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Abstract
Background  This study assessed the difference in 3-, 5-, and 10-year relative survival rates (RSRs) for female breast cancer 
between White and Black patients across the levels of year, tumor stage, age, and marital status at diagnosis. Confounding 
factors and effect modifiers were considered.
Methods  Analyses were based on 17 population-based tumor registries in the Surveillance, Epidemiology, and End Results 
(SEER) Program. Cases were diagnosed in 2000–2017 and followed through 2020.
Results  Three-, 5-, and 10-year female breast cancer RSRs significantly improved for White and Black patients during the 
years 2000–2020, more so for Blacks than Whites. Three-, 5-, and 10-year estimated annual percent changes in trends were 
0.09%, 0.16%, and 0.29% for Whites and 0.36%, 0.49%, and 0.86% for Blacks, respectively. However, a large difference in 
RSRs for White and Black patients persists, 4.2% for three-year RSRs, 5.7% for five-year RSRs, and 7.5% for 10-year RSRs, 
after adjusting for year, tumor stage, age, and marital status at diagnosis. The difference in RSRs between White and Black 
patients differs by tumor stage at diagnosis. For example, higher five-year RSRs in Whites than Blacks were 2.6% for local, 
9.3% for regional, 10.4% for distant, and 6.2% for unknown/unstaged tumors at diagnosis.
Conclusion  Improvement in 3-, 5-, and 10-year female breast cancer RSRs occurred for both White and Black patients, albeit 
more so for Blacks. Yet the poorer RSRs for Blacks remain large and significant, increasingly so with later staged disease at 
diagnosis and as we move from 3- to 5- to 10-year RSRs. 
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Introduction

Poorer female breast cancer survival rates in Black women 
compared with White women in the United States have been 
tracked for decades [1–4]. These poorer rates in Black women 
may be because they are more likely affected by aggressive 
subtypes of breast cancer (i.e., triple-negative breast cancer 
and inflammatory breast cancer, both of which are harder 
to treat); less likely to undergo mammography screening 
because of factors like differences in access to care, educa-
tion, and health literacy; and more likely to dismiss or ignore 
cancer symptoms, or view cancer as a taboo subject [5–7]. In 
addition, data have shown that female breast cancer survival 

rates are significantly influenced by calendar year, tumor 
stage, age, and marital status at diagnosis [8–10].

The relative survival rate (RSR) is a measure that removes 
competing causes of death. Five-year RSRs have remained 
consistently lower for Black compared with White women dur-
ing 2010 through 2020 [11]. However, it is not clear whether 
this difference varies across the levels of years, tumor stage, 
age, or marital status at diagnosis. It is important to consider 
differences in RSRs between White and Black women that 
are adjusted for potential confounding effects of year, tumor 
stage, age, and marital status at diagnosis to provide a more 
complete perspective on the state of breast cancer inequality 
between racial/ethnic groups. In addition, differences in RSRs 
may vary between 3-, 5-, or 10-years of survival.

The current study assessed breast cancer incidence data 
according to year, tumor stage, age, and marital status, which 
may provide new insights into differential screening between 
White and Black women and indicate the need for variable 
adjustment in our assessment of race differences in RSRs. The 
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primary purpose of the study was to provide a unique assess-
ment of differences in 3-, 5-, and 10-year RSRs between White 
and Black female breast cancer patients across the levels of 
year, tumor stage, age, and marital status at diagnosis. In addi-
tion, differences in RSRs between White and Black women 
were adjusted for potential confounders and effect modifiers. 
Consideration of these potential confounders and effect modi-
fiers on 3-, 5-, and 10-year RSRs can provide meaningful clini-
cal insights that have not been addressed in previous studies.

Materials and Methods

Study Population

We assessed retrospective cohort data on breast cancer 
patients diagnosed in 17 population-based tumor registries 
in the Surveillance, Epidemiology, and End Results (SEER) 
Program of the United States National Cancer Institute [12]. 
The SEER Program provides a comprehensive system for 
tracking cancer incidence and survival in the United States. 
It collects and reports information on tumor characteristics 
(e.g., stage and grade at diagnosis), patient characteristics 
(e.g., age and race), and first course of cancer-directed ther-
apy [13]. Cancer characteristics and treatment information 
are abstracted from the records of hospitals, clinical and 
nursing homes, private pathology laboratories, radiotherapy 
units, and from death certificates.

