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	 Background:	 Patients with primary breast cancer following primary ovarian cancer do not comprise a large clinical entity, and 
reports of the survival outcomes of this cohort are rare. The purpose of this retrospective population-based re-
search was to investigate the survival outcomes of patients with primary breast cancer after primary ovarian 
cancer.

	 Material/Methods:	 A cohort of patients diagnosed with primary breast cancer following primary ovarian cancer between 1973 and 
2014 was drawn from the National Cancer Institute’s Surveillance Epidemiology and End Results (SEER) data-
base. Cox proportional hazards survival regression analysis and Kaplan-Meier were applied to calculate over-
all survival (OS), cancer-specific survival (CSS), and independent predictors of CSS.

	 Results:	 A total of 1455 patients with primary breast cancer following primary ovarian cancer were identified. The 5-year 
and 10-year OS rates for the entire cohort were 81.7% and 67.4%, respectively. The 5-year and 10-year CSS rates 
were 84.2% and 74.3% for ovarian cancer, and 76.0% and 67.8% for breast cancer, respectively. Multivariate 
analysis revealed that independent predictors of ovarian cancer CSS include age, cancer stage, diagnosis time, 
and histological subtype.

	 Conclusions:	 Patients diagnosed with breast cancer following ovarian cancer have better survival rates. Patients age, ovar-
ian cancer stage, ovarian cancer histological type, and time of diagnose affect the survival rate.
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Background

Ovarian cancer and breast cancer are the most common ma-
lignancies in women. Ovarian cancer is the fifth major cause 
of cancer mortality among women with 22 440 new cases and 
14 080 deaths in the United States (US) during 2017 [1]. In ad-
dition, approximately 252 710 new cases and 40 610 deaths 
due to invasive breast cancer are expected to occur among US 
women in 2017 [2]. Women with breast cancer have a higher 
incidence of second primary cancers, particularly ovarian and 
endometrial cancer [3,4]. Similarly, patients diagnosed with 
ovarian cancer have an increased incidence of breast cancer. 
The actuarial risk of developing breast cancer is 7.8% in the 
10-year period following ovarian cancer [5]. Most ovarian can-
cer patients have advanced disease at the time of diagnosis, 
resulting in poor long-term survival [6], and the 5-year survival 
(OS) for those with ovarian cancer is only 45.6% [7]. However, 
improved OS and cancer-specific survival (CSS) have been re-
ported for patients with breast cancer following an ovarian 
cancer diagnosis [8,9].

Unfortunately, most studies have small sample sizes, and no 
population-based statistics exist regarding the survival out-
comes of women with primary breast cancer following primary 
ovarian cancer. The main aim of this retrospective population-
based analysis was to estimate the survival outcomes and clin-
ical characteristics of patients with primary breast cancer af-
ter primary ovarian cancer from the National Cancer Institute’s 
Surveillance Epidemiology and End Results (SEER) database.

Material and Methods

Data source

A cohort of patients diagnosed with primary breast cancer fol-
lowing primary ovarian cancer from 1973 to 2014 was drawn 
from the National Cancer Institute’s SEER database. The pa-
tient data in the present study were derived from 18 popula-
tion-based cancer registries, as released in November 2016. 
Patient data are de-identified and made available to the public 
for research purposes. Because the SEER program is an open-
access resource and patients are de-identified, this study was 
exempt from ethical review and does not contain any person-
ally identifiable information. The SEER program statistical anal-
ysis software package (SEER*Stat version 8.3.4) was used to 
extract the data.

Clinical information

Demographic variables (marital status, year of diagnosis, 
race, registration area, age at diagnosis, and follow-up of pa-
tient status), and clinicopathological variables (tumor grade, 

American Joint Committee on Cancer (AJCC) stage, histological 
subtype, survival and cause of death, and associated treatment) 
were extracted using the “case-listing” option. Primary breast 
cancer cases and primary ovarian cancer cases were eligible 
for the study, and cases of metastatic tumors to the breast 
and ovary from other origins were excluded. Thus, only pri-
mary breast cancer and primary ovarian cancer patients were 
included, and patients with a clinical history of other cancers 
were excluded. Finally, 1455 patients with breast cancer fol-
lowing ovarian cancer were identified (Figure 1).

