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The risk of developing subsequent breast cancer is higher in women diagnosed

with benign breast disease (BBD) but these studies were primarily performed in

non-Hispanic white populations. Still, these estimates have been used to inform

breast cancer risk models that are being used clinically across all racial and ethnic

groups. Given the high breast cancer mortality rates among African American

(AA) women, it is critical to study BBD in this population, to ensure the risk models

that include this information perform adequately. This study utilized data from AA

women who underwent benign breast biopsies at a hospital served by the

University Pathology Group in Detroit, Michigan, from 1998 to 2010. Patients

were followed for subsequent breast cancers through the population-based

Metropolitan Detroit Cancer Surveillance System (MDCSS). BBD lesion scores

were assigned to represent the severity or extent of benign breast lesions, with

higher scores indicating a greater number of distinct lesion types. Of 3,461

eligible AA women with BBD in the cohort, 6.88% (n=238) subsequently

developed breast cancer. Examined individually, six of the eleven lesions

(apocrine metaplasia, ductal hyperplasia, lobular hyperplasia, intraductal

papilloma, sclerosing adenosis, columnar alterations and radial scars) were

significantly associated with increased risk of breast cancer after adjustment

for age and year of biopsy and were further considered in multiple lesion models.

For every different type of benign breast lesion, subsequent risk of breast cancer

increased by 25% (RR=1.25, 95% CI: 1.10, 1.42) after adjustment for age at biopsy

and proliferative versus non-proliferative disease. In summary, this study affirms

the increased breast cancer risk in AA women with BBD, particularly in those with

multiple lesions. These findings have implications for the management of breast

cancer risk in millions of women affected by BBD, a high risk group that could

benefit from personalized surveillance and risk reduction strategies.
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Introduction

In the United States, African American (AA) women have the

highest breast cancer (BC) mortality rates compared to other racial

and ethnic groups. Additionally, the incidence rates among AA

women are also higher than all other racial and ethnic groups, other

than non-Hispanic white women (1). First described by Dupont

et al. in 1980, women diagnosed with benign breast disease (BBD)

have a higher risk of subsequent development of BC (2). Based on

this seminal work, BBD lesions are often categorized into three

groups: non-proliferative disease (NPD), proliferative disease

without atypia (PDWA), and atypical hyperplasia (AH). Of these,

AH is associated with the greatest subsequent risk of BC, with

approximately 1 in 4 women developing a subsequent BC over the

next two decades (3). AH has been identified in up to 10% of BBD

biopsies, and randomized, controlled trials with existing cancer

prevention therapies have shown a substantial risk reduction benefit

(4). PDWA, representing ~40% of all BBD, is associated with at least

a 2-fold increase in BC risk. Even biopsies that show NPD, the

lesions with lowest risk, were still associated with risk that is 25%

greater than that of women who have never undergone a clinical

biopsy. As reviewed by Dyrstad et al, women with proliferative

types of benign breast disease, both with and without atypia, have

increased risk of BC (5).

Despite several decades of research, the studies that have examined

BBD have been primarily comprised of non-Hispanic white women (3,

6–8). Given the earlier onset of disease and the poorer prognosis

experienced by AA women, it is critical to better define the risk of BBD

lesions and subsequent risk of BC in this population. Here, we assess

the association between various types of BBD lesions and subsequent

BC, quantify the BC risk associated with multiplicity of these lesions,

and provide a description of the types of BC that have developed in this

high-risk cohort of AA women with BBD.
Methods

Study population

The Detroit Benign Breast Disease Cohort (BBD Cohort) is

comprised of n=3,860 AA women (self-reported race obtained via

medical record abstraction) who had a benign breast biopsy at a

hospital served by the University Pathology Group from 1997-2010.

