
UC Davis
UC Davis Previously Published Works

Title
Breast density knowledge and willingness to delay treatment for pre-operative breast 
cancer imaging among women with a personal history of breast cancer.

Permalink
https://escholarship.org/uc/item/11c4z51s

Journal
Breast Cancer Research, 26(1)

Authors
Smith, Rebecca
Sprague, Brian
Henderson, Louise
et al.

Publication Date
2024-04-29

DOI
10.1186/s13058-024-01820-x
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/11c4z51s
https://escholarship.org/uc/item/11c4z51s#author
https://escholarship.org
http://www.cdlib.org/


R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Smith et al. Breast Cancer Research           (2024) 26:73 
https://doi.org/10.1186/s13058-024-01820-x

Breast Cancer Research

*Correspondence:
Rebecca E. Smith
Rebecca.E.Smith.gr@Dartmouth.edu

Full list of author information is available at the end of the article

Abstract
Background Following a breast cancer diagnosis, it is uncertain whether women’s breast density knowledge 
influences their willingness to undergo pre-operative imaging to detect additional cancer in their breasts. We 
evaluated women’s breast density knowledge and their willingness to delay treatment for pre-operative testing.

Methods We surveyed women identified in the Breast Cancer Surveillance Consortium aged ≥ 18 years, with first 
breast cancer diagnosed within the prior 6–18 months, who had at least one breast density measurement within the 
5 years prior to their diagnosis. We assessed women’s breast density knowledge and correlates of willingness to delay 
treatment for 6 or more weeks for pre-operative imaging via logistic regression.

Results Survey participation was 28.3% (969/3,430). Seventy-two percent (469/647) of women with dense and 11% 
(34/322) with non-dense breasts correctly knew their density (p < 0.001); 69% (665/969) of all women knew dense 
breasts make it harder to detect cancers on a mammogram; and 29% (285/969) were willing to delay treatment ≥ 6 
weeks to undergo pre-operative imaging. Willingness to delay treatment did not differ by self-reported density 
(OR:0.99 for non-dense vs. dense; 95%CI: 0.50–1.96). Treatment with chemotherapy was associated with less 
willingness to delay treatment (OR:0.67; 95%CI: 0.46–0.96). Having previously delayed breast cancer treatment more 
than 3 months was associated with an increased willingness to delay treatment for pre-operative imaging (OR:2.18; 
95%CI: 1.26–3.77).

Conclusions Understanding of personal breast density was not associated with willingness to delay treatment 6 or 
more weeks for pre-operative imaging, but aspects of a woman’s treatment experience were.

ClinicalTrials.gov NCT02980848 registered December 2, 2016.
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Background
Cancer treatment has improved over the last few decades 
resulting in more complex treatment planning and deci-
sion making [1]. However, breast cancer treatment delay 
can lead to poor health outcomes including decreased 
survival [2]. If pre-operative imaging, such as ultrasound, 
is performed there is a waiting period for results that may 
inform treatment planning but also may delay treatment. 
Clinically acceptable time from diagnosis to treatment 
varies and is dependent on the natural history of disease 
[3–6]. Balancing the benefits and harms of breast cancer 
treatment delay is dependent on a woman’s clinical sce-
nario including her cancer type and stage, and her treat-
ment preferences [6, 7]. 

About 40% of women in the United States (US) have 
mammographically dense breasts, hence forth referred 
to as dense breasts [8]. Breast density is a known inde-
pendent risk factor for breast cancer, and dense breast 
tissue has a masking effect that decreases the sensitivity 
of mammography [9]. This has received much attention 
from lobbyists and policy makers over the last decade 
resulting in breast density notification laws in 38 states 
and the District of Columbia, and a national density 
notification law passed in 2019 with recently released 
implementation guidelines requiring all women receive 
information about if they have dense or non-dense breast 
tissue after mammography [10, 11]. 

