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Abstract

Background Increased breast density augments breast cancer risk and reduces mammaography sensitivity. Sup-
plemental breast MRI screening can significantly increase cancer detection among women with dense breasts.
However, few women undergo this exam, and screening is consistently lower among racially minoritized popula-
tions. Implementation strategies informed by behavioral economics (‘nudges”) can promote evidence-based prac-
tices by improving clinician decision-making under conditions of uncertainty. Nudges directed toward clinicians
and patients may facilitate the implementation of supplemental breast MRI.

Methods Approximately 1600 patients identified as having extremely dense breasts after non-actionable mammo-
grams, along with about 1100 clinicians involved with their care at 32 primary care or OB/GYN clinics across a racially
diverse academically based health system, will be enrolled. A 2 x 2 randomized pragmatic trial will test nudges

to patients, clinicians, both, or neither to promote supplemental breast MRI screening. Before implementation,

rapid cycle approaches informed by clinician and patient experiences and behavioral economics and health equity
frameworks guided nudge design. Clinicians will be clustered into clinic groups based on existing administrative
departments and care patterns, and these clinic groups will be randomized to have the nudge activated at different
times per a stepped wedge design. Clinicians will receive nudges integrated into the routine mammographic report
or sent through electronic health record (EHR) in-basket messaging once their clinic group (i.e., wedge) is randomized
to receive the intervention. Independently, patients will be randomized to receive text message nudges or not. The
primary outcome will be defined as ordering or scheduling supplemental breast MRI. Secondary outcomes include
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MRI completion, cancer detection rates, and false-positive rates. Patient sociodemographic information and clinic-
level variables will be examined as moderators of nudge effectiveness. Qualitative interviews conducted at the trial's
conclusion will examine barriers and facilitators to implementation.

Discussion This study will add to the growing literature on the effectiveness of behavioral economics-informed
implementation strategies to promote evidence-based interventions. The design will facilitate testing the relative
effects of nudges to patients and clinicians and the effects of moderators of nudge effectiveness, including key indi-
cators of health disparities. The results may inform the introduction of low-cost, scalable implementation strategies

to promote early breast cancer detection.

Trial registration ClinicalTrials.gov NCT05787249. Registered on March 28, 2023.
Keywords Supplemental breast MRI, Breast density, Implementation science, Behavioral economics, Nudges,

Stepped wedge design, Pragmatic trial

Contributions to the literature

» This study will evaluate the effects of nudges (informed
by behavioral economics) directed to patients and/
or clinicians on the uptake of supplemental breast
MRI screening among patients with extremely dense
breasts.

o Insights gained from this study may be able to
inform future dissemination of low-cost and scalable
approaches for boosting engagement with supplemen-
tal breast MRI screening.

» This study uses rapid-cycle approaches to support the
implementation of a clinical trial assessing engage-
ment with supplemental breast MRI screening and will
use mixed-methods approaches informed by existing
health equity frameworks to evaluate factors that facili-
tate or impede reach.

Background

A key risk factor for breast cancer is breast density, a
measure of fibroglandular tissue compared to fat on
mammographic imaging [1]. The risk of developing
breast cancer is up to five times higher among women
with extremely dense breasts than among women with
entirely fatty breasts [1-4]. Furthermore, dense breast
tissue can reduce mammography sensitivity by mask-
ing tumors [5-7]. As such, there is growing recognition
that for some women, mammography may not be suffi-
cient for breast cancer surveillance. Indeed, the European
Society for Breast Imaging recommends supplemental
screening via breast magnetic resonance imaging (MRI)
for women with dense breasts [8], and the American Col-
lege of Radiology recommends breast MRI for women
with dense breasts who desire supplemental screening
[9].

Approximately 7.4% of American women aged 40 to
74 years (equating to about five million people) have
extremely dense breasts [10], with variation based on
race/ethnicity, age, and BMI [11, 12]. Randomized

controlled trials demonstrate that supplemental breast
MRI can reduce the risk of interval cancers (i.e., those
diagnosed after a non-actionable mammogram and
before the next screening exam) compared to mammog-
raphy alone for women with extremely dense breasts [13—
16]. Simulation models suggest that adding MRI to every
other mammography round for these women would save
7 additional lives per 1000 women [17] and that MRI can
be cost-effective [17-19]. Adding MRI to routine screen-
ing may increase financial burdens, but recent advances
in abbreviated MRIs [20] and governmental support [21,
22] suggest decreasing future costs. Increased sensitiv-
ity of breast MRI improves detection, but it can result in
false positives which may lead to unnecessary biopsies
and downstream costs.

A recent meta-analysis concluded that, due to its
increased efficacy in detecting incremental and invasive
cancers, breast MRI was the best supplemental screening
method for women of average or intermediate risk with
dense breasts [23]. Despite potential benefits, uptake of
supplemental breast MRI remains low. Only about 10% of
women with dense breasts are screened with MRI [24—
27], representing a clear missed opportunity to identify
cancers earlier.

Significant health inequities exist in supplemental MRI
uptake as well, with Black and Hispanic women receiv-
ing supplemental screening less than non-Hispanic white
women [28, 29]. This race-based gap is significant since
Black women are more likely to have triple-negative
breast cancer [30, 31], a more aggressive breast cancer
subtype which is harder to detect via mammography [32—
34]. Racial inequities in MRI uptake may relate to differ-
ential access. Specialist clinicians order supplemental
screening more than generalists, but they are less likely
to see Black and Hispanic patients [29, 35]. Additionally,
Black patients must travel significantly farther to get MRI
screening [36]. Finally, differences in health insurance
coverage can widen the gaps in supplemental screening
rates [37]. Overall, efforts to expand supplemental breast
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MRI screening must consider issues faced by minoritized
populations to promote health equity.

Barriers to increasing the reach of supplemental breast
MRI are multi-level. Patient-level barriers include finan-
cial burden, anxiety about undergoing MRI procedures
and receiving results, and lack of awareness [36, 38—42].
Most states require that patients be notified of their
breast density [43] and a U.S. Food & Drug Adminis-
tration mandate going into effect in 2024 will scale this
nationwide [44]. New laws in Pennsylvania, the location
of this study, also mandate insurance coverage of supple-
mental screening for women with dense breasts [21, 22].
However, while necessary, policy-level changes are often
insufficient. They show mixed effects for boosting aware-
ness, are tied to only modest increases in screening [24,
25, 45-47], and may cause confusion and undue anxiety
because breast density notifications are often too techni-
cal and complex for patients [48—54]. Clinicians tend to
express discomfort in discussing breast density and sup-
plemental screening with patients [35, 55, 56]. This may
be due to the absence of consistent guidelines, worries
about financial costs or potential false positives, or con-
cerns about MRI screening in this context [45, 57-59].
They may also be unaware of the clinical importance of
breast density or the existence of new legislation mandat-
ing insurance coverage [55].

