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Purpose: Breast cancer is the most commonly diagnosed cancer and the leading cause of 

cancer-related deaths among women worldwide. However, the data on breast cancer incidence 

and survival over a long period, especially the dynamic changes in the role of race and socio-

economic status (SES), are scant.

Materials and methods: To evaluate treatment outcomes of patients with breast cancer over the 

past 3 decades, the data from the Surveillance, Epidemiology, and End Results (SEER) registries 

were used to assess the survival of patients with breast cancer. Period analysis was used to analyze 

the incidence and survival trend; survival was evaluated by the relative survival rates (RSRs) and 

Kaplan–Meier analyses. The HRs for age, race, stage, and SES were assessed by Cox regression.

Results: A total of 433,366 patients diagnosed with breast cancer between 1981 and 2010 

were identified from the original nine SEER registries. The incidences of breast cancer in each 

decade were 107.1 per 100,000, 117.5 per 100,000, and 109.8 per 100,000. The 10-year RSRs 

improved each decade, from 70.8% to 81.5% to 85.6% (P<0.0001). The lower survival in black 

race and high-poverty group is confirmed by Kaplan–Meier analyses and RSRs. Furthermore, 

Cox regression analyses demonstrated that age, race, SES, and stage are independent risk factors 

for patients with breast cancer in each decade.

Conclusion: The current data demonstrated a fluctuating incidence trend with improving 

survival rates of patients with breast cancer over the past 3 decades. In addition, the survival 

disparity exists among different races, ages, SESs, and stages.

Keywords: breast cancer, incidence, relative survival rates, race and socioeconomic status

Introduction
Breast cancer is the most common malignancy, accounting for up to 23% of cancer 

cases; it accounts for 14% of cancer-related deaths.1 In the United States, breast cancer 

accounts for about 30% of cancer cases; it is the second leading cause of cancer-related 

death among women.1

Despite the increasing understanding of breast cancer, its incidence remains 

extremely high.1 An estimated 252,710 cases were diagnosed in 2017, with an estimated 

71,280 deaths in the United States.1 Under such conditions, many basic and clinical 

studies have been performed, which promoted the development of novel agents and 

clinical management; therefore, the survival rates of breast cancer patients are expected 

to increase over time.2 In addition, it is also very important not only to study breast 

cancer biologically but also to demonstrate epidemiological trends that can not only 
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help boost clinical management but also help politicians 

balance incidence and survival disparities among different 

races and socioeconomic statuses (SESs) groups.

Previous studies concerning patients’ survival rates 

tended to analyze patients who resided in specific areas or 

patients who received surgical resection or other treatments or 

had various marital statuses by static analysis on survival.3–5 

However, the data on breast cancer incidence and survival 

over a long period, especially the dynamic changes in the 

roles of races and SES, are scant.

We aimed to demonstrate the incidence and survival 

trends during a long period and to clarify the role of race and 

SES on patient outcomes for breast cancer based on a large 

sample size. The current study, based on the period analysis, 

evaluated trends in the 10-year relative survival rates (RSRs) 

of breast cancer cases and clarified the role of age, race, 

and SES on RSRs through an analysis of the Surveillance, 

Epidemiology, and End Results (SEER) data.

Materials and methods
All data in the current study were extracted from the SEER 

database, which was developed and maintained by the 

National Cancer Institute (www.seer.cancer.gov). The SEER 

database is freely available to scientists and researchers. The 

ethnic approval is not required as this is a retrospective study 

and does not involve any intervention on the included cases. 

In the current study, only cases from the original nine registry 

sites were included, accounting for approximately 10% of the 

US population. Specifically, the nine sites are Connecticut, 

Iowa, New Mexico, Utah, and Hawaii and the metropolitan 

areas of Atlanta, Detroit, San Francisco – Oakland, and 

Seattle – Puget Sound. It distinguishes itself by being the only 

comprehensive source of US population-based information.6

Female patients with breast cancer (ICD for Oncology, 

third edition site codes: C50.0–C50.9) were identified in the 

SEER registries.7 We assessed the incidences of breast can-

cer and RSR for patients with breast cancer, after dividing 

patients into three groups according to their year of diagnosis 

(1981–1990, 1991–2000, and 2001–2010). Cases were divided 

into groups by demographic characteristics, including SES, 

race, and age at diagnosis (0–19, 20–39, 40–54, 55–69, and 

70+ years). The SES was defined as previously reported.8–10 

SES of the area was determined by the county poverty rate, 

which was defined as the percentage of people in the county 

living below the national poverty threshold in the 2000 US 

Census.8 The county poverty rates were classified into three  

levels, using the same thresholds used in the National Cancer 

Institute monograph: <10% (low-poverty areas), 10%–19.99% 

(medium-poverty areas), and ≥20% (high-poverty areas). 

While analyzing racial survival trends, we included only whites 

and blacks. As whites and blacks account for the majority of US 

population, there is heterogeneity in the others category, which 

account for approximately 11% of the general population in 

the United States. The RSR was calculated via SEER*stat 

software, and briefly, it is the number of cancer survivors at 

a specific time point divided by the number of patients in the 

cohort at the beginning, adjusted by age. The overall survival 

(OS) was defined as the interval from the time of diagnosis to 

the time of death. The current study utilized the period analyses 

methods that demonstrated the survival trend, and therefore, 

we selected two classic time points in oncologic study, 12 and 

60 months. In addition, as breast cancer patients’ survival is 

relatively long, 120-month RSR is also calculated. The inci-

dence and survival rates of patients were calculated by race 

information provided in the SEER database, including White, 

Black, Others (American Indian/Alaska Native, Asian/Pacific 

Islander), and Unknown. This race classification system is the 

most commonly used in SEER-based publication, in line with 

North American Association of Central Cancer Registries 

(NAACCR) Race and Ethnicity Identifier Assessment Project, 

and the Hispanic are categorized as whites. The stage data were 

defined according to the adjusted American Joint Committee 

on Cancer (AJCC), sixth edition; stage 0–1 and stage 2–4 were 

defined as the early and mid-late stages, respectively. The per-

centages of early- and mid-late-stage breast cancer patients by 

age, race, SES, and year of diagnosis were calculated. Patients 

without known race (1,664 cases), county-level poverty rate 

(180 cases), or stage (132,556 cases) were excluded from the 

stratification analysis. Autopsy cases or cases reported by a 

death certificate (2,717 cases) were not included.

