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Abstract

Significant under-utilization of breast cancer chemoprevention remains, despite guidelines stating 

that physicians should recommend chemoprevention with anti-estrogen therapy to high-risk 

women. We randomized women, age 35-75 years, who met high-risk criteria for breast cancer, 

without a personal history of breast cancer or prior chemoprevention use, to standard educational 

materials alone or combined with a web-based decision aid. All healthcare providers, including 

primary care providers and breast specialists, were given access to a web-based decision support 

tool. The primary endpoint was chemoprevention uptake at 6 months. Secondary outcomes 

included decision antecedents (perceived breast cancer risk/worry, chemoprevention knowledge, 

self-efficacy) and decision quality (decision conflict, chemoprevention informed choice) based 

upon patient surveys administered at baseline, 1 and 6 months after randomization. Among 282 
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evaluable high-risk women enrolled from November 2016 to March 2020, mean age was 57 

years (SD, 9.9) and mean 5-year invasive breast cancer risk was 2.98% (SD, 1.42). There was 

no significant difference in chemoprevention uptake at 6 months between the intervention and 

control groups (2.1% vs. 3.5%). Comparing the intervention and control arms at 1 month, there 

were significant differences among high-risk women in accurate breast cancer risk perceptions 

(56% vs. 39%, p=0.017), adequate chemoprevention knowledge (49% vs. 27%, p<0.001), mean 

decision conflict (34.0 vs. 47.0, p<0.001), and informed choice (41% vs. 23%, p=0.003). These 

differences were no longer significant at 6 months. Although our decision support tools did 

not result in a significant increase in chemoprevention uptake, we did observe improvements in 

decision antecedents and decision quality measures.

INTRODUCTION

Breast cancer is the most common malignancy and second leading cause of cancer-related 

death among women in the U.S. with an estimated 281,550 new cases and 43,600 deaths due 

to breast cancer in 2021.[1] Chemoprevention with selective estrogen receptor modulators 

(SERMs), such as tamoxifen and raloxifene, and aromatase inhibitors (AIs), such as 

anastrozole and exemestane, given for 5 years have been shown in randomized controlled 

trials to reduce breast cancer incidence by 40-65% among high-risk women.[2-6] Based 

upon the strength of this evidence, the U.S. Preventive Services Task Force (USPSTF) and 

other professional organizations state that physicians should recommend SERMs or AIs 

to high-risk women for breast cancer risk reduction.[7-9] However, these guidelines have 

not been widely adopted in primary care, with less than 5% of high-risk women offered 

anti-estrogen therapy agreeing to take these medications.[10]

Approximately 15% of women in the U.S., age 35-79 years, meet high-risk criteria for 

breast cancer and are potentially eligible for chemoprevention.[11] There are a number of 

established breast cancer risk assessment tools, such as the Gail model, which account 

for a woman’s age, race/ethnicity, first-degree family history of breast cancer, benign 

breast biopsies, and reproductive factors.[12] Eligibility criteria for participation in the U.S. 

chemoprevention trials included women with a 5-year invasive breast cancer risk ≥1.67% 

according to the Gail model or history of lobular carcinoma in situ (LCIS).[2, 4]

Barriers to chemoprevention uptake include the lack of routine breast cancer risk assessment 

in the primary care setting, insufficient knowledge about SERMs and AIs among high-risk 

women and primary care providers (PCPs), time constraints, competing comorbidities, and 

concerns about side effects.[10, 13] In order to address these barriers, we have developed 

web-based clinical decision support (CDS) tools, RealRisks and BNAV (Breast cancer risk 

NAVigation), for patients and healthcare providers, respectively, which are designed to be 

used outside of the clinical encounter to engage patients and providers in shared decision-

making about breast cancer chemoprevention. In an initial pilot study with a pretest-posttest 

design, exposure to RealRisks was associated with a significant improvement in breast 

cancer risk perceptions and chemoprevention knowledge, with nearly a quarter of high-risk 

women expressing interest in taking chemoprevention.[14] In the current study, we aimed to 

test the effects of the CDS tools on chemoprevention uptake, with all healthcare providers 
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given access to BNAV and high-risk patients randomized to standard educational materials 

alone or in combination with RealRisks. We hypothesized that exposure to these CDS tools 

would lead to increased chemoprevention uptake among high-risk women.

