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Abstract

Background: Limited evidence exists about how to communicate breast density-informed breast cancer risk to women at ele-
vated risk to motivate cancer prevention. Methods: We conducted a randomized controlled trial evaluating a web-based in-
tervention incorporating personalized breast cancer risk, information on chemoprevention, and values clarification on che-
moprevention uptake vs active control. Eligible women aged 40-69 years with normal mammograms and elevated 5-year
breast cancer risk were recruited from Kaiser Permanente Washington from February 2017 to May 2018. Chemoprevention
uptake was measured as any prescription for raloxifene or tamoxifen within 12 months from baseline in electronic health re-
cord pharmacy data. Secondary outcomes included breast magnetic resonance imaging (MRI), mammography use, self-
reported distress, and communication with providers. We calculated unadjusted odds ratios (ORs) using logistic regression
models and mean differences using analysis of covariance models with 95% confidence intervals (CIs) with generalized esti-
mating equations. Results: We randomly assigned 995 women to the intervention arm (n ¼ 492) or control arm (n ¼ 503). The
intervention (vs control) had no effect on chemoprevention uptake (OR¼1.04, 95% CI ¼ 0.07 to 16.62). The intervention
increased breast MRI use (OR¼5.65, 95% CI ¼ 1.61 to 19.74) while maintaining annual mammography (OR¼0.98, 95% CI ¼ 0.75
to 1.28). Women in the intervention (vs control) arm had 5.67-times higher odds of having discussed chemoprevention or
breast MRI with provider by 6 weeks (OR ¼ 5.67, 95% CI ¼ 2.47 to 13.03) and 2.36-times higher odds by 12 months (OR ¼ 2.36,
95% CI ¼ 1.65 to 3.37). No measurable differences in distress were detected. Conclusions: A web-based, patient-level interven-
tion activated women at elevated 5-year breast cancer risk to engage in clinical discussions about chemoprevention, but up-
take remained low.

For nearly 2 decades, the US Preventive Services Task Force has
recommended use of chemoprevention agents to reduce pri-
mary breast cancer incidence among women at elevated-risk
breast cancer and low risk for adverse effects (1-4). However, US
chemoprevention rates remain low (5), despite compelling
results in multiple placebo-controlled trials (6,7).
Chemoprevention with tamoxifen, raloxifene, and aromatase
inhibitors reduces 5-year breast cancer risk by 30%-55% (3).
Identification of eligible women is a challenge in primary care

(8), and breast cancer risk assessment tools might support this
effort. Assessment tools, which incorporate both current breast
cancer risk factors and breast health education, are necessary
for clinical implementation and risk-informed care.

Personalized risk counseling and decision support among
women at elevated breast cancer risk could be coupled with
breast density notification as a potential means to increase the
clinical relevance and cancer prevention impact of density noti-
fications. Over the past decade, breast density has become more
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publicized as numerous states have passed legislation (and now
a federal law) (9) mandating that women be notified of their
density status (10-12). Density disclosure could serve as an op-
portunity to educate women who might otherwise be unaware
of their elevated breast cancer risk and to connect them with
guideline-concordant breast cancer risk management.

To fill this clinical need, we conducted a randomized con-
trolled trial (ENGAGED-2, ClinicalTrials.gov identifier:
NCT03029286) evaluating the efficacy of a web-based breast
cancer risk communication and decision-making tool on uptake
of chemoprevention compared with a control arm. Further, we
evaluated breast magnetic resonance imaging (MRI) use, mam-
mography maintenance, and patient-provider communication.
We also measured cancer-related distress to ensure that height-
ened distress was not an unintended consequence of trial
participation.

Methods

Trial Oversight

The protocol for this 2-arm randomized trial is published else-
where (13). Women provided verbal consent prior to completing
the baseline interview and electronic consent to the trial when
they accessed the study website. The trial was approved by the
Georgetown University institutional review board (IRB) commit-
tee as the IRB of record, with a partial waiver of informed con-
sent for recruitment activities. The Kaiser Permanente
Washington IRB ceded to the Georgetown University
Institutional Review Board. This study followed the

Consolidated Standards of Reporting Trials reporting guidelines
(14) (see Figure 1).