Patients were followed for subsequent BCs, defined as an invasive or in

situ cancer that occurred at least 6 months after the date of the benign
Abbreviations: AA, African American; AH, Atypical Hyperplasia; BBD, Benign

Breast Disease; BC, Breast Cancer; BCRAT, Breast Cancer Risk Assessment Tool;

BRCA, Breast Cancer gene; CI, Confidence Interval; DCIS, Ductal carcinoma in

situ; ER, Estrogen Hormone Receptor; H & E, Hematoxylin and Eosin; HR+,

Hormone receptor positive; HER2-, Hormone Estrogen Receptor 2 negative; IBIS

Model, International Breast Intervention Study model; MDCSS, Metropolitan

Detroit Cancer Surveillance System; NPD, Non-proliferative disease; PR,

Progesterone Hormone Receptor; PDWA, Proliferative disease without atypia;

RR, Relative Risk; SEER, Surveillance, Epidemiology and End Results; TNBC,

Triple Negative Breast Cancer.
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biopsy, through the Metropolitan Detroit Cancer Surveillance System

(MDCSS), a founding site of the National Cancer Institute’s

Surveillance, Epidemiology and End Results (SEER) program. The

last linkage to MDCSS was May 19, 2022; so, for participants who did

not have diagnosis of BC or death, this was the date of censor for all

analyses. Cote et al. provided more details regarding the study design

(9). This study was approved by the Wayne State University

Institutional Review Board (#087812M1E).

All the hematoxylin and eosin (H & E)-stained benign biopsy

slides from each case (ranging from 2-22 slides per case) were

retrieved from the Department of Pathology at Wayne State

University and assessed for 11 different benign lesions by the

study pathologist (RAF): apocrine metaplasia, ductal hyperplasia,

lobular hyperplasia, calcifications, cysts, duct ectasia, fibrosis, intra-

ductal papilloma, sclerosing adenosis, columnar alterations, and

radial scar. Using these markers, the study pathologist also

categorized the case using the criteria established by Dupont and

Page: non-proliferative disease, proliferative disease without atypia,

and proliferative disease with atypia (atypical hyperplasia). For the

purposes of this analysis, women with atypical hyperplasia were

removed from the study population (n=149), as there is a known,

strong association with risk of subsequent BC (3). In addition, 250

cases were excluded that had slides containing only a large

fibroadenoma where additional BBD features could not be

assessed. Therefore, the dataset used in this analysis included a

total of 3,461 participants.
Laboratory analysis

To confirm the BC subtype listed in the original diagnostic

pathology reports, we utilized formalin fixed, paraffin-embedded

tumor blocks from a subset of women (n=100) identified with a

subsequent cancer to examine the following markers: estrogen

receptor (ER), progesterone receptor (PR), and human epidermal

growth factor receptor 2 (HER2). Briefly, the slides were

deparaffinized and rehydrated. Antigen retrieval was performed,

followed by immunohistochemical staining using a Ventana

automated immunohistochemical stainer, counterstained (when

necessary), dehydrated, and mounted. The pathologist was

blinded to the clinical characteristics and prior pathology report

associated with the tissue. All antibodies were sourced from DAKO,

and the specific conditions and positivity assessment are as follows:

ER, clone 1D5, 1:100 dilution, positive if greater than 1% of nuclei

stained; PR, clone PgR636, 1:100 dilution, positive if greater than

1% of nuclei stained; HER2, Hercept Test (pre-diluted), greater than

30% of cells showed circumferential intense and uniform staining.

There was approximately a 90% concordance between the prior

reports and the repeated analysis (data not shown), thus the

receptor data abstracted from the pathology reports was used.
Statistical analysis

This was a retrospective cohort study. Cases were classified as

women who had a subsequent BC at least six months after their
frontiersin.org
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initial biopsy. Follow up time in months was calculated from date of

biopsy to the date of BC diagnosis or death, whichever occurred

first. Women were classified as controls if there was no record of a

subsequent BC in MDCSS, and their follow up time was calculated

from date of biopsy to: 1) death from other cause or 2) date of last

cohort-MDCSS linkage.