The American College of Radiology practice guide-
lines suggest clinicians and women consider MRI to 
evaluate the extent of disease in the ipsilateral breast and 
screen for additional cancer in the contralateral breast 
in women with invasive cancer or ductal carcinoma 
in situ (DCIS) [12]. It is unclear to what extent women 
with dense breasts may be willing to delay treatment for 
their breast cancer in order to receive additional testing 
to detect additional cancer or the degree to which they 
are aware of their breast density and its implications. 
Women’s breast density knowledge has generally been 
captured through survey work and includes assumptions 
that if women report that they know their breast density 
or accurately define breast density, then they are correct 
in their knowledge of their personal breast density [13, 
14]. Through our previous work comparing self-reported 
and clinical density measurements we found that women 
of screening age who have not had breast cancer did not 
accurately know their breast density [15], and there is 
evidence that women do not have a strong understand-
ing of the association between breast density and breast 
cancer risk [16]. Yet, little is known about how increasing 
exposure to breast density information affects accuracy 
of knowledge of personal breast density or preferences 
towards pre-operative imaging and treatment in women 
diagnosed with breast cancer. In this study we sur-
veyed women recently diagnosed with breast cancer and 

assessed the accuracy of their breast density knowledge, 
their willingness to undergo pre-operative imaging that 
would delay treatment but identify any additional can-
cer present in their breasts, and correlates of willingness 
to delay treatment 6 or more weeks. Study findings may 
be informative in tailoring clinical communications and 
treatment planning for women recently diagnosed with 
breast cancer.

Methods
Setting
The Breast Cancer Surveillance Consortium (BCSC) is a 
network of breast imaging registries that link their local 
radiology facility data with state or regional tumor regis-
tries and pathology databases [17]. Detailed data includ-
ing breast imaging collected during screening, resulting 
BI-RADS assessments and breast density determination 
made by interpreting radiologists, pathology, clinical his-
tory, and sociodemographics are pooled at a BCSC Sta-
tistical Coordinating Center. BCSC registries included 
in this study were: the Carolina Mammography Registry, 
Sacramento Area Breast Imaging Registry, San Francisco 
Mammography Registry, Vermont Breast Cancer Sur-
veillance System, Metro Chicago Breast Cancer Registry, 
New Hampshire Mammography Network, and Kaiser 
Permanente Washington.

Participants
We invited women 18 years or older who were diagnosed 
with an incident breast cancer (stages 0-III) within the 
prior 6–18 months.

Recruitment
From December 2017 through January 2020 eligible par-
ticipants were identified by BCSC registries and invited 
to participate in a web-based survey via letters sent 
through the US postal service. A $2 bill incentive was 
included with mailed invitations from six registries. Invi-
tees had the option to request a paper survey at all but 
one registry. One registry offered an option to complete 
the survey via telephone. Participants were assigned a 
unique identification number and access code to com-
plete the survey on a secure web-portal. Registry staff 
used a secure internet application to generate each iden-
tification number and access code at the time of data 
import of eligible women from registry databases. Up to 
three reminder postcards to complete the survey were 
sent to eligible participants. Participants from five reg-
istries were entered for a chance to win a $100 gift card 
with one winner per registry. Each institution received 
approval from their institutional review board.
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Survey content and clinical measures
Survey content was informed by input from patient part-
ners, a patient advisory board, and results from previ-
ously conducted focus groups [14]. 

Patient characteristics Women self-reported sociode-
mographic characteristics and information about their 
previous experience with breast cancer screening and 
treatment including age, race/ethnicity, education, family 
history of breast cancer, insurance status, breast cancer 
mode of detection, prior screening or diagnostic MRI, 
breast cancer surgery type, time from diagnosis to first 
surgery, and additional treatment after first breast cancer 
surgery. Knowledge and feelings about the implications 
of breast density were also reported via the survey. The 
American Joint Committee on Cancer (AJCC) diagnos-
tic stage of breast cancer [18], urban/rural residence, and 
clinical breast density were obtained through BCSC reg-
istry data. State breast density notification law was cat-
egorized by location where breast cancer screening and 
treatment was received.

Breast density knowledge and implications To assess 
knowledge of personal breast density we asked, “Have 
you ever been told by a health care provider that you have 
dense breasts?” To assess knowledge of the implications 
of breast density we asked, “What do you think having 
dense breasts means?” Response categories are shown in 
Table 1.

