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INTRODUCTION
Multiplex (i.e., multigene) panels including both high- and 
moderate-penetrance cancer susceptibility genes are cur-
rently being used in clinical practice despite questions regard-
ing their clinical utility and no standard approach to genetic 
counseling and delivery.1–6 The inclusion of genes with varying 
penetrance and clinical utility has raised concerns.7 There are 
both advantages and disadvantages of multigene testing (as 
opposed to traditional phenotype-driven sequential testing), 
presenting challenges to patient education and informed deci-
sion making.3,7–10 The advantages and disadvantages of test-
ing options must be shared with patients so they can make an 
informed decision regarding genetic testing.8,11–14 Traditional 
comprehensive models for pretest counseling and informed 
consent could be associated with information overload and 
poor informed decision making.7,15 In addition, multiplex 

testing has the potential to increase anxiety, uncertainty, 
and the adoption of inappropriate screening procedures or 
risk-reducing surgeries.3,7 Effective genetic education and 
counseling could minimize these risks and enhance adaptive 
responses to receiving multiplex results.13

This study has several aims. First, we sought to obtain patient 
feedback regarding the tiered-binned model for informed 
consent and counseling for multiplex testing among patients 
with a personal or family history of breast cancer. Second, we 
sought to begin to evaluate patient uptake of testing after pre-
test counseling and to evaluate informed decision making with 
the tiered-binned model. Third, we sought to begin to explore 
short-term cognitive and affective outcomes in clinical popula-
tions to better understand the potential risks, benefits, and utili-
ties of incorporating multiplex genetic testing for breast cancer 
susceptibility assessment in clinical care.
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Purpose: The risks, benefits, and utilities of multiplex panels for 
breast cancer susceptibility are unknown, and new counseling and 
informed consent models are needed. We sought to obtain patient 
feedback and early outcome data with a novel tiered-binned model 
for multiplex testing.
Methods: BRCA1/2-negative and untested patients completed pre- 
and posttest counseling and surveys evaluating testing experiences 
and cognitive and affective responses to multiplex testing.
Results: Of 73 patients, 49 (67%) completed pretest counseling. 
BRCA1/2-negative patients were more likely to proceed with mul-
tiplex testing (86%) than those untested for BRCA1/2 (43%; P < 
0.01). Many patients declining testing reported concern for uncer-
tainty and distress. Most patients would not change anything about 
their pre- (76%) or posttest (89%) counseling sessions. Thirty-
three patients (72%) were classified as making an informed choice,  

including 81% of those who proceeded with multiplex testing. 
Knowledge increased significantly. Anxiety, depression, uncer-
tainty, and cancer worry did not significantly increase with mul-
tiplex testing.

Conclusion: Some patients, particularly those without prior 
BRCA1/2 testing, decline multiplex testing. Most patients who 
proceeded with testing did not experience negative psychological 
responses, but larger studies are needed. The tiered-binned approach 
is an innovative genetic counseling and informed consent model for 
further study in the era of multiplex testing.
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MATeRIALs AND MeTHODs
Participants
Institutional review board approval was obtained and partici-
pants were recruited between December 2013 and March 2014. 
Two populations reflecting current clinical multiplex testing 
use were recruited: (i) patients who previously tested negative 
for BRCA1/2 and (ii) patients presenting for BRCA1/2 testing. 
Both populations were candidates for myRisk, a 25-gene, next-
generation sequencing–based test performed by Myriad Genetic 
Laboratories. Genes included are APC, ATM, BARD1, BMPR1A, 
BRCA1, BRCA2, BRIP1, CDH1, CDK4, CDKN2A, CHEK2, 
EPCAM (large rearrangements only), MLH1, MSH2, MSH6, 
MUTYH, NBN, PALB2, PMS2, PTEN, RAD51C, RAD51D, 
SMAD4, STK11, and TP53. Patients new to BRCA1/2 testing 
had the cost of BRCA1/2 testing billed to insurance. Testing for 
other panel genes was covered by Myriad Genetic Laboratories.

Eligible participants were ≥18 years old and could commu-
nicate in English. Similar to our prior studies of delivery inno-
vations in cancer genetics, we recruited until we enrolled at 
least two individuals who had received a positive, variant of 
uncertain significance, and negative result.16,17 The sample size 
was calculated to obtain preliminary estimates with sufficient 
precision to power a subsequent study. We designed our study 
so that with ~50 participants our 95% confidence intervals 
would have precisions (i.e., half the width of the confidence 
interval) of 0.28 SD units for continuous measures and ≤14% 
for binary measures. Potential participants were identified 
by clinical providers who shared an initial description of the 
study. Research staff introduced the study either in person or 
by phone and obtained written informed consent.

