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• Ovarian preservation was not associated with increased mortality, even after adjusting other covariates.
• This study suggests that ovarian preservation may be performed safely in young patients with early stage endometrial cancer.
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Objective. The aim of this studywas to evaluate the impact of ovarian preservation on the recurrence and sur-
vival rates of premenopausal women with early-stage endometrial cancer.

Methods.Usingmedical records of premenopausal womenwho received primary surgical treatment for stage
I–II endometrial cancer, the demographics and survival rates were compared retrospectively for patients who
had ovarian preservation and those who underwent bilateral salpingo-oophorectomy. Cox proportional hazards
models with inverse probability of treatment weighting (IPTW) based on propensity score were performed to
adjust for selection bias between the two groups.

Results. A total of 495 women were identified, including 176 patients who had ovarian preservation. The

ovarian preservation group was younger (P b 0.001) and had an earlier year of diagnosis (P = 0.014), a lower
prevalence of lymphadenectomy (P b 0.001), and a marginally significant association with lower tumor grade
(P = 0.052). The Kaplan–Meier curve and the log rank test showed no difference in either recurrence-free sur-
vival (P = 0.742) or overall survival (P = 0.462) between the two groups. In a multivariate Coxmodel adjusted
by IPTW and covariates, ovarian preservation had no effect on either recurrence (hazard ratio [HR], 0.73; 95% CI,
0.29–1.81) or overall survival (HR, 1.33; 95% CI, 0.43–4.09).

Conclusions. Ovarian preservation does not appear to be associated with an adverse impact on the outcomes
of premenopausal women with early-stage endometrial cancer. The present study has useful implications for
physicians counseling young women who want to preserve their ovaries.
© 2013 Elsevier Inc. All rights reserved.
nd Gynecology, Seoul National
gu, 110-744 Seoul, Republic of

ghts reserved.
Introduction

Endometrial cancer is the most common gynecologic malignancy in
Western countries and its incidence in Asian countries, including Korea,
is increasing [1,2]. A 2010 report on annual cancer statistics in Korea
showed that approximately 37.0% of patients diagnosed with endome-
trial carcinoma were premenopausal women and 10.4% were under
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Table 1
Baseline characteristics.

Ovarian preservation
(n = 176)

BSO
(n = 319)

P-value Adjusted by
IPTW P-value

Age at diagnosis, years b0.001 0.871
≤35 80 (45.5%) 36 (11.3%)
36–40 45 (25.6%) 35 (11.0%)
≥41 51 (29.0%) 248 (77.7%)

Year of diagnosis 0.014 0.822
1997–2002 48 (27.3%) 57 (17.9%)
2003–2008 128 (72.7%) 262 (82.1%)

Tumor grade 0.052 0.192
1 133 (75.6%) 251 (78.7%)
2 40 (22.7%) 52 (16.3%)
3 3 (1.7%) 16 (5.0%)

Stage 0.622 0.503
IA 159 (90.3%) 283 (88.7%)
IB 6 (3.4%) 17 (5.3%)
II 11 (6.3%) 19 (6.0%)

Lymphadenectomy b0.001 0.620
No 101 (57.4%) 77 (24.1%)
Yes 75 (42.6%) 242 (75.9%)

Adjuvant treatment 0.065 0.504
No 157 (89.2%) 265 (83.1%)
Yes 19 (10.8%) 54 (16.9%)

Abbreviations: BSO, bilateral salpingo-oophorectomy; IPTW, inverse probability of treat-
ment weighting.
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the age of 40 [3]. The prognosis for endometrial cancer among premen-
opausal women tends to be favorable, with early-stage diagnoses and
well-differentiated tumor grades being reported more frequently [4].
As a result, quality of life and fertility preservation are a matter of
great interest in young endometrial cancer patients.

The current guidelines recommend surgical staging, including total
hysterectomy, and bilateral salpingo-oophorectomy (BSO) for early-
stage endometrial cancer regardless of age [5]. Routine BSO at the
time of surgery is based on the concept of removing the occult,
coexisting ovarianmalignancy and estrogen production source. Howev-
er, this decision should take into consideration the significant long-term
morbidity and mortality of premature menopause [6]. Surgical castra-
tion may affect the quality of life for young women without coexisting
ovarian cancer. In addition to the loss of fertility, early surgical meno-
pause is known to be linked to increased risk of cardiovascular disease
and osteoporosis in the future [7,8].