Baseline characteristics were compared between cases and

controls with chi-square tests for categorical variables and

Wilcoxon’s rank sum test for continuous variables. The relative

risk (RR) for each marker was estimated with logistic regression,

adjusted for age and year of biopsy. A score was created by

summarizing the number of markers which had univariate

logistic regression p<0.05: ductal hyperplasia, lobular hyperplasia,

intra-ductal papilloma, sclerosing adenosis, columnar alterations,

and radial scars. The score ranged from 0 to 6, with 0 representing

“no lesions” and 6 meaning that all 6 distinct types of lesions were

present. All statistical tests were two sided, but p- values should be

interpreted with caution due to issues of multiplicity testing. The

widths of the 95% confidence intervals were not adjusted for

multiplicity testing and cannot be used in place of a hypothesis

test. All statistical analyses were performed using SAS software

version 9.4 (Cary, NC).
Results

Among the 3,461 eligible AA women with BBD in our study,

238 women subsequently developed BC. As shown in Table 1, those

who developed BC were slightly older than those who did not (51

years versus 47 years at initial benign biopsy) and were more likely

to have proliferative disease without atypia compared to non-

proliferative lesions (p=0.001).

The distribution of 11 different types of benign breast diseases is

shown in Table 2, along with the risk of developing BC associated

with each type of lesion, adjusted for age and the year of the initial

biopsy. There were six lesions that were associated with increased
Frontiers in Oncology 03
risk of subsequent BC that were used to create the score variable

described in Table 3: ductal hyperplasia, lobular hyperplasia, intra-

ductal papilloma, sclerosing adenosis, columnar alterations and

radial scars. Overall, pathologic classification of proliferative

disease without atypia was associated with a 57% increase in risk

of developing a subsequent cancer compared to those biopsies

classified as non-proliferative, but this composite variable was not

included in the score variable classification.

Table 3 describes the distribution of number of BBD lesions

which is reported as both a continuous and categorial variable. The

mean score for cases was higher compared to controls (1.7 and 1.2,

respectively, p-value <0.001).

Table 4 depicts the risk of subsequent BC by benign breast

lesion score, adjusted for age at biopsy and proliferative or non-

proliferative disease. Each additional feature was associated with a

25% higher relative risk of developing BC (RR 1.25, 95% CI 1.10-

1.42, p-value 0.001) after adjustment. The BBD lesion score

demonstrated its independent predictive role. Additionally, each
TABLE 1 Characteristics of women with benign breast disease by case/
control status in the Detroit BBD Cohort.

Variable
Control
(n=3,223)

Case
(n=238)

p
value

Age at Biopsy– median
years (range)

47 (18,84) 51 (26,81) <0.001

Follow up – median years (range)
16.9

(0.5,23.0)
8.9

(0.7,23.4)
<0.001

Biopsy year - no. (%) 0.473

1997-2000 1,131 (35) 89 (37)

2001-2010 2,092 (65) 149 (63)

Dupont and Page Classification -
no. (%)

0.001

Non-Proliferative Disease 1,889 (59) 114 (48)

Proliferative Disease
without Atypia

1,334 (41) 124 (52)
Bold values indicate statistical significance at the p < 0.05 level.
TABLE 2 Distribution of type of benign lesion and risk of subsequent
breast cancer in the Detroit BBD Cohort.

Variable

Control Case

N % N % RR*
(95%
CI)

Total 3,223 238

Apocrine Metaplasia 1.06 0.80-1.40

No 2,250 70% 159 67%

Yes 973 30% 79 33%

Ductal Hyperplasia 1.39 1.05-1.84

None 2,345 73% 153 64%

Yes 878 27% 85 36%

Lobular Hyperplasia 10.96 2.90-41.41

None 3,218 100% 234 98%

Yes 5 0% 4 2%

Calcifications 1.04 0.78-1.39

No 2,109 65% 139 58%

Yes 1,114 35% 99 42%

Cyst 1.19 0.91-1.55

No 2,005 62% 135 57%

Yes 1,218 38% 103 43%

Duct Ectasia 1.14 0.79-1.64

No 2,753 85% 201 84%

Yes 470 15% 37 16%

Fibrosis 1.13 0.86-1.48

No 1,485 46% 100 42%

Yes 1,738 54% 138 58%

(Continued)
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one-year increase in age at biopsy was associated with a 3% higher

relative risk (RR) of developing a BC (RR 1.03, 95% CI 1.02-1.03, p-

value <0.001).