Tiered-binned genetic counseling protocol and 
multiplex testing
As previously described, we developed a tiered-binned genetic 
counseling approach for informed consent and genetic coun-
seling for multiplex testing.7,18 In this model, tier 1 “indispens-
able” information is presented to all patients. More specific tier 
2 information is provided to support variable informational 
needs among diverse patient populations.18 “Binning” clinically 
relevant information into groups is used to minimize informa-
tion overload, support informed decision making, and facili-
tate adaptive responses to testing. Seven essential elements of 
informed consent are provided to address the unique limita-
tions, risks, and uncertainties of multiplex testing. This model 
highlights various testing options for individual patients, 
including limited or targeted testing (e.g., BRCA1/2 only) or 
deferring testing for moderate-penetrance genes.18 For exam-
ple, after pretest counseling participants could elect to decline 
the myRisk panel and consider other targeted genetic testing 
(e.g., BRCA1/2 only, TP53, PTEN, or Lynch syndrome genes, 
depending on personal and family history). Thirty-six stan-
dardized pretest and 15–22 (depending on test result and con-
text) standardized posttest topics were developed to minimize 
differences among genetic counseling sessions.18 Genetic coun-
selors underwent protocol training, including mock counseling 

sessions with individualized feedback. Genetic counselors com-
pleted counseling checklists, and sessions were audiotaped.

Measures
We used a novel conceptual model17 grounded in the self- 
regulation theory of health behavior.19 Our model proposes that 
response to (i.e., psychosocial adjustment, uncertainty, perceived 
utility, informed decision making, satisfaction) and use of (per-
formance of risk reduction and psychosocial behaviors) genomic 
information are products of an individual’s understanding (i.e., 
knowledge and perception of the disease threat, the genetic test, 
and risk-reductive behaviors).17,20 Patients completed surveys 
assessing the theoretically informed constructs at baseline (T0), 
after pretest counseling (T1), and after receipt of results (T2).

Knowledge of genetic disease. Knowledge of genetic disease 
was evaluated (T0 and T1) using an adapted version combining 
the Cancer Genetics knowledge scale and ClinSeq knowledge 
scale.21–23 This scale includes three subscales evaluating 
knowledge of inheritance and test interpretation (eight items) 
and benefits (four items) and limitations (seven items) of 
multiplex testing (Cronbach α = 0.80). This scale also was used 
in the multidimensional measure of informed choice (MMIC), 
described further below.

Psychosocial adjustment. Psychosocial adjustment was 
evaluated (T0 through T2) with three measures. (i) State anxiety 
was measured with the 20-item State Inventory of the State-
Trait Anxiety Inventory24,25 (Cronbach α = 0.92). (ii) General 
anxiety and depression were assessed with the seven-item 
Hospital Anxiety and Depression Scale anxiety and depression 
subscales26 (Cronbach α = 0.87 and 0.84, respectively). (iii) 
Breast cancer worry was evaluated with 14 items of the Impact 
of Events Scale (Cronbach α = 0.90).27 We excluded one item 
lacking face validity in our population.

Satisfaction with genetic services. Satisfaction with genetic 
services was measured (T1 and T2) with an established 13-
item scale evaluating participants’ perceptions of their genetic 
counseling and testing experience, including cognitive, 
affective, and time/attention items16,28 (Cronbach α = 0.85).

Uncertainty. Uncertainty was assessed (T0 through T2) using a 
three-item scale adapted from the Multidimensional Impact of 
Cancer Risk Assessment questionnaire29 (Cronbach α = 0.88).

Perceived utility. Perceived utility was assessed (T1 and T2) with 
a novel scale developed to evaluate patient perceptions of the 
utility of genomic information for their life and the lives of their 
family members. It comprises 12 items evaluating medical and 
personal utility on a five-point Likert scale (Cronbach α = 0.90).

Attitudes about genetic testing. Attitudes about genetic 
testing were assessed at T1 with an eight-item scale evaluating 
overall attitudes about testing after pretest counseling and used 
as described below in the MMIC (Cronbach α = 0.73).30,31

Opinions and experiences regarding genetic counseling 
and delivery. Opinions and experiences regarding genetic 
counseling and delivery were assessed (T1 and T2) with open-
ended questions to elicit opinions regarding and suggestions for 
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improving the counseling model. Participants also were asked to 
indicate (on a five-point Likert scale) their willingness to receive 
their counseling sessions through other methods (phone and 
videoconference).

statistical analyses
Framework analysis was used to analyze open-ended 
responses.32 Two research staff (D.H., E.M.S.) independently 
reviewed responses, using thematic analysis to record primary 
and secondary themes for each item. Disagreements in coding 
assignments were resolved by a third reviewer (A.R.B.).

