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Abstract Until recently, genetic testing for hereditary breast
cancer has primarily focused on pathogenic variants in the
BRCAI and BRCA2 (BRCA) genes. However, advances in
DNA sequencing technologies have made simultaneous test-
ing for multiple genes possible. We examined correlates of
interest in multigene panel testing and risk communication
preferences in an ethnically diverse sample of women who
tested negative for BRCA mutations previously but remain
at high risk based on their family history (referred to as
“BRCA-uninformative”) and their at-risk female family mem-
bers. Two-hundred and thirteen women with a previous breast
cancer diagnosis and a BRCA-uninformative test result and
their first-degree relatives completed a survey on interest in
multigene panel testing, communication preferences, and
sociodemographic, psychological, and clinical factors.
Stepwise logistic regression was used to identify factors asso-
ciated with testing interest. Chi-square analyses were used to
test differences in risk communication preferences. Interest in
multigene panel testing was high (84%) and did not consider-
ably differ by cancer status or ethnicity. In multivariable
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analysis, factors significantly associated with interest in genet-
ic testing were having had a mammogram in the past 2 years
(odds ratio (OR) = 4.04, 95% confidence interval (CI) 1.80—
9.02) and high cancer worry (OR =3.77,95% CI 1.34-10.60).
Overall, the most commonly preferred genetic communication
modes were genetic counselors, oncologists, and print mate-
rials. However, non-Hispanic women were more likely than
Hispanic women to prefer web-based risk communication
(p < 0.001). Hispanic and non-Hispanic women from BRCA-
uninformative families have a high level of interest in gene
panel testing. Cancer-related emotions and communication
preferences should be considered in developing targeted ge-
netic risk communication strategies.

Keywords BRCA-uninformative - Multigene panel testing -
Interest - Family - Hispanic - Risk communication

Introduction

Until recently, genetic risk assessment for hereditary breast
cancer (HBC) has focused on BRCAI and BRCA2 (BRCA)
genetic testing through conventional Sanger sequencing
(Sanger et al. 1977). However, recent advances in DNA se-
quencing technology through next-generation sequencing
(NGS) have led to plummeting costs which in turn have made
clinical testing for multiple genes simultaneously (multigene
panel testing) highly feasible and increasingly used (Rizzo and
Buck 2012). Pathogenic variants in BRCA and other breast
cancer susceptibility genes jointly account for up to 30% of
breast cancers (Moran et al. 2016). Most women who were
considered at high risk for hereditary breast cancer and previ-
ously had genetic sequencing limited to the BRCA genes are
not found to have a mutation (i.e., BRCA negative) or have a
variant in which pathogenicity has not yet been established
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(i.e., variant of uncertain significance), herein referred to as
“BRCA-uninformative.” These women are increasingly being
offered multigene panel testing with current sequencing
methodologies.

Little work has been done to examine factors associated
with interest in multigene panel testing and preferences for
genetic risk communication strategies among BRCA-uninfor-
mative families especially with diverse populations such as
Hispanic populations that have lower rates of genetic testing
(Armstrong et al. 2015). Thus, it remains important to im-
prove our understanding regarding perspectives about breast
cancer risk from culturally diverse populations, to design rel-
evant and effective risk communication strategies to help pa-
tients make informed decisions about their cancer prevention
options. Also, insight into ethnic differences in interest in and
preferences for multigene panel testing could help decrease
disparities in genetic testing.

Multigene panel testing in BRCA-uninformative families
has the potential to offer valuable information, such as identi-
fying pathogenic variants in other genes that could prompt
changes in care delivery (Frey et al. 2015; Kurian et al.
2014; Ricker et al. 2016; Yorczyk et al. 2015). While
multigene panel testing has potential added benefits for indi-
viduals with suspected hereditary cancer, testing for genes of
variable penetrance, some of which confer a moderate risk,
can be challenging because of limited or lack of data to inform
evidence-based risk management guidelines (Tung et al.
2016). It also poses challenges for cancer risk communication
and assessment (Bradbury et al. 2015; Domchek et al. 2013;
Norquist and Swisher 2015). Multigene panel testing also
yields a higher proportion of variants of uncertain significance
(VUS) with no known clinical utility (Slavin et al. 2015)
which may cause patients’ psychological distress. Many cli-
nicians report that they have limited training and expertise to
help their patients interpret cancer risk from multigene panel
testing (Gray et al. 2014).