The current study was designed to clarify the incidence 

and survival trend over time. Incidence rates, age-adjusted 

incidence, and survival time were calculated as previously 

reported in SEER*Stat 8.3.4 software (available at seer.

cancer.gov/seerstat) based on the Ederer II method.11–14 The 

estimated OS difference was evaluated by Kaplan–Meier 

analyses and tested by a two-tailed log-rank test, with a two-

tailed P value <0.01 being considered statistically significant. 

Cox regression analyses were performed by the Stata 14.0 

software (StataCorp LP, College Station, TX, USA).

Results
Trends in breast cancer incidence over 3 
decades
In this study, a total of 433,366 breast cancer patients were 

identified between 1981 and 2010 in the nine regions. The 
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total incidence of breast cancer was 107.1 per 100,000 during 

the 1981–1990 period (Figure 1A and Table S1). It increased 

to 117.5 per 100,000 during the 1991–2000 period and then 

decreased to 109.8 per 100,000 in the third decade. This 

trend can be seen in most age groups except for those aged 

20–39 years (Figure 1A). The number of breast cancer cases 

continually increased over time (from 116,103 to 150,831 

to 166,432, respectively) as a result of the increased general 

population (Figure 1B, Table S1, and Figure S1A and B). 

According to the data from the US Census Bureau, the his-

tological populations in 1980, 1990, 2000, and 2010 were 

226,545,805, 248,709,873, 281,421,906, and 308,745,538, 

respectively, with growth rates of 9.8%, 13.2%, and 9.7%, 

respectively. This increase was especially evident in patients 

aged 40–54 years (from 28,762 to 44,689 to 52,682) and 

55–69 years (from 41,990 to 48,110 to 58,206). This small 

fluctuation in incidence for each year is shown in Figure S1C.

Breast cancer incidence by SES and race
The low-poverty group had the highest incidence of breast 

cancer over the 3 decades, whereas the high-poverty group 

had the lowest incidence (Figure 1C and Table S1). The 

incidence gap between the medium- and high-poverty groups 

was significantly larger than the gap between the low- and 

medium-poverty groups. In all SES subgroups, breast cancer 

incidences increased over the first 2 decades (from 111.0 

to 121.5, from 103.6 to 113.9, and from 74.2 to 84.5 per 

100,000 in the low-, medium- and high-poverty groups, 

respectively). In the last decade, the incidences of both the 

low- and medium-poverty groups decreased markedly (from 

121.5 to 112.7 and from 113.9 to 106.7 per 100,000, respec-

tively), unlike the stable incidence in the high-poverty group, 

or even went through a slight increase (from 84.5 to 85.1 per 

100,000). In addition, the number of patients increased in all 

groups over time (from 66,755 to 88,162 to 102,444 in the 

low-poverty group, from 47,544 to 59,994 to 60,542 in the 

medium-poverty group, and from 1,776 to 2,635 to 3,364 

in the high-poverty group; Figure 1D and Table S1). When 

the sample was divided by race, whites always showed the 

highest incidences over the past 3 decades (Figure1E and 

Table S1). The breast cancer incidences per 100,000 for 

both blacks and whites increased during the first 2 decades 

Figure 1 Summary of incidences of patients diagnosed with breast cancer between 1981 and 2010 at the original nine SEER sites.
Note: Incidence (A, C, and E) and number (B, D, and F) of breast cancer cases are shown by age (total and ages 0–49, 50–64, 65–79, and 80+ years), SES (low, medium, 
and high poverty) and race (white, black, and others) groups, and calendar period.
Abbreviations: SEER, Surveillance, Epidemiology, and End Results; SES, socioeconomic status.
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and then decreased during the third decade (from 110.4 to 

121.4 to 113.0 for whites and from 96.3 to 107.5 to 104.9 

for blacks, respectively). Whites showed 14.6% and 12.9% 

higher incidences than blacks during the first and second 

decades, respectively; this difference in incidence was sig-

nificantly reduced to 7.7% in the last decade. The number of 

cases in both whites and blacks increased over the courses of 

3 decades (from 102,192 to 127,904 to 134,264 for whites 

and from 8,635 to 12,702 to 16,444 for blacks), and whites 

always had a significantly larger number of cases than blacks 

(Figure 1F and Table S1). However, the respective incidence 

changed from 96.3 to 107.5 to 104.9 due to the growing 

Black population size, from 12,460,444 to 15,523,049 to 

18,370,402, over the 3 decades (Figure S1B).

Trends in relative survival estimates over 
3 decades
The RSRs of breast cancer patients significantly improved 

over the 3 decades, and the 10-year RSR showed the most 

significant increase (from 70.8% to 81.5% to 85.6%; Table 1 

and Figure 2A, C, E, G, and I). The 5-year survival rate in 

the second decade increased by 8.68% compared with that 

Table 1 RS rates of breast cancer patients during the periods of 1981–1990, 1991–2000, and 2001–2010 at nine SEER sites

Age groups 
(years)

Decades

1981–1990 1991–2000 2001–2010
12-month RS
All 96.0±0.1 (116,103) 97.3±0.1 (150,831)*** 97.7±0.0 (166,432)***
20–39 97.2±0.2 (8,993) 97.8±0.2 (9,751) 98.3±0.1 (9,437)
40–54 97.5±0.1 (28,762) 98.1±0.1 (44,689)*** 98.6±0.1 (52,682)**
55–69 96.2±0.1 (41,990) 97.6±0.1 (48,110)*** 98.0±0.1 (58,206)*

