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Abstract

Objective.—To examine the association between ovarian conservation and oncologic outcome in 

surgically-treated young women with early-stage, low-grade endometrial cancer.

Methods.—This multicenter retrospective study examined women aged <50 with stage I grade 

1–2 endometrioid endometrial cancer who underwent primary surgery with hysterectomy from 

2000 to 2014 (US cohort n = 1196, and Japan cohort n = 495). Recurrence patterns, survival, and 

the presence of a metachronous secondary malignancy were assessed based on ovarian 

conservation versus oophorectomy.

Results.—During the study period, the ovarian conservation rate significantly increased in the 

US cohort from 5.4% to 16.4% (P = 0.020) whereas the rate was unchanged in the Japan cohort 

(6.3–8.7%, P = 0.787). In the US cohort, ovarian conservation was not associated with disease-free 

survival (hazard ratio [HR] 0.829, 95% confidence interval [CI] 0.188–3.663, P = 0.805), overall 

survival (HR not estimated, P = 0.981), or metachronous secondary malignancy (HR 1.787, 95% 

CI 0.603–5.295, P = 0.295). In the Japan cohort, ovarian conservation was associated with 

decreased disease-free survival (HR 5.214, 95% CI 1.557–17.464, P = 0.007) and an increased risk 

of a metachronous secondary malignancy, particularly ovarian cancer (HR 7.119, 95% CI 1.349–

37.554, P = 0.021), but was not associated with overall survival (HR not estimated, P = 0.987). 

Ovarian recurrence or metachronous secondary ovarian cancer occurred after a median time of 5.9 

years, and all cases were salvaged.
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Conclusion.—Our study suggests that adoption of ovarian conservation in young women with 

early-stage low-grade endometrial cancer varies by population. Ovarian conservation for young 

women with early-stage, low-grade endometrial cancer may be potentially associated with 

increased risks of ovarian recurrence or metachronous secondary ovarian cancer in certain 

populations; nevertheless, ovarian conservation did not negatively impact overall survival.
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1. Introduction

Endometrial cancer is the sixth most common female malignancy worldwide, with 319,600 

new estimated diagnoses in 2012. The incidence of endometrial cancer has increased 

globally, including in North America and Asia [1]. The vast majority of women with 

endometrial cancer present with early-stage disease that carries a good prognosis with 

surgical therapy alone [2,3]. The standard surgical treatment for early-stage disease is total 

hysterectomy, salpingo-oophorectomy, with lymphadenectomy reserved for high-risk 

patients [4]. The proposed rationale for oophorectomy is that the ovary can be a site of 

metastasis or synchronous/metachronous ovarian cancers, and is a source of estrogen that 

can be eliminated [5,6].

As the result of oophorectomy, young women with endometrial cancer will suffer from 

surgical menopause. The diagnosis of endometrial cancer at a young age is not uncommon, 

and approximately one in eight women with this disease are estimated to be premenopausal 

at diagnosis, and this number has increased by nearly 2% annually from the mid-1970s to 

the mid-2000s (Supplemental Fig. S1) [2]. Surgical menopause has major health 

implications in both the short- and long-term [7], and multiple studies have demonstrated 

that surgical menopause is associated with cardiovascular morbidity and mortality in young 

women [8-13]. Thus, ovarian conservation has been considered in young women with early-

stage low-grade endometrial cancer to prevent surgical menopause.

The safety and oncologic outcomes related to ovarian conservation have previously been 

examined in early-stage endometrial cancer [14-23]. Although the number of past studies is 

limited and utilization of ovarian conservation remains low, these available studies suggest 

that ovarian conservation may not be associated with decreased overall survival compared to 

oophorectomy. However, recurrence patterns and secondary malignancy following ovarian 

conservation have not been completely examined. The objective of the study was to examine 

recurrence, survival, and secondary malignancy rates among women with early-stage low-

grade endometrial cancer who underwent ovarian conservation at hysterectomy.

2. Patients and methods

2.1. Eligibility

This is a multicenter retrospective study conducted at 23 institutions: 13 institutions in the 

United States and 10 institutions in Japan. Institutional Review Board approval was obtained 
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at each participating institution. An institutional database for endometrial cancer was 

queried at each participating site, and women aged <50 years who had hysterectomy-based 

treatment for stage I low-grade endometrial cancer between 2000 and 2014 were eligible for 

the study. This starting time point of the study period was chosen because ovarian 

conservation is a relatively new practice. Exclusion criteria included age ≥50 years, non-

endometrial cancer, high-grade or unknown grade endometrial cancer, endometrial 

hyperplasia, stage II–IV disease, absence of hysterectomy, neoadjuvant chemotherapy or 

radiotherapy, and synchronous malignancy at the time of hysterectomy.

2.2. Clinical information

Patient demographics, tumor characteristics, treatment types, and survival were abstracted 

from archived medical records. Patient demographics at diagnosis included age, year, race/

ethnicity, body mass index (BMI, kg/m2), parity (0,1, and ≥2), medical comorbidity 

(hypertension, diabetes mellitus, and hypercholesterolemia), medication type (metformin, 

statins, aspirin, and beta-blocker), cigarette use, personal history of malignancy (breast, 

ovarian, colorectal, and others), and personal history of adnexal surgery.

Tumor characteristics included pretreatment CA-125 level (<35 versus ≥35 IU/L), histologic 

type, tumor differentiation (well- versus moderately-differentiated), depth of myometrial 

tumor invasion (<50% versus ≥50%), cervical mucosal invasion, lympho-vascular space 

invasion, tumor size (≤2 versus >2 cm), peritoneal cytology results (no malignancy, atypical 

cells, or malignant cells), and hormonal receptor status (estrogen and progesterone 

receptors).

Treatment types included hysterectomy route (total abdominal hysterectomy, minimally-

invasive surgery [MIS], and others), adnexal surgery (oophorectomy versus ovarian 

conservation), performance of lymphadenectomy (pelvic and/or para-aortic) and number of 

sampled nodes, adjuvant therapy (radiotherapy and chemotherapy), hormonal therapy prior 

to hysterectomy, and estrogen replacement therapy (ERT) after surgery. Survival information 

included follow-up time, disease status, and vital status. Among recurrent cases, anatomical 

site and salvage therapy were abstracted. Information for secondary primary cancer (SPC) 

was also collected during the follow-up after surgical treatment.

2.3. Study definition

The age cutoff of <50 was chosen per a prior study [19]. Obesity classification was per the 

CDC criteria (normal/underweight, overweight, and class I, II, and III obesity) [24]. Stage I 

disease was defined as T1a-b/N0-x/M0-x per the 2009 FIGO system [25]. Histology type 

was based on the final surgical specimen, and low-grade endometrial cancer was defined as 

well-/moderately-differentiated endometrioid endometrial cancer as previously described 

[19,26]. Ovarian conservation was defined as the retention of at least one ovary at the time 

of hysterectomy for endometrial cancer and was based on the past history of adnexal surgery 

and intraoperative findings at hysterectomy. Absence of any ovary was grouped as 

oophorectomy.

Disease-free survival (DFS) was defined as the time interval between hysterectomy and the 

first disease recurrence or death due to endometrial cancer. Overall survival (OS) was 
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defined as the time interval between hysterectomy and death from any cause. Women 

without a survival event were censored at the last follow-up. SPC diagnosed >2 months after 

endometrial cancer was regarded as metachronous SPC whereas SPC diagnosed at the same 

time or within 2 months of endometrial cancer were regarded synchronous SPC [27].