MATERIALS AND METHODS

Study Design

We enrolled 50 healthcare providers and 300 high-risk women (unit of randomization), 

who were randomized 1:1 and stratified by Hispanic ethnicity and menopausal status 

to the web-based decision aid, RealRisks, combined with standard educational materials 

or a control arm of standard educational materials alone. All healthcare providers at 

Columbia University Irving Medical Center (CUIMC), including those enrolled and not 

enrolled in our trial, were given access to the BNAV decision support tool via the 

Ambulatory Medicine dashboard within our electronic health record (EHR). Both patients 

and providers were enrolled from the primary care clinics (internal medicine, family 

medicine, gynecology) and breast clinics/mammography at CUIMC in New York City. 

For more details, the trial protocol is previously described.[15] Written informed consent 

was obtained from all enrolled patients and healthcare providers. This study was approved 

by the institutional review board at CUIMC in accordance with the Belmont Report, the 

randomized controlled trial was conducted in accordance with CONSORT guidelines, and 

registered at clinicaltrials.gov (ClinicalTrials.gov identifier NCT03069742).

Study Sample

Patient eligibility criteria included: 1) women, age 35-75 years; 2) 5-year invasive breast 

cancer risk ≥1.67% according to the Gail model or a personal history of LCIS; 3) no prior 

SERM or AI use; 4) no personal history of breast cancer; 5) English- or Spanish-speaking; 

6) healthcare provider at CUIMC; 7) access to the internet. Healthcare providers included 

PCPs, such as internists, family practitioners, and gynecologists, and specialists, such as 

breast surgeons, medical oncologists, and nurse practitioners, who saw high-risk women in 

their clinics at CUIMC.

Recruitment

High-risk women were identified through a variety of strategies[16]: 1) in-person 

recruitment and breast cancer risk assessment during screening mammography[17]; 2) 

collection of breast cancer risk factors from the EHR among women undergoing screening 

mammography[18]; 3) identification of women with high-risk benign breast lesions, such 

as atypical hyperplasia (AH) and LCIS, via ICD-9/10 diagnostic codes[19]; 4) screening 

clinic schedules of enrolled providers with direct referral of patients; 5) self-referrals from 

high-risk women responding to recruitment flyers and online resources. Potential healthcare 

providers were identified through faculty email listservs for our target clinics.

Study Intervention

All participating patients received standard educational materials in paper/electronic format 

in English or Spanish, consisting of a brochure for the CUIMC high-risk breast clinic 

and information on breast cancer chemoprevention from the Susan G. Komen foundation. 
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Patients in the intervention group received the RealRisks patient-facing decision aid (DA), 

which is comprised of interactive modules on risk (definitions of risk and breast cancer risk 

factors) and chemoprevention (information on SERMs and AIs and risk/benefit profiles), 

which are tailored to a woman’s personalized breast cancer risk. Each module presents 

information as a narrative in graphic novel format (“light”) and detailed text explanations 

with visual aids (“dense”). Additional features to account for varying health and computer 

literacy include text to hover over to view definitions of key terms in the narrative, audio 

buttons, Spanish translations, and explanatory videos to navigate through the tool. The breast 

cancer risk module collects self-reported breast cancer risk factors to calculate absolute 5-

year and lifetime invasive breast cancer risk according to the Gail model, with an interactive 

“clicking” game to demonstrate personalized breast cancer risk using a pictograph of 

100 figures.[20] The chemoprevention module demonstrates the patient’s individualized 

risks and benefits of SERMs and AIs and includes a “preference elicitation” game where 

patients input their chemoprevention intention and weigh factors that are important in 

decision-making. After completing the RealRisks modules, a PDF summary of the patient’s 

personalized breast cancer risk information is generated, as an action plan to be presented at 

the next scheduled clinic visit with her healthcare provider.[15]

All healthcare providers had access to the BNAV tool through a link-out in the EHR 

Ambulatory Medicine dashboard at CUIMC. BNAV consists of educational modules on 

breast cancer risk and chemoprevention, as well as breast cancer screening, genetic testing, 

and risk communication. Providers with patients randomized to the intervention arm who 

completed RealRisks are able to view personalized risk reports through a secure patient list 

within BNAV. More details on the CDS tools are previously described.[15]

Data Collection

Study questionnaires were administered to patients at baseline, 1 and 6 months after 

randomization. The baseline questionnaire included questions on sociodemographics (age, 

race/ethnicity, educational level), breast cancer risk factors (age of menarche, age of first 

live birth, menopausal status, benign breast disease, first-degree family history of breast 

cancer), and validated measures for health literacy[21], subjective numeracy[22], and 

acculturation.[23] Decision antecedents, such as perceived breast cancer risk[24], breast 

cancer worry[25, 26], chemoprevention knowledge[27], and decision self-efficacy[28] were 

assessed at all 3 timepoints. Decision quality measures, such as decision conflict[29] and 

informed choice[27] were assessed at 1 and 6 months post-randomization.