The SEER registries include San-Francisco-Oakland, 
Connecticut, Detroit (metropolitan), Hawaii, Iowa, New 
Mexico, Seattle (Puget Sound), Utah, Atlanta (metropoli-
tan), San Jose-Monterey, Los Angeles, Rural Georgia, Cali-
fornia (excluding the three other California areas listed), 
Kentucky, Louisiana, New Jersey, and Rural Georgia. The 
SEER program began on January 1, 1973, with five states 
and two metropolitan areas participating. Since then, it has 
expanded to include additional registries, as described else-
where [14]. This program is the gold standard of cancer data 
quality, with almost complete case identification and regular 
quality control measures [15, 16].

Breast cancer incidence, prevalence, and survival is deter-
mined in the SEER Program by the International Classifica-
tion of Diseases for Oncology, 3rd Edition (ICD-O-3), code 
C50.0-C50.9 [17, 18].

Data

There were 920,467 (819,188 White and 101,279 Black) 
cases of malignant breast cancer with known age diag-
nosed during 2000–2017. Exclusions were made in the 
survival analysis for all cases known by death certificate 
only, autopsy only, and for patients still alive with no sur-
vival time, leaving 749,676, for inclusion in the survival 

analysis. Of these 665,097 represented White patients and 
84,579 represented Black patients. Cases were followed up 
through 2020.

The SEER program uses national life tables to estimate 
expected mortality for individuals in a study population 
when calculating RSRs for cancer patients. National life 
tables were calculated using population estimates from the 
U.S. Census Bureau and birth and death records from the 
National Center for Health Statistics, National Vital Statis-
tics System. We also derived female breast cancer incidence 
rates in this paper. Annual mid-year population estimates for 
the denominators of the estimated breast cancer incidence 
rates were obtained from the U.S. Census Bureau.

Statistical Techniques

Numbers, percentages, incidence rates (age-adjusted to 
the 2000 U.S. standard population), and RSRs described 
the data. The chi-square test of independence was used to 
assess whether distributions of incident cases of breast can-
cer significantly differed between White and Black patients. 
Relative survival is a net survival measure of cancer survival 
in the absence of other causes of death. It is defined as the 
ratio of the proportion of observed survivors in a cohort 
of cancer patients to the proportion of expected survivors 
in a comparable set of people without cancer [19]. Three-, 
5-, and 10-year RSRs were derived. RSRs and correspond-
ing 95% confidence intervals were generated in SEER*Stat 
8.4.2 [12]. Non-overlapping 95% confidence intervals for 
the relative survival rate estimates denoted statistical signifi-
cance. Multiple regression with RSRs regressed on race and 
year, tumor stage, age, and marital status at diagnosis, were 
weighted by the number in each race, stage, age, marital 
status, and year classification. Interaction terms involving 
race were assessed. Statistical significance was based on 
two-sided hypothesis tests, at the 0.05 level of significance. 
Statistical analyses were derived from Statistical Analysis 
System (SAS) software, version 9.4 (SAS Institute Inc., 
Cary, NC, USA, 2012).

Results

The estimated annual percent change in age-adjusted 
female malignant breast cancer incidence rates from 2000 
through 2017 was -0.2% (t p = 0.0913) for Whites and 0.5% 
(t p = 0.0002) for Blacks. In general, the age-adjusted inci-
dence rates are approximately 4% higher for White women 
than for Black women, with the difference falling from 10% 
in 2000–2005 to 1% in 2012–2017 (Table 1). The higher rates 
in White women are reflected in cases diagnosed with local-
ized staged disease and in older age groups. Age-adjusted 
rates in White women (vs. Black women) are 11% lower for 
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regional cases, 36% lower for distant cases, and 17% lower 
for ages < 40 years. White women are significantly more 
likely than Black women to be married and less likely to 
have never been married.