In this study, we introduced a composite endpoint for outcome analysis. In this approach, 

oncologic outcome from endometrial cancer, all-cause mortality, and metachronous 

secondary malignancy were assessed together, and the time interval from hysterectomy to 

any of these events, whichever came first, was assessed. Additionally, the risk of ovarian 

recurrence of endometrial cancer or metachronous secondary ovarian cancer, termed as an 

ovarian adverse event, was assessed among the ovarian conservation group. The rationale for 

this approach is that distinguishing between endometrial cancer recurrence at the ovary and 

a metachronous secondary ovarian is difficult, and both are considered as adverse events 

related to ovarian conservation [20].

2.4. Statistical considerations

The US and Japan cohorts were analyzed separately. Differences in continuous and 

categorical variable were assessed with Student t or chi-square test, as appropriate. Binary 

logistic regression models were fitted to identify the independent factors for ovarian 

conservation. All preoperative factors with P < 0.05 on univariable analysis were entered in 

the initial model, and a conditional backward method was used to retain only the factors 

with P < 0.05 in the final model. Magnitude of statistical significance was expressed with 

odds ratio (OR) and 95% confidence interval (CI).

Joinpoint Trend Software (version 4.4.0.0, National Cancer Institute, Bethesda, MD, USA) 

was used to assess the temporal trends of ovarian conservation [28]. Time increments were 

grouped by every three calendar years to provide percent frequencies with CIs. The linear 

segmented regression test was used for the analysis, and log-transformation was performed 

to determine annual percent change of the slope with 95% CI [29]. A classification-tree 

model with a recursive partitioning analysis was constructed to assess the utilization patterns 

of ovarian conservation [30]. All independent preoperative factors of ovarian conservation 

were fitted in the analysis, and a chi-square automatic interaction detector method was used 

to construct the model.

The Kaplan-Meier method was used to construct the survival or cumulative risk curves, and 

differences in the curves were assessed with log-rank tests. A Cox proportional hazard 

regression model was used to estimate hazard ratio (HR) with 95% CI for outcome analysis. 

Multivariable analysis was not pre-planned as we assumed that the prognosis of young 

women with early-stage low-grade endometrial cancer is generally good and there would not 

be adequate survival events or metachronous SPC cases to perform multivariable analysis in 

our study [19,20]. Instead, a parsimonious adjustment by age alone was fitted as age is the 

strongest factor for use of ovarian conservation and survival in young women with 

endometrial cancer [19].

For sensitivity analysis, a group of women who received ERT in the oophorectomy group 

was compared to the ovarian conservation group. This group was chosen because ERT has 
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historically been an option for post-oophorectomy hormone replacement therapy in young 

women but its effect has not been completely addressed in the endometrial cancer population 

[31]. Inter-group comparison for characteristics and outcome between the US and Japan 

cohorts was also examined as these two populations possess distinct difference in body 

habitus, a major epidemiological factor for endometrial cancer (obesity rates, 38.2% in the 

US versus 3.7% in Japan) [32]. In addition, association of ovarian conservation and survival 

outcome was adjusted for the presence of lympho-vascular space invasion and depth of 

myometrial tumor invasion, tumor factors that are known to impact prognosis.

All analyses were based on two-tailed hypotheses, and a P < 0.05 was considered 

statistically significant. Statistical Package for Social Sciences (SPSS, version 24.0, IBM 

Corp, Armonk, NY, USA) was used for the statistical analysis. The STROBE guidelines 

were consulted to outline the retrospective observational cohort study [33].

3. Results

3.1. Study cohorts

The selection schema is shown in Supplemental Fig. S2. The US cohort included 1196 

women and there were 113 (9.4%, 95% CI 7.8–11.1) women who had ovarian conservation 

at hysterectomy. The Japan cohort consisted of 495 women including 43 (8.7%, 95% CI 

6.21–1.1) women in the ovarian conservation group. Overall ovarian conservation rates were 

similar between the two groups (P = 0.623).

3.2. Trends of ovarian conservation

There was a significant increase in the ovarian conservation rate in the US cohort from 5.4% 

to 16.4% during the study period (3-fold increase, P = 0.020; Fig. 1). From 2012 to 2014 

approximately one in 6 women had ovarian conservation at the time of hysterectomy. In the 

Japan cohort, the rate of ovarian conservation remained largely unchanged during the study 

period (from 6.3% to 8.7%, P = 0.787; Fig. 1).

3.3. Baseline characteristics

In the US cohort (Tables 1-2), women in the ovarian conservation group were more likely to 

be younger, Hispanic/Asian, nulliparous, have received hormonal therapy prior to 

hysterectomy, have undergone MIS, and to have had small tumors as compared to those in 

the oophorectomy group (all, P < 0.05). They were less likely to have a comorbidity or to 

have undergone lymphadenectomy (P < 0.05). Younger age, recent year of diagnosis, prior 

hormonal therapy, and MIS remained independent preoperative factors associated with 

ovarian conservation in a multivariable analysis (Supplemental Table S1).

In the Japan cohort (Tables 1-2), women who had ovarian conservation were more likely to 

be younger, nulliparous, and have received prehysterectomy hormonal therapy but were less 

likely to have undergone pelvic lymphadenectomy compared to those who underwent 

oophorectomy (all, P < 0.05). Age and prior hormone therapy remained independent 

preoperative factors for ovarian conservation on multivariable analysis (Supplemental Table 

S2).
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3.4. Pattern of ovarian conservation

In the US cohort (Supplemental Fig. S3), age was the strongest factor associated with 

ovarian conservation followed by hysterectomy type, and year of surgery. Women aged ≤36 

who had MIS hysterectomy had the highest ovarian conservation rate (33.3%), and none of 

the women aged ≥48 who had hysterectomy in 2012 or prior had ovarian conservation (P < 

0.05). In the Japan cohort, age was the only factor associated with ovarian conservation in 

the model. Women aged ≤41 years had a higher rate of ovarian conservation (19.3%) than 

those aged ≥42 (2.3%, P < 0.001).

3.5. Oncologic outcome and overall survival

In the US cohort, the median follow-up was 4.1 (IQR 1.5–9.5) years, and there were 25 

recurrences and 20 deaths noted. After controlling for age (Table 3), the ovarian 

conservation group had similar DFS compared to the oophorectomy group (adjusted-HR 

0.829, 95% CI 0.188–3.663, P = 0.805; Fig. 2A). No deaths were noted in the ovarian 

conservation group, and 5-year OS rates were similar between the groups (100% versus 
98.5%, P = 0.981; Fig. 2B).

In the Japan cohort, the median follow-up was 5.1 (IQR 3.5–7.7) years, with 17 recurrences 

and 8 deaths noted. After controlling for age (Table 3), ovarian conservation was 

significantly associated with decreased DFS (HR 5.211, 95% CI 1.554–17.473, P = 0.007; 

Fig. 2C) compared to oophorectomy. When stratified by anatomical location, the ovarian 

conservation group had more local-recurrences compared to the oophorectomy group (P = 

0.012). However, no deaths were noted in the ovarian conservation group, and 5-year OS 

rates were similar between the two group (100% versus 98.3%, P = 0.987; Fig. 2D). Similar 

results were observed after controlling for tumor factors (supplemental Table S3).

3.6. Secondary malignancy after treatment

There were 36 and 9 metachronous SPC's in the USA and Japan cohort, respectively. 