Healthcare providers completed a baseline survey on demographics and practice 

characteristics, including medical specialty, number of years since completing medical 

training and using an EHR, use of breast cancer risk assessment tools and experience 

prescribing chemoprevention with SERMs or AIs, and a validated measure of the provider’s 

confidence in communicating risk to their patients.[30]

Outcomes

The primary outcome was chemoprevention uptake with initiation of a SERM or AI within 

6 months after randomization, as assessed by EHR log and self-report. Secondary endpoints 
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included validated patient-reported outcomes: 1) perceived breast cancer risk[24]; 2) breast 

cancer worry[25, 26]; 3) chemoprevention knowledge[27]; 4) self-efficacy[28]; 5) decision 

conflict[29]; 6) informed choice.[27]

Statistical Analyses

The primary endpoint is chemoprevention uptake at 6 months between the intervention and 

control arms. With a sample size of 300 patients (150 per arm), we had >80% power to 

detect a difference in chemoprevention uptake at 6 months of 1% in the control arm and 

10% in the active intervention arm, assuming a type 1 error of 5% and a 10% unevaluable 

rate (effective sample size of 270). The primary analysis was based upon intent-to-treat 

principle. Frequency distributions and summary descriptive statistics were calculated for 

all baseline characteristics and secondary endpoints for both study arms. We determined 

associations between study arms and categorical outcome variables using chi-squared tests 

and continuous outcome variables using t-tests or non-parametric analog. All statistical 

analyses were performed using SAS, version 9.4 (SAS Institute, Cary, NC).

Data Availability Statement

The data generated in this study are available upon request from the corresponding author.

RESULTS

From November 2016 to March 2020 (Figure 1), we screened 3459 patients from 5 

different recruitment sources: 1) high-risk women identified via the EHR (N=1309, 

37.8%), 2) referrals from enrolled providers (N=1015, 29.3%), 3) women from screening 

mammography (N=564, 16.3%), 4) women with AH or LCIS (N=517, 15.0%), 5) women 

responding to recruitment flyers and online resources (N=54, 1.6%).[16] Among the 300 

consented patients, 134 (44.7%) were referrals from enrolled providers, 82 (27.3%) were 

from screening mammography, 35 (11.7%) were identified via the EHR, 31 (10.3%) had 

AH or LCIS, and 18 (6.0%) responded to recruitment flyers and online resources, with 290 

(96.7%) completing the baseline survey. Among these women, 8 were found to be ineligible 

(4 due to bilateral mastectomies, 2 not meeting high-risk criteria for breast cancer, 2 with 

active malignancy), leaving 282 evaluable patients: 253 (90%) completed the 1-month 

survey and 246 (87%) completed the 6-month survey, with slightly better retention in 

the control arm. In the intervention group, 74% of women completed all of the modules 

of RealRisks and 6% partially completed based upon usage logs. Among 660 healthcare 

providers screened in the primary care and breast clinics at CUIMC, 50 were consented and 

45 completed their baseline survey.

Baseline characteristics of evaluable patients and providers are presented in Tables 1 

and 2, respectively. The mean age was 57.4 years (SD, 9.9), with the majority (60%) 

being postmenopausal. The study population was racially/ethnically diverse with 59% non-

Hispanic White, 14% non-Hispanic Black, and 21% Hispanic. In terms of breast cancer risk 

factors, about two-thirds had a history of benign breast disease and 64% of women had a 

first-degree family history of breast cancer. Overall, the mean 5-year invasive breast cancer 

risk was 2.98% (SD, 1.42). Among the 45 evaluable providers, the mean age was 44 years 
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(SD, 13.3). The majority were female (73%), non-Hispanic White (69%), internists (67%), 

and were more than 5 years since completing medical training (60%). Most providers (82%) 

had been using the EHR for over 5 years and were willing to try new technologies. In terms 

of practice patterns for breast cancer risk assessment and prescribing of chemoprevention, 

less than half (44%) had ever used the Gail model and about a quarter (24%) had ever 

prescribed anti-estrogen therapy for breast cancer chemoprevention. The most common 

reasons for not prescribing chemoprevention included preferring to refer high-risk patients to 

a specialist (66%), not comfortable prescribing chemoprevention (55%), and not identifying 

high-risk patients in whom chemoprevention was indicated (24%). On a scale of 1-6, their 

mean confidence in risk communication was 3.80 (SD, 0.10).

