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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 | grade
1-2 endometrioid endometrial cancer who underwent primary surgery with hysterectomy from
2000 to 2014 (US cohort 7= 1196, and Japan cohort 7= 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% (~=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, 2= 0.805), overall
survival (HR not estimated, Z=0.981), or metachronous secondary malignancy (HR 1.787, 95%
Cl 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, 2= 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 | 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 11-1V 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/m?), 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, I, and 111 obesity) [24]. Stage |
disease was defined as T1a-b/NO-x/MO0-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 ¢ or chi-square test, as appropriate. Binary
logistic regression models were fitted to identify the independent factors for ovarian
conservation. All preoperative factors with £< 0.05 on univariable analysis were entered in
the initial model, and a conditional backward method was used to retain only the factors
with £< 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 Cls. 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 £< 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% ClI
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, = 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, < 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, < 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 242 (2.3%, £< 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, A= 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, £=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, A= 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% ClI
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, £< 0.05; Supplemental Tables S4-5).
Compared to the Japan cohort, women in the US cohort were more likely to have class Il
obesity (41.1% versus5.1%) 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, < 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 (7= 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, = 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, 2= 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, 2> 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 (7) 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 111
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 | 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, 2= 0.020)
and the Japan cohort (blue color, £=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.

Time (years)

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.

Cgmposite 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.

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



Page 22

Matsuo et al.

(%€'6) ¥ (%8'2T) 85 (%8'9T) 6T (%2'ST) 0LT T
(%5'09) 92 (%v'Sv) 02 (%829) 1L (%6'LY) 61S 0
5000 000 Aired
(%02) € (%0'7) 8T (%81) ¢ (%8°€) v umouxun
(wlv)e (%7179) €2 (%S2v) 8y (%0°'T) v 111 sse[
0 (%s'2) ve (%6'ST) 8T (%9'v1) 85T 11 sse|o
(%€'6) ¥ (%¥'01) L¥ (%0°GT) 2T (%5'ST) 89T 1 sse|y
(%0%7) 9 (%v'87) €8 (%eeT) ST (%T1°€T) 2VT Wbramisn0
(%T1°59) 8¢ (%9¥5) Lre (%S'TT) €T (%02T) 0T WB1aM Japun/fewioN
8.€°0 (WEYR & 74 (T17) 6'se L26°0 (6'01¥) 6'L€ (9119 v'8e Ansaqo
(wL2) € (%¢'6) 00T umouxun
(%L (%8'1) 02 s18Y10
(%00T1) v (%00T) 25¥ (%9°01) 2T (%z'v) 9y uelsy
(%e9¢) v (%2'8T) 202 aluedsiH
(%rv) S (%5'9) 02 1oelg
(%vev) 67 (%9'65) Gv9 aNUM
/U 700°0> Adruye/eoey
(%g'6€) LT (%b'6€) 8LT (%b°08) 2§ (%6'92) T6C ¥102-2102
(%9°2€) 1 (%S°0€) 8€T (%5°92) 0¢ (%v0€) 62€ T102-6002
(%e6) ¥ (%€°ST) 69 (%e'eT) ST (%0°€2) V72 8002-9002
(%0vT) 9 (%z'8) L€ (%2'9) L (%e€T) vT G002-€002
(wLv)e (%99) 0¢ (%s°€) ¥ (%5°9) 02 2002-0002
2090 100°0> FECTN
(%6°L2) 2T (%€'92) 5ve (%9'TY) L (%e'€L) v6. /&
(%12L) 1€ (%2°€2) 20T (%t°85) 99 (%L£'92) 682 or>
100°0> (r'97) €'9¢ (9'g%) 0'ev 100°0> (r'9¥) 6°L€ (9°5%) 9'ey (s1eak) aby
gr=u Zsr=u eTT=U €80T =U JaquinN
anjen-d  UOIBAISSUOD uelieAQ  Aw0ldaaoydoQ  anjeA-d4  UOIFRAJasUOd uelteAQ  AwoxdaioydoQ

110400 Ueder

Hoyoa sn

ansiIsIoRIRYD

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

'so1ydesBowap jusiyed

Author Manuscript

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



Page 23

Matsuo et al.

