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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 [Cl], 12.1, 25.7; 18.4/1000; 95% Cl, 13.7, 23.5) as women without a family
history undergoing screening between 50-59 years of age (18.0/1000; 95% Cl, 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.! The US Preventive Services Task Force (USPSTF)
recommends initiating routine screening at 50 with personal choice from ages 40-49 years.?
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.* 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,® 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> This personalized screening approach incorporates a woman’s individual risk
of developing breast cancer® 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.” 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,® 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.2 Women
with a family history of breast cancer are more likely to attend mammography screening0-11
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.2.13 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
mammaography 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.1# BCSC data include
radiologic, demographic, and breast cancer risk factor information for women undergoing
breast imaging.1® 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 ho 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.1®

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 method?® 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 mammaogram.
Confidence intervals (Cls) 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 mammaogram 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%

Cl, 13.2, 14.4) for the entire study sample, 13.0 per 1000 (95% Cl, 12.4, 13.6) for those
without a first-degree family history of breast cancer, and 19.9 per 1000 (95% Cl, 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% ClI,
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% Cl, 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% Cl, 12.1, 25.7 and 18.4 per 1000; 95% Cl, 13.7,

23.5, respectively) that were similar to women without a first-degree family history who
underwent screening mammaography between 50 and 59 years (18.0 per1000; 95% ClI, 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% Cl, 9.0, 10.5) and 12.6 per
1000 (95% Cl, 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 mammaography 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 mammaography, 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 mammaography 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.2%26 Reducing screening
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age may increase harms generally, as women will undergo more screening over their
lifetimes. Furthermore, mammography may not perform as well in younger women,2”
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.?! 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 mammaography 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 informative?1:22:33 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.’ 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.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

Chris Tachibana, PhD, provided scientific editing. The collection of cancer and vital status data used in this study
was supported in part by several state public health departments and cancer registries throughout the United States.
For a full description of these sources, please see http://www.bcsc-research.org/work/acknowledgement.html. We
thank the participating women, mammography facilities, and radiologists for the data they have provided for this
study. The National Cancer Institute and Patient-Centered Outcomes Research Institute had no role in the design
or conduct of the study or the reporting of results. The views presented in this article are solely the responsibility
of the authors and do not necessarily represent the views of the National Cancer Institute or Patient-Centered
Outcomes Research Institute, its Board of Governors, or its Methodology Committee. This work was supported
through funding by the Cancer Prevention Fellowship Program, Division of Cancer Prevention, National Cancer
Institute at the National Institutes of Health. Data collection by the Breast Cancer Surveillance Consortium was
funded by the National Cancer Institute (P01CA154292, US4CA163303, and PCS-1504-30370).

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


http://www.bcsc-research.org/work/acknowledgement.html

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Durham et al.

Page 9

FUNDING INFORMATION

Th
Ce

is research was funded by the National Cancer Institute (P0O1CA154292, U54CA163303) and the Patient-
ntered Outcomes Research Institute (PCS-1504-30370).

DATA AVAILABILITY STATEMENT

Data for this article were provided by the Breast Cancer Surveillance Consortium Research
Resource (BCSC) Statistical Coordinating Center (see http://www.bcsc-research.org/).

REFERENCES

1.

10

11.

12.

13.

14.

15.

Pharoah PDP, Day NE, Duffy S, Easton DF, Ponder BAJ. Family history and the risk of
breast cancer: a systematic review and meta-analysis. Int J Cancer 1997;71(5):800-809. [PubMed:
9180149]

. Siu AL. Screening for breast cancer: US Preventive Services Task Force recommendation statement.