Informed decision making was defined using the MMIC, pub-
lished and validated by Michie et al.31 and Marteau et al.33 While 
decisional conflict is often used to evaluate decision making with 
genetic testing, we elected to use the MMIC to assess informed 
decision making. The MMIC incorporates three important 
dimensions of choice, including knowledge as well as individual 
values and attitudes toward choice options and the extent that 
choice reflects attitude. Informed choice is grounded in the prin-
ciples of autonomy and respect for persons and requires that a 
choice be voluntary and that an individual understand the poten-
tial outcomes of the decision and alternative choices. We used 
the MMIC because it incorporates these important theoretical 
constructs of informed choice. Consistent with prior applica-
tions of the MMIC, adequate knowledge of genetic diseases is 
defined as correct answers to ≥50% of the items, and a positive 
attitude about genetic testing was indicated by a score  at or above 
the midpoint of the scale.30,31 A more informed choice is defined 
by adequate knowledge and a testing decision concordant with 
attitudes about genetic testing (e.g., adequate knowledge/posi-
tive attitude toward testing/decision to proceed with testing or 
adequate knowledge/negative attitude toward testing/decision to 
decline testing). All other categories are considered less informed.

Predefined criteria were developed to select audiotaped ses-
sions for review to inform modifications to the tiered-binned 
counseling protocol.16 These included (i) all sessions disclosing 
a positive result (n = 5); (ii) provider request because of several 
session interruptions (n = 1 pretest session); (iii) qualitative 
responses suggesting communication difficulties or less opti-
mal outcomes (n = 13 pretest sessions, n = 2 posttest sessions); 
(iv) decline in knowledge or satisfaction in the lowest 10th 
percentile, (n = 10 pretest sessions, n = 8 posttest sessions); 
and (v) increase in state anxiety, cancer worry, general anxi-
ety, or depression in the highest 10th percentile (n = 14 pre-
test sessions, n = 7 posttest sessions). Sessions for all patients 
who were classified as making less informed decisions were 
reviewed (n  = 13 pretest sessions). These criteria resulted in 
review of 32 (65%) and 17 (52%) pretest and posttest sessions, 
respectively.

We calculated means, SDs, and proportions for all constructs 
and evaluated longitudinal changes from baseline to after dis-
closure (T0 to T2). We used Fisher exact tests and Wilcoxon 
tests for pairwise comparisons. For longitudinal analyses we 
used multiple linear regressions estimated by generalized esti-
mating equations with robust SEs. We assumed exchangeable 
correlation matrices for the models estimated with generalized 

estimating equation. P values <0.05 based on two-sided 
hypothesis tests were considered statistically significant.

ResULTs
Participant characteristics
Of the 73 eligible subjects approached, 49 (67%) consented 
to participate in the study (Figure 1). Among those who 
declined, 30% did so because they were concerned about the 
potential for uncertainty or unclear utility. Decliner rates did 
not differ between BRCA1/2-negative and BRCA1/2-untested 
participants. Participant characteristics are described in Table 
1. Those who enrolled were more likely to have a history of 
cancer. BRCA1/2-untested patients were more likely to be 
nonwhite, have no personal history of cancer, and have lower 
knowledge of testing benefits. All counseling sessions were 
in person (average 49 and 20 minutes for pretest and posttest 
 sessions, respectively). Patients also met with a physician during  
posttest sessions to discuss medical recommendations. Postvisit 
survey completion rates were high (98% at T1 and 95% at T2). 
Genetic counselor fidelity to communication topics was high 
(pretest: mean 73%; posttest: mean 73–100%, depending on 
the result). The most frequently omitted items included emo-
tional assessments and the teach-back,34,35 in which patients 
describe what they understand from the session.

Uptake of multiplex testing
Forty-nine participants (67%) enrolled and completed pretest 
counseling (Figure 1). After pretest counseling, BRCA1/2-
negative patients were more likely to proceed with multiplex 
testing than those untested for BRCA1/2 (86 vs. 43%; P < 0.01). 
Among the 11 BRCA1/2-untested patients who declined mul-
tiplex testing, 82% proceeded with BRCA1/2 testing alone. 
One patient elected to proceed with testing for BRCA1/2 
and a panel for Lynch syndrome. The most frequent reasons 
for declining multiplex testing were that BRCA1/2 testing 
was most relevant to medical decision making and that test-
ing beyond BRCA1/2 was overwhelming and not something 
the patient had mentally prepared for (in particular testing 
for TP53). BRCA1/2-negative participants reported declining 
multiplex testing (n = 3) because of a lack of clear clinical util-
ity and the potential for distress with uncertainty.