Ovarian conservation was not associated with any metachronous secondary malignancy in 

the US cohort (adjusted-HR 1.787, 95% CI 0.603–5.295, P = 0.295; Fig. 2E). Conversely, 

women in the Japan cohort with ovarian conservation had a higher risk for developing a 

metachronous secondary malignancy (adjusted-HR 7.119, 95% CI 1.349–37.554, P = 0.021; 

Fig. 2F) with ovarian cancer being the most common malignancy type (3 out of 9).

3.7. Composite endpoint outcome

Cumulative risks of endometrial cancer recurrence, death, or secondary malignancy were 

assessed (Table 3). In the US cohort, ovarian conservation was not associated with the 

composite endpoint (adjusted-HR 1.192, 95% CI 0.500–2.840, P = 0.692; Fig. 3A). In the 

Japan cohort, women in the ovarian conservation group had increased risks of composite 

endpoint outcomes compared to those who had oophorectomy (adjusted-HR 4.592, 95% CI 

1.722–12.244, P = 0.002; Fig. 3B).
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3.8. US versus Japan cohort

Age was similar between the cohorts (P = 0.216). When compared to the US cohort, women 

in the Japan cohort had a lower BMI (mean, 25.7 versus 38.3) with more than half having a 

normal or underweight body habitus (55.6% versus 12.0%); were more likely to have well-

differentiated (85.3% versus 78.0%), large tumors (>2 cm, 48.7% versus 39.2%), and have 

abnormal peritoneal cytology (9.9% versus 6.1%) (all, P < 0.05; Supplemental Tables S4-5). 

Compared to the Japan cohort, women in the US cohort were more likely to have class III 

obesity (41.1% versus 5.1%) and a medical comorbidity. Tumors in the US cohort were 

more likely to express estrogen (97.8% versus 86.1%) and progesterone (95.4% versus 
86.1%) receptors among those tested (all, P < 0.05). The US cohort had higher risk of 

metachronous secondary malignancy compared to the Japan cohort (HR 2.231, 95% CI 

1.074–4.636, P = 0.031), but OS was similar between the two cohorts (HR 0.707, 95% CI 

0.311–1.607, P = 0.406; Fig. 3C).

3.9. Ovarian adverse event after ovarian conservation

The risk of an ovarian adverse event was examined among those who had ovarian 

conservation at the time of hysterectomy (n = 156). There was 1 event (isolated ovarian 

recurrence) among 113 women in the US cohort whereas there were 5 events (2 isolated 

ovarian recurrences, and 3 secondary ovarian cancers) among 43 women in the Japanese 

cohort with a median time to event of 5.9 years. Women in the Japan cohort had a non-

statistically significant increased risk of an ovarian adverse event compared to the US cohort 

(HR 6.362, 95% CI 0.718–56.4, P = 0.061; Fig. 3D). All women with an ovarian adverse 

event underwent salvage therapy and were alive at the last follow-up.

3.10. ERT versus ovarian conservation

In the US cohort, 107 women who received ERT in the oophorectomy group were compared 

to 113 women who had ovarian conservation (Fig. 3E), and the ERT group had DFS similar 

to the ovarian conservation group (HR 0.863, 95% CI 0.121–6.142, P = 0.883). In the Japan 

cohort, 40 women who received ERT in the oophorectomy group were compared to 43 

women who had ovarian conservation (Fig. 3F), and ovarian conservation was associated 

with decreased DFS compared to ERT (HR not estimated, P = 0.036). No deaths noted in 

either group. ERT rates among the oophorectomy groups were similar between the two 

cohorts, and did not change during the study period (both, P > 0.05).

4. Discussion

Key findings of our study are that adoption of ovarian conservation and outcomes of young 

women with early-stage low-grade endometrial cancer differed across the two study 

populations. Specifically, in the US cohort where there was an increase in the ovarian 

conservation rate, ovarian conservation was not associated with adverse oncologic outcome. 

Conversely, in the Japan cohort where the ovarian conservation rate remained low, ovarian 

conservation was associated with increased ovarian adverse events. Nevertheless, ovarian 

conservation did not negatively impact overall survival.
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No previous studies have examined the composite outcome of recurrence, death, or 

metachronous secondary malignancy following ovarian conservation for young women with 

early-stage endometrial cancer [14-23]. Some have reported survival only, or together with 

recurrence. One study examined only metachronous secondary ovarian cancer after ovarian 

conservation but there was no control group for comparison [20]. Because (i) ovarian 

recurrence and metachronous secondary ovarian cancer are both ovarian adverse events and 

(ii) metachronous secondary ovarian cancer after ovarian conservation for endometrial 

cancer is difficult to distinguish from ovarian recurrence of endometrial cancer [20], 

assessing these two outcomes together is of benefit when examining the safety and outcome 

of ovarian conservation.

Increasing utilization of ovarian conservation in the US cohort is consistent with what was 

observed in a recent US tumor registry study [19]. It is speculated that the absence of 

adverse events and recognition of the long-term benefits of ovarian hormones may be the 

cause of this trend [8-13]. Yet, as shown in our study and others, ovarian conservation 

remains under-utilized and no clear guidelines exist to identify the best candidates for this 

approach [19,23]. Moreover, our study does not have information regarding institution-

specific algorithms for ovarian conservation. Understanding the safety and efficacy for 

ovarian conservation in young women with early-stage low-grade endometrial cancer is an 

essential step toward developing a needed universal clinical practice guideline.

In the Japan cohort, women who had ovarian conservation had an increased risk of an 

ovarian adverse event. While it is unknown whether these findings apply to the entire 

Japanese population, our study suggests that different patient and tumor characteristics 

between the two cohorts may have resulted in the different outcomes. For instance, women 

in the US cohort exhibited the typical clinical characteristics of endometrial cancer (class III 

obesity, 41.1%) whereas those in the Japan cohort were more likely to be non-obese 

(normal/underweight, 55.6%). Similarly, tumors in the US cohort represent obesity-driven 

estrogen-expressing biology whereas endometrial cancer in the Japan cohort had more 

malignant/atypical cells on peritoneal cytology. This suggests that endometrial cancer in 

Japanese women may have a different mechanism of tumorigenesis.

Endometriosis may be one factor that is associated with non-obese endometrial cancer in 

Japanese women. While controversial, there seems to be a potential epidemiological link 

between endometriosis and an increased risk of endometrial cancer in the Asian population 

[34,35]. Because endometriosis is also associated with an increased risk of ovarian cancer 

via sustained or deep-infiltrating endometriotic lesions [36,37], it may be possible that 

endometrial and ovarian cancers in the Japan cohort were directly and indirectly triggered by 

endometriosis. As our study did not have information regarding the presence of 

endometriosis, further study is warranted to support this hypothesis.

Our results showed that nearly half of the study population had lymphadenectomy at 

hysterectomy (48.4% for the US cohort and 51.1% for the Japanese cohort). Recent 

population-based studies in the United States showed an increasing utilization of 

lymphadenectomy until the late-2000 and the subsequent downtrending for early-stage low-
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grade endometrial cancer [38,39]. Thus, it is speculated that relatively high utilization of 

lymphadenectomy in our study population may be due to the inclusion of older cases.

Strengths of our study include a patient sample which is among the largest in the literature. 

