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shop session. The major findings of the workshop were:

(1) stakeholder support for risk-benefit modeling as a tool

to structure discussion of the clinical utility of genetic tests; 

(2) desire for the modeling process to be iterative, transparent, 

and parsimonious in its presentation to stakeholders, and (3) 

some concern with the use of quality-adjusted life-years in 

the evaluation process. The meeting’s findings emphasize 

the potential utility of risk-benefit analysis in genetic test 

evaluation, and highlight key areas for future research and 

stakeholder consensus-building. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 The technological advances in genetic analysis over 
the past decade present a significant yet challenging op-
portunity to improve the public’s health through genom-
ics. A defining feature of this challenge is assessing a ge-
netic test’s clinical utility, defined as the impact of testing 
on health outcomes  [1] . Most often the clinical utility of 
a genetic test is not well known or understood at the time 
of its availability to patients. The most likely reason is the 
lack of clinical evidence. Such evidence is absent for a 
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 Abstract 

 A key to accelerating the appropriate integration of genom-

ic applications into healthcare in the coming decades will be 

the ability to assess the tradeoffs between clinical benefits 

and clinical risks of genetic tests in a timely manner. Several 

factors limit the ability of stakeholders to achieve this objec-

tive, including the lack of direct evidence, the lack of a frame-

work to quantitatively assess risk and benefit, and the lack of 

a formal analytic approach to assess uncertainty. We pro-

pose that a formal, quantitative risk-benefit framework may 

be particularly useful for assessing genetic tests intended to 

influence health outcomes, and communicating the poten-

tial clinical benefits, harms, and uncertainty to stakeholders. 

As part of the development process for such a framework, a 

stakeholder meeting was held in Seattle (Wash., USA) in De-

cember of 2008, with the objective of discussing a risk-ben-

efit framework, using warfarin pharmacogenomics as a case 

study. Participants engaged in focused discussion to eluci-

date the potential role of genetic test risk-benefit analysis in 

informing decision-making, categorizing genetic tests and 

directing research prioritization. This research investigation 

focuses on qualitative analysis of responses elicited from 

workshop participants during the proceedings of the work-
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multitude of related issues, including: the significant sci-
entific challenges involved in developing evidence on the 
clinical outcomes of genetic testing, the lack of financial 
incentives by private industry to invest in such costly 
studies, the lack of a clear development pathway for ge-
netic testing technologies, and the low regulatory hurdles 
for the marketing of genetic tests  [2, 3] .

  An equally challenging issue is lack of standard evi-
dence criteria for evaluating the clinical utility of genetic 
tests. Many clinicians and policy-makers expect data 
from controlled clinical trials to support the use of a ge-
netic test, while others are willing to rely on retrospective 
analyses and clinical plausibility  [4–8] . This lack of con-
sensus about the appropriate level of evidence for clinical 
benefits and harms, and the lack of a process for evaluat-
ing them in an explicit fashion, presents a roadblock on 
the translational pathway.

  A key to accelerating the appropriate integration of ge-
nomic applications into healthcare in the coming decades 
will be the ability to assess the tradeoffs between clinical 
benefits and clinical risks of genetic tests in a timely man-
ner. Traditional evidence-based methods that rely on di-
rect evidence will have limited usefulness due to lack of 
data. Approaches for incorporating indirect evidence in 
the evaluation of preventive services have been devel-
oped, but they lack a summary measure of net health ben-
efit and formal assessment of uncertainty  [9] . We propose 
that a decision-modeling-based approach to risk-benefit 
analysis will be particularly useful for assessing genetic 
tests intended to influence health outcomes, and commu-
nicating the potential clinical benefits, harms, and uncer-
tainty to stakeholders. A formal risk-benefit framework 
would serve as an adjunct to current evaluation process-
es, and facilitate the prioritization of genetic tests into 
risk-benefit categories. Although decision-analytic tech-
niques are beginning to be used to explore the clinical 

