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Knowledge Regarding and Patterns of Genetic Testing in
Patients Newly Diagnosed With Breast Cancer Participating
in the iCanDecide Trial
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Background: The current study reports rates of knowledge regarding the probability of a BRCA1 and/or BRCA2 pathogenic variant
and genetic testing in patients with breast cancer, collected as part of a randomized controlled trial of a tailored, comprehensive, and
interactive decision tool (iCanDecide). Methods: A total of 537 patients newly diagnosed with early-stage breast cancer were enrolled at the time of their first visit in 22 surgical practices, and were surveyed 5 weeks (496 patients; Response Rate [RR], 92%) after
enrollment after treatment decision making. Primary outcomes included knowledge regarding the probability of carrying a BRCA1
and/or BRCA2 pathogenic variant and genetic testing after diagnosis. Results: Overall knowledge regarding the probability of having a BRCA1 and/or BRCA2 pathogenic variant was low (29.8%). Significantly more patients in the intervention group compared with
the control group had knowledge regarding the probability of a BRCA1 and/or BRCA2 pathogenic variant (35.8% vs 24.4%; P <.006).
In multivariable logistic regression, the intervention arm remained significantly associated with knowledge regarding the probability
of having a BRCA1 and/or BRCA2 pathogenic variant (odds ratio, 1.79; 95% confidence interval, 1.18-2.70). Conclusions: The results
of the current study suggest that although knowledge concerning the probability of having a BRCA1 and/or BRCA2 pathogenic variant remains low in this patient population, the interactive decision tool improved rates compared with a static Web site. As interest
in genetic testing continues to rise, so will the need to integrate tools into the treatment decision process to improve informed decision making. Cancer 2018;124:4000-4009 © 2018 American Cancer Society
KEYWORDS: BRCA1 and/or BRCA2, breast cancer patients, decision making, decision tool, diagnosis, genetic testing, knowledge,
probability information.

INTRODUCTION
Advances in genetic technology, particularly multigene panel testing, have increased the clinical diagnostic and therapeutic uses of genetic testing in patients with breast cancer. However, results from multigene panel testing add to already
difficult decisions regarding next steps in clinical care soon after a breast cancer diagnosis. The addition of multigene
panel testing to the decision-making process requires additional knowledge, consideration, and the application of genetic
risk information for the various treatment options. Given the association between genetic testing outcomes and treatment use, knowledge is critical. Nevertheless, patient knowledge regarding breast cancer genetics and the implications
of genetic test results for different treatment options is low,1,2 further widening the gap between the availability of more
expansive genetic testing and the usefulness of the results from genetic testing in treatment decision making.3‒6
To the best of our knowledge, few tools have been developed for breast cancer–related decision making that address
important aspects of genetic testing on the implications of test results for the treatment of individuals already diagnosed.7
This is particularly concerning given that a previous study found that the most commonly reported immediate postdiagnosis concerns are treatment and prognosis, followed by the probability of developing a second cancer and the probability
of family members developing cancer.8 Knowledge regarding the probability of carrying a BRCA1 and/or BRCA2 pathogenic variant, as well as the uses and benefits of genetic testing, in individuals with a family history of breast and ovarian
cancer have been well described.9,10 However, to our knowledge, only 3 tools have been designed specifically for women
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with a pathogenic variant, or those already diagnosed
with breast cancer.11‒13 Furthermore, we also believe that
knowledge regarding the probability of BRCA1 and/or
BRCA2 pathogenic variants and concerning the benefits
and purpose of genetic testing in relation to treatment
has not yet been assessed in patients with breast cancer
after diagnosis. Few studies have formally evaluated the
role of genetic testing in breast cancer treatment decision
tools after a diagnosis of breast cancer. Because to our
knowledge there is no consensus regarding what should
be covered across the various phases of the genetic testing
process (eg, health-related decision making, dissemination
of results to family members), many tools lack important
themes relevant to different points in the process.11,14,15
The purpose of the current analysis, which was conducted after the successful completion of a large randomized controlled trial assessing the effect of a decision tool
(iCanDecide) on decision making for the treatment of
locoregional breast cancer, was 2-fold. First, we sought
to determine whether patients with breast cancer who
viewed the intervention version of iCanDecide would
have higher rates of knowledge regarding BRCA1 and/
or BRCA2 pathogenic variant probabilities, the benefits
of breast cancer genetics, and the implications of test results for treatment compared with those who viewed the
control version. Second, we aimed to describe patterns of
genetic testing use among participants in the iCanDecide
study, who were recruited from community-based surgical practices in several states.
MATERIALS AND METHODS
Study Design and Patient Recruitment

