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Abstract

Breast cancer survivors have a high risk of a second primary contralateral breast cancer (CBC), 

but there are few studies of CBC risk in minority populations. We examined whether the incidence 

and risk factors for CBC differed by race/ethnicity in the United States. Women with a first 

invasive stage I-IIB breast cancer diagnosis at ages 20–74 years between 2000 and 2015 in 

the Surveillance, Epidemiology, and End Results Program (SEER) 18 registries were followed 

through 2016 for a diagnosis of invasive CBC ≥1 year after the first breast cancer diagnosis. 

We used cause-specific Cox proportional hazards models to test the association between race/

ethnicity and CBC, adjusting for age, hormone receptor status, radiation therapy, chemotherapy, 

and stage at first diagnosis, and evaluated the impact of contralateral prophylactic mastectomy, 

Corresponding Author: Gordon P. Watt, Ph.D., Memorial Sloan Kettering Cancer Center, Department of Epidemiology and 
Biostatistics, 485 Lexington Avenue, 2nd Floor, New York, NY 10017, P: 646-888-8120, F: 646-227-7289, wattg@mskcc.org, 
@gp_watt. 

Conflicts of Interest: The authors report no conflicts of interest related to this work.

NOTES
Ethical approval: The analysis of these data was not subject to institutional review board approval.
Prior Presentations: None

HHS Public Access
Author manuscript
Int J Cancer. Author manuscript; available in PMC 2022 June 01.

Published in final edited form as:
Int J Cancer. 2021 June 01; 148(11): 2748–2758. doi:10.1002/ijc.33501.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



socioeconomic status, and insurance status on the association. After a median follow-up of 5.9 

years, 9,247 women (2.0%) were diagnosed with CBC. Relative to non-Hispanic (NH) White 

women, CBC risk was increased in NH Black women (hazard ratio = 1.44, 95% CI 1.35–1.54) and 

Hispanic women (1.11, 95% CI 1.02–1.20), with the largest differences among women diagnosed 

at younger ages. Adjustment for contralateral prophylactic mastectomy, socioeconomic status, and 

health insurance did not explain the associations. Therefore, non-Hispanic Black and Hispanic 

women have an increased risk of CBC that is not explained by clinical or socioeconomic factors 

collected in SEER. Large studies of diverse breast cancer survivors with detailed data on treatment 

delivery and adherence are needed to inform interventions to reduce this disparity.
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INTRODUCTION

In 2019 there were over 3 million survivors of female breast cancer in the United States 

(U.S.)1 who are at risk of a second, primary, contralateral breast cancer (CBC). The 5-year 

cumulative incidence of CBC is 2.5% overall and 9.7% among those carrying pathogenic 

mutations in BRCA1 or BRCA2.2, 3 Risk factors for CBC have been investigated in largely 

non-Hispanic (NH) White populations,3–6 and it is not clear whether incidence of CBC or 

the risk factors for CBC differ by race/ethnicity.

While the incidence of first primary breast cancer is similar for NH White women and 

NH Black women, and lower among Hispanic and NH Asian women in the U.S.,1 several 

studies have reported elevated age-adjusted incidence of second primary breast cancer 

following a diagnosis of invasive or in situ breast cancer for Black women relative to white 

women.7–10 However, others have failed to detect differences in CBC risk by race/ethnicity 

after adjusting for tumor characteristics and treatment.11–13 Racial/ethnic differences in risk 

of second cancer after lobular or ductal carcinoma in situ have also been observed.14, 15 

It remains unknown whether reported differences in CBC risk are explained or modified 

by socioeconomic status (SES), health insurance, differences in receipt of chemotherapy, 

or differences in uptake of contralateral prophylactic mastectomy (CPM) after a first breast 

cancer diagnosis.16

In this study we evaluated whether invasive CBC risk was associated with race/ethnicity 

among survivors of a first primary invasive breast cancer in the population-based 

Surveillance, Epidemiology and End Results (SEER) Program 18 registries. With wide 

coverage of diverse populations in the U.S., extensive follow-up of breast cancer cases, 

and linkage with U.S. Census data, SEER is uniquely positioned to investigate racial/ethnic 

disparities in CBC risk. While SEER databases do not currently include some important 

CBC risk factors such as cancer family history or germline mutation status, this is the 

only resource available with sufficient follow-up of racially/ethnically diverse breast cancer 

survivors to evaluate disparities in CBC risk in the U.S. Furthermore, SEER data permit 
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the evaluation of whether differential uptake of CPM after a first primary breast cancer16 

modifies or explains observed associations between race/ethnicity and CBC risk in the U.S.