Rigorous eligibility criteria, inclusion of >30 covariates, and comprehensive outcome 

analysis enrich the quality of the data analysis. As ovarian conservation is infrequently 

performed and patients with this disease have a good prognosis, a multicenter retrospective 

observational study is the best approach to examine outcomes in young women with early-

stage low-grade endometrial cancer.

We also acknowledge several limitations in the study. First, inherent to the nature of 

retrospective studies, unmeasured factors that may confound outcomes were not assessable. 

This includes the preoperative and intraoperative decision to perform ovarian conservation, 

menopausal status, family history of ovarian cancer, genetic assessment such as Lynch 

syndrome, and patient/surgeon's perspectives on ovarian conservation, all of which impact 

the decision-making process of ovarian conservation. This study does not have information 

regarding opportunistic salpingectomy at the time of ovarian conservation, and it is unknown 

if metachronous secondary ovarian cancer among conserved cases was via the STIC 

pathway [40]. A prior study showed that metachronous secondary ovarian cancer following 

ovarian conservation for endometrial cancer is more likely to be endometrioid histology, 

implying non-STIC pathway [20].

A relatively short follow-up time is another weakness of the study. This may be particularly 

applicable when analyzing overall survival. As our study population was young (median age, 

42) and from a favorable disease group (stage I low-grade endometrial cancer), a lack of 

prolonged follow-up may have resulted in lead-time bias. Indeed, previous studies which 

have examined young women have shown that the median time to ischemic heart disease 

after early oophorectomy was 4.3 years and that overall survival differences between the 

ovarian conservation and oophorectomy groups started appearing several years after surgery 

[8,19]. This relatively short follow-up in our study mighty be why overall survival between 

the two groups was similar. Moreover, a standard follow-up protocol after surgery was not 

available, and it is unknown whether or not routine periodical systemic imaging as opposed 

to symptom-based follow-up was used in this study which can result in a lead-time bias.

Another limitation is that we did not have outcome information related to surgical 

menopause, including quality-of-life, cardiovascular/osseous biomarkers and events, and 

patient satisfaction/regret after early oophorectomy. A recent prospective study among high-

risk women for hereditary ovarian cancer showed that those who had early oophorectomy 

were more likely to have menopausal symptoms, weight gain, lower physical function, and 

decision regret compared to those who had delayed oophorectomy [41]. In addition, a 

population-based study demonstrated increased cardiovascular events and mortality after 

early oophorectomy [8]. Thus, a lack of assessment of the benefits of ovarian conservation 

weakens the study implications.

While we have examined a relatively large sample size compared to past studies, 

multivariable analysis was not feasible due to the infrequency of outcome events reflecting 
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the favorable prognosis in young women with early-stage low-grade endometrial cancer as 

above. Thus, complete risk and outcome assessment remain missing. Further study with a 

larger sample size would be necessary to examine risks and benefits of this treatment 

approach. This is particularly applicable to the Japan cohort. Despite a statistically increased 

risk of ovarian adverse events in this cohort, there were only 43 cases of ovarian 

conservation making the results of the analysis difficult to extrapolate to broad populations.

An additional study limitation is the lack of central pathology review. This is specifically 

relevant for the evaluation of ovarian adverse events to distinguish ovarian recurrence from a 

new primary ovarian cancer. Lastly, there may be variability in pathological testing or 

interpretation between the two countries, like tumor differentiation or lympho-vascular space 

invasion that could potentially affect the results of this study.

In summary, our study found that ovarian conservation is not negatively associated with 

overall survival in young women with early-stage low-grade endometrial cancer. Ovarian 

conservation can harbor certain risks for ovarian adverse event such as micro-metastasis 

(0.8% in apparently normal ovary) [42], synchronous ovarian cancer (1.7%) [6], and 

metachronous ovarian cancer (1.2%) (combined, 3.7%) [20]. Benefits of ovarian 

conservation include a reduction in ischemic heart disease by 15% and all-cause mortality 

by 27% particularly from heart disease by 50–60% [19]. Therefore, detailed informed 

consent and careful preoperative and intraoperative assessment is necessary to properly 

select candidates for ovarian conservation. As late events are known to occur, patient 

compliance with follow-up should be considered given the need for prolonged surveillance 

after surgery.
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HIGHLIGHTS

• Outcomes following ovarian conservation (OC) for young women with early-

stage low-grade endometrial cancer

• OC rate: increased in US cohort but not in Japan cohort

• Recurrence after OC: increased in the Japan cohort but not increased in the 

US cohort

• Secondary primary cancer after OC: increased in the Japan cohort (ovarian 

cancer), but not increased in the US cohort

• Overall survival after OC: similar to oophorectomy in both cohorts
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Fig. 1. 
Trends of ovarian conservation at hysterectomy. Proportion of women who had ovarian 

conservation at hysterectomy is shown over time for the US cohort (red color, P = 0.020) 

and the Japan cohort (blue color, P = 0.787). Solid lines represent the modeled value. Dots 

represent the observed values. Bars represent 95% confidence interval. (For interpretation of 

the references to color in this figure legend, the reader is referred to the web version of this 

article.)
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Fig. 2. 
Survival outcome and metachronous secondary malignancy. Survival outcome is shown 

based on adnexal surgery status (ovarian conservation versus oophorectomy): (A) DFS and 

(B) OS in the US cohort, (C) DFS and (D) OS in the Japan cohort, and metachronous 

secondary malignancy in (E) the US cohort and (F) the Japan cohort. X-axis is truncated at 

10 years, and Y-axis truncated to 60–100% or 0–40%. Abbreviations: DFS, disease-free 

survival; OS, overall survival; OC, ovarian conservation; and BSO, oophorectomy.
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Fig. 3. 
Composite endpoint, ovarian adverse event, and sensitivity analysis. Composite endpoint 

(recurrence, death, or metachronous secondary malignancy) for (A) the US cohort and (B) 

the Japan cohort is shown per adnexal surgery type (ovarian conservation versus 

oophorectomy). (C) Overall survival and (D) cumulative risk of ovarian adnexal event 

(ovarian recurrence or metachronous secondary ovarian cancer) are shown based on the 

study cohort. Disease-free survival is shown comparing ovarian conservation and ERT for 

(E) the US cohort and (F) the Japan cohort. Abbreviations: OC, ovarian conservation; and 

ERT, estrogen replacement therapy.

Matsuo et al. Page 21

Gynecol Oncol. Author manuscript; available in PMC 2020 October 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matsuo et al. Page 22

Ta
b

le
 1

Pa
tie

nt
 d

em
og

ra
ph

ic
s.

C
ha

ra
ct

er
is

ti
c

U
S 

co
ho

rt
Ja

pa
n 

co
ho

rt

 
O

op
ho

re
ct

om
y

O
va

ri
an

 c
on

se
rv

at
io

n
P

-v
al

ue
O

op
ho

re
ct

om
y

O
va

ri
an

 c
on

se
rv

at
io

n
P

-v
al

ue

N
um

be
r

n 
= 

10
83

n 
= 

11
3

n 
= 

45
2

n 
= 

43

A
ge

 (
ye

ar
s)

42
.6

 (
±

5.
6)

37
.9

 (
±

6.
4)

<
0.

00
1

43
.0

 (
±

5.
6)

36
.3

 (
±

6.
4)

<
0.

00
1

 
<

40
28

9 
(2

6.
7%

)
66

 (
58

.4
%

)
10

7 
(2

3.
7%

)
31

 (
72

.1
%

)

 
≥4

0
79

4 
(7

3.
3%

)
47

 (
41

.6
%

)
34

5 
(7

6.
3%

)
12

 (
27

.9
%

)

Y
ea

r
<

0.
00

1
0.

