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INTRODUCTION
Genetic screening for cancer susceptibility is one application 
of “personalized medicine” and has become an evidence-based 
medical practice that improves patient survival.1 However, many 
individuals and families suspected to be at a high risk for can-
cer, based on family or personal medical histories, are not found 
to have mutations in the most common susceptibility genes. 
For example, many women in whom genetic susceptibility for 

hereditary breast and ovarian cancer is suspected do not have a 
BRCA1/2 mutation. Testing of multiple high-penetrance genes 
simultaneously has long been an accepted practice for suscepti-
bility to colorectal cancer (e.g., mismatch repair genes in Lynch 
syndrome) and pheochromocytoma (e.g., succinate dehydro-
genase complex genes). Since 2012, multiplex (i.e., multi-gene) 
panels, which include both high- and moderate-penetrance 
cancer susceptibility genes, have emerged for many other 
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Purpose: Multiplex genetic testing, including both moderate- and 
high-penetrance genes for cancer susceptibility, is associated with 
greater uncertainty than traditional testing, presenting challenges 
to informed consent and genetic counseling. We sought to develop 
a new model for informed consent and genetic counseling for four 
ongoing studies. 

Methods: Drawing from professional guidelines, literature, concep-
tual frameworks, and clinical experience, a multidisciplinary group 
developed a tiered-binned genetic counseling approach proposed to 
facilitate informed consent and improve outcomes of cancer suscep-
tibility multiplex testing.

Results: In this model, tier 1 “indispensable” information is  
presented to all patients. More specific tier 2 information is pro-
vided to support variable informational needs among diverse 
patient populations. Clinically relevant information is “binned” 

into groups to minimize information overload, support informed 
decision making, and facilitate adaptive responses to testing. 
Seven essential elements of informed consent are provided to 
address the unique limitations, risks, and uncertainties of mul-
tiplex testing.
Conclusion: A tiered-binned model for informed consent and 
genetic counseling has the potential to address the challenges of 
 multiplex testing for cancer susceptibility and to support informed 
decision making and adaptive responses to testing. Future  prospective 
studies including patient-reported outcomes are needed to inform 
how to best incorporate multiplex testing for cancer susceptibility 
into clinical practice.
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cancer types, including breast and ovarian, and they are cur-
rently being used in clinical practice despite questions regard-
ing their clinical utility.2–14

Multiplex testing for cancer susceptibility represents the 
broader transition in clinical genetics from sequential limited 
(e.g., single-gene) evaluation to multiplex, parallel sequencing 
of many genes and, in some settings, whole-exome sequenc-
ing. This transition from limited (e.g., single gene) to bundled 
(i.e., multiplex panels) or broad (e.g., whole-exome sequenc-
ing) genomic applications presents many challenges.15,16 Many 
of the genes included on “cancer gene panels” are moderate-
penetrance genes, increasing cancer risk by two- to fourfold, 
and their clinical utility remains unclear.10,13,17,18 The risks, 
benefits, and clinical utility of testing for multiple genes of 
varied risk, cancer spectrum, and clinical utility are unknown 
and present challenges to traditional approaches to informed 
consent for genetic testing.8,15,18–20 Multiplex testing has the 
potential to increase anxiety, uncertainty, and potentially the 
adoption of inappropriate screening or risk-reducing surger-
ies. Effective genetic education and counseling are designed to 
minimize these risks and enhance adaptive responses to genetic 
risk.21 Traditional counseling models, although intended to 
be person-centered or individualized,21–23 are not designed to 
provide comprehensive information for simultaneous testing 

of multiple genes with diverse cancer spectra, risks, and medi-
cal management strategies. Thus, there is an urgent need to 
develop and evaluate new approaches to genetic counseling and 
informed consent with the clinical implementation of multiplex 
testing for cancer susceptibility,2,6–8,15,18–20 and to study the risks 
and benefits of bundled tests over sequential, discrete testing.16

Here we describe the development of a new model for the 
delivery of multiplex testing for cancer susceptibility. This 
model was developed for four related but distinct studies evalu-
ating the outcomes of multiplex genetic testing for breast can-
cer susceptibility (Table 1), in which the traditional model for 
cancer genetic counseling would not be feasible and could be 
overwhelming and could negatively impact testing decisions 
and outcomes. Thus, a new and standardized approach to the 
informed consent and counseling process across genetic coun-
selors and sites is needed to assess counseling fidelity and eval-
uate participant outcomes over time. Additionally, this model 
was developed to be broadly applicable to multiplex testing in 
other clinical settings in which panels contain genes associated 
with varying disease risk, health implications, or clinical utility.