In terms of the primary endpoint (Table 3), chemoprevention uptake at 6 months was not 

significantly different between the intervention and control arms (2.1% vs. 3.5%, p=0.735). 

For secondary endpoints, decision antecedents such as breast cancer risk perceptions, breast 

cancer worry, self-efficacy, and chemoprevention knowledge were not significantly different 

at baseline between the intervention and control arms. About a third of women had accurate 

breast cancer risk perceptions and about half over-estimated their risk at baseline. After 

exposure to RealRisks, accurate breast cancer risk perceptions improved in the intervention 

group compared to the control group with short-term follow-up (56% vs. 39%, p=0.017). 

At baseline, adequate chemoprevention knowledge was low in both groups (18%), which 

improved in the intervention arm compared to the control arm at 1 month (49% vs. 17%, 

p<0.001). There were no significant differences in breast cancer worry and self-efficacy 

between the arms. In terms of decision quality measures, mean decision conflict score was 

lower in the intervention group compared to the control group with short-term follow-up 

(34.0 vs. 47.0, p<0.001). In addition, chemoprevention informed choice was higher in the 

intervention compared to the control arm (41% vs. 23%, p=0.003). Differences between the 

intervention and control arms in all of these patient-reported outcomes were not sustained at 

6 months.

DISCUSSION

There was no significant difference in chemoprevention uptake at 6 months after exposure to 

RealRisks plus standard educational materials and BNAV vs. standard educational materials 

and BNAV, with uptake of SERMs or AIs remaining below 5% in both groups. With 

short-term follow-up, exposure to RealRisks was associated with a significant improvement 

in decision antecedents, such as accurate breast cancer risk perceptions and adequate 

chemoprevention knowledge, and decision quality, namely reduced decision conflict and 

increased informed choice. However, these differences were no longer significant at 6 

months.

Our finding of low chemoprevention uptake among high-risk women is consistent with 

the prior literature. Intervention trials of CDS tools targeting both patients and providers 

designed to increase chemoprevention uptake have met with limited success. A web-based 

DA called Guide to Decide which informed high-risk postmenopausal women about the 

risks and benefits of SERMs yielded only 0.5% uptake.[31] The Ready, Set, GO GAIL! 
project involved systematic screening of over 5700 women by PCPs using the Gail 
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model.[32] About 15.2% of women were identified as high-risk, with 14.7% referred 

for specialized risk counseling, 6.4% completing the consultation, and 2% starting a 

SERM. The BreastCARE intervention used a tablet-based patient-facing tool that generated 

individualized breast cancer risk reports for patients and their providers.[33] In a randomized 

controlled trial of the BreastCARE intervention compared to usual care among 1235 women 

(age 40-74 years) screened in the primary care setting, more high-risk women were referred 

for specialized risk counseling with the intervention compared to the control arm (18.8% vs. 

4.1%). However, discussions about chemoprevention were still limited (1% vs. 0%).

Our study is unique in that we implemented multiple strategies for identifying women at 

high-risk for breast cancer in the primary care setting[17, 18, 34] and we targeted a racially/

ethnically diverse patient population with a patient-facing DA, which is available in English 

and Spanish and has been rigorously tested among women of varying health literacy and 

numeracy.[14, 20, 35] Given that breast cancer chemoprevention is not widely adopted in the 

primary care setting, more effective tools are needed to inform both patients and providers 

about the risks and benefits of SERMs and AIs for primary prevention. Our web-based CDS 

tools, RealRisks and BNAV, were designed to address these chemoprevention knowledge 

gaps in patients and providers, respectively, and help them engage in informed shared 

decision-making.