0 (%s71) L (%8 1) ¢ (%S°5) 09 SN
(%8'8) £v (%€'26) oY (%5'96) 60T (%5'26) 200T ON

1SS0 220 unidsy
0 (%51) L (%8T) ¢ (%6'T) T2 umousuN
0 (%57€) 9T (%€9) 9 (%1'6) 66 SOA
(%001) £V (%6'v6) 62 (%6'26) SOT (%6°88) £96 ON

L1€°0 S8€°0 unels
0 (%TT) S (%8T) 2 (%6'T) TC umouxun
(et (%eT1) 9 (%b'21) ¥1 (%¥°€T) SPT SOA
(%.'L6) v (%9°26) Ty (%8'58) 26 (%.'v8) L6 ON

9890 Lv6°0 UIWLIONBIA
(%9°2€) ¥T (%8'22) €01 (%v'v) G (%e'e) 9¢ umouxun
(%9°T1) G (%1°87) 28 (%6'ST) 8T (%8'87) v0C SN
(%8'S) ¥2 (%T1'69) 292 (%9'62) 06 (%8'L2) £v8 ON

2L20 L¥9°0 asn anasebi)
0 0 (%60) T (%ev) Ly umousuN
(%e2d) T (%¥'9) 62 (%T2) 8 (%z'eT) €71 SOA
(%2'L6) v (%9°¢€6) €2 (%0°26) ¥0T (%5°28) €68 ON

T0S°0 1200 BIWS|043158|0Y28dAH
0 0 (%60) T (%e'v) Ly umouxun
(%) (%6'TT) ¥§ (%06T) LT (%€°82) 90€ SOA
(%€°56) TV (%T°88) 86€ (%T'v8) 56 (%v°29) 0EL ON

L02°0 T00°0 uoisuapadAH
0 0 (%60) T (%e'v) Ly umouxun
(%02 € (%1'6) Y (%t'2T) ¥1 (%€'LT) 28T SN
(%0°€6) O (%6°06) TTY (%2'98) 86 (%¥'8L) 6v8 ON

6660 8900 sny|eW ssleqelq
(%9°52) TT (%0°ST) 89 (%rv) s (%9'%) 05 umouXun
(wlv)e (%8'92) 2T (%6°GT) 8T (%8'1€) e =

gr=u sy =u EIT=u €80T =U JaquinN

anjeA-d  UOIJeAJasu0d uelteAnQ  AwoldaioydoQ  anjeA-d

uoIleAIssu0d uelleAQ  AwoldaioydoQ

1404092 ueder

110400 SN

ansiIIveIRYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 24

Matsuo et al.

‘Pauspjoquia aJe sanjeA Jued

1uBIS "sISAJeue a|qeIIBAIUN 10} SBNJBA-/ "UMOYS SI (UwN|o2 Jad Juadtad) Jaquinu Jo (UOITBIASD PIepuBIST) UBSIN