Three-, 5-, and 10-year malignant female breast cancer 
RSRs are shown for White and Black women in Fig. 1. The 
rates consistently significantly improved with later calen-
dar year at diagnosis, more so for Black women. For 3-year 
RSRs the estimated annual percent increase in trend is 0.09 
for White women and 0.36 for Black women; for 5-year 
RSRs the estimated annual percent increase in trend is 0.16 
for White women and 0.49 for Black women; and for 10-year 
RSRs the estimated annual percent increase in trend is 0.29 
for White women and 0.86 for Black women. Thus, improve-
ment in RSRs appears for both White and Black women, 
though it is more pronounced in Black women. The RSRs 
remain significantly better for White women, especially for 
10-year survival versus 5-year survival and 5-year survival 
versus 3-year survival. Improvements in survival for both 
White and Black women increase with more years of sur-
vival (i.e., 10- vs. 5- vs. 3-year RSRs).

Five years after diagnosis the average female breast can-
cer patient was 9.1% less likely to survive than a White 
woman without breast cancer (Table 2). The corresponding 

value for Black women is 19.1%. Five-year RSRs for breast 
cancer are consistently significantly greater for White 
women than Black women across the levels of each variable. 
The difference in rates is less pronounced for those diag-
nosed in more recent years. In addition, the higher five-year 
RSRs in White versus Black women are greatest in those 
diagnosed with regional or distant disease, in the younger 
and older age groups, and in those who are not married.

Multiple regression models estimating female breast can-
cer RSRs according to race and year, tumor stage, age, and 
marital status at diagnosis through 3, 5, and 10 years appear 
in Table 3. Each variable significantly contributes to vari-
ation in breast cancer RSRs except age, which is not sig-
nificant in the first model. White women experience higher 
RSRs than Black women in each of the adjusted models. 
Better RSRs are also seen in those with local tumor stage, 
in the age group 40–79 years, and married at diagnosis. The 
estimated differences tend to become more extreme as we 
move from 3-, to 5-, to 10-year RSRs. For example, 3-, 5-, 
and 10-year breast cancer RSRs for White women are 4.2%, 
5.7%, and 7.5% greater than for Black women, respectively.

Interaction terms were assessed in each of the models 
between race and year, tumor stage, age, and marital status 
at diagnosis. Race by tumor stage was the only interaction 

Table 1   Distribution of 
Malignant Breast Cancer 
for White and Black women 
According to Selected Variables

Married includes common law and an unmarried or domestic partner

White Black White to Black
Rate Cases Rate Cases Ratio

130.0 819,188 124.7 101,279 1.04

Year at Diagnosis
  2000–2005 132.3 255,473 120 27,730 1.10
  2006–2011 128.7 269,365 124.5 33,400 1.03
  2012–2017 129.7 294,350 128 40,149 1.01
Tumor Stage at Diagnosis
  Local 82.2 520,808 67.5 54,525 1.22
  Regional 38.4 237,029 43.2 35,588 0.89
  Distant 6.5 41,613 10.1 8,266 0.64
  Unknown/Unstaged 2.9 19,738 3.8 2,900 0.76
Age at Diagnosis
  < 40 13.1 36,258 15.8 7,659 0.83
  40–49 155.4 124,132 153.6 19,716 1.01
  50–59 256.5 188,707 252.5 26,667 1.02
  60–69 396.4 205,325 362.3 23,572 1.09
  70–79 469.8 160,507 418.6 15,310 1.12
  ≥ 80 407.5 104,259 387 8,355 1.05
Marital Status at Diagnosis  Percent  Percent Difference
  Married 55.4% 453,683 34.4% 34,843 21.0%
  Single (never married) 11.9% 97,092 28.3% 28,613 -16.4%
  Separated/Divorced/Widowed 28.0% 229,662 31.9% 32,272 -3.8%
  Unknown 4.7% 38,751 5.5% 5,551 -0.8%
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Fig. 1   Malignant Breast Cancer 3-, 5-, and 10-Year Relative Survival Rates for White and Black women

Table 2   Malignant Female 
Breast Cancer 5-Year Relative 
Survival Rates for Whites and 
Blacks According to Selected 
Variables