Despite BRCA genetic testing being available since 1996
(Armstrong etal. 2003), underserved populations lack awareness
about genetic testing and have lower utilization rates of genetic
testing compared to non-Hispanic whites (Lynce etal. 2016). The
prevalence of breast cancer-causing pathogenic variants among
Hispanic women is similar to other major ethnic/racial popula-
tion subgroups (Villarreal-Garza et al. 2015; Weitzel etal. 2013)
but the majority of women underdoing BRCA testing are non-
Hispanic white, with Hispanic women comprising only about 1—
4% of women tested (Frank et al. 2002; Hall et al. 2009). Even
after controlling for insurance coverage, Hispanic women were
significantly less likely to receive BRCA testing than non-Jewish
white women (Levy et al. 2011). Although Hispanics have a
decreased awareness of genetic testing for cancer (Mai et al.
2014), they report a high interest in genetic testing and cancer
risk assessment when informed (Gammon et al. 2011; Jagsi etal.
2015; Sussner et al. 2015), suggesting that culturally relevant
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information about genetic testing may not be reaching diverse
populations. Improving genetic risk communication and mini-
mizing psychological harms are especially pertinent considering
the current shift toward multigene panel testing that requires
communication of increasingly more complex genetic informa-
tion and informed decision-making (Tung et al. 2016).

The Common Sense Model of Self-Regulation (CSMSR)
(Leventhal et al. 1980) can be used to predict reactions to
further genetic screening for hereditary cancer with gene panel
testing (van Oostrom et al. 2007). According to the CSMSR,
cognitive and emotional processes are utilized to respond to a
potential health threat (Hagger and Orbell 2003) such as can-
cer risk and may motivate health behavior change (Cameron
and Reeve 2006; van Oostrom et al. 2007). Having a family
history of breast cancer can lead to high levels of worry and
fear (Andersen et al. 2003), possibly most salient when being
confronted with the reality of risk for hereditary cancer. In
response to this, women might utilize cognitive and
emotion-focused processes to estimate and understand risk,
as well as to regulate their emotional reactions such as worry
and fear, while deciding on potential actions to take, including
whether or not to have multigene panel testing. Both cancer
worry (emotional processes) as well as perceived risk for can-
cer (cognitive processes) may be key psychological processes
in decision-making regarding multigene panel testing. The
CSMSR was a guiding framework for this study

Little is known about the attitudes of members of BRCA-
uninformative families toward multigene panel testing and the
most effective ways to communicate information about genet-
ic testing to promote health behaviors in general and among
Hispanics in particular (McBride et al. 2015). To address this
knowledge gap, we examined the association of multiple po-
tential psychological, behavioral, demographic, and clinical
factors with interest in and communication preferences re-
garding multigene panel in Hispanic and non-Hispanic
BRCA-uninformative families. Understanding more about
the factors that might influence testing decisions in high risk
families can inform more effective genetic risk communica-
tion strategies to reach diverse populations.

Methods
Participants

Study participants completed mailed or telephone surveys be-
tween June of 2014 and March of 2015. Women with a per-
sonal history of breast cancer were eligible if they were (1)
between 18 and 74 years of age, (2) met the criteria per na-
tional guidelines for genetic testing, (3) had prior genetic
counseling and testing through the Hereditary Cancer
Assessment Program at the University of New Mexico
Comprehensive Cancer Center, and (4) were not found to have
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a pathogenic variant in BRCAI or BRCA2. Their at-risk, first-
degree female relatives were also recruited if the relatives
were (1) between 40 and 74 years of age (eligible for mam-
mography screening at the time of the study), (2) had no prior
diagnosis of cancer (except non-melanoma skin cancer), and
(3) had no prior genetic counseling/testing. Women with a
personal history of breast cancer who had received BRCA
testing were the first point of contact and invited to (1) refer
their first-degree female relatives to the study and (2) complete
a study survey. After obtaining contact information for the
first-degree relatives from these women, the relatives were
then contacted and invited to participate in the study.

All potentially eligible women were mailed a study packet,
which included a cover letter consent, study questionnaire, an
informational brochure about the study, a postage-paid return
envelope, and a $2 bill as a gift. The University of New Mexico
Health Sciences Institutional Review Board approved the study.

Measures and procedures

Demographic variables included self-reported ethnicity, age,
marital status, income group, and education level. Rural or
urban status was ascertained using Rural-Urban Commuting
Area Codes by zip code (United States Department of
Agriculture 2010).