Ann Intern Med 2016;164(4):279-296. [PubMed: 26757170]

. Smith RA, Andrews KS, Brooks D, et al. Cancer screening in the United States, 2019: a review of

current American Cancer Society guidelines and current issues in cancer screening. CA Cancer J
Clin 2019;69(3):184-210. [PubMed: 30875085]

. Monticciolo DL, Newell MS, Moy L, Niell B, Monsees B, Sickles EA. Breast cancer screening in

women at higher-than-average risk: recommendations from the ACR. J Am Coll Radiol 2018;15(3,
Part A):408-414. [PubMed: 29371086]

. National Institute for Health and Care Excellence. Familial breast cancer: classification, care and

managing breast cancer and related risks in people with a family history of breast cancer : National
Institute for Health and Care Excellence (NICE); November 2019.

. Onega T, Beaber EF, Sprague BL, et al. Breast cancer screening in an era of personalized regimens:

a conceptual model and National Cancer Institute initiative for risk-based and preference-based
approaches at a population level. Cancer 2014;120(19):2955-2964. [PubMed: 24830599]

. Saslow D, Boetes C, Burke W, et al. American Cancer Society guidelines for breast screening with

MRI as an adjunct to mammography. CA Cancer J Clin 2007;57(2):75-89. [PubMed: 17392385]

. Mandelblatt JS, Stout NK, Schechter CB, et al. Collaborative modeling of the benefits and harms

associated with different US breast cancer screening strategies. Ann Intern Med 2016;164(4):215-
225. [PubMed: 26756606]

. Durham DD, Roberts MC, Khan CP, et al. Age at initiation of screening mammography by

family history of breast cancer in the breast cancer surveillance consortium. Cancer Causes Control
2021;32(1):103-107. [PubMed: 33098534]

. Campitelli MA, Chiarelli AM, Mirea L, et al. Adherence to breast and ovarian cancer screening
recommendations for female relatives from the Ontario site of the Breast Cancer Family Registry.
Eur J Cancer Prev 2011;20(6):492-500. [PubMed: 21691207]

Heikkinen S, Miettinen J, Koskenvuo M, et al. Proportion of women with self-reported
opportunistic mammography before organized screening. Acta Oncologica 2016;55(7):865-869.
[PubMed: 27144814]

Mainiero MB, Lourenco A, Mahoney MC, et al. ACR appropriateness criteria breast cancer
screening. J Am Coll Radiol 2016;13(suppl 11):R45-R49. [PubMed: 27814813]

National Comprehensive Cancer Network. Clinical practice guidelines in oncology: breast

cancer screening and diagnosis Accessed November 30, 2020. https://www.nccn.org/professionals/
physician_gls/pdf/breast-screening.pdf

Breast Cancer Surveillance Consortium. About the Breast Cancer Surveillance Consortium
Accessed November 27, 2019. https://www.bcsc-research.org/about

Ballard-Barbash R, Taplin SH, Yankaskas BC, et al. Breast Cancer Surveillance Consortium:

a national mammography screening and outcomes database. AJR Am J Roentgenol
1997;169(4):1001-1008. [PubMed: 9308451]

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


http://www.bcsc-research.org/
https://www.nccn.org/professionals/physician_gls/pdf/breast-screening.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast-screening.pdf
https://www.bcsc-research.org/about

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Durham et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Page 10

Ernster VL, Ballard-Barbash R, Barlow WE, et al. Detection of ductal carcinoma in situ in women
undergoing screening mammography. J Natl Cancer Inst 2002;94(20):1546-1554. [PubMed:
12381707]

Breast Cancer Surveillance Consortium. BCSC standard definitions v2.1

Accessed August 10, 2020. https://www.bcsc-research.org/application/files/5115/7601/4769/
BCSC_Data_Definitions_v2.12019_12_04.pdf

Breast Cancer Surveillance Consortium. BCSC mammography data Accessed October 6, 2021.
https://www.bcsc-research.org/statistics/smammography_data

United States Department of Agriculture Economic Research Service. Rural-urban commuting area
codes Accessed August 10, 2020. https://www.ers.usda.gov/data-products/rural-urban-commuting-
area-codes

Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a competing risk. J Am
Stat Assoc 1999;94(446):496-509.

