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1

1

Introduction and Overview1

The sequencing of the human genome and the identification of links 
between specific genetic variants and diseases have led to tremendous excite-
ment over the potential of genomics to direct patient treatment toward 
more effective or less harmful interventions. Still, the use of whole genome 
sequencing challenges the traditional model of medical care where a test 
is ordered only when there is a clear indication for its use and a path for 
downstream clinical action is known. This has created a tension between 
experts who contend that using this information is premature and those 
who believe that having such information will empower health care provid-
ers and patients to make proactive decisions regarding lifestyle and treat-
ment options. In addition, some stakeholders are concerned that genomic 
technologies will add costs to the health care system without providing 
commensurate benefits, and others think that health care costs could be 
reduced by identifying unnecessary or ineffective treatments.

Economic models are frequently used to anticipate the costs and ben-
efits of new health care technologies, policies, and regulations. Economic 
studies also have been used to examine much more specific issues, such as 
comparing the outcomes and cost-effectiveness of two different drug treat-
ments for the same condition. These kinds of analyses offer more than just 

1  The planning committee’s role was limited to planning the workshop, and the workshop 
summary has been prepared by the workshop rapporteurs as a factual summary of what 
occurred at the workshop. Statements, recommendations, and opinions expressed are those 
of individual presenters and participants and are not necessarily endorsed or verified by the 
Institute of Medicine, and they should not be construed as reflecting any group consensus.
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2	 THE ECONOMICS OF GENOMIC MEDICINE

predictions of future health care costs. They provide information that is 
valuable when implementing and using new technologies. Unfortunately, 
however, these economic assessments are often limited by a lack of data on 
which to base the examination. This particularly affects health economics, 
which includes many factors for which current methods are inadequate 
for assessing, such as personal utility, social utility, and patient preference.

To understand better the health economic issues that may arise in the 
course of integrating genomic data into health care, the Roundtable on 
Translating Genomic-Based Research for Health hosted a workshop in 
Washington, DC, on July 17–18, 2012, that brought together economists, 
regulators, payers, biomedical researchers, patients, providers, and other 
stakeholders to discuss the many factors that may influence this implemen-
tation. The workshop was one of a series that the roundtable has held on 
this topic, but it was the first focused specifically on economic issues.

ORGANIZATION OF THE WORKSHOP

To have a focused discussion on the potential downstream health eco-
nomic issues that arise from various models of using whole genome sequenc-
ing in clinical settings, participants were asked to make three assumptions: 
(1) whole genome sequencing costs are an acceptable and fixed expense, 
though interpretation costs may not be; (2) data storage costs are assumed 
to be acceptable and fixed as well; however, electronically stored data may 
not be transportable across health care systems over an individual’s lifespan; 
and (3) such tests are available in the context of a health care encounter.

The workshop began with two broad overviews of the economics of 
genomic applications in medicine, the first from the perspective of a clini-
cian (Chapter 2), and the second from the perspective of an economist 
(Chapter 3). The remainder of the workshop’s first day was organized 
around three different encounters that one individual female patient had 
with the health care system over the course of a 15-year period and three 
life events. In the first (Chapter 4), she visits an obstetrician for preconcep-
tion testing:

In 2012, a 35-year-old Ashkenazi Jewish female smoker in good health is 
seen for a preconception visit. Under the current standard care model, tar-
geted carrier status testing is offered. In terms of high effect sized variations 
that would be detected by traditional genetic testing, she is found to be a 
carrier for Tay-Sachs. In addition, if testing were extended in this scenario 
beyond what might be considered to be current standard of care, she would 
be found to harbor a prothrombin gene mutation, as well as variations in 
CYP2C9 and VKORC, indicating that she is likely to be highly sensitive to 
warfarin anticoagulation. She is also homozygous for ApoE4, but does not 
have familial hypercholesterolemia. She can be expected to have lower risk 
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INTRODUCTION AND OVERVIEW	 3

variants and variants of unknown significance in accordance with expected 
population frequencies for the conditions under consideration.

In the second (Chapter 5), she develops a spontaneous deep vein 
thrombosis:

The individual is seen at 40 years of age with progressive left lower ex-
tremity swelling and pain. Evaluation reveals an unprovoked deep vein 
thrombosis in her left lower extremity. She will be treated as an outpatient 
with low-molecular-weight heparin and warfarin. Targeted testing includes 
CYP2C9 and VKORC gene analysis.

In the last (Chapter 6), she develops a lung cancer:

The individual is seen at age 50 with cough, dyspnea, and chest discom-
fort. Evaluation reveals a lung mass; bronchoscopy and biopsy reveal a 
non-small-cell lung cancer. Her tumor is found to have variations that al-
low the use of targeted therapy, and with treatment the patient goes into 
remission.