Together, these barriers can lead to uncertainty about
the value of supplemental breast MRI. Uncertainty can
cause decision-makers to rely on heuristics [60] that
reduce evidence-based care and exacerbate health ineq-
uities [61]. Availability bias (an over-reliance on informa-
tion that is salient in one’s mind) [60] and omission bias
(a preference for letting harm happen due to inaction
rather than being responsible for harm resulting from
taking action) [62] are relevant here. If patients are not
aware of the importance of breast density in predicting
breast cancer, they may be less interested in pursuing
breast MRI. Conversely, making breast MRI more salient
and delivering information at the right time could inspire
interest [63]. Similarly, clinicians may believe that doing
nothing is preferable to potentially causing harm by mak-
ing patients deal with the costs of a breast MRI or the
consequences of a false positive. However, focusing their
attention on the value of early action, new insurance cov-
erage mandates, and recent data on efficacy could miti-
gate this concern. Nudges, or changes to the presentation
of choices to guide decision-making, can frame informa-
tion accordingly to promote evidence-based care while
still maintaining decision-makers’ agency [64—69]. In
many cases, nudges can be automated through the elec-
tronic health record (EHR), patient portal, or text mes-
sages [70-72]. This flexibility can enable nudges to be
cost-effective and be scaled up quickly [71].
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This study is designed to evaluate the relative effects of
patient- and clinician-directed implementation strate-
gies informed by behavioral economics on the ordering
and scheduling of supplemental breast MRI. Patients
with extremely dense breasts who may benefit from
breast MRI screening will be identified, and nudges will
be delivered to these patients and/or their clinicians.
Given inequities in supplemental screening, sociodemo-
graphic variables (e.g., race and ethnicity) and organiza-
tional characteristics (e.g., clinician specialty, distribution
of insurance status) ascertained from the EHR will be
assessed as moderators of the nudges’ impact. Finally, a
qualitative component will identify barriers and facilita-
tors of the implementation strategies, including factors
that may mitigate or exacerbate health inequities.

Methods

Study setting and population

The study setting for this project will be mammography
sites within our Implementation Laboratory (iLab) [73]:
Penn Center for Advanced Medicine (part of the Hospi-
tal of the University of Pennsylvania), Penn Presbyterian
Medical Center, Pennsylvania Hospital, and Penn Medi-
cine Radnor (an ambulatory site of care). In support of
these four sites, we identified 32 primary care and OB/
GYN practices with approximately 1100 clinicians who
may order mammograms and may be eligible to receive
the clinician nudge promoting breast MRI ordering. In
spite of recent legislation mandating insurance coverage
of breast MRI for patients with extremely dense breasts
[21], an initial gap analysis of our health system showed
that MRI uptake among women with extremely dense
breasts was around 8%. Additionally, the rate was about
three times lower among Black women than among
White women. Based on the data on mammogram
completion from January to December 2022, the tar-
get enrollment for this study will be approximately 1600
patients with extremely dense breasts.

To be eligible, patients must be 40—74 years old, have
had a non-actionable mammogram in the past 6 months,
have had that mammogram at one of the study sites, have
been identified as having extremely dense breasts on that
mammogram, and have a valid mobile phone number to
receive the patient nudge. They also must not have had a
prior history of breast cancer or have had a breast MRI
within the last 2 years. For clinicians to be eligible, they
must have ordered the initial screening mammogram,
be employed by a clinic in one of the iLab practices, and
have access to our health system’s EHR. Clinicians will
be clustered based on the clinics in which they practice.
Clinics will be grouped into clusters based on adminis-
trative departments and care patterns to minimize poten-
tial contamination resulting from clinicians providing
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care at more than one clinic. Clinic groups will be used as
the unit of randomization for the stepped wedge design,
and the order in which steps begin to receive the nudge
will be randomized.

Study design and duration

A pragmatic stepped wedge cluster randomized clini-
cal trial with embedded patient-level randomiza-
tion will be conducted to test the effects of behavioral
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economics-informed nudges to clinicians, patients, both,
or neither on supplemental breast MRI ordering and
scheduling for patients with extremely dense breasts. Fig-
ure 1 outlines the 2x2 factorial study design, resulting
in a usual care arm that will not receive either nudge, a
patient nudge only arm, a clinician nudge only arm, and
a “both nudges” arm. Figure 2 displays the independent
randomization approach for patients and clinicians. Eli-
gible patients will be identified continuously throughout

Clinician nudge (cluster randomized via clinic group-based stepped

wedge structure)
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the study after a non-actionable mammogram showing
extremely dense breasts. These patients can be indepen-
dently and individually randomized to get the patient
nudge as soon as the study starts. Patient nudges will be
sent via secure text messaging and will contain a timely
and relevant message encouraging patients to speak with
their clinicians about breast MRI (see Fig. 3).

Primary care and OB/GYN practices within our aca-
demic health system will be cluster randomized by clinic
group to 10 different steps. The steps determine the order
in which clusters make the transition from standard care
to clinician nudges. Clinic groups were developed based
on clinics with shared administrative departments, simi-
lar care patterns, and overlapping clinician populations.
Clusters based on clinic group will reduce potential con-
tamination and facilitate timely dissemination of nudges
and educational materials. Based on retrospective data,
we expect about 90% of clinicians to only see patients in
one clinic group.

At all mammography sites except one, the clinician
nudge will consist of text embedded within the “impres-
sion” section (where mammogram results are displayed)
of the routine report clinicians receive after a screening
mammogram. As detailed in Fig. 4, the note will address
barriers to MRI ordering (e.g., cost) and feature a timely
call to action for clinicians to order supplemental breast
MRI for patients with extremely dense breasts. Due to
technical restrictions related to radiology report gen-
eration and differing software across sites, clinicians of
patients who receive their mammogram at one mam-
mography site will receive the same message but via an
EHR-based in-basket system. After the trial, discussions
with participants will be completed and qualitatively
coded to identify barriers and facilitators of the imple-
mentation strategies.

The study duration will be approximately 18 months.
Nudges will be deployed over the course of a year, with
patients receiving nudges within 1 month of their initial
mammogram. In the first month, no steps will be ran-
domized to receive the clinician nudge. With each sub-
sequent month, one step will be added to receive it, and
by the final month, all clinic groups will be receiving the
clinician nudge (see Fig. 2). After this 12-month period,
6 months will be allotted for outcomes (e.g., scheduling
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and completion of MRI appointments) to be ascertained
and analyzed (Fig. 5). The primary outcome variable will
be whether a clinician orders a supplemental breast MRI
for their patient with extremely dense breasts or whether
a patient schedules a supplemental breast MRI within
6 months of the nudge. Based on prior studies [74], our
primary hypothesis is that the “both nudges” arm will
yield significantly higher ordering and scheduling of sup-
plemental MRI than the usual care arm. Clinician nudges
may promote more clinician ordering, as found in a prior
trial on tobacco use treatment referral in our center
[75], while patient nudges may promote more patient
scheduling.