The rate estimates are adjusted for the variables in the table

Whites Blacks
Rate % 95% LCL 95% UCL Rate % 95% LCL 95% UCL % Change

Overall 90.90 90.80 91.00 80.90 80.60 81.30 12.4
Year at Diagnosis
  2000–2005 90.00 89.80 90.20 78.10 77.40 78.70 15.2
  2006–2011 90.90 90.70 91.10 81.00 80.50 81.60 12.2
  2012–2017 91.60 91.50 91.80 83.00 82.50 83.60 10.4
Tumor Stage at Diagnosis
  Local 99.20 99.10 99.30 95.10 94.80 95.50 4.3
  Regional 86.20 86.00 86.40 76.00 75.40 76.50 13.4
  Distant 28.60 28.10 29.10 18.80 17.80 19.80 52.1
  Unknown/Unstaged 59.50 58.40 60.50 56.30 53.60 58.90 5.7
Age at Diagnosis
  < 40 86.80 86.40 87.20 76.60 75.50 77.60 13.3
  40–49 91.90 91.70 92.10 81.50 80.90 82.20 12.8
  50–59 91.30 91.10 91.40 81.50 80.90 82.00 12.0
  60–69 92.20 92.00 92.30 83.30 82.60 83.90 10.7
  70–79 91.70 91.40 91.90 82.30 81.30 83.30 11.4
  80 +  85.50 84.90 86.10 71.70 69.40 73.80 19.2
Marital Status at Diagnosis
  Married 93.80 93.70 93.90 86.00 85.50 86.50 9.1
  Not Married 86.90 86.80 87.10 78.30 77.80 78.70 11.0
  Unknown 86.20 85.60 86.70 77.30 75.70 78.80 11.5
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Table 3   Multiple Regression 
Models Estimating Three-, 
Five-, and 10-Year Breast 
Cancer Relative Survival Rates 
for Race and Other Variables

The estimates are adjusted for the variables in the table. The adjusted R-squared values for the models 
involving 36 months, 60 months, or 120 months are 0.926, 0.942, and 0.951, respectively, which indicate 
that the regression models provide an excellent fit to the data

3-Year 5-Year 10-Year

Estimate
%

SE
%

Pr >|t| Estimate
%

SE
%

Pr >|t| Estimate
%

SE
%

Pr >|t|

Intercept 95.65 1.05 < .0001 92.40 1.15 < .0001 87.37 1.54  < .0001
Black 0.00 0.00 0.00
White 4.24 0.61 < .0001 5.68 0.67 < .0001 7.47 0.94  < .0001
2000–2005 0.00 0.00 0.00
2006–2011 0.81 0.47 0.0865 1.15 0.52 0.0272 1.59 0.57 0.0058
2012–2017 1.33 0.46 0.0044 1.72 0.51 0.0008
Local 0.00 0.00 0.00
Regional -8.44 0.42 < .0001 -13.23 0.46 < .0001 -21.36 0.63 < .0001
Distant -57.30 0.85 < .0001 -70.19 0.93 < .0001 -81.45 1.31 < .0001
Unknown/Unstaged -30.18 1.40 < .0001 -37.96 1.54 < .0001 -47.30 2.03 < .0001
< 40 0.00 0.00 0.00
40–49 0.98 0.93 0.2919 2.26 1.02 0.0273 4.68 1.38 0.0008
50–59 0.70 0.90 0.4355 1.81 0.98 0.066 4.50 1.34 0.0009
60–69 0.57 0.90 0.5299 2.09 0.99 0.0345 4.51 1.35 0.001
70–79 -0.18 0.93 0.85 1.29 1.03 0.2092 2.96 1.40 0.035
80 +  -4.24 1.02 < .0001 -3.07 1.12 0.0061 -0.13 1.51 0.932
Married 0.00 0.00 0.00
Not Married -2.58 0.41 < .0001 -3.78 0.45 < .0001 -6.75 0.62 < .0001
Unknown -2.12 0.93 0.0232 -3.94 1.02 0.0001 -7.18 1.46 < .0001

Table 4   Five-Year Female Breast Cancer Relative Survival Rates for Race (White, Black) and Other Variables by Stage at Diagnosis

The estimates are adjusted for the variables in the Table

Local Stage at Diagnosis Regional Stage at Diagnosis Distant Stage at Diagnosis Unknown/Unstaged

