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Abstract

Background Germline genetic testing is recommended by the National Comprehensive Cancer Network (NCCN)
for individuals including, but not limited to, those with a personal history of ovarian cancer, young-onset (< 50 years)
breast cancer, and a family history of ovarian cancer or male breast cancer. Genetic testing is underused overall,

and rates are consistently lower among Black and Hispanic populations. Behavioral economics-informed implemen-
tation strategies, or nudges, directed towards patients and clinicians may increase the use of this evidence-based
clinical practice.

Methods Patients meeting eligibility for germline genetic testing for breast and ovarian cancer will be identified
using electronic phenotyping algorithms. A pragmatic cohort study will test three sequential strategies to promote
genetic testing, two directed at patients and one directed at clinicians, deployed in the electronic health record (EHR)
for patients in OB-GYN clinics across a diverse academic medical center. We will use rapid cycle approaches informed
by relevant clinician and patient experiences, health equity, and behavioral economics to optimize and de-risk our
strategies and methods before trial initiation. Step 1 will send patients messages through the health system patient
portal. For non-responders, step 2 will reach out to patients via text message. For non-responders, Step 3 will contact
patients’ clinicians using a novel “pend and send”tool in the EHR. The primary implementation outcome is engage-
ment with germline genetic testing for breast and ovarian cancer predisposition, defined as a scheduled genetic

*Correspondence:

Heather Symecko

hsymecko@pennmedicine.upenn.edu

Susan M. Domchek

susan.domchek@pennmedicine.upenn.edu

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

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13012-023-01308-w&domain=pdf

Symecko et al. Implementation Science (2023) 18:57

Page 2 of 11

counseling appointment. Patient data collected through the EHR (e.g., race/ethnicity, geocoded address) will be

examined as moderators of the impact of the strategies.

Discussion This study will be one of the first to sequentially examine the effects of patient- and clinician-directed
strategies informed by behavioral economics on engagement with breast and ovarian cancer genetic testing. The
pragmatic and sequential design will facilitate a large and diverse patient sample, allow for the assessment of incre-
mental gains from different implementation strategies, and permit the assessment of moderators of strategy effec-
tiveness. The findings may help determine the impact of low-cost, highly transportable implementation strategies
that can be integrated into healthcare systems to improve the use of genomic medicine.

Trial registration ClinicalTrials.gov. NCT05721326. Registered February 10, 2023. https://www.clinicaltrials.gov/study/

NCT05721326

Keywords Genetic testing, Behavioral economics, Nudges, Implementation science, Electronic health record,

Sequential, Pragmatic, Rapid cycle approaches

Contributions to the literature

+This study will evaluate novel sequential steps to pro-
mote the use of genetic testing to determine breast and
ovarian cancer predisposition.

+This study will be one of the first to use implemen-
tation strategies informed by behavioral economics
directed to both patients and clinicians to increase the
use of genetic testing for breast and ovarian cancer pre-
disposition across a large health system.

+This study may provide support for low-cost, sim-
ple, and scalable approaches to increasing the engage-
ment of at-risk patients with breast and ovarian cancer
genetic testing.

Background

Breast cancer is the most common cancer for women
across the world [1-3]. Approximately 300,000 new
breast cancer cases were estimated in the USA for 2022,
accounting for roughly one-third of new cancer diagno-
ses among U.S. women [4, 5]. Although less common,
ovarian cancer ranks as the deadliest gynecologic can-
cer, accounting for about 20,000 cases and 13,000 deaths
per year [4, 6, 7]. Moreover, substantial health inequities
exist for both cancers. Early-stage diagnosis is critical for
increasing survival rates [8, 9], but Black women tend to
be diagnosed at later stages than white women [7, 10],
and mortality rates for both diseases are >30% higher for
Black women as compared to white women (7, 11, 12].