Overview of study procedures

The first step for boosting the uptake of supplemental
breast MRI screening is to identify the patients who may
benefit from it. The study sample was limited to patients
with only extremely dense breasts due to the highest risk
of interval cancer and the strongest data from the litera-
ture about MRI’s benefits for those with extremely dense
breasts [4, 14]. Breast density is available as a hard-coded
(rather than user-generated) field through the Epic Radi-
ant Radiology Information System (Epic Systems Cor-
poration, Verona, WI). Using this information and the
above inclusion criteria, an EHR phenotyping algorithm
was developed to identify patients eligible for this trial.
Patients identified by this phenotyping algorithm will be
linked with our informatics team, who will handle nudge
dissemination. Nudges will be deployed to patients and
clinicians based on randomization to trial arm. If ran-
domized to an arm with a clinician nudge (clinician
nudge or “both nudges” arms), clinicians will be sent
the nudge embedded within the mammogram report or
through an EHR-based in-basket message. If randomized
to an arm with a patient nudge (patient nudge or “both
nudges” arms), patients will have the potential to be sent
the nudge via secure text message through Penn Way to
Health, an evidence-based patient engagement platform
[76, 77]. Patients will receive initial messages asking them
to confirm their identity and seeing if they want to learn
more about cancer screening. If they confirm their iden-
tity and express interest, they will receive the nudge. If
patients do not respond to the initial message, reminders

Breast MRI screening is now available for you. Together with a mammogram, MRI screening

may help find cancers earlier for women with dense breasts. Times are open for you to reserve,

so contact your provider to schedule your breast MRI today. To learn more, please visit: [link]

Fig. 3 Patient nudge
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Reading Form Interesting Study Reading Physician:
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Follow Up

Comparison Statement  There are no prior films for comparison. | Comparison has been made to previous images.

This is a baseline exam

RESULT
TECHNIQUE:

Digital Mammo Screening Bilateral Tomosynthesis was performed. Computer aided detection (CAD) was

applied

COMPARISON:
Comparison has been made to previous images

FINDINGS:

The breasts are extremely dense, which lowers the sensitivity of mammography. There is no evidence of suspicious

masses, calcifications, or other abnormal findings

IMPRES SION:
Left breast assessment: Negative

Right breast assessment: Negative

Normal interval follow-up is recommended for both breasts

Consider ordering supplemental breast MRI (MR BREAST W AND WO IV CONTRAST BILATERAL
[IMGMR0016]), which significantly improves cancer detection for women with extremely dense breasts. New
laws now mandate insurance coverage of breast MRI for women with extremely dense breasts, though copays
and/or coinsurance may be charged. For more information providers can visit: hitps://bit ly/3QImaYq

Overall BI-RADS category: 1 - Negative

This notice contains the results of your recent mammeogram, including information about breast density. If your
mammogram shows that your breast tissue is dense, you should know that dense breast tissue is a common
finding and is not abnormal. Statistics show MANY women could have dense or highly dense breasts. Dense
breast tissue can make it harder to find cancer on a mammogram and may be associated with an increased risk
of cancer. This information about the result of your mammogram is given to you to raise your awareness and to
inform your conversations with your physician. Together, you can decide which screening options are right for
you, based on your mammogram results, individual risk factors or physical examination. A report of your results

was sent to your physician

Fig. 4 Mammogram report featuring the clinician nudge in the impression section

will be sent 3 and 7 days later. No further reminders will
be sent, but non-responders will still be included in the
intent-to-treat analysis. The first text message will be sent
at least 2 days after the mammogram report is shared
with the patient to reduce the chances that it is the first
time the patient is contacted after their mammogram but
no more than 2 weeks after the mammogram to ensure
that the message remains timely.

Formative work using rapid cycle approaches (RCA)

We used RCAs to optimize and de-risk the content and
method of delivery of the patient and clinician nudges.
RCAs enable innovators to learn via preliminary tests
and quickly iterate on their interventions [78—-81]. They
provided a cost-effective way to enhance the nudges and
ensure their feasibility prior to our trial. Table 1 provides
more detail on the processes implemented as part of
the RCAs. Meetings with key patient and clinician part-
ners and subject matter experts in behavioral econom-
ics, implementation science, and health equity helped
guide decisions about nudge delivery and content. This

ensured that the nudges addressed key barriers (e.g.,
cost) were at appropriate readability levels and were rel-
evant for patients with varied racial/ethnic backgrounds.
In addition, pilot tests were conducted with 180 patients
to compare three nudges reflecting different behavioral
barriers to scheduling a supplemental breast MRI. The
final nudges used in the trial were selected based on these
RCAs.

Implementation strategies

Patient nudge

Nudges to patients (Fig. 3) will be delivered via text
message within 2 weeks of a non-actionable mam-
mogram in which a patient is identified as having
extremely dense breasts. The nudge will highlight the
added value of supplemental breast MRI screening for
improving early breast cancer detection, contain a call
to action to encourage patients to contact their clini-
cians to schedule supplemental screening, and provide
a link for them to learn more about breast density.
Based on the results of the RCA, message content was
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framed to be timely and salient (by sharing relevant
and potentially new information about breast MRI’s
benefits) and to emphasize the value of taking action
early. Patients will be able to opt out of future study-
related outreach should they not want to participate.
Additional file 1 includes the educational questions
and answers page that is linked within the message.

Clinician nudge

Nudges to clinicians will be implemented as a note
embedded within mammogram result reports or as an
EHR-based in-basket message containing similar con-
tent. All analyses will be stratified by mammography
site to account for this difference. Figure 4 shows the
clinician nudge content, which is designed to serve
as a timely notice to focus clinicians’ attention on the
advantages and newly reduced costs of supplemental
breast MRI. Clinician education and the benefits and
risks of breast MRI will be shared via presentations at
existing clinician meetings, informational videos, one-
page information sheets (Additional file 2), and online
resources.

Both nudges
In this arm, both the patient and clinician nudges will be
implemented.

Usual care
In this arm, neither nudge will be deployed.

Measures

The primary outcome will be defined as ordering or
scheduling breast MRI within 6 months of the delivery
of the nudge, or in the case of the usual care arm, from
the time of the mammogram. Secondary measures will
include whether a patient completes supplemental breast
MRI screening, as well as clinical measures ascertained
from the EHR for those who complete breast MRI screen-
ing, such as cancer detection rate and false-positive rate.
Response rates for text messages sent to patients will be
assessed as process measures.

The EHR, databases maintained by our health system,
and publicly available U.S. Census data will be used to
collect information on practices, clinicians, and patients
that could serve as potential moderators of nudge effects
or influences on potential inequities. Clinic-level details
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Domain Initial approach

Iterative work

Output

Clinician nudge  Best practice alert (BPA)
encouraging clinicians

to order breast MRI screen-
ing

Key questions:

+When is the best time

to send nudges to clini-
cians?