MATeRIALs AND MeTHODs
A multidisciplinary working group of study investigators 
and clinical genetic providers from six collaborating sites 

Table 1 Characteristics of studies incorporating multiplex testing for breast cancer susceptibility
COGeNT study 

(Communication of 
Genetic Test Results 

by Telephone)a

ResPeCT study (Returning Genetic 
Research Panel Results  

for Breast Cancer susceptibility)

MeTeOR pilot study 
(Multiplex Testing  

for evaluation of Breast 
Cancer Risk)

MeTeOR longitudinal study 
(Multiplex Testing  

for evaluation of Breast 
Cancer Risk)

Study goal To evaluate the 
psychological, 
behavioral, and 
economic outcomes 
(i.e., risks and 
benefits) of telephone 
communication, 
as compared to 
standard, in-person 
communication of 
genetic test results

To evaluate the short-term and 
longitudinal risks, benefits, and 
utilities of retuning individual multiplex 
research results for cancer susceptibility

To utilize patient and provider 
feedback, as well as audiotape 
review, to refine a genetic 
counseling delivery model for 
multiplex hereditary cancer 
panels for susceptibility to 
breast cancer

To evaluate the short-term and 
longitudinal risks, benefits, and 
utilities of multiplex genetic 
testing for breast cancer 
susceptibility in affected and 
unaffected clinic-based patients

Study 
design, 
measures, 
participants, 
and 
procedures

Randomized 
longitudinal study of 
in-person (standard-
of-care) and telephone 
disclosure of clinical 
genetic test results. 
Adapted for inclusion 
of multiplex testing 
April 2014. Clinic-based 
patients complete 
baseline, postdisclosure, 
and 6- and 12-month 
surveysb

Observational longitudinal study of 
BRCA1/2-negative research participants 
presented with the opportunity to 
receive research multiplex results. 
Participants complete in-person or 
telephone pretest counseling to 
understand the risks/benefits and 
limitations of learning individual 
research results. Participants complete 
baseline (before pretest counseling), 
after pretest counseling, postdisclosure, 
and 6- and 12-month surveysb

Observational pilot study of 
patients who meet eligibility for 
METEOR longitudinal (BRCA1/2 
negative) or COGENT (BRCA1/2 
naive) studies. Patients 
complete in-person pre- and 
posttest counseling. Patients 
and genetic providers complete 
mixed-method surveys at 
baseline (before pretest 
counseling), after pretest 
counseling, and postdisclosureb

Observational longitudinal study 
of BRCA1/2 negative clinical 
patients presented with the 
opportunity to receive clinical 
multiplex testing for other 
high- and moderate-penetrance 
genes. Patients complete 
in-person pretest counseling 
and baseline (before pretest 
counseling), after pretest 
counseling, postdisclosure, and 
6- and 12-month surveysb

Funding National Cancer Institute 
(R01 CA160847)

American Society of Clinical Oncology 
Conquer Cancer Foundation and the 
Breast Cancer Research Foundation

Rooney Family Fund; Myriad 
Genetics provides the cost of 
multiplex testing

Rooney Family Fund; Myriad 
Genetics provides the cost of 
multiplex testing

aClinicalTrials.gov NCT01736345. bCommon outcomes and measures include understanding of genetic information (knowledge and perceptions of genetic diseasea), 
reactions to genetic information (psychological distress including generala and event-relateda anxiety and depressiona, cancer-specific worrya, and satisfaction with genetic 
servicesa), behavioral use of genetic information (performance of risk reductive, screening, and psychosocial behaviorsa), informed decision making,a and perceived utility of 
genomic information (novel measure).
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participated in three conference calls (August–September 
2013) to develop a new model for informed consent and 
genetic counseling for four ongoing studies evaluating the 
outcomes of multiplex genetic testing for breast cancer suscep-
tibility. This multidisciplinary group of investigators collabo-
rating on related research (see Table 1) includes physicians 
and genetic counselors with expertise in cancer genetics and 
medical genetics, as well as individuals with expertise in clini-
cal psychology, health communication, and medical ethics. 
Multiple drafts of the proposed model, counseling checklists, 
and the manuscript were circulated for comments, reviewed, 
and iteratively revised (October 2013–May 2014).

