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Abstract

This study seeks to identify risk factors associated with ovarian metastasis and to characterize a 

population with minimum risk of ovarian metastasis in young women with stage IB–IIB cervical 

cancer. This was a nation-wide multicenter retrospective study in Japan examining consecutive 

cases of surgically-treated women with clinical stage IB–IIB cervical cancer who had 

oophorectomy at radical hysterectomy (n=5,697). Multivariable analysis was performed to identify 

independent risk factors for ovarian metastasis. Ovarian metastasis was seen in 70 (1.2%, 95% 

confidence interval 0.9–1.5) cases. In the entire cohort, adenocarcinoma, lympho-vascular space 

invasion, uterine corpus tumor invasion, and pelvic/para-aortic nodal metastases remained 
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independent risk factors for ovarian metastasis (all, adjusted-p<0.05). In a sensitivity analysis of 

3,165 women aged <50 years (ovarian metastasis, 1.0%), adenocarcinoma, parametrial tumor 

involvement, uterine corpus tumor involvement, and pelvic/para-aortic nodal metastases remained 

independent risk factors for ovarian metastasis (all, adjusted-P<0.05). In the absence of these five 

risk factors (representing 46.1% of women aged <50 years), the incidence of ovarian metastasis 

was 0.14%. With the presence of adenocarcinoma alone (representing 18.9% of women aged <50 

years), the incidence of ovarian metastasis was 0.17% and was not associated with increased risk 

of ovarian metastasis compared to the subgroup without any risk factors (p=0.87). In conclusion, 

nearly two thirds of women aged <50 years with clinical stage IB–IIB cervical cancer had no risk 

factor for ovarian metastasis or had adenocarcinoma alone: these subgroups had ovarian metastasis 

rates of around 0.1% and may be a candidate population for ovarian conservation at surgical 

treatment.
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Cervical cancer is the most common gynecologic malignancy in the world, and >500,000 

women were estimated to be diagnosed with this disease as per the 2012 global statistics.1,2 

Typically, cervical cancer is a disease of young women related to persistent oncogenic 

human papillomavirous infection.3,4 Indeed, cervical cancer is the leading cause of 

gynecologic malignancy death in women of reproductive age in the United States.5 In Japan, 

the incidence of cervical cancer among women younger than 40 years of age has been 

gradually increasing, and >40% of women with cervical cancer were younger than 50 years 

of age and had stage I–II disease, a situation in Japan where surgical treatment plays a 

pivotal role in disease management.6–8

The recent evidence-based guidelines per the Japan Society of Gynecologic Oncology 

indicate that either a surgical treatment approach with radical hysterectomy and a non-

surgical approach with concurrent chemoradiotherapy are acceptable treatment options for 

women with stage IB–IIB cervical cancer.8 Both treatment approaches have unique risks and 

benefits related to its treatment modalities. Surgical treatment with radical hysterectomy has 

the benefit in that it allows the patient to have an opportunity for ovarian conservation at the 

time of surgery that is particularly applicable to premenopausal young women. The benefits 

of ovarian conservation for young women include both short-term and long-term aspects 

including prevention of osteoporosis and cardiovascular disease.9–13 Nevertheless, current 

available guidelines have not clearly specified the recommendation criteria for 

oophorectomy versus ovarian conservation at the time of surgical treatment for stage IB–IIB 

cervical cancer.8,14

A concern for ovarian conservation at surgical treatment for women with cervical cancer is a 

possibility of leaving tumor already metastasized to the ovary. While the risk of ovarian 

metastasis seems low as demonstrated in multiple prior studies,15–21 there is currently little 

reliable risk stratification available for the prediction of ovarian metastasis, especially in 

stages IB–IIB disease. Because ovarian conservation at the time of surgical treatment can 
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potentially impact woman’s health and there are likely a substantial number of women who 

are candidates for ovarian conservation at surgery, establishing a risk stratification model of 

ovarian metastasis is of utmost importance in the management of young women with 

cervical cancer when surgical treatment is scheduled.

The objective of the study was (i) to identify independent predictors for ovarian metastasis 

and (ii) to characterize a population with minimum risk of ovarian metastasis in young 

women with clinical stage IB–IIB cervical cancer.