Informed decision making
Of the participants, 72% (n = 33) were defined as making an 
informed choice (adequate knowledge and a decision concor-
dant with attitudes toward genetic testing) about genetic test-
ing options (Table 2). This did not differ significantly between 
groups (77% among BRCA1/2-negative participants; 65% 
among those untested for BRCA1/2). Among those who specif-
ically proceeded with multiplex testing, 25 (81%) were defined 
as making an informed choice. Making a less informed choice 
was associated with greater breast cancer worry (P = 0.03), 
greater uncertainty (P = 0.06), and greater perceived utility (P 
< 0.01) after pretest counseling. Making a less informed choice 
was associated with lower counselor-reported use of emotional 
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and knowledge assessments, although these differences were 
not statistically significant.

Patient feedback
Most patients reported they would not change anything 
about their pretest (76%) or posttest (89%) session (Table 3). 
Patients indicated that they found sessions to be informative 
and that they valued the engagement of the tiered approach, 
as well as the clarity and simplicity of the information pre-
sented. Potential refinements to sessions based on participant 
responses included enhancing assessments of informational 
overload, confusion, and psychosocial needs, in particular 
when associated with uncertain results.

Only 30% of participants indicated they would have been 
willing to receive their pretest session by phone. Many 
described the benefits of face-to-face communication for 
complex information, psychosocial support, and visual aids, 
which would be harder to use by phone. More (66%) reported 
they would have been willing to receive pretest session by vid-
eoconference in their home. After posttest counseling, 41% 
and 43% indicated that they would have been willing to receive 
their results by phone or videoconference, respectively.

Audiotape review
Forty-nine counseling sessions (65% of pretest sessions; 52% of 
posttest sessions) were reviewed by a clinical health psychologist 

(L.P.M.) who, assimilating them with the patient feedback, iden-
tified several potential modifications to enhance outcomes of the 
tiered-binned counseling protocol. These included training pro-
viders to increase awareness of biopsychosocial risk factors for 
less optimal outcomes (e.g., baseline general and cancer-specific 
anxiety and familial experiences) and the use of affective probes 
throughout sessions. Other modifications that could enhance 
understanding of complex information and reduce uncertainty 
include greater inclusion of visual aids, the use of lay language 
and the teach-back technique, and addressing patient concerns 
about privacy of genetic information and potential costs.

Outcomes of multiplex testing
As shown in Table 4, event anxiety, depression, cancer worry, 
and uncertainty did not significantly change among all par-
ticipants or the subset that proceeded with multiplex testing. 
General anxiety decreased significantly after pretest counsel-
ing, and total knowledge and knowledge of the limitations of 
testing increased significantly across all time points (Table 4). 
Satisfaction was modest and did not change significantly after 
the receipt of test results. There were no significant differences 
in these outcomes by test result (e.g., positive versus variant of 
uncertain significance versus negative) or by exposure to test-
ing (e.g., BRCA1/2 negative versus untested). Exploratory eval-
uation of counselor-reported use of the teach-back (inclusion/
omission) with cognitive and affective outcomes suggest the 

Figure 1 study flow chart.

Completed pretest counseling (n = 49)
BRCA1/2 negative (n = 28)
BRCA1/2 untested (n = 21)

Approached (n = 73)
BRCA1/2 negative (n = 41)
BRCA1/2 untested (n = 32)

Declined to participate
(active or passive)       (n = 24)

BRCA1/2 negative   (n = 13)
BRCA1/2 untested   (n = 11)

Proceeded with multiplex testing (n = 33)
BRCA1/2 negative   (n = 24)
BRCA1/2 untested (n = 9)

Declined multiplex testing or receipt of
results                (n = 16)

BRCA1/2 negative       (n = 3)
BRCA1/2 untested      (n = 11*) 
Declined receipt of results (n = 2)

Positive       (n = 5)
BRCA1/2 negative     (n = 3)
-Mutations in CHEK2, APC**,
ATM/CHEK2
BRCA1/2 untested     (n = 2)
-Mutations in BRCA2**, APC**

VUS*** (n = 12)
BRCA1/2 negative              (n = 10)
-VUS in ATM(4), MSH2, STK11,
BARD1(3), CDKN2A, MYH-heterozygote,
CHEK2, TP53, PMS2, SMAD4
BRCA1/2 untested   (n = 2)
-VUS in RAD51D, PMS2

Negative       (n = 16)
BRCA1/2 negative     (n = 11)
BRCA1/2 untested     (n = 5)

*9 proceeded with BRCA1/2 testing only
**Patients also with a VUS in another gene 
***Patients with one (n = 7) or more (n = 4) VUS and no mutation 
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potential for better outcomes (less anxiety, better knowledge) 
after disclosure when the teach-back is not omitted during dis-
closure sessions.