60
2

 
20

00
–2

00
2

70
 (

6.
5%

)
4 

(3
.5

%
)

30
 (

6.
6%

)
2 

(4
.7

%
)

 
20

03
–2

00
5

14
4 

(1
3.

3%
)

7 
(6

.2
%

)
37

 (
8.

2%
)

6 
(1

4.
0%

)

 
20

06
–2

00
8

24
9 

(2
3.

0%
)

15
 (

13
.3

%
)

69
 (

15
.3

%
)

4 
(9

.3
%

)

 
20

09
–2

01
1

32
9 

(3
0.

4%
)

30
 (

26
.5

%
)

13
8 

(3
0.

5%
)

14
 (

32
.6

%
)

 
20

12
–2

01
4

29
1 

(2
6.

9%
)

57
 (

50
.4

%
)

17
8 

(3
9.

4%
)

17
 (

39
.5

%
)

R
ac

e/
et

hn
ic

ity
<

0.
00

1
n/

a

 
W

hi
te

64
5 

(5
9.

6%
)

49
 (

43
.4

%
)

 
B

la
ck

70
 (

6.
5%

)
5 

(4
.4

%
)

 
H

is
pa

ni
c

20
2 

(1
8.

7%
)

41
 (

36
.3

%
)

 
A

si
an

46
 (

4.
2%

)
12

 (
10

.6
%

)
45

2 
(1

00
%

)
43

 (
10

0%
)

 
O

th
er

s
20

 (
1.

8%
)

3 
(2

.7
%

)

 
U

nk
no

w
n

10
0 

(9
.2

%
)

3 
(2

.7
%

)

O
be

si
ty

38
.4

 (
±

11
.6

)
37

.9
 (

±
10

.9
)

0.
92

7
25

.9
 (

±
7.

1)
24

.1
 (

±
7.

0)
0.

37
8

 
N

or
m

al
/u

nd
er

 w
ei

gh
t

13
0 

(1
2.

0%
)

13
 (

11
.5

%
)

24
7 

(5
4.

6%
)

28
 (

65
.1

%
)

 
O

ve
rw

ei
gh

t
14

2 
(1

3.
1%

)
15

 (
13

.3
%

)
83

 (
18

.4
%

)
6 

(1
4.

0%
)

 
C

la
ss

 I
16

8 
(1

5.
5%

)
17

 (
15

.0
%

)
47

 (
10

.4
%

)
4 

(9
.3

%
)

 
C

la
ss

 I
I

15
8 

(1
4.

6%
)

18
 (

15
.9

%
)

34
 (

7.
5%

)
0

 
C

la
ss

 I
II

44
4 

(4
1.

0%
)

48
 (

42
.5

%
)

23
 (

5.
1%

)
2 

(4
.7

%
)

 
U

nk
no

w
n

41
 (

3.
8%

)
2 

(1
.8

%
)

18
 (

4.
0%

)
3 

(7
.0

%
)

Pa
ri

ty
0.

00
4

0.
00

5

 
0

51
9 

(4
7.

9%
)

71
 (

62
.8

%
)

20
5 

(4
5.

4%
)

26
 (

60
.5

%
)

 
1

17
0 

(1
5.

7%
)

19
 (

16
.8

%
)

58
 (

12
.8

%
)

4 
(9

.3
%

)

Gynecol Oncol. Author manuscript; available in PMC 2020 October 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matsuo et al. Page 23

C
ha

ra
ct

er
is

ti
c

U
S 

co
ho

rt
Ja

pa
n 

co
ho

rt

 
O

op
ho

re
ct

om
y

O
va

ri
an

 c
on

se
rv

at
io

n
P

-v
al

ue
O

op
ho

re
ct

om
y

O
va

ri
an

 c
on

se
rv

at
io

n
P

-v
al

ue

N
um

be
r

n 
= 

10
83

n 
= 

11
3

n 
= 

45
2

n 
= 

43

 
≥2

34
4 

(3
1.

8%
)

18
 (

15
.9

%
)

12
1 

(2
6.

8%
)

2 
(4

.7
%

)

 
U

nk
no

w
n

50
 (

4.
6%

)
5 

(4
.4

%
)

68
 (

15
.0

%
)

11
 (

25
.6

%
)

D
ia

be
te

s 
m

el
lit

us
0.

06
8

0.
99

9

 
N

o
84

9 
(7

8.
4%

)
98

 (
86

.7
%

)
41

1 
(9

0.
9%

)
40

 (
93

.0
%

)

 
Y

es
18

7 
(1

7.
3%

)
14

 (
12

.4
%

)
41

 (
9.

1%
)

3 
(7

.0
%

)

 
U

nk
no

w
n

47
 (

4.
3%

)
1 

(0
.9

%
)

0
0

H
yp

er
te

ns
io

n
0.

00
1

0.
20

7

 
N

o
73

0 
(6

7.
4%

)
95

 (
84

.1
%

)
39

8 
(8

8.
1%

)
41

 (
95

.3
%

)

 
Y

es
30

6 
(2

8.
3%

)
17

 (
15

.0
%

)
54

 (
11

.9
%

)
2 

(4
.7

%
)

 
U

nk
no

w
n

47
 (

4.
3%

)
1 

(0
.9

%
)

0
0

H
yp

er
ch

ol
es

te
ro

le
m

ia
0.

02
7

0.
50

1

 
N

o
89

3 
(8

2.
5%

)
10

4 
(9

2.
0%

)
42

3 
(9

3.
6%

)
42

 (
97

.7
%

)

 
Y

es
14

3 
(1

3.
2%

)
8 

(7
.1

%
)

29
 (

6.
4%

)
1 

(2
.3

%
)

 
U

nk
no

w
n

47
 (

4.
3%

)
1 

(0
.9

%
)

0
0

C
ig

ar
et

te
 u

se
0.

64
7

0.
27

2

 
N

o
84

3 
(7

7.
8%

)
90

 (
79

.6
%

)
26

7 
(5

9.
1%

)
24

 (
55

.8
%

)

 
Y

es
20

4 
(1

8.
8%

)
18

 (
15

.9
%

)
82

 (
18

.1
%

)
5 

(1
1.

6%
)

 
U

nk
no

w
n

36
 (

3.
3%

)
5 

(4
.4

%
)

10
3 

(2
2.

8%
)

14
 (

32
.6

%
)

M
et

fo
rm

in
0.

94
7

0.
68

6

 
N

o
91

7 
(8

4.
7%

)
97

 (
85

.8
%

)
44

1 
(9

7.
6%

)
42

 (
97

.7
%

)

 
Y

es
14

5 
(1

3.
4%

)
14

 (
12

.4
%

)
6 

(1
.3

%
)

1 
(2

.3
%

)

 
U

nk
no

w
n

21
 (

1.
9%

)
2 

(1
.8

%
)

5 
(1

.1
%

)
0

St
at

in
0.

38
5

0.
31

7

 
N

o
96

3 
(8

8.
9%

)
10

5 
(9

2.
9%

)
42

9 
(9

4.
9%

)
43

 (
10

0%
)

 
Y

es
99

 (
9.

1%
)

6 
(5

.3
%

)
16

 (
3.

5%
)

0

 
U

nk
no

w
n

21
 (

1.
9%

)
2 

(1
.8

%
)

7 
(1

.5
%

)
0

A
sp

ir
in

0.
22

4
0.

