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Abstract

OBJECTIVE—To characterize contributing factors for ovarian conservation during surgical 

treatment for endometrial cancer and to examine the association of ovarian conservation on 

survival of young women with early-stage, low-grade tumors.

METHODS—This was a population-based study using the Surveillance, Epidemiology, and End 

Results program to identify surgically treated stage I type I (grade 1–2 endometrioid histology) 

endometrial cancer cases diagnosed between 1983 and 2012 (N=86,005). Multivariable models 

were used to identify independent factors for ovarian conservation. Survival outcomes and cause 

of death were examined for women aged younger than 50 with stage I type I endometrial cancer 

who underwent ovarian conservation (1,242 among 12,860 women [9.7%]).

RESULTS—On multivariable analysis, age younger than 50 years, grade 1 endometrioid 

histology, and tumor size 2.0 cm or less were noted to be independent factors for ovarian 

conservation (all, P<.001). For 9,110 women aged younger than 50 years with stage I grade 1 

tumors, cause-specific survival was similar between ovarian conservation and oophorectomy cases 

(20-year rates 98.9% compared with 97.7%, P=.31), whereas overall survival was significantly 

higher in ovarian conservation cases than oophorectomy cases (88.8% compared with 82.0%, 

P=.011). On multivariable analysis, ovarian conservation remained an independent prognostic 

factor for improved overall survival (adjusted hazard ratio 0.73, 95% confidence interval [CI] 

0.54–0.98, P=.036) and was independently associated with a lower cumulative risk of death 

resulting from cardiovascular disease compared with oophorectomy (20-year rates, 2.3% 

compared with 3.7%, adjusted hazard ratio 0.40, 95% CI 0.17–0.91, P=.029). Contrary, cause-

specific survival (20-year rates 94.6% compared with 96.1%, P=.68) and overall survival (81.0% 

compared with 80.6%, P=.91) were similar between ovarian conservation and oophorectomy 

among 3,750 women aged younger than 50 years with stage I grade 2 tumors.
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CONCLUSION—Ovarian conservation is performed in less than 10% of young women with 

stage I type I endometrial cancer. Ovarian conservation is associated with decreased mortality in 

young women with stage I grade 1 tumors.

Endometrial cancer remains the most common gynecologic malignancy in the United States 

in 2016.1 The majority of endometrial cancers are obesity-driven and estrogen-related 

tumors, so-called type I tumors.2 The mainstay of endometrial cancer treatment is surgery, 

including total hysterectomy and bilateral salpingo-oophorectomy.2 The rationale of 

oophorectomy in the surgical management is that endometrial cancer can metastasize to the 

ovary, women with endometrial cancer are at risk for synchronous and metachronous ovarian 

cancers, and that the source of estrogen can be eliminated by oophorectomy.3,4

Women with endometrial cancer who are premenopausal at the time of surgery will undergo 

an abrupt disruption in ovarian hormone levels after oophorectomy.5 Such women may not 

only experience menopausal symptoms that can compromise quality of life, but also develop 

a metabolic syndrome, which can lead to diabetes mellitus and hypercholesterolemia 

through nonalcoholic fatty liver disease resulting from lack of estrogen regulation of lipid 

metabolism in hepatocytes.5 These phenomena will increase the risk of future cardiovascular 

disease.6 Indeed, patients with endometrial cancer with early-stage tumors are more likely to 

die from cardiovascular disease than from endometrial cancer.7

Ovarian conservation at the time of surgery in premenopausal women has been considered to 

avoid the long-term effects of estrogen deprivation.8 However, it is not known whether 

ovarian conservation results in lower long-term cardiovascular mortality or other causes of 

death in patients with endometrial cancer.9 The objective of this study was to examine the 

patterns of death among young women with low-grade, early-stage endometrial cancer who 

underwent ovarian conservation.