Table 5 provides information on the subsequent BC subtype.

Out of the total BC cases, 166 cases (69.7%) were invasive, with

hormone receptor positive, HER2 negative cancers the most
Frontiers in Oncology 04
frequent subtype (55.4%). Triple negative BC, known to be more

frequently diagnosed in AA women, comprised 19.0% of invasive

cancers in this cohort. For 24 cases (14.5%), subtype could not be

determined (insufficient data or tissue available).
Discussion

In this cohort of nearly 4,000 AA women who had undergone a

clinically indicated breast biopsy resulting in a benign diagnosis, we

report an increased risk of subsequent BC with several types of

benign breast lesions, specifically ductal and lobular hyperplasia,

intraductal papilloma, sclerosing adenosis, columnar alterations

and radial scars. These observations are similar to those in

primarily non-Hispanic white populations, as reviewed by

Dyrstad et al. Further, and never examined in a cohort comprised

of only AA women, is the finding that as the individual types of

BBD lesions found within a single breast biopsy increases,

subsequent risk of BC also rises. Multiple types of BBD in a

single biopsy are common, with 38% of women included in the

National Surgical Adjuvant Breast and Bowel Project’s BC

Prevention Trial having more than one type of lesion, similar to

the 35.2% reported in our study population (10). Our results are

also consistent with those of Worsham and colleagues, who studied

the multiplicity of concurrent BBD lesions in another population of

women with BBD of similar size from metropolitan Detroit, which

was racially diverse (28% were AA). Multiple NPD lesions in a

single biopsy were associated with increased risk of BC (RR=1.79,

95% CI: 1.0, 3.21) as were women with multiple PDWA, with a

2.87-fold risk of BC (RR, 2.87; 95% CI, 1.70-4.83) compared to
TABLE 2 Continued

Variable

Control Case

N % N % RR*
(95%
CI)

Intra-
Ductal Papilloma

1.61
1.13-2.28

None 2,861 89% 195 82%

1 or more 362 11% 43 18%

Sclerosing adenosis 1.80 1.34-2.41

No 2,450 76% 160 67%

Yes 773 24% 78 33%

Columnar alterations 1.86 1.41-2.46

No 2,436 76% 148 62%

Yes 787 24% 90 38%

Radial Scar 2.13 1.11-4.12

No 3,157 98% 227 95%

Yes 66 2% 11 5%

Proliferative Disease

No 1,889 59% 114 48% 1.57 1.20-2.05

Yes 1,334 41% 124 52%
*adjusted for age and year of biopsy.
Bold values indicate statistical significance at the p < 0.05 level.
TABLE 3 Distribution of number of lesions (scores) by case/control
status, the Detroit BBD Cohort.

Control Case
p

value

Score as a continuous predictor <0.001

Mean (std) 1.2 (1.3) 1.7 (1.4)

Median (range) 1 (0,6) 1 (0,6)

Score as a categorical predictor,
N (%)

<0.001

Score 0 (no lesions) 1149 36% 56 24%

Score 1 971 30% 65 27%

Score 2 562 17% 49 21%

Score 3 339 11% 38 16%

Score 4 146 5% 19 8%

Score 5 47 1% 9 4%

Score 6 9 0% 2 1%
Bold values indicate statistical significance at the p < 0.05 level.
TABLE 4 Multivariable logistic regression for the risk of subsequent
breast cancer by benign breast lesion score, the Detroit BBD Cohort.

