§ coefficient calculated via logistic
regression analysis for the 3-year recurrence of the test data set, and the sum of the risk factor
scores was defined as the RPS. We then applied our RPS system to the validation cohort.

6. Statistical analysis

Summarized data are presented as numbers and percentages unless otherwise noted.
Continuous data such as age were compared using the Wilcoxon rank sum test. Frequencies
were compared using Fisher's exact test for categorical variables. The predictors of recurrence
(age, pathological type, MI, LVI, cervical stromal invasion, peritoneal cytology, and the extent
of retroperitoneal lymphadenectomy) were assessed via univariate and multivariate analyses
using the Cox proportional hazards model in the test cohort. The candidate predictors were
included in the logistic regression model, and prediction scores were assigned based on 3
coefficient. Logistic regression analysis was applied in the patients followed up for at least 3
years. We applied the RPS system in the validation cohort and analyzed the recurrence-free
interval (RFI) via the Kaplan-Meier method using the log-rank test for internal validation.
The RFI was defined as the interval between the date of surgery and recurrence. If no events
occurred, the last observation was censored. We calculated the sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and C-index for recurrence within the
first 3 years. Finally, we compared the distribution and RFI according to the risk classification
of the JSGO guideline and our system.

The value of p<0.05 was considered significant. All statistical analyses were performed with
EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical
user interface for R (The R Foundation for Statistical Computing, Vienna, Austria) [17].

RESULTS

1. Patient characteristics

A total of 427 patients were eligible for inclusion in this study. The clinical features of the
patients in the test and validation cohorts are provided in Table 1. There were no significant
differences between the characteristics of the 2 groups.

2. Test cohort

A total of 251 patients were enrolled in the test cohort. The median follow-up duration
was 5.1 years (range, 0.6-11.3 years), and 14 patients (5.6%) developed recurrence within 3
years after the start of treatment. The distribution of the recurrence pattern was as follows:
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Table 1. Baseline characteristics of the test cohort and the validation cohort

Characteristics Test cohort (n=251) Validation cohort (n=176) p value

Age (yr) 0.787
Median (range) 57 (28-88) 56.5 (30-80)
<60 152 (60.6%) 103 (58.5%) 0.689
60 99 (39.4%) 73 (41.5%)

Pathological type 0.898
Type 1 207 (82.5%) 144 (81.8%)
Type 2 44 (17.5%) 32 (18.2%)

Mi 0.112
/2 193 (76.9%) 147 (83.5%)
>1/2 58 (23.1%) 29 (16.5%)

LVI 0.362
Negative 185 (73.7%) 137 (77.8%)
Positive 66 (26.3%) 39 (22.2%)

Cervical stromal invasion 0.664
Negative 236 (94%) 168 (95.5%)
Positive 15 (6%) 8 (4.5%)

Peritoneal cytology 1
Negative 291 (88%) 155 (88.1%)
Positive 30 (12%) 21 (11.9%)

Lymphadenectomy 0.311
Negative 209 (83.3%) 139 (79.0%)
Positive 49 (16.7%) 37 (21.0%)

LVI, lymphovascular invasion; MI, myometrial invasion.

8 patients (3.2%) showed locoregional recurrence, 8 patients (3.2%) showed distant
recurrence, and 2 patients (0.7%) showed both locoregional and distant recurrence.

Univariate analysis revealed that every risk factor significantly influenced recurrence.

The risk factor with the highest hazard ratio (HR) in univariate analysis was MI >1/2
(HR=13.5, 95% confidence interval [CI]=3.77-48.5). However, the patients who underwent
lymphadenectomy showed worse RFI (HR=5.19, 95% CI=1.82-014.8). We therefore
conducted multivariate analysis using all risk factors and found that the significant risk
factors were age >60 years (HR=7.49, 95% CI=1.80-31.1), pathological type II (HR=3.66, 95%
CI=1.02-13.1), positive cervical stromal invasion (HR=4.69, 95% CI=1.24-17.7), and positive
ascites on cytology (HR=19.3, 95% CI=4.45-84.0; Table 2). The risk factor with the highest
HR in multivariate analysis was positive ascites on cytology.

Logistic regression analysis for 3-year recurrence yielded almost similar results. The
regression coefficients of logistic regression analysis were as follows: age >60 years, 2.49;
pathological type 2, 1.61; cervical stromal invasion positive, 2.10; and positive peritoneal

Table 2. Hazard ratios for recurrence-free survival in univariate and multivariate analyses in the test cohort (n=251)