Only 15% (n = 5) of patients who proceeded with test-
ing had a positive result (Figure 1). This included only one 
mutation in a high-penetrance gene (BRCA2). Medical man-
agement changed based on the genetic test result in only two 
patients (5%) (Supplementary Table S1 online). Testing for 
relatives was recommended only for patients with mutations 

in high-penetrance genes (e.g., BRCA2). Given uncertainty 
regarding the remaining cancer risk in individuals who test 
negative for a familial mutation in moderate-penetrance genes, 
we offered relatives in these cases the opportunity to discuss 
the limitations of testing for the familial mutation and how it 
may or may not change medical management for them. Patient-
reported perceived utility was modest after pretest counseling, 
and mean scores declined after receipt of results, although this 
was not statistically significant. Sixteen patients (42%) reported 

Table 1 Participant characteristics

Characteristics

Participants

Approached  
(n = 73) (%)

enrolled  
(n = 49) (%)

BRCA1/2 negative 
(n = 28) (%)

BRCA1/2 untested  
(n = 21) (%)

Age, years

  Mean 51 52 50 53

  Median 50 50 50 53

  Range 29–80 36–71 38–71 36–68

Ethnicitya

  White 62 (86) 42 (86) 25 (89)b 17 (81)b

  Black 6 (8) 4 (8) 0 (0) 4 (19)

  Hispanic/Latino, mixed 4 (6) 3 (6) 3 (11) 0 (0)

Gender

  Female 71 (97) 47 (96) 27 (96) 20 (95)

  Male 2 (3) 2 (4) 1 (4) 1 (5)

Educationa

  High school or less 3 (6) 3 (6) 1 (4) 2 (10)

  Some college 7 (14) 7 (15) 6 (21) 1 (5)

  College graduate 14 (27) 14 (30) 6 (21) 8 (38)

  Graduate or postgraduate 27 (53) 23 (49) 14 (50) 9 (43)

  Missing data 22 (–) 2 (–) 1 (–) 1 (–)

Marrieda

  Yes 45 (77) 36 (77) 21 (75) 15 (71)

Personal history of cancer 58 (79) 38 (78) 25 (89) 13 (62)

  Breast cancer only 48 (66)c 35 (71)c 23 (82) 12 (52)

  Other cancerd 3 (4)c 0 (0)c 0 (0) 0 (0)

  Multiple primariese 7 (10)c 3 (6)c 2 (7) 1 (5)

First- or second-degree relative with cancer (mean, SD) 3.4 (2.3) 3.7 (2.4) 3.3 (2.4) 4.1 (2.5)

  With breast cancer 1.1 (1.2) 1.3 (1.3) 1.2 (1.1) 1.4 (1.5)

  With ovarian cancer 0.1 (0.5) 0.2 (0.5) 0.1 (0.3) 0.2 (0.7)

  With other cancers 2.1 (1.7) 2.2 (1.8) 2.0 (1.9) 2.4 (1.6)

Baseline affective and cognitive scores (mean, SD)

  Total knowledge (range 17–82) – 61.8 (6.1) 62.7 (6.8) 60.6 (4.8)

  Knowledge inheritance (range 8–37) – 29.5 (3.2) 29.8 (3.4) 29.1 (2.8)

  Knowledge benefits (range 3–15) – 11.9 (1.4) 12.3 (1.5)f 11.5 (1.1)f

  Knowledge limitations (range 6–30) – 20.4 (3.2) 20.6 (3.5) 20.1 (2.7)

  General depression (range 0–21) – 2.6 (2.9) 2.4 (2.9) 3 (3.1)

  General anxiety (range 0–21) – 6.9 (3.9) 6.6 (3.9) 7.2 (3.9)

  State anxiety (range 20–80) – 37.6 (10.0) 37.4 (10.9) 37.9 (9.1)

  Breast cancer worry (range 0–75) – 18.0 (15.4) 16.0 (15.4) 20.7 (15.3)