Study Population and Setting

Eligible women were aged 40-69 years with a recent normal
screening mammogram in 2016-2018 and were members of
Kaiser Permanente Washington, an integrated healthcare deliv-
ery system. At the time of the research study, Washington state
law did not mandate reporting of breast density. However,
Kaiser Permanente Washington included standard Breast
Imaging-Reporting and Data System (BI-RADS) (15) breast den-
sity assessments in the mammography report via the online pa-
tient portal.

Five-year breast cancer risk was calculated to determine
study eligibility using the Breast Cancer Surveillance
Consortium (BCSC) risk calculator (16), the only risk calculator
that incorporates breast density as a risk factor. Risk factors
self-reported at the screening mammogram and in the calcula-
tor included age, race and ethnicity, first-degree family history

of breast cancer, and history of breast biopsy. BI-RADS breast
density assessment was determined by the reading radiologist.

The final study population was restricted to women at ele-
vated risk of an interval breast cancer, considering both 5-year
BCSC risk and breast density (17). With interval breast cancer
rates of more than 1 case per 1000 screens, eligible women had
either an intermediate 5-year risk (1.67%-2.49%) and extremely
dense breasts or a high or very high 5-year risk (>2.50%) and ei-
ther heterogeneously dense or extremely dense breasts.

Figure 1. CONSORT diagram
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We excluded women with a personal history of invasive or
ductal carcinoma in situ breast cancer, lobular carcinoma in
situ, any other cancer diagnosis except nonmelanoma skin can-
cer, and a previous referral for cancer genetic counseling and/or
prior genetic testing as documented in electronic health records
(EHR) (18).

No intervention components were directed at the primary
care physician (PCP) or the healthcare system. However, the
study team presented the trial aims and design during a routine
continuing medical education module open to all PCPs and staff
prior to trial initiation. During participant recruitment, PCPs re-
ceived a letter stating their patient was recruited into the study
because of her breast density and breast cancer risk. Kaiser
Permanente Washington breast cancer screening guidelines at
the time of trial recommended that women with elevated breast
cancer risk consider chemoprevention and calculation of life-
time risk with a referral to oncology or clinical genetics (19).

Participant Recruitment

Women were randomly assigned 1:1 to the intervention or con-
trol arm at study sample identification and prior to recruitment
by study programmer using a computer algorithm. Study re-
cruitment materials, including letters and telephone scripts,
were drafted at a sixth-grade literacy level and edited by a plain
language consultant at Kaiser Permanente Washington Health
Research Institute (20). All eligible women were invited to par-
ticipate in a research study “because your recent mammogram
showed that you had dense breast tissue. Having dense breast
tissue, along with other risk factors (such as age, family history
or prior breast biopsy) means your risk of developing breast can-
cer is higher than average for a woman of your age and race.”
Eligible participants were told that if assigned to the interven-
tion arm, they would “learn about breast density, your personal
breast cancer risk, options for screening and prevention and
steps you can take to manage your risk.”

From February 2017 to May 2018, eligible participants were
mailed a study recruitment letter within 6 months of their most
recent normal mammogram (average ¼ 136 days, SD ¼ 23 days).
A study team member followed up by phone within a few days
to assess final eligibility and willingness to participate. All eligi-
bility criteria were reviewed, and 6.5% of women assigned to the
intervention arm and 6.8% of women assigned to the control
arm were ineligible at study recruitment (see Figure 1). Eligible
enrolled women completed a baseline telephone interview.
Women were then emailed a link to the study website where
they provided electronic informed consent. Women who com-
pleted baseline interviews but did not complete electronic con-
sent were mailed paper consent forms. Only women who
completed consent are included in the final study population
(see Figure 1) (21). Participants were blinded to their condition
until consented.