We estimated the absolute and relative risks of CBC by race/ethnicity and evaluated whether 

differences were explained or modified by age at diagnosis, estrogen receptor (ER) status, 

radiation therapy or chemotherapy for the first breast cancer, neighborhood SES, insurance 

status, or recent changes in uptake of CPM.

METHODS

We identified women diagnosed with a first primary invasive breast cancer in the SEER 

18 incidence database (excluding the Alaska Native Tumor Registry) using a “Multiple 

Primary-Standardized Incidence Ratios” session in SEER*Stat software.17 We used the most 

recent SEER 18 data release, with first invasive diagnoses between 2000 and 2015 and 

follow-up through 2016, as the data in the SEER 21 registries do not yet permit analysis 

of second primary cancers. We restricted the study sample to women with a first breast 

cancer diagnosis before age 75 years and ended follow-up at attained age of 80 years due to 

underreporting of second primary cancers among elderly women.18 We began follow-up for 

second primary CBC one year after diagnosis of the first breast cancer and limited the first 

diagnosis to local or regional disease (American Joint Committee on Cancer Stage I-IIB) 

to reduce the chance that an apparent CBC was a metastasis.8, 19 Women with a second 

primary invasive cancer within the first year of follow-up were excluded and any women 

with a second primary ipsilateral breast cancer at least one year after the first diagnosis were 

censored at the date of the second diagnosis (see Statistical Methods). All CBCs were coded 

as primary tumors by SEER, which maintains a centralized data management system to 

identify duplicate patient reports within any of the participating SEER registries. There may 

be patients that migrated into or out of SEER registry regions during the study time which 

could result in a small number of missed CBCs. Data on the receipt of first-course radiation 

and chemotherapy were obtained from SEER as “Yes” vs “No/Unknown”. Insurance status 

was available for diagnoses made after 2006. We collapsed the insurance data to “Insured” 

(including Medicaid) vs “Uninsured” or missing. The data were exported to R software 

(Version 3.6.1)20 for additional data preparation and analysis. Follow-up time was censored 

at a diagnosis of ipsilateral second primary invasive breast cancer, other second primary 

invasive cancer, death, attained age of 80 years, or end of follow-up (December 31st, 2016).

Statistical Methods

To compare the age-adjusted incidence rate of CBC among racial/ethnic minority women 

relative to NH White women, we designated NH White women with a first local or regional 

breast cancer between 2000 and 2015 as the standard population and calculated age-adjusted 

incidence rates of CBC by the indirect method for each group. Confidence intervals 

were estimated by the method developed by Anderson and Rosenberg.21 Standardized 

incidence ratios (SIRs) were calculated as a ratio of the age-adjusted incidence rate of 

the race/ethnicity group of interest over the incidence rate among NH White women. 

The absolute excess risk of CBC for each race/ethnicity group was calculated by 
CBCobserved − CBCexpected

person − years × 100,000. Next, we estimated the cumulative incidence of CBC 
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accounting for competing risks (ipsilateral second invasive primary breast cancer, other 

second primary invasive cancer, or death), and tested for differences between cumulative 

incidence of CBC by race/ethnicity.22

Cause-specific multivariable Cox proportional hazard models were used to estimate the 

association between race/ethnicity and CBC risk. In all models we adjusted for age 

at diagnosis (continuous), ER and progesterone receptor (PR) status (positive, negative, 

missing; 0.14% of first primaries with ER or PR results were submitted to SEER as 

‘borderline’ receptor status and were recoded as negative for this study), receipt of 

chemotherapy (Yes vs No/Unknown), receipt of radiotherapy (Yes vs No/Unknown), and 

stage (I, IIA, or IIB) at diagnosis. All adjustment variables refer to characteristics of the 

first primary breast cancer diagnosis. Observations missing data for any of the covariates 

were excluded from the multivariable models. We used Akaike’s Information Criterion 

to determine whether restricted cubic splines allowing for non-linearity of the age term 

improved the fit of the models. Proportional hazards for each model were checked by 

testing the independence of Schoenfeld residuals and follow-up time. Multivariable models 

were then estimated separately by age at first diagnosis (10-year groups) and ER status to 

determine if associations with race/ethnicity were modified by these factors.

There were several variables that were added to SEER during the follow-up period. First, 

among women diagnosed with a first breast cancer after 2006, we fit the final overall model 

adjusting for insurance status. Second, among women diagnosed with a first breast cancer 

in or after 2010, we adjusted for tumor subtype including human epidermal growth factor 

2 (HER2) expression, defined as follows: luminal A, hormone receptor (HR)-positive and 

HER2-negative; luminal B, HR-positive and HER2-positive; HER2-enriched, HR-negative 

and HER2-positive; and triple negative, HR-negative and HER2-negative.