Rationale for a tiered-binned approach to pretest 
counseling for multiplex testing
In cancer genetics, promoting informed consent for genetic test-
ing is traditionally facilitated through pretest counseling with a 
genetic or other adequately trained professional. This is achieved 
through “comprehensive” education and pretest counseling, 
including genetic education, specific disease risks and medical 
management options for individual genes, and the potential 
medical and psychosocial implications of testing, highlighting 
the option to decline testing and consider alternative options 
for risk assessment and risk management.19,21,23–27 Effective pre-
test education and counseling can prepare patients for uncer-
tain results, increase understanding, and decrease test-related 
anxiety and negative responses to uncertainty.21 It is increasingly 
recognized that the traditional standard of “comprehensive” or 
“specific” informed consent for cancer susceptibility testing will 
not be feasible, applicable, or beneficial to patients as we move 
to broader genetic testing, which includes genes of varying risks 
and clinical implications (e.g., the finding of incidental muta-
tions in noncancer genes of high penetrance).15,28,29 “Generic” 
consent has been proposed as an alternative strategy to provide 
patients with minimally sufficient information to make informed 
decisions regarding testing or receipt of genetic information.26,30 
The “layered” approach to generic consent includes identifying 
broad concepts and common-denominator elements required 
for all patients. We propose that this approach, originally pro-
posed for prenatal screening and whole-exome sequencing, can 
support informed consent in the setting of multiplex testing for 
cancer susceptibility and enhance adaptive responses to testing, 
particularly in the era of bundled and broad testing and variable 
clinical utility.29 A layered or tiered approach to education and 
counseling is utilized in which tier 1, “indispensable” informa-
tion is presented to all patients and tier 2 information provides 
additional detail as needed, supporting variable information 
needs among diverse patient populations.29,30

An additional strategy to address the large amount of poten-
tially relevant information generated with broad genetic testing 
is to organize the information into clinically relevant “bins.”28 
This approach was proposed as a framework to organize genes 
to consider the return of incidental findings.28 As suggested by 
others, binning genes could also be a useful approach for con-
sent and patient education.20,28 Rather than providing specific 

risks for each individual gene, genes can be organized into bins, 
defined by their risk, clinical utility, evidence supporting medi-
cal management, or other relevant features, for example, “some 
genes on this panel have very high lifetime risks for cancers 
that lack effective surveillance options, so prophylactic surgery 
such as removal of the ovaries or the stomach may be recom-
mended as a possible method to reduce the risk for cancer,” or 
“some genes have very limited information available regarding 
risks for cancer, but more may be known in the future.” Some 
patients may desire additional specific information, which can 
be shared in an individualized fashion as tier 2 information. 
We propose that binning and tiered strategies can be combined 
effectively as a new approach to informed consent and genetic 
counseling in the era of multiplex genetic testing and present 
additional key components to the successful implementation of 
this approach for the research setting and, ultimately, clinical 
care.

ResULTs
A tiered-binned approach to multiplex testing for cancer 
susceptibility
We used the American Society of Clinical Oncology 14 Basic 
Elements of Informed Consent, consistent with other practice 
standards, as the starting framework.26,27 Through deliberation, 
we identified several of the traditional basic elements that could 
be overwhelming to patients if presented in comprehensive 
detail and were amenable to presentation in a tiered and binned 
fashion (Table 2). These elements included: (i) information on 
specific genes being tested and the associated risk; (ii) specific 
implications of positive, negative, and uninformative results; 
(iii) options and limitations of medical management or risk-
reducing strategies; and (iv) implications for family members. 
For these elements, we identified key common-denominator 
themes and the important minimum elements that patients 
must understand in order to make an informed decision in the 
setting of multiplex testing (Table 2). In addition, patients are 
informed that more specific and comprehensive information 
can be provided in result disclosure sessions. Several basic ele-
ments of informed consent are relevant to cancer susceptibility 
testing regardless of the type of testing (e.g., limited or mul-
tiplex testing). These elements are not significantly modified 
from traditional counseling practice, although some key differ-
ences with multiplex testing are reflected in the key elements 
outlined here. As an example, counseling checklists for pretest 
and posttest counseling in the METEOR studies (see Table 1) 
are included as Supplementary Appendixes online. Checklists 
for the RESPECT study include modifications to address study-
specific contexts (e.g., the difference between research and 
clinical testing). Additional previously published modifications 
developed for telephone communication31 (e.g., standard and 
situational probes to address lack of visual cues with telephone 
and challenges with distractions and disruptions) are also 
included for COGENT and RESPECT checklists.