  Uncertainty (range 0–15) – 7.5 (4.2) 7.1 (4.5) 8 (3.8)

Data are n (%) unless otherwise indicated. 
aTwenty-two participants with missing data among approached; 2 enrolled with missing data. bP < 0.01. cP = 0.03. dOvarian (n = 2), colon (n = 1). eMultiple primary cancers 
included breast (n = 6), ovarian (n = 1), esophageal (n = 1), sarcoma (n = 1), lung (n = 1), endometrial (n = 1), and thyroid (n = 3). fP < 0.02.
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a significant increase in perceived utility after testing, includ-
ing three of the five with positive results. Increases in perceived 
utility were highest among those receiving a positive result 
(positive = 60%; variant of uncertain significance = 20%, nega-
tive = 48%), although these differences were not statistically 
significant.

DIsCUssION
To our knowledge this is the first study to evaluate patient-
reported outcomes of clinical multiplex testing for cancer 
susceptibility and to report patient-reported outcomes with a 
novel counseling approach to address the challenges of educat-
ing and supporting informed choices in the setting of multiplex 

Table 2 Informed decision making with the tiered-binned model

Adequate 
knowledge of 
genetic testing

Positive 
attitudes 

toward testing

Proceeded 
with genetic 

testinga

Participants, n (%)

All  
(n = 46)

BRCA1/2  
negative (n = 26)

BRCA1/2 untested 
(n = 20)

Informed choices 33 (72) 20 (77) 13 (65)

  Category 1 Y Y Y 33 20 13

  Category 2 Y N N 0 (0) 0 (0) 0 (0)

Less informed choices 13 (28) 6 (23) 7 (35)

  Category 3 Y N Y 2 2 0

  Category 4 Y Y N 3 0 3

  Category 5 N Y Y 7 4 3

  Category 6 N N Y 1 0 1

  Category 7 N Y N 0 0 0

  Category 8 N N N 0 0 0

Two patients had missing baseline data and were excluded from analyses.

N, no; Y, yes.
aIncluding BRCA1/2 only or multiplex testing for those without prior testing.

Table 3 Patient open-ended responses regarding the tiered-binned model for genetic counseling and informed consent

Coded themesa

After pretest 
counseling (n = 46)

After posttest 
counseling (n = 39)

What did you like about your counseling session?

   Informative for self or relatives (e.g., “talked about what they could possibly find from the testing, it 
was all spelled out really well in what to expect”)

17 (37) 11 (28)

   Engaging (e.g., “teach-back technique—she asked me to give her a summary of what information 
she shared with me. Reinforced the knowledge I gained” and “it was more of a conversation where I 
could ask questions and interject along the way”)

17 (37) 5 (13)

   Comprehensible (e.g., “the information was presented in a very straightforward and sequential way. 
I really liked the visual aids; they helped me to learn what I needed to learn”)

14 (30) 4 (10)

   Comprehensive (e.g., “summarized the implications of the results, confirmed what I had thought I 
had learned prior to the testing, and I was able to ask some extra questions”)

6 (13) 2 (5)

  Straightforward (e.g., “I liked that it was concise and to the point”) 2 (4) 4 (10)

What did you dislike about your counseling session?

  Nothing 28 (60) 24 (62)

   Uncertainty (e.g., “the last question I think they asked was what the results mean to me. I had to be 
blunt because I had to say they were meaningless”)

0 (0) 8 (21)

  Overwhelming (e.g., “A lot of information to absorb. Kinda need a genetics 101 refresher”) 4 (9) 0 (0)

   Distressing (e.g., “There’s a black cloud over my head if I don’t get the testing because it’s like you’re 
constantly wondering what is causing it, but it’s a little black cloud if I get it the testing and they find 
something because then I know it’s genetic and there’s nothing I can do”)

3 (7) 3 (7)

  Missing information (e.g., “Unknowns regarding payments, fees, coverage. . .”) 3 (7) 0 (0)

What would you change about your counseling session?