RR (95% CI) p value

BBD lesion Score 1.25 1.10-1.42 0.001

Dupont and Page Classification 0.956

Non-Proliferative Disease Ref.

Proliferative Disease without Atypia 1.01 0.71-1.45

Biopsy age (per 1 year) 1.03 1.02-1.04 <.001
fro
Bold values indicate statistical significance at the p < 0.05 level.
TABLE 5 Subtypes of Breast Cancers in the Detroit BBD Cohort.

Subtype Number (%)

In Situ 72 (30.3%)

Invasive 166 (69.7%)

HR+, HER2- 92 (64.8%)

HR+, HER2+ 15 (10.6%)

HR-, HER2+ 8 (5.6%)

TNBC 27 (19.0%)
Note: 24 invasive tumors could not be analyzed, thus the denominator for the subtype
analyses is n=142.
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women with only one NPD lesion (11). Importantly, they found

that the effects of multiple lesions did not differ by race. More

recently, Sherman et al. examined subsequent risk among women

who received a percutaneous biopsy with benign findings and

considered multiple lesions within the Dupont and Page

classification system. They noted a higher risk for both non-

proliferative lesions (3 or greater, HR=1.47, 95% CI: 1.14-1.88) as

well as proliferative lesions without atypia (3 or greater, HR=2.14,

95% CI: 1.29-3.53) (12). As the majority of breast biopsies are now

percutaneous versus surgical excisions, determining whether risk is

similar regardless of biopsy type is critical when considering how

informative this variable is when modeling BC risk.

At least two BC risk assessment models, the Breast Cancer Risk

Assessment Tool (BCRAT, also known as a modified version of the

Gail model) and the International Breast Intervention Study model

(IBIS, or the Tyrer-Cuzick model) utilize information regarding

personal history of benign breast biopsies (13, 14). Only one model

has been developed specifically for women with BBD, which extended

the BCRAT tool by incorporating detailed pathologic characterization

of the benign lesions seen on biopsy, including a number of specific

benign lesions as well as overall histologic impression (proliferative vs.

non-proliferative) (15). External validation of this model has been

limited as most studies do not have access to this detailed pathologic

information, thus this model has not been widely utilized. Furthermore,

these models have been built and validated in populations of non-

Hispanic white women and have lower discriminatory accuracy in

other racial and ethnic groups (16, 17). Our findings regarding risk of

BC in a group of AA women with BBD highlight the importance of the

development of models that provide more concise estimates to inform

prevention and screening strategies.

At 30%, the proportion of in situ BCs in this population was

higher than what is reported in the general population (20% of all

BCs) (18). The majority of in situ BCs are ductal carcinoma in situ,

or DCIS, and the increase in incidence has been attributed to the

rise in mammographic screening. As our population of women with

BBD have some modality of breast screening, it is not surprising

that our proportion of DCIS is higher than in the general

population. Among women with invasive BC in this BBD cohort,

the majority had ER/PR+, HER2- cancers, whereas 19.0% of

invasive tumors were classified as triple negative BC (TNBC). The

proportion of TNBC cases in our cohort is slightly lower than what

has been reported among non-Hispanic black women nationally

(25.6%) (19) and what was reported by Newman et al. in the only

other BBD cohort that contains a large proportion of AA women

(24.2%) but within the same range (20). While most risk models

have grouped together all subtypes of BC, or examined hormone

positive cancers, less work has focused on TNBC, a subtype that is

more common in AA women regardless of a prior history of BBD.

Our study has notable strengths, as the only cohort focused on

benign breast disease and subsequent BC risk in the AA population.