Clinical breast density Five years of breast density mea-
surements prior to the survey date were obtained from 
BCSC registries. Breast Imaging Reporting and Data 
(BI-RADS) breast density was classified by the interpret-
ing radiologist as: a = almost entirely fat, b = scattered 
fibroglandular densities, c = heterogeneously dense, or 
d = extremely dense. BI-RADS a and b were considered 
“non-dense” breasts and BI-RADS c and d were consid-
ered “dense” breasts. Each survey participant’s breast den-
sity was classified as either “never-dense” or “ever-dense” 
based on whether BI-RADS c or d were ever observed in 
the five years prior to the survey or not.

State breast density notification law All registries were 
assigned a notification category depending on state den-
sity reporting laws during our survey period. All states but 
one had laws in place during our survey period. One state 
assigned to the “notify women with dense and non-dense 
breasts” category implemented their law six months after 
the date of survey initiation. However, registry facilities 
from that state reported their health system had already 
implemented breast density notification to all women 
before survey initiation. One state in the “notify women 
with dense breasts only” category implemented their 

law 10 months after survey initiation, but the partnering 
health systems began notifying women with dense breasts 
before survey initiation as part of preparation to meet the 
law’s reporting requirements.

Willingness to delay breast cancer treatment 6 or more 
weeks Following a series of questions that asked partici-
pants to consider their recent breast cancer diagnostic 
and treatment experiences, women were presented with 
the scenario “Some women have breast cancer in more 
than one place in their breasts that may not be seen on 
a mammogram.” The women were then asked “imag-
ine there is a test that could tell you if there is any other 
cancer in your breasts. Would you choose to have the 
test if having it would delay cancer treatment by…” Each 
response category was asked as a separate question with 
time periods including 2 weeks, 4 weeks, 6 weeks, and 8 
weeks. For each time period participants could answer 
either “yes, no, or I don’t know.” For our primary analy-
sis we categorized willingness to delay treatment at each 
time period as having said yes at that time period and the 
previous time period(s). A response of “I don’t know” or 
no answer was classified as not indicating a willingness to 
delay treatment. Willingness to delay treatment 6 or more 
weeks included women willing to delay at-least 6 weeks. 
All other responses were categorized as not willing to 
delay 6 or more weeks. We chose to assess willingness to 
delay treatment 6 or more weeks because the majority of 
patients with a breast cancer diagnosis in the US have an 
existing wait time of approximately 4 weeks or fewer [19, 
20], and multiple healthcare systems around the world 
have set 31 days as a maximal acceptable wait time from 
discussing a diagnosis with a patient to first treatment ini-
tiation [21]. We aimed to assess characteristics of women 
willing to wait longer than the average wait time.

Statistical analysis
We compared participant characteristics by breast den-
sity (ever vs. never-dense over the prior five years) and 
outcome response patterns using Chi-square tests. Multi-
variable logistic regression was used to identify the corre-
lates of being willing to delay treatment 6 or more weeks 
for additional testing following a breast cancer diagnosis. 
Model selection was performed using the backward step-
wise method with the likelihood ratio test which sequen-
tially enters the most significant variable with p ≤ 0.10, 
then after each entered variable removes variables not 
maintaining a p ≤ 0.05 level of significance. We tested 
the categorical variables age, race/ethnicity, education, 
urban/rural residence, insurance status, family history 
of breast cancer, breast cancer mode of detection, AJCC 
diagnostic stage, state breast density notification law, 
prior screening or diagnostic MRI, time from diagnosis 
to first surgery, breast cancer surgery type, and additional 
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treatment after first breast cancer surgery. Self-reported 
breast density was forced into the model. We report odds 
ratios and Wald 95% confidence intervals. Analyses were 
performed using Stata 17.0.

Sensitivity analyses were undertaken to determine if 
the correlates of delay changed when we classified the 
dependent variable differently based on participant 
response patterns in two ways: (1) we excluded partici-
pants who did not provide responses for all time points, 
or (2) we excluded timepoints when a participant did not 
provide response. For example, if a participant gave a 
preference for 2 weeks but not 4 weeks, we included their 
preference for 2 weeks but not 4 weeks.