Perceived risk Perceived risk was evaluated with an item
assessing lifetime risk of breast cancer (Lipkus et al. 2000):
“In your opinion, how likely is it that you will get breast
cancer in your lifetime?”. Response options were “Very
unlikely,” “Unlikely,” “50-50 chance,” “Likely,” and “Very
Likely.” For women with a prior breast cancer diagnosis, risk
for second breast cancer diagnosis was evaluated by modify-
ing the lifetime risk questions, ... how likely is it that you
will get breast cancer again...?”.

Cancer worry The frequency and intensity of worry of breast
cancer occurrence or recurrence were measured using a vali-
dated three-item scale (Jensen et al. 2010). Two items mea-
sured worry intensity: “How bothered are you about getting
breast cancer [again]?” and “How worried are you about get-
ting breast cancer [again]?” Reponses ranged from “not at all”
to “extremely” on a five-point Likert scale. One item mea-
sured worry frequency, “During the past week, how often
have you worried about getting breast cancer?” Response
ranged from “never” to “all of the time” on a five-point scale.
The items were averaged to create an average worry variable.
Internal consistency was very good (Cronbach’s o = 0.88).
Due to skewed data, the variable was dichotomized using
the median to designate two groups. A median score of less
than 2.00 being “low worry” and scores greater than or equal
to 2.00 being “high worry.”

Clinical factors The number of first- and second-degree bio-
logical relatives with a breast cancer diagnosis as well as
mammogram utilization was assessed via self-report.
Women were classified as having a recent mammogram with-
in 2 years of completing the study questionnaire (yes vs. no).

Physical activity and diet Physical activity and diet can be
indicative of other positive health behaviors, and cancer sur-
vivors and their relatives may be an especially relevant and
receptive population for interventions to create sustainable
lifestyle behavior change (Stacey et al. 2015). Thus, lifestyle
factors such as diet and physical activity were assessed in this
study as they might be related to interest in multigene panel
testing. Physical activity was evaluated using the International
Physical Activity Questionnaire Short Form (Booth et al.
2003). According to the Guidelines for Data Processing and
Analysis of the International Physical Activity Questionnaire
(2005), metabolic equivalent of task (MET) scores were cal-
culated for average weekly vigorous and moderate physical
activity, as well as walking activity. Total MET scores were
divided into two groups using a median split, with those en-
gaging in the least physical activity per week in the “low”
group and those engaging in the most physical activity per
week in the “high” group. For diet, fruit and vegetable intake
was measured with two questions: “Over the past month, how
many servings of fruits [vegetables] did you eat per day?”
Response options were “0,” “1,” “2,” “3,” “4,” or “5 or
more.” These two questions were combined to calculate the
average number of fruit and vegetable servings per day. The
final diet variable was dichotomized into less than five or five
or more servings per day in accordance with the World Health
Organization (WHO)’s 5-a-day international dietary recom-
mendations at the time the study was designed (World
Health Organization 2003).

Interest in multigene panel testing The primary outcome of
interest was interest in multigene panel genetic testing. The survey
included a brief narrative describing BRCA and multigene panel
genetic testing prior to asking four separate questions assessing
interest in testing. This briefnarrative explained that while BRCA 1
and BRCA 2 genetic changes are associated with a high lifetime
risk for breast cancer (~ 50-80%), recently identified genetic
changes (in other genes) have been found to be associated with
slight to moderate increases in breast cancer risk (~ 15-30%).
Participants were then asked, “If genetic testing of many different
genes could tell you that you may have a moderate to slightly
increased risk of developing breast cancer (again), how likely it
is that you would want a genetic test?”” Response options were ““
would definitely not have the test,” “I would probably nothave the
test,” “I would probably have the test,” and “I would definitely
have the test.” This variable was dichotomized into high interest
(“would definitely or probably not have the test™) or low interest
(“would definitely not or probably not have the test”).
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Additionally, women were asked about their interest in ge-
netic testing under various circumstances: if testing might in-
form their own future risk-based screening (mammograms,
breast MRI’s, etc.) and if testing might help inform them about
reducing their risk by taking medications or through diet and
exercise. Responses were along a four-point Likert-type scale
ranging from “I would definitely not have the test” to “I would
definitely have the test” and interest in testing for these vari-
ous circumstances. The variable was dichotomized a priori
into high and low interest. These items were adapted from a
survey by Graves et al. (2011).