Estimate SE Pr >|t| Estimate SE Pr >|t| Estimate SE Pr >|t| Estimate SE Pr >|t|

Intercept 92.89 0.68 < .0001 75.74 0.86 < .0001 28.44 1.32 < .0001 78.53 2.78 < .0001
Black 0.00 0.00 0.00 0.00
White 2.64 0.38 < .0001 9.30 0.55 < .0001 10.41 0.73 < .0001 6.24 1.59 0.0002
2000–2005 0.00 0.00 0.00 0.00
2006–2011 0.54 0.28 0.0554 2.28 0.45 < .0001 3.67 0.69 < .0001 -2.89 1.28 0.0265
2012–2017 0.77 0.27 0.0057 3.10 0.45 < .0001 7.09 0.67 < .0001 -4.14 1.30 0.002
< 40 0.00 0.00 0.00 0.00
40–49 2.42 0.62 0.0002 4.13 0.76 < .0001 -1.25 1.28 0.3302 -1.07 2.71 0.6939
50–59 2.92 0.60 < .0001 3.67 0.74 < .0001 -9.34 1.19 < .0001 -6.28 2.59 0.0171
60–69 3.82 0.60 < .0001 3.69 0.76 < .0001 -10.99 1.18 < .0001 -11.85 2.58 < .0001
70–79 4.13 0.61 < .0001 1.28 0.81 0.1193 -15.18 1.23 < .0001 -22.69 2.61 < .0001
80 +  4.99 0.66 < .0001 -11.06 0.92 < .0001 -20.86 1.30 < .0001 -41.80 2.49 < .0001
Married 0.00 0.00 0.00 0.00
Not Married -2.14 0.24 < .0001 -6.18 0.39 < .0001 -6.27 0.57 < .0001 -9.75 1.31 < .0001
Unknown -3.70 0.56 < .0001 -7.01 0.95 < .0001 -5.65 1.29 < .0001 3.85 1.58 0.0166
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found to be significant. Interaction terms involving stage at 
diagnosis and each of the other variables in the models were 
also significant. Hence, the models were each reassessed 
according to tumor stage at diagnosis. The results for 5-year 
RSRs by tumor stage at diagnosis are shown in Table 4.

Higher female breast cancer RSRs in White women com-
pared with Black women are increasingly pronounced with 
higher stage, after adjusting for year, age, and marital status 
at diagnosis. For local staged cases RSRs are significantly 
lower for those aged < 40 years at diagnosis, and for regional 
staged cases RSRs are significantly lower in those aged < 40 
and 80 +. On the other hand, the RSRs for distant staged 
cases significantly fell with older age. The benefit of mar-
riage on RSRs is significant in each stage category, but more 
so in later staged cases.

Discussion

This study assessed the difference in 3-, 5-, and 10-year 
RSRs for female breast cancer between Whites and Blacks 
across the levels of year, tumor stage, age, and marital status 
at diagnosis. Differences in RSRs were adjusted for potential 
confounders. In addition, effect modifiers of the differences 
in RSRs were evaluated.

The distribution of breast cancer cases across calendar 
years indicated a greater proportion of White women com-
pared with Black women were diagnosed with breast can-
cer in earlier years, but the converse is true in later years. 
This may reflect a concerted effort to improve breast cancer 
screening among Black women; that is, increased breast 
cancer screening can result in more cases being identified 
[20]. Literature in recent years reflects this increased effort 
to improve screening among Black women through greater 
awareness of the barriers for screening among Black women 
(e.g., inadequate health insurance or access to health care 
facilities) and higher levels of recommended mammography 
screening by primary care clinicians [7, 21–23]. A report 
from the American Cancer Society shows that since 2008 the 
prevalence of mammography screening has been similar or 
higher for Black than White women [24]. In 2021, the report 
showed that the prevalence of mammography screening in 
the past two years in ages ≥ 45 years is 69% for non-His-
panic (NH) Black women and 65% for NH White women. 
Corresponding estimates for ages 50–74 years are 82% and 
76%, respectively. In general, better screening practices have 
proven beneficial in decreasing mortality in breast cancer 
patients [25].

Despite an improved effort to screen Black women for 
breast cancer, White women were more likely to be diag-
nosed with early staged disease, suggesting more aggressive 
screening overall in White women than Black women. A 

previous study examined an HMO that screened for breast 
cancer at no-cost to the patient [26]. Although screenings 
were more frequently recommended to Black women, White 
women were more likely to undergo mammogram screen-
ing. Compared with Black women, White women were also 
more likely diagnosed at an older age, which is consistent 
with their having an older age distribution in general in the 
United States [27].

Most White women included in this study were married, 
while most Black women were single. This is consistent with 
research showing that Black women tend to marry later in 
life or are less likely to get married at all in comparison to 
their White counterparts [28, 29].