The current study reports a secondary analysis of data
collected as part of a randomized controlled trial of a tailored, comprehensive, and interactive decision tool (iCanDecide) compared with static online information.16 The
iCanDecide protocol and primary outcomes analyses have
been published previously.16,17 A total of 537 newly diagnosed patients with early-stage (AJCC stage 0-II) breast
cancer who were aged 21 to 84 years were enrolled at the
time of their first visit in 22 surgical practices in 4 states
(California, Georgia, Michigan, and Tennessee). After receiving an introduction packet from the surgical practices,
participants consented online; completed a short survey;
and were allocated to a study arm using randomization
stratified by site, age, race, educational level, and timing
of the surgical consult. Eligible and consenting patients
within each practice were randomized to the intervention
(tailored and interactive) or control (static information) version of the iCanDecide Web site. The primary outcome
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was a high-quality locoregional treatment decision (defined as an informed decision that was concordant with the
patient’s values), with knowledge regarding genetic testing
serving as a secondary outcome. Both were assessed from
the time of the first follow-up survey, which was mailed 4
to 5 weeks (496 patients; RR, 92%) after enrollment. A rigorous posttest design comparing the intervention with the
control group with regard to primary and secondary outcomes was used to increase engagement with the Web site
and reduce the burden on the respondents associated with
required baseline questions (iCanDecide intervention Web
site available at: https://cansort.med.umich.edu/research/
tools-and-resources/).18
Measuring Genetic Testing Knowledge

For the first objective of this analysis, the primary patient-reported outcomes measured included accurate
knowledge regarding aspects of genetic testing: 1) the
probability of carrying a BRCA1 and/or BRCA2 pathogenic variant (correct/incorrect/did not know); and 2) the
benefits and purposes of genetic testing after a diagnosis
of breast cancer.
Knowledge regarding the probability of carrying
a BRCA1 and/or BRCA2 pathogenic variant

Knowledge regarding the probability of carrying
a pathogenic variant was measured using an item designed by the study team. Participants were asked: “Out
of 100 women diagnosed with breast cancer, how many
have a pathogenic variant in the breast cancer genes
BRCA1 and/or BRCA2?” Response options included:
“few (0-10 women),” “some (11-25 women),” “quite a few
(26-50 women),” “many (51-75 women),” “most (76-100
woman),” or “don’t know.” Responses were categorized
as “correct” for participants who selected “few (0-10
women)” and “incorrect” or “don’t know” for all other
endorsed response options.
Knowledge regarding the benefits and
purposes of genetic testing after a diagnosis of
breast cancer

Knowledge regarding the benefits and purposes of genetic testing was measured using 3 questions developed
and pilot tested by our clinical team to be consistent with
the existing knowledge scales for locoregional and systemic treatment also being used in this randomized controlled trial.16,19
Participants were asked if the purposes of genetic
testing included deciding how to treat, determining the
probability of a new breast cancer, the prevention of future cancers, and informing family members of their risk
4001
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TABLE 1. Description of Participant Characteristics
Control Arm (n=270)

Intervention Arm (n=267)

Characteristic

N (%) or mean (SD)

N (%) or mean (SD)

p-value

Age
Race
White
Black
Other
Education
High school graduate or less
Some college/ college graduate
Some/completed graduate school

57.03 +/- 10.88 (270)

56.52 +/- 10.72 (267)

0.59
0.89

212 (79%)
45 (17%)
13 (5%)

210 (79%)
42 (16%)
15 (6%)

58 (21%)
145 (54%)
67 (25%)

57 (21%)
148 (55%)
62 (23%)

83 (31%)
187 (69%)

64 (24%)
203 (76%)

Married/Partnered
No
Yes

.
.
0.08

of breast cancer. Details regarding the survey questions
are provided in Supporting Information Table 1.
Patterns of Testing in the iCanDecide Sample