In further analysis we excluded women receiving CPM following the first breast cancer to 

determine whether differences in CPM uptake explained associations between race/ethnicity 

and CBC risk. CPM was defined as any surgery involving complete removal of all breast 

tissue, the nipple, and the areolar complex of the unaffected contralateral breast.

To determine whether SES explained differences in CBC risk, we used a “neighborhood” 

SES score developed by Yost et al., available for all diagnoses through 2016, which 

is a composite of U.S. census-block-level characteristics including an education index, 

proportion with blue-collar jobs, proportion unemployed, proportion below 200% of the 

poverty level, median rent, and median house value.23 This variable is comprised of census-

block-level data allowing for neighborhood-level control of socioeconomic factors. We 

adjusted the overall model for neighborhood SES, and also re-fit the neighborhood SES-

adjusted model limiting to women with a diagnosis of stage I first breast cancer to rule out 

any effect of lead-time bias.24 We also fit this model separately by race/ethnicity for those 

groups with sufficient CBCs for stratified multivariable analysis (NH White, NH Black, 

Hispanic, and NH Asian / Pacific Islander) to determine whether CBC risk factors differed 

across race/ethnicity categories. In all models, coefficients were estimated conditionally on 

year of the first breast cancer diagnosis in order to account for unmeasured changes in the 

reporting of diagnoses throughout the follow-up time. To minimize the probability of patient 
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identifiability, all analyses including neighborhood SES were carried out with a dataset that 

excluded other geographic variables, such as SEER registry.25

In additional subgroup analyses, we (1) stratified the models by neighborhood SES tertile; 

(2) restricted to women who received radiotherapy for the first primary breast cancer; and 

(3) restricted to women who received chemotherapy for the first primary breast cancer.

RESULTS

There were 459,916 women with a first invasive local/regional breast cancer in SEER 18 

between 2000 and 2015 and with complete information on both race and ethnicity. Median 

follow-up time was 6.1 years for NH White women, 5.1 years for NH Black, Hispanic, and 

NH American Indian/Alaska Native women, and 5.4 years for NH Asian women. In total, 

9,247 women (2.0%) developed a CBC, of whom 56 (0.6%) underwent CPM after their 

first breast cancer but nonetheless developed a CBC, presumably in residual breast tissue. 

In addition, 4,786 women received a diagnosis of second primary invasive ipsilateral breast 

cancer at least one year after their first breast cancer diagnosis; their follow-up time was 

censored at the time of diagnosis of the second primary diagnosis. Of the women with a 

first primary breast cancer, 71% were NH White, 10% were NH Black, 10% were Hispanic 

of any race, 8% were NH Asian/Pacific Islander and 0.4% were American Indian/Alaska 

Native. The median age at first breast cancer diagnosis was lower among NH Black women 

(55 years), Hispanic women (53 years) and NH Asian/women (54 years) compared to NH 

White women (58 years) and NH American Indian / Alaska Native women (56 years). 

Seventeen percent of NH White women had an ER-negative first breast cancer, compared 

to 32% of NH Black women and 22% of Hispanic women. CPM following the first breast 

cancer was most common among NH White (10%) and NH American Indian / Alaska 

Native women (9%). Additional details of the study sample are given in Supplementary 

Table 1.

NH Black women had the highest age-adjusted incidence rate of CBC (IR = 441 per 100,000 

person-years, 95% CI 416–467), followed by Hispanic women (IR = 329 per 100,000 

person-years, 95% CI 307–351) (Table 1). In Figure 1, we present the cumulative incidence 

of CBC by race/ethnicity, showing that NH Black women have the highest cumulative 

incidence of CBC throughout the follow-up time, while NH White women had the lowest. 

In Figure 2, we present the age-specific incidence of CBC per 100,000 person-years by race/

ethnicity, as well as the age-specific incidence of first primary breast cancer, for reference. 

NH Black women had the highest incidence rate of CBC compared to Hispanic and NH 

White women for all age-at-diagnosis categories, with the largest differences among women 

diagnosed with CBC at age <40 years: 1,335 per 100,000 person-years for NH Black 

women compared to 956 per 100,000 person-years for Hispanic women and 686 per 100,000 

person-years for non-Hispanic White women.