One area of debate within the working group was the need to 
provide patients with specific examples of scenarios in which 
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patients have been known to have variable preferences for test-
ing.32 For example, some members endorse a specific discussion 
of medical management strategies and potential psychosocial 
risks with identification of a germline TP53 mutation because 
the mutation confers risks for a wide range of cancers, some of 
which have no established or limited strategies for screening or 
risk reduction, or CDH1 mutations, for which prophylactic gas-
trectomy may need to be considered given limitations of screen-
ing for diffuse gastric cancer. Other members felt that specific 
examples are not necessary at pretest counseling and that the 
possibility of these uncertainties can be sufficiently shared in 
a tiered-binned model before testing, or in greater detail when 
relevant at posttest counseling. The group was not able to reach 

a consensus on this topic, highlighting an important area for 
continued deliberation and consideration in ongoing research.

Several additional strategies endorsed by patients and pro-
viders, informed by our team’s multidisciplinary expertise and 
existing literature, are included in this model to improve patient 
understanding and satisfaction.22,23,33–35 Visual aids, strongly 
valued by patients, particularly in the context of complex med-
ical information,16,36,37 are included to enhance understanding 
of complex information. Study-specific visual aids have been 
developed for each of the studies to address the goals, popula-
tions, and context of the specific study. Consistent with cur-
rent practice, these are designed to be provided to participants 
in print format in the context of the counseling session. For 

Table 2 Adaptations and key themes in the tiered-binned model for multiplex testing
Fourteen traditional key elements of informed 
consent for cancer susceptibility testing  
(AsCO guidelines 2010a)

Adaptations in the  
tiered-binned model

Key themes (tier 1 elements)  
in the tiered-binned model

1. Basic genetic education Consistent with traditional practice

2.  Information on the specific genetic mutation (s) or 
genomic variant (s) being tested, including whether 
the range of risk associated with the variant will 
impact medical care, and associated risks (#1)

Binned and tiered information on the 
genes being tested and the impact on 
medical carea

1.  Testing can identify varying risks (high, 
moderate, and uncertain) for a wide spectrum 
of cancers.

3.  Implications of a positive, negative, and VUS results 
(#2)

Binned and tiered information on 
types of test results and the impact on 
medical recommendationsa

2a.  Implications of results vary depending on the 
gene and result.

4. Possibility that the test will not be informative (#3) 2b.  Finding a mutation may or may not change 
your current medical care.

5.  Options and limitations of medical surveillance and 
strategies for prevention after genetic or genomic 
testing (#12)

Binned and tiered information on the 
options and limitations of medical 
surveillance and strategies for 
prevention after genetic or genomic 
testing (e.g., prophylactic surgery versus 
early detection) a

3.  The evidence and support for medical 
recommendations varies by gene and result 
(e.g., in some cases there are evidence-based 
recommendations, others consensus guidelines, 
others no clear consensus or guidelines).

6. Risk of passing a genetic variant to children (#5) Binned and tiered information 
regarding risks for children and family 
membersa

4a.  Some genes are associated with risks for cancer 
in childhood, while others only confer risks in 
adulthood. Some genes are associated with 
disorders other than cancer.

7.  Importance of sharing genetic and genomic test 
results with at-risk relatives so that they may benefit 
from this information (#13)

4b.  For some genes, there is currently insufficient 
information to recommend testing for 
relatives.

8.  Psychological implications of test results (benefits and 
risks) (#8)

Consistent with traditional practice 5.  There is the potential for various uncertainties 
(e.g., uncertain results, uncertain risks, and 
uncertainty regarding medical management 
options).

9.  Options for risk estimation without genetic or 
genomic testing (#4)

Consistent with traditional practice 6.  Given a range of testing options and variable 
risks, benefits, and utilities, patients should be 
aware that testing is a choice.