Although previous studies have demonstrated the risk of coexisting
malignancy in patientswith early-stage endometrial cancer [9–11], only
a limited number of studies have described the long-term oncologic
outcomes of ovarian preservation. Several investigators, including our
group, have shown that ovarian preservation does not impact the sur-
vival of early-stage endometrial cancer adversely [12–14]. However, un-
certainty still remains about the safety of patients who have undergone
ovarian preservation. In particular, a large number of clinicians think
that theymay not need to remove the ovaries in early-stage endometri-
al cancer. In a Korean survey, 69% of gynecologic oncologists stated that
grossly normal-looking ovaries can be preserved in young patients with
early-stage disease [15]. Our objective in this cohort study was to eval-
uate the impact of ovarian preservation on the recurrence and survival
rates of premenopausal women with early-stage endometrial cancer.

Methods

Patient cohort

From January 1997 toDecember 2008, 1032 patientswith endometri-
al cancer were identified in the tumor registries of 20 tertiary hospitals.
These patientswere screened for enrollment after obtaining the approval
of the institutional review board. Advanced-stage (stage III/IV) patients,
those with non-endometrioid histology, and postmenopausal women
were excluded from the analysis. Consequently, 495 premenopausal
women with early-stage endometrioid endometrial adenocarcinoma
were identified. Ninety-eight cases in our previous study published in
2009 were also included [13].

Clinical data and pathologic information were collected, including
age at diagnosis, year of diagnosis, stage, tumor grade, performance of
lymphadenectomy or adjuvant treatment, and follow-up results for re-
currence and survival. Age at diagnosiswas categorized as follows:≤35,
36–40, and≥41. Year of diagnosis was categorized into 1997–2002 and
2003–2008. All patients were surgically staged using the revised 2009
International Federation of Gynecology and Obstetrics (FIGO) staging
system for endometrial cancer [16]. Only patients with stages IA, IB,
and II were included. Recurrence-free survival was measured from the
date of diagnosis to the date of recurrence or censored at the date of
last follow-up. Overall survival was calculated as the number of months
from cancer diagnosis to the date of death. Patients who were alive at
the last follow-up were censored.

Statistical analysis

Differences between the baseline characteristics of the ovarian pres-
ervation and BSO groups were compared using the chi-square test or
Fisher's exact test for categorical variables. The recurrence-free and
overall survival curves were estimated using the Kaplan–Meier method
and differences in survival between the groups were compared using
the log rank test. To reduce the impact of treatment selection bias and
potential confounding in an observational study, rigorous adjustment
was performed for significant differences in the characteristics of
patients using the weighted Cox proportional hazards models with the
inverse probability of treatment weighting (IPTW) [17]. With this
technique, weights for patients who underwent BSO were the inverse
of (1-propensity score) and weights for patients who had ovarian pres-
ervation were the inverse of the propensity score. Multiple logistic-
regression analysis was used to estimate the propensity scores. The fol-
lowing variables were included in the propensity scoremodel: age, year
of diagnosis, tumor grade, stage, and the performance of lymphadenec-
tomy or adjuvant treatment. The discrimination of each propensity
score model was assessed by means of the C statistic. In addition, for
more rigorous adjustment to avoid selection bias and profile effects, a
second Cox model was created with IPTW as the weights, the perfor-
mance of BSO, and all pre-specified covariates. P-values less than 0.05
were considered significant and all statistical tests were two-sided. All
statistical tests were performed using R, version 2.15.2 (Foundation
for Statistical Computing, Vienna, Austria, http://www.r-project.org/).

Results

A total of 495 patients were included in this study. 176 had ovarian
preservation and 319 underwent BSO. The baseline characteristics
of the two groups are shown in Table 1. The ovarian preservation
group was younger (P b 0.001) and had an earlier year of diagnosis
(P = 0.014), a lower prevalence of lymphadenectomy (P b 0.001),
and a marginally significant association with lower tumor grade (P =
0.052). After adjustment by IPTW, there is no significant difference in
variables between the two groups. Reasons for ovarian preservation
were listed under two categories based on a review of the medical
charts. First, clinicians decided to preserve grossly normal-looking ova-
ries in youngwomen asper the patients' desire. In 110 cases, at least one
ovary was preserved for this reason. Second, endometrial cancer was
found incidentally after the operation. In 63 cases, only a hysterectomy
was performed as the preoperative diagnosis was a benign disease such
as endometrial hyperplasia, leiomyoma, or adenomyosis. No additional
surgery was performed to remove these ovaries. A clear reason for
ovarian preservation could not be identified for three patients. In 71 pa-
tients, only one ovary was preserved based on surgeon's discretion con-
sidering the risk of occult metastasis despite grossly-normal looking
finding.

