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Abstract
Introduction To describe the incidence and relative survival in women with epithelial ovarian cancer (EOC)
in a population-based cohort in the four decades after diagnosis. EOC is the major pathological type of all
ovarian cancers, however, there is limited information on changes of long-term survival in EOC in the four
decades.
Methods We extracted the incidence and relative survival data from Surveillance, Epidemiology, and End
Results (SEER) registries to assess epidemiological changes of patients with EOC from 1974 to 2013.
The survival disparities of patients with EOC among four decades, age, race, and socioeconomic status
(SES) were performed by Kaplan-Meier curves.
Results The overall incidence of EOC gradually declined from 11.4 to 9.0 per 100,000 in the past four
decades. The median survival increased from 27 months in the first decades to 48 months in the fourth
decade, with 5-year relative survival rate (RSR) improving from 32.3% to 44.3% in the same period.
However, the median survival differences increased from 11 months to 18 months between Whites and
Blacks and increased from 7 months to 12 months between low-poverty group and high-poverty group
respectively over the past four decades.
Discussion This study indicated that the incidence and RSR of EOC patients had improved in the past
four decades. But the survival gap between different races and SES gradually widened. More importantly,
this study will promote the improvement of health care system and clinical management to erase the
survival differences in SES groups and races identified in this study, thereby optimize the clinical
outcome.

Background
Ovarian cancer is the major lethal cause of women with gynecologic cancer, with an estimated 22,530
new cases being diagnosed and 13,980 death cases of ovarian cancer around the world in 20191. Due to
lack of specific symptoms and early detection methods, most patients with ovarian cancer had developed
to advanced stage (Stage III and IV) when they were diagnosed, which have an unsatisfactory prognosis
in spite of immediate and aggressive treatment2. The five-year survival of patients with advanced-stage
ovarian cancer is approximately 30%, with increased risk of metastasis and recurrence2. Although the
treatment of cancer has been greatly improved, including chemotherapy, radiotherapy, targeted therapy
and biological therapy, the survival haven’t been found improved significantly, with 5-year survival rate
below 45%, indicating that an urgent need to understand the causes and analysis epidemiological trends
of ovarian cancer, which could help improve clinical management and treatment outcomes.
Epithelial ovarian cancer (EOC) is the main pathological type of all ovarian cancers, accounting for
approximately 90%3. However, previous epidemiological information for EOC was limited, therefore, we
performed a comprehensive population-based analysis to clarify the prognostic significance of age, race
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and socioeconomic status (SES) in the incidence and relative survival of EOC patients. Data in 1974–
2013 from the US Surveillance, Epidemiology and End Results (SEER) cancer registry program, were used
to assess the association of incidence and relative survival with age, race and SES.
Recently growing evidence showed that the health care system appeared increasingly distinct racial and
SES differences in various aspects of the United States, which has been focused by health care
politicians4–6. Thus, the aim of the study was not only to examine population-level changes over time in
incidence and long-term relative survival for patients with EOC diagnosed among 1974–2013, but also to
evaluate the relative survival differences between different race and SES in EOC.

Methods

Data source
All data on patients with primary invasive EOC were obtained from SEER program during 1974–2013.
Data on incidence and relative survival rate, respectively, were extracted from the original nine and 18
SEER sites.

Stratified Ovarian Cancer Cases Over The Past Three
Decades
We utilized SEER*Stat version 8.3.5 to obtain and analyze the incidence and relative survival data. Patient
inclusion criteria were based on the ICD-O-3 (International Classification of Diseases for Oncology, 3rd
edition) and WHO 2008 site code C56.97 from 1974 to 2013. We excluded EOC cases diagnosed by
autopsy or reported only on a death certificate. In this study, variables included year of diagnosis, age,
race and SES. Data on incidence and relative survival data between 1974 and 2013 were analyzed after
being divided by four decades. According to age, the patients were divided into four groups (0–44, 45–54,
55–69, 70 + years), and race was classified as White, Black, and Other (American Indian/Alaska Native,
Asian/Pacific islander). The county poverty rate was used to define area SES, which was divided into
three levels using the National Cancer Institute monograph: < 10% (low-poverty areas), 10%-19.99%
(medium-poverty areas), and ≥ 20% (high-poverty areas)8–11.