In the past decade, multigene panel tests have been
increasingly used to analyze several genes associated
with breast and ovarian cancer [13-15]. Genetic testing
can inform risk assessment, suggest interventions for risk
reduction, and change options for therapy [16]. Multiple
FDA approvals for PARP inhibitors for the treatment for
BRCA-associated cancer, including early-stage, high-risk
breast cancer [17, 18], have changed the landscape with
regard to medical intervention [19]. As such, patients [20,

21] and clinicians [20, 22, 23] are generally interested in
genetic testing and the National Comprehensive Can-
cer Network (NCCN) recommends testing for specific
groups (e.g., people with personal histories of ovarian
cancer) [14]. Unfortunately, there is a clear practice gap
in genetic testing uptake, with only about 35% of ovar-
ian cancer patients undergoing testing [24—27]. In assess-
ing two large gynecology practices in our health system,
we found higher rates than average of genetic testing
among patients diagnosed within the last two years with
early-onset breast cancer or triple-negative breast cancer.
However, we found very low rates of genetic testing in
individuals who were (1) diagnosed with ovarian cancer
previously, or (2) had a family history of ovarian cancer
or male breast cancer. Testing rates of those with a fam-
ily history (rather than a personal history) of cancer were
less than 15%. Moreover, substantial health inequities
exist in testing rates. Eligible Black women are much less
likely to be tested than their non-Hispanic white coun-
terparts [11, 25-28], a finding replicated in the analysis
of our own data, even with similar referral rates for all
patients meeting our eligibility criteria.

Barriers to genomic medicine uptake exist at the sys-
tem, clinician, and patient levels. The number of available
genetic tests is growing exponentially [29, 30], so it can
be challenging to integrate genomic data into the elec-
tronic health record (EHR) to track genetic test results
and facilitate clinical workflows [31-33]. Our health sys-
tem has tackled this issue by using Health Level 7 (HL7?)
standardization with labs, genomic indicators, and a
precision medicine tab within the EHR [34]. However,
due to expanding and changing indications and unclear
eligibility criteria [35], clinicians may face challenges in
identifying those eligible for genetic testing. Also, they
report barriers related to a lack of awareness or training,
cost concerns, and busy schedules [33, 35-39], resulting
in uncertainty and lower priority for referring patients
to genetic counseling. Integrating genomic medicine
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into the EHR can mitigate some concerns by identifying
appropriate patients and guiding clinicians via stream-
lined workflows [34, 35, 40, 41]. Still, when faced with
uncertainty, people often rely on cognitive heuristics to
make decisions [42], such as status quo bias, or preferring
to maintain the current state over taking action to change
[40]. When perceiving unclear eligibility criteria or fac-
ing a busy schedule, clinicians may opt to keep things the
same to maintain simplicity. The status quo bias can be
leveraged by shifting the status quo to default genetics
consult orders and emphasizing the availability of EHR-
based support systems and clear recommendations for
genetic testing. Similarly, default orders can make the
referral process easier.

Given the shared decision-making dynamics underly-
ing the choice to pursue genetic testing, patient barriers
also must be addressed, including awareness [43-45],
access [46], cost concerns [21, 43—47], anxiety about the
potential misuse of test results [45, 48, 49], and insur-
ance discrimination [21, 50]. Patients’ decisions are
also affected by cognitive heuristics. Omission bias, or
focusing on the potential harm of action more than that
of inaction [51], plays a key role. Concerns about the
implications of test results for patients and their families
(such as the need for family members to be tested or fear
about how medical professionals or insurance compa-
nies may use test results) can trigger omission bias and
lead patients to think that getting genetic testing is worse
than not pursuing it [52, 53]. These concerns tend to be
heightened among members of racial or ethnic minority
groups who have been mistreated by the medical system
[45, 48, 49]. Although clinician recommendations to pur-
sue genetic testing are one of the strongest predictors of
patient willingness to undergo testing [28, 54, 55], clini-
cians are significantly less likely to recommend it to Black
and Hispanic women [28, 54, 56]. Increasing the use of
genetic testing requires addressing barriers at multiple
levels [57], many of which are salient for patients from
minoritized groups. Thus, offering patients the oppor-
tunity to be involved in decision-making about genetic
testing is crucial for facilitating sustainable and equitable
uptake [43].