At the follow-up survey, participants were asked to provide information regarding genetic tests that they might
have undergone as part of the diagnosis or treatment
of breast cancer or for cancer risk. Participants were
provided a brief description of the purpose of genetic
testing. Next, respondents were asked, “Did a doctor
or other health professional talk with you about having a genetic test for breast cancer risk?” (yes/no/do not
know), “Did you have a counseling session with a genetic counseling expert–that is, an appointment where
the whole or most of the discussion is about genetic risk
for breast cancer?” (yes/no/do not know), and “How
much did you want to have a genetic test to tell you
the risk of you or your family developing new cancers
in the future?” (5-point scale from “not at all” to “very
much”). Participants then were asked, “Have you ever
had a blood or saliva genetic test for breast cancer risk
that was ordered by a doctor?” If the participant endorsed that they undergone a doctor-ordered blood or
saliva genetic test for breast cancer, they were asked
about their perception regarding why the test was ordered, if they had the testing before or after their diagnosis, and the result of the genetic testing. However,
the exact timing of testing or counseling relative to the
intervention was not known because participants could
have been tested before or after viewing the Web site.
Participants who did not have a physician order a multigene panel test were asked to select why they did not
undergo genetic testing for breast cancer.

4002

.
.
0.89

.

Patient Factors

Patient characteristics were obtained from patient report
at the time of log in and included age, race, educational
level, and partnership status. The initial survey also assessed whether the patient had seen her surgeon yet (yes/
no).
Statistical Analysis

To assess genetic testing knowledge, we followed a
prespecified analytic plan17 to assess whether rates of
knowledge regarding both knowledge measures (probability of carrying a BRCA1 and/or BRCA2 pathogenic
variant and knowledge regarding the benefits and purposes of genetic testing after being diagnosed with
breast cancer) were higher among the intervention compared with the control participants. Preliminary analyses to explore combining all items into one knowledge
scale did not indicate that one scale was appropriate.
Internal consistency (Cronbach alpha, .65) suggested
that internal reliability was not ideal, even after removing items with consistently low correlations (correlation
coefficient [r] <3).
We used chi-square tests and testing was 2-sided,
with a P value <.05 considered to be statistically significant. Participants with missing values regarding the outcome measures or covariates (<5%) were excluded from
the analysis. In post hoc analyses, we used logistic regression to model the association between study condition
and both dichotomous knowledge outcomes adjusting
for patient factors that were significant in bivariate analyses as well as study site.
To describe patterns of genetic testing in this clinical sample, we generated descriptive statistics regarding
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patterns of genetic testing and discussion, reasons for the
provider-ordered genetic test, and participant-reported
result of the testing.
The current study is registered at ClinicalTrials.gov
(ClinicalTrials.gov identifier NCT01840163).
RESULTS
Participant Characteristics

Study packets were distributed to a total of 1084 patients, 567 of whom (52.3%) visited the Web site,
nearly all of whom (537 patients; 94.7%) were eligible,
created an account, and completed an enrollment survey (Fig. 1).16 The response rate to the first follow-up
survey was 92% (496 patients) in the both intervention
and control arms (245 patients in the intervention arm

and 251 in the control arm). The study arms were balanced with regard to demographic factors (Table 1).
Genetic Testing Knowledge
Knowledge about the probability of carrying a
BRCA1 and/or BRCA2 pathogenic variant

Overall, the rate of knowledge regarding the probability of having a BRCA1 and/or BRCA2 pathogenic
variant among women diagnosed with breast cancer
was low (29.8%) when measured 5 weeks after the first
surgical visit and after treatment decision making had
occurred. In bivariate analyses, significantly more patients in the intervention group compared with the control group had knowledge regarding their BRCA1 and/
or BRCA2 probability (35.8% vs 24.4%; P = .006). In
an adjusted multivariable model, patients who viewed

(4684) New breast cancer
appointments at participating sites
(1084) study packets given to potential
eligible patients by site

(3600) patients not considered for the
study by sites

(517) patients that did not visit website

(567) patients consented on website

(563) patients eligible to participate in
the study

(4) patients that did not consent on
website

(23) patients ineligible to participate
(540) patients created account on
website and started baseline survey
(3) patients did not complete baseline
(537) patients completed baseline
survey (officially enrolled)

(19) patients did not complete
locoregional treatment decision

(22) patients did not complete
1st follow up survey

(267) patients randomized to
intervention and started
locoregional module

(270) patients randomized to
control and started locoregional
module

(248) patients completed
locoregional treatment decision

(270) patients completed
locoregional treatment decision

(267) patients sent 1st folllow
up survey (4-5 wks)

(270) patients sent 1st follow
up survey (4-5 wks)

st

st

(245) patients completed 1
follow up survey
(included in analytic sample)