utility of genetic tests, a framework for incorporating 
their findings into decision-making in a manner that 
consistently meets stakeholders’ needs has not been de-
veloped. Prior research has suggested that engaging 
stakeholders in collaborative framework devel opment is 
essential to establishing methodological approaches that 
appropriately meet their needs in making decisions about 
genetic test use and coverage  [7, 8, 10] . Thus, we conduct-
ed a qualitative research investigation of stakeholders’ 
perceptions of a decision-modeling-based risk-benefit 
framework. The overall objective of this study was to elic-
it and analyze stakeholder feedback on the strengths and 
weaknesses of this approach for evaluating genetic tests 
using a directed content approach. The specific objectives 
were to:   (1) present the genetic test risk-benefit frame-
work concept for evaluation by stakeholders;   (2) present 
the risk-benefit framework as applied to a specific genet-
ic testing case study for illustration of key concepts, ad-
vantages, and limitations of this method;   (3) identify the 
evidence requirements for genetic testing to be integrated 
into the delivery of health care;   (4) identify general points 
of stakeholder consensus and disagreement with regard 
to evaluation of genetic tests for clinical practice.   The 
methodological approach utilized to achieve these objec-
tives is described below.

  Methodological Approach 

 To facilitate the collection of initial feedback regarding the de-
velopment of a genetic test risk-benefit framework, a stakeholder 
workshop session was convened in Seattle (Wash., USA) during 
the University of Washington Genomics Conference held Decem-
ber 3–5, 2008. The University of Washington Resource Center for 
Health Policy hosted the event, in conjunction with the Center for 
Genomics and Healthcare Equality, the Pharmaceutical Out-
comes Research and Policy Program, and the Center for Genom-
ics and Public Health. This study was deemed institutional review 
board exempt by the University of Washington Institutional Re-
view Board on the grounds that: (1) individual participants would 
not be identified; (2) specific stakeholder groups would not be 
identified (e.g. by organization name), and (3) the proceedings of 
the workshop session would not be recorded in any audio-visual 
format. Under these conditions, clinician, genetic test developer, 
researcher, consumer, and payer stakeholder representatives par-
ticipated in the session (summarized in  table 1 ). These groups rep-
resent the stakeholders who are the end users of recommenda-
tions on genetic tests.

  The December 4th session began with a 60-min introduction 
to the proposed genetic test risk-benefit framework, overview of 
the rationale for its development, and explanation of a risk-bene-
fit categorization matrix previously developed by the research 
team. This part of the session was intended to give participants a 
basic understanding of risk-benefit analysis concepts, methods, 

Table 1. S takeholder attendance at the genomics workshop risk-
benefit framework session

Stakeholder group Number of 
organizations
represented

Number of
stakeholder
participants

Clinicians 6 8
Consumers 4 4
Developers 8 9
Payers 9 9
Researchers 9 12
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and metrics (e.g. quality-adjusted life years, QALYs). Following 
the introduction, workshop participants were instructed to con-
sider a specific genetic test case study, as described below.

  Warfarin Pharmacogenomics Case Study 
 To facilitate stakeholder feedback, a case study risk-benefit 

analysis of warfarin pharmacogenomic testing was presented. 
This case study applied risk-benefit analysis methods to assess the 
clinical benefits, harms, and uncertainty associated with geno-
type-guided dosing for patients receiving therapy with the anti-
coagulant drug warfarin. Warfarin is an effective drug for reduc-
ing the risk of clotting events in patients predisposed to clotting 
events, but it is one of the most common causes of serious adverse 
drug events leading to hospitalization  [11] . There is considerable 
variation in required therapeutic dose between and within pa-
tients. Consequently, patients are required to undergo frequent 
measurement of anticoagulation status (using the International 
Normalized Ratio, INR) and subsequent dosage adjustments.