- What are the best strate-
gies for sending a nudge
to clinicians?

Patient nudge  Nudges delivered via text
message

Key questions:

- What are the behavioral
barriers affecting the uptake
of supplemental breast MRI?
- What specific message
content would be most sali-

ent to patients?

Approach: Sessions with experts in behavioral
economics, implementation science, breast
cancer screening, and health equity; technical
feasibility tests with informatics and radiology
leads

Key feedback:

- BPAs can interfere with clinical workflows, may
be perceived as annoying, and can contribute
to alert fatigue for clinicians

- Integrating a prompt-to-order screening

into the mammogram report would be ideal
for clinical workflows

- When reviewing mammogram reports,

the “impression” section is often the first place
clinicians look

- Embedding text into reports and subsequent
randomization of this language is not feasible
at certain sites

- Clinicians could benefit from additional educa-
tional materials

Approach: Meetings with experts in behavioral
economics, implementation science, breast
cancer screening, and health equity; review

by patient advisory committee; rapid mini-pilots
with patients

Key feedback:

- Barriers for patients include cost concerns

and an overall lack of awareness about breast
MRI, so nudges should highlight these issues

- Additional educational material should be pro-
vided to help patients learn more about breast
density and supplemental MRI

- Despite the passage of state laws covering
breast MRI for certain patients, insurance cover-
age is highly variable. There still can be costs
associated with breast MRI that can make it
infeasible for some patients

- Rather than a BPA, clinician nudges were
included within the “impression” section of mam-
mogram reports to integrate this content

into the clinical workflow

« The standard clinician nudge was implemented
at all sites but one; an EHR-based in-basket mes-
sage was used at one site

- A one-pager and educational website with more
information about supplemental breast MRI
screening was created, and study leads presented
to clinical teams

- Mini-pilots were conducted via text message
to assess engagement rates for three potential
patient-directed nudges

- Key wording changes were made to increase
readability and reduce confusion about costs
-+ A new questions and answers webpage

was created to provide patients with additional
information

- The final patient-directed nudge focused

on making the relevant information salient
and timely and invoked a sense of urgency
and potential scarcity in a clear cue to action

will include location and health insurance distribution.
Demographics and faculty track may be collected as
clinician-level data. Patient-level data will include age,
race and ethnicity, health insurance status, and address.
Analyses of supplemental breast MRI uptake across study
arms will be stratified based on these factors as necessary,
and given existing racial inequities, breast MRI uptake
will be compared between Black and non-Hispanic white
patients.

Qualitative aim

After patient enrollment ends, semi-structured inter-
views will be conducted to understand patient and cli-
nician experiences with the trial. These interviews will
assess the program’s impact and implementation based
on the domains of the updated Consolidated Framework
for Implementation Research (CFIR) [82, 83]. Questions
for patients will focus on implementation measures, such
as the appropriateness of the nudges and supplemental
breast MRI screening. In support of our center’s core

health equity theme [84, 85], questions on system-level
barriers impeding supplemental breast MRI uptake, such
as limited health care access, financial barriers, and expe-
riences of racism and discrimination, will be included in
interviews. These discussions will be informed by existing
equity-focused implementation science frameworks [86,
87]. Clinician interviews will focus on identifying facili-
tators and barriers to conducting supplemental breast
MRI screening. Interview participants will be purposively
sampled to over-represent those who may be experienc-
ing health inequities.

Sample size, power, and statistical analysis

Based on the initial assessments via electronic pheno-
typing, the target population will consist of about 1600
patients in our health system with extremely dense
breasts who may benefit from supplemental breast MRI
screening. Ten clusters with one to seven administrative
departments each were created based on the existing
care patterns. This was done to minimize contamination
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and facilitate the timely dissemination of nudges and
educational material. We calculated power requirements
by simulation using Stata 17, assuming a logistic regres-
sion model fitted using generalized estimating equa-
tions (GEE), and found our sample gives us 80% power
to detect a 6% improvement in our primary outcome
(e.g., from the current 8 to 14%) for patient nudges, using
a two-sided type 1 error rate of 5%, for planned com-
parisons between each sequence. The analysis provides
similar power to detect a 7% improvement from clinician
nudges and a 10% difference representing the interaction
between patient and clinician nudges vs. usual care.

We will analyze the changes in the rates of ordering,
scheduling, and screening completion across the four
arms (all binary outcomes) using logistic regression with
GEE. The models will contain binary predictor terms
for each arm, adjusting for time in months, and fixed
effects for mammogram site. We will control for type 1
error inflation by hierarchical testing, starting with the
overall model significance, followed by the effect of each
nudge. Once we have fitted the main effects model, we
will test for each sequence and retain terms if signifi-
cant (alpha=5%). Variability in outcomes by sequence
(wedge) and moderators (particularly variables like race
which may reflect health inequities) will be assessed
using interaction terms within logistic regression models.
We will fit an adjusted logistic regression model using the
same approach described in the primary analysis. Covari-
ates of interest available through the EHR will be added
to the model, including patient-level (e.g., race), clinician-
level (e.g., faculty track), and practice-level (e.g., commu-
nity vs. hospital-based) data. We do have some concerns
that a small number (<10%) of clinicians see patients at
more than one location. This contamination would bias
the effect estimates toward the null. The primary analy-
sis will use clinician treatment as randomized by pri-
mary location. We will address potential contamination
by conducting sensitivity analyses. These will include
1 “as-treated,” basing treatment effect on the cumulative
number of nudges a clinician has received, regardless of
location, and 2 estimating an uncontaminated treatment
effect, excluding patients seen by clinicians who ordered
mammograms for patients in more than one step. Lastly,
interview data will be analyzed using NVivo to iden-
tify themes regarding barriers and facilitators of nudge
impact and implementation.

This study was approved by the University of Penn-
sylvania Institutional Review Board and registered with
ClinicalTrials.gov. This is a pragmatic trial that allows cli-
nicians to choose whether or not to order supplemental
screening depending on what may be clinically appropri-
ate for their specific patient. As such, the study presents
minimal risks to patients and clinicians, so a waiver of
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informed consent was approved. Qualitative interviews
conducted after enrollment will solicit informed consent
from potential participants prior to data collection.

Discussion

This trial will test the effects of nudges to patients, clini-
cians, or both, compared to usual care, as implementation
strategies to increase utilization of supplemental breast
MRI screening among patients with extremely dense
breasts. By implementing nudges directed at both
patients and clinicians, the study provides the opportu-
nity to not only determine the effects of nudges overall,
but also to evaluate the relative effects of nudges in each
arm. It also builds upon our center’s prior studies [75, 88]
by extending into new clinical service lines and assessing
whether nudges can be effective implementation strate-
gies in cancer screening, in addition to cancer control
and treatment. This study seeks to increase the ordering
and scheduling of supplemental breast MRI screening,
aligning with the implementation outcome of penetra-
tion, but also to advance the integration of implemen-
tation science and behavioral economics more broadly
by exploring the patient- and clinician-level factors that
affect receptiveness to nudges from health systems. It will
also provide more information about how patient- and
clinician-directed nudges may impact health disparities
in cancer screening delivery.