In multivariable models of CBC risk, 30,571 women (6.6%) missing ER status or PR status 

were excluded. Missingness of ER status was associated with year of first diagnosis; 13% of 

diagnoses between 2000 and 2004 were missing ER status, 4.1% of diagnoses between 2005 

and 2009 and 1.6% of diagnoses between 2010 and 2015 (p < 0.001). NH Black women had 
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a 44% increased hazard of CBC (HR 1.44, 95% CI 1.35–1.54), and Hispanic women had an 

11% increased hazard of CBC (HR 1.11, 95% CI 1.02–1.20) relative to NH White women 

after adjustment for ER status, PR status, radiation therapy, chemotherapy, stage, age, and 

year of first breast cancer diagnosis (Table 2). There was a non-significant but suggestive 

association between NH Asian / Pacific Islander race/ethnicity and CBC (HR 1.07, 95% CI 

0.99 – 1.17). ER-negative first cancers were associated with an increased hazard of CBC 

relative to ER-positive first cancers (HR 1.59, 95% CI 1.48 – 1.71). Radiation therapy for 

the first cancer was associated with increased risk of CBC (HR 1.16, 95% CI 1.11–1.22), 

whereas chemotherapy for the first cancer was associated with decreased risk (HR 0.85, 

95% CI 0.81–0.90). The association between age and CBC risk was non-linear, and the 

best model fit was obtained with restricted cubic spline terms for age with 3 knots placed 

between each age quartile (see Supplementary Figure 1).

The increased risk of CBC for NH Black and Hispanic women, relative to NH White 

women, was modified by age at first breast cancer diagnosis (interaction p-value = 0.006; 

Figure 3A). Among women first diagnosed at age <40 years, NH Black women had a 

2.5-fold increased risk of CBC relative to NH White women (HR = 2.51, 95% CI 2.05–

3.07). For each increasing 10-year interval of age at first diagnosis, the increased risk of 

CBC associated with NH Black race/ethnicity diminished but was statistically significantly 

higher compared to NH White women, except for women first diagnosed at age 60 years 

or older. For Hispanic women, there was also a greater risk of CBC relative to NH White 

women among those first diagnosed at age <40 years (HR 1.94, 95% CI 1.56–2.41).

The increased risk of CBC associated with NH Black race/ethnicity was not modified 

by ER status of the first breast cancer (Figure 3B). In contrast, risk of CBC associated 

with Hispanic ethnicity was increased only among women with an ER-negative first breast 

cancer (interaction p-value = 0.02), whereas risk of CBC associated with NH Asian / Pacific 

Islander race/ethnicity was increased only among women with an ER-positive first breast 

cancer (interaction p-value = 0.04)

Insurance status at time of first diagnosis was not associated with CBC risk and adjustment 

did not materially change the results in the overall model (Supplementary Table 2). 

Excluding women receiving a CPM after the first breast cancer likewise did not alter the 

association between race/ethnicity and CBC risk. (Supplementary Table 3).

In the subset of women with HER2 expression data (N = 175,814; median follow-up time 

2.6 years), CBC hazard was significantly increased for women with a first triple-negative 

breast cancer (HR 1.77, 95% CI 1.46–2.15) compared to women with a first luminal A 

breast cancer (Table 3). HER2-enriched first breast cancer had a borderline significant 

association with CBC (HR 1.37, 95% CI 0.99 – 1.89). NH Black race/ethnicity remained 

statistically significantly associated with CBC risk in this smaller subset (HR 1.46, 95% CI 

1.21–1.76).

In the multivariable model adjusting for neighborhood SES at the time of first diagnosis, the 

association between hazard of CBC and NH Black race/ethnicity (HR 1.36, 95% CI 1.30–

1.43) and Hispanic ethnicity (HR 1.08, 95% CI 0.99–1.18) remained statistically significant 
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(Table 4). Relative to residing in low SES neighborhoods at first diagnosis, residing in 

middle SES neighborhoods (HR 0.95, 95% CI 0.91–0.99) or high SES neighborhoods (HR 

0.85, 95% CI 0.81–0.88) was associated with a reduced risk of CBC. When restricting 

to stage I first breast cancers, the results did not differ markedly from the overall model, 

suggesting a negligible impact of lead time bias (data not shown). Stratifying by race/

ethnicity, the positive association between ER-negative first tumors and CBC risk was 

consistent across race/ethnicity categories. Receipt of chemotherapy for the first breast 

cancer was statistically significantly associated with reduced CBC risk among all race/

ethnicity groups except for NH Black women.

Within neighborhood SES tertiles (Supplementary Table 4), there were statistically 

significant associations between NH Black race/ethnicity and CBC risk within each 

neighborhood SES group, with a statistically significantly greater increased risk for NH 

Black women residing in high SES neighborhoods (HR 1.55, 95% CI 1.39–1.72) compared 

to NH black women in low SES neighborhoods (HR 1.25, 95% CI 1.15–1.34). Hispanic 

ethnicity was associated with increased CBC risk only among women residing in high SES 

neighborhoods (HR 1.34, 95% CI 1.15–1.57).