70+ 94.1±0.2 (36,350) 96.1±0.1 (48,271)*** 96.3±0.1 (46,084)
36-month RS
All 87.2±0.1 91.8±0.1*** 93.7±0.1***
20–39 83.4±0.4 88.2±0.3*** 91.6±0.3***
40–54 88.2±0.2 92.1±0.1*** 94.2±0.1***
55–69 87.9±0.2 92.6±0.1*** 94.3±0.1***
70+ 86.8±0.3 91.4±0.2*** 92.6±0.2***
60-month RS
All 80.6±0.1 87.6±0.1*** 90.5±0.1***
20–39 74.3±0.5 81.2±0.4*** 86.0±0.4***
40–54 81.4±0.2 87.6±0.2*** 90.9±0.2***
55–69 81.2±0.2 88.7±0.2*** 91.3±0.2***
70+ 81.0±0.3 88.1±0.3*** 90.3±0.3***
120-month RS
All 70.8±0.2 81.5±0.2*** 85.6±0.2***
20–39 64.3±0.5 71.7±0.5*** 77.4±0.7***
40–54 72.4±0.3 81.2±0.2*** 85.9±0.3***
55–69 71.4±0.3 83.0±0.2*** 87.0±0.3***
70+ 70.4±0.5 82.7±0.5*** 85.4±0.8*

Notes: Data are represented as mean±SEM, with number of patients in parentheses. *P<0.01, **P<0.001, and ***P<0.0001 for comparisons with the preceding decade.
Abbreviations: RS, relative survival; SEM, standard error of the mean; SEER, Surveillance, Epidemiology, and End Results.

in the first decade, and it then slightly increased by 3.31% 

in the third decade. A similar tendency was found in 10-year 

RSR. Moreover, this increase in the survival rate in the sec-

ond decade was more evident in some age groups, especially 

in the old group. For instance, the 10-year survival rate of 

patients aged 20–39 years increased by 11.5% (64.3% vs 

71.7%, P<0.0001) and by 7.9% (71.7% vs 77.4%, P<0.0001) 

in the second and third decades, respectively, while the corre-

sponding numbers were 12.2% (72.4% vs 81.2%, P<0.0001) 

and 5.8% (81.2% vs 85.9%, P<0.0001) for patients aged 

40–54 years, 16.2% (71.4% vs 83.0%, P<0.0001) and 4.8% 

(83.0% vs 87.0%, P<0.0001) for patients aged 55–69 years, 

and 17.5% (70.4% vs 82.7%, P<0.0001) and 3.3% (82.7% vs 

85.4%, P<0.0001) for patients older than 70 years. Survival 

increased over time in all age groups; and the increase in the 

first 2 decades was more significant than that in the last 2 

decades (Figure 2B, D, F, H, and J).

Breast cancer survival by race and SES
Both whites and blacks showed increased rates over time, with 

survival superiority in whites (Table 2 and Figure 3A and C). 

The 5-year survival rate of whites in 1981–1990 was 21.1% 
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Figure 2 Trends in 10-year relative survival rates (A, C, E, G, and I) and Kaplan–Meier survival analyses (B, D, F, H, and J) in patients with breast cancer at nine SEER sites 
between 1981 and 2010 according to the age group (total and ages 0–49, 50–64, 65–79, and 80+ years) and calendar period.
Note: Number of patients at risk, number of events, and median survival in each decade are as follows: (B) 81–90: 115,896, 86,793, 143; 91–00: 150,334, 74,759, 187; 01–10: 
165,415, 32,671, unreached; (D) 81–90: 8,958, 4,454, 305; 91–00, 9,691, 3,426, unreached; 01–10, 9,365, 1,438, unreached; (F) 81–90: 28,693, 14,575, 293; 91–00: 44,472, 
12,777, unreached; 01–10: 52,340, 5,888, unreached; (H) 81–90: 41,939, 32,448, 170; 91–00: 47,987, 20,472, 220; 01–10: 57,853, 8,342, unreached; (J) 81–90: 36,298, 35,314, 
82; 91–00: 48,174, 38,082, 98; 01–10: 45,835, 16,999, 102.
Abbreviation: SEER, Surveillance, Epidemiology, and End Results.
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higher than that of blacks (81.6% vs 67.4%, P<0.0001), and 

this difference decreased to 17.6% in 1991–2000 (88.8% 

vs 75.5%, P<0.0001) and 15.6% in 2001–2010 (91.9% vs 

79.5%, P<0.0001). Similarly, narrowing trends were also 

found for 10-year survival rates that were 25.7% higher for 

whites than for blacks in the first decade (71.9% vs 57.2%, 

P<0.0001) and then decreased to 24.5% (82.9% vs 66.6%, 

P<0.0001) and 22.6% (87.3% vs 71.2%, P<0.0001) in the 

second and third decades, respectively. The survival increase 

in both sexes and the narrowing survival gap were demon-

strated by Kaplan–Meier analyses (Figure 3E, G, and I).