While the inclusion of multiple sites with diverse loca-
tions and patient populations can increase external valid-
ity, this is only a single-health system study. The results
may not be generalizable to other health systems, espe-
cially those without EHR integration or with limited
access to the equipment needed for breast MRI. In addi-
tion, patients may find it unexpected to receive a text
message from the health system regarding their breast
density and cancer screening opportunities. This could
cause unnecessary anxiety for patients. To reduce the
odds of the notification causing adverse emotional reac-
tions while still maintaining timeliness, messages will be
sent soon, but not immediately after, a non-actionable
mammogram result. The decision to engage with supple-
mental breast MRI relies on input from both patients and
their clinicians, so even if nudges encourage one party to
pursue supplemental screening, a lack of interest from
the other could mean that the MRI is not scheduled.
Risks of MRI (e.g., false positives) are a crucial consid-
eration, and our nudges allow clinicians and patients to
decide the appropriate next steps after a mammogram
without inhibiting their agency. Our nudges are not
designed to overcome potential structural barriers such
as limited capacity. If successful, this study could inform
a larger trial to implement impactful strategies across
multiple health systems to increase supplemental breast
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MRI utilization at scale. Additionally, should patients,
clinicians, and health system leaders approve, the strate-
gies could be expanded to patients with heterogeneously
dense breasts.

Abbreviations

BMI Body mass index

BPA Best practice alert

CFIR Consolidated Framework for Implementation Research
EHR Electronic health record

GEE Generalized estimating equations

iLab Implementation Laboratory

MRI Magnetic resonance imaging

OB/GYN  Obstetrics and gynecology

RCA Rapid cycle approaches

us. United States

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513012-023-01323-x.

Additional file 1. Patient Education Materials.

Additional file 2. Clinician Education Material.

Acknowledgements
Not applicable.

Authors’ contributions

AMM, CFP, SE, and RS led the study design and developed the protocol.

AMM, CFP, RSB, DB, EM, EPW, and RS supported the paper writing. All authors
contributed to the additional paper editing. RSB, JB, and RS obtained the grant
funding. AMM, CFP, DB, EM, and AB manage the study. EFC, BCW, CEG, and
LWN serve as clinician partner leads, sharing expertise in breast cancer screen-
ing and facilitating engagement with clinicians. PG, AD, SH, and TG lead the
clinical informatics. EPW is the study biostatistician. AMB and DAA supported
the message design and initial rapid cycle approaches. RSB, KAR, RCS, and
OMEF led the integration with our center’'s methods projects, including the
health equity assessment. JB, LNS, EFC, BCW, CEG, and LWN support the imple-
mentation laboratory. PG and SW developed the study database. MP led the
design and dissemination of the patient nudges through Penn Way to Health.

Funding

This study was supported by a grant from the National Cancer Institute (P50
CA244690). The funder played no role in the study design; collection, analysis,
and interpretation of the data; the writing of the report; and the decision to
submit the article for publication. The authors are solely responsible for the
design and conduct of this study, study analyses, and the drafting of this
paper.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This trial was approved by the University of Pennsylvania Institutional Review
Board.

Consent for publication
Not applicable.

Competing interests

Dr. Beidas is the principal at Implementation Science & Practice, LLC. She
receives royalties from Oxford University Press, consulting fees from United
Behavioral Health and OptumLabs, and serves on the advisory boards for

Page 10 of 12

Optum Behavioral Health, AIM Youth Mental Health Foundation, and the
Klingenstein Third Generation Foundation outside of the submitted work. She
is also an associate editor for Implementation Science. Dr. Bekelman reports
grants from AstraZeneca, Emerson Collective, Loxo@Lilly, and Gilead and per-
sonal fees from Reimagine Care, Healthcare Foundry, and AstraZeneca, outside
the submitted work. Dr. Conant reports grant funding from OM1 and iCAD,
Inc, and serves on advisory panels for Hologic, Inc.,, and iCAD, Inc, all outside
of the submitted work. Dr. Asch is a partner at VAL Health and has received
grants from UnitedHealth Group and personal fees from Deloitte, MARS
Veterinary Group, and Boehringer Ingelheim. Dr. Rendle reports receiving
grants from Pfizer and AstraZeneca paid to her institution, personal fees from
Merck for serving as a scientific consultant, and honoraria and travel paid as an
invited speaker from MJH Life Sciences outside the submitted work.

Author details

'Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA,
USA. 2Penn Center for Cancer Care Innovation, Abramson Cancer Center, Penn
Medicine, Philadelphia, PA, USA. *Present Address: Department of Biostatistics,
Epidemiology, and Informatics, University of Pennsylvania, Blockley Hall, 423
Guardian Drive, Philadelphia, PA 19104, USA. *Feinberg School of Medicine,
Northwestern University, Chicago, IL, USA. *Center for Interdisciplinary
Research On Nicotine Addiction, University of Pennsylvania, Philadelphia, PA,
USA. ¢School of Nursing, University of Pennsylvania, Philadelphia, PA, USA.
’Mailman School of Public Health, Columbia University, New York, NY, USA.

Received: 19 September 2023 Accepted: 14 November 2023
Published online: 24 November 2023

References

1. Pettersson A, Graff RE, Ursin G, Santos Silva ID, McCormack V, Baglietto
L, et al. Mammographic density phenotypes and risk of breast cancer: a
meta-analysis. J Natl Cancer Inst. 2014;106(5):dju078.

2. Bond-Smith D, Stone J. Methodological challenges and updated findings
from a meta-analysis of the association between mammographic density
and breast cancer. Cancer Epidemiol Biomarkers Prev. 2019;28(1):22-31.

3. McCarthy AM, Ehsan S, Appel S, Welch M, He W, Bahl M, et al. Risk factors
for an advanced breast cancer diagnosis within 2 years of a negative
mammogram. Cancer. 2021;127(18):3334-42.

4. Bodewes FTH, van Asselt AA, Dorrius MD, Greuter MJW, de Bock GH.
Mammographic breast density and the risk of breast cancer: a systematic
review and meta-analysis. Breast. 2022,66:62-8.

5. Britton P, Warwick J, Wallis MG, O’Keeffe S, Taylor K, Sinnatamby R,
et al. Measuring the accuracy of diagnostic imaging in sympto-
matic breast patients: team and individual performance. Br J Radiol.
2012;85(1012):415-22.

6. Weigel S, Heindel W, Heidrich J, Hense HW, Heidinger O. Digital mam-
mography screening: sensitivity of the programme dependent on breast
density. Eur Radiol. 2017,27(7):2744-51.