http://www.r-project.org/


Fig. 1. Recurrence-free survival (A) and overall survival (B) in premenopausal women
with early-stage endometrial cancer.
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The median follow-up duration was 49.0 months (range = 6–
208 months). The Kaplan–Meier curves and the log rank test showed
no difference in either recurrence-free survival (P = 0.742) or over-
all survival (P = 0.462) between patients who underwent ovarian
Table 2
Characteristics of patients who had recurrences.

Age Stage Grade LVSI Lymphadenectomy Pos
trea

Ovarian preservation
(n = 4)

38 II 2 Yes No ERT
44 II 1 No No No
45 II 2 Yes Yes ERT
33 IA 1 No Yes No

BSO
(n = 8)

40 IA 1 Yes No ERT
43 IA 3 NA Yes No
33 IA 3 Yes Yes No
37 IA 2 NA Yes No
46 IA 2 NA Yes No
51 II 1 No Yes ERT
52 II 2 Yes Yes CCR
48 IA 1 No Yes ERT

Abbreviations: BSO, bilateral salpingo-oophorectomy; LVSI, lymphovascular space invasion; RF
diotherapy; NA, not available; PAN, paraaortic lymph node; SCLN, supraclavicular lymph node
preservation and BSO (Fig. 1). Five-year overall survival was 94.5% for
those who had ovarian preservation, compared with 97.8% for patients
who underwent BSO. In addition, 10-year overall survival was 94.5% for
those who had ovarian preservation, compared with 91.3% for patients
who underwent BSO.

Table 2 shows the characteristics of 12 patients who experienced re-
currences. Of the 495 patients, 12 (2.4%) had recurrences. Of the 176
patients who had ovarian preservation, four (2.3%) were diagnosed
with recurrences. Adnexal recurrencewas suspected in just oneof the pa-
tientswith recurrence, based on imaging studyfindings. Furthermore,we
did not find any subsequently developed ovarian cancer in patients who
underwent ovarian preservation. Of the 319 patients who underwent
BSO, eight patients (2.5%) were diagnosed with recurrences. Distant re-
currences were found in seven out of 12 of the cases with recurrence.

Table 3 demonstrates the cumulative hazards of adverse outcomes
in patients receiving either ovarian preservation or BSO using
unadjusted and adjusted multivariable analyses. Unadjusted Cox re-
gression models showed that ovarian preservation had no effect on ei-
ther recurrence (hazard ratio [HR], 0.82; 95% confidence interval [CI],
0.25–2.72) or death (HR, 1.64; 95% CI, 0.44–6.12). In addition, after
the outcomes of patients who underwent ovarian preservation or BSO
were adjusted with IPTW, there was no significant difference in recur-
rence (HR, 0.90; 95% CI, 0.39–2.12) or death (HR, 1.70; 95% CI,
0.64–4.54) between the two groups. Similarly, a Cox model with IPTW
as the weights, treatment effect (ovarian preservation or BSO), and
pre-specified covariates (age, year of diagnosis, tumor grade, stage,
and the performance of lymphadenectomy or adjuvant treatment)
also showed that ovarian preservation did not increase the risk of recur-
rence (HR, 0.73; 95% CI, 0.29–1.81) or mortality (HR, 1.33; 95% CI,
0.43–4.09) significantly more than BSO. The C statistic of the propensity
score was 0.741 in all patients. Detailed results for other covariates in
this multivariable Cox model are described in Table 4. Tumor grade
and stage were the most significant prognostic factors for recurrence
and survival in our cohort.

Discussion

We compared the recurrence-free and overall survival rates of pa-
tients who underwent ovarian preservation and BSO. Ovarian preserva-
tion was not associated with increased mortality in our cohort, even
after adjusting other covariates.