Risk communication preferences Preferences for risk com-
munication mode were assessed by asking participants “How
much would you like to get information about genetic testing
from the following methods?”” The modes included print or writ-
ten information, web-based information, computer kiosk touch
screen in a clinic, discussion with a nurse, discussion with a
primary care physician, discussion with a cancer specialist such
as an oncologist, and discussion with a genetic counselor/cancer
risk specialist in-person and by telephone. The possible re-
sponses for each of these modes were “Not at All,” “A Little,”
“Somewhat,” or “Very Much.” Responses were dichotomized
as either no/low preference (“Not at All/A Little”) or moderate/
high preference (“Somewhat/Very Much”).

Data analyses

Independent variables with non-normal distributions were dichot-
omized and variables considered were screened for collinearity.
Logistic regression was used to estimate unadjusted odds ratios
(ORs) and 95% confidence intervals (CI) to ascertain associations
between each independent variable and interest in genetic testing.
Backward logistic regression was used to determine variables in-
dependently associated with interest in multigene panel testing.
Variables that were crudely associated with interest in testing in
unadjusted logistic regression analyses with a p < 0.20 were en-
tered into the multivariable model. Variables were removed from
the model by backward elimination based on the probability of a
likelihood ratio statistic for variable removal not satisfying the
criterion of p < 0.10. Chi-square tests were used to test for differ-
ences in interest in multigene panel testing between breast cancer
patients and relatives and for differences in risk communication
preferences between Hispanic and non-Hispanic women.

The effect of family clustering on interest in gene panel
testing was assessed using linear mixed models. Forty-seven
families participated in the study with an average cluster size
of two (2.19). There was little evidence of clustering and the
multigene panel testing interest intra-class correlation was es-
sentially 0, indicating that the variability attributed to family
clustering was negligible. Nonetheless, the final multilevel
logistic regression model reported here accounted for family
clustering.
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Results
Participants characteristics

Of the 413 study-eligible women, 91 (22%) could not be
contacted and 22 women (5%) refused to participate. Two-
hundred and fifteen women completed a study questionnaire
with an overall cooperation rate of 67%. Only contact infor-
mation was collected from potentially eligible participants;
therefore, it is not possible to compare women who participat-
ed to those who did not with regard to sociodemographic and
other relevant characteristics. The analyses included 213 par-
ticipants; two women were excluded because they did not
respond to the items assessing genetic testing interest and
communication preferences.

The characteristics of the study population are presented in
Table 1. One hundred and forty-three women with previous breast
cancer diagnoses and 70 relatives participated. Most participants
(61%) identified as non-Hispanic and 38% of participants identi-
fied as Hispanic (1% missing). The majority (90%) completed the
survey in English while 10% completed the Spanish version of the
survey. Overall, the mean age of participants was 55 (SD = 10.9)
years old. Most women were married (61%), reported at least
some college education (80%), and resided in an urban area
(81%). Nearly half of the participants (45%) reported a yearly
household income of more than $50,000. Seventy-six percent of
participants reported having a family history of breast cancer and
39% reported having two or more first- or second-degree relatives
with breast cancer. Most women reported receiving a mammo-
gram (75%) within the past 2 years. With regard to healthy lifestyle
behaviors, a little less than half of the women (41%) reported
having had at least five or more servings of fruits and vegetables
per day and 42% of women reported high physical activity or a
MET score of 1653 or greater per week.

Interest in multigene panel testing

Interest in multigene panel testing was not significantly differ-
ent between cancer patients and relatives (results not shown
x> (1, N=213) = 0.529, p = 0.467); therefore, all participants
(breast cancer patients and relatives) were analyzed together.
Comparing across the four different potential uses of gene
panel testing, if genetic testing could inform participants on
(1) personal risk (slight to moderate to increased risk), (2) risk-
based breast cancer screening, (3) risk reduction through med-
ication use, and (4) risk reduction through lifestyle changes
(diet and exercise), participants showed high interest in
multigene panel testing overall. Regardless of the perceived
utility of the genetic test to potentially provide useful infor-
mation about breast cancer risk and tailored screening and risk
reduction recommendations, interest was overwhelmingly
high (see Fig. 1). Most women (84%) reported interest in
multigene panel testing if it could inform them of a small to
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Table 1  Characteristics of study population
Variables N %o
Participant