The ICD-0-3 site/histology validation list and the World Health 
Organization histological classification were used to identify 
ovarian cancer and breast cancer. The cancer stage was based 
on the AJCC staging system. Ovarian cancer staging between 
1988 and 2003 was defined by the 3rd edition of the AJCC 
TNM categories. Ovarian cancer staging between 2004 and 
2014 was derived from the 6th edition of AJCC TNM catego-
ries. Breast cancer staging between 1988 and 2014 was deter-
mined by an adjusted version of the categories of the 6th edi-
tion of the AJCC TNM system. In the SEER database, the cause 
of death is linked to the National Death Index and state mor-
tality records for validation.

Statistical analysis

The diagnosis time interval from ovarian cancer to breast can-
cer was calculated. The CSS and OS were analyzed as the prin-
cipal outcomes using the Kaplan-Meier method. The magni-
tudes of statistical significance were expressed as the hazard 
ratio (HR) and 95% confidence interval (CI). Univariate and 
multivariate Cox hazard regression analyses were also ap-
plied to determine independent predictors of CSS in patients 
with breast cancer and ovarian cancer. All statistical analyses 
were conducted using IBM SPSS 24.0 and Graph Pad Prism 7.0. 
P<0.05 was considered statistically significant.

Results

Over the past 41 years, 1455 patients were identified who had 
primary breast cancer following primary ovarian cancer in the 
SEER database. There were 1.05% of ovarian cancer patients 
with chemotherapies who developed breast cancers, while 
1.03% of patients developed breast cancers who were reported 
without chemotherapies. The demographic and clinicopatho-
logical characteristics are presented in Table 1.

The median diagnosis time from ovarian cancer to breast can-
cer was 60 months (range, 1–453 months). The median age at 
ovarian cancer diagnosis was 58 years (range, 10–94 years).
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The majority of the population were white (87.1%), and 69.0% 
were younger than 65 years. The median age at breast cancer 
diagnosis was 65 years (range, 22–97 years), and 47.7% were 
younger than 65 years of age. Of the 1455 patients, 94.8% un-
derwent ovarian cancer-related surgeries, 87.9% underwent 
breast cancer-related surgeries, 50.7% received ovarian can-
cer-related chemotherapies, 27.9% received breast cancer-re-
lated chemotherapies, 6.1% had ovarian cancer-related radia-
tion therapies, and 33.1% had breast cancer-related radiation 
therapies, but the detailed surgical approaches, the specific 
chemotherapy regimens, and the concrete radiation thera-
pies were not known.

The multivariate survival analysis showed that independent pre-
dictors of ovarian cancer CSS were age at diagnosis (P<0.001), 
cancer stage (P<0.001), diagnosis time (P=0.005), and his-
tological types (P=0.001), while age at diagnosis (P<0.001), 
tumor grade (P=0.044), cancer stage (P<0.001), and diagnosis 
time (P<0.001) were independent predictors of breast cancer 
CSS after adjusting for age at diagnosis, marital status, tumor 
grade, year of diagnosis, stage, chemotherapy, radiation, and 
histological types. However, chemotherapy was negatively 

associated with ovarian cancer CSS (P<0.001) and breast can-
cer CSS (P=0.019) (Table 2). The differences in these adjusted 
variables were statistically significant in univariate analysis 
of CSS (Table 3).

Of the 1455 patients, 257 patients (26.7%) died of ovarian 
cancer, 212 patients (23.1%) died of breast cancer, and 272 
patients (18.7%) died of other causes. Kaplan-Meier survival 
analysis showed that a higher survival benefit was observed 
in patients with breast cancer following ovary cancer than 
ovary cancer patients without secondary or more malignant 
tumors (P<0.001). The 5-year and the 10-year OS rates for 
the entire cohort of 1455 patients were 81.7% and 67.4%, 
17.0% and 6.5% for 110 639 ovary cancer patients, respec-
tively (Figure 2). Survival analysis showed that the 5-year and 
the 10-year CSS rates of ovarian cancer were 84.2% and 74.3% 
(Figure 3), and those of breast cancer were 76.0% and 67.8% 
(Figure 4), respectively.