Statistical analysis
Incidence was expressed per 100,000 population and age-adjusted to 2000 U.S. standard population. The
Kaplan-Meier log-rank test was performed to compare the survival differences between subgroups of
each variable and p value < 0.01 was considered to be statistically significant.

Results
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Incidence trend of EOC between 1974 and 2013
Total 53,269 patients with EOC were diagnosed among 1974–2013 from original 9 SEER registry sites.
The overall incidence of EOC gradually decreased from 11.4 to 9.0 per 100,000 in the four decades. And
all age groups also were found to present a similar downward incidence trend, with the most significant
decline in the 0–44 age group, which decreased by 33.3%, from 2.4 to 1.8 per 100,000 (Fig. 1a, 1b,
Supplementary Table S1).
Over the past four decades, the incidence of EOC in three race subgroups had declined over time. A
similar incidence of EOC was observed between Blacks and Others, with Whites having the highest
incidence in the past four decades. However, as EOC incidence in Whites declined faster in the four
decades, the incidence gaps among the three race subgroups become narrowing (Fig. 1c).
The incidence of EOC had declined in the three subgroups of SES, with the lowest incidence in the high
poverty group over the past four decades (from 9.5 in 1974–1983 to 7.1 in 2004–2013). In the past four
decades, the low poverty group showed the highest incidence of 11.8, 12.0, 10.7, 9.0 per 100,000 each
decade. In addition, the incidence of medium poverty group was between low-poverty group and highpoverty group (Fig. 1e).

Changes Of Relative Survival In Eoc During 1974–2013
Totally 93,639 EOC cases were obtained from 18 SEER sites in the past four decades. There was an
improvement in median survival of EOC patients (from 27 months in the first decades to 48 months in the
fourth decade) as well as relative survival rate (RSR) and survival time for patients with EOC in the four
decades (Table 1, Fig. 2a). The 5-year RSR in 1994–2003 was higher than that in 1984–1993 and 1974–
1983 (41.3% in 1994–2003 vs 34.4% in 1984–1993 vs 32.3% in 1974–1983, p < 0.0001), and even higher
in 2004–2013 (44.3% vs 41.1%, p < 0.0001) with an significant increase by 37.5% compared to the first
decade. The trend of survival improvement was also observed in the RSR of 1 year, 2 year and 10 year.
Furthermore, improvement in survival of all age groups was demonstrated by Kaplan-Meier survival
analysis with statistical significance over four decades (p < 0.0001; Fig. 2b).
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Table 1
Relative survival rates of epithelial ovarian cancer patients during the periods of 1974–1983, 1984–1993,
1994–2003, and 2004–2013 at eighteen SEER sites. Data are mean ± standard error of the mean, with
number of patients in parentheses.
Age
Group

Decade
1974–1983

1984–1993

1994–2003

2004–2013

All

63.9 ±
0.5(11521)

69.8 ± 0.4(14260)***

74.7 ±
0.3(27680)***

76.8 ±
0.2(40178)***

0–44

86.0 ± 0.9(1379)

90.2 ± 0.7(1647)***

89.2 ± 0.6(2978)**

91.0 ± 0.5(3939)***

45–54

78.2 ± 0.9(2194)

85.5 ± 0.8(2164)***

88.6 ± 0.4(5385)***

89.0 ± 0.4(8189)***

55–69

65.3 ± 0.7(4690)

75.1 ± 0.6(5377)***

81.1 ± 0.4(9226)***

83.2 ±
0.3(14848)***

70+

42.6 ± 0.9(3258)