Results
A total of 28.3% (969/3,430) of invited women par-
ticipated and were confirmed eligible. Our sample was 
highly educated with 88% (850/969) having received 
some level of college education. 87% (829/969) identified 
as White, non-Hispanic, 90% (873/969) lived in an urban 
location, 67% (647/969) had dense breasts reported from 
a mammogram in the past 5 years, and 93% (905/969) 
lived in a state with breast density reporting regulations 
(Table 2). 46% (445/969) had undergone breast MRI, 24% 
(228/969) reported waiting less than 1-month from their 
diagnosis to treatment, 90% (873/969) had early-stage 
breast cancer (stages 0-II) within the last 6–18 months, 
and 98% had surgery (949/969) for their cancer (Table 3). 
About half (178/322) of women with never-dense breasts 
lived in a state that reports breast density to both women 
with dense and non-dense breasts (Table  2), but 35% 
(113/322) of women with never-dense breasts reported 
being told they have dense breasts (Table  1) and only 
11% (34/322) reported being told they have non-dense 
breasts. In contrast, 72% (469/647) of women with 
ever-dense breasts reported being told they have dense 
breasts (p < 0.001). Three-quarters (481/647) of women 
with ever-dense and 58% (184/322) with never-dense 
breasts knew that dense breasts makes it hard to see can-
cers on a mammogram (p < 0.001). In contrast, only 24% 
(154/647) of women with ever-dense and 11% (35/322) 
with never-dense breasts knew that having dense breasts 
results in someone being more likely to get breast cancer 
(p < 0.001). Half (485/969) of all women knew other imag-
ing tests may be needed, and 33% (323/969) reported that 
breast density does or would make them worry about 
future breast cancer.

Following their breast cancer diagnosis 79% (769/969) 
reported a willingness to delay treatment 2 weeks for pre-
operative imaging that could detect additional cancer in 
their breasts (Fig. 1). More women were willing to delay 
treatment 4 weeks for additional testing than not (55%; 
529/969 vs. 45%; 440/969), but this pattern changed at 
6 weeks when not as many women were willing to delay 

Table 1 Self-Report of Breast Density, Density Knowledge, and 
Worry About Future Breast Cancer by BI-RADS^ Breast Density in 
5 Years Prior to Survey

Par-
ticipants 
Overall

BI-RADS Breast 
Density Measured 
on Exams in Prior 5 

Years

p-
value

Never 
Dense*

Ever 
Dense*

n = 969 
(%)

n = 322 
(%)

n = 647 
(%)

Have you ever been told 
by a health care provider 
that you have “dense 
breasts”?

< 0.001

 Was told dense breasts 582 (60) 113 (35) 469 (72)
 Was told do not have 
dense breasts

46 (5) 34 (11) 12 (2)

 Not been told dense 
breasts or not

164 (17) 80 (25) 84 (13)

 I do not know/no 
response

177 (18) 95 (30) 82 (13)

Knew whether had 
dense breasts or not 
before cancer diagnosis

0.084

 Yes 516 (53) 113 (35) 403 (62)
 No 108 (11) 32 (10) 76 (12)
 No response 4 (< 1) 2(< 1) 2(< 1)
 Not asked† 341 (35) 175 (54) 166 (26)
What do you think 
having dense breasts 
means?**

 Hard to see cancers on a 
mammogram

665 (69) 184 (58) 481 (75) < 0.001

 It is more difficult 
for a doctor to read a 
mammogram

502 (52) 130 (41) 372 (58) < 0.001

 A mammogram often 
has to be repeated to get a 
better picture

462 (48) 135 (43) 327 (51) 0.020

 Other imaging tests are 
needed

485 (50) 135 (43) 350 (54) 0.001

 More likely to get breast 
cancer

189 (20) 35 (11) 154 (24) < 0.001

 Don’t know what it 
means

149 (16) 73 (23) 76 (12) < 0.001

Would or does having 
dense breasts make 
you worry about future 
breast cancer?