  Recent studies have demonstrated an association between 2 
specific genetic variants and required warfarin dose  [12–14] . 
These studies found that patients who have variants of the genes 
 CYP2C9  and  VKORC1  require a lower dose of the drug to achieve 
values within the targeted INR range. Additionally, studies have 
demonstrated that patient’s genotype status may impact the rela-
tive proportion of time spent above, within, and below their tar-
geted INR range, which may in turn influence risk of bleeding and 
clotting events  [15] . However, no randomized trial to date has 
demonstrated a significant reduction in out-of-range INR values 
or clinical events in patients randomized to genotype-guided dos-
ing versus standard warfarin dosing  [16] . As a result, there is sig-
nificant uncertainty and controversy about the use of warfarin 
pharmacogenomic testing, making it an ideal case study for our 
purposes  [4, 5] .

  We presented data from a risk-benefit analysis of warfarin 
pharmacogenomics, based on a recently developed decision mod-
el  [17] . The model compares the impact of time in the INR thera-
peutic range between genotype-guided dosing and standard of 
care warfarin dosing based on recently available data from a small 
randomized clinical trial. The estimated time in the therapeutic 
range was used to project the incidence of major bleeding events 
and major thromboembolic events in each dosing strategy, and 
this information was used to project QALYs. In terms of clinical 
events, the analysis estimated that in a population of 10,000 peo-
ple, genetic testing would reduce the number of major bleeds by 
17, yet increase the number of major thromboembolic events by 3 
 [17] . The analysis estimated genotype-guided dosing would in-
crease QALYs by 0.004 (1–2 days) relative to standard of care dos-
ing  [17] . Uncertainty was evaluated using 1-way and probabilistic 
sensitivity analysis. The results of probabilistic sensitivity analy-
sis indicated a 74% probability that QALYs would be increased 
with genotype-guided dosing, and a corresponding 26% proba-
bility they would decrease  [17] .

  Data Collection Format 
 Following the presentation of the risk-benefit framework 

overview, warfarin case study, and initial stakeholder questions, 
participants were asked to respond to 8 questions ( table 2 ) related 
to the genetic test risk-benefit framework. To qualitatively evalu-
ate these stakeholder responses, directed content analysis meth-
ods were utilized. In this analytical approach, existing theory is 
used to identify key content area codes, stakeholder feedback is 
elicited through open-ended questions, and stakeholder feedback 
is coded and evaluated according to the pre-specified content area 
codes  [18] . We employed this qualitative method because our goal 
was to evaluate feedback about key aspects of the risk-benefit 
framework, and directed content analysis provides a means to re-
fine and conceptually extend such frameworks  [18] . Each of the

Table 2. Q uestions and content area codes from the genomic workshop risk-benefit framework session

Content area code Associated question

Decision modeling (1) What level and type of data is needed before undertaking modeling 
approaches to risk-benefit analysis?

(2) How complex should decision models be?

Projecting QALYs and clinical events (3) To what degree does providing estimates of clinical events, rather than 
surrogate markers, help understanding of the risk-benefit trade-off and 
clinical utility of genetic tests (e.g. bleeding events vs. INR)?

(4) Is quality-adjusted life expectancy (QALYs) a useful measure of clinical 
utility? Why and why not?

Risk-benefit categorization matrix and policy 
applications

(5) How would you use the results? What role would the evaluation of 
uncertainty play?

(6) How would you categorize tests based on the results of the analysis?
What would the policy matrix look like from your perspective?

(7) What level and type of data is needed before implementing policy based on 
a risk-benefit analysis?

(8) How should risk-benefit analyses be critiqued/evaluated before use
(e.g. peer review, direct access to the model, etc.)?
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8 questions posed to stakeholders was intended to elicit feedback 
related to 1 of 3 directed content area codes: decision-modeling 
process, projecting QALYs and clinical events, or the risk-benefit 
categorization matrix and policy applications. Each of these con-
tent area codes represents a key area of uncertainty identified in 
the literature and related to the application of risk-benefit analysis 
to genetic test evaluation  [8, 10, 19] .