7. DOrsi CJ, Sickles, EA, Mendelson, EB, Morris, EA, et al. ACR BI-RADS® Atlas,
Breast Imaging Reporting and Data System. Reston, Virginia: American
College of Radiology; 2013.

8. Mann RM, Athanasiou A, Baltzer PAT, Camps-Herrero J, Clauser P, Fallen-
berg EM, et al. Breast cancer screening in women with extremely dense
breasts recommendations of the European Society of Breast Imaging
(EUSOBI). Eur Radiol. 2022;32(6):4036-45.

9. Monticciolo DL, Newell MS, Moy L, Lee CS, Destounis SV. Breast cancer
screening for women at higher-than-average risk: updated recommenda-
tions from the ACR. J Am Coll Radiol. 2023;20:902-14.

10. Sprague BL, Gangnon RE, Burt V, Trentham-Dietz A, Hampton JM, Well-
man RD, et al. Prevalence of mammographically dense breasts in the
United States. J Natl Cancer Inst. 2014;106(10):dju255.

11. McCarthy AM, Keller BM, Pantalone LM, Hsieh MK, Synnestvedt M, Conant
EF, et al. Racial differences in quantitative measures of area and volumet-
ric breast density. J Natl Cancer Inst. 2016;108(10):djw104.

12. Kerlikowske K, Bissell MCS, Sprague BL, Tice JA, Tossas KY, Bowles EJA,
et al. Impact of BMI on prevalence of dense breasts by race and ethnicity.
Cancer Epidemiol Biomarkers Prev. 2023;32(11):1524-30.


https://doi.org/10.1186/s13012-023-01323-x
https://doi.org/10.1186/s13012-023-01323-x

McCarthy et al. Inplementation Science

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

(2023) 18:65

Comstock CE, Gatsonis C, Newstead GM, Snyder BS, Gareen IF, Bergin JT,
et al. Comparison of abbreviated breast MRI vs digital breast tomosyn-
thesis for breast cancer detection among women with dense breasts
undergoing screening. JAMA. 2020;323(8):746-56.

Bakker MF, de Lange SV, Pijnappel RM, Mann RM, Peeters PHM, Mon-
ninkhof EM, et al. Supplemental MRI screening for women with extremely
dense breast tissue. N Engl J Med. 2019;381(22):2091-102.

Weinstein SP. Korhonen K, Cirelli C, Schnall MD, McDonald ES, Pantel AR,
et al. Abbreviated breast magnetic resonance imaging for supplemental
screening of women with dense breasts and average risk. J Clin Oncol.
2020;38(33):3874-82.

Kuhl CK, Strobel K, Bieling H, Leutner C, Schild HH, Schrading S. Sup-
plemental breast MR imaging screening of women with average risk of
breast cancer. Radiology. 2017,283(2):361-70.

Geuzinge HA, Bakker MF, Heijnsdijk EAM, van Ravesteyn NT, Veldhuis WB,
Pijnappel RM, et al. Cost-effectiveness of magnetic resonance imaging
screening for women with extremely dense breast tissue. J Natl Cancer
Inst. 2021;113(11):1476-83.

Wang J, Greuter MJW, Vermeulen KM, Brokken FB, Dorrius MD, Lu W, et al.
Cost-effectiveness of abbreviated-protocol MRI screening for women
with mammographically dense breasts in a national breast cancer
screening program. Breast. 2022;61:58-65.

Mango VL, Goel A, Mema E, Kwak E, Ha R. Breast MRI screening for
average-risk women: a Monte Carlo simulation cost-benefit analysis. J
Magn Reson Imaging. 2019;49(7).e216-21.

Leithner D, Moy L, Morris EA, Marino MA, Helbich TH, Pinker K. Abbrevi-
ated MRI of the breast: does it provide value? J Magn Reson Imaging.
2019;49(7):e85-100.

Pennsylvania General Assembly. 2020 Act 52. 2020. Available from:
https://www.legis.state.pa.us/cfdocs/legis/li/uconsCheck.cfm?yr=2020&
sessind=0&act=>52.

Pennsylvania General Assembly. 2023 Act 1. 2023. Available from: https.//
www.legis.state.pa.us/cfdocs/legis/li/uconsCheck.cfm?yr=2023&sess|
nd=0&act=1.

Hussein H, Abbas E, Keshavarzi S, Fazelzad R, Bukhanov K, Kulkarni S, et al.
Supplemental breast cancer screening in women with dense breasts and
negative mammography: a systematic review and meta-analysis. Radiol-
ogy. 2023;306(3):e221785.

Busch SH, Hoag JR, Aminawung JA, Xu X, Richman IB, Soulos PR, et al.
Association of state dense breast notification laws with supplemental
testing and cancer detection after screening mammography. Am J Public
Health. 2019;109(5):762-7.

Aminawung JA, Hoag JR, Kyanko KA, Xu X, Richman IB, Busch SH,

et al. Breast cancer supplemental screening: women’s knowledge

and utilization in the era of dense breast legislation. Cancer Med.
2020;9(15):5662-71.

Miles R, Wan F, Onega TL, Lenderink-Carpenter A, O'Meara ES, Zhu W, et al.
Underutilization of supplemental magnetic resonance imaging screening
among patients at high breast cancer risk. J Womens Health (Larchmt).
2018;27(6):748-54.

Lee MV, Aharon S, Kim K, Sunn Konstantinoff K, Appleton CM, Stwal-

ley D, et al. Recent trends in screening breast MRI. J Breast Imaging.
2022;4(1):39-47.

Haas JS, Hill DA, Wellman RD, Hubbard RA, Lee Cl, Wernli KJ, et al. Dispari-
ties in the use of screening magnetic resonance imaging of the breast in
community practice by race, ethnicity, and socioeconomic status. Cancer.
2016;122(4):611-7.

Ezratty C,Vang S, Brown J, Margolies LR, Jandorf L, Lin JJ. Racial/ethnic dif-
ferences in supplemental imaging for breast cancer screening in women
with dense breasts. Breast Cancer Res Treat. 2020;182(1):181-5.

Scott LC, Mobley LR, Kuo TM, Il'yasova D. Update on triple-negative breast
cancer disparities for the United States: a population-based study from
the United States Cancer Statistics database, 2010 through 2014. Cancer.
2019;125(19):3412-7.

Prakash O, Hossain F, Danos D, Lassak A, Scribner R, Miele L. Racial dispari-
ties in triple negative breast cancer: a review of the role of biologic and
non-biologic factors. Front Public Health. 2020;8:576964.

Bauer KR, Brown M, Cress RD, Parise CA, Caggiano V. Descriptive analysis
of estrogen receptor (ER)-negative, progesterone receptor (PR)-negative,
and HER2-negative invasive breast cancer, the so-called triple-negative

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Page 11 of 12

phenotype: a population-based study from the California cancer Registry.
Cancer. 2007;109(9):1721-8.