Among our enrolled providers, we found that less than half had ever used the Gail model 

for breast cancer risk assessment and less than a quarter had ever prescribed SERMs or AIs 

for chemoprevention. The majority did not feel comfortable prescribing SERMs or AIs and 

preferred to refer high-risk patients to specialists to discuss chemoprevention. Studies that 

involved breast cancer risk counseling by specialists reported chemoprevention uptake rates 

ranging from 11% to 58%.[36-42] Therefore, higher uptake may be achieved with healthcare 

providers that have sufficient knowledge about breast cancer risk and prevention strategies. 

Since many community practices may not have access to high-risk clinics, PCPs who are 

at the frontline of chronic disease prevention will need to be trained on how to identify 

women who meet high-risk criteria and feel comfortable with prescribing SERMs and AIs 

for chemoprevention. This professional education may need to occur early during medical 

school or residency training or through continuing medical education (CME).

PCPs often screen for atherosclerotic cardiovascular disease (ASCVD) risk factors and 

prescribe aspirin and statins to patients who meet high-risk criteria for primary prevention of 

cardiovascular events. For example, statins are recommended in individuals at intermediate 

to high-risk for CVD, with a 10-year risk of 7.5% or higher according to the 2013 American 

College of Cardiology/American Heart Association (ACA/AHA) ASCVD risk calculator.

[43] Compared to the low uptake of chemoprevention among high-risk women[10], uptake 

of statins for the prevention of cardiovascular events among high-risk individuals was 

over 40%.[44] The reason for these differences are likely multifactorial, including greater 

awareness of statins among patients and providers, greater comfort level for assessing 

ASCVD risk and prescribing of statins among PCPs, and availability of a surrogate marker 

with serum LDL cholesterol to assess ASCVD risk and response to statins. Breast cancer 

risk assessment with a number of well-validated risk calculators, such as the Gail model[12], 

may not be widely implemented in the primary care clinics. Therefore, more efficient and 
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automated methods for breast cancer risk assessment are needed to reduce clinical burden 

to PCPs, who need to manage multiple chronic conditions. Currently, there are no surrogate 

biomarkers to assess breast cancer risk and response to chemoprevention available in the 

clinical setting, although various circulating biomarkers and mammographic density are 

under investigation.[45]

Concerns about side effects is another major barrier to chemoprevention uptake. In addition 

to menopausal symptoms with both SERMs and AIs, rare but serious side effects of 

tamoxifen include an increased risk of thromboembolic events and endometrial cancer[2, 4], 

whereas AIs have been associated with increased musculoskeletal symptoms, osteoporosis, 

hyperlipidemia, and hypertension among high-risk postmenopausal women.[5, 6] Low-dose 

tamoxifen at 5mg daily for 3 years (compared to the standard dose of 20mg daily for 

5 years) was recently shown in a randomized controlled trial of women with atypical 

hyperplasia, lobular or ductal carcinoma in situ to reduce breast cancer incidence by about 

50%.[46] It remains to be seen whether low-dose tamoxifen will gain greater acceptance 

among these high-risk women.

In our initial pilot study of RealRisks, our high-risk population, which was mainly identified 

through screening mammography, had a median age of 64 years (range, 49-74) and a 

median 5-year invasive breast cancer risk of 2.2% (range, 1.75-5.60).[14] For the current 

randomized controlled trial, we specifically tried to target younger, healthier women and 

those who were at higher risk for breast cancer, since this is the patient population that 

is more likely to benefit from chemoprevention. Current USPSTF and American Society 

of Clinical Oncology (ASCO) guidelines recommend targeting women who have a 5-year 

invasive breast cancer risk of 3% or higher for chemoprevention, a higher threshold 

compared to eligibility criteria in the chemoprevention trials since these women are more 

likely to have a favorable risk-benefit profile with SERMs and AIs.[7, 8] The mean 5-year 

invasive breast cancer risk in our study population was under 3%. Therefore, we may have 

been able to achieve higher chemoprevention uptake by targeting women at higher risk 

for breast cancer. For example, women with high-risk benign breast lesions, such as AH 

or LCIS derive up to a 70-80% relative risk reduction in breast cancer with SERMs and 

AIs.[2, 5, 6, 47, 48]