50.6 ± 0.7(5075)***

57.0 ±
0.5(10091)***

57.5 ±
0.5(13202)***

All

46.6 ± 0.5

53.2 ± 0.4***

62.4 ± 0.3***

65.7 ± 0.3***

0–44

75.1 ± 1.2

80.1 ± 1.0***

81.2 ± 0.7***

84.9 ± 0.6***

45–54

58.7 ± 1.1

70.1 ± 1.0***

77.4 ± 0.6***

80.2 ± 0.5***

55–69

44.5 ± 0.7

54.9 ± 0.7***

67.4 ± 0.5***

71.1 ± 0.4***

70+

29.0 ± 0.9

35.1 ± 0.7***

43.8 ± 0.5***

44.7 ± 0.5***

All

32.3 ± 0.5

34.4 ± 0.4***

41.1 ± 0.3***

44.3 ± 0.3***

0–44

62.1 ± 1.3

63.4 ± 1.2

64.0 ± 0.9

69.7 ± 0.9***

45–54

41.7 ± 1.1

49.2 ± 1.1***

55.3 ± 0.7***

57.5 ± 0.7***

55–69

28.3 ± 0.7

33.0 ± 0.7***

42.3 ± 0.5***

46.1 ± 0.5***

70+

18.2 ± 0.8

19.5 ± 0.6

24.9 ± 0.5***

25.8 ± 0.5***

27.0 ± 0.5

27.4 ± 0.4

30.8 ± 0.3***

34.3 ± 0.4***

12-Mo RS

24-Mo RS

60-Mo RS

120-Mo
RS
All

Abbreviations: Mo, month; RS, relative survival; SEM, standard error of the mean.
*p < 0.01, **p < 0.001, and ***p < 0.0001 for comparisons with the preceding decade.
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Age

Decade

0–44

56.1 ± 1.4

56.4 ± 1.2

57.0 ± 0.9

60.0 ± 1.2***

45–54

35.6 ± 1.1

39.7 ± 1.1***

43.0 ± 0.7***

45.1 ± 0.9***

55–69

22.2 ± 0.7

33.0 ± 0.7***

30.2 ± 0.5***

35.1 ± 0.7***

70+

14.3 ± 0.9

15.0 ± 0.7

16.9 ± 0.5*

18.3 ± 0.7***

Abbreviations: Mo, month; RS, relative survival; SEM, standard error of the mean.
*p < 0.01, **p < 0.001, and ***p < 0.0001 for comparisons with the preceding decade.
Additionally, the survival of all race subgroups improved, with the 5-year RSR of Whites the most
significant improvement, increasing by 40.56%, from 31.8 to 44.7 over four decades. In the four decades,
the highest survival rate was seen in Others, and Whites showed higher survival compared to Blacks. The
5-year RSR survival difference between Whites and Black widened in 1984–1993 (34.3% vs 28.4%) and
greatly become widener in the last two decades (41.3% vs 30.8% in 1994–2003 and 44.7% vs 30.9 in
2004–2013). A similar tendency of survival difference was also observed over time in 10-year RSRs
(Fig. 3a, Table 2).
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Table 2
12-month, 60-month and 120-month relative survival rates of epithelial ovarian cancer
patients according to race, age group, and calendar period from 1974 to 2013 at eighteen
SEER sites. Data are means ± standard error of the mean, with number of patients in
parentheses.
Race
Decade

Age Group

White

Black

Other

74–83

12-Mo RS
All

64.1 ± 0.5 (10546)

56.3 ± 2.1 (598)***

70.7 ± 2.4 (377)*

0–44

86.3 ± 1.0 (1207)

82.1 ± 3.8 (105)

86.7 ± 4.2 (67)

45–54

78.9 ± 0.9 (1982)

63.2 ± 4.7 (109)***

80.7 ± 3.9 (103)

55–69

65.7 ± 0.7 (4301)

56.2 ± 3.3 (243)**

70.2 ± 3.8 (146)

70+

43.2 ± 0.9 (3056)

31.6 ± 4.1 (141)**

37.1 ± 6.3 (61)