MATERIALS AND METHODS

The Surveillance, Epidemiology, and End Results program is a population-based database 

launched in 1973, supported and managed by the National Cancer Institute in the United 

States.10 This database covers approximately 27.8% of the U.S. population from 11 states 

and seven areas and is publicly available and deidentified. The University of Southern 

California institutional review board exempted the use of this deidentified publicly available 

data for the study. The STrengthening the Reporting of OBservational studies in 

Epidemiology guidelines were consulted for performance of this observational study.

SEER*Stat 8.2.1 was used to extract the data set from SEER18 Regs Research Data+ 

Hurricane Katrina Impacted Louisiana Cases (1973–2012). Cases recorded in the section for 

“Corpus Uteri/Uterus NOS” limited to malignancy and female sex were generated. Within 

the extracted data set, patients with stage I type I endometrial cancer with known 

oophorectomy status who received no radiotherapy before the hysterectomy between 1983 

and 2012 were included in the study. Data from 1973 to 1982 were removed as a result of 

lack of adequate information on the surgical procedure. Uterine sarcomas and metastatic 

tumors to the uterus were excluded. Variables ascertained from the database were patient 

demographics, tumor information, treatment patterns, and survival outcome.
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Patient demographics included age at and year of diagnosis, ethnicity, marital status, and 

registration area. Tumor information included cancer stage, histologic subtype, tumor grade, 

tumor size, depth of myometrial invasion, cervical stromal involvement, and pelvic or 

paraaortic lymph node status. Recorded cancer stage was reclassified into the American 

Joint Committee on Cancer 7th surgical–pathologic staging classification schema. The 

International Classification of Diseases for Oncology, 3rd Revision site and histology 

validation list and World Health Organization histologic classification were used for 

grouping histologic subtypes, as shown in Appendix 1, available online at http://

links.lww.com/AOG/A864. In this study, type I tumors were categorized into grade 1 

endometrioid and grade 2 endometrioid histology.11

Treatment patterns included type of hysterectomy-based surgery and postoperative 

radiotherapy. Surgical codes including oophorectomy were considered as the oophorectomy 

group, and surgical codes without oophorectomy were considered as the ovarian 

conservation group in this study. If surgical codes did not specify oophorectomy status, these 

cases were considered as unknown oophorectomy status and excluded from the analysis. For 

survival outcome, cause-specific survival and all-cause mortality (overall survival) after the 

initial diagnosis of endometrial cancer were collected. Among deceased cases, causes of 

death were examined (endometrial cancer, other malignancy, cardiovascular disease, and 

other chronic disease) grouped per prior study.7,12

The primary outcome of the analysis was to examine characteristics and trends of ovarian 

conservation among women with stage I type I endometrial cancer. The secondary interest of 

analysis was to examine survival outcomes of women aged younger than 50 years with stage 

I grade 1 and 2 endometrioid histologic types of endometrial cancer who underwent ovarian 

conservation. This age cutoff was chosen based on mean age of spontaneous menopause in 

the North American population.13 Women who underwent oophorectomy were compared 

with those who had ovarian conservation. Statistical significance of age at diagnosis was 

assessed by Student t test. Ordinal and categorical variables were examined with the χ2 test. 

A binary logistic regression test was used for multivariable analysis to determine 

independent contributing factors for ovarian conservation. In this model, all patient 

characteristics and tumor factors were entered in the final model.

Joinpoint Regression Program 4.2.0.2 provided by the National Cancer Institute was used to 

examine temporal (calendar years) and age-related (year of age) trends in the utilization of 

ovarian conservation.14 In analyses of temporal trends, the frequency of ovarian 

conservation in each 6-month period (January 1 to June 30 and July 1 to December 31) was 

examined to identify the presence of changes in trend precisely.15 The presence of trends in 

annual and age-specific frequency of ovarian conservation were examined with a linear 

segmented regression test and log transformation was performed to determine annual and 

per-year-of-age percent change of the slope.