(%ed) T (%62) €T (%8'T) ¢ (%8'3) €9 umouxun
(%9°52) T1 (%s°€) 9T (%v'12) 18 (%eer) e€T EIN
(%1'22) 1€ (%9°¢6) €2 (%8'02) 08 (%6'18) 288 ON
T00°0> T00°0> Adeayy suowoy Jord
(%9'11) § (%9°01) 8% (%0'69) 8L (%1°€L) 262 umouxun
(wLv)e (%2¥T) v9 (%8T) ¢ (%0°¢) €€ Ge=
(%.€8) 9¢ (%z'5L) ove (%z'62) €€ (%8'€2) 852 Ge>
G120 €9€°0 (wni) seT-vo
0 (%S1) 2 (%8T) T (%v'2) 9z umousun/sIsylo
0 (%0 € 0 (%80) 6 [€30910]0D
0 (%z0) T 0 (%50) & UeLieAQ
0 (wL2) et 0 (%LT) 8T 1seaig
(%00T) v (%6'76) 62V (%z'86) TTT (%9'v6) 5201 8UON
2890 SSP°0 KoueuBifew Joud
0 (%871)8 (%87T) T (%6'T) T2 umousuN
0 (%0 ¢ (%T2) 8 (%6'8) 96 SOA
(%00T1) £V (%8'L6) 2y (%2z'16) €01 (%2'68) 996 ON
G190 5080 1¥00[q-e18g
0 (%TT) S (%8'T) 2 (%6'T) TC umouxun
gr=u sy =u €IT=u €80T =U JaquinN
anjeA-d  UOIJBAJBSUO0D UelleAQ  Awo0ldaioydoQ  anfjen-d  UOITBAI|SUOd uelleAQ  AwoldsaoydoO
110yod Cmamﬁ 110yod SN alsusldeIeyD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 25

Matsuo et al.

Author Manuscript

(%eD) T (%8'8) o (%60) T (%6'6) L0T SOA
(%e'56) TV (%9°28) 96€ (%0°26) v0T (%8'08) 6.8 ON
€620 £00°0 Adesay) wuawaoejdas usbos3y
0 (%¥0) 2 0 (%€e0) € umouxun
(%Lv) e (%0'8) 9¢ 0 (%0T)TT SOA
(%e'56) T7 (%9°16) v (%00T) €TT (%.°86) 690T ON
9990 8.1'0 Adesauypowayd doisod
0 0 0 (%e0)z umouxun
0 (%e0) T (L2 e (%8'5) €9 SOA
(%001) £ (%8'66) TGY (%€'26) OTT (%0'v6) 8T0T ON
666°0 SEE0 Adesayioipel doysod
e/u e/u (Svs-6401SE 9200 (Sr-1¥0N e (Lzudn v o13i08-RlRd
€500 (62—€ ¥OI) ST (9e-sT¥ON¥Z €600 (ST-v401) 56 (8T-9 ™ON 1T dInjRd
Jagquinu pajdwes
0 (%02) 6 0 0 umouun
(%e2) T (%z'8) L€ (%0'8) 6 (%L'v2) L92 SOA
(%L°26) 2 (%8'68) 907 (%0°26) vOT (%e'sL) 918 ON
LE20 T00°0> AwoyosuspeydwA| oruoe-eed
(%eD) T (%r2) 1T 0 0 umousun
(%8'81) 8 (%z'vS) sve (%.'52) 62 (%8'05) 055 SOA
(%T162) ¥€ (%bev) 96T (%evL) ¥8 (%z'6v) €€5 ON
T00°0> T00'0> AwoyoauapeydwA| o1nad
(%e€2) 01 (%z'1€) T (%8T) €1 (%€°0) 99 UMOUUN/SIBYI0
(%9'81) 8 (%z'2T) S5 (%€'69) 29 (%9'v€) GL€ SIN
(%1'89) 52 (%9°'95) 952 (%z'62) €€ (%€'65) 2v9 HvL
6vE0 T000> adA) Aw0193191SAH
gr=u Zsy=u €IT=u €80T =U JaquinN
anjeA-d  UOITeAJasuod ueldenQ  AwoldaaoydoQ  anjeA-4  UOIFBAasuOd uelreAQ  AwoxdaioydoQ

110400 Ueder

110400 SN ansiIsIoRIRYD

¢ dlqeL

Author Manuscript

"sonsiIgIdR.IRYD [RaIBojoyIRd pue adA) Jusweal |

Author Manuscript Author Manuscript

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



Page 26

Matsuo et al.