Patient 143 67%

Relative 70 33%
Ethnicity

Non-Hispanic 129 61%

Hispanic 81 38%

Not reported 3 1%
Race

White 158 74%

Black 1 <1%

American Indian/Alaskan Native 1 <1%

Other 29 14%

Mixed (1+ race identity) 15 7%

Not reported 9 4%
Language

English 192 90%

Spanish 21 10%
Marital status

Not married 81 38%

Currently married 131 61%

Not reported 1 1%
Education

High school or less 39 18%

Some college or more 171 80%

Not reported 3 1%
Yearly income

< $50,000 88 41%

> $50,000 95 45%

Not reported 30 14%
Residence

Rural 40 19%

Urban 173 81%
Relatives (1st/2nd degree) with breast cancer

No family history reported 51 24%

One 79 37%

Two or more 83 39%
Family history discussed with healthcare provider

No 42 19%

Yes 170 80%

Not reported 1 1%
Mammogram in past 2 years

No 54 25%

Yes 159 75%
Daily fruit and vegetable intake

< 5 servings 122 57%

> 5 servings 87 41%

Not reported 4 2%
Weekly physical (vigorous, moderate, and walking) activity

Low-total MET score < 1653 86 40%

High-total MET score > 1653 89 42%

Not reported 38 18%

N Mean (SD)

Age 211 55.23 (10.91)

moderate increased risk of breast cancer, which may not nec-
essarily be linked with actionable risk management options.
Most women also reported interest in testing if it could pro-
vide personalized and actionable recommendations about fre-
quency of breast cancer screening procedures (86%), medica-
tion use to reduce their cancer risk (85%), or diet and physical
activity (87%) to reduce their cancer risk.

Variables associated with interest in multigene panel testing
(met the established significance criterion of p < 0.2 for entry
into the multivariable logistic regression model; see Table 2)
were age (OR = 0.96, 95% CI = 0.92-0.99, p = 0.02), having
had a recent mammogram (OR = 4.47, 95% CI = 2.08-9.62,
p <0.001), cancer worry (OR =4.72, 95% CI = 1.86-11.96,
p =0.001), and perceived risk for breast cancer (OR = 1.40,
95% C1 =0.99-1.96, p = 0.05).

The final multivariable logistic regression model included
two variables (Table 3). The odds of being interested in
multigene panel testing, controlling for cancer worry, were
four times greater among women who had a recent mammo-
gram compared to women who have not had a recent mam-
mogram (OR = 4.04, 95% CI = 1.80-9.02, p < 0.001). The
odds of being interested in multigene panel testing, controlling
for mammography, were 3.7 times greater among women with
high cancer worry compared to women with low levels of
cancer worry (OR =3.77, 95% CI = 1.34-10.60, p = 0.01).

Preference for cancer genetic risk communication

Preferences for receiving information about genetics and can-
cer risk are shown in Fig. 2. The vast majority of women
(90%) reported a high preference for receiving genetic infor-
mation in person with a genetic counselor/cancer risk special-
ist, making this the most preferred cancer risk communication
mode. The other frequently preferred methods for receiving
cancer genetic risk information were in person with an oncol-
ogist (89%) and print materials (81%).

Differences in preferences for risk communication between
Hispanic and non-Hispanic women are presented in Table 4.
Preferences for risk communication were generally similar
across ethnic groups. However, non-Hispanic women were
significantly more likely than Hispanic women to have a high
preference for web-based cancer risk information, [x* (1,
N=195)=12.54, p <0.001]. While 76% non-Hispanic wom-
en had a high preference for web-based information, only 51%
of Hispanic women had a high preference for web-based in-
formation (see Fig. 3). Controlling for the effects of education
and income level, Hispanic women were still significantly less
likely to report a high preference for web-based cancer risk
communication (OR = 0.46, p = 0.04, 95% CI = 0.22-0.98)
compared to non-Hispanic women.

Discussion

Few studies have assessed interest in multigene panel testing
and preferences for genetic risk communication among under-
served, multiethnic populations, including Hispanics. We
found a high level of interest in testing among an ethnically
diverse sample of breast cancer survivors who previously
underwent BRCA testing and a pathogenic variant was not
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Fig. 1 Interest in gene panel 100%
testing by potential utility of test

to inform risk and risk reduction 90% 84%

80%

70%

60%

50%

40%

30%

20%  16%

10%

0 0/0

Understanding
degree of risk

found and their female biological relatives. High cancer-
specific worry and recent mammography were independently
associated with multigene panel testing interest. Unlike prior
studies of interest in multigene panel testing (Elrick et al.
2016; Flores et al. 2016), our study included a relatively large
proportion of Hispanics. Hispanic women did differ from non-
Hispanic women in their preferences for web-based cancer
risk communication. The study’s findings can help guide the
development and implementation of genetic risk communica-
tion strategies to reach diverse members of BRCA-uninforma-
tive families. Further, this study can shed light on factors
influencing interest in multigene panel testing in BRCA-unin-
formative families to promote informed decision-making
about testing and medical management. Studies like this are
important to help health care providers and intervention re-
searchers address the increased complexity of communicating
genetic risk information with diverse populations