Study Intervention

Following International Patient Decision Aid Standards (22,23),
the intervention provided participants with 1) factual informa-
tion about breast cancer including severity and likelihood of
possible harms; 2) options for risk management, namely che-
moprevention and breast MRI; 3) explanation of risks and bene-
fits of each management option; 4) clarification of individual
preferences about the options (ie, value clarification); and 5)
guidance in using this information to make risk-management

decisions (13). Specifically, women in the intervention arm re-
ceived personalized 5- and 10-year BCSC breast cancer risk and
information about chemoprevention to mitigate breast cancer
risk and breast MRI. We did not have all relevant risk factors to
calculate lifetime breast cancer risk; hence, all women in the in-
tervention arm were provided with information about the use
of breast MRI in women with a lifetime risk of more than 20%.
Women were encouraged to speak to their PCP for a specialty
referral to calculate lifetime risk to determine eligibility.
Women could complete values clarification and patient activa-
tion in the form of a question prompt list to share with their
PCP. A printable summary of intervention content (personalized
risk estimates, values clarification, question prompt list) was
available at the end of the intervention to support patient-
provider communication (see Figures 2 and 3).

Women in the control arm were sent from the study consent
website to an American Cancer Society website with informa-
tion related to breast cancer risk and prevention and cancer
screening (24). Women in the control arm received their person-
alized risk information after study closure.

Measures

Clinical Outcomes

The primary outcome was chemoprevention uptake, measured
as receipt of any prescription for tamoxifen or raloxifene, based
on health plan pharmacy data. Secondary measures included
receipt of breast MRI and mammography. Use of breast MRI and
mammography were assessed using EHR data on receipt of
breast imaging within Kaiser Permanente Washington breast
imaging facilities or claims data from outside imaging facilities.
All outcomes were measured within 12 months of the baseline
interview.

Patient-Reported Outcomes

Study participants completed the baseline survey by telephone.
Subsequent surveys at 6 weeks and 12 months were completed
online, with telephone follow-up for nonresponders. Secondary
outcomes included measures of conversations with a healthcare
provider regarding chemoprevention and/or breast MRI and
cancer-related distress, all measured at 6 weeks and 12 months.
Patient-provider discussion of risk management was assessed
with the following 2 questions: “Have you discussed breast MRI
with your health care provider since our last interview? (Y/N)”
and “Chemoprevention means you taking medication to reduce
the risk of breast cancer. Have you discussed chemoprevention
with your health care provider since our last interview? This
would include medications such as tamoxifen (also known as
Nolvadex) or raloxifene (also known as Evista) (Y/N).” These items
were combined to create a composite variable. Cancer-related
distress was measured using a single-item distress thermometer,
adapted to cancer risk: “Please choose the number (from 0-10)
that best describes how much distress you have been experienc-
ing related to your cancer risk in the past week including today,
from 0 (no distress) to 10 (extreme distress)” (25).

Statistical Analysis

The trial was designed with an effective sample size of 990
women and 90% power to detect a difference of
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chemoprevention uptake rates corresponding to 3.3% in the in-
tervention arm and 0.5% in the control arm. Our trial accrued
995 participants.

We described demographics, breast cancer risk factors, and
5-year BCSC risk. We calculated frequencies for categorical vari-
ables and means (and standard deviations) for continuous

variables separately by study arm. We conducted a modified
intention-to-treat analysis including all randomly assigned and
consented participants (26). We used logistic regression models
with generalized estimating equations (GEE) to estimate odds
ratios (OR) and construct corresponding 95% confidence inter-
vals (CIs) for the associations of study arm with binary primary

Figure 2. Webpage content of ENGAGED-2 intervention displaying participant’s personalized breast cancer risk
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and secondary outcomes. Differences between mean cancer dis-
tress between study arms and corresponding 95% confidence
intervals were calculated using analysis of covariance with GEE,
adjusted for baseline cancer distress as a covariate. For all mod-
els, we used GEE with an exchangeable working correlation
structure to account for potential correlation of outcomes
within the same primary care provider (27,28). In sensitivity
analyses, we constructed exact 95% confidence intervals using
exact logistic regression models. Because of similarity of the
results, we only report the results from the logistic regression
models with GEE. In additional sensitivity analyses, we evalu-
ated the effect of excluding women who were diagnosed with
breast cancer during the 12-month follow-up. All analyses were
conducted using SAS, version 9.4 (SAS Institute, Cary, NC).