The three case scenarios were developed and presented to speakers to 
provide a guiding framework for discussions about the downstream and 
ancillary effects of providing genomic information in the clinical setting. 
The scenarios represent potential points where genetic information may 
currently provide value in clinical decision making and allow for a discus-
sion of the potential sources of benefits and costs associated with three 
models of genomic data delivery:

•	 Targeted mutation detection using individual or panels of tests 
(current standard of care). This will include detection of variants 
of unknown significance.

•	 Whole genome sequencing with provision of data relevant only 
to the current clinical situation and a handful of high effect sized 
“actionable variants.” This will include detection of variants of 
unknown significance.

•	 Whole genome sequencing with provision of data relevant to the 
clinical situation as well as other potentially significant secondary 
findings using the current best available data for interpretation. 
This will include lower effect sized variants, as well as variants of 
unknown significance.

Two separate panels reacted to each of these three scenarios. The first 
panel consisted of a clinician, a futurist, and a patient, who talked about 
how having genomic information could affect the choices, attitudes, and 
needs of stakeholders throughout the health care system. The second panel 

The Economics of Genomic Medicine: Workshop Summary

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18276


4	 THE ECONOMICS OF GENOMIC MEDICINE

consisted of three economists who discussed the major economic issues 
surrounding the three scenarios.

On the second day of the workshop, the panelists from the first day 
reflected in a condensed form on their conclusions from the day before. 
Workshop participants also commented on the implications of issues raised 
during the workshop. These reflections and comments constitute the final 
chapter of this workshop summary.

MAJOR THEMES OF THE WORKSHOP

In his concluding remarks at the workshop, W. Gregory Feero, who 
at the time was a special adviser to the director of the National Human 
Genome Research Institute, offered his perspective on the major themes 
that emerged from the day and a half of discussion. Feero’s summary of 
these themes is presented here as an introduction to the wide range of topics 
that arose in considering the economic consequences of genomic technolo-
gies. These ideas should not be seen as the conclusions of the workshop as 
a whole, but they do provide an overview of the topics summarized in the 
remainder of this volume.

The diversity of issues that comprise the economics of whole genome 
sequencing requires a spectrum of expertise and perspectives, Feero said. 
Some of these issues are solely economic, but others involve technology 
development; research needs; ethical, legal, and social issues and education; 
and health services. Each of these issues poses obstacles to the integration 
of genomics into clinical care and each needs to be well understood if the 
potential benefits of genomics are to be maximized.

Economic Issues

The economics of genomic sequencing vary by application and by set-
ting, Feero said. A major question is therefore how to frame and analyze 
the economic issues. Values and costs can be measured in different ways, 
and these methods influence decisions about the use of technologies. In 
particular, improved methods are needed for assessing value, personal util-
ity, and patient preferences.

A related complication is that public health, clinical care, and academic 
medicine have different economic assessment models. These models have 
to be aligned in a way that makes a difference to patients, said Feero. Also, 
particular models will be more or less useful in the currently evolving health 
care environment.

The infrastructure needs to be developed to measure outcomes related 
to economic factors along with standard health outcomes, not just for 
genomics but across the health care system. For example, better and quicker 
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approaches are needed for performing economic evaluations of genetic and 
genomic tests and the consequences of assaying particular genetic variants. 
Evaluating tests and variants one by one will be too daunting, said Feero. 
Sorting tests and variants into categories that can be assessed is one possible 
way of achieving this objective.

Economic analyses should be integrated into ongoing whole genome 
sequencing clinical studies, Feero said. It is being considered in some dem-
onstration projects, but it could be part of all clinical studies. The economic 
incentives for test and evidence development under the current system of 
reimbursement versus a value-based pricing approach that incorporates the 
intellectual cost of interpretation need to be further explored.

If health care resources are flat or declining, and a potentially innova-
tive technology is available, what or who will be replaced to allow for 
funding of genomic interventions? People will need to come to grips, said 
Feero, “with the fact that we should not be paying for very expensive, not 
particularly efficacious things in lieu of some things in genomics that actu-
ally are efficacious and not that expensive.”

Technology Development

Sequencing will continue to get faster, cheaper, and more accurate, said 
Feero. At the same time, cheaper and faster technologies are needed for 
molecular characterization of samples beyond DNA.

Integrating genomic information into health information technologies 
and other infrastructures is constrained with current information tech-
nology systems. In academia, for example, many information technol-
ogy departments have long lists of problems to solve and a finite budget, 
noted Feero, and these problems will compete against the incorporation of 
genomic results into databases.