Risk factor Univariate analysis Multivariate analysis

HR 95% Cl p value HR 95% Cl p value
Age (260 years) 5.86 1.63-21 0.007 7.49 1.80-31.1 0.006
Pathological type (type 2) 6.72 2.33-19.4 <0.001 3.66 1.02-13.1 0.046
MI (21/2) 13.5 3.77-48.5 <0.001 4.26 0.86-21.3 0.077
LVI (positive) 7.57 2.37-24.1 <0.001 3.43 0.75-15.7 om
Cervical stromal invasion (positive) 6.71 2.10-21.4 0.001 4.69 1.24-17.7 0.023
Peritoneal cytology (positive) 3.25 1.02-10.4 0.047 19.3 4.45-84.0 <0.001
Lymphadenectomy (negative) 0.19 0.06-0.55 0.002 0.68 0.20-2.26 0.525
Cl, confidence interval; HR, hazard ratio; LVI, lymphovascular invasion; MI, myometrial invasion.
https://ejgo.org https://doi.org/10.3802/jg0.2019.30.€8 5/10
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Fig. 1. RFI of patients in the test cohort. Survival curves according to the (A) overall recurrence prediction score and (B) high or low risk for recurrence score.
RFI, recurrence-free interval; RFS, recurrence-free survival; RPS, recurrence prediction score.

cytology, 2.89. From the result of logistic regression analysis, we defined each score as 1. In
the test cohort, the 3-year RFI rates for each RPS score were as follows: RPS 0, 100%; RPS

1, 95.8%; RPS 2, 79.9%; and RPS 3, 33.3% (Fig. 1A). No patient had an RPS score of 4. We
defined the low-RPS group as having RPS scores of O or 1, and the high-RPS group as having
RPS scores of 2 or 3. The 3-year RFI was significant different between these two groups in the
test cohort: 97.7% in the low-RPS group and 71.1% in the high-RPS group (p<0.001, Fig. 1B).
The HR of recurrence in the low-RPS group was 13.5 (95% CI=4.5-40.3).

3. Validation cohort

A total of 176 patients were enrolled in the validation cohort. The median follow-up
duration was 5.2 years (range, 1.7-10.1 years), and 13 patients (7.4%) developed recurrence
within 3 years after the start of treatment. The distribution of the recurrence pattern was

as follows: 5 patients (2.8%) showed locoregional recurrence, 11 patients (6.3%) showed
distant recurrence, and 3 patients (1.7%) showed both locoregional and distant recurrence.
We applied our RPS system to the validation cohort, and the score distributions are shown
in Table 3.

The Kaplan-Meier curve for RFI according to the RPS system is shown in Fig. 2. The 3-year

RFI was significantly higher in the low-RPS group than that in the high-RPS group (95.2% vs.
79.9%, p<0.0001). The HR of recurrence in the low-RPS group was 5.5 (95% CI=2.0-15.1).

Table 3. Distribution of RPS score in the test cohort and the validation cohort

RPS score Risk group Test cohort (n=251) Validation cohort (n=176)

Score Group Score Group
0 Low risk 101 (40.2%) 219 (87.3%) 78 (44.3%) 146 (83.0%)
1 Low risk 118 (47.0%) 219 (87.3%) 68 (38.6%) 146 (83.0%)
2 High risk 926 (10.4%) 39 (12.7%) 24 (13.6%) 30 (17.0%)
3 High risk 6 (2.4%) 32 (12.7%) 6 (3.4%) 30 (17.0%)

The risk factors in the RPS system were age >60 years, pathological type 2, positive cervical stromal invasion, and positive ascites on cytology.
RPS, recurrence prediction score.
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Fig. 2. RFI of the patients in the validation cohort. Survival curves according to the (A) overall recurrence prediction score and (B) high or low risk for recurrence score.
RFI, recurrence-free interval; RFS, recurrence-free survival; RPS, recurrence prediction score.
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Table 4. Sensitivity, PPV, NPV, and C-index for recurrence within the first 3 years in the patients followed up for at
least 3 years

Variables Test cohort Validation cohort
Sensitivity 64.3% 46.2%
Specificity 90.6% 87.2%
PPV 32.1% 23.1%
NPV 97.3% 95.1%
C-index 0.774 0.618

NPV, negative predictive value; PPV, positive predictive value.

The sensitivity, specificity, PPV, NPV, and C-index for 3-year survival in the test cohort and
the validation cohort 64.3% and 46.2%, 90.6% and 87.2%, 32.1% and 23.1%, 97.3 and 95.1%,
and 0.774 and 0.618, respectively (Table 4). The sensitivity and PPV are low because of the
very low rate of recurrence in our cohort. As such, our system is considered to have good
discrimination capability.

4. Comparison with the JSGO guideline

According to the risk classification of the JSGO guideline, the test and validation cohort
were divided into 3 groups. In the test cohort, the low-, intermediate-, and high-risk group
comprised 141 (56.2%), 72 (28.7%), and 38 (15.1%) patients, respectively, and the 3-year RFI
was 98.6%, 94.4%, and 78.9%, respectively. In the validation cohort, the low-, intermediate-,
and high-risk group comprised 96 (54.5%), 43 (24.4%), and 37 (21.0%), respectively, and the
3-year RFI was 97.9%, 90.6%, and 80.3%, respectively.

Meanwhile, the patients were divided into 2 groups according to our RPS system. The low-
and high-risk groups in the test cohort comprised 219 (87.3%) and 32 (12.7%) patients,
respectively, and the 3-year RFI was 97.7% and 71.1%, respectively. In the validation cohort,
the low- and high-risk group comprised 146 patients (83.0%) and 30 (17.0%) patients,
respectively, and the 3-year RFI was 95.2% and 79.9%, respectively.
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DISCUSSION

Our findings showed that our RPS system has a good predictive capability and significant
reproducibility for the baseline risk of recurrence in stage I-II endometrial cancer. We also
found that the patients in the high RPS group had poor prognosis; thus, they may be good
candidates for adjuvant therapy.