When the patients were stratified by SES, the highest and 

lowest survival rates were observed in the low-poverty and 

high-poverty groups, respectively (Table 3 and Figure 3B 

and D). The survival rates of both the low- and medium-

poverty groups increased over the 3 decades, as shown by 

the 5-year survival rates (from 81.9% to 88.9% to 91.8% 

and from 78.9% to 86.0% to 88.7%, respectively), whereas 

Table 2 12-, 60-, and 120-month RS rates of breast cancer patients according to race, age group, and calendar period from 1981 to 
2010 at nine SEER sites

Decades Age groups 
(years)

Race

White Black Others

1981–1990 60-month RS
All 81.6±0.2 (102,192) 67.4±0.6 (8,635)*** 81.5±0.6 (5,097)
20–39 75.9±0.5 (7,189) 63.2±1.4 (1,187)*** 76.5±1.8 (5,84)
40–54 82.6±0.3 (24,428) 68.6±1.0 (2,550)*** 83.1±0.9 (1,724)
55–69 82.2±0.2 (37,150) 67.2±1.0 (2,881)*** 83.2±1.0 (1,918)
70+ 81.7±0.4 (33,421) 69.2±1.5 (2,016)*** 78.1±1.9 (868)
120-month RS
All 71.9±0.2 57.2±0.7*** 72.7±0.8
20–39 65.5±0.6 54.6±1.5*** 67.5±2.0
40–54 73.6±0.3 58.5±1.1*** 75.3±1.1
55–69 72.4±0.3 56.1±1.2*** 74.1±1.2
70+ 71.2±0.5 58.7±2.1*** 67.2±2.6

1991–2000 60-month RS
All 88.8±0.1 (127,904) 75.5±0.5 (12,702)*** 88.2±0.4 (9,766)
20–39 83.3±0.4 (7,333) 68.6±1.2 (1,457)*** 84.3±1.2 (904)
40–54 89.0±0.2 (36,462) 75.9±0.7 (4,577)*** 87.8±0.6 (3,444)
55–69 89.7±0.2 (40,903) 77.5±0.8 (3,738)*** 88.8±0.6 (3,364)
70+ 88.8±0.3 (43,200) 76.1±1.3 (2,927)*** 89.9±1.1 (2,053)
120-month RS
All 82.9±0.2 66.6±0.6*** 81.4±0.5
20–39 73.8±0.5 58.9±1.3*** 74.4±1.5
40–54 82.9±0.2 67.1±0.8*** 81.6±0.7
55–69 84.3±0.3 69.1±1.0*** 82.4±0.8
70+ 83.8±0.5 66.7±1.8*** 82.5±1.6

2001–2010 60-month RS
All 91.9±0.1 (134,264) 79.5±0.4 (16,444)*** 90.0±0.3 (14,789)***
20–39 88.4±0.5 (6,685) 74.2±1.3 (1,505)*** 86.9±1.2 (1,181)
40–54 92.3±0.2 (40,708) 80.6±0.6 (6,119)*** 91.5±0.5 (5,535)
55–69 92.4±0.2 (47,454) 81.0±0.7 (5,470)*** 90.5±0.6 (4,961)*
70+ 91.5±0.4 (39,403) 77.8±1.3 (3,344)*** 87.7±1.0 (3,110)*
120-month RS
All 87.3±0.3 71.2±0.8*** 84.2±0.6**
20–39 79.7±0.8 64.2±1.9*** 79.9±1.9
40–54 87.5±0.3 72.9±1.0*** 87.2±0.7
55–69 88.4±0.3 73.7±1.4*** 85.8±0.9*
70+ 87.4±0.9 66.6±2.7*** 76.8±2.2*

Notes: Data are represented as mean±SEM, with number of patients in parentheses. *P<0.01, **P<0.001, and ***P<0.0001 for comparisons with the white group.
Abbreviations: RS, relative survival; SEM, standard error of the mean; SEER, Surveillance, Epidemiology, and End Results.
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Figure 3 Sixty-month (A and B) and 120-month (C and D) relative survival rates and Kaplan–Meier survival analyses in patients with breast cancer at nine SEER sites from 
1981 to 2010 by race (white and black; E, G, and I) and SES (low, medium, and high poverty; F, H, and J) groups.
Note: Number of patients at risk, number of events, and median survival in each decade are as follows: (E) white: 102,164, 76,865, 144; black: 8,635, 6,819, 97; (G) white: 
127,866, 63,678, 187; black: 12,702, 7,339, 137; (I) white: 134,184, 25,991, unreached; black: 16,444, 4,536, unreached; (F) low poverty: 66,647, 49,365, 149; medium poverty: 
47,474, 36,039, 135; high poverty: 1,775, 1,389, 121; (H) low poverty: 87,897, 42,666, 192; medium poverty: 59,802, 30,723, 180; high poverty: 2,635, 1,370, 173; (J) low 
poverty: 101,846, 18,801, unreached; medium poverty: 60,225,13,059, unreached; high poverty: 3,344, 81, unreached.
Abbreviations: SEER, Surveillance, Epidemiology, and End Results; SES, socioeconomic status.
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the increase in the first 2 decades was lower than that in the 

last 2 decades (3.3% vs 8.5% in the low-poverty group and 

3.1% vs 9.0% in the medium-poverty group). An increase in 

5-year RSR was observed in the high-poverty group (from 

75.2% to 83.4%); however, the increment in the last decade 

was not significant (84.4%). Similar trends were also found 

for 10-year survival rates. Note that the 10-year survival 

rate in the third decade of the high-poverty group not only 

stopped increasing but decreased by 2.7% (from 77.1% to 

75%). As a result, the greatest difference in the 10-year 

survival rates of the different SES groups was found in the 

Table 3 12-, 60-, and 120-month RS rates of breast cancer patients according to SES, age group, and calendar period from 1981 to 
2010 at nine SEER sites

Decades Age groups 
(years)

SES 

Low poverty Medium poverty High poverty 

1981–1990 60-month RS
All 81.9±0.2 (66,755) 78.9±0.2 (47,544)*** 75.2±1.2 (1,776)***
20–39 76.2±0.6 (5,074) 72.0±0.7 (3,762)*** 67.7±3.8 (155)
40–54 83.0±0.3 (16,506) 79.4±0.4 (11,779)*** 75.4±2.1 (468)***
55–69 82.6±0.3 (24,092) 79.6±0.4 (17,237)*** 74.4±1.9 (651)***
70+ 82.0±0.5 (21,079) 79.6±0.5 (14,762)* 78.9±2.9 (502)
120-month RS
All 72.7±0.2 68.5±0.3*** 63.6±1.5***
20–39 65.5±0.7 62.8±0.8 58.2±4.0
40–54 74.2±0.4 70.2±0.5*** 63.5±2.4***
55–69 73.6±0.4 68.8±0.4*** 61.8±2.3***
70+ 72.1±0.7 68.1±0.8** 68.2±4.2