  Nothing 38 (76) 35 (89)

   Provide more information regarding new research, medical management, basic genetics (e.g., “Add 
some ready–prework while waiting to get into the appointment with understanding the basics on 
genetics, keeping it at a low literacy level”)

2 (4) 2 (5)

Data are n (%). 
aRestricted to themes specific to the counseling model. We excluded themes about providers (personable, patient, knowledgeable), the setting, and process or research 
procedures (space, wait, surveys).
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testing including genes of variable penetrance and utility. 
Patient feedback suggests that patients value the engagement 
and organizational approach to sharing complex information 
in the tiered-binned model. Although most patients would 
not change anything about their counseling experiences, some 
did provide suggestions for refinements, which align with the 
observations from the audiotape review of sessions selected 
for less optimal outcomes. Modifications to further enhance 
patient experiences include considering baseline patient risk 
factors for distress,36 adherence to use of verbal affective and 
knowledge probes and the teach-back strategy during disclo-
sure sessions, inclusion of visual aids, and substitution of lay 
language for medical terms. In addition, while addressing pri-
vacy and discrimination risks are a standard component of 

genetic pretest counseling included in the tiered-binned model, 
ensuring that privacy issues are iterated throughout patient 
encounters might enhance counselor–patient communication 
and patient outcomes.

A key finding in this study is that many patients declined 
multiplex testing. Uptake was lowest among patients referred 
for BRCA1/2 testing (i.e., not previously tested). While the 
majority of patients were defined as making informed deci-
sions, those patients who had not undergone prior BRCA1/2 
testing were less likely to meet criteria for an informed deci-
sion. Although the subgroups are small, the baseline cognitive 
and affective factors among BRCA1/2-negative and -untested 
groups did not differ significantly. Nonetheless, these two 
patient populations might differ in their susceptibility to 

Table 4 Short-term cognitive and affective outcomes

Baseline (T0)  
(n = 46)

After pretest 
counseling (T1)  

(n = 46)
After posttest 

counseling (T2); (n = 39)

General anxiety (range 0–21)

  Completed pretest 6.8 (3.9)a 6.1 (4)a

  Completed pretest and posttest 6.6 (3.5) 5.8 (3.5) 5.3 (4.1)

General depression (range 0–21)

  Completed pretest 2.6 (3) 2.3 (2.6)

  Completed pretest and posttest 2.6 (2.9) 2.1 (2.4) 2.6 (3.4)

State anxiety (range 20–80)

  Completed pretest 37.1 (9.5) 38.0 (9.5)

  Completed pretest and posttest 36.2 (8.3) 37.2 (8.1) 36.4 (8.9)

Breast cancer worry (range 0–75)

  Completed pretest 17.8 (15.6) 16.5 (14.2)

  Completed pretest and posttest 16.6 (14.7) 15.4 (13.4) 16 (14)

Knowledge total (range 17–82)

  Completed pretest 61.8 (6.1)b 63.9 (6.3)b

  Completed pretest and posttest 61.8 (6.5)b 63. 9 (6.6)b 64 (6.9)b

Inheritance subscale (range 8–37)

  Completed pretest 29.5 (3.2) 30 (3.1)

  Completed pretest and posttest 29.5 (3.3) 29.9 (3.2) 30.1 (3.4)

Benefits subscale (range 3–15)

  Completed pretest 12 (1.4) 12.3 (1.8)

  Completed pretest and posttest 12 (1.3) 12.3 (1.7) 12.3 (1.9)

Limitations subscale (range 6–30)

  Completed pretest 20.3 (3.2)b 21.6 (2.8)b

  Completed pretest and posttest 20.3 (3.4)b 21.7 (2.9)b 21.6 (2.9)b

Satisfaction (range 13–65)

  Completed pretest

  Completed pretest and posttest 42.4 (3.5) 41.2 (2.7)

Uncertainty (range 0–15)

  Completed pretest 7.5 (4.3) 6.9 (4.6)

  Completed pretest and posttest 7.5 (4.2) 6.4 (4.6) 6.5 (4.7)

Perceived utility (range 12–60)

  Completed pretest

  Completed pretest and posttest 36.3 (7.3) 33.1 (8.1)

Data are mean (SD).
aP < 0.05 for all participants only. Not statistically significant for the subset who proceeded with multiplex testing. bP < 0.001 for all participants and the subset who 
proceeded with multiplex testing.
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information overload and tolerance for uncertainty.25 Our data 
suggest there might be value in sequential testing for some 
patients, supporting additional studies designed to understand 
potential differences by prior testing exposure and patient char-
acteristics. Understanding testing decisions in the setting of 
multiple available testing options is an important area for fur-
ther study. Defining optimal pretest counseling approaches to 
support informed decision making will be important for estab-
lishing clinical guidelines, particularly during the early phase 
of clinical incorporation of multiplex testing, when there is a 
higher likelihood of uncertainty and unclear clinical utility, and 
in the setting of multiple testing options.