Bellio G, Marion R, Giudici F, Kus S, Tonutti M, Zanconati F, et al. Interval
breast cancer versus screen-detected cancer: comparison of clinico-
pathologic characteristics in a single-center analysis. Clin Breast Cancer.
2017;17(7):564-71.

O'Brien KM, Mooney T, Fitzpatrick P, Sharp L. Screening status, tumour
subtype, and breast cancer survival: a national population-based analysis.
Breast Cancer Res Treat. 2018;172(1):133-42.

Brown J, Soukas C, Lin JJ, Margolies L, Santiago-Rivas M, Jandorf L.
Physician knowledge, attitudes, and practices regarding breast density. J
Womens Health (Larchmt). 2019;28(9):1193-9.

OnegaT, Lee Cl, Benkeser D, Alford-Teaster J, Haas JS, Tosteson AN, et al.
Travel burden to breast MRI and utilization: are risk and sociodemograph-
ics related? J Am Coll Radiol. 2016;13(6):611-9.

Coughlin SS. Social determinants of breast cancer risk, stage, and survival.
Breast Cancer Res Treat. 2019;177(3):537-48.

de Lange SV, Bakker MF, Monninkhof EM, Peeters PHM, de Koekkoek-

Doll PK, Mann RM, et al. Reasons for (non)participation in supplemental
population-based MRI breast screening for women with extremely dense
breasts. Clin Radiol. 2018;73(8):759 e1-e9.

Berg WA, Blume JD, Adams AM, Jong RA, Barr RG, Lehrer DE, et al. Reasons
women at elevated risk of breast cancer refuse breast MR imaging
screening: ACRIN 6666. Radiology. 2010;254(1):79-87.

Pan IW, Oeffinger KC, Shih YT. Cost-sharing and out-of-pocket cost for
women who received MRI for breast cancer screening. J Natl Cancer Inst.
2022;114(2):254-62.

Choudhery S, Patel BK, Johnson M, Geske J, Fazzio RT, Lee C, et al. Trends
of supplemental screening in women with dense breasts. J Am Coll
Radiol. 2020;17(8):990-8.

Grimm LJ, Conant EF, Dialani VM, Dontchos BN, Harvey JA, Kacharia VS,

et al. Abbreviated breast MRI utilization: a survey of the society of breast
imaging. Journal of Breast Imaging. 2022;4(5):506-12.

DenseBreast-info. State legislation map. 2022. Available from: https://
densebreast-info.org/legislative-information/state-legislation-map/.

U.S. Food & Drug Administration. FDA updates mammography regula-
tions to require reporting of breast density information and enhance
facility oversight 2023. Available from: https://www.fda.gov/news-events/
press-announcements/fda-updates-mammography-regulations-require-
reporting-breast-density-information-and-enhance.

Huang S, Houssami N, Brennan M, Nickel B. The impact of mandatory
mammographic breast density notification on supplemental screening
practice in the United States: a systematic review. Breast Cancer Res Treat.
2021;187(1):11-30.

Houssami N, Lee Cl. The impact of legislation mandating breast density
notification - review of the evidence. Breast. 2018;42:102-12.

Horny M, Cohen AB, Duszak R Jr, Christiansen CL, Shwartz M, Burgess JF
Jr. Dense breast notification laws: impact on downstream imaging after
screening mammography. Med Care Res Rev. 2020;77(2):143-54.

Rhodes DJ, Jenkins SM, Hruska CB, Vachon CM, Breitkopf CR. Breast
density awareness, knowledge, and attitudes among US women: national
survey results across 5 years. J Am Coll Radiol. 2020;17(3):391-404.

Kressin NR, Battaglia TA, Wormwood JB, Slanetz PJ, Gunn CM. Dense
breast notification laws’association with outcomes in the US population:
a cross-sectional study. J Am Coll Radiol. 2021;18(5):685-95.

Gunn CM, Battaglia TA, Paasche-Orlow MK, West AK, Kressin NR. Women's
perceptions of dense breast notifications in a Massachusetts safety

net hospital:“so what is that supposed to mean?”Patient Educ Couns.
2018;101(6):1123-9.

Kyanko KA, Hoag J, Busch SH, Aminawung JA, Xu X, Richman IB, et al.
Dense breast notification laws, education, and women’s awareness and
knowledge of breast density: a nationally representative survey. J Gen
Intern Med. 2020;35(7):1940-5.

Pacsi-Sepulveda AL, Shelton RC, Rodriguez CB, Coq AT, Tehranifar P."You
probably can't feel as safe as normal women": Hispanic women'’s reac-
tions to breast density notification. Cancer. 2019;125(12):2049-56.

Kressin NR, Gunn CM, Battaglia TA. Content, readability, and understand-
ability of dense breast notifications by state. JAMA. 2016;315(16):1786-8.
Saraiya A, Baird GL, Lourenco AP. Breast density notification letters and
websites: are they too “dense”? J Am Coll Radiol. 2019;16(5):717-23.


https://www.legis.state.pa.us/cfdocs/legis/li/uconsCheck.cfm?yr=2020&sessInd=0&act=52
https://www.legis.state.pa.us/cfdocs/legis/li/uconsCheck.cfm?yr=2020&sessInd=0&act=52
https://www.legis.state.pa.us/cfdocs/legis/li/uconsCheck.cfm?yr=2023&sessInd=0&act=1
https://www.legis.state.pa.us/cfdocs/legis/li/uconsCheck.cfm?yr=2023&sessInd=0&act=1
https://www.legis.state.pa.us/cfdocs/legis/li/uconsCheck.cfm?yr=2023&sessInd=0&act=1
https://densebreast-info.org/legislative-information/state-legislation-map/
https://densebreast-info.org/legislative-information/state-legislation-map/
https://www.fda.gov/news-events/press-announcements/fda-updates-mammography-regulations-require-reporting-breast-density-information-and-enhance
https://www.fda.gov/news-events/press-announcements/fda-updates-mammography-regulations-require-reporting-breast-density-information-and-enhance
https://www.fda.gov/news-events/press-announcements/fda-updates-mammography-regulations-require-reporting-breast-density-information-and-enhance

McCarthy et al. Inplementation Science

55.

56.

57.

58.

59.
60.
61.
62.

63.

64.

65.

66.

67.

68.
69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

(2023) 18:65

Nickel B, Copp T, Brennan M, Farber R, McCaffery K, Houssami N. Breast
density notification: a systematic review of the impact on primary care
practitioners. J Womens Health (Larchmt). 2021,30(10):1457-68.
Bellhouse S, Hawkes RE, Howell SJ, Gorman L, French DP. Breast cancer
risk assessment and primary prevention advice in primary care: a system-
atic review of provider attitudes and routine behaviours. Cancers (Basel).
2021;13(16):4150.

Smith ML. The density conundrum: does legislation help or hurt? J Am
Coll Radiol. 2013;10(12):909-12.