Results

Of the 2752 randomly assigned women, 995 (36.1%) completed
the baseline questionnaire and consented. They were used in
the modified intention-to-treat analysis, with 503 randomly
assigned to the control arm and 492 to the intervention arm
(Figure 1). In the intervention arm, 476 (96.7%) participants
reviewed all website intervention content. No data were avail-
able from control women because they were directed to a public
website.

Baseline demographics (eg, age, race and ethnicity, income,
and education) and breast cancer risk factors were similar
across study arms (Table 1), without any noticeable differences.
Nearly 99% of the women in both arms remained enrolled in
Kaiser Permanente Washington by the 12-month interview.
Breast cancer was diagnosed in 8 women in the intervention
arm and 2 women in the control arm.

Clinical Outcomes

At the 12-month postbaseline interview, only 1 intervention
participant and 1 control participant had any prescription for ta-
moxifen or raloxifene (unadjusted OR¼ 1.04, 95% CI ¼ 0.07 to
16.62) (Table 2). Further, 3.3% of intervention arm participants
and 0.6% of control arm participants received breast MRI. The
odds of receiving breast MRI in women in the intervention arm
were 5.65 times the odds in the control arm (OR ¼ 5.65, 95% CI ¼
1.61 to 19.74). Nearly all women who received breast MRI had a
5-year breast cancer risk of at least 2.5%. Among those with the
highest 5-year breast cancer risk, the odds of receiving breast
MRI were 4.54 times higher than the odds in the control arm (OR
¼ 4.54, 95% CI ¼ 1.26 to 16.33) (Table 2).

In assessing mammography maintenance, 49.1% of control
arm and 48.0% of intervention arm participants received a
mammogram within 12 months (OR¼ 0.98, 95% CI ¼ 0.75 to
1.28), with the primary indication of the mammogram for
screening (89.8% of intervention arm, 85.4% of control arm).

We found no meaningful differences in magnitude of reported
results for chemoprevention or breast imaging when we excluded
women diagnosed with breast cancer (data not shown).

Patient-Reported Outcomes

At the 6-week postbaseline interview, 5.3% of intervention and
less than 1% of control arm participants discussed chemopre-
vention with their provider (Table 2). Similar proportions had
discussed breast MRI with their provider. The odds of having a
discussion regarding chemoprevention and breast MRI at
6 weeks were 8.31 times (OR ¼ 8.31, 95% CI ¼ 2.50 to 27.63) and
5.22 times (OR ¼ 5.22, 95% CI ¼ 2.10 to 12.94) higher in the inter-
vention arm compared with the control arm, respectively
(Table 3). At 12 months, 13.9% of intervention and 3.9% of con-
trol arm participants discussed chemoprevention with pro-
viders (OR¼ 3.88, 95% CI ¼ 2.33 to 6.45). At 12 months, 17.0% of
intervention arm participants and 9.0% of control arm partici-
pants discussed breast MRI with their provider (OR¼ 2.07, 95%
CI ¼ 1.39 to 3.07). At both time points, most women who dis-
cussed breast MRI also discussed chemoprevention with their
providers.

Baseline measures of mean distress were similar in the in-
tervention and control arms (0.29 and 0.21 on a 0-10 scale, re-
spectively). Distress scores remained similar at the 6-week
survey (difference ¼ 0.08, 95% CI ¼ -0.11 to 0.27), increasing

Figure 3. Webpage content of ENGAGED-2 intervention of values clarification

from participants
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Table 1. Baseline demographic and clinical characteristics of participants stratified by intervention and control armsa

Characteristics
Intervention arm Control arm

(n¼ 492) (n¼ 503)

Demographic
Age, y, No. (%)