10.  Technical accuracy of the test and associated fees 
(#6, 7)

Consistent with traditional practice

11.  Privacy, risks, and protections against genetic 
discrimination and possible use of DNA testing 
samples in future research (#9, 10, 11)

Consistent with traditional practice

12. Plans for follow-up after testing (#14) Consistent with traditional practice 7.  Risk estimates and cancer spectrum may be 
revised over time. Ongoing communication 
with the cancer genetics team will be beneficial, 
particularly in the setting of uncertain results or 
recommendations.

ASCO, American Society of Clinical Oncology; VUS, variants of uncertain significance.
aIllustrative examples can be included to represent specific examples (e.g., prophylactic removal of the stomach is considered for individuals who are at increased risk for 
stomach cancer and TP53 mutations are associated with high risks for a variety of cancers, some of which are hard to prevent or screen for, and that can occur in childhood).
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patients receiving counseling by phone, visual aids are mailed 
to participants in advance of their counseling session so they 
can be viewed during the counseling session. A key novel com-
ponent of this new approach is standardized provider com-
munication probes, utilized in counseling sessions to assess 
desired levels of information (e.g., “As we go along, please 
tell me if you would prefer that we discuss this information 
in greater detail or if you have heard enough detail”), knowl-
edge and genomic health literacy (e.g., “We have talked about 
a lot of things, what questions do you have for me now?”), and 
affect (e.g., “How are you feeling now that you know…?”). Of 
note, this strategy is utilized to address diverse patient popu-
lations in which genomic health literacy and informational 
needs vary.38 At the conclusion of the session, we include a 
“Teach Back” probe (e.g., “Please tell me in your own words 
your understanding of what we have discussed today and what 
that might mean for you”) to assess comprehension and facili-
tate informed decision making, providing the opportunity for 
remediation of any misperceptions.39,40 This additional strategy 
is designed to help providers address varying genomic health 
literacy and support informed decision making as genetic test-
ing is more widely disseminated and incorporated in diverse 
medical practices.38

Tier 1 essential elements for informed consent with 
multiplex testing
We identified seven essential minimal elements necessary for 
patients to make an informed decision regarding genetic test-
ing options to include multiplex testing for cancer susceptibility 
and to enhance adaptive psychosocial and behavioral responses 
to multiplex testing (Table 2). We note that multiplex testing 
panels vary. Some may include only genes in which mutations 
confer a similarly high risk of the same cancers (e.g., mismatch 
repair genes and Lynch syndrome), and not all of these elements 
may need to be invoked depending on the particular panel.

1. Testing can identify varying risks (high, moderate, and 
uncertain) for a wide spectrum of cancers. Although 
some patients may desire detailed information for all or 
select genes, for many patients a comprehensive review 
might generate distress and negatively impact informed 
decision making. Nonetheless, it is important for patients 
to understand the general scope, variability, and range 
of risks and associated cancer types. We propose this be 
shared in a tiered-binned fashion based on individual 
informational preferences.

2. The implications of a positive or negative result will vary 
based on the particular gene, the personal and family 
history, and the prevalence of mutations in the general 
population (carrier rate). Given the current unknowns 
for many of the genes on multiplex panels, and the poten-
tial for unanticipated positive results in high-penetrance 
genes (where the personal and/or family history is not 
suggestive of the phenotype), the implications of results 
may be highly dependent on the family history. Further, 

patients should be prepared for uncertainty and the 
potential for no change in their medical management. 
Again, we propose this information can be shared in a 
tiered-binned fashion, and there may be a role for specific 
examples (e.g., TP53, CDH1) that could influence deci-
sion making or illustrate particular themes.

3. The evidence supporting medical recommendations for 
specific genes and results varies. In some cases, there is 
strong evidence to guide medical recommendations (e.g., 
BRCA1/2, Lynch syndrome). For other genes, there are 
consensus guidelines (TP53). In many genes, there is 
very limited evidence to guide medical recommendations 
(e.g., CHEK2, ATM). Even in the setting of a deleterious 
mutation, patients’ results might not change their medi-
cal management. Although we have traditionally dis-
cussed specific risk-reduction options (e.g., prophylactic 
oophorectomy, the addition of screening breast magnetic 
resonance imaging) in pretest counseling, we propose in 
the tiered-binned model that general strategies be pre-
sented to all patients (e.g., “Cancer risk may be addressed 
by increased screening, chemoprevention, or, in some 
cases, prophylactic surgeries”), with additional informa-
tion provided based on personal and family history and 
informational assessments and requests.