Patients and Methods

Eligibility

A nation-wide large-scale retrospective observational study was conducted in 116 Japanese 

Gynecologic Oncology Group designated institutions. Institutional Review Board approval 

was obtained at Tottori University which served as the host institution, and the Japanese 

Gynecologic Oncology Group-participating institutions reviewed the study protocol and 

obtained their own Institutional Review Board approvals at each site as indicated. Eligible 

cases were women with clinical stage IB–IIB cervical cancer who underwent type III radical 

hysterectomy, bilateral salpingo-oophorectomy, and pelvic lymphadenectomy between 

January 1, 2004 and December 31, 2008. The data acquisition period at the participating 

sites was set between October 1, 2012 and February 28, 2013. Women who had ovarian 

conservation or were of unknown oophorectomy status were excluded from the study. The 

STROBE guidelines were used to outline this observational study.22

Clinical information

A de-identified universal data entry form was used to collect clinical, tumor, and survival 

information from archived medical records at each study site. Upon the completion of data 

collection, the anonymous data sheet was sent to the host institution. The data was then 

compiled into a master excel data sheet by the research personnel. Clinical demographics 

included calendar year of surgery, patient age at diagnosis of cervical cancer (<40, 40–49 

and ≥50 years), and clinical stage per the International Federation of Gynecology and 

Obstetrics grouped into stage IB1, IB2, IIA and IIB.

Surgical-pathological factors examined for this study included histologic subtype (squamous 

cell carcinoma, adenocarcinoma, adenosquamous, and other), tumor size (>4 vs. ≤4 cm), 

parametrial tumor involvement (yes vs. no), deep stromal invasion (outer half vs. inner half), 

presence of LVSI (yes vs. no), uterine corpus tumor invasion (yes vs. no), use of peritoneal 

cytology (yes vs. no), and ovarian metastasis (yes vs. no). Among the cases with ovarian 

metastasis, laterality (unilateral vs. bilateral) was further specified.

Survival outcomes examined for this study were disease-free survival and cause-specific 

survival. Disease-free survival was defined as the time interval between the date of radical 

hysterectomy and the date of the first recurrence. Cases were censored if there is no 

recurrence at the last follow-up. Cause-specific survival was defined as the time interval 

between the date of radical hysterectomy and the date of death due to cervical cancer. The 

patients were censored if patients were alive at the last follow-up or died of another cause.
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Statistical analysis

The primary objective of analysis was to identify the independent risk factors for ovarian 

metastasis at the time of surgical treatment for women with clinical stage IB–IIB cervical 

cancer. The secondary objective of analysis was to characterize a population with minimum 

risk of ovarian metastasis in women aged <50 years in a sensitivity analysis. In addition, an 

association of ovarian metastasis and survival outcome was examined. On univariable 

analysis, continuous variables were assessed with the Student’s t test and categorical 

variables were assessed with the χ2 test or a Fisher exact test as appropriate.

A binary logistic regression model was used to determine the independent risk factors for 

ovarian metastasis (yes vs. no). Covariates entered in the initial full model were age, 

histology, tumor size, parametrial involvement, deep stromal invasion, LVSI, uterine corpus 

tumor invasion, pelvic and para-aortic nodal metastasis, and peritoneal cytology use. 

Because we estimated that the risk of ovarian metastasis in clinical stage IB–IIB cervical 

cancer is approximately 1% based on our previous study,15 this full model with ten 

covariates may result in overfitting in the model. Therefore, to avoid overfitting, we 

performed a conditional backward method to remove the least significant covariate from the 

model until all the retained covariates remained significant.23 Magnitude of statistical 

significance was expressed with OR and 95%CI. In addition, the Hosmer-Lemeshow 

goodness-of-fit test was used to assess the final model fitting of the binary logistic regression 

analysis, and a p values of >0.05 of the test was interpreted as a good-fit.24

Sensitivity analyses for the binary logistic regression model were further performed in 

various clinical settings. These included squamous histology cases alone and 

adenocarcinoma/adenosquamous histology cases alone given that the tumor biology and 

clinical behaviors differ between the two histology subtypes.25 Also, a group of women aged 

younger than 50 years were examined because this age group of women are the best 

candidates for ovarian conservation to maximize the cardioprotective effects of ovarian 

hormones.26 This arbitrary age cutoff was based on the average age of menopause in 

developed countries (51 years).27 Lastly, cases with clinical stage IB disease were examined 

because this sub-stage disease is the most common indication for radical hysterectomy in 