For evaluating survival and cumulative risk of other causes of death (cardiovascular disease, 

other chronic disease, and other malignancy) among women aged younger than 50 years 

with stage I grade 1 and 2 endometrioid endometrial cancer, the Kaplan-Meier method was 

used to construct survival and cumulative risk curves,16 and statistical significance between 
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the curves was examined with log-rank test for univariable analysis. In addition, a Cox 

proportional hazard regression model for multivariable analysis was performed.17 Covariates 

entered in the final model were patient demographics, tumor factors, and treatment patterns. 

The variance inflation factor was determined among covariates in the multivariable analysis, 

and variance inflation factor 2.0 or greater was interpreted as multicollinearity. P<.05 was 

considered statistically significant (two-tailed). Statistical Package for Social Sciences 22.0 

was used for the analysis.

RESULTS

The patient selection criteria are shown in Figure 1. Among 233,196 cases identified in the 

database, there were 86,005 patients with stage I type I endometrial cancer who underwent 

hysterectomy with known oophorectomy status. Of those, 4,109 (4.8%) patients had ovarian 

conservation and 81,896 (95.2%) underwent oophorectomy. Characteristics associated with 

ovarian conservation are displayed in Table 1 and Appendix 2, available online at http://

links.lww.com/AOG/A864.

Patient age was significantly associated with ovarian conservation (age younger than 40, 

16.9%; 40–49, 7.5%; and 50 years or older, 3.9%; P<.001). When a trend analysis was 

performed (Fig. 2A), the frequency of ovarian conservation declined significantly with each 

additional year of age after 37 years (percentage change per year 10.6, 95% confidence 

interval [CI] 9.4–11.7, P<.001). The age-dependent decline in the frequency of ovarian 

conservation reached a nadir at age 53 years. Over this age interval, the frequency of ovarian 

conservation declined from 18.8% (95% CI 16.4–21.2) at age 37 years to 3.7% (95% CI 

2.5–4.9) at age 53 years (risk difference 15.1%, 95% CI 12.9–17.3). Temporal trends in the 

frequency of ovarian conservation among women aged younger than 50 years who had stage 

I grade 1 endometrioid adenocarcinoma were statistically significantly but of limited clinical 

significance. In this group, the frequency of ovarian conservation was noted to increase 

gradually in the frequency between 1993 and 2012 (annual percent change 1.1, 95% CI 0.4–

1.8, P=.003), reaching 11.8% in year 2012 (Fig. 2B).

In a multivariable analysis of factors associated with ovarian conservation, women younger 

than 40 years of age were more likely to have ovarian conservation (adjusted odds ratio [OR] 

4.78, 95% CI 4.29–5.33, P<.001) compared with women older than 50 years of age (Table 

1). Among the histologic subtypes, women with grade 1 endometrioid histology were more 

likely to have ovarian conservation (adjusted OR 1.62, 95% CI 1.50–1.74, P<.001) 

compared with those with grade 2 endometrioid histology. Women with tumor size 2.0 cm or 

less were more likely to have ovarian conservation (adjusted OR 1.96, 95% CI 1.55–2.49, 

P<.001) compared with tumor size greater than 6.0 cm.

There were 12,860 (15.0%) women aged younger than 50 years with stage I type I 

endometrial cancer among the 86,005 cases, and ovarian conservation was performed in 

1,242 (9.7%, 95% CI 9.1–10.2) patients in this population. Of those, there were 9,110 cases 

of grade 1 tumors with the ovarian conservation rate being 11.4% (95% CI 10.7–12.0) and 

3,750 cases of the grade 2 tumors with the ovarian conservation rate being 5.5% (95% CI 

4.8–6.3).
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Patient demographics were compared between ovarian conservation and oophorectomy 

cases among women aged younger than 50 years with stage I grade 1 endometrioid tumors 

(n=9,110; Table 2). In this subgroup, the median follow-up was 7.8 years (7.1 years for the 

ovarian conservation patients). There were 3,427 (37.6%) women who had follow-up longer 

than 10 years. Women who underwent ovarian conservation were younger, had more 

frequently tumor size 2.0 cm or less, underwent supracervical hysterectomy more often, and 

were more likely to receive surgery alone without adjuvant therapy (all P<.01). Ovarian 

conservation rates were similar between stage IA and IB patients (P=.17).

