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Abstract

BACKGROUND: Women with a first-degree family history of breast cancer are often advised 

to begin screening when they are 10 years younger than the age at which their relative was 

diagnosed. Evidence is lacking to determine how much earlier they should begin.

METHODS: Using Breast Cancer Surveillance Consortium data on screening mammograms from 

1996 to 2016, the authors constructed a cohort of 306,147 women 30–59 years of age with 

information on first-degree family history of breast cancer and relative’s age at diagnosis. The 

authors compared cumulative 5-year breast cancer incidence among women with and without a 

first-degree family history of breast by relative’s age at diagnosis and by screening age.

RESULTS: Among 306,147 women included in the study, approximately 11% reported a first-

degree family history of breast cancer with 3885 breast cancer cases identified. Women reporting a 

relative diagnosed between 40 and 49 years and undergoing screening between ages 30 and 39 or 

40 and 49 had similar 5-year cumulative incidences of breast cancer (respectively, 18.6/1000; 95% 

confidence interval [CI], 12.1, 25.7; 18.4/1000; 95% CI, 13.7, 23.5) as women without a family 

history undergoing screening between 50–59 years of age (18.0/1000; 95% CI, 17.0, 19.1). For 

relative’s diagnosis age from 35 to 45 years of age, initiating screening 5–8 years before diagnosis 

age resulted in a 5-year cumulative incidence of breast cancer of 15.2/1000, that of an average 

50-year-old woman.

CONCLUSION: Women with a relative diagnosed at or before age 45 may wish to consider, 

in consultation with their provider, initiating screening 5–8 years earlier than their relative’s 

diagnosis age.

Keywords

BCSC; breast cancer screening; Breast Cancer Surveillance Consortium; family history of breast 
cancer; mammography

INTRODUCTION

Family history is a strong risk factor for breast cancer and risk varies by the first-degree 

relative’s age at breast cancer diagnosis.1 The US Preventive Services Task Force (USPSTF) 

recommends initiating routine screening at 50 with personal choice from ages 40–49 years.2 

The American Cancer Society (ACS) recommends routinely initiating screening at age 

45 and with personal choice from ages 40–44 years.3 Decisions about initiation age are 

important for women with a family history of breast cancer because of their increased risk 

of developing the disease.4 Women whose relatives were diagnosed before age 50 may wish 

to consider initiating screening earlier than average-risk women. Risk-stratified screening 

approaches, including some followed outside the United States,5 recommend women with a 

first-degree family history initiate screening when their risk reaches that of an average-risk 
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50-year-old.2,5 This personalized screening approach incorporates a woman’s individual risk 

of developing breast cancer6 with the timing of recommended screening initiation dependent 

on her risk status.

Personalized screening approaches offer recommendations based on risk and personal 

choice. For example, in the United States, women with a genetic predisposition are 

commonly advised to begin screening between ages 25 and 30.7 However, women need 

evidence to make choices based on recommendations and advice. The benefit-to-harm ratio 

for breast cancer screening may be higher for high-risk women,8 such as those with a 

family history of breast cancer, who are more likely to initiate screening mammography at 

a younger age (under 45–50 years) than women at average risk for breast cancer.9 Women 

with a family history of breast cancer are more likely to attend mammography screening10,11 

and may be encouraged to initiate annual screening at earlier ages than recommended 

for average-risk women, typically 10 years earlier than the age at which their relative 

was diagnosed.12,13 However, evidence to support this recommendation is lacking, and we 

cannot find a citation for the origin for this advice. The objective of this study was to 

calculate and compare 5-year cumulative incidence of breast cancer by age at screening 

mammography for women with and without a first-degree family history of breast cancer 

and by their family member’s age at breast cancer diagnosis.