40-49 8 (1.6) 11 (2.2)
50-59 144 (29.3) 136 (27.0)
60-69 340 (69.1) 356 (70.8)
Mean (SD) 61.8 (5.02) 61.9 (5.15)

Race and ethnicity, No. (%)
White, non-Hispanic 465 (94.5) 478 (95.0)
Other 27 (5.5) 25 (5.0)

Education level, No. (%)
High school graduate or less 14 (4.6) 14 (4.3)
Some college 72 (23.5) 67 (20.7)
College graduate/postgraduate 221 (72.0) 243 (75.0)
Missing 185 179

Annual household income in zip code of
residence, No. (%)
� $40 000 41 (8.9) 45 (9.8)
$40 001-$80 000 206 (44.7) 179 (38.8)
>$80 001 214 (46.4) 237 (51.4)
Unknown/refusal 31 42

Breast cancer risk factors
Menopausal status, No. (%)

Premenopausal 40 (8.1) 35 (7.0)
Postmenopausal 452 (91.9) 468 (93.0)

Family history of breast cancer, No. (%)
No 184 (45.1) 199 (47.0)
Yes 224 (54.9%) 224 (53.0)
Missing 84 80

Breast density, No. (%)
Heterogeneously dense 283 (57.5) 271 (53.9)
Extremely dense 209 (42.5) 232 (46.1)

Prior breast biopsy, No. (%)
No 236 (48.0) 250 (49.7)
Yes 229 (46.5) 223 (44.3)
Unknown 27 (5.5) 30 (6.0)

BCSC 5-year breast cancer risk
Intermediate (1.67 to <2.50%), No. (%) 121 (24.6) 129 (25.6)
High (�2.50%), No. (%) 371 (75.4) 374 (74.4)
Mean (SD) 2.9 (0.7) 2.9 (0.7)
Median (Q1, Q3) 2.9 (2.5, 3.2) 2.8 (2.4, 3.2)
Min, Max 1.67, 5.41 1.67, 5.50

aPercentages are based on nonmissing data. BCSC ¼ Breast Cancer Surveillance Consortium; Q1 ¼ 1st quartile; Q3 ¼ 3rd quartile.

Table 2. Association of the intervention with 12-month clinical outcomesa

Clinical outcomes

Intervention arm Control arm

Unadjusted OR (95% CI)
No. (%) No. (%)

(n¼ 492) (n¼ 503)

Any chemoprevention 1 (0.2 1 (0.2) 1.04 (0.07 to 16.62)
Tamoxifen 1 (0.2) 0 —
Raloxifene 0 1 (0.2) —

Breast MRI 16 (3.3) 3 (0.6) 5.65 (1.61 to 19.74)
BCSC risk (5-year): 1.67% to <2.50% 3 (0.6) 0 —
BCSC risk (5-year): >2.50% 13 (2.6) 3 (0.6) 4.54 (1.26 to 16.33)

Any mammogram 236 (48.0) 247 (49.1) 0.98 (0.75 to 1.28)
Screening mammogram 212 (43.1) 211 (42.0) 1.05 (0.80 to 1.36)

aBCSC ¼ Breast Cancer Surveillance Consortium; CI ¼ confidence interval; MRI ¼magnetic resonance image; OR ¼ odds ratio.
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from baseline in both arms (Table 4). At 12 months, distress
measures had decreased and remained similar between study
arms (difference ¼ -0.12, 95% CI ¼ -0.27 to 0.04) (Table 4).

Discussion

In this randomized controlled trial of risk management among
women at elevated risk of breast cancer, our intervention led to
increased rates of patient-provider communication about breast
cancer risk management approaches (ie, both chemoprevention
and breast MRI). Despite this increase in communication, we ob-
served no difference in chemoprevention uptake and a modest
increase in MRI uptake. These positive findings occurred with-
out statistically significant elevations in distress or decrements
in mammography maintenance in a population of insured
women with recent normal mammograms.