(251) patients completed 1
follow up survey
(included in analytic sample)

(0) patients did not complete
locoregional treatment decision

(19) patients did not complete
1st follow up survey

Figure 1. Patient participant recruitment diagram for the iCanDecide study.
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Figure 2. Results from the logistic regression model regarding the likelihood of a correct response to the knowledge question
regarding the frequency of women with a pathogenic variant in BRCA1 and/or BRCA2 who already were diagnosed with breast
cancer. 95% CI indicates 95% confidence interval; CA, California; GA, Georgia; MI, Michigan; TN, Tennessee.

the intervention had higher odds than those of the control group of correctly answering the question regarding the probability of having a BRCA1 and/or BRCA2
pathogenic variant (odds ratio [OR], 1.79; 95% confidence interval [95% CI], 1.18-2.70) (Fig. 2). Other
factors found to be significantly associated with odds
of high knowledge included higher educational levels
(OR, 2.78; 95% CI, 1.46-5.27). Compared with participants who self-reported as white, black patients were
less likely answer the question regarding the probability
of having a BRCA1 and/or BRCA2 pathogenic variant
correctly (OR, 0.29; 95% CI, 0.14-0.60). Older individuals were less likely than patients aged <49 years to
answer this question correctly (aged 57-65 years: OR,
0.44 [95% CI, 0.23-0.73]; and aged >65 years: OR,
0.33 [95% CI, 0.18-0.60]).
Knowledge regarding the benefits and
purposes of testing after being diagnosed with
breast cancer

Patient knowledge regarding the benefits and purposes of
genetic testing for treatment decision making generally
was high (percentage correct for each question [range,
72.49%-89.20%]). In bivariate analyses, the only item
for which there was a significant difference in the correct
response noted between the intervention and control subjects was the question regarding whether the purpose of
undergoing BRCA1 and/or BRCA2 genetic testing after
4004

a diagnosis of breast cancer is to help a woman know
whether her family members may be at risk of developing
breast cancer (95.51% vs 89.21%, respectively; P=.023).
This association held in multivariable logistic regression (OR, 2.75; 95% CI, 1.18-6.43) (Fig. 3). The
only other factor found to be significantly associated
with higher odds of knowledge of the benefits and purposes of genetic testing included higher educational level
(OR, 2.78; 95% CI, 1.22-6.34). There were no differences regarding the percentage of patients answering the
other knowledge questions correctly noted by study arm.
Patterns of Testing in the iCanDecide Sample

The majority of survey respondents (71%) stated that
a health care professional spoke with them about undergoing a genetic test for breast cancer risk. However,
fewer than one-half of respondents (42%) reported
having a counseling session with a genetic counseling
expert. Approximately 56% of respondents endorsed
that they wanted to undergo genetic testing to learn
about the risk of future cancers either “quite a bit” or
“very much.” The percentage of respondents who spoke
with a health care professional regarding undergoing
a genetic test and the percentage of respondents who
endorsed that they wanted to undergo a genetic test
did not appear to vary by the state in which the surgical practice was located. However, a chi-square test
of goodness-of-fit determined that the frequencies of
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Figure 3. Results from a logistic regression model regarding the likelihood of a correct response to whether undergoing BRCA
genetic testing after a diagnosis of breast cancer helps a woman know whether her family is at risk of developing breast cancer.
95% CI indicates 95% confidence interval; CA, California; GA, Georgia; MI, Michigan; TN, Tennessee.