On univariable analysis, ovarian conservation was not associated with cause-specific 

survival (20-year rates 98.9% compared with 97.7%, P=.31; Fig. 3A). In contrast, ovarian 

conservation was significantly associated with improved overall survival (10-year rates 

95.6% compared with 93.7%; and 20-year rates 88.8% compared with 82.0%; hazard ratio 

[HR] 0.73, 95% CI 0.54–0.98, P=.011; Fig. 3B). On multivariable analysis (Table 3), ovarian 

conservation remained an independent prognostic factor for improved overall survival 

among women aged younger than 50 years with stage I grade 1 endometrioid endometrial 

cancer (adjusted HR 0.73, 95% CI 0.54–0.98, P=.036).

Patterns of death were examined in women aged younger than 50 years with stage I grade 1 

endometrioid endometrial cancer (Appendix 3, available online at http://

links.lww.com/AOG/A864). A total of 649 (7.1%) deaths were recorded for this subgroup, 

with death resulting from cardiovascular disease being the most common cause of death 

(n=121 [18.6%]); endometrial cancer accounted for 104 (16.0%) deaths. Ovarian 

conservation was only associated with a decreased cumulative risk of death resulting from 

cardiovascular disease (10-year rates 0.2% compared with 1.1%, and 20-year rates 2.3% 

compared with 3. 7%, HR 0.44, 95% CI 0.19–0.99, P=.042; Appendix 4, part A [available 

online at http://links.lww.com/AOG/A864]) and was not associated with other causes of 

death. On multivariable analysis controlling for patient demographics, tumor factors, and 

treatment patterns (Table 3), ovarian conservation remained an independent predictor for 

decreased risk of death from cardiovascular disease among women aged younger than 50 

years with stage I grade 1 endometrioid endometrial cancer (adjusted HR 0.40, 95% CI 

0.17–0.91, P=.029).

Patient demographics were compared between ovarian conservation and oophorectomy 

cases among women aged younger than 50 years with stage I grade 2 endometrioid 

endometrial cancer (n=3,750; Appendix 5, available online at http://links.lww.com/AOG/

A864). Median follow-up was 8.4 years (7.1 years for the ovarian conservation group). 

There were 1,590 (42.4%) women who had a follow-up longer than 10 years. There were 

329 (20.7%) deaths recorded in this group. Women who underwent ovarian conservation 

were more likely to be younger, had tumor size 2.0 cm or less more often, and to undergo 

supracervical hysterectomy (all P<.01).

On univariable analysis, ovarian conservation was not associated with cause-specific 

survival (20-year rates 94.6% compared with 96.1%, P5.68; Fig. 3C), overall survival (20-

year rates 81.0% compared with 80.6%, P=.91; Fig. 3D) or cumulative risk of cardiovascular 

death (P=.43; Appendix 4, part B [http://links.lww.com/AOG/A864]) in this subgroup. 
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When the grade 1 patients and the grade 2 patients were compared, the grade 2 group was 

more likely to be older, have stage IB disease, and undergo radical hysterectomy (all P<.001; 

Appendix 6, available online at http://links.lww.com/AOG/A864).

DISCUSSION

The key finding of this study is that, in young women with low-grade, early-stage 

endometrial cancer, ovarian conservation was associated with decreased long-term all-cause 

mortality, specifically from cardiovascular disease.

Our study showed that the frequency of ovarian conservation in young women with low-

grade, early-stage endometrial cancer has increased minimally during the study period as 

was reported in the prior 2009 study examining the same population.18 Our study also 

confirmed that the frequency of ovarian conservation is low even among young women with 

low-grade, early-stage endometrial cancer similar to what was reported in a prior study.8 

Identification of risk factor for ovarian recurrence will be therefore useful to help surgeons 

identify ideal candidates for ovarian conservation.