1991–2000 60-month RS
All 88.9±0.2 (88,162) 86.0±0.2 (59,994)*** 83.4±0.9 (2,635)***
20–39 83.4±0.5 (5,500) 78.3±0.7 (4,065)*** 80.2±3.0 (183)
40–54 88.9±0.2 (26,326) 85.9±0.3 (17,569)*** 83.8±1.4 (781)***
55–69 89.9±0.2 (27,845) 87.2±0.3 (19,361)*** 86.2±1.4 (886)*

70+ 89.1±0.4 (28,485) 86.9±0.5 (18,995)** 80.7±2.3 (785)**
120-month RS
All 83.1±0.2 79.3±0.3*** 77.1±1.2***
20–39 73.7±0.6 69.0±0.7*** 74.6±3.3
40–54 82.7±0.3 79.3±0.3*** 76.5±1.6**
55–69 84.6±0.3 80.9±0.4*** 80.0±1.8*
70+ 84.6±0.6 80.2±0.7*** 75.0±3.4*

2001–2010 60-month RS
All 91.8±0.1 (102,444) 88.7±0.2 (60,542)*** 84.4±0.9 (3,364)***
20–39 87.4±0.5 (5,686) 84.4±0.7 (3,561)* 72.3±3.7 (184)**
40–54 92.4±0.2 (32,881) 88.5±0.3 (18,833)*** 85.8±1.4 (946)***
55–69 92.4±0.2 (35,541) 89.7±0.3 (21,355)*** 86.3±1.3 (1,278)***
70+ 91.5±0.4 (28,322) 88.7±0.5 (16,784)*** 82.6±2.3 (956)***
120-month RS
All 88.0±0.3 82.1±0.4*** 75.0±1.7***
20–39 79.5±0.9 74.9±1.1** 60.6±4.8***
40–54 87.7±0.3 83.2±0.5*** 78.4±2.1***
55–69 88.7±0.4 84.5±0.6*** 77.2±2.5***
70+ 89.7±0.8 78.4±1.3*** 69.4±5.6***

Notes: Data are represented as mean±SEM, with number of patients in parentheses. *P<0.01, **P<0.001, and ***P<0.0001 for comparisons with the low-poverty group.
Abbreviations: RS, relative survival; SEM, standard error of the mean; SEER, Surveillance, Epidemiology, and End Results; SES, socioeconomic status.

last decade. The continuously increasing survival rates of all 

SES groups over time and the survival advantage in the low-

poverty group were further confirmed by the Kaplan–Meier 

survival analyses (Figure 3F, H, and J). It is also notable that 

black and white patients showed different SES distributions. 

A larger proportion of whites was classified as low poverty 

than Blacks (64% vs 28%), and a larger proportion of Blacks 

was classified as medium-poverty individuals (72.3% vs 

34.1%; Figure 4 and Table S2). The correlation coefficient 

between race and SES were 0.2158, 0.2209, and 0.2115 in 

the first, second, and third decades (P<0.001), respectively. 
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The survival analyses by race and SES can be seen in Figure 

S2, with similar trend demonstrated before.

Tumor stage at the time of diagnosis
Improved survival may be associated with an early-stage 

breast cancer at the time of diagnosis. Our analysis showed 

that an early-stage tumor was detected in older, white, and 

high SES groups (Table 4). It is notable that the proportion of 

early-stage tumors at diagnosis in all groups increased over 

time although the percentage of early-stage tumors in some 

groups in the third decade was relatively stable compared 

to that in the second decade. For example, the percentages 

of early-stage tumors in patients younger than 54 years and 

55 years or older were 38.2% and 46.6% in 1981–1990, 

respectively; these numbers significantly increased to 42.4% 

and 52.6% in 1991–2000, respectively, but remained stable 

in 2001–2010 (42.0% and 52.7%, respectively). For the 

race groups, the percentage of early-stage tumors for whites 

increased from 45.0% in 1981–1990 to 50.1% in 1991–2000 

but remained at 50.2% in 2001–2010, while the percentage for 

blacks continuously increased from 30.2% to 34.5% to 36.4% 

over the past 3 decades. When the sample was divided by SES, 

high-poverty patients showed increases in early-stage tumors 

over time (from 37.6% to 43.6% to 45.1%); the percentage 

of early-stage tumors in low-poverty patients increased from 

44.7% to 50% in the second decade and then remained exactly 

the same in the third decade. Similarly, medium-poverty 

patients showed a relatively stable proportion of early-stage 

tumors in the third decade (46.4% vs 47.3%) after an increase 

in the second decade (47.3% vs 42.6%).

Cox regression analysis of breast cancer 
patient survival
For Cox regression analysis, the current study mainly focused 

on four variables: age, race, stage, and SES. As shown in 

Table 5, these four variables were all independent risk  factors 

Figure 4 Distribution of SES by race for patients with breast cancer at nine SEER sites from 1981 to 2010.
Note: Percentage (A) and number (B) of patients with breast cancer in low-poverty, medium-poverty, and high-poverty groups.
Abbreviations: SEER, Surveillance, Epidemiology, and End Results; SES, socioeconomic status.
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for survival (P<0.001). The HR of age remained similar 

between univariate and multivariate analyses in all 3 decades 

(1.049 vs 1.0511 in 1981–1990, 1.049–1.0526 in 1990–2000, 

and 1.046–1.0512 in 2001–2010), indicating that the effect 

of age on the survival of breast cancer patients remained 

stable over time. In terms of race, the HR for black and others 

in multivariate Cox analyses are calculated, with increas-

ing HRs for black patients (black: 1.3991 in 1981–1990, 

1.5209 in 1990–2000, and 1.7173 in 2001–2010; others: 

0.8076 in 1981–1990, 0.8397 in 1990–2000, and 0.9105 

in 2001–2010, with whites as reference group). The HRs 

of SES in multivariate analysis are listed (medium poverty: 

1.0719 in 1981–1990, 1.0435 in 1991–2000, and vs 1.086 in 

2001–2010; high poverty: 1.1169 in 1981–1990, 1.1435 in 

1991–2000, and 1.3632 in 2001–2010, with low poverty as a 

reference group). In terms of stage, the HR for medium- and 

late-stage patients in multivariate Cox analyses are calculated, 

with 3.053 in 1981–1990, 3.6849 in 1990–2000, and 5.489 in 

2001–2010, with early-stage patients as a reference group).