respondents reporting having a counseling session with
a genetic counseling expert was higher if the surgical
practice was located within the state of Georgia compared with the other 3 states (χ2 (9 [496 patients] =
21.14; P <.04). Among the 196 tested patients, 95.41%
underwent testing after being diagnosed with breast
cancer. Approximately 73% said that no pathogenic
variant was detected, 3.57% stated that they had a
pathogenic variant in BRCA1 and/or BRCA2 or another gene associated with breast cancer risk, 7.56%
reported a genetic variant of uncertain significance was
detected, and 8.67% did not know the results of genetic testing.
Untested participants (254 patients) who were randomized to the intervention group had higher knowledge than control subjects. However, the sample size was
too small to detect an interaction between testing and
assigned group in the multivariable logistic regression
model.
The most commonly selected reasons for getting
tested were: “My doctor thought I should” (78.57%),
“I wanted to get more information about my own health”
(70.41%), and “I wanted to get more information for my
family member” (68.88%). Among those participants who
did not undergo testing (278 patients), the most frequently
endorsed reason for not having genetic testing performed
was that “my doctor did not recommend it” (59.71%), a
finding that was similar to previous reports (Table 2).5
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DISCUSSION
The results of the current randomized controlled trial,
which was conducted in a large clinical sample of
women with a new diagnosis of breast cancer, suggest
that a decision tool can improve components of knowledge regarding genetic testing. Patterns of testing in
this sample were similar to those in larger populationbased samples,5 and many women reported that they
had not received formal genetic counseling. Although
we did not know the timing of counseling relative to
study participation, this result confirms findings from
population-based studies suggesting that there may be
opportunities for tools to be integrated into the clinical workflow to educate patients regarding the availability and information that can result from undergoing
genetic testing.5,20 Prior studies have suggested that
patients’ recollection and interpretation of complex
information (eg, pedigree-based hereditary likelihood)
may differ from what was discussed during a genetic
counseling session.21‒25 Given that verbal information
during counseling alone may be inadequate, interactive
decision tools are one possible way with which to enhance and improve patients’ knowledge, and interpretation of information regarding BRCA1 and/or BRCA2
genetic testing. Therefore, the potential for online decision tools to help address patient information needs in
this complex area is particularly compelling. Although
not a replacement for professional advice, the findings
4005
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TABLE 2. Participant Patterns of Testing for Breast Cancer
iCanDecide survey question

Overall % Endorsed

Intervention % Endorsed

Control % Endorsed

Did a doctor or other health professional
talk with you about having a genetic test
for breast cancer probability ?

335 (70.97)

164 (69.79)

171 (72.15)

Did you have a counseling session with a
genetic counseling expert – that is, an
appointment where the whole or most of
the discussion is about genetic
probability for breast cancer?

203 (42.12)

99 (41.08)

104 (43.15)

How much did you want to have a genetic
test to tell you the risk of you or your
family developing new cancers in the
future? [quite a bit or very much]

281 (56.65)

142

139

154 (78.57)
138 (70.41)

79 (79.00)
72 (72.00)

75 (78.13)
66 (68.75)

135 (68.88)

69 (69.00)

66 (68.75)

104 (53.06)
20 (10.20)
15 (7.65)

55 (55.00)
11 (11.00)
5 (5.00)

49 (51.04)
9 (9.38)
10 (10.42)

8 (4.08)
187 (95.41)

4 (4.00)
96 (96.00)

4 (4.17)
91 (94.79)

144 (73.47)

72 (72.00)

72 (75.00)

7 (3.57)

5 (5.00)

2 (2.08)

15 (7.56)

5 (5.00)

10 (10.42)

17 (8.67)
12 (6.12)

10 (10.00)
8 (8.00)

7 (7.29)
4 (4.17)

Have you ever had a blood or saliva
genetic test for breast cancer risk that
was ordered by a doctor?
Why did you get tested:
My doctor thought I should
I wanted to get more information about
my own health
I wanted to get more information for my
family members
Because of my family history
My family wanted me to be tested
Other
When did you have the test?
Before I was diagnosed
After I was diagnosed
What was the result
I did not have any pathogenic variants in
the gene tests
I had a pathogenic variant in a gene that
increases probability of breast cancer
(BRCA1 or BRCA2)
A gene pathogenic variant was found,
but not one that has been shown to
increase risk of BrCa
I don’t know the results
Other

of the current study suggest that online tools can provide a useful complement.
Although the majority of patients newly diagnosed
with breast cancer are unlikely to carry a high-risk cancer pathogenic variant, the growth of testing options
and increases in the accessibility of testing underscore
the importance of ensuring that all individuals have accurate knowledge regarding what the test(s) do, not just
those who opt to receive genetic testing.26,27 Although
overall knowledge regarding the probability of carrying
a BRCA1 and/or BRCA2 pathogenic variant was found
to be low in this population, the interactive decision tool
was associated with higher knowledge concerning this
probability and some of the benefits and purposes of
genetics testing after being diagnosed with breast cancer
when compared with a static Web site. The improvement
in aspects of knowledge noted after interaction with the
4006