The median diagnosis time intervals from ovarian cancer to 
breast cancer were 63 months (range 1~453 months); the mean 
interval was 87.91 months. As shown in Figure 5, in the entire 

139,246 patients with
primary ovarian cancer

from 1973 to 2014

5,402 patients with
primary cancer and primary

breast cancer

5,316 patients

1,606 patients

1,455 patients with breast
cancer following ovarian

cancer who �nally met the
inclusion criteria

1,201,575 patients with
primary breast cancer

from 1973 to 2014

86 patients with no
complete diagnosis time

and/or survival time
excluded

3,710 patients who were not
diagnosed with overian

cancer �rst and then
diagnosed with breast

cancer excluded

151 patients with multiple
primary cancers excluded

Figure 1. �Screening flow chart of patients 
diagnosed with breast cancer 
following ovarian cancer.
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Characteristic n (%) Characteristic n (%)

Race Ovarian cancer

	 White 	 1268	 (87.1%) Age at diagnosis

	 Black 	 94	 (6.5%) 	 <50 	 374	 (25.7%)

	 Other/unknown 	 93	 (6.4%) 	 50–64 	 630	 (43.3%)

Marital status 	 65–74 	 304	 (20.9)

	 Married 	 842	 (57.9%) 	 ³75 	 147	 (10.1%)

	 Divorced 	 114	 (7.8%) Tumor grade

	 Separated 	 23	 (1.6%) 	 Grade I 	 161	 (11.1%)

	 Single 	 238	 (16.4%) 	 Grade II 	 248	 (17.0%)

	 Widowed 	 195	 (13.4%) 	 Grade III 	 460	 (31.6%)

	 Unknown 	 43	 (3.0%) 	 Grade IV 	 138	 (9.5%)

Breast cancer 	 Unknown 	 448	 (30.8%)

Age at diagnosis Histology

	 <50 	 163	 (11.2%) 	 Serous 	 556	 (38.2%)

	 50–64 	 531	 (36.5%) 	 Mucinous 	 162	 (11.1%)

	 65–74 	 400	 (27.5%) 	 Endometrioid 	 224	 (15.4%)

	 ³75 	 361	 (24.8%) 	 Clear cell 	 88	 (6.0%)

Tumor grade 	 Germ cell 	 29	 (2.0%)

	 Grade I 	 231	 (15.9%) 	 Sex cord/stromal 	 45	 (3.1%)

	 Grade II 	 456	 (31.3%) 	 Others 	 351	 (24.1%)

	 Grade III 	 457	 (31.4%) Stage (AJCC3)#

	 Grade IV 	 20	 (1.4%) 	 I 	 214	 (14.7%)

	 Unknown 	 291	 (20.0%) 	 II 	 88	 (6.0%)

Histology 	 III 	 136	 (9.3%)

	 Infiltrating duct carcinoma 	 1029	 (70.7%) 	 IV 	 89	 (6.1%)

	 Others 	 426	 (29.3%) Others 	 928	 (63.8%)

Stage (AJCC6)* Stage (AJCC6)##

	 I 	 635	 (43.6%) 	 I 	 124	 (8.5%)

	 II 	 347	 (23.8%) 	 II 	 50	 (3.4%)

	 III 	 116	 (8.0%) 	 III 	 133	 (9.1%)

	 IV 	 64	 (4.4%) 	 IV 	 80	 (5.5%)

Others 	 293	 (20.1%) 	 Others 	 1068	 (73.4%)

Table 1. Demographic and clinicopathological characteristics of ovarian cancer and breast cancer patients.
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Table 1 continued. Demographic and clinicopathological characteristics of ovarian cancer and breast cancer patients.