MATERIALS AND METHODS

Data source

We used data collected prospectively by the Breast Cancer Surveillance Consortium 

(BCSC), a population-based network of mammography registries.14 BCSC data include 

radiologic, demographic, and breast cancer risk factor information for women undergoing 

breast imaging.15 Breast cancer diagnoses and vital status information are obtained through 

linkage with state cancer and vital statistics registries. Completeness of capture by the 

registries is estimated at greater than 94%.16 This study used data collected by three 

US breast imaging registries in the BCSC that collected relative’s age at breast cancer 

diagnosis: Carolina Mammography Registry, San Francisco Mammography Registry, and 

Vermont Breast Cancer Surveillance System. Each BCSC registry and the Statistical 

Coordinating Center (SCC) received institutional review board approval for all study 

procedures, including passive consenting processes (the three participating registries) or 

a waiver of consent (SCC) to enroll participants, link data, and perform analytic studies. 

All procedures are Health Insurance Portability and Accountability Act (HIPAA) compliant. 

All registries and the SCC have received a Federal Certificate of Confidentiality and other 

protections for the identities of women, physicians, and facilities who are participants of this 

research.

Study sample, definitions, and outcomes

We constructed a retrospective cohort of women 30–59 years of age who had at least 

one screening mammogram on record in the BCSC between 1996 and 2016. Screening 

mammograms were defined using the BCSC strict definition of bilateral mammograms for 

women who had no mammogram in the prior 9 months and no personal history of breast 
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cancer, mastectomy, or breast augmentation.17 Among women with more than one screening 

mammogram on record, we selected the first that met inclusion criteria. Within the BCSC, 

72% of women have at least two mammograms and 28% of women have one.18 We included 

breast cancer cases diagnosed on or following the first mammogram but women with a 

history of breast cancer before screening mammogram were excluded.

In the BCSC, women complete a self-administered questionnaire at the time of each 

screening mammogram. From this questionnaire, self-reported age, race and ethnicity, 

education, breast symptoms, menopausal status and use of post-menopausal hormone 

therapy, and family history are obtained. Women were considered to have a first-degree 

family history of breast cancer if this item was not missing and they self-reported a first-

degree female relative (mother, sister, or daughter) diagnosed with breast cancer. If multiple 

relatives’ ages at breast cancer diagnosis were reported, we selected the youngest age. If 

relative’s age at diagnosis was reported as under 18 or as a range (e.g., 50+ years), then 

this item was considered unknown. Rural/urban classification used the zip code of patient 

residence and rural–urban commuting area codes.19

Statistical analysis

We used descriptive statistics to characterize demographic and breast cancer risk factors 

within three categories of first-degree family history status (Yes, age of relative at diagnosis 

is known; Yes, age of relative at diagnosis is unknown; and No family history of breast 

cancer). The Fine and Gray method20 was used to estimate the 5-year cumulative incidence 

for breast cancer while accounting for competing risks. Women were followed from 

their first screening mammogram that fit study inclusion criteria until the earliest of the 

following events: 1) first diagnosis of invasive breast cancer or ductal carcinoma in situ, 

2) mastectomy, 3) death, 4) end of complete cancer or vital status follow-up, or 5) 5 

years after the screening mammogram. The models included a categorical variable that 

was a combination of family history of breast cancer status and relative’s age at diagnosis 

(No; Yes, relative’s age < 40, 40–49, 50–59, or 60+ years; Relative’s age unknown), age 

group at screening mammogram (categorical, 10-year groups), and interaction of these 

covariates. We additionally adjusted for age at screening mammogram (continuous), race 

and ethnicity, and BCSC registry, and accounted for competing risks of mastectomy and 

death. Predicted cumulative incidences for each combination of covariates included in the 

model were weighted and summed based on the distribution of the adjusting covariates 

to obtain marginally adjusted cumulative incidence estimates for combinations of family 

history of breast cancer/relative’s age at diagnosis and age group at screening mammogram. 

Confidence intervals (CIs) were calculated based on the 2.5th and 97.5th percentiles from 

1000 random bootstrap samples. We repeated the analysis after subdividing two of the 

10-year categories of age at screening mammogram into 5-year categories (40–44, 45–49, 

50–54, and 55–59 years).