Although we did not observe a significant change in chemoprevention uptake at 6 

months, we did observe significant improvement with short-term follow-up in decision 

antecedents, such as accurate breast cancer risk perceptions and adequate chemoprevention 

knowledge, and decision quality, with reduced decision conflict and increased informed 

choice. The chemoprevention trials of SERMs and AIs only demonstrated a reduction in 

breast cancer incidence among high-risk women, but no significant reduction in breast 

cancer-specific or all-cause mortality.[2-6] Due to this body of evidence, professional 

organizations recommend that clinicians engage in informed shared decision-making about 

chemoprevention with high-risk women, rather than prescribing SERMs and AIs to all 

eligible women.[7-9, 49] Engaging in shared decision-making about chemoprevention may 

be challenging due to a lack of knowledge about SERMs and AIs and time constraints 

during the clinical encounter among PCPs. During a National Cancer Institute, Division of 

Cancer Prevention Think Tank[50], specific emphasis was placed on risk-stratified cancer 
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prevention and targeting high-risk women with AH and LCIS using “physician education 

or patient decision aids with a goal of achieving informed decision-making.” Therefore, 

improving chemoprevention informed choice may be a more appropriate measure than 

actual uptake of SERMs or AIs among high-risk women.

Strengths of our study include the relatively large sample size, the racially/ethnically 

diverse patient population, and rigorous randomized controlled study design with the use of 

well-validated measures. We did not specifically exclude high-risk women who were breast-

feeding, taking oral contraceptives, or hormone replacement therapy and did not collect this 

information at baseline. However, we believe the number of these women enrolled would 

be small, since we were targeting women who were considering anti-estrogen therapy for 

chemoprevention at the time of enrollment. We did exclude the following patients from our 

analysis given that they are not candidates for chemoprevention: women with prior bilateral 

mastectomy, those who did not meet high-risk criteria, and those with active malignancy, 

Limitations of our study include the relatively short-term follow-up of 6 months, given that 

decisions about cancer prevention among high-risk individuals may require longer follow-up 

compared to treatment decisions among cancer patients. We conducted this trial at a single 

academic institution with access to a high-risk breast clinic, so our results may not be 

generalizable to other geographic or clinical settings. All of the healthcare providers at 

CUIMC, including those enrolled and not enrolled in our trial, had access to the BNAV 
decision support tool via the EHR, which may have dampened the effect of our study 

intervention. However, chemoprevention uptake in our control arm remained low at under 

5%. We also had higher than anticipated loss to follow-up, particularly in the intervention 

arm, and the completion rate of RealRisks was under 80%. Although we tried to make the 

DA accessible to diverse patients, access to technology and poor computer literacy may have 

posed additional barriers to certain high-risk women. We also did not directly link patient 

access to RealRisks with scheduled clinic appointments with their providers, which may 

have further dampened the impact of the study intervention. Only 33% of patients had a 

clinical encounter scheduled with their healthcare provider before or within a month of the 

6-month evaluation. In order to reinforce long-term compliance to chemoprevention for up 

to 5 years, a more sustainable patient intervention, such as automated reminders for patients 

to revisit the RealRisks decision aid prior to their clinic visit, which is integrated into clinic 

workflow may be necessary.

In a follow-up study (clinicaltrials.gov identifier, NCT04496739), we are conducting an 

ongoing cluster randomized controlled trial of RealRisks and BNAV among high-risk 

women with AH or LCIS and their healthcare providers, respectively. The primary outcome 

is patient-reported chemoprevention informed choice at 6 months and secondary endpoints 

include chemoprevention uptake and early discontinuation with up to 5 years of follow-up. 

The study intervention is also tied to a required 6-month clinical encounter, since patients 

are sent reminders to revisit RealRisks prior to their clinic visit with the enrolled healthcare 

provider. With cluster randomization at the site level, this trial will be able to assess the 

effectiveness and implementation of this multi-level intervention in the clinical setting.

In summary, we did not observe increased chemoprevention uptake with our web-based 

CDS tools, but we did find significant short-term improvement in chemoprevention informed 
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choice and other decision measures. The persistent under-utilization of breast cancer 

chemoprevention is likely multifactorial due to: 1) lack of routine breast cancer risk 

assessment in the primary care setting; 2) lack of awareness of the risks and benefits of 

chemoprevention among high-risk patients and their providers; 3) lack of established breast 

cancer risk thresholds to maximize benefits and minimize harms of chemoprevention; 4) 

fear of adverse effects; and 5) lack of established surrogate biomarkers in the clinical 

setting to assess breast cancer risk and response to chemoprevention.[51-54] Addressing 

these barriers will likely require a multi-pronged approach, including: 1) incorporating 

more efficient breast cancer risk assessment using clinical data from the EHR[18]; 2) 

developing CDS tools for chemoprevention decision-making which are integrated into clinic 

workflow; 3) developing models to better predict the risks and benefits of SERMS and 