(wlv)e (%¥'9) 62 (%.'2T) 02 (%z'vT) ST passaldx3
0 (%TT) G 0 (%0) ¥ passaldxa 10N
8550 g0 10ydadas uabonisg
(%0'vT) 9 (%T°g) €2 (%T1°0€) ¥€ (%0°8T) S6T paulwexa JoN
(et (%9°01) 8% (%8'8) 0T (%8'G) €9 s1139 [eatdAye/ueubifein
(%2°€8) 9¢ (%e'¥8) T8 (%1°19) 69 (%e'92) Ge8 AKoueubijew oN
p20T°0 pl9€0 A60]01A2 [eauolIad
(%6'v€) ST (%6'12) 66 (%6'ST) 8T (%2z'91) LT umouNun
(%6'7€) ST (%0°05) 922 (%T°0¢) vE (%gey) ey <
(%z'0g) €T (%1'82) 22T (%0'7S) T9 (%Lev) €Ly s
0420 7200 (wo) azis sown|
(%eD) T (%eL) €€ (%s7€) ¥ (%80) 6 umouun
(%) (%09) L2 (%) S (%v'v) 8y SOA
(%0°€6) O (%.'98) z6€ (%0°26) 70T (%.'v6) 920T ON
26990 29660 ISAT
0 0 (%6°0) T (%10) T umouNun
0 (w2 et (%8T1)C (%¥'1) ST SOA
(%00T) €7 (%€ 'L6) OvY (%€°26) OTT (%5'86) L90T ON
Z19'0 pVEL0 JUSWIBAJOAUL BSOONW [BIIAIRD
0 0 0 (%eo0) e umouxun
(%02 € (%0'8) 9¢ (w2 e (%99) 2L %05
(%0°€6) O (%0°26) 9TV (%€'L6) OTT (%2z'€6) 600T %05>
6660 mmmo.o UOISeAUl [BLIIBWOAIN
(%02 € (%S5'ST) 0L (%0°ST) LT (%222) 9ve 8)eIopoN
(%0°€6) O (%5'v8) z8¢ (%0°58) 96 (%e'L2) 168 JEW0
9/1°0 €.00 uolenuaIaIp Jowny
(%ed) T (%57€) 9T (%12) 8 (%€'6) TOT umouNun
gr=u ZGr=u €IT=u €80T =U J3quinN
anjeA-d  UOIJeAJdsSUO0d uelleAQ  AwoldaioydoQ anjen-d  UOITeAUssu0d ueldenQ  AwojdsaoydoQ

140409 ueder

110400 SN onsIIsIoRIBYD

Author Manuscript

Author Manuscript Author Manuscript

Author Manuscript

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



Page 27

Matsuo et al.

*S)INS81 UMOUY| mcoE<m

‘uoiseAul adeds sejnasen-oydwA| ‘ISAT pue ‘abuel ajienbasiul ‘YOI ‘A1abins aaiseaul
Alrewiuiw ‘SN {Awo0108191SAY JeulLIOpge [210) ‘HV.L :SUOITRIABIGQY "Pausp|oquua ale sanjen-/ JuedliubisS "SIsAjeue ajgelieAlun 10} SanjeA "UMoys si (uwnjod Jad juadiad) Jaquinu Jo (4O1) uelpan

(%e'6) TV (%5'26) 8T (%€ 28) €6 (%.°58) 826 paulLexa Jo0N
(wlv)e (%t9) 62 (%8'9T) 6T (%L€T) 8YT passaidx3
0 (%TT) S (%60) T (%9°0) 2 passaldxa 10N
8550 pEE60 101da0a1 suosslsebold
(%€'56) TV (%526) 8T (%€28) €6 (%v'58) 526 paulwexa JoN
gr=u Zsp=u eIT=u €80T =U J3quinN

aNnjeA-4  UOIIBAISSUOD uellenQ

AwoldaioydoQ  anjend

uoIleAIasuod uelteAQ  AwoldaiaoydoQ

140409 ueder

110400 SN

ansiIgvRIRYD

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

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



Page 28

Matsuo et al.