Japan.7

For survival analysis, the Kaplan–Meier method was used to construct survival curves for 

disease-free and cause-specific survival stratified by ovarian metastasis status,28 and 

statistical significance between the curves was assessed with a log-rank test. A Cox 

proportional hazard regression model was used for multivariable analysis.29 In this model, 

patient age and all collected tumor factors were entered in the final model due to an adequate 

survival event number. Magnitude of statistical significance was expressed with HR and 

95%CI. Over-adjustment was examined by the ratio of event-of-interest per variables in the 

final model, and the ratio of <10 was considered absence of over-adjustment. All statistical 

analyses were two-sided, and a p values of <0.05 was considered statistical significant. 

Statistical Package for Social Sciences (version 24.0, Armonk, NY) was used for all the 

analyses.
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Results

There were 6,003 cases identified in the database. Among those, 235 (3.9%) cases of 

unknown oophorectomy status, 32 (0.5%) cases of ovarian conservation, and 39 (0.6%) 

cases outside of our study period were excluded. The remaining 5,697 cases of clinical stage 

IB–IIB cervical cancer that underwent radical hysterectomy with oophorectomy composed 

the study population. Ovarian metastasis was seen in 70 (1.2%, 95%CI 0.9–1.5) cases 

including 43 cases (0.8%) cases of unilateral metastasis and 27 (0.5%) cases of bilateral 

metastasis.

Demographics are shown in Table 1. There was a trend of increasing incidence of ovarian 

metastasis in older age women although it did not reach statistical significance (<40, 40–49 

and ≥50 years, 0.8, 1.1 and 1.5%; p=0.11). Women with clinical stage IB disease had a 

significantly lower incidence of ovarian metastasis relative to stage II disease (IB1 0.7%, 

IB2 0.9%, IIA 1.2% and IIB 2.7%; p<0.001). Adenocarcinoma histology (2.5%) had the 

highest incidence of ovarian metastasis followed by adenosquamous type (1.3%) with 

squamous type holding the lowest incidence of ovarian metastasis (0.7%, p<0.001). The two 

surgical-pathological factors associated with the highest risk for ovarian metastasis were 

para-aortic lymph node metastasis (13.8%) followed by uterine corpus tumor invasion 

(5.7%). All the collected surgical-pathological tumor factors were significantly associated 

with ovarian metastasis (all, p<0.001).

On multivariable analysis (Table 2), adenocarcinoma histology (adjusted-OR 3.92, 95%CI 

2.29–6.72, p<0.001), LVSI (adjusted-OR 2.60, 95%CI 1.09–6.19, p=0.031), uterine corpus 

tumor invasion (adjusted-OR 6.05, 95% CI 3.56–10.3, p<0.001), pelvic lymph node 

metastasis (adjusted-OR 3.74, 2.02–6.95, p<0.001) and para-aortic lymph node metastasis 

(adjusted-OR 4.96, 95%CI 2.02–12.9, p<0.001) remained independent predictors for an 

increased risk of ovarian metastasis. The tumor factors with the highest magnitude of 

statistical significance for ovarian metastasis were uterine corpus tumor invasion followed 

by para-aortic lymph node metastasis and adenocarcinoma histology.

Sensitivity analyses were performed to explore the association of tumor factors and ovarian 

metastasis (Table 3). Notably, across the four analyses, both uterine corpus tumor invasion 

and pelvic lymph node metastasis were the common risk factors for ovarian metastasis. In 

the squamous and adenocarcinoma histology types, both uterine corpus tumor invasion and 

pelvic lymph node metastasis were the common tumor factors for increased risk of ovarian 

metastasis. However, para-aortic lymph node metastasis was an independent risk factor only 

in the squamous group but not in the adenocarcinoma group. Parametrial tumor involvement 

was an independent risk factor only in the adenocarcinoma group but not in the squamous 

group.