  The workshop participants were initially given 10 min to in-
dividually contemplate, record and organize their responses to 
the 8 questions regarding the use of formal risk-benefit analysis 
to assess the clinical utility of genetic tests (as outlined in  table 2 ). 
Next, participants were grouped by professional affiliation and 
assigned to 1 of 5 breakout session stakeholder groups. Each 
stakeholder group was asked to select a group spokesperson to 
document major points of discussion and facilitate consensus 
building within the group. The stakeholder groups were then giv-
en 45 min to discuss the 8 questions, with each group member 
reporting their individual thoughts, and reacting to the thoughts 
of others. At the conclusion of the 45-minute stakeholder break-
out session, each group spokesperson reported their group’s find-
ings to all participants. Discussion followed each group report, 
and 3 dedicated note-takers recorded major points. This process 
is depicted in  figure 1 . 

 Participants were informed that the focus of the quantitative 
framework were the clinical risks and benefits associated with 
genetic testing, but not costs, although such an approach can lay 
the foundation for cost-effectiveness analyses.

  The workshop discussion points were compiled in a Microsoft 
Excel spreadsheet and analyzed using directed content analysis 
methods  [18] . Participant comments were classified by predeter-
mined content area codes (i.e. decision-modeling process, pro-
jecting QALYs and clinical events, and the risk-benefit categoriza-
tion matrix and policy applications) and comments that did not 
fit into any of the pre-defined categories were compiled under an 
‘other’ category. Within each content area code category, stake-
holder comments were analyzed to determine points of consen-
sus, as well as points of disagreement.

  Results 

 The major findings of the stakeholder meeting are 
summarized below, and grouped according to the 3 di-
rected content area codes.

  Decision Modeling (Questions 1 and 2) 
 The stakeholder groups uniformly communicated a 

desire for genetic test decision models to balance the preci-
sion gained via structural complexity with considerations 
for making the model easy for stakeholders to understand 
and communicate to others. Clinician stakeholders initi-
ated discussion of this issue with their comment that they 
would like to see a risk-benefit model that is relatively sim-
ple, but that is simultaneously trustworthy and reason-
able. Clinicians also communicated a desire for an itera-
tive modeling process that incorporates emerging evi-
dence as it becomes available. The consumer, developer, 
payer and researcher stakeholder groups all supported the 
idea of a parsimonious and iterative modeling process.

  The stakeholder groups also agreed that, at minimum, 
risk-benefit models provide a ‘starting point’ from which 
critical variables can be identified, and future research 
priorities can be explicitly evaluated. The clinician stake-
holder group noted that a risk-benefit model could help 
to guide research investment to address shortcomings in 
clinical evidence identified during the modeling process. 
All stakeholder groups expressed a common sentiment 
that decision modeling could prove useful in genetic test-
ing evaluation by highlighting key variables, explicitly 
stating assumptions, and providing timely feedback 
about emerging technologies. However, emphasis was 
placed on the issue of a ‘timely’ risk-benefit modeling 

Clinician breakout group
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Consumer breakout group
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  Fig. 1.  Schematic diagram of stakeholder meeting. 
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process, as stakeholders noted that results would need to 
be made available rapidly in order to have optimal utility 
for decision-makers.

  Despite concerted efforts to elicit feedback about the 
necessary level of evidence required for reliable decision 
modeling (e.g. randomized controlled trials, observa-
tional studies), there were few direct comments from 
stakeholders indicating the preferable level of evidence 
for model inputs. The developer stakeholder spokesper-
son noted that the group did not feel that randomized 
controlled trial data were necessary for all model inputs. 
Rather, the developer group felt that the necessity of ran-
domized controlled trials was dependent on the strength 
of existing data. During this discussion, the researcher 
stakeholder spokesperson commented that ‘basic associ-
ation data’ should be available for model inputs, but also 
specified that in the absence of such data, modeling could 
be carried out to attempt to understand downstream 
risks. Additionally, the developer stakeholder spokesper-
son suggested that as the potential risk and cost of tests 
rises, so should the level of evidence (e.g. reliance on sur-
rogate markers would transition to reliance on clinical 
endpoints). The other stakeholder groups did not direct-
ly address the level of evidence question.