Discussion
The incidence trend for breast cancer went through a fluc-

tuating change, with an increase in the second decade and a 

decrease in the third decade. The OS rates of breast cancer 

patients continuously improved over the past 3 decades, from 

1981 through 2010; this improvement was more remarkable 

in the second decade and then slowed in the third decade. Our 

data showed that SES, age, and race were independent predic-

tors for survival and, for the first time, indicated increasing 

HRs in patients of different races and SES groups over time.

The incidence trend of breast cancer in the United States 

during the 1981–2010 period went through an increasing 

and then a decreasing trend. It is noted that mammography 

screening was widely adopted in the United States beginning 

in the early 1990s after its initiation in the early 1980s.15,16 

The significant increase in the percentage of early-stage 
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 cancer at the time of diagnosis in 1991–2000 further reflected 

the widespread use of screening. In fact, many studies have 

clearly shown the relationship between the application of 

mammography screening and the increasing incidence of 

breast cancer.17–21 In addition, the increasing rates of obesity 

and hormone replacement therapy for menopause patients 

contributed to the increase in breast cancer incidence.21 

Therefore, these factors contributed to the substantial inci-

dence increase in 1990–2000. The percentage of women who 

accepted mammography screening reached its peak in 1999 

and then remained stable during the 2000–2013 period.21,22 

The use of hormones was reduced in the 1990s.23,24 Together 

these facts can partially explain the incidence changes in 

2000–2010.

Our data showed a higher incidence among whites than 

among blacks and an apparent survival advantage of whites 

over blacks; however, the incidence gap between the two 

races was remarkably reduced in the third decade because 

Table 4 Summary data of percentages of early- or mid-late-stage of breast cancer patients according to age, race, SES, and calendar 
period from 1981 to 2010 at nine SEER sites

Decades Variables Categories Stages 

Early (0, 1) Mid-late (2, 3, 4) P-value 

1981–1990
Age (years) ≤54 38.2 (4,245) 61.8 (6,864) <0.0001

≥55 46.6 (10,166) 53.4 (11,661)
Race White 45.0 (12,954) 55.0 (15,806) <0.0001

Black 30.2 (748) 69.8 (1,727)
Others 41.7 (709) 58.3 (992)

ses Low poverty 44.7 (8,427) 55.3 (10,409) <0.0001
Medium poverty 42.6 (5,791) 57.4 (7,796)
High poverty 37.6 (193) 62.4 (320)

1991–2000
Age (years) ≤54 42.4 (20,829) 57.6 (28,266) <0.0001

≥55 52.6 (43,574) 47.4 (39,208)
Race White 50.1 (56,236) 49.9 (55,908) <0.0001

Black 34.5 (3,756) 65.5 (7,118)
Others 49.8 (4,410) 50.2 (4,449)

ses Low poverty 50.0 (38,457) 50.0 (38,395) <0.0001
Medium poverty 47.3 (24,939) 52.7 (27,781)
High poverty 43.6 (1,006) 56.4 (1,299)

2001–2010
Age (years) ≤54 42.0 (24,802) 58.0 (34,320) <0.0001

≥55 52.7 (51,300) 47.3 (46,132)
Race White 50.2 (63,730) 49.8 (63,130) <0.0001

Black 36.4 (5,646) 63.6 (9,873)
Others 47.4 (6,726) 52.6 (7,449)

ses Low poverty 50.0 (48,454) 50.0 (48,432) <0.0001
Medium poverty 46.4 (26,310) 53.6 (30,394)
High poverty 45.1 (1,338) 54.9 (1,626)

Note: Data are represented as percentage, with number of patients in parentheses.
Abbreviations: SEER, Surveillance, Epidemiology, and End Results; SES, socioeconomic status.

of a more significant decrease in incidence among whites 

than among blacks. The survival gap did not show such 

a significant reduction tendency although the survival of 

both races continued to improve over time. It is known that 

whites and blacks exhibit differences in genetics, lifestyle, 

and reproduction patterns.25–31 As we discussed above, the 

reduction in hormone use after 2002 largely accounted for 

the sharp incidence decrease during the 2001–2010 period.24 

This reduction in hormone use was better for whites than for 

blacks.31 Recently, the genetic evidence explaining incidence 

and survival disparity were explored, implying a biological 

difference between whites and blacks.33–36 Our data dem-

onstrated that black breast cancer patients displayed more 

advanced tumors at the time of diagnosis. Furthermore, 

race-specific survival disparity can be partially attributed 

to the different SES distribution between them, specifically 

a bigger proportion of whites belong to low-poverty group. 

This race-specific SES distribution disparity may affect their 
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access to health care resources and medication. Correlation 

analysis also confirmed the significant relationship between 

SES and race. In addition, other factors in addition to SES 

may also contribute to the late diagnosis in blacks, such as 

residential segregation, spatial access to mammography, resi-

dential pollution, and breast cancer awareness.6,37,38 Therefore, 

more in-depth studies, as well as better health care policies, 

are still required to reveal the underlying truth to narrow the 

gap between whites and blacks.