Independent risk factors for ovarian metastasis in women aged <50 years were similar to 

those in the entire cohort except that parametrial tumor involvement but not LVSI remained 

independent risk factors (Table 3). This difference between the entire cohort and the younger 

age group is likely due to the difference in baseline tumor characteristics (Supporting 

Information Table S1). That is, younger women were less likely to have tumors with 

Matsuo et al. Page 5

Int J Cancer. Author manuscript; available in PMC 2020 September 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



squamous histology, parametrial involvement, deep stromal invasion, LVSI, uterine corpus 

invasion, and peritoneal cytology use compared to those who were older. Among the cases 

with clinical stage IB disease, adenocarcinoma, uterine corpus tumor invasion, and pelvic 

lymph node metastasis remained independent risk factors for ovarian metastasis, and tumor 

size was not associated with ovarian metastasis.

The incidence of ovarian metastasis was examined based on combination patterns of risk 

factors for ovarian metastasis (Table 4). Among the entire cohort, the incidence of ovarian 

metastasis was 0.14% without the presence of any risk factors (n=1,423). The presence of 

adenocarcinoma alone did not increase the risk of ovarian metastasis compared to the no risk 

factor group (0.29% vs. 0.14%, p=0.46). When tumors exhibit multiple risk factors, the 

incidence of ovarian metastasis increased significantly: two risk factors 0–2.33%, three risk 

factors 2.03–7.89%, and four or more risk factors 17.7–36.4% (p<0.001).

Among the subgroup with age younger than 50 years (Table 4), similar results were 

observed as for the entire cohort. With absence of these five risk factors (representing 46.1% 

of women aged <50 years), the incidence of ovarian metastasis was 0.14%. Adenocarcinoma 

alone (representing 18.9% of women aged <50 years) was not associated with an increased 

risk of ovarian metastasis (0.17% vs. 0.14%, p=0.87) while pelvic lymph node metastasis 

alone was (0.89% vs. 0.14%, p=0.041) compared to those without any risk factors. Presence 

of multiple risk factors was associated with increased incidence of ovarian metastasis: two 

risk factors 0–5.41%, three risk factors 4.41–15.0%, and four risk factors, 16.7% (p<0.001).

Survival analysis was performed. Median follow-up time for women without any survival 

events was 64.8 months. There were 1,153 recurrences and 661 deaths from cervical cancer 

recorded in the study cohort. On univariable analysis, women who had cervical cancer 

metastasized to the ovary had a significantly lower disease-free survival (5-year rates, 22.9% 

vs. 81.5%, p<0.001; Fig. 1a) and cause-specific survival (41.5% vs. 89.3%, p<0.001; Fig. 

1b) compared to those who did not have ovarian metastasis. There was no difference in 

disease-free survival (5-year rates, 24.2% vs. 20.7%, p=0.26) and cause-specific survival 

(46.9% vs. 32.3%, p=0.16) between unilateral and bilateral ovarian metastasis.

On multivariable analysis controlling for a priori survival factors (Table 5), ovarian 

metastasis remained an independent prognostic factor for decreased disease-free survival 

(adjusted-HR 2.19, 95%CI 1.56–3.09, p<0.001) and cause-specific survival (adjusted-HR 

2.32, 95%CI 1.60–3.36, P<0.001). Ovarian metastasis had the largest magnitude of 

statistical significance for disease-free survival among the 10 examined tumor factors, 

similar to the impact of pelvic lymph node metastasis (adjusted-HRs, 2.19 vs. 2.16). 

Similarly, ovarian metastasis had the largest impact on cause-specific survival among the 

tumor factors examined in the analysis.

Discussion

Key findings of this study are that ovarian metastasis represents one of the strongest 

indicators of poor prognosis of women with stage IB–IIB cervical cancer and that the 

pathway leading to ovarian spread seem to be one of either anatomical proximity or through 
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lymphatic spread to the ovary. Moreover, based on our risk stratification model, a large 

fraction of women with clinical stage IB–IIB cervical cancer have a minimum risk of 

ovarian metastasis and may be candidates for ovarian conservation.