Leveraging behavioral economic theory to mitigate
cognitive heuristics has been effective in promoting
evidence-based care and improving patient outcomes
[58-62]. Nudges are strategies that make it easier for
clinicians and patients to make evidence-based deci-
sions. These can include framing language and/or
default options, which subtly change the environment
to facilitate evidence-based decisions while still preserv-
ing people’s freedom of choice [60, 63]. For instance,
emphasizing the ease of genetic testing and the harms of
not taking the first steps toward an appointment could
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mitigate omission bias. For clinicians, nudges can incor-
porate accountable justification, which requires clinicians
to substantiate their decisions when declining a new sta-
tus quo (in the form of a default order) and can promote
self-reflection and higher-value care [64, 65].

Health system nudges have the potential to encour-
age uptake of genetic testing. These strategies can be
automated, are scalable, and could mitigate health ineq-
uities [40, 62, 66, 67]. Prior research suggests that clini-
cians recommend genetic testing less often for non-white
patients [28, 54, 56], but sequential dissemination of
strategies could expand reach. Initial messages sent via
the health system patient portal (MyPennMedicine;
MPM) could generate initial interest via a “low-touch”
message with minimal costs. Outreach via text messag-
ing, which is more widespread [68], will be able to miti-
gate inequities resulting from differential patient portal
access [69] and facilitate comparisons of outreach strat-
egies. To reduce clinician burden, clinicians will only be
contacted in the final phase. Literature suggests that cli-
nician-directed default nudges, which sit atop the nudge
intervention ladder, may be the most influential in chang-
ing behavior [62, 66].

This study was designed to evaluate the effects of three
sequentially delivered patient- and clinician-directed
implementation strategies informed by behavioral eco-
nomics on the scheduling of genetic counseling appoint-
ments for patients with breast and ovarian cancer risk.
We chose a sequential study design to determine the
relative effects of the three strategies. Adaptive designs
are gaining in use, including in oncology [70], since they
can efficiently help identify the relative benefits of add-
ing components of an intervention in relationship to the
overall resources needed to sustain them. Behavioral eco-
nomics and implementation science can be integrated to
maximize the impact and equity of strategies seeking to
encourage patients to pursue genetic testing [63].

Methods

Study design

This pragmatic study will use a non-randomized, sequen-
tial adaptive design to examine the effect of patient- and
clinician-directed nudges informed by behavioral eco-
nomics and delivered via the EHR for promoting the
use of genetic testing for the identification of breast and
ovarian cancer predisposition. Sequences are detailed
in Fig. 1. Before the sequences begin, we will use elec-
tronic phenotyping procedures to identify a cohort of
patients receiving care through two large OB-GYN clin-
ics who are eligible for genetic testing for breast and
ovarian cancer predisposition (based on information in
the EHR), but who have no documentation of testing in
the EHR [71]. Next, in the first sequence, all patients will
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Sequence 1: Patient
Portal Messages

Patient portal messages sent

to eligible patients

if no
response

Sequence 2: Text
Messages to Patients

'Text messages sent to eligible
patients via Way to Health
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Sequence 3: Pended
Orders for Clinicians

Pended genetics consult

order sent to clinicians via the
electronic health record

if no
response

1. Check: Is the family history accurate?
2. Check: Has the patient had prior genetic

testing?

3. Proceed with scheduling a genetic
counseling appointment

Fig. 1 Study design

be contacted via the MyPennMedicine (MPM) patient
portal. Messages will be delivered twice, one week apart.
The message will include direct information on patients’
cancer risk based on their genetic history, their ability
to take action to address their risk, and how to contact
the study team to schedule an appointment. Patients can
reply directly to the MPM message, call the Cancer Risk
Evaluation Program (CREP), or use an outreach-spe-
cific email address. Patients who do not engage with the
CREP within three weeks will receive the next adaptive
sequence, a direct text message targeting omission bias to
promote breast and ovarian cancer genetic testing. Again,
patients will receive two text messages, a week apart, and
will be given three weeks to schedule an appointment.
The text message program will be conducted through
Penn Way to Health, an evidence-based patient engage-
ment platform [72, 73]. Finally, if patients do not engage
with the genetics team, their clinicians will receive an
EHR-based nudge targeting status quo bias using the
“pend and send” functionality with a pended genetics
consult order as a default. A final 6-month observation
period will track the scheduling of genetic counseling and
genetic testing results for breast and ovarian cancer pre-
disposition following clinician strategy delivery. Patient
characteristics (e.g., age, race/ethnicity, nature of genetic
risk) will be ascertained from the EHR and explored as
moderators of the effectiveness of each sequence to pro-
mote genetic testing. This sequential adaptive design
will allow for comparisons of which strategies work best
across clinics and subgroups of patients.