The majority of participants in this study reported high
interest in multigene panel testing to inform them of their
personal risk (not necessarily actionable) but also actionable
risk management behavior, such as receiving cancer screen-
ing, taking medication, and changing diet and exercise. In our
study, we found that family members were just as likely as
breast cancer patients to be interested in multigene panel test-
ing. Perhaps this is because of relatives’ concerns about their
personal cancer risks and desire for information about how
they might reduce their risk for cancer (Himes et al. 2016).
Because genetic risk information impacts the entire family
(Peterson 2005), it can be as important to the family members
as it is to the patient (Ersig et al. 2009; Vos et al. 2011).

Other studies have found that while awareness of heredi-
tary breast cancer and genetic testing utilization are
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consistently low among Hispanics (Lynce et al. 2016), interest
in and uptake of genetic testing are high when they are in-
formed (Kinney et al. 2010; Ricker et al. 2006) about risk and
testing. The majority of women in our study, regardless of
ethnicity or educational level, demonstrated a high preference
for receiving cancer risk information through a cancer genetic/
risk specialist (e.g., genetic counselor) or cancer specialist
(e.g., oncologist). Direct, personal communication with a can-
cer genetic risk specialist or oncologist may be a more accept-
able mode for cancer risk communication among low-
acculturated Hispanic individuals, as they see these providers
as trusted, reliable sources of health information (Hamilton
et al. 2015). For Hispanic women at increased risk for HBC,
these providers may play a pivotal role in helping women
make informed decisions about testing and relevant health
behaviors and services.

Despite the wide range of electronic and online communi-
cation options available for cancer risk communication, our
study found a high preference for print communication for
both Hispanic and non-Hispanic women. Other research has
found that participants in a biobank study preferred to receive
yearly updates via convenient, inexpensive methods such as
newsletters (Mester et al. 2015). Randomized trials have
found that print materials can be combined with telephone
or in-person counseling to help increase access genetic risk
information and services and promote informed decision-
making (Kinney et al. 2014a, b; Steffen et al. 2015), but these
trials did not include a large proportion of Hispanics or mem-
bers of other underserved minority groups.

Hispanic women were less likely to prefer web-based ge-
netic information than non-Hispanic women after controlling
for the effects of education and income. This suggests that
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Table 2 Odds ratios and 95%

confidence intervals for correlates Variables Not interested Interested OR (95% CI) p value
of interest in gene panel testing
N % N %
Participant status
Relative 13 19% 57 81% 1.00 (reference) 0.47
Breast cancer patient 21 15% 122 85% 1.33 (0.62-2.83)
Hispanic
No 22 17% 107 83% 1.00 (reference) 0.50
Yes 11 14% 70 86%  1.31(0.60-2.87)
Married
No 15 18% 66 82% 1.00 (reference) 0.44
Yes 19 14% 112 86%  1.34(0.64-2.81)
Education
High school or less 6 15% 33 85% 1.00 (reference) 0.88
Some college or more 28 16% 143 84%  0.93 (0.36-2.42)
Yearly income
< $50,000 12 14% 76 86%  1.00 (reference) 0.68
>$50,000 15 16% 80 84%  0.84(0.37-1.92)
Residence
Rural 9 22% 31 78% 1.00 (reference) 0.21
Urban 25 15% 148 85%  1.72 (0.73-4.04)
Relatives (1st/2nd degree) with breast cancer
None reported 8 16% 42 84%  1.00 (reference)
One 10 13% 69 87% 131 (0.48-3.59) 0.59
Two or more 16 19% 67 81%  0.80 (0.31-2.03) 0.63
Family cancer history discussed with healthcare provider
No 8 19% 34 81%  1.00 (reference) 0.49
Yes 25 15% 145 85%  1.37(0.57-3.29)
Mammogram in the past 2 years
No 18 33% 36 67%  1.00 (reference) <0.001*
Yes 16 10% 143 90%  4.47 (2.08-9.62)
Daily fruit and vegetable intake
< 5 servings 19 16% 103 84%  1.00 (reference) 0.75
> 5 servings 15 17% 72 83%  0.89 (0.42-1.86)

Weekly physical (vigorous, moderate, and walking) activity

Low-total MET score < 1653
High-total MET score > 1653

Cancer worry

Low
High

Age (years)