  Several stakeholder groups commented on the need 
for a risk-benefit model to capture the intrinsic and psy-
chosocial value provided to patients and healthcare pro-
viders via genetic test results. This position was strongly 
advocated by the consumer stakeholder group, and was 
supported by the clinician stakeholder group. The discus-
sion of this issue did not progress to the point of specify-
ing how the stakeholders would like to see psychosocial 
and/or intrinsic value incorporated as inputs into deci-
sion models. The payer, researcher, and developer stake-
holder groups provided limited feedback on this issue. 

  Projecting QALYs and Clinical Events (Questions 3 
and 4) 
 Stakeholders generally acknowledged the potential 

utility of QALY-based analysis, but expressed discomfort 
with using QALYs to inform decision-making. The re-
searcher stakeholder group spokesperson summarized 
this mixed sentiment, stating ‘QALYs are a very useful 
measure’ but also noting trepidation because QALYs 
‘don’t capture all aspects of value’. In response to this 
statement, the developer group spokesperson noted that 
despite the fact that QALYs can be problematic because 
they do not capture all aspects of value, risk-benefit mod-
eling with QALYs does have the merit of ‘providing ex-
plicit means to compare different technologies’. Through-

out the group discussion of QALYs, stakeholders pre-
dominately focused on the ‘quality-adjusted’ aspect of the 
metric. The payer group spokesperson summarized this 
sentiment, noting ‘We like the “LY” part of the QALY 
more than the “QA” part; the QA part is open to interpre-
tation in how it is measured and utilized’. When asked to 
expand on how the ‘quality-adjusted’ component of the 
QALY is ‘open to interpretation’, the payer group spokes-
person noted that the health state utility values utilized 
in the calculation of QALY estimates are not always de-
rived using the same methods and may not be consistent 
across disease states. The groups uniformly communi-
cated a sense that QALYs are difficult to understand and 
communicate, are open to subjective interpretation, and 
may consequently detract from the potential value of a 
risk-benefit framework for genetic testing. The developer, 
payer, and researcher groups all noted that incorporating 
QALYs into the model would likely result in arguments 
about the methods utilized to arrive at given QALY val-
ues. Participants also questioned the ability of a quality-
adjusted metric to capture all relevant value to stakehold-
ers, specifically with regard to the psychosocial aspects of 
knowledge created by genetic testing results.

  There was mixed stakeholder feedback regarding the 
use of surrogate markers in a genetic testing risk-benefit 
model, relative to estimates of clinical events. Clinician 
and consumer stakeholders commented that surrogate 
markers, like INR in the warfarin case study, might be 
more actionable for healthcare providers and patients 
compared to estimates of clinical events. However, the 
consumer stakeholder spokesperson also noted that 
many patients do not understand surrogate markers, and 
the risk-benefit model presents an opportunity to more 
clearly communicate with patients in terms of actual out-
comes. Additionally, the consumer group commented 
that ‘absolute values are easier to understand compared 
to relative values’, indicating another reason why clinical 
outcomes data could be preferable to genetic test stake-
holders. 

  Risk-Benefit Categorization Matrix and Policy 
Applications (Questions 5–8) 
 There was limited stakeholder feedback regarding the 

design and utilization of the draft risk-benefit categoriza-
tion matrix ( fig. 2 ). The researcher stakeholder group ad-
dressed this issue most directly, noting that even with a 
risk-benefit categorization matrix, the thresholds for es-
tablishing the level of uncertainty are still subjectively as-
signed. Additionally, consumers noted that even if a given 
genetic test falls into the neutral risk-benefit cell from a 
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clinical utility perspective, it could still have personal 
utility to individual patients. The consumer stakeholder 
spokesperson noted, ‘we are not dealing with yes/no an-
swers, we are dealing with uncertainty on many levels, 
and that is difficult for us’. Further discussion of the risk-
benefit matrix led to the suggestion from the payer stake-
holder spokesperson that the matrix be stratified by the 
potential cost of the genetic test in question, with higher-
cost tests subjected to a more nuanced matrix (like the 
one displayed in  fig. 2 ), and lower-cost tests subjected to 
a simplified version of the matrix. This suggestion was 
made with the underlying logic that payers may be will-
ing to pay for lower-cost tests regardless of the clinical 
utility they provide, while higher-cost tests will be sub-
jected to a greater level of scrutiny. The clinician and de-
veloper groups did not directly address the design or util-
ity of the risk-benefit categorization matrix.