To display the cumulative incidence for specific values of relative’s age at breast cancer 

diagnosis and age at screening mammogram, we fit a similar model that included family 

history of breast cancer and age at screening mammogram as continuous variables instead 

of categorical variables. Based on this model, which parameterized age at mammogram and 
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relative’s age at diagnosis as continuous variables, we computed the predicted cumulative 

incidence of breast cancer for women who were age 50 at the time of their screening 

mammogram (reference line, Figure 1). Analyses were conducted using SAS version 9.4 

(SAS Institute Inc, Cary, North Carolina).

RESULTS

The study cohort included 306,147 women. Nearly 82% were non-Hispanic White and 9% 

were non-Hispanic Black. Almost 52% had a screening mammogram between the ages of 40 

and 49 years, 11% reported a first-degree family history of breast cancer, and 8% reported a 

first-degree relative’s age at breast cancer diagnosis. Among women reporting a first-degree 

family history of breast cancer, 44% knew and 41% did not know the age at which their 

relative was diagnosed. Women reporting a relative’s age at breast cancer diagnosis were 

more likely than women without a family history of breast cancer to be younger than 40 

years at the time of their screening mammogram (19% vs. 10%, p < .001). Among women 

who reported their relative’s age at breast cancer diagnosis, for nearly 38%, the age was 49 

years or younger (Table 1).

The estimated cumulative 5-year incidences of breast cancer were 13.8 per 1000 (95% 

CI, 13.2, 14.4) for the entire study sample, 13.0 per 1000 (95% CI, 12.4, 13.6) for those 

without a first-degree family history of breast cancer, and 19.9 per 1000 (95% CI, 18.3, 

21.7) for those with a family history. As expected, for the entire sample, the estimated 

5-year cumulative incidence increased with age at screening mammogram (Table 2). Among 

women who reported a relative’s age at diagnosis, the 5-year estimated cumulative incidence 

of breast cancer increased as relative’s diagnosis age decreased. Women reporting a first-

degree family history of breast cancer who underwent screening mammography between 30 

and 39 years had a 5-year cumulative incidence of breast cancer (10.9 per 1000; 95% CI, 

8.1, 14.0) similar to women without a first-degree family history who underwent screening 

mammography between 40 and 49 years (11.0 per 1000; 95% CI, 10.3, 11.6). Women 

reporting a relative diagnosed between 40 and 49 years and who underwent screening 

mammography between ages 30 and 39 or 40 and 49 years had 5-year cumulative incidences 

of breast cancer (18.6 per 1000; 95% CI, 12.1, 25.7 and 18.4 per 1000; 95% CI, 13.7, 

23.5, respectively) that were similar to women without a first-degree family history who 

underwent screening mammography between 50 and 59 years (18.0 per1000; 95% CI, 17.0, 

19.1) (Table 2).

We also assessed 5-year cumulative incidence within 5-year age at screening mammography 

groups for the 40–49 and 50–59 age groups. Within the group that received screening 

mammography at age 40–44, among those reporting a first-degree family history of breast 

cancer, 5-year cumulative incidence increased as relative’s age decreased (12.2 per 1000 

if relatives diagnosed at 60+ years to 23.9 per 1000 if relatives diagnosed at <40 years). 

The cumulative incidences for women without a first-degree family history of breast cancer 

in the 40–44 and 45–49 age groups were 9.8 per 1000 (95% CI, 9.0, 10.5) and 12.6 per 

1000 (95% CI, 11.6, 13.7), respectively. Within categories of relative’s age, younger women 

(30–39 years at screening mammography) with a relative diagnosed younger than 50 years 
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had a 5-year cumulative incidence that exceeded that of women without a family history 

who received screening mammography at age 45–49 or 50–54 years (Table S1).

Figure 1 displays the estimated 5-year cumulative incidence of breast cancer by age at 

screening mammography and family history status including relative’s age at breast cancer 

diagnosis. When age at screening mammogram was greater than 45 years, differences in 

cumulative incidence of breast cancer across relative’s age of diagnosis decreased with 

increasing age at screening mammogram. When relative’s age at breast cancer diagnosis was 

40 years, the age at screening mammogram at which cumulative incidence was closest to the 

average incidence for a 50-year-old receiving screening mammography was 34 years (Figure 

1, inset); for a relative’s diagnosis age of 55 years, the screening mammogram age was 42 

years. For women with relatives diagnosed at age 35, 40, and 45 years, the ages at screening 

mammogram at which 5-year cumulative incidence of breast cancer per 1000 equaled 15.2 

were 30, 34, and 37 years, respectively, with differences of 5, 6, and 8 years, respectively. 