Author Manuscript

S9SEI UOIJeAIasU0d UeLIBAO 3u) 104 um:_EMXM_Q

*dnoJB UOIIBAISSUOD UBLIBAO 3U} Ul JUBAS OU 0} aNp patewnsa 10N,

*J32UBD [21934-0]09 ‘DHD PUE ‘133UEI URLIEAD "YDAQ ‘J80UBd [eLIsWopus “wYIINT H4eoued Arewid A1epuodss ‘OdsS ([eAIAINS |[RISAO0 ‘SO :[BAIAINS 9914-9seasip
‘SH@ [eAIBIUI BOUBPILUOT ‘D ‘UoITe) prezey ‘HH :SUONRIASIGQY "Pauap|oquis ale sanjeA JuediiubisS “(Awo10a10ydoo srs/a4 UOIIeAIaSUOD URLIBAO) SISA[eue 104 [9pow uolssalfial prezey [euoniodold xo0D

2000  (SEV'€T-TSL'T)0S8'7  L¥LO (8€0°€-TG7°0) 0LT'T  (DYD/UBIIEAO/ISEAI) SNOUOIYDBIBW ‘UFeap ‘B0USLINIRI WYOINT

2000  (L0€¥T-¥28'T)60T'S 8750  (9vS€-TTS0) 9vE'T (uerreAo/ISERIQ) SNOUOIYDEIBW ‘UYresp ‘80UBLINJ3) YOI

€r0'0  (TLEZT-EY0'T) 265€  87S0  (9vSE-TTS0) IVE'T (1se81q) SnouoJyoBIBW ‘Yresp ‘80uaLINdal YOINT

1000  (06L¥T-8¥8'T)822'S 0090  (8T6'2-LST°0) 929°0 (YOAO) snouoJyoelsw ‘yesp ‘80usiindal YOINT

2000  (be2T—cel'T) 2657 2690 (0782-005°0) Z6T'T (Aue) snouoiyoelBW ‘Yresp ‘80usLINdal YOINT
mE_o%cm ansodwo)

bﬁwm.o vz STT/T 90Ua1INJal UBLIRAQ

p0800 70 eTT/0 VOO snouoiyoels i

haoo.o VIS STT/T (WDAO Snouo.IydeIaW/89ua.1INdal) Auy
Qucm>w 9SIaApe UBLIRAQ

G66°0 mumae_mw 1N 1860 e PIREUINS3 10N 130UB) [€19310]0D

9]ew1]ss 10

166°0 pPOIRULNSS 10N 6900  (T¥0'ST-¥06°0) 289°€ 130Ued Isealg

1200  (¥SSLE-6VE'T)6ITL G620 (S62'5-€09°0) 28T Auy
YOINT 18ye DdS SnouoIydelsiN

9]eW1]Sa 10

120  (672'81-825°0) ¥OT'E  886°0 pPOIRLIBSIION welsig

2100 (0LT6V-9T9°T) €168 ¥TL0 (550°9-162°0) 82€'T [e207]
91IS 80Ua1INdayYy

9]ew1]Ss 10 9]ewW11Sa 10

1860 pPSTEINSS JON 186'0 pPOYELINS3 10N 0

1000  (€L¥LT-¥SST) TTZS G080 (£€99°€-88T1°0) 628°0 s4a
jurodpus Arewiid

anjen-d (1D 9%56) ¥H  anjen-d (1D 9%656) ¥H

110400 ueder

1oyod sn

awoa1n0o

‘(japow paisnipe-abe) Aujeriow pue ‘Aoueubijew Arepuodss ‘8ouslindal Jo siy

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 29

Matsuo et al.

*(3s81 yuel-Bo]) Loyod SN pue ueder ay) usamiaq cOm:manoh

"190ued Arewrid A1epuodas pue ‘yieap ‘8duslindal Jaoued [erilawopus papnjoul Julodpua S_monc._oou

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

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