Characteristic n (%) Characteristic n (%)

Year of diagnosis Year of diagnosis

	 1973–1982 	 68	 (4.7%) 	 1973–1982 	 257	 (17.7%)

	 1983–1992 	 185	 (12.7%) 	 1983–1992 	 289	 (19.9%)

	 1993–2002 	 326	 (22.4%) 	 1993–2002 	 442	 (30.4%)

	 2003–2014 	 876	 (60.2%) 	 2003–2014 	 467	 (32.1%)

Surgery Surgery

	 Yes 	 1279	 (87.9%) 	 Yes 	 1379	 (94.8%)

	 Others 	 176	 (12.1%) 	 Others 	 76	 (5.2%)

Chemotherapy Chemotherapy

	 Yes 	 406	 (27.9%) 	 Yes 	 869	 (50.7%)

	 No/Unknown 	 1049	 (72.1%) 	 No/Unknown 	 586	 (40.3%)

Radiation Radiation

	 Yes 	 481	 (33.1%) 	 Yes 	 89	 (6.1%)

	 No 	 972	 (66.9%) 	 No 	 1366	 (93.9%)

* Breast cancer stage adjusted from AJCC 6th Stage (1988+); # ovarian cancer stage derived from AJCC 3th Stage (1998–2003); 
## ovarian cancer stage derived from AJCC 6th Stage (2004+).

Variables
Ovarian cancer CSS Breast cancer CSS

HR 95%CI p-Value HR 95%CI p-Value

Marital status 0.051 0.111

	 Married Reference Reference

	 Divorced 0.91 0.56–1.48 1.11 0.58–2.09

	 Separated 1.78 0.65–4.85 1.85 0.73–4.70

	 Single 0.75 0.51–1.11 0.69 0.45–1.07

	 Widowed 1.47 1.03–2.10 1.43 0.96–2.14

	 Unknown 1.45 0.72–2.91 1.20 0.37–3.84

Age at diagnosis <0.001 <0.001

	 <50 Reference Reference

	 50–64 1.17 0.82–1.68 0.60 0.39–0.93

	 65–74 2.52 1.68–3.76 0.94 0.56–1.51

	 ³75 4.40 2.76–7.02 2.17 1.33–3.52

Tumor grade 0.092 0.044

	 Grade I Reference Reference

	 Grade II 2.21 0.97–5.03 2.20 1.18–4.13

Table 2. Multivariate survival analysis of ovarian cancer and breast cancer patients.

3873
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Zhang W. et al.: 
Survival outcomes of patients with primary breast cancer following primary ovarian cancer
© Med Sci Monit, 2019; 25: 3869-3879

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Table 2 continued. Multivariate survival analysis of ovarian cancer and breast cancer patients.

Variables
Ovarian cancer CSS Breast cancer CSS

HR 95%CI p-Value HR 95%CI p-Value

	 Grade III 2.14 0.97–4.71 2.63 1.43–4.83

	 Grade IV 2.16 0.92–5.07 1.98 0.61–6.39

	 Unknown 2.81 1.27–6.19 2.38 1.21–4.68

Stage (AJCC)* <0.001 <0.001

	 I Reference Reference

	 II 1.87 0.92–3.80 2.10 1.34–3.32

	 III 5.10 2.85–9.11 6.62 3.94–11.12

	 IV 6.88 3.78–12.53 23.45 13.44–40.93

	 Others 4.09 2.20–7.61 3.38 1.20–5.71

Year of diagnosis 0.005 <0.001

	 1973–1982 Reference Reference

	 1983–1992 0.46 0.28–0.75 0.75 0.40–1.41

	 1993–2002 0.47 0.28–0.77 0.65 0.33–1.29

	 2003–2014 0.39 0.22–0.67 0.27 0.13–0.55

Histology 0.001

	 Serous Reference

	 Mucinous 0.46 0.25–0.86

	 Endometrioid 0.53 0.32–0.88

	 Clear cell 0.46 0.20–1.08

	 Germ cell 0.00 0.00–6.508E+95

	 Sex cord/stromal 0.53 0.21–1.34

	 Others 1.27 0.95–1.69

Histology 0.498

	 Infiltrating duct carcinoma Reference

	 Others 1.11 0.82–1.52

Chemotherapy

	 Yes Reference <0.001 Reference 0.019

	 No/unknown 0.50 0.36–0.69 0.67 0.48–0.94

Radiation 0.284

	 Yes Reference

	 No 1.20 0.86–1.68

* American Joint Committee on Cancer stage,
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Variables
Ovarian cancer CSS Breast cancer CSS