Furthermore, all slides (compared to a subset) from the BBD biopsy

were re-reviewed by a breast pathologist versus relying on pathology

reports. As the risk associated with atypical hyperplasia has already

been well-defined and usually requires further treatment or

surveillance, we removed this group with the highest risk, allowing

for the examination of other types of BBD lesions separate from this
Frontiers in Oncology 05
established risk, or interventions that may have lowered the risk of

subsequent BCs. Additionally, the study encompassed a wide

spectrum of BBD lesion types allowing the examination of BBD

multiplicity. The cancers that developed were identified through a

population-based cancer registry, which allowed access to pathologic

details (i.e., receptor status) when tissue was unavailable for testing.

In addition to these strengths, our study also had limitations. As

a retrospective cohort study, we did not contact the women

included in the BBD cohort. Specifically, we do not have detailed

information regarding other risk factors associated with BC, such as

family history, BRCA1/BRAC2 status and other reproductive

factors included in risk models. Thus, we do not have the ability

to develop our own model or test other models in this BBD cohort.

We also may have missed some BC cases if the study participant left

the tri-county area covered by the cancer registry, although an

analysis of Southeastern Michigan Census data from 2000 to 2010

suggested most population movement was within the tri-country

area (data not shown). This potential information bias would result

in moving the risk estimates towards the null. Additionally, these

results, while obtaining cancer data from a population-based

registry, are still from a single geographical area. Thus, the results

may not be generalizable to other AA women in the United States or

women of African ancestry residing elsewhere. Lastly, the

methodology employed to formulate the lesion multiplicity

assessment (i.e., the benign breast score) assumes uniform risk

across all lesions, which is unlikely from a biological perspective.

In conclusion, our study affirms the increased BC risk in AA

women with BBD, particularly in those with multiple lesions. There is

a clear need to better characterize factors associated with risk in

women with BBD. In 2019, the U.S. Preventive Services Task Force

recommended the utilization of BC risk assessment models to offer BC

chemoprevention in higher risk women (recommendation level B),

and specifically highlighted those with BBD: “…This recommendation

applies to asymptomatic women 35 years and older, including women

with previous benign breast lesions on biopsy…” despite the paucity of

research in women with BBD as related to the current risk models

(21). Inclusion of diverse populations, particularly those which bear a

disproportionate burden of disease, are critical to ensuring evidence-

based research and prevention approaches benefit all.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by Wayne State

University Institutional Review Board. The studies were conducted in

accordance with the local legislation and institutional requirements.

The ethics committee/institutional review board waived the

requirement of written informed consent for participation from the

participants or the participants' legal guardians/next of kin because

Retrospective tissue study exemption 4.
frontiersin.org

https://doi.org/10.3389/fonc.2024.1410819
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Patil et al. 10.3389/fonc.2024.1410819
Author contributions

VPat: Writing – original draft. JR: Data curation, Formal

analysis, Methodology, Writing – original draft. WC: Formal

analysis, Writing – review & editing. JB: Data curation,

Investigation, Methodology, Writing – review & editing. EA: Data

curation, Investigation, Writing – review & editing. BA: Data

curation, Investigation, Writing – review & editing. VPar: Data

curation, Investigation, Writing – review & editing. AS: Data

curation, Investigation, Methodology, Writing – review & editing.

SB: Data curation, Investigation, Writing – review & editing. RA-F:

Data curation, Methodology, Supervision, Writing – review &

editing. MC: Conceptualization, Data curation, Formal analysis,

Funding acquisition, Methodology, Project administration,

Supervision, Writing – original draft.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by the Susan G. Komen for the Cure (IIRG #222547 to
Frontiers in Oncology 06
MLC, GTDR14299348 to MLC). This work was partially supported

by the Epidemiology Core and the Biobanking and Correlative

Sc ience Core , Heal th and Human Serv ices contract

HHSN261201300011, and NIH Center Grant P30CA022453

awarded to the Karmanos Cancer Institute atWayne State University.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Islami F, Baeker Bispo J, Lee H, Wiese D, Yabroff KR, Bandi P, et al. American
Cancer Society’s report on the status of cancer disparities in the United States, 2023. CA
Cancer J Clin. (2023) 74(2):136–66. doi: 10.3322/caac.21812