Women reporting no first-degree family history of breast cancer had a lower cumulative 

incidence than women reporting a family history regardless of whether the relative’s age at 

diagnosis was known (black dashed line vs. red dashed line).

DISCUSSION

In this study sample of women undergoing screening mammography, we observed 

differences in 5-year cumulative incidence of breast cancer by family history of breast 

cancer status and relative’s age at diagnosis. Consistent with prior research,21,22 women 

reporting a first-degree family history of breast cancer had a higher 5-year cumulative 

incidence of breast cancer than women without (19.9 per 1000 vs. 13.0 per 1000). The 

5-year cumulative incidence of breast cancer increased as relative’s diagnosis age decreased. 

When relative’s diagnosis age ranged from 35 to 45 years, initiating screening 5–8 years 

before relative’s diagnosis age resulted in 5-year cumulative incidence of breast cancer of 

an average risk 50-year-old woman (15.2 per 1000). Among women reporting a first-degree 

family history of breast cancer, the age at which the 5-year cumulative incidence of breast 

cancer equaled 15.2 per 1000 was 43 years, which is 2–7 years younger than the ACS 

and USPSTF guideline-recommended ages (452 and 503 years, respectively) to routinely 

initiate screening mammography for average-risk women. Depending on their relative’s age 

at breast cancer diagnosis, women with a family history of breast cancer may wish to 

consider initiating screening 5–8 years earlier than their youngest relative with breast cancer 

if that relative was diagnosed between 35 and 45 years. Women with relatives diagnosed at 

age 50 or older should consider screening in their 40s.

Risk-based personalized screening strategies for women ages 30–39 with a family history 

of breast cancer and relative diagnosed before 50 years should consider the benefits and 

harms of having women at above-average risk initiate screening mammography earlier 

than average-risk women. Women who are BRCA gene mutation carriers may benefit 

from initiating screening at an earlier age.23,24 Therefore, women ages 30–39 with more 

than one first-degree relative diagnosed with breast cancer may wish to consider genetic 

counseling. However, harms of breast cancer screening include false–positive results that 

may lead to invasive procedures and increased radiation exposure.25,26 Reducing screening 

Durham et al. Page 6

Cancer. Author manuscript; available in PMC 2023 December 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



age may increase harms generally, as women will undergo more screening over their 

lifetimes. Furthermore, mammography may not perform as well in younger women,27 

because they are more likely to have dense breasts that increases difficulty in interpreting 

the examination.28 Nonetheless, given their higher risk of breast cancer, including risk of an 

earlier diagnosis, women with a first-degree relative diagnosed before age 50 may judge the 

higher risk of harms as an acceptable trade-off. A recent study identified risk-based ages for 

breast cancer screening initiation using 10-year cumulative risk of developing invasive breast 

cancer and similarly concluded that the age at which a woman with a first-degree relative 

diagnosed with breast cancer attains the breast cancer risk of an average-risk 50-year-old 

woman varies by the number and type of affected relative.21 Alternative strategies to 

breast cancer screening based on age may be better suited for some patients. Risk-based 

approaches that consider multiple risk factors, use of risk models, and the woman’s family 

history to determine screening eligibility are receiving increased interest.29–32

The results of the current study may be used to inform breast cancer screening guidelines 

for women with a first-degree family history of breast cancer to help determine when 

women might wish to consider initiating screening earlier than recommended for average-

risk women. To calculate predicted cumulative incidence, we selected 50 years because it 

is the most commonly recommended age for mammography initiation. Breast screening 

guidelines have moved toward including an age group for which screening is based on 

personal choice. Results from this study may be used as inputs in risk-prediction models or 

as additions to current risk-prediction tools for shared decision-making when women discuss 

breast cancer screening options with their physicians. These conversations might include the 

appropriateness of when to undergo genetic risk assessment based on family history and 

other risk factors. Future studies may wish to assess the impact of varying the initiation age 

and degrees of family history status in conjunction with other risk factors such as known 

genetic mutations, race and ethnicity, and balance of harms and benefits of screening among 

young women.