All

31.8 ± 0.5

34.0 ± 2.1

40.5 ± 2.6**

0–44

60.8 ± 1.4

74.1 ± 4.4***

65.8 ± 5.9

45–54

42.0 ± 1.1

32.0 ± 4.6***

46.8 ± 5.0

55–69

28.2 ± 0.7

28.7 ± 3.1

32.9 ± 4.0

70+

18.4 ± 0.8

12.7 ± 0.8

19.5 ± 3.4

All

26.7 ± 0.5

27.1 ± 2.0

34.0 ± 2.6**

0–44

54.7 ± 1.5

69.3 ± 4.7***

60.2 ± 6.1

45–54

35.9 ± 1.1

23.7 ± 4.4***

41.7 ± 5.0**

55–69

22.3 ± 0.7

19.3 ± 2.9

22.6 ± 3.7

70+

15.2 ± 0.9

8.3 ± 3.3***

18.5 ± 6.6

All

70.0 ± 0.4 (12729)

60.5 ± 1.8 (768)***

76.0 ± 1.6 (763)**

0–44

90.3 ± 0.8 (1403)

92.0 ± 2.8 (98)

87.7 ± 2.7 (146)

60-Mo RS

120-Mo RS

84–93

12-Mo RS

Abbreviations: Mo, month; RS, relative survival; SEM, standard error of the mean.
*p < 0.01, **p < 0.001, and ***p < 0.0001 for comparisons with the White group.
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Race
45–54

86.0 ± 0.8 (1873)

78.2 ± 3.7 (130)*

90.1 ± 2.4 (158)

55–69

76.1 ± 0.6 (4784)

57.4 ± 2.9 (295)***

77.0 ± 2.5 (298)

70+

51.1 ± 0.8 (4669)

41.7 ± 3.3 (245)***

49.4 ± 4.1 (161)

All

34.3 ± 0.4

28.4 ± 1.8***

42.2 ± 1.9***

0–44

63.5 ± 1.3

65.9 ± 4.9

60.3 ± 4.1

45–54

49.4 ± 1.2

41.7 ± 4.5***

53.4 ± 4.1

55–69

33.7 ± 0.7

18.8 ± 2.4***

36.1 ± 2.9

70+

19.4 ± 0.7

16.7 ± 2.9

25.5 ± 3.8

All

27.2 ± 0.4

22.9 ± 1.8

35.6 ± 1.9

0–44

56.3 ± 1.4

58.4 ± 5.2

55.8 ± 4.2

45–54

39.4 ± 1.2

34.2 ± 4.4

46.2 ± 4.1

55–69

25.6 ± 0.7

11.8 ± 2.2***

28.3 ± 2.8

70+

14.1 ± 0.7

13.2 ± 2.8

18.3 ± 3.8

All

75.2 ± 0.3 (23816)

64.3 ± 1.1 (1892)***

79.1 ± 0.9 (1972)***

0–44

90.5 ± 0.6 (2348)

80.4 ± 2.5 (263)***

87.7 ± 1.7 (367)

45–54

89.6 ± 0.5 (4496)

78.5 ± 2.2 (355)***

87.6 ± 1.4 (534)

55–69

82.3 ± 0.4 (7973)

65.1 ± 1.9 (639)***

81.6 ± 1.6 (623)

70+

57.6 ± 0.5 (8999)

48.9 ± 2.1 (644)***

58.5 ± 2.4 (448)

All

41.3 ± 0.3

30.8 ± 1.1***

48.7 ± 1.2***

0–44

65.5 ± 1.0

53.1 ± 3.1***

61.8 ± 2.6

45–54

56.4 ± 0.8

39.7 ± 2.7***

56.3 ± 2.2

55–69

42.9 ± 0.6

28.4 ± 1.9***

49.3 ± 2.1

60-Mo RS

120-Mo RS

94 − 03

12-Mo RS

60-Mo RS

Abbreviations: Mo, month; RS, relative survival; SEM, standard error of the mean.
*p < 0.01, **p < 0.001, and ***p < 0.0001 for comparisons with the White group.
Page 8/19

Race
70+

25.2 ± 0.5

18.1 ± 1.8***

27.6 ± 2.3***

All

30.7 ± 0.3

23.1 ± 1.1***

39.4 ± 1.2***

0–44

54.6 ± 1.1

44.2 ± 3.2***

54.5 ± 2.7

45–54

43.8 ± 0.8

29.1 ± 2.6***

46.2 ± 2.2

55–69

30.4 ± 0.6

19.9 ± 1.8***

37.9 ± 2.1***

70+

17.0 ± 0.6

12.8 ± 1.9***

20.0 ± 2.3

All

77.3 ± 0.2 (33636)