  There was a varied array of stakeholder comments re-
garding the use of a genetic test risk-benefit framework to 
inform policy and clinical decision-making. The clini-
cian stakeholder group focused much of their feedback 
on the need for investments in genetic testing infrastruc-
ture and personnel before genetic testing can become a 
more common element of clinical practice. Specifically, 
they noted that genetic test results would need to be avail-
able in 8–10 h, not 8–10 days, and this level of perfor-
mance would likely require more local laboratories to in-
vest in equipment and staff to conduct genetic tests. Al-
ternatively, the researcher stakeholder group was focused 
on ensuring that the ‘consumers’ of model output are ad-
equately informed about the parameters and assump-
tions, so that clinical and policy decisions properly utilize 
risk-benefit information. The developer stakeholder 
group noted that risk-benefit modeling could prove use-
ful in making comparisons between various genetic tests. 
The payer group noted that many organizations are al-

ready pursuing ways to evaluate the clinical utility of ge-
netic tests, but risk-benefit modeling may significantly 
benefit smaller organizations that do not currently have 
the resources to invest in this type of evaluation.

  Consumers expressed the opinion that genetic test re-
sults have intrinsic value, even if they do not provide clin-
ically actionable information, and this intrinsic value 
should be given consideration in policy decisions. This 
theme was common throughout the comments of the 
consumer group. None of the other stakeholder groups 
directly responded to this point, or commented on this 
issue in reference to informing policy or medical deci-
sion-making.

  The stakeholder groups presented a diverse array of 
concerns regarding the use of a risk-benefit framework in 
the evaluation of genetic testing. The clinician group 
made several comments about the shortcomings of ap-
plying aggregate data to individual patients in clinical 
practice. The clinician stakeholder group spokesperson 
noted, ‘relying on modeled data is like placing a series of 
bets, most patients are neither benefitted nor harmed, 
most get nothing from this’. The clinician group also not-
ed that the risk-benefit framework does not have a metric 
to capture extrinsic factors, such as if there is an alter-
native therapy in a pharmaceutical/device/diagnostic 
manufacturer’s pipeline that will soon make the given 
technology under evaluation obsolete. The consumer 
stakeholder group expressed concern that risk-benefit 
framework development process may fail to capture and 
utilize patient perspectives.

  Miscellaneous Comments Not Directly Related to 
Content Area Codes 
 While the questions posed to the genetic test stake-

holders were intended to elicit responses related to the 
pre-defined content area codes, we did receive many 
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risk-benefit
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risk-benefit
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risk-benefit

Do not use,
conduct additional

research

Do not use,
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research

Use with
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development

Do not use Do not use

Use with
evidence

development

Consider
use in

clinical practice
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use in

clinical practice
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High uncertainty Moderate uncertainty Low uncertainty

  Fig. 2.  Draft risk-benefit categorization 
matrix. 
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comments that were not classifiable within the three con-
tent areas. Many such comments focused on issues of un-
certainty about test performance, model parameters, and 
clinical application of genetic tests. One clinician stake-
holder noted that they were concerned about a ‘one size 
fits all’ approach to evaluating genetic tests, because dif-
ferent tests are accompanied by different levels and types 
of uncertainty. A researcher stakeholder noted that there 
is significant uncertainty surrounding the issue of wheth-
er patients will even be willing to undergo genetic testing, 
suggesting that the genetic test risk-benefit framework 
could only impact those willing to undergo such testing. 
Lastly, a clinician stakeholder noted that there might be 
so much uncertainty involved in the use of a genetic test, 
that a risk-benefit approach may not be able to produce 
valuable insights.