Strengths and limitations

In addition to knowing if a woman had a relative diagnosed with breast cancer, we 

incorporated information on the relative’s age at breast cancer diagnosis. Given the long 

follow-up of women in the BCSC, we were able to calculate 5-year cumulative incidence 

of breast cancer, which is clinically useful for shared decision-making and consideration of 

personalized screening options for women at above-average risk. This information allowed 

us to suggest the timing of initiating screening for women to consider if they have above-

average risk of breast cancer due to family history. A limitation was that relatives’ breast 

cancer status and age at diagnosis relied on self-report. A small proportion (3%) of women 

reported a relative diagnosed with breast cancer but not an age at diagnosis. However, 

among those reporting unknown age for a relative’s diagnosis, we observed a higher 5-year 

cumulative incidence of breast cancer than women reporting no family history of breast 

cancer. Additionally, we excluded women with age at screening mammogram under 30 

years and combined women with relative’s age at diagnosis less than 30 with those having 

relatives 30–39 years of age due to few observations and the inability to reliably calculate 

cumulative incidence in those groups.
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We did not have genetic testing results (i.e., presence of BRCA 1/2 mutation) for this study 

sample. Beyond family history of breast cancer, we did not have information on the reasons 

for initiating screening before the recommended age. We evaluated women who reported 

a first-degree relative and used the youngest age; however, the impact of more than one 

first-degree relative, second-degree relatives, and combinations of first- and second-degree 

relatives diagnosed with breast cancer may also be informative21,22,33 for women and their 

physicians to evaluate risk of developing breast cancer and suitable options for genetic 

counseling and breast cancer screening. We included those with nonmissing family history 

status. Before exclusion, those missing information on family history of breast cancer 

comprised 6.4% of the sample. This information may not be missing at random and these 

women may initiate screening mammography at different ages.7 Finally, although the BCSC 

data are population-based, this does not guarantee the sample was representative of the 

general US screening population.

In conclusion, our results do not support a standard recommendation for all women with a 

first-degree relative diagnosed with breast cancer to initiate screening 10 years earlier than 

the relative’s diagnosis age. We did find empirical evidence that women with a first-degree 

relative diagnosed before age 50 are at higher risk of a diagnosis at a younger age and could 

consider initiating screening earlier based on the age of the first-degree relative’s diagnosis. 

Rather than unsubstantiated advice to begin screening 10 years earlier than the age of 

breast cancer diagnosis of the youngest affected first-degree relative, our findings suggest 

women with a relative diagnosed at or before age 45 may consider initiating screening 5–8 

years earlier than their relative’s diagnosis age if they wish to initiate screening when their 

5-year absolute risk is equivalent to that of an average risk 50-year-old woman. Ultimately, 

advice about beginning screening earlier should be grounded in an evidence-based guideline. 

Thus, results of this study and others may inform breast screening guidelines and precision 

screening for breast cancer among women at above-average risk due to a first-degree family 

history of breast cancer who are considering initiating breast cancer screening earlier than is 

routinely recommended for average-risk women.
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FIGURE 1. 
Five-year cumulative breast cancer incidence per 1000 screening examinations by age at 

screen and first-degree family history of breast cancer. Horizontal line, reference showing 

the cumulative incidence (15.2 per 1000) for women age 50 years at screening mammogram 

with no family history of breast cancer. Models used for the figure included age at screening 

mammogram and relative’s age at breast cancer diagnosis as continuous variables. Model 

adjusted for mammography registry, and race. For each 5-year group of relative’s age at 

breast cancer diagnosis, we determined the age at screening mammography for which the 

cumulative incidence was closest to the reference of women without a family history who 

were age 50 at the time of screening mammogram.
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