Sprague BL, Conant EF, Onega T, Garcia MP, Beaber EF, Herschorn SD, et al.
Variation in mammographic breast density assessments among radiolo-
gists in clinical practice: a multicenter observational study. Ann Intern
Med. 2016;165(7):457-64.

Conant EF, Sprague BL, Kontos D. Beyond BI-RADS density: a call for
quantification in the breast imaging clinic. Radiology. 2018;286(2):401-4.
Tversky A, Kahneman D. Judgment under uncertainty: heuristics and
biases. Science. 1974;185(4157):1124-31.

Balsa Al, Seiler N, McGuire TG, Bloche MG. Clinical uncertainty and health-
care disparities. Am J Law Med. 2003;29(2-3):203-19.

Spranca M, Minsk E, Baron J. Omission and commission in judgment and
choice. J Exp Soc Psychol. 1991,27(1):76-105.

The Behavioural Insights Team. Four simple ways to apply EAST frame-
work to behavioural insights 2014. Available from: https://www.biteam/
publications/east-four-simple-ways-to-apply-behavioural-insights/.

Last BS, Buttenheim AM, Timon CE, Mitra N, Beidas RS. Systematic

review of clinician-directed nudges in healthcare contexts. BMJ Open.
2021;11(7):048801.

Yoong SL, Hall A, Stacey F, Grady A, Sutherland R, Wyse R, et al. Nudge
strategies to improve healthcare providers'implementation of
evidence-based guidelines, policies and practices: a systematic review

of trials included within Cochrane systematic reviews. Implement Sci.
2020;15(1):50.

Patel MS, Volpp KG, Asch DA. Nudge units to improve the delivery of
health care. N Engl J Med. 2018;378(3):214-6.

Patel MS, Volpp KG. Leveraging insights from behavioral economics to
increase the value of health-care service provision. J Gen Intern Med.
2012,27(11):1544-7.

Halpern SD, Ubel PA, Asch DA. Harnessing the power of default options
to improve health care. N Engl J Med. 2007;357(13):1340-4.

Thaler RH, Sunstein CR. Nudge: improving decisions about health, wealth,
and happiness. Penguin: Penguin Books; 2009.

ChenY, Harris S, Rogers Y, Ahmad T, Asselbergs FW. Nudging within
learning health systems: next generation decision support to improve
cardiovascular care. Eur Heart J. 2022:43(13):1296-306.

Milkman KL, Patel MS, Gandhi L, Graci HN, Gromet DM, Ho H, et al. A
megastudy of text-based nudges encouraging patients to get vac-
cinated at an upcoming doctor’s appointment. Proc Natl Acad Sci U S A.
2021;118(20):e2101165118.

Waddell KJ, Shah PD, Adusumalli S, Patel MS. Using behavioral economics
and technology to improve outcomes in cardio-oncology. JACC Cardi-
oOncol. 2020;2(1):84-96.

Kruse GR, Hale E, Bekelman JE, DeVoe JE, Gold R, Hannon PA, et al.
Creating research-ready partnerships: the initial development of seven
implementation laboratories to advance cancer control. BMC Health Serv
Res. 2023;23(1):174.

Adusumalli S, Kanter GP, Small DS, Asch DA, Volpp KG, Park SH, et al. Effect
of nudges to clinicians, patients, or both to increase statin prescribing: a
cluster randomized clinical trial. JAMA Cardiol. 2023:8(1):23-30.

Jenssen BP, Schnoll R, Beidas RS, Bekelman J, Bauer AM, Evers-Casey

S, et al. Cluster randomized pragmatic clinical trial testing behavioral
economic implementation strategies to improve tobacco treatment for
patients with cancer who smoke. J Clin Oncol. 2023;41(28):4511-21.
Asch DA, Volpp KG. On the way to health. LDl Issue Brief. 2012;17(9):1-4.
Asch DA, Muller RW, Volpp KG. Automated hovering in health care—
watching over the 5000 hours. N Engl J Med. 2012;367(1):1-3.

Boustani M, Alder CA, Solid CA. Agile implementation: a blueprint for
implementing evidence-based healthcare solutions. J Am Geriatr Soc.
2018,66(7):1372-6.

Davis M, Wolk CB, Jager-Hyman S, Beidas RS, Young JF, Mautone JA, et al.
Implementing nudges for suicide prevention in real-world environments:
project INSPIRE study protocol. Pilot Feasibility Stud. 2020;,6:143.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Page 12 of 12

Last BS, Buttenheim AM, Futterer AC, Livesey C, Jaeger J, Stewart RE, et al.
A pilot study of participatory and rapid implementation approaches

to increase depression screening in primary care. BMC Fam Pract.
2021,22(1):228.

Asch DA, Rosin R. Innovation as discipline, not fad. N Engl J Med.
2015;373(7):592-4.

Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery JC.
Fostering implementation of health services research findings into prac-
tice: a consolidated framework for advancing implementation science.
Implement Sci. 2009;4:50.

Damschroder LJ, Reardon CM, Widerquist MAO, Lowery J. The updated
Consolidated Framework for Implementation Research based on user
feedback. Implement Sci. 2022;17(1):75.

Chaiyachati KH, Beidas RS, Lane-Fall MB, Rendle KA, Shelton RC, Kaufman
EJ. Weaving equity into the fabric of medical research. J Gen Intern Med.
2022,37(8):2067-9.

Rendle KA, Beidas RS. Four strategic areas to advance equitable imple-
mentation of evidence-based practices in cancer care. Trans| Behav Med.
2021;11(11):1980-8.

Shelton RC, Chambers DA, Glasgow RE. An extension of RE-AIM to
enhance sustainability: addressing dynamic context and promoting
health equity over time. Front Public Health. 2020;8:134.

Woodward EN, Matthieu MM, Uchendu US, Rogal S, Kirchner JE. The
health equity implementation framework: proposal and preliminary
study of hepatitis C virus treatment. Implement Sci. 2019;14(1):26.
Takvorian SU, Bekelman J, Beidas RS, Schnoll R, Clifton ABW, Salam T,

et al. Behavioral economic implementation strategies to improve serious
illness communication between clinicians and high-risk patients with
cancer: protocol for a cluster randomized pragmatic trial. Implement Sci.
2021;16(1):90.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.bi.team/publications/east-four-simple-ways-to-apply-behavioural-insights/
https://www.bi.team/publications/east-four-simple-ways-to-apply-behavioural-insights/

	Protocol for a pragmatic stepped wedge cluster randomized clinical trial testing behavioral economic implementation strategies to increase supplemental breast MRI screening among patients with extremely dense breasts
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Contributions to the literature
	Background
	Methods
	Study setting and population
	Study design and duration
	Overview of study procedures
	Formative work using rapid cycle approaches (RCA)
	Implementation strategies
	Patient nudge
	Clinician nudge
	Both nudges
	Usual care

	Measures
	Qualitative aim
	Sample size, power, and statistical analysis

	Discussion
	Anchor 23
	Acknowledgements
	References