55
7

 
N

o
10

02
 (

92
.5

%
)

10
9 

(9
6.

5%
)

44
0 

(9
7.

3%
)

43
 (

8.
8%

)

 
Y

es
60

 (
5.

5%
)

2 
(1

.8
%

)
7 

(1
.5

%
)

0

Gynecol Oncol. Author manuscript; available in PMC 2020 October 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matsuo et al. Page 24

C
ha

ra
ct

er
is

ti
c

U
S 

co
ho

rt
Ja

pa
n 

co
ho

rt

 
O

op
ho

re
ct

om
y

O
va

ri
an

 c
on

se
rv

at
io

n
P

-v
al

ue
O

op
ho

re
ct

om
y

O
va

ri
an

 c
on

se
rv

at
io

n
P

-v
al

ue

N
um

be
r

n 
= 

10
83

n 
= 

11
3

n 
= 

45
2

n 
= 

43

 
U

nk
no

w
n

21
 (

1.
9%

)
2 

(1
.8

%
)

5 
(1

.1
%

)
0

B
et

a-
bl

oc
ke

r
0.

80
5

0.
61

5

 
N

o
96

6 
(8

9.
2%

)
10

3 
(9

1.
2%

)
44

2 
(9

7.
8%

)
43

 (
10

0%
)

 
Y

es
96

 (
8.

9%
)

8 
(7

.1
%

)
2 

(0
.4

%
)

0

 
U

nk
no

w
n

21
 (

1.
9%

)
2 

(1
.8

%
)

8 
(1

.8
%

)
0

Pr
io

r 
m

al
ig

na
nc

y
0.

45
5

0.
68

2

 
N

on
e

10
25

 (
94

.6
%

)
11

1 
(9

8.
2%

)
42

9 
(9

4.
9%

)
43

 (
10

0%
)

 
B

re
as

t
18

 (
1.

7%
)

0
12

 (
2.

7%
)

0

 
O

va
ri

an
5 

(0
.5

%
)

0
1 

(0
.2

%
)

0

 
C

ol
or

ec
ta

l
9 

(0
.8

%
)

0
3 

(0
.7

%
)

0

 
O

th
er

s/
un

kn
ow

n
26

 (
2.

4%
)

2 
(1

.8
%

)
7 

(1
.5

%
)

0

C
A

-1
25

 (
IU

/L
)

0.
36

3
0.

21
5

 
<

35
25

8 
(2

3.
8%

)
33

 (
29

.2
%

)
34

0 
(7

5.
2%

)
36

 (
83

.7
%

)

 
≥3

5
33

 (
3.

0%
)

2 
(1

.8
%

)
64

 (
14

.2
%

)
2 

(4
.7

%
)

 
U

nk
no

w
n

79
2 

(7
3.

1%
)

78
 (

69
.0

%
)

48
 (

10
.6

%
)

5 
(1

1.
6%

)

Pr
io

r 
ho

rm
on

e 
th

er
ap

y
<

0.
00

1
<

0.
00

1

 
N

o
88

7 
(8

1.
9%

)
80

 (
70

.8
%

)
42

3 
(9

3.
6%

)
31

 (
72

.1
%

)

 
Y

es
13

3 
(1

2.
3%

)
31

 (
27

.4
%

)
16

 (
3.

5%
)

11
 (

25
.6

%
)

 
U

nk
no

w
n

63
 (

5.
8%

)
2 

(1
.8

%
)

13
 (

2.
9%

)
1 

(2
.3

%
)

M
ea

n 
(±

st
an

da
rd

 d
ev

ia
tio

n)
 o

r 
nu

m
be

r 
(p

er
ce

nt
 p

er
 c

ol
um

n)
 is

 s
ho

w
n.

 P
-v

al
ue

s 
fo

r 
un

iv
ar

ia
bl

e 
an

al
ys

is
. S

ig
ni

fi
ca

nt
 P

-v
al

ue
s 

ar
e 

em
bo

ld
en

ed
.

Gynecol Oncol. Author manuscript; available in PMC 2020 October 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matsuo et al. Page 25

Ta
b

le
 2

T
re

at
m

en
t t

yp
e 

an
d 

pa
th

ol
og

ic
al

 c
ha

ra
ct

er
is

tic
s.

C
ha

ra
ct

er
is

ti
c

U
S 

co
ho

rt
Ja

pa
n 

co
ho

rt

 
O

op
ho

re
ct

om
y

O
va

ri
an

 c
on

se
rv

at
io

n
P

-v
al

ue
O

op
ho

re
ct

om
y

O
va

ri
an

 c
on

se
rv

at
io

n
P

-v
al

ue

N
um

be
r

n 
= 

10
83

n 
= 

11
3

n 
=4

52
n 

= 
43

H
ys

te
re

ct
om

y 
ty

pe
<

0.
00

1
0.

34
9

 
TA

H
64

2 
(5

9.
3%

)
33

 (
29

.2
%

)
25

6 
(5

6.
6%

)
25

 (
58

.1
%

)

 
M

IS
37

5 
(3

4.
6%

)
67

 (
59

.3
%

)
55

 (
12

.2
%

)
8 

(1
8.

6%
)

 
O

th
er

s/
un

kn
ow

n
66

 (
0.

3%
)

13
 (

1.
8%

)
14

1 
(3

1.
2%

)
10

 (
23

.3
%

)

Pe
lv

ic
 ly

m
ph

ad
en

ec
to

m
y

<
0.

00
1

<
0.

00
1

 
N

o
53

3 
(4

9.
2%

)
84

 (
74

.3
%

)
19

6 
(4

3.
4%

)
34

 (
79

.1
%

)

 
Y

es
55

0 
(5

0.
8%

)
29

 (
25

.7
%

)
24

5 
(5

4.
2%

)
8 

(1
8.

8%
)

 
U

nk
no

w
n

0
0

11
 (

2.
4%

)
1 

(2
.3

%
)

Pa
ra

-a
or

tic
 ly

m
ph

ad
en

ec
to

m
y

<
0.

00
1

0.
23

7

 
N

o
81

6 
(7

5.
3%

)
10

4 
(9

2.
0%

)
40

6 
(8

9.
8%

)
42

 (
97

.7
%

)

 
Y

es
26

7 
(2

4.
7%

)
9 

(8
.0

%
)

37
 (

8.
2%

)
1 

(2
.3

%
)

 
U

nk
no

w
n

0
0

9 
(2

.0
%

)
0

Sa
m

pl
ed

 n
um

be
r

 
Pe

lv
ic

11
 (

IQ
R

 6
–1

8)
9.

5 
(I

Q
R

4–
15

)
0.

09
3

24
 (

IQ
R

 1
5–

36
)

15
 (

IQ
R

 3
–2

9)
0.

05
3

 
Pa

ra
-a

or
tic

4 
(I

Q
R

 2
–7

)
2 

(I
Q

R
 1

–4
.5

)
0.

07
6

35
 (

IQ
R

 9
–5

4.
5)

n/
a

n/
a

Po
st

op
 r

ad
io

th
er

ap
y

0.
33

5
0.

99
9

 
N

o
10

18
 (

94
.0

%
)

11
0 

(9
7.

3%
)

45
1 

(9
9.

8%
)

43
 (

10
0%

)

 
Y

es
63

 (
5.