< 0.001

 Yes 323 (33) 81 (25) 242 (37)
 No 388 (40) 122 (38) 266 (41)
 I don’t know/No 
response

258 (27) 119 (37) 139 (21)

^ Breast Imaging Reporting and Data

*Never-dense = Did not receive a Breast Imaging-Reporting and Data System 
(BI-RADS) c or d in prior 5 years; Ever-dense = Received a BI-RADS c or d in the 
prior 5 years

† Not asked if responded not told, didn’t know, or didn’t respond to “Have you 
ever been told by a health care provider that you have “dense breasts”?”

**Not mutually exclusive categories
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Table 2 Demographic characteristics by BI-RADS^ breast 
density measured on mammography exams in 5 years prior to 
survey and categorized as never dense or ever dense
Characteristics Partici-

pants 
Overall

BI-RADS Breast 
Density Measured 
on Exams in Prior 

5 Years

p-
value

Never 
Dense*

Ever 
Dense*

n = 969 
(%)

n = 322 
(%)

n = 647 
(%)

Age, years < 0.001
 18–49 120 (12) 18 (6) 102 (16)
 50–64 390 (41) 112 (35) 278 (43)
 65–74 353 (37) 146 (46) 207 (32)
 75 or older 99 (10) 40 (13) 59 (9)
Race and Ethnicity 0.10
 Asian non-Hispanic 33 (3) 6 (2) 27 (4)
 Black non-Hispanic 44 (5) 11 (4) 33 (5)
 Hispanic/Latina 36 (4) 15 (5) 21 (3)
 White non-Hispanic 829 (87) 276 (88) 553 (87)
 Other or multiracial, 
non-Hispanic

9 (1) 5 (2) 4 (1)

Work Status 0.001
 Working full time 331 (35) 87 (27) 244 (38)
 Working part time 150 (16) 48 (15) 102 (16)
 Retired 404 (42) 161 (51) 243 (38)
 Unemployed/Disabled 71 (7) 22 (7) 49 (8)
Education < 0.001
 High school or less 111 (12) 54 (17) 57 (9)
 Some college 293 (30) 115 (36) 178 (28)
 4-year college 206 (21) 49 (15) 157 (24)
 > 4-year college 351 (37) 99 (31) 252 (39)
Urban/Rural Residence 0.186
 Urban 873 (90) 282 (88) 591 (91)
 Rural 96 (10) 40 (12) 56 (9)
Insurance Status < 0.001
 Medicare 427 (44) 179 (56) 248 (38)
 Medicaid/uninsured 30 (3) 11 (3) 19 (3)
 Private 507 (53) 128 (40) 379 (59)
Family History of Breast 
Cancer

0.117

 Yes 285 (30) 83 (27) 202 (32)
 No 667 (70) 229 (73) 438 (68)
State Breast Density Notifi-
cation Law

0.30

 Notifies for women with 
dense and non-dense breasts

507 (52) 178 (55) 329 (51)

 Notifies for women with 
dense breasts only

398 (41) 121 (38) 277 (43)

 No notification mandate 64 (7) 23 (7) 41 (6)
^ Breast Imaging Reporting and Data

*Never-dense = Did not receive a Breast Imaging-Reporting and Data System 
(BI-RADS) c or d in prior 5 years; Ever-dense = Received a BI-RADS c or d in the 
prior 5 years

Table 3 Clinical characteristics by BI-RADS^ breast density 
measured on mammography exams in 5 years prior to survey 
and categorized as never or ever dense
Characteristics Par-

ticipants 
Overall

BI-RADS Breast 
Density Measured 
on Exams in Prior 5 
Years

p-
value

Never 
Dense*

Ever 
Dense*

n = 969 
(%)

n = 322 
(%)

n = 647 
(%)

Breast Cancer Mode of 
Detection

0.008

 Self-Detection 238 (25) 69 (21) 169 (26)
 Screening 
Mammogram

654 (67) 236 (73) 418 (65)

 Other Clinical 
Detection

73 (8) 16 (5) 57 (9)

AJCC Stage† 0.020
 DCIS 186 (19) 55 (17) 131 (20)
 I 502 (52) 183 (58) 319 (50)
 II 185 (19) 51 (16) 134 (21)
 III 52 (5) 12 (4) 40 (6)
Prior Screening or 
Diagnostic MRI

0.006

 Yes 445 (46) 127 (40) 318 (49)
 No 521 (54) 192 (60) 329 (51)
Time From Diagnosis to 
First Surgery