Trends in 3-, 5-, and 10-year RSRs improved for both 
White and Black women over the study period, more so for 
Black women. This is consistent with national data showing 
that breast cancer mortality rates for Black women have con-
sistently fallen since the mid-1990s and for White women 
since the early-1990s [30]. Similar improvements have been 
found internationally, attributed to earlier cancer detection 
and personalized treatment plans [31].

Although RSRs improved for both White and Black 
women (albeit more so for Black women), the difference 
in RSRs remains large and statistically significant in the 
adjusted models, increasingly so as we move from 3- to 
5- to 10-year RSRs. Nevertheless, increasing improvement 
of longer-term survival is seen for both White and Black 
women. The greater improvement in longer-term survival 
is consistent with advances in screening and treatment for 
breast cancer. The greater improvement in survival for Black 
women compared with White women may be related to more 
concerted screening and treatment efforts in these women.

Five-year RSRs for breast cancer are consistently sig-
nificantly greater for White women compared with Black 
women across the levels of stage, age, and marital status, 
more so for regional or distant disease, in the younger and 
older age groups, and in singles. Greater screening and treat-
ment efforts are needed for Black women across all levels 
of stage, age, and marital status, especially in later stages, 
young and old ages, and among singles.

Research shows that Black women have poorer breast 
cancer mortality than other racial groups at younger ages, 
and, thus, it is recommended that they should start screening 
8 years earlier than White women (i.e., at age 42 rather than 
50) [32]. In addition, studies show that Black women are 
less likely than White women with breast cancer to receive 
minimum expected therapy [33] and are more likely to delay 
treatment [34, 35]. Higher treatment delay for Black versus 
White women with breast cancer has been seen across all 
levels of socioeconomic status [35]. In a 2018 study looking 
at women aged 18–64 diagnosed with early staged breast 
cancer, four key factors accounted for 76.3% of total excess 
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death risk in Black women: 37% private health insurance, 
23.2% tumor characteristics, 11.3% comorbidities, and 4.8% 
treatment [36]. Treatment differences related to when they 
started or stopped and what they received. Poorer treatment 
patterns among Black women compared with White women 
may be the result of their having more comorbid disease 
(like diabetes, heart disease, and obesity), lower income, 
employment, and private health insurance that limits access 
to healthcare; lower education, health literacy, and recogni-
tion of the importance responding to cancer symptoms; and 
lower marriage rates [7, 28, 34].

Our finding that being married is associated with signif-
icantly better breast cancer RSRs for both White and Black 
women is consistent with another study [37]. Research 
has shown that married patients receive more mental and 
financial support, are diagnosed with earlier staged dis-
ease, get more appropriate treatment, and ultimately have 
better survival [38–40]. The benefit of marriage may be 
even more pronounced for Black women, possibly because 
marital status is more likely associated with screening and 
treatment resources for Black than White women.

Differences in breast cancer RSRs between Black 
and White women continue after adjustment for tumor 
stage, age, and marital status at diagnosis. Further, the 
estimated differences increase as we move from 3-, to 5-, 
to 10-year RSRs. This is consistent with Black women 
being more likely than White women to receive minimum 
expected therapy [33] or delay treatment [34, 35], which 
is explained by the factors already mentioned [7, 28, 34]. 
The effect of older age on lower breast cancer RSRs does 
not become significant until 5- and 10-years of follow-up.

The difference in breast cancer RSRs between White 
and Black women differs by tumor stage at diagnosis. For 
example, higher 5-year RSRs in White women compared 
with Black women are 2.6% for local, 9.3% for regional, 
10.4% for distant, and 6.2% for unknown/unstaged tumors 
at diagnosis. It may be that Blacks who aggressively pur-
sue mammography screening are more likely to be diag-
nosed at an earlier stage and less likely to delay receiving 
adequate treatment. Research suggests that more educated 
women are screen detected for breast cancer at an earlier 
stage and that higher education is also related to receiving 
appropriate treatment [41, 42].

Tumor stage at diagnosis also interacted with year, age, 
and marital status at diagnosis. RSRs improved with later 
years at diagnosis for local, regional, and distant stages. 
The improvement was more pronounced in later stages. 
These findings are consistent with previous research [43], 
with improvements being made in treating later stage 
breast cancer.