Previous studies have reported inconsistent results on the incidence
of coexisting ovarian malignancy in early-stage endometrial cancer,
with a range of 5–29% reported in the literature [9,10,18–22]. This dis-
crepancy may be due to various sample sizes, the characteristics of pa-
tients, and differing study regions. In addition, the proportion of
synchronous primary tumors and metastatic tumors is altered by the
pathologic criteria. Walsh et al. demonstrated that there is a high rate
toperative adjuvant
tment

RFS (months) Site of recurrence Patient state

23 Stomach Death
24 Lung Death
31 Liver Death
18 Both adnexa Alive without disease
50 Colon Alive without disease
42 Pleural effusion Death
2 Liver Death

17 Rectum Alive with disease
37 Vaginal stump Death
11 PAN, SCLN Alive with disease

T 7 Vaginal stump Alive without disease
23 Lung Alive with disease

S, recurrence-free survival; ERT, external beam radiotherapy; CCRT, concurrent chemora-
.



Table 3
Hazard ratios for clinical outcomes with ovarian preservation versus BSO.

Unadjusted Adjusted by IPTW Adjusted by IPTW and covariatesa

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Death HR 1.64 (0.44–6.12) 0.465 1.70 (0.64–4.54) 0.288 1.33 (0.43–4.09) 0.616
Recurrence HR 0.82 (0.25–2.72) 0.743 0.90 (0.39–2.12) 0.818 0.73 (0.29–1.81) 0.496

Abbreviations: BSO, bilateral salpingo-oophorectomy; IPTW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence interval.
a Adjustment was done through the use of the IPTW and significant covariates influencing outcomes (age, year of diagnosis, tumor grade, stage, and the performance of lymphadenec-

tomy or adjuvant treatment).
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of coexisting malignancy of 25% among women with endometrial can-
cer aged 24–45 and recommended caution when considering ovarian
preservation in young endometrial cancer patients [18]. This high rate
should be interpretedwith caution as the authors did not provide infor-
mation about intraoperative gross extrauterine spread, which is one of
the most significant predictors of ovarian involvement [9]. Our results
suggest that the overall rate of a coexisting ovarianmalignancy in endo-
metrial cancer is approximately 7% [9]. This is within the range reported
by most other investigators [10,19–21]. In addition, we emphasized
that the risk of coexisting ovarianmalignancy isminimal in endometrial
cancer patients that present with no evidence of intraoperative extra-
uterine disease (below 1%) [9]. A recent study of Asian countries dem-
onstrated that the frequency of coexisting ovarian malignancy in
patients with clinical stage I endometrial cancer is lower than expected
[11,23]. Pan et al. reported that approximately 2% of a dataset of 976
clinical stage I endometrial cancer patients had ovarian metastases or
synchronous ovarian primary cancers [23]. Akbayir et al. showed that
a high predictive value of the intraoperative examination for the diag-
nosis of benign/normal ovaries is accurate [11]. These results suggest
that ovarian preservationmay be performed safely in young endometri-
al cancer patients after careful intraoperative inspection of the adnexa.

Although previous reports have examined the frequency of ovarian
metastasis in young women with endometrial cancer, only a limited
number of studies have evaluated the long-term oncologic outcomes
Table 4
Cox proportional hazards modela of factors associated with recurrence-free survival and
overall survival for premenopausal women with early stage endometrial cancer.

Recurrence-free survival Overall survival

Variables HR 95% CI HR 95% CI

Ovarian preservation
BSO Reference Reference
Ovarian preservation 0.73 0.29–1.81 1.33 0.43–4.09

Age
≤35 0.86 0.24–3.06 0.15 0.02–1.08
36–40 1.03 0.30–3.59 1.33 0.41–4.34
≥41 Reference Reference

Year of diagnosis
1997–2002 Reference Reference
2003–2008 0.39 0.15–0.99 0.38 0.12–1.16

Tumor grade
1 Reference Reference
2 3.65 1.19–11.16 10.46 2.68–40.91
3 3.68 0.75–18.22 37.90 6.81–210.89

Stage
IA Reference Reference
IB 0 0–∞ 0 0–∞
II 5.55 1.31–23.51 16.50 2.32–117.54

Lymphadenectomy
No Reference Reference
Yes 1.21 0.36–4.02 0.37 0.10–1.35

Adjuvant treatment
No Reference Reference
Yes 2.01 0.45–8.88 0.27 0.03–2.26

Abbreviations: BSO, bilateral salpingo-oophorectomy; IPTW, inverse probability of treat-
ment weighting; HR, hazard ratio; CI, confidence interval.