One of the salient findings in this study was that ovarian conservation was associated with 

improved long-term overall survival in young women with stage I grade 1 endometrioid 

endometrial cancer but not in grade 2 tumors. This finding differs from prior studies, which 

showed similar overall survival between the ovarian conservation group and the 

oophorectomy group in stage I disease.8,18 However, these studies classified all grades of 

endometrioid cancers together in their analyses and included smaller sample sizes. By 

stratifying by tumor grade, we noted that the benefit of ovarian conservation was more 

evident in grade 1 endometrioid tumors.

It is possible that the difference in survival for patients with ovarian conservation was the 

result of other health factors. For instance, those women who had ovarian conservation are 

potentially healthier and may have had better performance status. Similarly, women who 

underwent ovarian conservation to retain ovarian function may be more proactive in general 

health aspects. However, this study lacked data on why the decision to perform 

oophorectomy or to offer ovarian conservation was made; thus, our findings are susceptible 

to selection bias. In addition, we are unable to perform complete risk adjustment. Numerous 

factors are associated with the development of cardiovascular disease that are not captured in 

this study.

Emerging data have noted the beneficial effects of ovarian conservation, particularly in 

younger women, on preventing cardiovascular disease.19–21 Our study partly supports these 

findings. A possible reason for this association may include the cardioprotective effect of 

estrogen. This theory is supported by a prior study that demonstrated increased risks of 

postoperative nonalcoholic fatty liver disease, a hepatic-based metabolic syndrome that was 

associated with postoperative development of diabetes mellitus and hypercholesterolemia 

after surgical menopause in young women with endometrial cancer.5 These conditions lead 

to subclinical atherosclerotic vascular changes resulting in increased risk of clinical 

cardiovascular disease in the long term.22 We were not able to obtain information from this 
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database regarding the use of hormone therapy after oophorectomy in women with 

endometrial cancer; however, use of hormone therapy is generally rare in this disease 

population (less than 2%).23

Similar to other reports, our study showed that cause-specific survival rates were similar 

between the ovarian conservation and the oophorectomy groups.8,18 However, this result 

may not imply that recurrence-free survival rate is similar between the two groups. As a 

result of the lack of data on recurrence, our analysis was not able to assess the risk of ovarian 

recurrence after ovarian conservation. However, the chance of occult metastasis in a grossly 

normal-appearing ovary is generally low (0.8%).24

Our analysis showed that the effects of ovarian conservation on overall survival were 

different between the grade 1 and 2 cases among women aged younger than 50 with stage I 

endometrial cancer. It is speculated that the differences in patient characteristics, tumor 

factors, and treatment patterns between these two groups might lead to differences in ovarian 

function after surgery. For instance, grade 2 patients were more likely to have radical pelvic 

surgery and be older, both of which are more likely to diminish ovarian function sooner after 

surgery compared with the grade 1 patients.25,26

Strengths of this study are that this is a population-based study with a large sample size and 

long-term follow-up. This methodology was indeed useful because the effects of ovarian 

conservation on survival outcome were not apparent until 10 years after surgery. We 

recognize a number of important limitations as described previously. Also, we cannot 

exclude the possibility that a small number of women had previously undergone 

oophorectomy and thus may have been misclassified. However, given that our primary 

analysis was performed in women younger than 50 years of age, it is likely that few women 

would have previously undergone oophorectomy. Lastly, this study does not have 

information for potential confounders such as hysterectomy route, adnexal pathology, body 

habitus, and other important predictors of general health and life expectancy.
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Fig. 1. 
Selection criteria. NOS, not otherwise specified; EMCA, endometrial cancer; type I, grade 1 

and 2 endometrioid adenocarcinoma.