For local staged disease at diagnosis, the RSRs were sig-
nificantly lower in those aged < 40 years, and for regional 
staged disease at diagnosis RSRs were significantly lower 

in those aged < 40 and 80 + . This may suggest that breast 
cancer at a younger age tends to be more biologically 
aggressive [44]. Further research needs to be conducted 
to better understand localized breast cancer in women 
aged < 40. Similarly, those who are aged < 40 and receive 
a regional stage diagnosis may have a more aggressive 
tumor biology and require further study. Those aged ≥ 80 
are less likely to have their breast cancer screen detected. 
This makes the cancer first detectable when it is at a later 
stage. Moreover, elderly patients are often given alterna-
tive treatment plans based on personal choice and what 
their body can undergo given their age, leading to a less-
favorable prognosis [45].

RSRs for distant staged cases consistently significantly 
fell with older age. At older ages there are fewer clinical 
options due to potential comorbid conditions (e.g., arthritis, 
hypertension, heart disease, diabetes, and osteoporosis) that 
are more likely to exist and decrease 5-year RSRs [46, 47]. 
Moreover, the literature suggests that older patients may face 
complications because clinical trials in younger populations 
are unable to be extrapolated and applied to older patients 
because of differences in breast cancer tumor pathology by 
age. Older aged patients may also be more likely to opt for 
palliative care as opposed to a more aggressive treatment 
approach relative to younger populations [48]. Limited treat-
ment options, comorbid health problems, and increased like-
lihood of electing for palliative-care would all lead to lower 
RSRs in older ages.

Black women were significantly less likely to be mar-
ried or ever married. This is consistent with other research 
showing that Black women compared with White women 
are more likely to marry later in life, are less likely to ever 
marry, and have higher rates of marital instability [29]. The 
benefit of marriage on RSRs was significant in each stage 
category, but more so in later staged cases. Research shows 
that social structures such as marriage or having a cohabitat-
ing partner can help reduce the risk of depression in breast 
cancer patients [49]. Moreover, those that have depression 
experience worse outcomes while undergoing cancer treat-
ments such as chemotherapy, which is the more common 
treatment used in later staged breast cancer [49]. Therefore, 
those who are married or have a cohabitating partner may 
be less likely to experience depression, which is a condition 
that may compromise the efficacy of treatments used in later 
staged breast cancer.

The 17 tumor registries used for the current analysis 
represents 26.5% of the total U.S. population (22.4% for 
Whites and 23.1% for Blacks). Although the registries 
were selected to be representative of the U.S. population 
and represent high quality population-based data [50], 
there may be some limitations in external validity (gen-
eralizability). Further, assessing RSRs for some combi-
nations of year, tumor stage, age, and marital status at 
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diagnosis involved small numbers and unstable estimates. 
Marital status was available at the time of diagnosis only. 
Marital status after diagnosis was not tracked. We assume 
there was little change with years of follow-up. In addi-
tion, about 5% of White and Black women had unknown 
marital status at the time of diagnosis. Unknown stage 
or unstaged disease involved about 3% of Whites and 4% 
of Blacks. The database did not include information on 
all potential confounders of the relationships considered 
in this study, such as lifestyle and environmental factors. 
The study’s conclusions are limited to associations and 
do not imply any casual relationships.

Conclusion

The current study shows that 3-, 5-, and 10-year female 
breast cancer RSRs for White and Black women signifi-
cantly improved during the years 2000–2020, more so 
for Black women than for White women. This suggests 
more concerted efforts for screening and treating breast 
cancer in Black women in recent years. However, a large 
difference in RSRs persists between White and Black 
patients, with the difference increasing with time from 
diagnosis. The relationship between race and RSRs is 
also impacted by tumor stage at diagnosis, with Black 
women having increasingly poorer prognosis compared 
with White women with later staged disease. Further 
research may explore other potential confounders and 
effect modifiers.

The relationship between race and RSRs also depends 
on marital status; the difference in RSRs is less pro-
nounced between White and Black women who are mar-
ried at the time of diagnosis. Understanding the effect of 
marital status on the relationship between race and RSRs 
requires further study.

Both White and Black women under the age of 40 with 
a malignant breast cancer diagnosis have lower RSRs than 
older women with the same diagnosis. One reason sug-
gested in the literature for this is infrequent screening in 
this younger population.
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