After stratifying by first-course treatment received, among women treated with radiation 

therapy (Supplementary Table 3), NH Black race/ethnicity was associated with increased 

CBC risk (HR 1.40, 95% CI 1.27–1.54), but there was no association between CBC 

risk and Hispanic ethnicity (HR 0.98, 95% CI 0.87–1.10). Among women treated with 

chemotherapy, NH Black race/ethnicity remained associated with increased CBC risk (HR 

1.57, 95% CI 1.42–1.74), as did Hispanic ethnicity (HR 1.20, 95% CI 1.06–1.35).

DISCUSSION

This study indicates that NH Black women in the U.S. have an increased risk of CBC 

after accounting for ER status, age at diagnosis, radiation therapy, chemotherapy, and 

neighborhood SES, and the association was not modified by ER status of the first breast 

cancer. Hispanic women likewise have an increased risk of CBC relative to NH White 

women, but only those with ER-negative first breast cancers. Additionally, NH Asian / 

Pacific Islander women have a CBC risk at least as high as NH White women, despite 

having a lower incidence of first primary breast cancer. There were relatively few NH 

American Indian / Alaska Native women in this study, resulting in wide confidence intervals 

for estimates of CBC incidence, but the point estimates for CBC incidence for this group are 

similar to those for NH Asian / Pacific Islander or Hispanic women. Importantly, our results 

suggest that the lower uptake of CPM among NH Black and Hispanic women does not 

explain their increased risk of CBC. The disparities in CBC risk were greatest for women 

diagnosed with their first breast cancer at age <40 years, suggesting that the drivers of 

this disparity are especially important for younger breast cancer survivors. This finding is 

concordant with the age-modified breast cancer mortality disparity observed for NH Black 

compared to NH White women.1

ER-negative first breast cancer was associated with an increased risk of CBC irrespective 

of race/ethnicity. A positive association between ER-negative first breast cancers and CBC 
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risk, independent of BRCA1 and BRCA2 mutation status, has been reported for mainly NH 

White populations, but had not previously been confirmed for other racial/ethnic groups 

among whom ER-negative cancers are more frequent.4, 5 Our results also confirm prior 

studies demonstrating that women with triple negative first breast cancers have an increased 

risk of CBC.4 In contrast to previous work, however, the present study suggests NH Black 

race/ethnicity is consistently associated with CBC risk independently of tumor subtype 

defined by hormone receptor status and HER2 expression.

Among women with ER-negative first tumors, CBC risk was increased for both NH Black 

and Hispanic women relative to NH White women, but not for NH Asian / Pacific Islander 

women. However, among women with ER-positive first tumors, CBC risk was increased 

for NH Black and NH Asian / Pacific Islander women only, whereas Hispanic women 

had a similar risk of CBC as NH White women. These results, which are adjusted for 

known risk factors of CBC available in the SEER database, contrast with previous work 

reporting that all groups other than NH White women in the U.S. had increased risk of 

CBC regardless of ER status of the first primary breast cancer.13 Of relevance, previous 

studies have shown that endocrine therapy for a first primary breast cancer reduces the risk 

of CBC,26 but that NH Black women have lower uptake of and adherence to endocrine 

therapy compared to NH White women, which may contribute to the CBC disparity among 

women with ER-positive first breast cancers.27 Additionally, obesity, which is associated 

with increased risk of postmenopausal first primary breast cancer,28 recurrence,29, 30 CBC 

risk,31 and mortality,32 is more prevalent among NH Black and Hispanic women than NH 

White women33 and may contribute to CBC disparities. However, to test these hypotheses 

and develop evidence-based interventions to reduce the observed CBC disparities, large 

studies which comprise diverse populations of women, with detailed data including receipt 

of adjuvant cancer therapies, body composition, and reproductive factors, are needed.

We are the first to report that residence in higher SES neighborhoods at the time of first 

breast cancer diagnosis was associated with a decreased risk of CBC. Adjustment for 

neighborhood SES attenuated the HR estimate for NH Black women from 1.44 to 1.36, 

suggesting that the racial disparity in CBC risk is only partially explained by differences in 

neighborhood SES. When stratifying by neighborhood SES, we found that the association 

between NH Black and Hispanic race/ethnicity and CBC risk was slightly stronger among 

women living in high SES neighborhoods, indicating that residence in a higher-SES 

region does not ameliorate racial/ethnic disparities in CBC risk. We also demonstrated that 

insurance status is not an important predictor of CBC risk. Other social determinants of 

health likely contribute to the risk of CBC,34 but data to study these determinants in the 

CBC context are currently not available from any data source.