Matsuo. Ovarian Conservation in Endometrial Cancer. Obstet Gynecol 2016.
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Fig. 2. 
Temporal trend in frequency of ovarian conservation. A. Frequency of ovarian conservation 

by age at hysterectomy is shown for all cases (N=86,005). Between age 37 and 53 years, 

there was a statistically significant decline in the frequency of ovarian conservation with 

each subsequent year of age (percent change per year −10.6, 95% confidence interval [CI] 

−11.7 to −9.4, P<.001). B. Frequency of ovarian conservation at hysterectomy by calendar 

year is shown for women aged younger than 50 years with stage I grade 1 endometrioid 

endometrial cancer (n=9,110). Median frequency of ovarian conservation during the study 

period was 10.6%. There was a statistically significant increase in frequency of ovarian 

conservation between 1993 and 2012 (percent change per year 1.1, 95% CI 0.4–1.8, 

P=.003). Error bars represent 95% CI.
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Fig. 3. 
Survival curves for women aged younger than 50 years with stage I grade 1 and 2 

endometrioid endometrial cancer. Log-rank test for P value. Y-axis was truncated to 50–

100%. Survival curves were constructed for: cause-specific survival for women aged 

younger than 50 years with stage I grade 1 endometrioid (A) and grade 2 endometrioid (C) 

endometrial cancer and overall survival for women aged younger than 50 years with stage I 

grade 1 endometrioid (B) and grade 2 endometrioid (D) endometrial cancer. OC, ovarian 

conservation; Ovx, oophorectomy; censored, no event during the time period.
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Table 2.

Characteristics of Ovarian Conservation in Women Aged Younger Than 50 Years With Stage I Grade 1 

Endometrioid Endometrial Cancer (n=9,110)

Ovarian Conservation Oophorectomy P

n 1,034 (11.4) 8,076 (88.6)

Age (y) 40.5±65.6 43.1±5.3 <.001

 40–49 616 (8.9) 6,307 (91.1)

 30–39 371 (18.7) 1,609 (81.3)

 Younger than 30 47 (22.7) 160 (77.3)

Ethnicity <.001

 White 584 (10.0) 5,240 (90.0)

 Black 71 (14.9) 407 (85.1)

 Hispanic 223 (15.6) 1,204 (84.4)

 Asian 109 (11.5) 841 (88.5)

 Others 42 (10.9) 345 (89.1)

 Unknown 5 (11.4) 39 (88.6)

Marital status .11

 Single 303 (12.2) 2,171 (87.8)

 Others 684 (10.9) 5,593 (89.1)

 Unknown 47 (13.1) 312 (86.9)

Registry area .001

 West 602 (12.1) 4,385 (87.9)

 Central 182 (9.1) 1,828 (90.9)

 East 250 (11.8) 1,863 (88.2)

Year of diagnosis .08

 1983–1989 75 (11.7) 566 (88.3)

 1990–1999 177 (9.8) 1,637 (90.2)

 2000–2009 584 (11.5) 4,486 (88.5)

 2010–2012 198 (12.5) 1,387 (87.5)

Stage .17

 IA 901 (11.4) 6,993 (88.6)

 IB 20 (7.8) 238 (92.2)

 I, NOS 113 (11.8) 845 (88.2)

Tumor size (cm) <.001

 2.0 or less 294 (14.4) 1,746 (85.6)

 2.1–4.0 91 (7.9) 1,062 (92.1)

 4.1–6.0 50 (8.7) 526 (91.3)

 Greater than 6.0 20 (5.7) 330 (94.3)

 Unknown 579 (11.6) 4,412 (88.4)

Surgery type <.001

 Total, pan, simple hysterectomy 926 (11.4) 7,221 (88.6)

 Supracervical, subtotal hysterectomy 70 (46.1) 82 (53.9)
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Ovarian Conservation Oophorectomy P

 Others 38 (4.7) 773 (95.3)

Adjuvant radiation .004

 No 1,005 (11.6) 7,641 (88.4)

 Yes 22 (5.5) 377 (94.5)

 Unknown 7 (10.8) 58 (89.2)

NOS, not otherwise specified.

Data are n (%) or mean±standard deviation unless otherwise specified.

Percentages are shown per row. Univariable analysis with Student t test or χ2 test for P values.

Bold indicates a significant P value.
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