Prior studies have attempted to classify stage I-II endometrial carcinoma according to
pathological risk factors [7,18]. However, no consensus has been achieved, and the scoring
systems used have not been validated. In this trial, we constructed the RPS system based on
postoperative risk factors in a test cohort, and then validated the system in a validation cohort.

The patients in the high RPS group had poor prognosis; thus, it is possible that the therapeutic
effect of adjuvant therapy exceeds the risk of adverse effect in this group. In patients with stage
III-IV endometrial cancer, chemotherapy with doxorubicin—cisplatin significantly improved
progression-free survival and overall survival compared with whole-abdominal irradiation [19].
Meanwhile, there is no strong evidence that radiotherapy or chemotherapy improves survival
after surgery in stage [-II endometrial carcinoma. Although adjuvant brachytherapy improves
local control after surgery, it is rarely performed in Japan because surgery is the preferred
modality for achieving local control. At our institution, we do not administer any adjuvant
therapy to patients with uterine body cancer who have no residual tumor or extra-uterine
metastasis. Meanwhile, we considered that the risk factors for relapse should be determined
because we encountered patients with stage I-II who had recurrence. In our study, the patients
in the high RPS group had a poor 3-year RFI (71.1% in the test cohort and 75.9% in the validation
cohort). These patients had the potential to obtain greater absolute risk reduction from adjuvant
therapy compared with the low RPS group. Our results showed that recurrence is not only
limited to locoregional recurrence, indicating that systemic chemotherapy must be considered
to control distant recurrence. However, there is limited evidence about the clinical benefit of
adjuvant chemotherapy for patients with stage I-II endometrial carcinoma. As such, clinical
trials to evaluate the role of adjuvant chemotherapy for patients with high RPS are warranted.

Older age, higher pathological tumor grade, MI, LVI, cervical stromal invasion, and
peritoneal cytology are the prognostic factors for endometrial cancer [4-9]. Our multivariate
analysis showed that except for myometrial and LVI, all these were significant predictive
factors. In particular, positive peritoneal cytology correlated the most strongly with

poor prognosis (HR=18.9). In the FIGO 2009 staging system, peritoneal cytology is not
associated with clinical stage, and positive peritoneal cytology is indeed not considered as an
independent prognostic factor in endometrial cancer. However, some reports have shown a
relation between positive peritoneal cytology and poor prognosis in patients with early stage
endometrial carcinoma [9,20]. Although Ml is considered to be among the most important
prognostic factors for endometrial cancer, multivariate analysis in our study showed no
association between MI and prognosis. This finding was similar to that of a prior study in
which deep MI had no significant effect on prognosis in multivariate analysis [8].

The extent of lymphadenectomy did not affect RFI in our study, and the findings of prior
research on the effect of extent lymphadenectomy was unclear [21,22]. We hypothesized that
the effect of extent lymphadenectomy was unlikely to have a significant impact on recurrence
in our cohort. Moreover, there were few patients who had recurrence in the pelvic or para-
aortic area (8/427,1.9%).

https://doi.org/10.3802/jg0.2019.30.€8 8/10
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A novelty of this study is that this is the first RPS system for predicting the baseline risk of
recurrence of stage I-II endometrial carcinoma based on prognostic factors. Moreover, the
system developed was validated in another cohort. Although the sensitivity of our system is
not very high, the recurrence rate of stage I-II endometrioid carcinoma is very low, and our
system is not inferior to the risk classification of the JSGO guideline. Moreover, more patients,
whose 3-year RFI was very high, could be better classified into the low RPS group than based
on the JSGO guideline (56.2% vs. 87.3% in test cohort, 54.5% vs. 83% in the validation cohort).
Identifying the patients who did not need adjuvant therapy is important in clinical practice,
and our system is applicable and can be used to this end. Meanwhile, some reports suggest
that the genomic features of endometrial carcinomas permit a reclassification of the risk

for recurrence [23]. Currently, genomic array- and sequencing-based technologies are not
commonly used. Thus, it may be necessary to develop a new recurrence prediction system that
includes both clinicopathological prognostic factors and genomic prognostic factors, and our
system can be a basis for developing a more accurate recurrence prediction system.

One of the limitations of this study was that it was a single-institutional analysis. We
designed this study suitable to carry out internal validation. Actually, we need to analysis and
perform external validation with larger cohort. Although a multi-institutional prospective
study would allow better analysis, it was difficult to conduct because postoperative
treatments have been performed in recent trials and clinical practice. Second, we did not
evaluate the overall survival in this study because of the relatively short follow-up period.

In conclusion, our RPS system is simple and easy to use in clinical practice. Its high
predictive value and reproducibility are helpful in deciding the need for adjuvant therapy of
patients with stage I-II endometrial cancer. Further studies are needed to prove that adjuvant
therapy significantly improves survival in patients with high RPS scores.
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