4. Mutations in some genes are associated with a risk for can-
cer during childhood and adolescence and can be asso-
ciated with conditions other than cancer. Additionally, 
cascade testing in other relatives may or may not be indi-
cated, particularly for moderate-penetrance genes. The 
implications for family members are much more varied 
and complex as we transition to multiplex panels with 
overlapping phenotypes. The relevance of moderate-
penetrance genes for relatives remains uncertain, and 
results may be context-specific and modified by the fam-
ily history. We propose that in the tiered-binned model, 
the range of possibilities be presented to patients so they 
have a general understanding of the potential outcomes 
of testing, and, if interested, patients can engage in a more 
in-depth discussion.

5. There is the potential for various uncertainties (e.g., 
uncertain results, uncertain risks, and uncertainty regard-
ing medical management options). Variants of uncertain 
significance (VUS) are possible and more frequent with 
panel testing than with single-gene or targeted testing. 
Although genetic providers are accustomed to discuss-
ing this possibility with patients, the frequency of VUS is 
significantly higher with panel testing (up to 30%)10,11,13,20 
and could be associated with distress, misunderstanding, 
and inappropriate screening or risk-reducing surger-
ies. Patients need to be aware that VUS are a possibility, 
that VUS are not to be used to make medical manage-
ment decisions, and that interpretation of results may 
be clarified over time. Understanding the possibility of 
VUS allows patients to make more informed decisions 
about proceeding with testing based on their tolerance 
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for ambiguity, and is designed to minimize negative 
responses to testing for those who proceed.

6. Given a range of testing options and variable risks, ben-
efits, and utilities, patients should be aware that testing is 
a choice. At this time there are various cancer suscepti-
bility testing options for genetic providers and patients. 
These include standard limited (e.g., single-gene test-
ing) and various multiplex panels ranging from those 
with high-penetrance genes only to panels focused on 
particular tumor types (e.g., BreastNext, ColoNext) and 
broader panels including high- and moderate-penetrance 
genes (e.g., MyRisk).8,20 At least one commercial labora-
tory is considering offering the option to select specific 
genes when ordering genetic testing, allowing patients 
and providers to more efficiently direct testing and limit 
the potential for uncertain or unwanted information. 
For most patients, limited testing for known syndromes 
(e.g., BRCA1/2 and mismatch repair genes for families 
with breast, ovarian, or colon cancer) for which there 
is clear evidence guiding medical management recom-
mendations remains a valid option. Choosing how large 
a gene panel to use depends, in part, on the urgency of 
testing (e.g., newly diagnosed patients undergoing test-
ing to make a surgical decision) and the patient’s toler-
ance of ambiguity regarding VUS and genes with as-yet-
undefined penetrance and cancer spectra. Also, testing 
for additional genes will remain an option in the future 
for patients who elect to defer multiplex testing initially.

7. Ongoing communication with the cancer genetics team 
will be critical, particularly in the setting of uncertain 
results or recommendations. At this time, the evidence 
base and best practice guidelines for risk estimation, 
interpretation, and medical management recommenda-
tions are still in development for many of the genes on 
these panels.6 Thus, multiplex testing for panels with 
high- and moderate-penetrance genes will be a collab-
orative learning process between the genetics team and 
patients because risk estimates, cancer spectra, and best 
practices for medical management will be revised over 
time. Best practices for longitudinal communication 
and provision of medical updates constitute a significant 
knowledge gap for the field given the higher rates of 
VUS and various current uncertainties. At minimum, 
follow-up requires patients or programs to maintain up-
to-date contact information. Some patients may benefit 
from regularly planned follow-up with a genetics team, 
which might be associated with access burdens for some 
patients.