SES has previously been proposed to explain the differen-

tial incidence and survival of breast cancer patients between 

races. Lower SES has often been considered to be associ-

ated with a lower educational level, less access to medical 

facilities as a result of worse medical insurance coverage, less 

 possibility to be diagnosed at an early stage and to be treated 

in a timely and efficient manner, and worse survival.2,39 In 

our analysis, the incidence of breast cancer in the better SES 

group was higher than that in the low-SES group; incidence 

differences across SES groups was appreciably narrowed in 

the third decade because of a marked incidence reduction in 

both low- and medium-poverty groups and stable incidence 

in the high-poverty group. Improvements in survival were 

found in all SES groups during the second decade but slowed 

down in the third decade. A previous study found that black 

women with breast cancer in the military system lived longer 

than those in general black population in the SEER system 

and that the difference in survival between races diminished 

but was not eliminated, suggesting that less accessibility to 

Table 5 Summary data for Cox regression analysis of survival of patients with breast cancer from 1981 to 2010 at nine SEER sites

Variables Categories Univariate Multivariate

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

All 1981–1990
age n 1 1

n+1 1.049 (1.047–1.050) <0.001 1.051 (1.049–1.052) <0.001
Race White 1 1

Black 1.274 (1.214–1.337) <0.001 1.399 (1.331–1.471) <0.001
Others 0.711 (0.665–0.761) <0.001 0.808 (0.754–0.865) <0.001

ses low 1 1
Medium 1.075 (1.046–1.104) <0.001 1.072 (1.042–1.102) <0.001
High 1.104 (0.994–1.227) >0.05 1.117 (1.005–1.241) <0.05

stages Early 1 1
Mid-late 2.765 (2.685–2.847) <0.001 3.053 (2.964–3.1445) <0.001

All 1991–2000
age n 1 1

n+1 1.049 (1.049–1.050) <0.001 1.053 (1.052–1.053) <0.001
Race White 1 1

Black 1.349 (1.314–1.386) <0.001 1.521 (1.4780–1.563) <0.001
Others 0.738 (0.712–0.764) <0.001 0.8340 (0.810–0.870) <0.001

ses low 1 1
Medium 1.094 (1.077–1.112) <0.001 1.044 (1.026–1.061) <0.001
High 1.182 (1.115–1.252) <0.001 1.1435 (1.079–1.212) <0.001

stage Early 1 1
Mid-late 3.256 (3.201–3.312) <0.001 3.685 (3.622–3.749) <0.001

All 2001–2010
age n 1 1

n+1 1.046 (1.045–1.047) <0.001 1.051 (1.050–1.052) <0.001
Race White 1 1

Black 1.652 (1.598–1.708) <0.001 1.7173 (1.659–1.778) <0.001
Others 0.7801 (0.745–0.8178) <0.001 0.910 (0.869–0.954) <0.001

ses low 1 1
Medium 1.214 (1.185–1.243) <0.001 1.086 (1.060–1.113) <0.001
High 1.393 (1.289–1.505) <0.001 1.363 (1.262–1.4723) <0.001

stage Early 1 1
Mid-late 4.946 (4.832–5.063) <0.001 5.489 (5.361–5.620) <0.001

Abbreviations: SEER, Surveillance, Epidemiology, and End Results; SES, socioeconomic status; N, any age group.
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medical facilities resulting from worse SES only partially 

contributed to worse survival.40 Our data showed that a more 

advanced tumor was discovered at diagnosis in the low-SES 

group than in better SES groups.

Increases in OS can be attributed to early detection and/or 

improved treatments.41–43 Our data demonstrated that younger, 

black, and higher poverty breast cancer patients always showed 

more aggressive tumors at diagnosis during the past 3 decades. 

More notably, nearly all groups had increased percentages of 

early-stage tumors at diagnosis over time, but this increase 

remained relatively stable in the third decade. The increasing 

proportion of early-stage patients may partially contribute to 

the survival increase over time. Here, we demonstrate both 

the development of early detection and clinical management.

Although previous studies addressed the incidence and 

survival trends of breast cancer, these studies mainly focused 

on a specific group of patients. Our data were based on a 

large representative sample from the SEER registries during 

the 1980–2010 period when breast cancer was subjected to a 

variety of new strategies for detection, diagnosis, prevention, 

and therapy that were initiated and widespread in this period. 

We not only analyzed the incidence and survival of breast 

cancer but also investigated the impact of age, race, and SES 

to provide a clear recent trend of breast cancer. More impor-

tantly, the long-term trend of breast cancer in our study was 

analyzed and presented by decade; thus, the overall trend in 

each period is clearer than that analyzed by year. Moreover, 

we demonstrated that race was more relevant to the survival 

of patients with breast cancer than other independent risk 

factors such as age and SES.

It is worthwhile to note that the present analysis has 

some limitations. First, although the nine SEER sites cover 

approximately 10% of the general population in the United 

States and therefore reflect the trend in the total population, 

there would be some minor aberrance when applying the 

data to certain geographic locations that are not included in 

the SEER registry. Next, when the tumor stage at the time 

of diagnosis was analyzed, we used the adjusted AJCC, 

sixth edition, cancer stage definition for breast cancer that 

was available in the SEER data from the year 1988; thus, 

there may be some divergence in the stage data before 1988. 

Finally, some sources of error and bias such as under regis-

tration or misclassification and geological variation in SES 

might have affected the study.8,9 In addition, previous stud-

ies demonstrated that estrogen receptor (ER), progesterone 

receptor (PR), and HER2 molecules are important biomarkers 

for breast cancer classification and provide vital information 

for endocrine therapy and targeted therapy.44,45 However, in 

this longitudinal study, HER expression data are not available 

in the SEER database, and the ER and PR information are 

only provided since 1990. Therefore, the current study fails 

to address the epidemiological trend by these molecules.