Although our intervention increased women’s discussion of
chemoprevention with their PCPs, very few women received a
prescription for a chemoprevention agent. Although not directly
assessed in our study, barriers to chemoprevention uptake exist
across multiple levels of the healthcare system (29). Common
barriers among women include fear of adverse events (includ-
ing medication side effects), confusion regarding the purpose of
chemoprevention, and the need for continued adherence for
5 years (29). Among physicians, a lack of knowledge regarding
both risk assessment models and chemoprevention options can
decrease confidence in prescribing chemoprevention agents
(29). In a recent study of women who discussed chemopreven-
tion with a PCP, a recommendation by the PCP was the most in-
fluential factor impacting uptake (30). Our intervention
addressed several of these barriers but was not sufficient to
fully address all barriers, nor was it designed to identify addi-
tional barriers. Further studies should evaluate multilevel inter-
ventions that address the needs of both providers and women
to support optimal breast health via guideline-concordant che-
moprevention use.

The intervention increased breast MRI use, which might in-
dicate a patient and/or provider preference for additional imag-
ing for early detection, rather than chemoprevention to reduce
breast cancer incidence. Although the relative magnitude of the
effect of the intervention on breast MRI was large, overall rates
of use were low (<3.5%). The majority of women who received
breast MRI had high to very high risk based on the BCSC 5-year
risk thresholds. However, recommendations for breast MRI as
an adjunct to mammography are based on lifetime not 5-year
risk, so we do not know if use of breast MRI was appropriate.
Incorporation of breast cancer risk assessment within the EHR
might improve guideline-concordant breast cancer risk man-
agement but will only be useful if data are captured to reflect a
woman’s full history (eg, family history or personal past biopsy
history) (31). Previous studies have indicated overuse of breast
MRI in breast cancer screening in women with a family history
alone who do not meet lifetime risk thresholds (32,33). Further
integration of breast cancer risk, EHR tools, and clinical discus-
sion would help identify women both eligible for chemopreven-
tion and guideline-recommended adjunct breast MRI to
mammography to reduce potential for overuse of imaging.

We observed no differences in annual mammography main-
tenance between the intervention and control arms. Some
women mistrust mammography in the current climate of in-
creased breast density awareness because of concerns about
mammography’s ability to find breast cancer (34). Hence, our in-
tervention had the intended impact of providing balanced edu-
cation about breast density and cancer risk that did not further
alarm women about inaccuracies of mammograms while reas-
suring that continuing to screen with mammography was their
first line of detection.

Our study population was primarily White with high educa-
tion and socioeconomic status and completely insured and re-
ceiving care in an integrated healthcare system. Our study
results might not be applicable in other populations, particu-
larly in communities of color or in other healthcare systems,
whether these be federally qualified healthcare centers or

Table 3. Association of the intervention with survey outcomes at 6 weeks and 12 monthsa

Survey outcomes

Intervention arm Control arm

Unadjusted OR (95% CI)
No. (%) No. (%)

(n¼ 492) (n¼ 503)

Discussion with a provider by 6 weeks
Chemoprevention 24 (5.3 3 (0.7) 8.31 (2.50 to 27.63)
Breast MRI 29 (6.3) 6 (1.3) 5.22 (2.10 to 12.94)
Any conversation 37 (8.1) 7 (1.5) 5.67 (2.47 to 13.03)

Discussion with a provider by 12 months
Chemoprevention 57 (13.9) 17 (3.9) 3.88 (2.33 to 6.45)
Breast MRI 70 (17.0) 39 (9.0) 2.07 (1.39 to 3.07)
Any conversation 89 (21.8) 45 (10.4) 2.36 (1.65 to 3.37)

aCI ¼ confidence interval; MRI ¼magnetic resonance image; OR ¼ odds ratio.