AIs with personalized risk-benefit profiles[55]; 4) developing novel dosing regimens (e.g., 
low-dose oral tamoxifen[46]) and routes of administration (e.g., topical preparations[56]) of 

established chemopreventive agents, as well as novel agents with favorable toxicity profiles 

in the prevention setting; 5) developing novel surrogate biomarkers which are modifiable 

with chemoprevention and predict long-term clinical outcomes. Future studies should focus 

on targeting specific high-risk populations for chemoprevention, such as women with AH 

or LCIS, and better integrating breast cancer risk assessment and CDS tools into clinic 

workflow via patient portals and EHRs.
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Prevention Relevance

In this randomized controlled trial of decision support for 300 high-risk women and 

50 healthcare providers, we did not observe a significant increase in chemoprevention 

uptake, which remained low at under 5%. However, these decision support tools may 

increase knowledge and informed choice about breast cancer chemoprevention.
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Figure 1. 
CONSORT diagram of recruitment and retention of women at high-risk for breast 

cancer to a randomized controlled trial of web-based decision support for breast cancer 

chemoprevention
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Table 1.

Baseline characteristics of evaluable high-risk women

Patient Characteristics Intervention
(N=141)

Control
(N=141)

Total
(N=282)

Age, years

  Mean (SD) 58.43 (10.40) 56.42 (9.22) 57.43 (9.86)

Menopausal status, N (%)

  Pre/Perimenopausal 54 38.3% 58 41.1% 112 39.7%

  Postmenopausal 87 61.7% 83 58.9% 170 60.3%

Race/ethnicity, N (%)

  Non-Hispanic White 80 56.7% 85 60.3% 165 58.5%

  Non-Hispanic Black 19 13.5% 21 14.9% 40 14.2%

  Hispanic 33 23.4% 26 18.4% 59 20.9%

  Other 9 6.4% 9 6.4% 18 6.4%

Highest Level of Education, N (%)

  High school or less 25 17.7% 18 12.8% 43 15.2%

  Some college or bachelors 51 36.2% 53 37.6% 104 36.9%

  Graduate or professional degree 46 32.6% 52 36.9% 98 34.8%

  Unknown 19 13.5% 18 12.8% 37 13.1%

Benign breast disease, N (%) 97 68.8% 91 64.5% 188 66.7%

  Atypical hyperplasia 29 20.6% 31 22.0% 60 21.3%

  Lobular carcinoma in situ (LCIS) 4 2.8% 11 7.8% 15 5.3%

First-degree family history of breast cancer, N (%) 84 59.6% 96 68.0% 180 63.8%

Age of menarche, N (%)

  7-11 years 36 25.5% 36 25.5% 72 25.5%

  12-13 years 76 53.9% 77 54.6% 153 54.3%

  14+ years 27 19.1% 27 19.1% 54 19.1%

  Unknown 2 1.4% 1 0.7% 3 1.1%

Age of first birth, N (%)

  No births 41 29.1% 33 23.4% 74 26.2%

  <20 years 13 9.2% 24 17.0% 37 13.1%

  20-24 years 22 15.6% 19 13.5% 41 14.5%

  25-29 years 17 12.1% 17 12.1% 34 12.1%

  30+ years 48 34.0% 48 34.0% 96 34.0%

* 5-year invasive breast cancer risk, %

  Mean (SD) 2.95 (1.53) 3.00 (1.30) 2.98 (1.42)

* Lifetime invasive breast cancer risk, %

  Mean (SD) 15.81 (9.26) 17.48 (8.08) 16.64 (8.72)

Adequate health literacy, N (%) 115 83.3% 118 83.7% 233 83.2%

Mean subjective numeracy (SD) [range, 1-6] 4.08 (1.42) 4.13 (1.54) 4.11 (1.48)
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Patient Characteristics Intervention
(N=141)

Control
(N=141)

Total
(N=282)

Mean acculturation (SD) [range, 1-5] 3.81 (1.69) 4.03 (1.56) 3.92 (1.63)

*
Calculated according to the Gail breast cancer risk assessment tool, excluding women with a history of lobular carcinoma in situ
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