HR 95%CI p-Value HR 95%CI p-Value

Race 0.134 0.12

	 White Reference Reference

	 Black 1.44 0.89–2.33 1.45 0.87–2.41

	 Others 0.72 0.43–1.21 0.35 0.15–0.78

Marital status <0.001 <0.001

	 Married Reference Reference

	 Divorced 0.92 0.57–1.49 0.74 0.40–1.36

	 Separated 1.26 0.47–3.41 1.82 0.75–4.46

	 Single 0.73 0.50–1.06 0.67 0.45–1.00

	 Widowed 2.56 1.89–3.58 1.89 1.30–2.75

	 Unknown 1.15 0.58–2.26 0.49 0.16–1.53

Age at diagnosis <0.001 <0.001

	 <50 Reference Reference

	 50–64 1.30 0.93–1.83 0.67 0.44–1.01

	 65–74 2.56 1.78–3.71 0.71 0.46–1.11

	 ³75 5.80 3.87–8.71 1.64 1.07–2.52

Tumor grade <0.001 <0.001

	 Grade I Reference Reference

	 Grade II 2.76 1.22–6.22 2.31 1.25–4.26

	 Grade III 5.32 2.48–11.44 4.17 2.33–4.47

	 Grade IV 4.53 1.98–10.34 4.44 1.45–13.63

	 Unknown 4.67 2.15–10.11 6.85 3.76–12.49

Stage (AJCC)* <0.001 <0.001

	 I Reference Reference

	 II 2.87 1.43–5.74 2.72 1.77–4.17

	 III 8.45 4.89–14.70 10.13 6.46–15.88

	 IV 14.09 7.97–24.92 30.54 18.73–49.79

	 Others 5.90 3.49–10.2 7.20 4.75–10.92

Year of diagnosis 0.047 <0.001

	 1973–1982 Reference Reference

	 1983–1992 0.57 0.37–0.88 0.78 0.43–1.32

	 1993–2002 0.62 0.43–0.90 0.49 0.28–0.87

	 2003–2014 0.68 0.46–1.00 0.18 0.10–0.32

Table 3. Univariate survival analysis of ovarian cancer and breast cancer patients.
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group, 50.7% of the patients were diagnosed with breast can-
cer within 5 years after being diagnosed with ovarian cancer 
and 74.6% were diagnosed within 10 years. As the time after 
diagnosis increased, the number of patients diagnosed with 
breast cancer following ovarian cancer decreased.

Discussion

To the best of our knowledge, few studies have evaluated 
the survival outcomes of patients with breast cancer after 

Table 3 continued. Univariate survival analysis of ovarian cancer and breast cancer patients.

Variables
Ovarian cancer CSS Breast cancer CSS

HR 95%CI p-Value HR 95%CI p-Value

Histology <0.001

	 Serous Reference

	 Mucinous 0.30 0.17–0.55

	 Endometrioid 0.31 0.19–0.50

	 Clear cell 0.22 0.10–0.49

	 Germ cell 0.00 0.00–3.17E+123

	 Sex cord/stromal 0.50 0.20–1.21

	 Others 1.21 0.92–1.58

Histology 0.001

	 Infiltrating duct carcinoma Reference

	 Others 1.61 1.22–2.14

Chemotherapy <0.001 <0.001

	 Yes Reference Reference

	 No/unknown 0.46 0.34–0.61 0.57 0.43–0.75

Radiation 0.709 <0.001

	 Yes Reference

	 No 0.90 0.51–1.57 1.96 1.44–2.67

* American Joint Committee on Cancer stage.

0 50 100 150 200 250

Survival time (months)

300 350

HR (95%CI): 5.43 (5.26–5.61)
p<0.001

400 450 500

100

80

60

40

20

0

Ov
er

all
 su

rv
iva

l (
%

)

Breast cancer following ovarian cancer
Ovarian cancer

Figure 2. �Kaplan-Meier survival curves for overall survival 
according to the survival state.
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Figure 3. �Kaplan-Meier survival curves for cancer-specific 
survival according to the survival state of patients with 
ovarian cancer.
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Figure 4. �Kaplan-Meier survival curves for cancer-specific 
survival according to survival state of patients with 
breast cancer.
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Figure 5. �Distribution of time intervals between primary breast 
cancer and primary ovarian.