The positive association of CBC risk with radiation therapy and the negative association 

with chemotherapy are well established for NH White women,3, 35, 36 but have not 

previously been evaluated in racial/ethnic minority populations. We did not observe 

significant associations between CBC risk and either radiation or chemotherapy among NH 

Black women. While the sensitivity of SEER treatment data is limited,37 this observation 

is potentially important and could represent differences in completeness of data, treatment 

delivery or adherence, baseline risk, or other unmeasured factors. For instance, previous 
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work has shown that NH Black women are less likely to receive a complete regimen 

of neoadjuvant therapy38 or adjuvant therapy.39, 40 Data were not available in SEER to 

determine whether these factors explain the increased risk of CBC among minority women 

in the U.S.

The current study is limited by the availability of data in the SEER Program. First, SEER 

treatment data are currently limited to first-course treatment and no longer include endocrine 

therapy. This limitation is an important consideration for future studies of CBC risk, as 

receipt of a complete course of endocrine therapy for treatment of a first breast cancer is 

known to be associated with both race/ethnicity and lower risk of CBC.27, 35 However, 

accounting for endocrine therapy in this study would not explain the increased risk of CBC 

among NH Black and Hispanic women with an ER-negative first breast cancer. In addition, 

our validated approach37 to complete subgroup analyses restricting to women receiving 

radiation or chemotherapy suggests that the disparity in CBC risk among NH Black women 

is not explained by differences in first-course therapy. Second, we based our analyses on 

SEER 18 data, which included first diagnoses between 2000 and 2015 only. This dataset 

has a shorter median follow-up time than previous SEER-based studies of CBC, but less 

heterogeneity associated with changes in screening and treatment practices prior to 2000 

(i.e., introduction of tamoxifen, identification of the BRCA1 and BRCA2 susceptibility 

genes) and is arguably more generalizable to present-day disparities in CBC risk. Third, 

SEER’s aggregation of NH Asian / Pacific Islander women with diverse ancestries into a 

single group may have masked differences in CBC risk, similar to differences in risk of 

first primary breast cancer that are evident within specific Asian ancestral groups.41 Fourth, 

SEER does not include breast cancer screening data. NH Black and Hispanic women in 

the U.S. have lower rates of breast cancer screening relative to NH White women,42 which 

could contribute to the observed disparity in invasive CBC, particularly among women 

over 40 years of age for whom screening is indicated. Controlling for neighborhood SES, 

as a proxy for screening,43 may partially account for these differences. Finally, germline 

mutation data in breast cancer predisposition genes are not available in SEER. Further 

studies in large, diverse cohorts with germline mutation data, information on additional CBC 

risk factors, and breast cancer screening information are needed to determine whether CBC 

disparities can be explained by these factors.

In conclusion, NH Black women, regardless of ER status of their first breast cancer, have 

an increased risk of CBC relative to NH White women that is not explained by age at 

first diagnosis, radiation and chemotherapy for the first cancer, CPM, insurance status, or 

neighborhood SES. Hispanic women may also have a slightly increased risk of CBC relative 

to NH White women, but only those with ER-negative first breast cancers. Therefore, studies 

of CBC risk factors in U.S. minority groups are needed to collect evidence to inform 

interventions aimed at reducing these disparities in CBC risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Impact.

Non-Hispanic Black survivors of breast cancer in the United States have an unexplained 

increased risk of second primary contralateral breast cancer. This study shows that the 

increased risk is not explained by age at diagnosis, receipt of chemotherapy or radiation 

therapy, socioeconomic or insurance status, or estrogen receptor status of the first breast 

cancer. Studies of diverse breast cancer survivors are needed to identify modifiable 

predictors of CBC to develop interventions to reduce this disparity.
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Figure 1: 
Abbreviations. CBC, contralateral breast cancer; API, Asian / Pacific Islander; AIAN, 

American Indian / Alaska Native

Cumulative incidence of CBC among one-year survivors of a first primary invasive breast 

cancer. Cumulative incidence estimates account for competing risks of death and other 

second primary invasive cancer diagnoses. The P-value is a test for difference of the 

cumulative incidence of CBC across race/ethnicity groups.
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Figure 2: 
Abbreviations. CBC, contralateral breast cancer; NH, Non-Hispanic

Age-specific incidence per 100,000 person-years of 2nd primary breast cancer and first 

primary breast cancer in SEER 18 registries (2000 – 2016).
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Figure 3: 
Abbreviations. Hazard Ratio, HR; NH, Non-Hispanic; ER, Estrogen Receptor.