8%
)

3 
(2

.7
%

)
1 

(0
.2

%
)

0

 
U

nk
no

w
n

2 
(0

.2
%

)
0

0
0

Po
st

op
 c

he
m

ot
he

ra
py

0.
47

8
0.

66
6

 
N

o
10

69
 (

98
.7

%
)

11
3 

(1
00

%
)

41
4 

(9
1.

6%
)

41
 (

95
.3

%
)

 
Y

es
11

 (
1.

0%
)

0
36

 (
8.

0%
)

2 
(4

.7
%

)

 
U

nk
no

w
n

3 
(0

.3
%

)
0

2 
(0

.4
%

)
0

E
st

ro
ge

n 
re

pl
ac

em
en

t t
he

ra
py

0.
00

3
0.

29
3

 
N

o
87

5 
(8

0.
8%

)
10

4 
(9

2.
0%

)
39

6 
(8

7.
6%

)
41

 (
95

.3
%

)

 
Y

es
10

7 
(9

.9
%

)
1 

(0
.9

%
)

40
 (

8.
8%

)
1 

(2
.3

%
)

Gynecol Oncol. Author manuscript; available in PMC 2020 October 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matsuo et al. Page 26

C
ha

ra
ct

er
is

ti
c

U
S 

co
ho

rt
Ja

pa
n 

co
ho

rt

 
O

op
ho

re
ct

om
y

O
va

ri
an

 c
on

se
rv

at
io

n
P

-v
al

ue
O

op
ho

re
ct

om
y

O
va

ri
an

 c
on

se
rv

at
io

n
P

-v
al

ue

N
um

be
r

n 
= 

10
83

n 
= 

11
3

n 
=4

52
n 

= 
43

 
U

nk
no

w
n

10
1 

(9
.3

%
)

8 
(7

.1
%

)
16

 (
3.

5%
)

1 
(2

.3
%

)

T
um

or
 d

if
fe

re
nt

ia
tio

n
0.

07
3

0.
17

6

 
W

el
l

83
7 

(7
7.

3%
)

96
 (

85
.0

%
)

38
2 

(8
4.

5%
)

40
 (

93
.0

%
)

 
M

od
er

at
e

24
6 

(2
2.

7%
)

17
 (

15
.0

%
)

70
 (

15
.5

%
)

3 
(7

.0
%

)

M
yo

m
et

ri
al

 in
va

si
on

0.
09

5a
0.

99
9

 
<

50
%

10
09

 (
93

.2
%

)
11

0 
(9

7.
3%

)
41

6 
(9

2.
0%

)
40

 (
93

.0
%

)

 
≥5

0%
72

 (
6.

6%
)

3 
(2

.7
%

)
36

 (
8.

0%
)

3 
(7

.0
%

)

 
U

nk
no

w
n

2 
(0

.2
%

)
0

0
0

C
er

vi
ca

l m
uc

os
a 

in
vo

lv
em

en
t

0.
73

4a
0.

61
2

 
N

o
10

67
 (

98
.5

%
)

11
0 

(9
7.

3%
)

44
0 

(9
7.

3%
)

43
 (

10
0%

)

 
Y

es
15

 (
1.

4%
)

2 
(1

.8
%

)
12

 (
2.

7%
)

0

 
U

nk
no

w
n

1 
(0

.1
%

)
1 

(0
.9

%
)

0
0

LV
SI

0.
99

6a
0.

66
9a

 
N

o
10

26
 (

94
.7

%
)

10
4 

(9
2.

0%
)

39
2 

(8
6.

7%
)

40
 (

93
.0

%
)

 
Y

es
48

 (
4.

4%
)

5 
(4

.4
%

)
27

 (
6.

0%
)

2 
(4

.7
%

)

 
U

nk
no

w
n

9 
(0

.8
%

)
4 

(3
.5

%
)

33
 (

7.
3%

)
1 

(2
.3

%
)

T
um

or
 s

iz
e 

(c
m

)
0.

02
4a

0.
27

0a

 
≤2

47
3 

(4
3.

7%
)

61
 (

54
.0

%
)

12
7 

(2
8.

1%
)

13
 (

30
.2

%
)

 
>

2
43

5 
(4

3.
5%

)
34

 (
30

.1
%

)
22

6 
(5

0.
0%

)
15

 (
34

.9
%

)

 
U

nk
no

w
n

17
5 

(1
6.

2%
)

18
 (

15
.9

%
)

99
 (

21
.9

%
)

15
 (

34
.9

%
)

Pe
ri

to
ne

al
 c

yt
ol

og
y

0.
36

1a
0.

10
6a

 
N

o 
m

al
ig

na
nc

y
82

5 
(7

6.
2%

)
69

 (
61

.1
%

)
38

1 
(8

4.
3%

)
36

 (
83

.7
%

)

 
M

al
ig

na
nt

/a
ty

pi
ca

l c
el

ls
63

 (
5.

8%
)

10
 (

8.
8%

)
48

 (
10

.6
%

)
1 

(2
.3

%
)

 
N

ot
 e

xa
m

in
ed

19
5 

(1
8.

0%
)

34
 (

30
.1

%
)

23
 (

5.
1%

)
6 

(1
4.

0%
)

E
st

ro
ge

n 
re

ce
pt

or
0.

47
1a

0.
55

9a

 
N

ot
 e

xp
re

ss
ed

4 
(0

.4
%

)
0

5 
(1

.1
%

)
0

 
E

xp
re

ss
ed

15
4 

(1
4.

2%
)

20
 (

17
.7

%
)

29
 (

6.
4%

)
2 

(4
.7

%
)

Gynecol Oncol. Author manuscript; available in PMC 2020 October 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matsuo et al. Page 27

C
ha

ra
ct

er
is

ti
c

U
S 

co
ho

rt
Ja

pa
n 

co
ho

rt

 
O

op
ho

re
ct

om
y

O
va

ri
an

 c
on

se
rv

at
io

n
P

-v
al

ue
O

op
ho

re
ct

om
y

O
va

ri
an

 c
on

se
rv

at
io

n
P

-v
al

ue

N
um

be
r

n 
= 

10
83

n 
= 

11
3

n 
=4

52
n 

= 
43

 
N

ot
 e

xa
m

in
ed

92
5 

(8
5.

4%
)

93
 (

82
.3

%
)

41
8 

(9
2.

5%
)

41
 (

95
.3

%
)

Pr
og

es
te

ro
ne

 r
ec

ep
to

r
0.

93
3a

0.
55

9a

 
N

ot
 e

xp
re

ss
ed

7 
(0

.6
%

)
1 

(0
.9

%
)

5 
(1

.1
%

)
0

 
E

xp
re

ss
ed

14
8 

(1
3.

7%
)

19
 (

16
.8

%
)

29
 (

6.
4%

)
2 

(4
.7

%
)

 
N

ot
 e

xa
m

in
ed

92
8 

(8
5.

7%
)

93
 (

82
.3

%
)

41
8 

(9
2.

5%
)

41
 (

95
.3

%
)

M
ed

ia
n 

(I
Q

R
) 

or
 n

um
be

r 
(p

er
ce

nt
 p

er
 c

ol
um

n)
 is

 s
ho

w
n.