a A Coxmodelwasdevelopedwith IPTWas theweights, the performance of BSO, and all
pre-specified covariates influencing outcomes (age, year of diagnosis, tumor grade, stage,
and the performance of lymphadenectomy or adjuvant treatment).
of ovarian preservation [12–14,24]. Richter et al. reported that the BSO
group had lower recurrence rates than the ovarian preservation group
for stage I endometrial cancer patients [24]. However, only 20 patients
were included in the ovarian preservation group. In contrast, Wright
et al. demonstrated that ovarian preservation did not have an impact
on adverse outcomes such as cancer-specific survival (HR, 0.58; 95%
CI, 0.14–2.44) and overall survival (HR, 0.68; 95% CI, 0.34–1.35) [12].
In addition, Koskas et al. reported the safety of ovarian preservation in
a homogenous groupwith grade I endometrial adenocarcinoma limited
to the endometrium [14]. The study showed that cancer-related death
did not occur in patients with ovarian preservation. In particular,
death related to heart disease or diabetes occurred only in patients
who underwent BSO.

Our previous study reported the oncologic outcomes of 175 patients
with ovarian preservation including all age groups and not considering
menopausal status [13]. Seven of the 175 patients had recurrence, and
no recurrenceswere observed in stage I patientswith endometrioid his-
tology. Most cases included in the study had endometrioid histology
(92.6%), while most recurrences arise from non-endometrioid histolog-
ic subtypes. Despite the results being promising, the benefits of ovarian
preservation could not be assessed precisely owing to the lack of a con-
trol group and because all age groups were included. The present study
supports the findings of previous reports with performing the compar-
ative study and focusing on only premenopausal women.

The standard surgical treatment for endometrial cancer includes a
total hysterectomy and BSO,with pelvic and paraaortic lymphadenecto-
myas indicated [5]. The rationale behindperformingBSO, even in young
women, is based on two theoretical risks of leaving the ovaries in situ:
First, the risk of coexisting ovarian malignancy cannot be excluded
completely; and second, endogenous estrogen production from ovaries
may activate potential residual microscopic foci of endometrial cancer.

However, ovarian preservation did not adversely impact recurrence
or survival rates in our study. This may be explained by the high rate of
adverse risk factors for adjuvant treatment in cases that involved the
ovaries. Therefore, adjuvant treatment, such as pelvic radiation, was
performed on occultmetastases and oncologic outcomeswere not ham-
pered, despite the possibility of occult ovarian involvement in the ovar-
ian preservation group. Furthermore, the theory that endogenous
estrogen may activate quiescent endometrial cancer cells after surgery
is not supported by epidemiologic studies. Several studies, including a
randomized controlled trial by the Gynecologic Oncology Group, failed
to provide evidence of the risks of estrogen replacement therapy follow-
ing endometrial cancer surgery [25–27]. Considering these recent re-
sults, the risk of reactivating cancer cells by endogenous hormonal
stimulation appears to be negligible, particularly among women with
early-stage endometrial cancer.

No prospective study on this issue has been designed and such a
study is unlikely to perform a randomized controlled trial in the near fu-
ture owing to ethical problems and the anticipated difficulty in patient
recruitment. Under these circumstances, the results of this study carry
weight as we included a sufficient number of ovarian preservation pa-
tients and compared the outcomeswhile attempting to reduce selection
bias. Ovarian preservation is more likely when a clinician encounters a
favorable case and a younger patient. Thus, selection bias should be con-
trolled in order to compare the survival outcomes of the two groups.We
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performedmultivariable Coxmodelingwith IPTW to overcome the lim-
itations of retrospective study. By doing so, we were able to avoid the
possibility that the benefits of ovarian preservation were overestimated
due to the selection of a lower-risk sample.

Our study has several potential limitations. First, although we
attempted to reduce the significant bias inherent in retrospective studies
by using IPTW, hidden bias still exists as propensity scores control only
for selection bias. Second, a sufficient follow-up period was not achieved
in some patients due to missing data in the medical records of tertiary
hospitals. Third, the performance of lymphadenectomy and adjuvant ra-
diotherapyhadnot been standardized in the current study. Fourth, recur-
rence or death did not occur in stage IB disease, as only a small proportion
of stage IB patients were included in this study. Lastly, the consequences
of surgical menopause in young women, such as cardiovascular disease,
osteoporosis, and quality of life, are not evaluated in this study.

In conclusion, our findings demonstrate that ovarian preservation
does not appear to have an adverse impact on recurrence and survival
rates in premenopausal women with early-stage endometrial cancer.
This study has useful implications for physicians counseling patients
who want to preserve their ovaries. To validate our results, further
large-scale studies that consider both the potential consequences of pre-
mature surgical menopause and cancer-specific outcomes are necessary.
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