HRs of CBC estimated for each race/ethnicity group in stratified multivariable Cox 

proportional hazards models relative to non-Hispanic White women and adjusting for ER 

status of the first breast cancer, PR status of the first breast cancer, radiation therapy for the 

first breast cancer, chemotherapy for the first breast cancer, stage of first breast cancer, with 

conditioning on year of diagnosis. (A) Multivariable models stratified by age at diagnosis of 

the first primary breast cancer. (B) Multivariable models stratified by ER status of the first 

primary breast cancer.

Watt et al. Page 17

Int J Cancer. Author manuscript; available in PMC 2022 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Watt et al. Page 18

Table 1.

Age-Adjusted Incidence Rate, Standardized Incidence Ratios (SIRs), and Absolute Excess Risks of 

Contralateral Breast Cancer (CBC) by Race/Ethnicity in the United States, SEER 18 (2000 – 2016)

Observed 
CBC Expected

a
 CBC Age-Adjusted Incidence Rate 

(95% CI)
b

SIR (95% CI) Absolute Excess 

Risk
c

Non-Hispanic White 6474 Reference 302 (295 – 309) Reference Reference

Non-Hispanic Black 1156 792.1 441 (416 – 467) 1.46 (1.38 – 1.55) 134

Hispanic (Any Race) 859 788.9 329 (307 – 351) 1.09 (1.02 – 1.16) 26

Non-Hispanic Asian or 
Pacific Islander

723 682.6 320 (297 – 344) 1.06 (0.98 – 1.14) 17

Non-Hispanic American 
Indian/Alaska Native

35 33.1 319 (229 – 444) 1.06 (0.76 – 1.47) 17

Abbreviations. SEER, Surveillance, Epidemiology, and End Results Program; CI, confidence interval

a
Estimated based on the rates of contralateral breast cancer among non-Hispanic White women

b
Age-adjusted by the indirect method with non-Hispanic White women as the standard population and expressed per 100,000 person-years

c
Calculated as (Observed - Expected)/Person-Years*100,000
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Table 2.

Multivariable-Adjusted Associations of Race/Ethnicity with Risk of Contralateral Breast Cancer Among 

Women Diagnosed with a First Primary Invasive Breast Cancer, United States, SEER 18 (2000 – 2015).

N = 429,345 HR
a
 (95% CI)

Race/Ethnicity

Non-Hispanic White Reference

Non-Hispanic Black 1.44 (1.35 – 1.54)

Hispanic (Any race) 1.11 (1.02 – 1.20)

Non-Hispanic Asian or Pacific Islander 1.07 (0.99 – 1.17)

Non-Hispanic American Indian/Alaska Native 1.09 (0.77 – 1.54)

ER status of 1st diagnosis

ER+ Reference

ER- 1.59 (1.48 – 1.71)

PR status of 1st diagnosis

PR+ Reference

PR- 0.96 (0.90 – 1.03)

Radiation therapy for 1st diagnosis 
b 

No/Unknown Reference

Yes 1.16 (1.11 – 1.22)

Chemotherapy for 1st diagnosisc

No/Unknown Reference

Yes 0.85 (0.81 – 0.90)

Stage of 1st Diagnosis

I Reference

IIA 1.01 (0.96 – 1.07)

IIB 1.10 (1.02 – 1.18)

Abbreviations. SEER, Surveillance, Epidemiology, and End Results Program; HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; 
PR, progesterone receptor

a
Hazard ratios estimated in a Cox proportional hazards model with adjustment for variables in table, as well as age at first diagnosis (restricted 

cubic spline with 3 knots) with stratification by year of diagnosis.

b
Radiation and chemotherapy variables were provided by SEER with limited detail (“Yes” vs “No/Unknown”)
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Table 3.

Multivariable-Adjusted Associations of Race/Ethnicity with Risk of Contralateral Breast Cancer Among 

Women Diagnosed with a First Primary Invasive Breast Cancer, among women with HER2 expression data, 

United States, SEER 18 (2010 – 2016).