a diagnosis of ovarian cancer. A previous study demonstrated 
that the 5-year OS rate of ovarian cancer was only 45.6% [7]. 
However, the survival rates of women with breast cancer fol-
lowing ovarian cancer differ from those of women with ovar-
ian cancer who do not develop breast cancer. A recent study 
revealed that the 5-year and 10-year OS rates were 58.3% and 
50% for BRCA mutation-associated ovarian cancer patients 
who developed breast cancer but 30.9% and 13.8% for BRCA 
mutation-associated ovarian cancer patients who did not de-
velop breast cancer [8]. Our study showed that the 5-year and 
10-year OS rates for the entire cohort were 81.7% and 67.4%, 
while the corresponding OS rates of ovarian cancer patients 
without secondary or more malignant tumors were 17.0% and 
6.5%. Our results showed that patients diagnosed with breast 
cancer following ovarian cancer survived longer than ovarian 
cancer patients who do not develop breast cancer.

Younger patient age, early cancer stage, and newly diagnosed 
nonserous ovarian cancer were significantly associated with 
better CSS of ovarian cancer in our study. Choi et al. [10] also 
showed that advanced stage, older patient age, poor grade, 
and serous epithelial ovarian cancer may result in poor survival. 
Cancer staging is an important factor in determining the sur-
vival outcomes and prognosis of women with ovarian cancer. 
Most patients with advanced-stage cancer have a worse prog-
nosis and die as a result of the disease [11]. Heintz et al. [12] 
found that the 5-year survival rates were 85%, 70%, 32%, and 
18.6% for patients with stage I, IIA, IIIC, and IV disease respec-
tively. Thus, 32.7% of women with ovarian cancer classified as 
early-stage (stage I, 23.2%; stage II, 9.5%) lived an extended 
period of time after developing breast cancer.

In addition, the inclusion of fewer serous (38.2%) and younger 
(<65 years, 69%) ovarian cancer patients may partially con-
tribute to the improved survival. Most studies have reported 

a low prognostic value for histological type, probably because 
of bias in analysis due to difficulties in diagnosis and/or small 
samples. However, in some studies, the serous type of ovarian 
cancer was an independent prognostic factor and tended to 
decrease survival [13,14]. Younger patients with epithelial 
ovarian cancer have been reported to have a better survival 
rate than older patients [11,15,16]. Moreover, from 1975–2004 
to 2005–2011 the 5-year OS rate of ovarian cancer increased 
from 36.0% to 45.9% and from 74.8% to 90.7% for breast 
cancer [7]. Our study also found that diagnosis time was as-
sociated with better survival, which may be largely attribut-
able to improvements in treatment. However, chemotherapy 
was negatively linked to ovarian cancer CSS. This may be be-
cause there had been more early-stage cases (132 stage I pa-
tients account for 38.9% in all kinds of stages) and less se-
rous ovarian cancers cases (97 patients account for 28.6% in 
histology) in patients without chemotherapy, there had been 
had less early-stage cases (130 stage I patients account for 
20.9% in all kinds of stages) and more serous ovarian can-
cers cases (297 patients account for 47.7% in histology) in 
patients with chemotherap.

Several studies have reported that approximately 15% of ovarian 
cancer patients, irrespective of family history, have BRCA1 or 
BRCA2 mutations [17], and that BRCA1/2-associated ovarian can-
cer is related to improved OS and progression-free survival (PFS) 
regardless of tumor stage, grade, or histological subtype [18–20]. 
BRCA1 or BRCA2 carrier status can be considered a factor influ-
encing the survival rate. Whether BRCA has any effect on sur-
vival in this study remains unknown because of a lack of data 
regarding BRCA carriers. Although the SEER database lacks in-
formation on BRCA carriers, the aforementioned results suggest 

3877
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Zhang W. et al.: 
Survival outcomes of patients with primary breast cancer following primary ovarian cancer
© Med Sci Monit, 2019; 25: 3869-3879

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



that younger patient age, early cancer stage, newly diagnosed, 
and nonserous ovarian cancer can partly explain the good sur-
vival of women with breast cancer after ovarian cancer.