DIsCUssION
As highlighted by many, the clinical availability of multiplex 
testing for common cancers, containing high- and moderate-
penetrance genes, presents considerable challenges to the 
clinical implementation of inherited genetics. Among these 

challenges is protecting patient autonomy and limiting the psy-
chosocial and medical risks of cancer susceptibility testing. To 
our knowledge, this model is the first proposed for informed 
consent and genetic counseling for multiplex testing including 
both high- and moderate-penetrance genes for cancer suscepti-
bility. We present this model as a starting point for the purposes 
of ongoing studies and relevant fields to consider the merits 
and limitations of various approaches to informed consent and 
delivery of multiplex cancer genetic testing. Two key questions 
in the field remain regarding the relative advantages of bun-
dling (i.e., multiplex testing) and the best model for delivering 
bundled and broad sequencing. We acknowledge that there will 
likely be alternative models that could be considered and com-
pared to understand their relative benefits and risks.

This approach has several strengths, reflecting the consensus 
of a multidisciplinary team from six cancer genetics programs. 
These teams have utilized multiplex testing in the clinical and 
research settings and used strategies that have been proposed 
in other settings of broad genomic testing (e.g., prenatal and 
whole-exome sequencing) for which comprehensive approaches 
to counseling and consent are not feasible. Our tiered-binned 
approach is grounded in existing guidelines for cancer suscep-
tibility testing and is intended to preserve key components of 
informed consent and pretest counseling while utilizing strate-
gies to tailor the depth of information to individual needs and 
to organize content into key themes and elements to enhance 
understanding and informed decision making. Thus, we have 
included several adaptations and elements to facilitate patient-
centered communication (e.g., assessments of cognitive and 
affective responses and informational needs).22,23,33–35 Equally 
important, we feel this model can provide a framework for 
other multiplex and broad genetic testing for disease suscep-
tibility in other contexts. This model also has the potential to 
enhance the efficiency of genetic services given the increasing 
demand and a limited workforce.

Despite these strengths, we acknowledge several limitations. 
There is currently no clear standard delivery model for multiplex 
testing for cancer susceptibility, raising the question of what is 
the most appropriate comparison for innovations in the field. As 
new alternative counseling and delivery models are developed, 
studies designed to compare various delivery models could be 
valuable and ultimately define standards for the field. Our novel 
tiered-binned model was developed to inform several studies 
evaluating the outcomes of receipt of multiplex testing for can-
cer susceptibility; however, the outcomes of the tiered-binned 
approach are currently unknown. Data evaluating the informed 
choice and the cognitive, affective, and behavioral responses to 
this model of genetic counseling for multiplex testing for breast 
cancer susceptibility are the goal of the described ongoing stud-
ies. Although we believe this approach is consistent with the 
way in which many genetic providers are approaching clinical 
counseling for multiplex testing in the absence of any consensus 
guidelines,20 there are likely other valid approaches. As described 
above, our group debated the merits of providing specific infor-
mation for particular genes (e.g., TP53, CDH1) when patients 
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have expressed varying testing preferences.32 The value of uti-
lizing specific examples remains unknown. There is also value 
in evaluating various visual formats and content of risk infor-
mation, particularly among populations of varying genomic 
literacy; however, this was not the goal of our current studies. 
Additionally, this model is proposed for genetic susceptibility 
testing for common cancers (e.g. breast, colon, and ovarian) 
and may not apply in other contexts, such as genetic testing for 
rare cancers (e.g., pheochromocytomas), for which panels are 
commonly utilized and do not have the same wide variability in 
the disease spectrum, risks, or management options. Ultimately, 
there will need to be continued data collection and deliberation 
to guide best practices for delivery of cancer genetic testing as 
we transition from targeted to broader genomic applications. 
Equally important, the relative advantage of bundled versus 
discrete or limited genetic testing remains an overarching ques-
tion that has been identified as a key research need in the era of 
genetic sequencing.16 Our model is not intended to address this 
larger question, but rather, given the current availability of clini-
cal multiplex testing, to provide a potential delivery solution in 
this period of evaluation of the outcomes of multiplex testing 
including genes of variable clinical utility.

We are at a critical juncture in medicine, with the breadth and 
depth of available genetic information increasing exponentially 
and holding great promise for improving health outcomes. 
Multiplex genetic testing for cancer susceptibility raises the 
potential for greater complexity and uncertainty, and a tiered-
binned approach to informed consent and genetic counseling 
has the potential to address these challenges. Given the current 
limitations and uncertainties, there is an urgent need to better 
understand the risks, benefits, and utilities of multiplex testing, 
and how to best deliver services and respect patient preferences 
as we debate how to implement genetic testing for the benefit of 
diverse patient populations and their families.

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