65.5 ± 0.9 (3141)***

82.0 ± 0.7 (3401)***

0–44

92.3 ± 0.5 (3061)

80.7 ± 2.2 (329)***

89.8 ± 1.3 (549)

45–54

89.5 ± 0.4 (6569)

79.1 ± 1.7 (622)***

91.9 ± 0.9 (998)

55–69

84.4 ± 0.3 (12501)

68.8 ± 1.4 (1217)***

85.2 ± 1.1 (1130)

70+

58.4 ± 0.5 (11505)

47.4 ± 1.7 (973)***

57.6 ± 1.9 (724)

All

44.7 ± 0.3

30.9 ± 1.1***

52.8 ± 1.1***

0–44

71.1 ± 1.0

53.1 ± 3.3 ***

72.2 ± 2.3

45–54

58.6 ± 0.7

37.7 ± 2.5***

62.6 ± 1.9

55–69

47.0 ± 0.6

31.0 ± 1.7***

52.4 ± 1.9***

70+

26.6 ± 0.6

17.7 ± 1.7***

23.8 ± 2.1

All

35.2 ± 0.5

22.5 ± 1.3***

41.3 ± 1.5***

0–44

60.5 ± 1.4

45.8 ± 3.6***

60.6 ± 4.0

45–54

45.8 ± 1.0

29.0 ± 3.0***

51.0 ± 2.9***

55–69

35.5 ± 0.8

22.1 ± 2.3***

40.5 ± 2.5***

70+

19.2 ± 0.8

10.0 ± 2.2***

16.2 ± 3.0

120-Mo RS

04–13

12-Mo RS

60-Mo RS

120-Mo RS

Abbreviations: Mo, month; RS, relative survival; SEM, standard error of the mean.
*p < 0.01, **p < 0.001, and ***p < 0.0001 for comparisons with the White group.
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When survival time of SES subgroups was analyzed, it was showed that the RSR of low-poverty group
was the highest while that of high-poverty group was the lowest. Over the past four decades, the survival
time of all SES subgroups had improved, but over time, the survival gaps between low-poverty group and
high-poverty group become widener and widener. For example, in 1984–1993, the 5-year RSR of lowpoverty group and high-poverty group was 35.1% vs 32.5% respectively, and the gap between 1994–2003
and 2004–2013 increased to 6.2% and 7.8%. The 10-year RSR was also observed the similar survival
difference tendency (Fig. 3b, Supplementary Table S2).
Distributions of SES varied among different races. Most Whites were defined as low-poverty while most
Blacks were defined as high- and medium-poverty (Supplementary Figure S1). In fact, the difference in
survival between Whites and Blacks partially reflected the difference in survival between various SES
subgroups. In the first decade, the median survival of Whites was 27 months higher than that of Blacks
for 16 months, and the difference in survival in the fourth decade increased significantly to 18 months (p
< 0.0001; Fig. 4a). Similarly, compared with the high-poverty group, the survival advantage of the lowpoverty group was found, and the median survival gap kept widening and increased from 7 months to 12
months over time. In addition, Kaplan-Meier survival analysis showed significant differences among three
SES subgroups in the past four decades (Fig. 4b).

Discussion
It was observed that the overall incidence of patients with epithelial ovarian cancer (EOC) declined from
11.4 to 9.0 per 100,000 in the four decades from 1974 to 2013. An improvement of EOC median survival
rose from 27 months to 48 months, and 5-year RSR improved from 32.3–44.3% in the same period.
However, the median survival differences increased from 11 months to 18 months between Whites and
Blacks and increased from 7 months to 12 months between low-poverty group and high-poverty group
respectively over the past four decades.
It was showed that the incidence of EOC dropped by 21.0% from 11.4 to 9.0 per 100,000 in the past four
decades. The trend of declining incidence was also found in all age groups. EOC patients had an
improvement in median survival, and the 5-year RSR grew from 32.3–44.3% in the four decades. Despite
absence of effective and specific screening methods in EOC, the improved medical care and the concept
of early detection and early treatment of diseases widely spread among the population, and people are
more actively involved in medical interaction, which greatly reduces the incidence of EOC2. More
importantly, advances in modern imaging techniques, modified surgical methods, a combination of
multiple chemotherapy and targeted antitumor schemes as well as individualized precise treatment
mode, have greatly improved the survival of patients with EOC12–15.
In the four decades, despite Whites showed the highest incidence, the incidence gap become narrowing
between Whites and Blacks over time as a result of a markedly rapid decline of incidence in Whites.
Furthermore, it was demonstrated that Whites had an advanced survival, with higher 5-year and 10-year
RSRs than Blacks, what’s more important, the RSR gap grew widening between Whites and Blacks.
Page 10/19