iCanDecide intervention demonstrates that the integration of clinical decision support tools into the breast
cancer treatment decision process can provide additional
support to patients. The 11.4% increase in genetic testing
knowledge observed in the current study is promising,
particularly because genetic testing was not the primary
focus of the iCanDecide Web site. Despite this positive
finding, the overall rates of knowledge even in the intervention arm were relatively low (11.4%), suggesting
an opportunity for further work to improve knowledge
regarding genetic testing. It is important to note that
prior work assessing improvements in knowledge concerning locoregional treatment in this population similarly found the need for improvements in knowledge.16
This work and other reports28‒30 have demonstrated that
low knowledge exists in patients with breast cancer, even
after treatment. Persistent low knowledge along with the
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fact that it remains unclear what is clinically significant
in this context underscores the need for interventions focused on enhancing knowledge using novel and engaging
methods. Tools that offer the ability to link with clinicians, or the clinical system, could be useful in providing
clinicians with additional opportunities to close the loop
with patients, even after interacting with a decision tool.
Results from the current study indicate that patients
generally have high knowledge regarding the probability
of carrying a BRCA1 and/or BRCA2 pathogenic variant
after being diagnosed with breast cancer, and we did not
observe an intervention effect on this type of knowledge,
with the exception of the need to test in family members.
Although overall knowledge of these items may be high
in patients with a new breast cancer diagnosis, the potential to influence knowledge regarding the need to test
family members suggests an area in which tools may be
particularly useful. However as noted above, the results
of the current study suggest that there still is considerable
room to improve the knowledge regarding the probability of carrying a BRCA1 and/or BRCA2 pathogenic variant, particularly in older individuals and patients with
less education. This also is important given the implications of having a BRCA1 and/or BRCA2 pathogenic mutation for testing in family members, and cascade testing
to identify individuals who may be at risk of developing
breast cancer. Future work should address other factors
that contribute to lingering knowledge deficits. These
areas of enhancement include addressing emotional issues (anxiety and worry), which can contribute to the
ability to truly comprehend cognitively, and providing
educational materials to the provider that highlight remaining knowledge deficits.
The participants in the current study were unique
in the sense that this was a clinical sample of newly diagnosed patients with breast cancer who were recruited
at the time they were making their surgical treatment
decision, and most likely reflects what is happening in
the current clinical context. The majority of participants
in the current study reported that a health care professional spoke with them about undergoing a genetic test
for breast cancer risk. Our patterns of testing are similar
to those in our prior recent report in a population-based
sample of patients with breast cancer.6 Nevertheless, similar to population-based data, we found that fewer than
one-half of participants reported having a counseling session with a genetic counseling expert. Although sufficient
pretest counseling could have occurred by other means,
this finding suggests that the majority of patients did
not receive optimal pretest discussions regarding genetic
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testing. This also could be the result of an insufficient
genetic counseling workforce nationwide,14 providing
further support for tools that address key aspects of genetic testing such as ours.
The findings of the current study are consistent
with the broader literature concerning the potential positive impact of interactive online decision aids. Trials
have demonstrated improvements in the understanding
of prognosis, treatment options, decisional conflict, and
satisfaction with the use of decision aids in patients with
breast cancer as well as other cancers such as colorectal
cancer and thoracic oncology.31‒34 Furthermore, decision aids have been shown to weigh the absolute magnitude of benefit against competing risks and ideally
align choices more closely with the individual patient’s
personal preferences, particularly within the context of
genetic testing.13,35
The strengths of the current study included a large,
diverse sample; detailed information regarding patterns of
genetic testing; and a high participation rate. Limitations
included self-report of genetic test results, which may be
subject to recall bias. Although we achieved good representation of patients across subgroups, there remain
limits to the generalizability of these results to all racial
and socioeconomic groups, and nonresponse might have
biased results. Given the importance of genetic testing in
treatment decision making for patients and family members, further work is needed to understand what clinically
meaningful differences in knowledge regarding genetic
testing would be from the perspective of clinicians who
care for patients with breast cancer. Finally, it is important to note that the current study was conducted prior to
the widespread adoption of multiplex testing, and therefore was focused on individual gene testing. However, we
suspect that limitations in knowledge will only be exacerbated by multiplex testing.
As the scope of and interest in genetic testing
continues to rise, an already scarce genetic counseling
workforce is increasingly taxed.3,5,6,14 Offering patients
decision support tools that educate them regarding
genetic testing and its relevance to the breast cancer
treatment decision-making process may be a promising method for supplementing and supporting genetic
counselors. Tools can be used to deliver key information to patients, tailored to their risk and interest in genetic testing, that can be useful in directing the clinical
resources for counseling and testing. Moreover, tools
can be used to inform patients regarding the need for
family involvement and education concerning genetic
testing. In addition, tools that can help to calculate
4007
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the probability of an individual carrying a pathogenic
variant and interest in testing prior to meeting with
genetic counselors may help to tailor discussions appropriately. Nevertheless, the existence of knowledge gaps
even after tool viewing underscores the importance of
continued work to engage clinicians in the process of
educating patients through the integration of tools into
the clinical and genetic counseling workflow to support the growing complexity of breast cancer treatment
decision making.
FUNDING SUPPORT
Supported by grant P01 CA163233 from the National Cancer Institute
to the University of Michigan. Work conducted to develop iCanDecide
was performed using the University of Michigan Cancer Center Health
Communication Shared Resource (grant P30CA46592).