Conclusion
The current study demonstrated the fluctuating characteristics 

of incidence and the continuously modest survival improvement 

of breast cancer patients during the period of 3 decades. In addi-

tion, our data show the changing impact of race and SES on 

patients’ survival. Elucidation of the incidence and survival of 

breast cancer patients over time will help predict coming trends 

and improve the quality of clinical trials, health care policies, 

and rules by balancing disparities. Looking ahead, studies 

that clarify the mechanisms and pathogenesis of breast cancer 

should pave the way for the design of novel agents that, together 

with better health care system, will yield improved survival.
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Table S1 The incidence of breast cancer according to age group and decade within SES and race groups from 1981 to 2010 at the 
nine original SEER sites

Variables Ages 
(years)

Decades

1981–1990 1991–2000 2001–2010

Total
All 107.1 (116,103) 117.5 (150,831) 109.8 (166,432)
0–19 0.0 (8) 0.0 (10) 0.1 (23)
20–39 26.3 (8,993) 24.5 (9,751) 25.5 (9,437)
40–54 157.0 (28,762) 173.4 (44,689) 165.3 (52,682)
55–69 275.3 (41,990) 316.5 (48,110) 297.0 (58,206)
70+ 349.3 (36,350) 374.2 (48,271) 332.4 (46,084)

ses Low poverty
All 111.0 (66,755) 121.5 (88,162) 112.7 (102,444)
0–19 0.0 (4) 0.0 (6) 0.1 (14)
20–39 26.9 (5,074) 24.7 (5,500) 26.0 (5,686)
40–54 160.8 (16,506) 178.8 (26,326) 170.7 (32,881)
55–69 288.2 (24,092) 329.0 (27,845) 304.9 (35,541)
70+ 364.2 (21,079) 388.0 (28,485) 339.2 (28,322)

Medium poverty
All 103.6 (47,544) 113.9 (59,994) 106.7 (60,542)
0–19 0.0 (4) 0.0 (4) 0.1 (9)
20–39 25.8 (3,762) 24.6 (4,065) 24.7 (3,561)
40–54 154.6 (11,779) 168.5 (17,569) 159.5 (18,833)
55–69 263.3 (17,237) 306.1 (19,361) 288.8 (21,355)
70+ 334.7 (14,762) 360.4 (18,995) 325.7 (16,784)

High poverty
All 74.2 (1,776) 84.5 (2,635) 85.1 (3,364)
0–19 0.0 (0) 0.0 (0) 0.0 (0)
20–39 19.6 (155) 19.5 (183) 21.6 (184)
40–54 109.7 (468) 126.3 (781) 119.4 (946)
55–69 188.3 (651) 217.0 (886) 234.6 (1,278)
70+ 239.1 (502) 274.2 (785) 267.5 (956)

Race White
All 110.4 (102,192) 121.4 (127,904) 113.0 (134,264)
0–19 0.0 (4) 0.0 (6) 0.1 (14)
20–39 26.1 (7,189) 24.0 (7,333) 25.3 (6,685)
40–54 161.5 (24,428) 177.9 (36,462) 168.6 (40,708)
55–69 286.5 (37,150) 330.6 (40,903) 308.5 (47,454)
70+ 360.7 (33,421) 389.0 (43,200) 345.8 (39,403)

Black
All 96.3 (8,635) 107.5 (12,702) 104.9 (16,444)
0–19 0.0 (1) 0.1 (3) 0.1 (6)
20–39 30.9 (1,187) 28.7 (1,457) 28.3 (1,505)
40–54 144.3 (2,550) 166.7 (4,577) 157.7 (6,119)
55–69 233.0 (2,881) 273.5 (3,738) 276.4 (5,470)
70+ 303.4 (2,016) 326.1 (2,927) 315.5 (3,344)

Others
All 70.7 (5,097) 84.4 (9,766) 84.9 (147,89)
0–19 0.1 (3) 0.0 (1) 0.0 (2)
20–39 20.6 (584) 21.7 (904) 22.2 (1,181)
40–54 120.5 (1,724) 135.5 (3,444) 143.8 (5,535)
55–69 182.3 (1,918) 230.3 (3,364) 221.2 (4,961)
70+ 180.0 (868) 226.3 (2,053) 223.1 (3,110)

Note: Data are incidence per 100,000 people by year of diagnosis, with the number of patients in parentheses.
Abbreviations: SES, socioeconomic status; SEER, Surveillance, Epidemiology, and End Results.
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Table S2 Summary data of race distribution by SES and calendar period in patients with breast cancer from 1981 to 2010 at nine 
SEER sites

Decades SES Number Race (%)

White Black Others

1981–2010
Total 431,645 84.4 8.7 6.9
Low poverty 256,390 90.9 4.1 5.0
Medium poverty 167,501 74.1 16.2 9.7
High poverty 7,774 84.4 8.7 6.9

1981–1990
Total 115,896 88.2 7.4 4.4
Low poverty 66,647 95.5 2.9 1.5
Medium poverty 47,474 77.6 14.0 8.4
High poverty 1,775 88.2 7.4 4.4

1991–2000
Total 150,334 85.1 8.4 6.5
Low poverty 87,897 93.0 3.8 3.2
Medium poverty 59,802 73.1 15.6 11.3
High poverty 2,635 85.1 8.4 6.5

2001–2010
Total 165,415 81.1 9.9 8.9
Low poverty 101,846 86.0 5.2 8.8
Medium poverty 60,225 72.4 18.4 9.1
High poverty 3,344 81.1 9.9 8.9

Abbreviations: SES, socioeconomic status; SEER, Surveillance, Epidemiology, and End Results.

Figure S1 The changes of general population in the 1980, 1990, 2000, and 2010 in the United States.
Note: (A) Population number in each decade by race (B) and incidence trend in each year (C).
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Figure S2 Incidence trend by race and SES in each decade (A, B, and C). Survival analysis by race and SES in the first decade (D, E, and F), the second decade (G, H, and 
I), and the third decade (J, K, and L).
Abbreviation: SES, socioeconomic status.
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