Perceived lifetime risk of breast cancer ~ 2.47 1.08 2.87 1.13

14 16% 72 84%  1.00 (reference) 0.63

17 19% 72 81%  0.82 (0.38-1.80)

28 24% 88 76%  1.00 (reference) 0.001*

6 6% 89 94%  4.72 (1.86-11.96)

M SD M SD OR (95% CI) p value

5878 11.06 5455 990  0.96 (0.92-0.99) 0.02%*
1.40 (0.99-1.96) 0.05*

<02

ethnicity and culture may play a role in web-based genetic
communication preferences beyond socioeconomic factors.
The lower preference for online-based tools for receiving
cancer-related information among Hispanics has also been
observed by others. In a study comparing a telephone hotline
to online messaging to deliver cancer information to
Hispanics, the vast majority (98%) preferred the telephone
hotline over the online messaging (Waters et al. 2009).

Previous research has demonstrated the persistence of
“digitally underserved” groups. For example, non-Hispanic
whites have consistently been the prominent seekers of health
information through web-based tools, whereas Hispanics and
other ethnic minority groups, particularly those in lower so-
cioeconomic strata, are less likely to seek health information
online (Lorence et al. 2006; Pefia-Purcell 2008). For
Hispanics, internet access and use is associated with
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Table3  Adjusted multivariable logistic regression model for interest in
genetic testing

Correlates OR (95% CI) p value
Cancer worry
Low 1.00 0.01*
High 3.77 (1.34-10.60)
Mammogram in the past 2 years
No 1.00 <0.001%*
Yes 4.04 (1.80-9.02)

#p < 0.05, #p < 0.01

acculturation, fluency in English, age, health literacy, educa-
tional level, and income (Cristancho et al. 2014; Selsky et al.
2013). When Hispanics utilize technology to access online
sources of health information, they place a greater importance
on cultural and linguistic factors (Victorson et al. 2014). Thus,
cultural and linguistic factors should be considered when de-
signing and disseminating health-related information
(Solomon et al. 2005).

Cancer worry and mammography were significant predic-
tors of interest in multigene panel genetic testing in the final
adjusted, multilevel logistic regression model. Women with a
prior history of breast cancer who are BRCA-uninformative
experience cancer-specific distress similar to women testing
positive for BRCA pathogenic variants (Schwartz et al. 2002)
and do not experience appreciable declines in cancer worry
over time (van Dijk et al. 2006). Previous research has shown

Fig. 2 Risk communication 100%

that cancer worry is a significant and consistent predictor of
interest in testing for cancer susceptibility (Cameron and
Reeve 2006; Graves et al. 2011; Graves et al. 2010; Lerman
etal. 1995). Persistent worry about cancer may be particularly
motivating, perhaps because women with a heightened sense
of cancer worry may perceive more advantages to genetic
testing to reduce their worry levels and lead them to medical
recommendations to reduce their cancer risk (Cameron and
Reeve 2006). According to Leventhal’s CSMSR model, atti-
tudes and decisions toward genetic testing are formed through
emotional and cognitive process. Worry about breast cancer
can motivate action (interest in and uptake of testing) to help
individuals cope with and protect against the threat of breast
cancer (Cameron and Reeve 2006).

‘Women who reported having had a mammogram within the
past 2 years were appreciably more interested in multigene panel
testing than women who reported not having a recent mammo-
gram. A possible explanation is that women most concerned with
hereditary breast cancer may already be engaging in risk man-
agement behaviors and will likely be receptive to other risk-
reducing strategies. These women may pursue genetic testing
as yet another tool that could help them manage their risk.
Because these women may be highly oriented toward prevention,
they are more receptive toward other preventative, health-
promoting avenues in general (White 2005).

Our study has several strengths. This study reveals the per-
spectives of Hispanic women, who have historically lacked ac-
cess to cancer risk assessment services. Our survey included a
high proportion of Hispanic participants (40%), similar to the
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Table 4 Chi-square analyses for

ethnic differences in risk Risk communication mode % moderate/high preference N df X p value
communication preferences
Non-Hispanic Hispanic
Print 82% 79% 195 1 0.441 0.51
Web-based 76% 51% 189 1 12.54 0.001°*
Kiosk/touch screen at clinic 25% 29% 184 1 0.22 0.64
In person: nurse 72% 65% 188 1 1.07 0.30
In person: primary care physician 80% 76% 192 1 0.42 0.52
In person: oncologist 89% 88% 199 1 0.05 0.82
In person: genetic counselor 91% 88% 198 1 0.48 0.49
Over phone: genetic counselor 53% 49% 183 1 0.30 0.59