N = 175,814 HR
a
 (95% CI)

Race/Ethnicity

Non-Hispanic White Reference

Non-Hispanic Black 1.46 (1.21 – 1.76)

Hispanic (Any race) 1.17 (0.95 – 1.44)

Non-Hispanic Asian or Pacific Islander 1.21 (0.97 – 1.50)

Non-Hispanic American Indian/Alaska Native 1.47 (0.66 – 3.29)

Tumor subtype of first diagnosis

Luminal A Reference

Luminal B 1.00 (0.78 – 1.28)

HER2-enriched 1.37 (0.99 – 1.89)

Triple Negative 1.77 (1.46 – 2.15)

Radiation therapy for 1st diagnosis 
b 

No/Unknown Reference

Yes 1.26 (1.11 – 1.43)

Chemotherapy for 1st diagnosisc

No/Unknown Reference

Yes 0.62 (0.53 – 0.73)

Stage of 1st Diagnosis

I Reference

IIA 1.05 (0.91 – 1.23)

IIB 0.93 (0.75 – 1.16)

Abbreviations. SEER, Surveillance, Epidemiology, and End Results Program; HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; 
PR, progesterone receptor

a
Hazard ratios estimated in a Cox proportional hazards model with adjustment for variables in table, as well as age at first diagnosis (restricted 

cubic spline with 3 knots) with stratification by year of diagnosis.

b
Radiation therapy and chemotherapy variables were provided by SEER with limited detail (“Yes” vs “No/Unknown”)
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Table 4.

Multivariable-Adjusted Associations of Race/Ethnicity with Risk of Contralateral Breast Cancer Among 

Women Diagnosed with a First Primary Invasive Breast Cancer, adjusting for neighborhood SES, SEER 18 

(2000 – 2016).

Overall Non-Hispanic White 
women

Non-Hispanic Black 
women

Hispanic women Non-Hispanic 
Asian / Pacific 

Islander women

(N = 452,615) (N = 322,414) (N = 46,095) (N = 44,365) (N = 38,113)

HR
a
 (95% CI) HR

a
 (95% CI) HR

a
 (95% CI) HR

a
 (95% CI)

Race/Ethnicity

Non-Hispanic White Reference

- - - -

Non-Hispanic Black 1.36 (1.30 – 1.43)

Hispanic (Any Race) 1.07 (1.02 – 1.14)

Non-Hispanic Asian or 
Pacific Islander

1.05 (0.99 – 1.12)

Non-Hispanic American 
Indian/Alaska Native

1.13 (0.88 – 1.47)

ER status of 1st diagnosis

ER+ Reference Reference Reference Reference Reference

ER- 1.58 (1.50 – 1.66) 1.60 (1.50 – 1.70) 1.55 (1.36 – 1.77) 1.74 (1.48 – 2.05) 1.29 (1.07 – 1.56)

PR status of 1st diagnosis

PR+ Reference Reference Reference Reference Reference

PR- 0.98 (0.93 – 1.02) 0.98 (0.92 – 1.03) 0.94 (0.82 – 1.07) 1.04 (0.89 – 1.21) 0.92 (0.78 – 1.09)

Radiation therapy for 1st diagnosis

No/Unknown Reference Reference Reference Reference Reference

Yes 1.16 (1.12 – 1.19) 1.18 (1.13 – 1.22) 1.13 (1.04 – 1.24) 1.10 (0.99 – 1.22) 1.02 (0.91 – 1.14)

Chemotherapy for 1st diagnosis

No/Unknown Reference Reference Reference Reference Reference

Yes 0.85 (0.82 – 0.89) 0.86 (0.82 – 0.89) 0.98 (0.89 – 1.09) 0.80 (0.71 – 0.90) 0.76 (0.67 – 0.87)

Stage of 1st diagnosis

I Reference Reference Reference Reference Reference

IIA 1.01 (0.97 – 1.05) 1.00 (0.96 – 1.05) 0.94 (0.85 – 1.04) 1.12 (0.99 – 1.26) 1.09 (0.95 – 1.24)

IIB 1.11 (1.05– 1.16) 1.06 (0.99 – 1.13) 1.18 (1.05 – 1.34) 1.19 (1.02 – 1.39) 1.14 (0.95 – 1.36)

Neighborhood SES Tertile at 1st diagnosis

Low Reference Reference Reference Reference Reference

Middle 0.95 (0.91 – 0.99) 0.91 (0.86 – 0.95) 0.95 (0.86 – 1.05) 0.98 (0.87 – 1.11) 1.08 (0.93 – 1.25)

High 0.85 (0.81 – 0.88) 0.81 (0.77 – 0.85) 0.93 (0.83 – 1.05) 1.06 (0.93 – 1.20) 0.81 (0.70 – 0.94)

Abbreviations. SEER, Surveillance, Epidemiology, and End Results Program; SES, socioeconomic status; HR, hazard ratio; CI, confidence 
interval; ER, estrogen receptor; PR, progesterone receptor

a
Hazard ratios estimated in a Cox proportional hazards model with adjustment for variables in table, as well as age at first diagnosis (restricted 

cubic spline with 3 knots) with stratification by year of diagnosis.
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