CONFLICT OF INTEREST DISCLOSURES
Allison W. Kurian reports a grant from Myriad Genetics for research
funding to her institution for work performed outside of the current
study. Reshma Jagsi was supported by a grant from the National Cancer
Institute for work performed as part of the current study. In addition,
Dr. Jagsi was supported by grants from the National Cancer Institute,
the Doris Duke Charitable Foundation, and Blue Cross Blue Shield of
Michigan and has acted as a paid consultant for Amgen for work performed outside of the current study.

AUTHOR CONTRIBUTIONS
All authors have contributed toward the article in the following ways: 1)
substantial contributions to the conception and design or analysis and
interpretation of the data; 2) drafting the article or revising it critically
for important intellectual content; 3) final approval of the version to be
published; and 4) agreement to be accountable for all aspects of the work.

REFERENCES
1. Seven M, Bagcivan G, Akyuz A, Bolukbas F. Women with family history of breast cancer: how much are they aware of their risk?
J Cancer Educ. 2018;33:915-921.
2. Tilburt JC, James KM, Sinicrope PS, et al. Factors influencing cancer risk perception in high risk populations: a systematic review.
Hered Cancer Clin Pract. 2011;9:2.
3. Katz SJ, Kurian AW, Morrow M. Treatment decision making and
genetic testing for breast cancer: mainstreaming mutations. JAMA.
2015;314:997-998.
4. Kurian AW, Ford JM. Multigene panel testing in oncology practice:
how should we respond? JAMA Oncol. 2015;1:277-278.
5. Kurian AW, Griffith KA, Hamilton AS, et al. Genetic testing and
counseling among patients with newly diagnosed breast cancer.
JAMA. 2017;317:531-534.
6. Kurian AW, Li Y, Hamilton AS, et al. Gaps in incorporating germline genetic testing into treatment decision-making for early-stage
breast cancer. J Clin Oncol. 2017;35:2232-2239.
7. Dorval M, Bouchard K, Chiquette J. Systematic review of educational tools used during the BRCA1/2 genetic testing process. Per
Med. 2014;11:113-124.
8. Cohn WF, Ropka ME, Jones SM, Miesfeldt S. Information needs
about hereditary breast cancer among women with early-onset
breast cancer. Cancer Detect Prev. 2003;27:345-352.