The primary implementation outcomes will be rates
of scheduling and completion of genetic counseling
appointments, stratified by factors such as referral clinic
and diagnosis, with cumulative nudges representing a

time-varying covariate. Decisions to undergo genetic
testing in a timely manner are dependent on several fac-
tors, including patient preference. Additionally, a coun-
seling discussion can alleviate some patient concerns
about testing and may be more acceptable to patients. As
such, scheduling the initial genetic counseling appoint-
ment was chosen as a primary outcome in addition to
appointment completion. Process outcomes will include
open rates for the two patient-directed strategies and
the proportion of pended orders signed by referring cli-
nicians. We will compare the number of appointments
scheduled after each sequence and across patient-level
characteristics (e.g., race and ethnicity) and site.

Study setting, population, and duration

This study will be conducted at gynecologic practices
within two Penn Medicine centers: Penn Health for
Women Radnor and the Helen O. Dickens Center for
Women. These sites serve substantially different patient
populations in terms of racial identity and insurance cov-
erage, which may affect testing uptake. Most patients at
Radnor are white (83.7% white, 6.5% Black, 3.0% Asian,
6.8% other/unknown), while the Dickens Center pre-
dominantly serves Black patients (73.7% Black, 18.9%
white, 2.1% Asian, 5.3% other/unknown). Patients seen
at these two sites since January 1, 2009 will be selected
by an EHR-based algorithm established previously [71]
using the following eligibility criteria: (1) serous ovar-
ian cancer diagnosed more than two years prior to study
contact; (2) breast cancer diagnosed at under 50 years
of age more than two years prior to study contact; (3)
triple-negative breast cancer diagnosed at any age more
than two years prior to study contact; (4) unaffected
individuals reporting a family history of ovarian cancer;
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(5) unaffected individuals reporting a family history of
male breast cancer; and (6) at least two Penn Medicine
appointments within the last three years. Utilizing elec-
tronic phenotyping in the EHR, participants who have
previously received genetic counseling and testing will
be excluded. Approximately, 3000 patients at these sites
have been identified as eligible for genetic testing for
familial high-risk breast and ovarian cancer based on
these criteria, and these patients make up the target sam-
ple. The clinician sample (N=30) will consist of gynecol-
ogists at participating practice sites associated with these
patients. It is anticipated that the study will take approxi-
mately 18 months to complete. The study was approved
by the University of Pennsylvania Institutional Review
Board. The trial presents minimal risks to participants,
and a waiver of informed consent was approved for all
study aims.

Overview of rapid-cycle approaches and study procedures
The first step to increasing genetic testing is to identify
patients who might benefit from it by utilizing updated
tools in the EHR. Penn Medicine’s Abramson Cancer
Center Electronic Phenotyping Core developed algo-
rithms for identifying patients based on cancer registry
data and family history fields in the EHR. These elec-
tronic phenotyping procedures were used to identify ran-
domly selected patients to include in pilot testing during
the rapid cycle approaches (RCAs).

As a project led by the National Cancer Institute-
funded Penn Implementation Science Center in Cancer
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Control (Penn ISC3; P50CA244690), this study builds
on strategies from the center’s prior research [74, 75].
As in prior studies, RCAs to quickly learn and inno-
vate from pilot tests [41, 76-78] were used to de-risk
and optimize our nudges as implementation strate-
gies. They also helped us refine our methods based on
relevant experiences from clinicians and patient part-
ners to maximize their effect and study efficiency. This
work is summarized in Table 1. RCAs involved advi-
sory meetings with experts in behavioral economics,
discussions with patient and family partners on the
Basser Young Leadership Council, and meetings with
clinicians with expertise in breast and ovarian cancer
genetic testing. In addition, given the calls to incorpo-
rate implementation science and health equity together
in genomic medicine [43, 79], experts at integrating
these fields provided guidance on study design and
message content. We then designed prototype mes-
sages and received feedback about content and delivery
mechanisms. Finally, two template patient nudges were
pilot-tested by randomizing 200 patients to one of two
messages that were based on different heuristics. After
patients were sent their arm’s respective pilot message
via the patient portal and text message, the proportions
of patients who engaged with messages, contacted the
CREP scheduling staff and scheduled a genetic coun-
seling appointment were assessed. Based on extensive
review from partners and pilot test results, the nudges
to be implemented in the overall study were designed
as follows.