*p < 0.00625, Bonferroni correction

New Mexico population (47% Hispanic) (“Health Indicator
Report of New Mexico Population Demographics—Race/
Ethnicity” 2015). Spanish-speaking Hispanic women likely
have very different experiences in access to cancer risk assess-
ment services, even when compared to English-speaking
Hispanic women. In our study, Spanish-speaking Hispanic wom-
en had a higher interest in multigene panel testing compared to
English-speaking Hispanic women; however, with a small num-
ber of Spanish-speakers (9.8% of participants), we could not
statistically verify the moderating impact of language.

There are however some limitations to our study. Hispanic
populations differ widely by region and these findings may not
generalize to other Hispanic populations in other geographic
regions of the USA. This study consisted of highly educated
women (80% with some college or more) and these women
could have greater-than-average knowledge of genetics and can-
cer risk. We did not assess if breast cancer patients had talked
with their relatives about their cancer diagnosis or about genetic
testing, but family clustering did not significantly affect the final
multilevel logistic regression model. Participants were asked
about their interest in multigene panel testing using a brief, sim-
ple narrative on gene panel genetic testing. The nuances of

Fig. 3 Ethnic differences in web- 100%

based risk communication 90%
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multigene panel testing were not discussed, and we did not
assess genetic literacy nor perspectives on risks and benefits of
gene panel testing. If participants were prompted to consider the
complexity of multigene panel testing, their interest might
change. In assessing ethnic differences in preferences for risk
communication, we found that non-Hispanic women were more
likely to be interested in web-based risk communication; how-
ever, we did not collect data on actual use of technology or
online access. It is possible that there are ethnic differences in
technology use and online access as well, but since this was not
assessed, it remains undetermined. While health care coverage
was assessed and the majority (96%) of participants reported
having some level of coverage, participants’ perceptions about
how health insurance coverage may impact their interest and
access to multigene panel testing was not assessed.

A main aim of this study was to assess interest in multigene
panel testing and to explore how sociodemographic, psycholog-
ical, and clinical factors were associated with level of interest.
This a key first step to better understanding reasons individuals
and families access or do not access multigene panel genetic
testing, especially among diverse populations. Further research
is needed to understand actual testing decisions and how this

76%
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24%
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information is used by patients (e.g., changes in lifestyle and
medical management and family communication and cascade
testing). In our study, we did not directly ask participants reasons
for why they were interested or lacked interest in multigene panel
testing or specific facilitators and barriers to testing. However, we
assessed reasons for initial BRCA testing among those partici-
pants thathad previously received BRCA testing. The top reasons
for undergoing BRCA testing were (1) help explain their breast
cancer diagnosis (76%), possibly to inform treatment and follow-
up, (2) concern for family member’s risk (60%), and (3) a doctor
or provider having recommended genetic testing (51%).
Although these were reasons for undergoing BRCA testing, it is
reasonable to hypothesize that reasons for seeking further
multigene panel testing may be similar, for more personalized
management options and out of concern for family and a desire to
help manage family members’ cancer risk. Future research can
yield insight into how at-risk individuals prioritize genetic testing
and what factors motivate multigene panel testing in BRCA neg-
ative families.

Further research is needed to explore how cancer-related
worry and preventative screening behavior play a role in
decision-making regarding further testing. Future research
on whether or not multigene panel testing affects cancer worry
is needed to assess the psychological impact of the complex-
ities of this type of testing. The findings from this study sug-
gest that tailored cancer risk communication interventions
may be useful in addressing disparities in access to cancer
genomic risk information. Tailored cancer risk communica-
tion based on communication preferences, ethnicity, language,
and the cultural context may be effective in creating culturally
relevant risk communication strategies addressing the lack of
knowledge among underserved populations. Language, liter-
acy needs, and cultural perspectives should be considered in
disseminating linguistically and culturally relevant cancer risk
information (Kinney et al. 2010). Still more research is needed
to determine the role of language/literacy in web-based tools
and resources for genomic communication in monolingual
and even bicultural Hispanic populations. Our study’s find-
ings can inform public health interventions aimed at increas-
ing utilization of cancer risk assessment among at-risk, BRCA-
uninformative families and multiethnic/racial populations.
Ultimately, effective cancer risk communication can lead to
improved breast cancer outcomes among ethnically diverse,
underserved communities.
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