Mukama T, Kharazmi E, Xu X, et al. Risk-adapted starting age of screening for relatives of patients
with breast cancer. JAMA Oncol 2020;6(1):68-74. [PubMed: 31725845]

Brandt A, Bermejo JL, Sundquist J, Hemminki K. Familial risks of breast and prostate cancers:
does the definition of the at risk period matter? Eur J Cancer 2010;46(4):752-757. [PubMed:
20022238]

Evans DG, Thomas S, Caunt J, et al. Final results of the prospective FH02 mammographic
surveillance study of women aged 35-39 at increased familial risk of breast cancer.
EClinicalMedicine 2019;7:39-46. [PubMed: 31008449]

Cott Chubiz JE, Lee JM, Gilmore ME, et al. Cost-effectiveness of alternating magnetic resonance
imaging and digital mammography screening in BRCA1 and BRCA2 gene mutation carriers.
Cancer 2013;119(6):1266-1276. [PubMed: 23184400]

Hubbard RA, Kerlikowske K, Flowers Cl, Yankaskas BC, Zhu W, Miglioretti DL. Cumulative
probability of false-positive recall or biopsy recommendation after 10 years of screening
mammography: a cohort study. Ann Intern Med 2011;155(8):481-492. [PubMed: 22007042]

Nelson HD, Pappas M, Cantor A, Griffin J, Daeges M, Humphrey L. Harms of breast

cancer screening: systematic review to update the 2009 US Preventive Services Task Force
recommendation. Ann Intern Med 2016;164(4):256-267. [PubMed: 26756737]

Yankaskas BC, Haneuse S, Kapp JM, et al. Performance of first mammography examination in
women younger than 40 years. J Natl Cancer Inst 2010;102(10):692-701. [PubMed: 20439838]
Carney PA, Miglioretti DL, Yankaskas BC, et al. Individual and combined effects of age, breast
density, and hormone replacement therapy use on the accuracy of screening mammography. Ann
Intern Med 2003;138(3):168-175. [PubMed: 12558355]

Pashayan N, Antoniou AC, Ivanus U, et al. Personalized early detection and prevention of breast
cancer: ENVISION consensus statement. Nat Rev Clin Oncol 2020;17(11):687-705. [PubMed:
32555420]

Romén M, Sala M, Domingo L, Posso M, Louro J, Castells X. Personalized breast cancer
screening strategies: a systematic review and quality assessment. PloS One 2019;14(12):e0226352.
[PubMed: 31841563]

Allweis TM, Hermann N, Berenstein-Molho R, Guindy M. Personalized screening for breast
cancer: rationale, present practices, and future directions. Ann Surg Oncol 2021;28(8):4306—4317.
[PubMed: 33398646]

Yala A, Mikhael PG, Strand F, et al. Toward robust mammography-based models for breast cancer
risk. Sci Transl Med 2021;13(578): 1-11.

Mukama T, Kharazmi E, Sundquist K, Sundquist J, Brenner H, Fallah M. Familial risk of breast
cancer by dynamic, accumulative, and static definitions of family history. Cancer 2020;126(12):
2837-2848. [PubMed: 32154920]

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


https://www.bcsc-research.org/application/files/5115/7601/4769/BCSC_Data_Definitions_v2.12019_12_04.pdf
https://www.bcsc-research.org/application/files/5115/7601/4769/BCSC_Data_Definitions_v2.12019_12_04.pdf
https://www.bcsc-research.org/statistics/mammography_data
https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes
https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Durham et al.

5-year cumulative incidence per 1000 screens

Page 11
5-year cumulative incidence of breast cancer
60 - Relative's age at diagnosis (years) Age at screen (in years) where 5-year cumul inc=15*
= == ==« No family history 51
55 === Any family history 43
35

= *When age at screen=50 years, 5-year cumulative incidence of breast cancer =15
[ [ [ [ [ I [
30 S0 40 45 50 99 60
Age at screen (years)
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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