Adenocarcinoma commonly arises in the endocervical glands while squamous carcinoma 

arises in the extocervix. This difference in the anatomical location of cancer origin is likely 

the causality of the difference in the risk of ovarian metastasis between the two histology 

subtypes. That is, the adenocarcinoma type is anatomically closer to the ovary compared to 

the squamous type with increased risk of uterine corpus tumor invasion resulting in a higher 

incidence of ovarian metastasis compared to the squamous type. This finding validates our 

previous study and others including a systematic literature review.15–21 Because our study 

examined a significantly larger sample size, our study is more reassuring to endorse this 

association.

A notable finding in our study is that presence of adenocarcinoma alone was not associated 

with an increased risk of ovarian metastasis particularly in young women (Table 4). We 

found that tumors with adenocarcinoma histology commonly exhibited other risk factors for 

ovarian metastasis. Thus, with the presence of additional risk factors other than 

adenocarcinoma, the risk of ovarian metastasis was significantly increased. This is likely the 

biological plausibility of adenocarcinoma being a risk factor for ovarian metastasis. Because 

adenocarcinoma is often seen in younger age women where ovarian conservation is an 

important consideration in the management of cervical cancer,30 our result of a non-

increased risk of ovarian metastasis in women with adenocarcinoma alone is reassuring.

Moreover, this study showed that risk factors for ovarian metastasis differ slightly between 

adenocarcinoma and squamous histology subtypes (Table 3). While uterine corpus tumor 

invasion and pelvic nodal metastasis were risk factors for ovarian metastasis in both 

histology types, local factor (parametrial tumor involvement) was significant only in 

adenocarcinomas while lymphatic factor (para-aortic nodal metastasis) was significant only 

in squamous carcinomas. This finding may partly support the different patterns of tumor 

spread between the two histology types.25

This study found that uterine corpus tumor invasion was one of the strong predictors for 

ovarian metastasis. Multiple studies have shown that uterine corpus tumor invasion is 

associated with an increased risk of ovarian metastasis.18,31–35 Uterine corpus tumor 

invasion is also known to be an independent prognostic factor for decreased survival of 

women with early-stage cervical cancer shown in a recent population-based study.36 It is 

likely that anatomical proximity to the ovary from the uterine body explains this association. 

Therefore, based on what we and others have observed, preoperative or intraoperative 

assessment of uterine corpus tumor invasion is strongly recommended if ovarian 

conservation is scheduled in a young woman. A previous study suggested utility of magnetic 

resonance imaging for the evaluation of uterine corpus tumor invasion.37 If there is tumor 

involvement of either the uterine corpus or lower uterine segment, oophorectomy is 

warranted.
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Lymphatic factors such as LVSI and lymph node metastasis play a significant role in ovarian 

metastasis shown in our study as well as by others.17,18,33–35 This implies that lymphatic 

spread as opposed to hematologic spread may be a mode of ovarian metastasis in cervical 

cancer. Based on our results, thorough evaluation of the lymph nodes is necessary when 

ovarian conservation is considered including the para-aortic lymph node chain. Of note, the 

presence of para-aortic nodal metastasis is commonly associated with presence of other risk 

factors for ovarian metastasis, and para-aortic nodal metastasis alone without other risk 

factors was fairly uncommon (Table 4).

Risk of ovarian cancer after ovarian conservation merits in-depth discussion. Given the 

excess risk of secondary malignancy in women with cervical cancer due to various factors 

such as cigarette and radiotherapy uses,38,39 long-term safety assessment after ovarian 

conservation is particularly necessary; however, this was not applicable in our retrospective 

study with relatively short follow-up (median follow-up time, ~5 years). A recent 

population-based study has shown that 10- and 20-year cumulative incidences of 

metachronous ovarian cancer after ovarian conservation for young women with stage I 

cervical cancer are 0.2 and 0.5%, respectively (median follow-up time, >10 years).40 

Because their study did not have a proper control arm from general population to estimate 

relative risk of ovarian cancer after ovarian conservation for young women with stage I 

cervical cancer, further study is warranted to assess this long-term safety issue after ovarian 

conservation.