In this initial study using a novel tiered-binned counsel-
ing model, the majority of patients were classified as making 
informed decisions, which was defined as having adequate 
knowledge and making testing decisions concordant with their 
attitudes toward genetic testing. This was also the case for those 
who specifically proceeded with multiplex testing. Further, 
knowledge—in particular knowledge of the limitations of mul-
tiplex testing—increased following the tiered-binned pretest 
counseling model. Understanding the limitations of genetic test-
ing is a key component of informed consent14,18 and is particu-
larly important in the setting of genetic tests with variable utility 
and uncertain risks.3,7,37 Thus, these patient-reported data sug-
gest that this new tiered-binned approach to genetic counseling 
has the potential to increase knowledge and to support informed 
decision making in the context of next-generation sequencing, 
although further larger studies designed to evaluate outcomes 
and the clinical application of this model are warranted.

These initial results suggest that most patients who pro-
ceed with multiplex testing after the tiered-binned counseling 
approach do not experience significant short-term increases in 
uncertainty and distress, although this may vary by test result, 
counseling approach, the delivery model and over time.25 
Larger, prospective, longitudinal studies are needed to con-
firm these results and to better understand how outcomes vary 
for individuals and by test result. While telephone has been 
increasingly utilized for delivery of BRCA1/2 genetic counsel-
ing and testing and seems to have equivalent outcomes for those 
who proceed with testing,38,39 many patients expressed concern 
with the use of alternative delivery models in this setting. Thus, 
outcomes of telephone and videoconferencing counseling and 
disclosures in the setting of multiplex testing will need to be 
studied further. Videoconferencing has the additional benefit 
of face-to-face communication, providing potentially higher 
awareness of nonverbal cues, which could be an advantage 
over the telephone, particularly in the setting of complex medi-
cal information. Current potential disadvantages to real-time 
videoconferencing include technology challenges, privacy, and 
costs. In addition, our results reflect outcomes with the tiered-
binned approach, and outcomes may differ depending on the 
content included in, the extent of, and the approach to pretest 
education and counseling. Comparing outcomes with varying 
counseling approaches could be useful to establish best prac-
tices and optimize outcomes.

Even with data suggesting limited negative affective 
responses, the utility of large-scale adoption of multiplex 
testing for breast cancer susceptibility remains uncertain. 
Although some patients have documented changes in medi-
cal management,4 how often multiplex testing results in a 
change beyond what would have been recommended based 
on personal and family history alone remains unclear and 
will require larger prospective studies.40 Even if test results 
do not change what medical providers recommend, a positive 
genetic test result might result in greater screening compli-
ance or adoption of risk-reducing interventions.7 In addition, 
there may be benefits to family members, although these will 
vary by gene and by family history. Alternatively, uncertainty, 
misunderstanding, and anxiety might prompt inappropriate 
adoption of risk-reducing or screening interventions. In addi-
tion to clinical utility, there may be additional utilities (e.g., 
personal, future, economic) of interest in considering the ben-
efits and risks of clinical incorporation of multiplex testing.7 
Thus, studies evaluating both psychosocial outcomes and per-
formance of health behaviors and various utilities of multiplex 
testing are needed.

We acknowledge several limitations of this study. This is a 
small study designed to inform modifications to a novel coun-
seling model, and results will need to be confirmed in larger 
studies designed to evaluate testing outcomes. These studies are 
currently ongoing.18 We had few positive or unexpected results, 
which could be associated with more anxiety, uncertainty, or 
perceived utility. Larger prospective, longitudinal studies to 
evaluate differences by subgroups are needed and are ongo-
ing. Our population is highly educated, and results may not be 
representative of more diverse clinical populations. While the 
majority of patients made informed decisions, the modifica-
tions suggested by audiotape reviews and patient feedback may 
or may not improve outcomes. In addition, alternative counsel-
ing models may be equally or more effective or more efficient 
given a limited genetic provider workforce and increased incor-
poration of genetics into clinical care. This counseling model 
was specifically developed for breast cancer susceptibility pan-
els, which include both high- and moderate-penetrance genes, 
and may not be applicable to other cancer syndromes.

In conclusion, some patients decline multiplex testing, in 
particular those without prior BRCA1/2 testing, highlight-
ing the importance of informed consent. Early data suggest 
the tiered-binned genetic counseling model is associated with 
increased knowledge and informed decisions in the majority 
of patients, representing a potential strategy for further study 
in the era of multiplex testing. Although most patients did not 
experience negative psychological responses, larger studies are 
needed to evaluate subgroup differences and to better under-
stand the risks, benefits, and utilities of multigene testing for 
cancer susceptibility.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper 
at http://www.nature.com/gim
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