0.464

 < 1 month 228 (24) 77 (25) 151 (24)
 1–2 months 441 (47) 146 (47) 295 (47)
 2–3 months 151 (16) 55 (18) 96 (15)
 > 3 months 127 (13) 35 (11) 92 (15)
First Cancer Surgery 
Type

< 0.001

 Lumpectomy 701 (72) 253 (79) 448 (69)
 Mastectomy (or 
double)

248 (26) 60 (19) 188 (29)

 No surgical treatment 18 (2) 7 (2) 11 (2)
Additional Treatment 
After First Surgery
 Mastectomy (unilateral 
or double)

62 (6) 22 (7) 40 (6) 0.669

 Radiation Therapy 609 (63) 202 (63) 407 (63) 0.462
 Hormone Therapy 457 (47) 147 (46) 310 (48) 0.403
 Chemotherapy 223 (23) 76 (24) 147 (23) 0.432
 Breast reconstruction 137 (14) 32 (10) 105 (16) 0.016
 No additional 
treatment

97 (10) 35 (10) 62 (10) 0.370

^ Breast Imaging Reporting and Data

*Never-dense = Did not receive a Breast Imaging-Reporting and Data System 
(BI-RADS) c or d in prior 5 years; Ever-dense = Received a BI-RADS c or d in the 
prior 5 years

† American Joint Committee on Cancer
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compared to women who were not willing to delay treat-
ment by 6 weeks (29%; 285/969 vs. 71%; 684/969).

Willingness to delay breast cancer treatment 6 or more 
weeks for pre-operative imaging did not differ by self-
report of breast density (odds ratio [OR]:0.99; 95% con-
fidence interval [CI]: 0.50–1.96 for non-dense vs. dense 
breasts; OR:0.79; 95%CI: 0.57–1.08 for “did not know” vs. 
dense breasts; Table 4). Waiting more than 3 months for 
treatment of their breast cancer was associated with an 
increased odds of being willing to delay treatment by 6 or 
more weeks (OR:2.18; 95%CI: 1.26–3.77). Receipt of che-
motherapy was associated with decreased odds of will-
ingness to delay treatment (OR:0.67; 95%CI: 0.46–0.96) 
and being retired vs. working full-time was associated 
with decreased odds of willingness to delay treatment 
(OR:0.69; 95%CI: 0.49–0.97). Factors not significantly 
associated with willingness to delay treatment included 
age, race/ethnicity, education, urban/rural residence, 
insurance status, family history of breast cancer, breast 
cancer mode of detection, AJCC diagnostic stage, state 
breast density reporting law, prior screening or diagnos-
tic MRI, breast cancer first surgery type, and additional 
treatment after first cancer surgery (except for chemo-
therapy). Unadjusted odds ratios for these can be found 
in the Appendix (supplementary Table 1).

Only 9% (90/969) of women did not provide an answer 
for at-least one treatment delay time point. In a sensi-
tivity analysis, categorization of these women did not 
impact our regression results when we included a wom-
an’s preference at each time point regardless of responses 
at other timepoints. When we excluded those who did 
not provide responses for all time points, results were 
minimally impacted with employment status “retired” no 
longer significantly associated with willingness to delay 
treatment (Supplementary Tables 2 and 3).

Table 4 Odds of being willing to delay breast cancer treatment 
6 or more weeks for additional testing (n = 911)^

Characteristics Unadjusted Adjusted
OR* (95% CI)** OR* (95% CI)**

Self-Report Dense Breasts
 Yes 1 [Reference] 1 [Reference]
 No 0.94 (0.49–1.80) 0.99 (0.50–1.96)
 Did not know/Was not told 0.73 (0.54–0.98) 0.79 (0.57–1.08)
Work Status
 Working fulltime 1 [Reference] 1 [Reference]
 Working part time 1.71 (1.15–2.56) 1.21 (0.80–1.83)
 Retired 0.69 (0.50–0.95) 0.69 (0.49–0.97)
 Unemployed/Disabled 0.64 (0.35–1.16) 0.56 (0.29–1.07)
Time From Diagnosis to First 
Surgery
 < 1 month 1 [Reference] 1 [Reference]
 1–2 months 0.93 (0.56–1.55) 0.96 (0.57–1.63)
 2–3 months 1.42 (0.91–2.23) 1.37 (0.85–2.20)
 > 3 months 2.31 (1.38–3.87) 2.18 (1.26–3.77)
Additional Treatment After 
First Surgery†