4008

9. Guirguis-Blake J. Cancer genetic risk assessment for individuals at
risk of familial breast cancer. Am Fam Physician. 2008;77:449-450.
10. Sivell S, Iredale R, Gray J, Coles B. Cancer genetic risk assessment
for individuals at risk of familial breast cancer. Cochrane Database
Syst Rev. 2007;(2):CD003721.
11. Riley BD, Culver JO, Skrzynia C, et al. Essential elements of genetic
cancer risk assessment, counseling, and testing: updated recommendations of the National Society of Genetic Counselors. J Genet
Couns. 2012;21:151-161.
12. Kwong A, Chu AT. What made her give up her breasts: a qualitative study on decisional considerations for contralateral prophylactic
mastectomy among breast cancer survivors undergoing BRCA1/2
genetic testing. Asian Pac J Cancer Prev. 2012;13:2241-2247.
13. Kurian AW, Munoz DF, Rust P, et al. Online tool to guide decisions
for BRCA1/2 mutation carriers. J Clin Oncol. 2012;30:497-506.
14. Delikurt T, Williamson GR, Anastasiadou V, Skirton H. A systematic review of factors that act as barriers to patient referral to genetic
services. Eur J Hum Genet. 2015;23:739-745.
15. Kryworuchko J, Stacey D, Bennett C, Graham ID. Appraisal of
primary outcome measures used in trials of patient decision support.
Patient Educ Couns. 2008;73:497-503.
16. Hawley ST, Li Y, An LC, et al. Improving breast cancer surgical
treatment decision making: the iCanDecide randomized clinical
trial. J Clin Oncol. 2018;36:659-666.
17. Hawley ST, Li Y, Jeanpierre LA, et al. Study protocol: a randomized controlled trial of a comprehensive breast cancer treatment
patient decision tool (iCanDecide). Contemp Clin Trials Commun.
2017;5:123-132.
18. Marsden E, Torgerson CJ. Single group, pre- and post-test
research designs: some methodological concerns. Oxford Rev Educ.
2012;38:583-616.
19. Lee CN, Dominik R, Levin CA, et al. Development of instruments
to measure the quality of breast cancer treatment decisions. Health
Expect. 2010;13:258-272.
20. Katz SJ, Ward KC, Hamilton AS, et al. Gaps in receipt of clinically
indicated genetic counseling after diagnosis of breast cancer. J Clin
Oncol. 2018;36:1218-1224.
21. Vos J, Oosterwijk JC, Gomez-Garcia E, et al. Perceiving cancer-risks
and heredity-likelihood in genetic-counseling: how counselees recall
and interpret BRCA 1/2-test results. Clin Genet. 2011;79:207-218.
22. Nordin K, Liden A, Hansson M, Rosenquist R, Berglund G. Coping
style, psychological distress, risk perception, and satisfaction in
subjects attending genetic counselling for hereditary cancer. J Med
Genet. 2002;39:689-694.
23. Mulvihill JJ, Stadler MP. Breast cancer risk analysis and counseling.
Clin Obstet Gynecol. 1996;39:851-859.
24. DiCastro M, Frydman M, Friedman I, et al. Genetic
counseling in hereditary breast/ovarian cancer in Israel: psychosocial impact and retention of genetic information. Am J Med Genet.
2002;111:147-151.
25. Kessels RP. Patients’ memory for medical information. J R Soc Med.
2003;96:219-222.
26. Bradbury AR, Patrick-Miller L, Domchek S. Multiplex genetic
testing: reconsidering utility and informed consent in the era of
next-generation sequencing. Genet Med. 2015;17:97-98.
27. Bradbury AR, Patrick-Miller LJ, Egleston BL, et al. Patient feedback and early outcome data with a novel tiered-binned model
for multiplex breast cancer susceptibility testing. Genet Med.
2016;18:25-33.
28. Schroeder D, Conroy SA. Breast cancer genetic testing:
more than a medical management tool. Clin J Oncol Nurs.
2015;19:603-607.
29. Pearlman DN, Clark MA, Rakowski W, Ehrich B. Screening for
breast and cervical cancers: the importance of knowledge and
perceived cancer survivability. Women Health. 1999;28:93-112.
30. Moyer VA, US, . Preventive Services Task Force. Risk assessment,
genetic counseling, and genetic testing for BRCA-related cancer in
women: U.S. Preventive Services Task Force recommendation statement. Ann Intern Med. 2014;160:271-281.

Cancer  

October 15, 2018

Knowledge of Breast Cancer Genetic Testing/Gornick et al

31. Ravdin PM, Siminoff LA, Davis GJ, et al. Computer program to
assist in making decisions about adjuvant therapy for women with
early breast cancer. J Clin Oncol. 2001;19:980-991.
32. Brace C, Schmocker S, Huang H, Victor JC, McLeod RS, Kennedy
ED. Physicians’ awareness and attitudes toward decision aids for patients with cancer. J Clin Oncol. 2010;28:2286-2292.
33. Leighl NB, Shepherd HL, Butow PN, et al. Supporting
treatment decision making in advanced cancer: a randomized trial of a

Cancer  

October 15, 2018

decision aid for patients with advanced colorectal cancer considering
chemotherapy. J Clin Oncol. 2011;29:2077-2084.
34. Sepucha KR, Belkora JK, Tripathy D, Esserman LJ. Building bridges
between physicians and patients: results of a pilot study examining
new tools for collaborative decision making in breast cancer. J Clin
Oncol. 2000;18:1230-1238.
35. Chao C, Studts JL, Abell T, et al. Adjuvant chemotherapy for
breast cancer: how presentation of recurrence risk influences
decision-making. J Clin Oncol. 2003;21:4299-4305.

4009