Table 4. Association of the intervention on measures of patient-reported distress at 6 weeks and 12 months

Survey outcomes

Intervention arm Control arm

Adjusted Mean Difference (95% CI)a
Mean (SD) Mean (SD)
(n¼ 492) (n¼ 503)

Distress at 6 weeks 0.72 (1.66) 0.61 (1.51) 0.08 (-0.11 to 0.27)
Distress at 12 months 0.36 (1.13) 0.47 (1.34) �0.12 (-0.27 to 0.04)

aDifferences (ie, Intervention - Control) in mean distress ratings, adjusted for baseline distress ratings. CI ¼ confidence interval.
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settings with less continuity of care. Nonetheless, adaption of
our study intervention within these communities could have a
great benefit in improving women’s knowledge of personal
breast cancer risk, engagement with clinicians, and access to
chemoprevention. We used the BCSC risk calculator for per-
sonal 5- and 10-year breast cancer risk, which has been vali-
dated in other populations of women of color (35). The
calculator is available online, such that healthcare providers
could use at their discretion with any patient regardless of set-
ting. Our study generated conversations with clinicians, and
these results would likely hold regardless of setting, as the in-
tervention acted as a prompt. Ensuring that clinicians are pre-
pared for these conversations is essential. For example, a
challenge in federally qualified healthcare centers might be ap-
propriate support for primary care physicians who might not
sufficiently feel confident in prescribing and managing chemo-
prevention. Further, prescribing chemoprevention must take
into account the balance of risks and benefits, with the risks po-
tentially higher in some populations (36,37). Hence, developing
appropriate referral patterns would need to be established.
Nonetheless, continued engagement, testing, and evaluation of
breast health resources for historically underrepresented com-
munities should be a priority in breast health research.

Our study had several key strengths including a well-
developed, patient-centered intervention; high response rate by
participants across multiple surveys; low attrition because of
disenrollment; and rigorous assessment of key outcomes
through EHR data sources. However, there are some limitations.
First, in the intervention, we were unable to provide lifetime
risk of breast cancer, because of the unavailability of certain risk
factors (ie, age at first menstrual period and first birth) in rou-
tinely collected data using tools like the breast cancer risk as-
sessment tool (38). Our intervention messaging clearly
indicated to women that their lifetime risk of breast cancer
would need to be calculated to warrant imaging with breast
MRI. Further, we did not specifically evaluate aromatase inhibi-
tor prescriptions as chemoprevention outcome, because the
medication was not yet FDA approved as chemoprevention and
on formulary at Kaiser Permanente Washington during the
study time period. Second, we previously published that our
study population had a high level of awareness of breast density
(39) and was demographically homogenous by race and ethnic-
ity, education, and insurance status (40). Further, women
needed to access online information to participate in the study.
In general public, breast density awareness remains low (34),
specifically among women of color and without college educa-
tion (41). The effectiveness of our intervention in other
healthcare settings and more heterogenous populations should
be tested prior to widespread implementation and dissemina-
tion. Third, our intervention was delivered at the patient level,
and we did not target the physician, the clinical delivery sys-
tem, or known barriers. Some ongoing studies are already eval-
uating chemoprevention uptake using dual patient- and
physician-targeted education interventions with results forth-
coming (42). Finally, our study randomly assigned women prior
to informed consent, such that we could expedite participant
access to study website at enrollment. Because of this, our anal-
ysis was a modified intent-to-treat analysis among those ran-
domly assigned, enrolled, and consented. Given the proportions
of ineligible and active or passive refusal were similar in both
the intervention and control arm, our results suggest that allo-
cation to study arm did not affect the decision to consent and
the intent to receive the intervention, such that a modified
intent-to-treat analysis was appropriate (43). Further, we note

the similarity in baseline characteristics of the study arms
among those enrolled and consented. Given the large number
of women impacted by breast density notification legislation
and potentially eligible for chemoprevention based on current
guidelines, further research should continue to evaluate inter-
ventions that best support women and PCPs in clinical manage-
ment of breast cancer risk.

In summary, although the uptake of chemoprevention
remained low among women at elevated breast cancer risk, in-
tervention arm participants were activated to initiate conversa-
tions with their PCPs, without increasing their personal distress
or reducing return for routine screening mammography. Given
nearly 2 decades of US Preventive Services Task Force recom-
mendations for chemoprevention, further efforts are needed to
understand and address multilevel barriers to chemoprevention
uptake and clinical integration.
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