  Other miscellaneous feedback focused on the potential 
drawbacks of over-reliance on the results of risk-benefit 
modeling. One clinician stakeholder noted that most 
practicing clinicians would not have the time to stay up to 
date on the studies used to inform model parameters, so 
there could potentially be a lack of scrutiny of model re-
sults. Additionally, there were questions of how risk-ben-
efit model results would be communicated to clinicians 
and patients, and if such information transfer could occur 
in a manner that is clear, concise, and unbiased. Also, re-
search, developer, clinician, and consumer stakeholder 
group members expressed concern that the assumptions 
and parameter ranges utilized in risk-benefit models 
would be difficult to understand and communicate.

  Discussion 

 The stakeholder meeting helped elucidate and docu-
ment the perspectives of a diverse array of genetic testing 
stakeholders regarding the use of a risk-benefit frame-
work to evaluate the clinical utility of genetic tests. While 
aggregate stakeholder group perspectives were comple-
mentary in many respects, the stakeholder feedback pro-
cess highlighted the reality that individual stakeholders, 
both within and between groups, have varied perspec-
tives  in   a   number   of   key   areas.   Specifically,   there   was   
a lack of consensus with regard to decision-modeling 
methods, appropriateness of policy and clinical decisions 
based on models, and the overall strengths and weak-
nesses of a modeling approach to evaluate genetic tests.

  One of the workshop’s most important findings was 
that stakeholders are generally receptive to risk-benefit 
modeling as a tool to evaluate the potential clinical util-

ity of genetic tests. While more nuanced discussions of 
modeling methods and applications revealed disagree-
ment both within and between groups, the vast majority 
of the workshop participants acknowledged the potential 
value of having a quantitative model-based tool to evalu-
ate risk and benefit. Stakeholders noted that a risk-benefit 
framework has the potential to guide a structured discus-
sion of the genetic testing evidence, highlight key drivers 
of health outcomes, and assist in prioritizing future re-
search investments. However, stakeholders also expressed 
concerns about not considering cost in the modeling pro-
cess, the use of QALYs, and issues of uncertainty in mod-
el parameters that may limit the impact of risk-benefit-
modeling results.

  Surprisingly, there was relatively limited stakeholder 
feedback regarding the necessary level of evidence to in-
form genetic test risk-benefit modeling. Some comments 
indicated that stakeholders would consider requiring 
varying levels of evidence based on the cost of the given 
test and the size of the patient population that would po-
tentially undergo testing (in addition to the potential 
harm to patients). Specifically, several stakeholders sug-
gested that the risk-benefit categorization matrix ( fig. 2 ) 
be stratified by the potential budget impact of the given 
test, and the developer group spokesperson commented 
that the required level of evidence should be tied to the 
cost of the test in question. This feedback illustrates one 
way that cost considerations could be incorporated into 
risk-benefit analysis if stakeholders feel that different lev-
els of cost warrant different risk-benefit considerations. 
However, varying the levels of evidence needed based on 
a test’s cost or budget impact may make generalized con-
clusions about evidence requirements challenging. Ad-
ditionally, the policy implications of an approach that 
stratifies genetic test evaluation by cost or budget impact 
are far-reaching. At the most fundamental level, a cost or 
budget impact stratified approach to risk-benefit evalua-
tion implies that lower cost or lower budget impact tests 
can be evaluated with a variable (and presumably lower) 
standard of evidence relative to high-cost or high-budget-
impact tests. The cost and/or budget impact of a given test 
does not, however, necessarily indicate the appropriate 
amount of scrutiny that test should receive. Consequent-
ly, it is plausible to envision circumstances where a strat-
ified approach to risk-benefit categorization could either 
delay implementation of tests with high clinical utility or 
allow implementation of tests with low or highly uncer-
tain clinical utility. Additionally, stratification by cost or 
budget impact raises questions of which costs to consider 
and which analytic perspective to assume (e.g. payer per-
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spective vs. societal perspective)  [20] . For these reasons, 
evaluation of genetic tests with a stratified risk-benefit 
matrix may lead to unintended policy consequences and 
prove to be an additional roadblock in building stake-
holder consensus about risk-benefit modeling in genetic 
test evaluation. Additional research should seek to inves-
tigate the policy implications of risk-benefit matrix strat-
ification based on cost, reimbursement, budget impact, 
or other factors that may potentially modify evidence 
considerations in the risk-benefit matrix.