 Mastectomy (unilateral or 
double)

0.82 (0.46–1.48) -

 Radiation Therapy 0.89 (0.67–1.19) -
 Hormone Therapy 0.89 (0.68–1.18) -
 Chemotherapy 0.71 (0.50-1.00) 0.67 (0.46–0.96)
 Breast reconstruction 0.91 (0.61–1.36) -
 No additional treatment 1.05 (0.84–1.31) -
^ age, race/ethnicity, education, urban/rural residence, insurance status, family 
history of breast cancer, breast cancer mode of detection, AJCC diagnostic 
stage, state breast density notification law, prior screening or diagnostic MRI, 
breast cancer first surgery type, and additional treatment after first cancer 
surgery (except for chemotherapy) were tested but did not significantly 
contribute to the model

* Odds Ratio

** Confidence Interval

† not having the treatment is the reference for each category

Fig. 1 Length of time willing to delay breast cancer treatment for additional testing (n = 969)
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Discussion
Women are increasingly exposed to breast density infor-
mation yet breast density knowledge and its influence 
on attitudes toward pre-operative breast cancer imaging 
after a breast cancer diagnosis are poorly understood. 
Among a population of women who recently had a breast 
cancer diagnosis, we found that more than one-third of 
women with never-dense breasts reported being told 
they have dense breasts. While there is room for clini-
cal error in communication, these women never had a 
dense breast measurement in the past 5 years in a facility 
in our study. This implies women may be misunderstand-
ing breast density information shared with them, or that 
clinicians are not following up with all women to ensure 
they understand their individual risk factors for breast 
cancer. It is reasonable to expect that women who had a 
breast cancer in the last 6–18 months have more knowl-
edge of their breast density given increased interactions 
with their care teams regarding their breast health. Yet, 
over a quarter of women with dense breasts reported not 
being told or not knowing if they were told their den-
sity. These findings are like our previous work examining 
breast density knowledge in a screening population of 
women with no personal history of breast cancer [15]. 

We found that women’s self-reported breast density 
was not associated with willingness to delay breast can-
cer treatment 6 or more weeks for pre-operative imaging 
that could detect additional cancer in their breasts. How-
ever, only about half of the women in our sample under-
stood most of the implications of breast density including 
that other imaging tests beyond mammography may be 
needed to detect the full extent of malignancy. This indi-
cates that about half of women do not fully understand 
what breast density means in relation to pre-operative 
imaging during the diagnostic workup period.

Why so many women did not accurately know their 
breast density or implications of breast density is not 
clear. In our sample, 45% of women with clinically non-
dense breasts did not live in states where breast density 
notifications were required for women with non-dense 
breasts. For those who lived where they would have 
received a density notification, additional information 
about density implications may not have been included in 
their notification. There may not have been much incen-
tive for clinicians to discuss density and its implications 
further with these women given that their mammog-
raphy would generally have been considered sufficient 
imaging. However, two-thirds of women in our study did 
have a dense breast measurement in the past 5 years and 
94% of them lived in a state with mandatory density noti-
fications. This indicates that information about breast 
density in their notifications was not always understood 
and that breast density was not further discussed with 
their providers in a way that resulted in most women 

accurately retaining that information. Women may not 
ask providers about the breast density information in 
their notifications because they are worried or over-
whelmed by their breast cancer diagnosis [22, 23]. 

Studies have shown that breast ultrasound and MRI 
result in high rates of false-positives although a mul-
ticenter breast screening trial found that high false-
positive rates diminished over time as radiologists and 
clinical staff gained experience with adjunctive screening 
using ultrasound [24]. Additionally, a 2018 study found 
that false-positives from MRI had a higher probability of 
being due to high-risk atypical proliferative changes [25]. 
Breast MRI has been associated with a potential increase 
in the rate of overdiagnosis [26], but MRI of the contra-
lateral breast yields a high and reliable negative predictive 
value that may be helpful during the treatment plan-
ning period [27]. Thus, there is a tradeoff and a woman’s 
choice should be elicited when pre-operative imaging is 
clinically appropriate.