2. Dupont WD, Rogers LW, Vander Zwaag R, Page DL. The epidemiologic study of
anatomic markers for increased risk of mammary cancer. Pathol Res Pract. (1980)
166:471–80. doi: 10.1016/S0344-0338(80)80245-7

3. Hartmann LC, Sellers TA, Frost MH, Lingle WL, Degnim AC, Ghosh K, et al.
Benign breast disease and the risk of breast cancer. N Engl J Med. (2005) 353:229–37.
doi: 10.1056/NEJMoa044383

4. Vogel VG. The NSABP study of tamoxifen and raloxifene (STAR) trial. Expert Rev
Anticancer Ther. (2009) 9:51–60. doi: 10.1586/14737140.9.1.51

5. Dyrstad SW, Yan Y, Fowler AM, Colditz GA. Breast cancer risk associated with
benign breast disease: systematic review and meta-analysis. Breast Cancer Res Treat.
(2015) 149:569–75. doi: 10.1007/s10549-014-3254-6

6. Figueroa JD, Gierach GL, Duggan MA, Fan S, Pfeiffer RM, Wang Y, et al. Risk
factors for breast cancer development by tumor characteristics among women with
benign breast disease. Breast Cancer Res BCR. (2021) 23:34. doi: 10.1186/s13058-021-
01410-1

7. Kabat GC, Jones JG, Olson N, Negassa A, Duggan C, Ginsberg M, et al. A multi-
center prospective cohort study of benign breast disease and risk of subsequent breast
cancer. Cancer Causes Control CCC. (2010) 21:821–8. doi: 10.1007/s10552-010-9508-7

8. London SJ, Connolly JL, Schnitt SJ, Colditz GA. A prospective study of benign
breast disease and the risk of breast cancer. JAMA. (1992) 267:941–4. doi: 10.1001/
jama.267.7.941

9. Cote ML, Ruterbusch JJ, Alosh B, Bandyopadhyay S, Kim E, Albashiti B, et al.
Benign breast disease and the risk of subsequent breast cancer in African American
women. Cancer Prev Res Phila Pa. (2012) 5:1375–80. doi: 10.1158/1940-6207.CAPR-
12-0175

10. Wang J, Costantino JP, Tan-Chiu E, Wickerham DL, Paik S, Wolmark N. Lower-
category benign breast disease and the risk of invasive breast cancer. J Natl Cancer Inst.
(2004) 96:616–20. doi: 10.1093/jnci/djhs105

11. Worsham MJ, Raju U, Lu M, Kapke A, Cheng J, Wolman SR. Multiplicity of
benign breast lesions is a risk factor for progression to breast cancer. Clin Cancer Res Off
J Am Assoc Cancer Res. (2007) 13:5474–9. doi: 10.1158/1078-0432.CCR-07-0928

12. ShermanME, Vierkant RA,Winham SJ, Vachon CM, Carter JM, Pacheco-Spann
L, et al. Benign breast disease and breast cancer risk in the percutaneous biopsy era.
JAMA Surg. (2024) 159:193–201. doi: 10.1001/jamasurg.2023.6382

13. Gail MH, Brinton LA, Byar DP, Corle DK, Green SB, Schairer C, et al.
Projecting individualized probabilities of developing breast cancer for white females
who are being examined annually. J Natl Cancer Inst. (1989) 81:1879–86. doi: 10.1093/
jnci/81.24.1879

14. Tyrer J, Duffy SW, Cuzick J. A breast cancer prediction model incorporating
familial and personal risk factors. Stat Med. (2004) 23(7):1111–30. doi: 10.1002/
sim.1668

15. Pankratz VS, Degnim AC, Frank RD, Frost MH, Visscher DW, Vierkant RA, et al.
Model for individualized prediction of breast cancer risk after a benign breast biopsy. J
Clin Oncol Off J Am Soc Clin Oncol. (2015) 33:923–9. doi: 10.1200/JCO.2014.55.4865