  Another critical finding from the workshop session 
was that a majority of stakeholders communicated a de-
sire to avoid use of QALYs as a metric to value clinical 
benefit and risk in the modeling process. Stakeholders 
repeatedly noted that QALYs are often difficult to under-
stand, discuss, and explain to others; and this factor lim-
its the utility of a QALY-based modeling approach. Ad-
ditionally, numerous stakeholders commented that they 
do not favor a QALY-based modeling approach because 
the quality adjustment metrics are subjective and open to 
considerable disagreement. While not all stakeholders 
overtly opposed the use of QALYs in the modeling pro-
cess, there were only a few comments in support of a 
 QALY-based approach. This finding is consistent with 
prior research evaluating the role of QALYs in US health 
policy  [21, 22] . Neumann and Greenberg  [22]  noted that 
despite endorsement by entities like the US Panel on 
Cost-Effectiveness in Health and Medicine, the socio-po-
litical culture and structure of the US healthcare system 
presents barriers to widespread incorporation of QALYs 
in decision-making.

  Lastly, there was a clear desire among stakeholders for 
a risk-benefit modeling process that is rigorous, iterative, 
and transparent. However, while stakeholders want these 
conditions to be satisfied during the research and develop-
ment of models, they would prefer to be presented with 
parsimonious model versions that are easy to understand 
and communicate to others. Stakeholders in numerous 
groups commented that overly complicated methods or 
model structures could hinder the use of risk-benefit mod-
eling in clinical and policy decision-making. This feed-
back is consistent with prior research findings  [8, 23, 24] .

  The findings of this work have several important lim-
itations worth noting. Given the vast and diverse array of 
genetic test stakeholders, the study’s primary limitation 
was that the workshop session was able to involve only a 
relatively small subset of stakeholders. Because there are 
many key informants that were not able to participate in 
this event, future work should focus on establishing a di-
alogue with a larger group of genetic test stakeholders. 

Specifically, future efforts should seek to achieve greater 
participation from patient groups, clinical guideline de-
velopment groups, and pertinent specialist clinician 
groups. Additionally, this work was limited by the single 
(warfarin) case study discussed during the workshop ses-
sion. While the warfarin case functioned to highlight 
many of the key issues involved in evaluating genetic 
tests, alternative case studies should be explored to reveal 
additional areas of uncertainty in the evaluation of ge-
netic tests. A final limitation was that not all stakeholders 
had in-depth knowledge of risk-benefit analysis methods 
and metrics prior to the workshop session. Because stake-
holder participants ranged from health economists to 
physicians to patient advocacy representatives, it is as-
sumed that stakeholders had drastically varying levels of 
knowledge concerning risk-benefit analysis and mea-
sures such as QALYs. While we tried to address this issue 
at the beginning of the session by presenting a 60-minute 
overview of the risk-benefit framework approach, it is 
likely that some stakeholders were limited in their ability 
to respond to some questions based on a lack of familiar-
ity with the given issue.

  We believe that the findings of this study are impor-
tant because they summarize key stakeholder perspec-
tives that have not previously been reported in the ge-
nomics literature. The findings of this investigation indi-
cate that future research efforts should seek to further 
examine stakeholder evidence requirements for risk-ben-
efit model inputs, more clearly define the role of QALYs 
in informing evaluation of clinical utility, and further as-
sess how stakeholders utilize genetic test results in ‘real-
world’ clinical and policy decisions. The merits of QALY-
based analytic methods should also be weighted against 
alternative analytic methods, such as discrete choice ex-
periments and standard preference assessment approach-
es  [23, 25] . In accordance with the stakeholder perspec-
tives asserted at this workshop session, all such efforts 
should strategically target genetic test evaluation meth-
ods that are accurate, clear, concise and readily applicable 
to clinical and healthcare policy decisions.
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