Table 1 Rapid cycle approaches to develop, de-risk, and optimize implementation strategies

Domain Initial approach

Iterative work

Output

Clinician nudge Best practice alert (BPA) with pended order
for genetics counseling

Key questions:

- What is the best timing and mechanism
for sending clinician nudges, since eligible
patients won't be in the clinic very often?

- What are the key cognitive heuristics

affecting genetic testing ordering?

Method: Meetings with experts in behav-
joral science, implementation science,
health equity, and informatics; discussions
with clinicians

Key feedback:

- Alert fatigue can cause annoyance for care
team members

- Clinicians preferred a pre-selected recom-

“Pend and send” default order for genetic
testing with accountable justification
for clinicians who decline the order

mendation which can be signed efficiently
- Status quo bias was a key barrier

Patient nudge  Sequential nudges delivered via the patient
portal and text message

Key questions:

- What strategies can be used to overcome
inequities in patient portal access?

- What are the key cognitive heuristics
affecting genetic testing uptake?

Method: Meetings with experts in behav-
joral science, implementation science
and health equity; patient review; pilot
tests which contacted 200 patients

via the patient portal and text message
with two potential nudges

Key feedback:

Patient portal messages emphasizing
ease and text messages emphasizing
the importance of taking action to pre-
vent cancer

- Messages with a clear call to action

up front can spur behavior change

- Wording changes to increase readability
would be valuable

- Pilot tests revealed that the message
emphasizing ease led to high engagement
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Patient nudges (patient portal and text message)

The patient-directed strategies will be delivered via
two mechanisms: the patient portal and text mes-
sage. Figure 2 shows both patient-directed nudges.
The content of the nudges was influenced by past
research documenting that patients tend to focus on
the potential adverse effects of action vs. inaction [52,
53, 80] and was reviewed and modified by a group of
clinicians and patient partners. Eligible patients will
initially be contacted via the patient portal. This “low-
touch” implementation strategy can provide informa-
tion about the impact of using patient health system
portals to encourage the uptake of genetic testing. If
patients do not respond, or if they are identified as not
having a patient portal account, they will be moved to
the second implementation sequence. In this sequence,
patients will be sent text messages using similar content
from the first sequence, encouraging them to sign up
for genetic counseling appointments. Patients who do
not respond to the first two nudges will be identified for
the clinician’s nudge.

Clinician nudge

Our preliminary formative work involved the devel-
opment of prototype messages to integrate as nudges
delivered to clinicians through the EHR. As with the
patient nudge, we created multiple versions of the
nudges and ascertained feedback from partners about
the message content and design, as well as the method
and timing of delivery. Also, the study team engaged
with research from another study promoting genetic
testing and adapted the wording and format of a clini-
cian nudge to design a message considered most likely
to receive clinician support.

Both study sites use Epic (Epic Systems Corporation,
Verona, WI) to deliver care. Recent upgrades to Penn’s
Epic instance introduced the “pend and send” capabil-
ity. Using this process, the research team will create a
pended order for a genetics consult for eligible patients
who did not respond to prior patient-directed strategies.
As detailed in Fig. 3, the clinician nudge will include text
leveraging status quo bias, a default order for a genet-
ics consult, and a requirement for clinicians to provide
accountable justification if they decline the order. Clini-
cians can efficiently sign orders in the InBasket without
needing to open each encounter separately. The consults
are then routed directly to the CREP scheduling team,
who will contact the patient to schedule an appointment
with a genetic counselor. We pilot-tested the “pend and
send” mechanism in the RCAs. Clinicians have been
engaged at both clinics so that they are aware of this ini-
tiative and clinician education has been provided.
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Measures