16. Adams-Campbell LL, Makambi KH, Frederick WAI, Gaskins M, DeWitty RL,
McCaskill-Stevens W. Breast cancer risk assessments comparing gail and CARE
models in african-american women. Breast J. (2009) 15:S72–5. doi: 10.1111/
tbj.2009.15.issue-s1

17. Kurian AW, Hughes E, Simmons T, Bernhisel R, Probst B, Meek S, et al.
Performance of the IBIS/Tyrer-Cuzick model of breast cancer risk by race and ethnicity
in the Women’s Health Initiative. Cancer. (2021) 127:3742–50. doi: 10.1002/cncr.33767

18. Allegra CJ, Aberle DR, Ganschow P, Hahn SM, Lee CN, Millon-Underwood S,
et al. National institutes of health state-of-the-science conference statement: diagnosis
and management of ductal carcinoma in situ september 22-24, 2009. JNCI J Natl
Cancer Inst. (2010) 102:161–9. doi: 10.1093/jnci/djp485

19. Du XL, Li Z. Incidence trends in triple-negative breast cancer among women in
the United States from 2010 to 2019 by race/ethnicity, age and tumor stage. Am J
Cancer Res. (2023) 13(2):678–91. doi: 10.3389/fonc.2023.1292577

20. Newman LA, Stark A, Chitale D, Pepe M, Longton G, Worsham MJ, et al.
Association between benign breast disease in african american and white american
women and subsequent triple-negative breast cancer. JAMA Oncol. (2017) 3:1102.
doi: 10.1001/jamaoncol.2016.5598

21. US Preventive Services Task Force, Owens DK, Davidson KW, Krist AH, Barry
MJ, Cabana M, Caughey AB, et al. Medication use to reduce risk of breast cancer: US
preventive services task force recommendation statement. JAMA. (2019) 322(9):857.
doi: 10.1001/jama.2019.11885

COPYRIGHT

© 2024 Patil, Ruterbusch, Chen, Boerner, Abdulfatah, Alosh, Pardeshi, Shaik,
Bandyopadhyay, Ali-Fehmi and Cote. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
frontiersin.org

https://doi.org/10.3322/caac.21812
https://doi.org/10.1016/S0344-0338(80)80245-7
https://doi.org/10.1056/NEJMoa044383
https://doi.org/10.1586/14737140.9.1.51
https://doi.org/10.1007/s10549-014-3254-6
https://doi.org/10.1186/s13058-021-01410-1
https://doi.org/10.1186/s13058-021-01410-1
https://doi.org/10.1007/s10552-010-9508-7
https://doi.org/10.1001/jama.267.7.941
https://doi.org/10.1001/jama.267.7.941
https://doi.org/10.1158/1940-6207.CAPR-12-0175
https://doi.org/10.1158/1940-6207.CAPR-12-0175
https://doi.org/10.1093/jnci/djhs105
https://doi.org/10.1158/1078-0432.CCR-07-0928
https://doi.org/10.1001/jamasurg.2023.6382
https://doi.org/10.1093/jnci/81.24.1879
https://doi.org/10.1093/jnci/81.24.1879
https://doi.org/10.1002/sim.1668
https://doi.org/10.1002/sim.1668
https://doi.org/10.1200/JCO.2014.55.4865
https://doi.org/10.1111/tbj.2009.15.issue-s1
https://doi.org/10.1111/tbj.2009.15.issue-s1
https://doi.org/10.1002/cncr.33767
https://doi.org/10.1093/jnci/djp485
https://doi.org/10.3389/fonc.2023.1292577
https://doi.org/10.1001/jamaoncol.2016.5598
https://doi.org/10.1001/jama.2019.11885
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fonc.2024.1410819
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Multiplicity of benign breast disease lesions and breast cancer risk in African American women
	Introduction
	Methods
	Study population
	Laboratory analysis
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