Available studies have shown that the median diagnosis time 
from ovarian cancer to breast cancer was 50.5–108 months [8,9]. 
McGee et al. [5] reported that the average diagnosis interval from 
ovarian cancer to breast cancer was 3.5 years. The aforemen-
tioned studies were all based on small sample sizes. The pres-
ent population-based study showed that 50.7% of the patients 
were diagnosed with breast cancer within 5 years after a diagno-
sis of ovarian cancer and 74.6% were diagnosed within 10 years. 
A greater number of ovarian cancer patients were diagnosed at 
shorter the time interval, but as the time interval progressed, 
the ovarian cancer incidence gradually decreased. In our study, 
most breast cancer diagnoses occurred in the first several years 
after a diagnosis of ovarian cancer. Thus, breast cancer surveil-
lance may need to be advocated during the first few years after 
a diagnosis of ovarian cancer. However, Gangi et al. [8] reported 
that 8.9% of BRCA1/2 mutation carriers who have a history of 
ovarian cancer developed breast cancer, and Vencken et al. [21] 
showed a 6% 5-year risk of primary breast cancer in 79 women 
with BRCA-associated ovarian cancer. Domchek et al. [9] reported 
5-year and 10-year breast cancer-free survival rates after ovar-
ian cancer diagnosis 97% and 91%, respectively and that all 
deaths in this cohort were owing to ovarian cancer. These data 
support the use of less aggressive risk-reduction strategies of 
breast cancer during the first few years after a diagnosis of ovar-
ian cancer. Peters et al. [22] considered that appropriate breast 
cancer screening and prevention are necessary for ovarian can-
cer patients with less favorable advanced-stage disease who 
achieve sustained remission (>2 years), or with early-stage dis-
ease or more favorable advanced disease. In addition, the ben-
efits of early diagnosis of breast cancer need to be balanced 
the risks of additional testing, including the potential risks/lim-
itations of false-positive test results, overdiagnosis, and patient 
anxiety. Additionally, decisions need to incorporate the patient’s 
life expectancy from the ovarian cancer itself [23].

Although multivariate survival analysis revealed that age, 
histological grade, cancer stage, and diagnosis time were in-
dependent predictors of breast cancer CSS, the 5-year CSS 

rate for breast cancer was only 76.0%, in contrast to 89.4% to 
90.3% in other studies [7,24]. Some studies have suggested that 
OS and the prognosis of patients diagnosed with breast can-
cer following ovarian cancer was determined by ovarian can-
cer [8,9]. However, 212 patients (23.1%) died of breast cancer, 
257 patients (26.7%) died of ovarian cancer and 272 patients 
(18.7%) died of other causes in this study; thus, both cancers 
had serious impacts on overall health. Neither ovarian can-
cer nor breast cancer obviously can determine the mortality 
rate of patients with breast cancer following ovarian cancer.

This was the first population-based study examining the survival 
rate of patients with breast cancer following ovarian cancer. 
The major advantage of our study was that we reported the 
survival rates of a large number of patients with ovarian can-
cer and breast cancer using the well-established SEER cancer 
registry, which was set up to reflect the general population-
based data. In addition, our study contained only patients di-
agnosed between 1973 and 2014 with the majority diagnosed 
between 1993 and 2014. Therefore, the management of pa-
tients might have been more current and uniform in our study.

The main limitation of our study was that information on the 
concrete surgical types, detailed chemotherapy, and radio-
therapy regimens, and the proportion of BRCA1/2-associated 
ovarian cancers were not available. As a result, we could not 
confirm the effects of surgery, chemotherapy, radiotherapy, 
or BRCA1/2 on the survival of patients with ovarian cancer and 
breast cancer. Moreover, selection bias may have been intro-
duced due to the retrospective nature of the study.

Conclusions

Our study evaluated the survival of a sub-cohort of patients 
with breast cancer following ovarian cancer whose demographic 
and clinicopathological characteristics were obtained from the 
SEER database of the United States. Patients with breast can-
cer following ovarian cancer survive longer and have other 
well-described prognostic factors for improved survival rates 
including an early cancer stage, nonserous ovarian cancer, 
a younger patient age, and a new diagnosis.
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