Pre-operative imaging does lengthen the time from 
diagnosis to first cancer treatment [2], and studies have 
had mixed findings on the impact of treatment delay 
on patient outcomes [28]. One study found that delay 
greater than 90 days for patients with non-invasive breast 
cancer did not lead to decreased survival [4]. A study 
using SEER Medicare claims found disease specific sur-
vival decreased by a relative 24% per month of delay [29]. 
A commonly accepted time to treatment following diag-
nosis is one month [2, 21]. While some countries such as 
The United Kingdom have this as a set guideline [21], the 
United States does not have a commonly agreed upon 
time standard given treatment initiation is disease and 
woman specific.

More than half (55%) of women in our sample were 
willing to delay treatment 4 weeks and almost a third 
of women were willing to delay treatment for 6 weeks. 
Placing more value on a test’s potential to detect cancer 
versus harms such as false-positives has been previously 
documented [30, 31]. Getting a breast cancer diagno-
sis is a stressful event in a woman’s life and may impact 
the ability to engage in decision-making [32]. Our prior 
work demonstrated that most women with a recent 
breast cancer diagnosis had some level of cancer worry 
and treatment decisional regret [33]. Additionally, a 
woman feeling overwhelmed following a cancer diagno-
sis or feeling that she does not have enough information 
and support can lead to the sense that she has inappro-
priate input in the treatment decision making process 
[34]. This emphasizes a need for supported and tailored 
clinical communications to ensure a woman is equipped 
to engage appropriately in the treatment decision making 
process.

Women’s preferences may be impacted by their expe-
rience with breast cancer. Those reporting waiting more 
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than 3 months from diagnosis to treatment for their 
breast cancer had increased odds of being willing to delay 
treatment by 6 or more weeks for additional testing. If 
a woman underwent chemotherapy treatment, she was 
less willing to delay treatment for adjunct pre-operative 
imaging. The larger a woman’s tumor size or the later her 
stage of cancer, the more likely it is that chemotherapy 
will be a recommended part of her treatment plan [35], 
and women may assign a lower value to pre-operative 
imaging that would delay treatment if they believe imag-
ing missed their cancer at an earlier stage.

There are other reasons for delayed treatment. Multiple 
studies found Black women have longer times to treat-
ment than White women [36, 37], but we did not find 
any difference in willingness to delay by race or other 
sociodemographic factors other than employment. The 
cost of pre-operative imaging is not always covered by 
insurance. However, through previous work we did not 
find that cost was an important factor in the cancer diag-
nostic workup and treatment decision making [33]. 

Our study had both strengths and limitations. We 
assessed a national sample representing multiple health-
care systems and practice norms, but our study sample 
was predominately white race and highly educated lim-
iting the potential generalizability of study findings. 
Women in our sample who have non-dense breasts may 
have had a mammogram indicating “dense breasts” prior 
to the five-year period included in our clinical data or 
from a non-BCSC facility. We did not ask about willing-
ness to delay treatment beyond 8 weeks, and thus, cannot 
distinguish the number willing to wait only 8 weeks from 
those willing to delay treatment longer for additional 
testing. However, the change in preferences between will-
ingness to wait 6 and 8 or more weeks was minimal.

We found that self-reported extent of breast density is 
not associated with willingness to delay treatment 6 or 
more weeks for pre-operative imaging, but components 
of a woman’s treatment experience, including waiting 
more than 3 months for treatment of their breast cancer 
and receipt of chemotherapy, increased and decreased 
respectively willingness to delay treatment for pre-oper-
ative imaging. This highlights the importance of clinical 
communication during the treatment planning period, 
which should consider women’s diagnostic and treatment 
experiences with breast cancer. There are multiple poten-
tial benefits and harms to delaying breast cancer treat-
ment for pre-operative imaging, and patient preferences 
should be incorporated into discussions about these trad-
eoffs during the treatment decision making process.
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