The primary outcomes are the rates of contacted patients
who schedule and complete a genetic counseling appoint-
ment within six months after each sequential step, col-
lected via the EHR. As process measures, we will evaluate
the proportion of patients who open MPM messages or
respond to text messages within one month of receiving
them, as well as the proportion of pended orders that
clinicians sign within one month to refer patients for
a genetics consult. Potential moderating variables will
also be collected, including patient demographics (age,
race, ethnicity, diagnosis, health insurance, address, and
geocoded area as a proxy for neighborhood-level socio-
economic status), clinician data (practice site, years in
practice), and practice-level information (community
vs. hospital-based setting, urban vs. non-urban location,
health insurance mix). These data will be used to describe
the sample of participating patients and clinicians and to
identify factors that may influence strategy effectiveness.
Genetic counseling and testing rates will be evaluated
after being stratified by these factors.

Sample size, power, and statistical analysis

Based on preliminary assessments via electronic pheno-
typing in the EHR, we have identified a target sample of
around 3000 patients (clustered within approximately 30
physicians at the two Penn Medicine sites) who may ben-
efit from genetic testing for familial high-risk breast and
ovarian cancer predisposition but have not done so. We
calculated power conservatively by assuming correlations
of 0 to 0.2, using PASS (Power and Sample Size, NCSS
Software, Kaysville, UT). We found our sample gives us
80% power to detect at least a 5% improvement in our
cumulative incidence of testing using a two-sided type 1
error rate of 5%, for planned comparisons between each
stage in the sequence.

We will analyze the change in the incidence of schedul-
ing counseling appointments across the three sequences
(all time to event outcomes) using Cox regression, with
variances adjusted for physician clustering. The mod-
els will contain time-varying binary predictor terms for
each nudge, making adjustments for time in months,
and fixed effects for site. We will control for type 1 error
inflation by hierarchical testing, starting with the overall
model significance, followed by the effect of each strat-
egy. Once we have fitted the main effects model, we will
test for each sequence and retain terms if significant
(alpha=5%). Variability in outcomes by sequence and
moderators (particularly health equity variables) will be
assessed using interaction terms within Cox regression
models. We will fit an adjusted Cox regression model
using the same approach described in the primary analy-
sis. Covariates of interest available through the EHR will
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Fig. 2 Patient nudges

Patient portal message

Dear <Patient Name>,

At Penn Medicine we are focused on providing the best care for our patients. We are reaching
out to you directly because you may be eligible for genetic testing to help identify your cancer
risk. For many patients a simple genetic test may help you and your health care provider
identify ways to prevent cancer.

You have told us that you or your family members have had ovarian cancer, triple negative
breast cancer (TNBC), breast cancer at young age (<50 years old), or male breast cancer, and
therefore you may be eligible for genetic testing.

If you would like more information, contact us directly by responding to this message. You can
also call <phone number> or email <email address>.

If you have already had genetic testing, it is important that this information be included in your
medical record. Please let us know when and where your testing was completed. If your family
history above is not correct, please let us know so that we can accurately update your records.

Thank you,
Your care team at <Dickens Center for Women's Health> or <Radnor GYN>

Patient text message sequence

Message #1

Hello, this is Penn Medicine reaching out to you on behalf of your health care team at <patient’s
clinic> regarding your health. Please confirm that you are <first name>. Please text 1 for YES to
confirm you are <first name>. Text 2 for NO if we contacted the wrong number, or BYE if you
don't want to receive messages about the program.

Please note texting is not 100% secure. Msg & data rates may apply.
. proceed to next message

...... Thank for your response. We will update our records and you will not receive future
messages from our team.

Message #2

I’'m glad we reached you <first name>. Penn Medicine has started a new health program to help
patients better understand their risk for cancer. Do you want to learn more? Text 1 if YES. Text
2 if NO. Please respond with the NUMBER ONLY.

Y) 1 . proceed to next message
N)2...... Thank you for letting us know. We will no longer contact you regarding this matter.

Message #3

People with a personal or family history of ovarian cancer, triple negative breast cancer (TNBC),
breast cancer at young age (<50 years old), or male breast cancer are at increased risk for
developing cancer. Does this describe you or your family?