Although there are no clear criteria to choose surgical approach over concurrent 

chemoradiotherapy for stage IB–IIB cervical cancer in Japan, current practice patterns in 

this country demonstrated that the vast majority of stage I disease and nearly half of stage II 

disease undergo surgical treatment with radical hysterectomy.7 Thus, this unique treatment 

approach undertaken in Japan allows an evaluation of ovarian metastasis in stage IB–IIB 

cervical cancer with the benefit of a robust sample size thus making the results more reliable 

and relevant.

Strengths of the study are that this study analyzed one of the largest sample sizes reported in 

the literature and the event numbers were sufficient to perform multivariable analyses. 

Moreover, follow-up time is adequate to interpret the results of survival analysis and 

overfitting was not observed in multivariable analysis for this study cohort. Limitations of 

the study include that this is a retrospective study and there may be a missing confounder in 

the analysis. For example, body habitus, cigarette use, HIV status, and immunosuppressive 

use were not captioned in the study but these factors may influence the tumor spread 

patterns to the ovary. Also, while the sample size was large, event number for ovarian 

metastasis is relatively small and the exact association of each tumor factor and ovarian 

metastasis was not completely assessed in a full model (Table 2). Lastly, this study was 

conducted in Japan, and reproducibility and generalization to different ethnic groups cannot 

be assumed.

A weakness of the study is that we do not have information for the details of ovarian 

metastasis other than laterality. Therefore, the incidence of occult microscopic metastasis as 

opposed to macroscopic ovarian metastasis was not able to be assessed in this study. 
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Because macroscopically abnormal ovaries are likely to be resected during surgical 

treatment, the more clinically meaningful information is to identify the risk factors for occult 

ovarian metastasis among women with early-stage cervical cancer. We recognize this as the 

major limitation of this study. In addition, central pathology review was not performed to 

confirm ovarian metastasis versus synchronous ovarian cancer; however, such 

misclassification is unlikely because synchronous ovarian cancer is generally rare in cervical 

cancer.

The clinical implication of our results is in the candidate selection for ovarian conservation 

in young women with early-stage cervical cancer. A recent population-based study in the 

United States demonstrated that ovarian conservation was not associated with worse cervical 

cancer-specific survival as compared to oophorectomy in stage IB disease.26 Importantly, 

women who had ovarian conservation had higher overall survival compared to those who 

had oophorectomy although it did not reach statistical significance. Thus, it is paramount to 

proactively identify the patients who do not have an increased risk of ovarian metastasis.18,20 

This is particularly applicable to the Japanese population where ovarian conservation is 

substantially low (0.5% for stage IB–IIB in Japan versus ~40% for stage IB in the United 

States).26,41

In this study, women without risk factors for ovarian metastasis represented nearly half of 

the study population of age <50 years with stage IB–IIB cervical cancer (ovarian metastasis 

risk, 0.14%). In addition, women aged <50 years with adenocarcinoma alone represented 

nearly one fifth of the study population (ovarian metastasis risk, 0.17%). If these two groups 

were added, nearly two thirds of women aged <50 years with stage IB–IIB cervical cancer 

had ovarian metastasis risks of around 0.1% in our study population. These statistics for 

ovarian metastasis may be acceptable to safely offer ovarian conservation, and further study 

is warranted including a cost-effectiveness assessment based on our risk stratification model.
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What’s new?

Women with cervical cancer confined to the cervix and uterus may opt for radical 

hysterectomy, sometimes with oophorectomy. Ovary removal, however, has long-term 

health consequences in young women. Here, five risk factors for ovarian metastasis were 

identified in women with stage IB–IIB cervical cancer. Women under age 50 who lacked 

these factors had approximately 1 in 1000 risk of ovarian metastasis. Risk also was not 

increased for women with adenocarcinoma alone, one of the five risk factors. Young 

women with adenocarcinoma alone accounted for nearly one-fifth of cervical cancer 

cases in the study. Many young women with stage IB–IIB cervical cancer may benefit 

from ovarian conservation.
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Figure 1. 
Survival curves based on ovarian metastasis. Log-rank test for p-values. Survival curves are 

shown for (a) disease-free survival and (b) cause-specific survival based on ovarian 

metastasis. Abbreviation: mets: metastasis.
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