 P
-v

al
ue

s 
fo

r 
un

iv
ar

ia
bl

e 
an

al
ys

is
. S

ig
ni

fi
ca

nt
 P

-v
al

ue
s 

ar
e 

em
bo

ld
en

ed
. A

bb
re

vi
at

io
ns

: T
A

H
, t

ot
al

 a
bd

om
in

al
 h

ys
te

re
ct

om
y;

 M
IS

, m
in

im
al

ly
 

in
va

si
ve

 s
ur

ge
ry

; I
Q

R
, i

nt
er

qu
ar

til
e 

ra
ng

e;
 a

nd
 L

V
SI

, l
ym

ph
o-

va
sc

ul
ar

 s
pa

ce
 in

va
si

on
.

a A
m

on
g 

kn
ow

n 
re

su
lts

.

Gynecol Oncol. Author manuscript; available in PMC 2020 October 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matsuo et al. Page 28

Ta
b

le
 3

R
is

k 
of

 r
ec

ur
re

nc
e,

 s
ec

on
da

ry
 m

al
ig

na
nc

y,
 a

nd
 m

or
ta

lit
y 

(a
ge

-a
dj

us
te

d 
m

od
el

).

O
ut

co
m

e
U

S 
co

ho
rt

Ja
pa

n 
co

ho
rt

H
R

 (
95

%
 C

I)
P

-v
al

ue
H

R
 (

95
%

 C
I)

P
-v

al
ue

Pr
im

ar
y 

en
dp

oi
nt

 
D

FS
0.

82
9 

(0
.1

88
–3

.6
63

)
0.

80
5

5.
21

1 
(1

.5
54

–1
7.

47
3)

0.
00

7

 
O

S
N

ot
 e

st
im

at
ed

a
0.

98
1

N
ot

 e
st

im
at

ed
a

0.
98

7

R
ec

ur
re

nc
e 

si
te

 
L

oc
al

1.
32

8 
(0

.2
91

–6
.0

55
)

0.
71

4
8.

91
3 

(1
.6

16
–4

9.
17

0)
0.

01
2

 
D

is
ta

nt
N

ot
 e

st
im

at
ed

a
0.

98
8

3.
10

4 
(0

.5
28

–1
8.

24
9)

0.
21

M
et

ac
hr

on
ou

s 
SP

C
 a

ft
er

 E
M

C
A

 
A

ny
1.

78
7 

(0
.6

03
–5

.2
95

)
0.

29
5

7.
11

9 
(1

.3
49

–3
7.

55
4)

0.
02

1

 
B

re
as

t c
an

ce
r

3.
68

7 
(0

.9
04

–1
5.

04
1)

0.
06

9
N

ot
 e

st
im

at
ed

a
0.

99
7

 
C

ol
or

ec
ta

l c
an

ce
r

N
ot

 e
st

im
at

ed
a

0.
98

7
N

ot
 e

st
im

at
ed

a
0.

99
5

O
va

ri
an

 a
dv

er
se

 e
ve

nt
b

 
A

ny
 (

re
cu

rr
en

ce
/m

et
ac

hr
on

ou
s 

O
V

C
A

)
1/

11
3

5/
43

0.
06

1d

 
M

et
ac

hr
on

ou
s 

O
V

C
A

0/
11

3
3/

43
0.

08
0d

 
O

va
ri

an
 r

ec
ur

re
nc

e
1/

11
3

2/
43

0.
38

1d

C
om

po
si

te
 e

nd
po

in
tc

 
E

M
C

A
 r

ec
ur

re
nc

e,
 d

ea
th

, m
et

ac
hr

on
ou

s 
(a

ny
)

1.
19

2 
(0

.5
00

–2
.8

40
)

0.
69

2
4.

59
2 

(1
.7

22
–1

2.
24

4)
0.

00
2

 
E

M
C

A
 r

ec
ur

re
nc

e,
 d

ea
th

, m
et

ac
hr

on
ou

s 
(O

V
C

A
)

0.
67

6 
(0

.1
57

–2
.9

18
)

0.
60

0
5.

22
8 

(1
.8

48
–1

4.
79

0)
0.

00
1

 
E

M
C

A
 r

ec
ur

re
nc

e,
 d

ea
th

, m
et

ac
hr

on
ou

s 
(b

re
as

t)
1.

34
6 

(0
.5

11
–3

.5
46

)
0.

54
8

3.
59

2 
(1

.0
43

–1
2.

37
1)

0.
04

3

 
E

M
C

A
 r

ec
ur

re
nc

e,
 d

ea
th

, m
et

ac
hr

on
ou

s 
(b

re
as

t/o
va

ri
an

)
1.

34
6 

(0
.5

11
–3

.5
46

)
0.

54
8

5.
10

9 
(1

.8
24

–1
4.

30
7)

0.
00

2

 
E

M
C

A
 r

ec
ur

re
nc

e,
 d

ea
th

, m
et

ac
hr

on
ou

s 
(b

re
as

t/o
va

ri
an

/C
R

C
)

1.
17

0 
(0

.4
51

–3
.0

38
)

0.
74

7
4.

85
0 

(1
.7

51
–1

3.
43

5)
0.

00
2

C
ox

 p
ro

po
rt

io
na

l h
az

ar
d 

re
gr

es
si

on
 m

od
el

 f
or

 a
na

ly
si

s 
(o

va
ri

an
 c

on
se

rv
at

io
n 

ve
rs

us
 o

op
ho

re
ct

om
y)

. S
ig

ni
fi

ca
nt

 P
-v

al
ue

s 
ar

e 
em

bo
ld

en
ed

. A
bb

re
vi

at
io

ns
: H

R
, h

az
ar

d 
ra

tio
n;

 C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

; D
FS

, 
di

se
as

e-
fr

ee
 s

ur
vi

va
l; 

O
S,

 o
ve

ra
ll 

su
rv

iv
al

; S
PC

, s
ec

on
da

ry
 p

ri
m

ar
y 

ca
nc

er
; E

M
C

A
, e

nd
om

et
ri

al
 c

an
ce

r;
 O

V
C

A
, o

va
ri

an
 c

an
ce

r;
 a

nd
 C

R
C

, c
ol

o-
re

ct
al

 c
an

ce
r.

a N
ot

 e
st

im
at

ed
 d

ue
 to

 n
o 

ev
en

t i
n 

th
e 

ov
ar

ia
n 

co
ns

er
va

tio
n 

gr
ou

p.

b E
xa

m
in

ed
 f

or
 th

e 
ov

ar
ia

n 
co

ns
er

va
tio

n 
ca

se
s.

Gynecol Oncol. Author manuscript; available in PMC 2020 October 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matsuo et al. Page 29
c C

om
po

si
te

 e
nd

po
in

t i
nc

lu
de

d 
en

do
m

et
ri

al
 c

an
ce

r 
re

cu
rr

en
ce

, d
ea

th
, a

nd
 s

ec
on

da
ry

 p
ri

m
ar

y 
ca

nc
er

.

d C
om

pa
ri

so
n 

be
tw

ee
n 

th
e 

Ja
pa

n 
an

d 
U

S 
co

ho
rt

 (
lo

g-
ra

nk
 te

st
).

Gynecol Oncol. Author manuscript; available in PMC 2020 October 06.


	Abstract
	Introduction
	Patients and methods
	Eligibility
	Clinical information
	Study definition
	Statistical considerations

	Results
	Study cohorts
	Trends of ovarian conservation
	Baseline characteristics
	Pattern of ovarian conservation
	Oncologic outcome and overall survival
	Secondary malignancy after treatment
	Composite endpoint outcome
	US versus Japan cohort
	Ovarian adverse event after ovarian conservation
	ERT versus ovarian conservation

	Discussion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Table 1
	Table 2
	Table 3