Text 1 if YES, this is correct, 2 if NO, this is not correct. Please respond with the NUMBER
ONLY.

Y)l...... proceed to next message
N)2...... Thank you for letting us know. We will no longer contact you regarding this matter.

Message #4

This history may put you at an increased risk for developing cancer in the future. You may be
eligible for genetic testing to help know your risk and to take steps in preventing cancer. Do you
want to receive a follow-up call to discuss genetic testing and scheduling?

Text 1 if YES, I would like a follow-up call, text 2 if NO, not interested in genetic testing, and
text 3, if you have already had genetic testing. Please respond with the NUMBER ONLY.

1 You can expect to receive a call from the Cancer Risk Evaluation Program at Penn Medicine
within 3 business days. You can also call us directly <phone number>.

2 Thank you for letting us know. We will no longer contact you regarding this matter. Should
you change your mind you can reach us at <phone number> for more information.

3 It is important for this information to be included in your medical record. Please type the year
when you were tested and we will make sure your care team at <practice> has this information.
Please type the location of where you were tested and we will make sure your care team has this
information.

After a patient shares their prior genetic testing information, the following message is sent:
Thanks for your input. We will update our records with this important information. No further
action needed at this time. If have any questions regarding this message, you can call us at
<phone number>.
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Physician nudge to accompany pended order:
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Your patient has been identified as a candidate for genetic testing for cancer predisposition. In
the past, genetic testing may not have been recommended. But now, genetic testing is
recommended by NCCN to guide screening and prevention strategies.

If physician does not want to order — choose “do not order.”

If “do not order” — select reason why:
e Not clinically indicated
e Defer to later date
e Patient not interested
e Already had genetic testing
e Other
Fig. 3 Clinician nudge

be added to the model, including patient-level (e.g., race),
clinician-level (e.g., physician type), and practice-level
(e.g., community vs. hospital-based) data.

Discussion

This study will sequentially test the effects of patient-
directed strategies, sent via the patient portal and text
message, and EHR-based clinician-directed strategies,
sent as “pend and send” default orders, on genetic coun-
seling engagement in gynecology practices at two dis-
tinct Penn Medicine clinics. It builds upon Penn ISC3’s
prior work [74, 75] implementing nudges to patients
and clinicians by extending it to new populations who
face additional barriers to engaging in evidence-based
clinical practices. Sequential delivery mechanisms can
reinforce the additive value of combining outreach via
different communication channels, as well as facilitate
comparisons between different patient outreach mecha-
nisms. Additionally, the study demonstrates the value
of RCAs and pilot testing strategies before implement-
ing them at scale. By addressing barriers and heuristics
that affect both patients and clinicians, this multi-level
approach may help to define optimal strategies resulting
in increased potential for success.

Substantial racial inequities exist in genetic testing,
the timeliness of cancer diagnosis, and mortality rates.
Implementing these strategies at diverse clinics in this
study seeks to mitigate such inequities. While innova-
tive treatments for BRCA-associated cancers (such as
PARP inhibitors) are being approved, these innova-
tions can exacerbate racial inequities in downstream
outcomes and guideline-concordant receipt of these
innovative treatments if genetic testing is not equita-
bly implemented. In combination with existing racial
inequities in clinicians’ recommendations for genetic
testing, expanding inclusion criteria for genetic testing
for all breast cancer patients may widen the divide in
genetic testing uptake. Automated outreach via several

communication channels aims to alleviate this inequity,
and if successful, it can guide future outreach programs
to extend health systems’ reach.

Nevertheless, researchers must be mindful of not
overloading patients and clinicians with informa-
tion and support tools. Co-designing strategies with
patients and clinicians, switching from a BPA to a
“pend and send” default order and the sequential nature
of the study has helped mitigate this concern. While
the clinics in this study serve diverse patient popula-
tions, results may not be generalizable to sites lacking
a robust EHR network, capacity for genetic counseling,
or leadership support. Finally, this is not a randomized
trial. If the implementation strategies demonstrate a
positive impact, study results can provide an initial
model for encouraging genetic testing uptake and may
lead to future large cluster randomized clinical tri-
als focused on scaling these approaches at other Penn
Medicine sites and beyond.
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