Previous studies suggested that black patients with EOC tended to have a delayed treatment or be
unlikely to receive standard-of-care treatment including chemotherapy and surgery16, 17. That was closely
related to the survival in EOC, which led to a poor prognosis in black patients18. Taken together, an urgent
need required to improve the clinical treatment management and health care in black patients with EOC.
Furthermore, incidence of low-poverty group was the highest while that of high-poverty group was the
lowest. Additionally, higher RSR was observed in the low-poverty group and the gap in survival between
low- and high-poverty groups widened over time especially in the last decade. Prior studies indicated that
SES was associated with cultural beliefs, insurance payer status and social support, which impacts the
access to healthcare19, 20. And high all-cause mortality closed correlated with less social support21, 22.
Moreover, the availability to better healthcare and medical consultation significantly affect treatment and
survival of EOC19, 23. When classified by SES, Blacks were found to be inferior to Whites in finance.
Financial disadvantage is thought to keep blank patients away from medical counseling and treatment in
the early stages of the disease. Therefore, the difference in SES between white and black patients with
EOC may partly explain the changes in incidence and survival between them.
There were some limitations in this study. Although a large number of EOC patients were collected from
the SEER program to analyze the incidence, survival and their tendencies over the past four decades, this
study remained limited due to the result partly reflected the selected SEER sites and was not applicable to
other geographic locations. Besides, the study might also be influenced by misclassification and variation
of SES within and among counties10, 11. Furthermore, histological and therapeutic data were not analyzed
in the study, which may affect the incidence and survival of EOC patients.

Conclusions
In conclusion, our study showed that the incidence and RSR of EOC patients had improved in the past
four decades. But with passage of time, the survival gap between different races and SES gradually
widened. What’s more important, this study will promote the improvement of health care system and
clinical management to erase the survival differences in SES groups and races identified in this study,
and thereby to optimize the clinical outcome of patients with EOC.

Abbreviations
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socioeconomic status
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relative survival rate
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Figure 1
Summary incidences of patients diagnosed as epithelial ovarian cancer (EOC) from 1974 to 2013 at the
original nine SEER sites. Incidence (a), and number (b) of EOC cases are shown by age group (total and
ages 0-44, 45-54, 55-69, and 70+ years) and calendar period. Incidence (c,e) and number (d,f) of EOC
cases are grouped by race and SES, respectively.
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Figure 2
Trends in 10-year relative survival rates (a) and Kaplan-Meier survival analysis (b) for patients with EOC
at 18 SEER sites in 1974-1983 (orange), 1984-1993 (blue), 1994-2003 (purple) and 2003-2012 (black)
respectively according to age group (total and ages 0-44, 45-54, 55-69, and 70+ years) and calendar
period.
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Figure 3
1-year, 5-year and 10-year relative survival rates (RSR) according to race (a) including White (orange),
Black (blue) and Others (black), and SES/county-level poverty rates (b) in Low-poverty (orange), Mediumpoverty (blue) and High-poverty (black) for patients with EOC at 18 SEER sites from 1974 to 2013.
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Figure 4
Kaplan-Meier survival analysis according to race (a) including White (orange), and Black (blue) and
Others (black), and SES/ county-level poverty rates (b) in Low-poverty (orange), Medium-poverty (blue)
and High-poverty (black) for patients with EOC at 18 SEER sites from 1974 to 2013.
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