Research Needs

Better methods are needed to determine which genetic variants should 
be acted upon in a clinical encounter. Behavioral research could determine if 
and how genomic information modifies the behavior of patients and health 
care providers, which is particularly important because this behavior will be 
a major driver of costs, said Feero. Also new methods are needed to increase 
participation in clinical trials, including participation of underrepresented 
subpopulations.

Epidemiological research is needed to evaluate risk assessments across 
platforms for various conditions, noted Feero. Epidemiologists also need 
to determine the relative contributions of environmental factors to health 
outcomes.
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In general, resources need to be shifted toward translational research, 
said Feero, and this research needs to illuminate the economics of adapting 
new technologies.

Ethical, Legal, and Social Issues and Education

In the area of ethical, legal, and social issues, outcomes data on 
informed consent is a major need, cited Feero. What kind of informed 
consent is appropriate in the relationship between provider and patient?

In the area of education, Feero asked, can more efficient methods for 
patient and provider education be developed? Also, genomic scientists and 
clinicians need education about economic analyses applied to genomic tests.

Health Services

Health systems will need new methods and a stronger infrastructure, 
including informatics, to track and analyze the downstream consequences 
of providing sequence data, said Feero. For example, do codes exist that 
will follow what happens when genomic information is made available?

When should genomic sequencing be done during the lifespan of 
an individual, Feero asked. Possibilities range from having the complete 
sequence available at birth to conducting targeted sequencing at the time 
of diagnosis. If genomic results that are already available are more likely 
to be used than results that need to be obtained after the patient presents 
themselves, this raises the question of thresholds for the use and generation 
of evidence.

Knowledge gained from new technologies may not be applicable to all 
populations because not all populations are represented in research, noted 
Feero, which could heighten disparities in health care. Efforts should be 
invested in determining how new technologies could exacerbate or ame-
liorate existing disparities. However, it is important to remember that this 
issue is not specific to genomics.

Finally, asked Feero, in a world of stable or declining resources, do 
accountable care organizations provide a model for producing more effi-
cient health care using genomic technologies?

The Need for a Systems Perspective

All these issues need to be considered from a systems perspective, said 
Feero. Most researchers, including economists, consider problems within 
a particular context and develop a carefully designed question, which 
produces an internally consistent and robust answer for that question. But 
any such problem is just part of a much larger overall picture. Particularly 
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in health care, economic analyses encompass issues that range far beyond 
costs and benefits to complex issues of regulation, ethics, and equity, as 
the above themes demonstrate. Many different sources of information will 
need to be brought together efficiently to enable informed decision making 
and to determine how to move forward with integrating genomic medicine 
in a way that maximizes patient benefit while at the same time making the 
most economic sense.
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2

Genomics, Population 
Health, and Technology

Important Points Made by the Speaker

•	 The incorporation of genomic sequencing into medicine will 
depend not just on the falling costs of genomic screening but 
also on the value that genomic sequencing provides.

•	 Genomic testing may have important implications for people 
with some diseases, such as familial disorders or progressive 
neurological diseases.

•	 For healthy people, genomic data are unlikely to have much 
effect on assessing the risk of common diseases.

•	 Nevertheless, genomic screening could be used to find the rela-
tively rare individuals in a population who are at high risk of 
preventable disease, preemptively identify genetic variants that 
influence the effects of drugs, provide additional information 
for screening of newborns, and inform a variety of reproduc-
tive decisions.

•	 Genomic testing should be viewed as another available test and 
only used when and if the situation warrants.

Economics is not just about money, said James Evans, Bryson Dis-
tinguished Professor of Genetics and Medicine at the University of North 
Carolina at Chapel Hill, who provided one of the broad introductory talks 
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that led off the workshop. Money is a proxy for the value people ascribe to 
something, and value is the fundamental concern of economics. The criti-
cal issue for new technologies, such as genomics, is therefore not just how 
much they cost but also how much value they produce.

THE VALUE OF GENOMIC DATA

The genome contains a tremendous amount of data, said Evans. Each 
individual differs at millions of genetic locations from the reference human 
genome. Some differences influence physical traits, such as eye color, while 
others influence medically important characteristics. Nonetheless, only 
rarely do polymorphisms greatly influence health. “It is important to keep 
that in mind,” Evans said.

Evans divided genetic variants that affect health into two categories. In 
the first category are variants that occur frequently in the general popula-
tion but have only a subtle impact on health. These variants raise the risk of 
a particular adverse health effect by only a modest amount, and geneticists 
do not yet know how best to aggregate such information to predict overall 
risk. These variants tend to have little utility in most clinical settings, said 
Evans.

In the second category are those variants that are found rarely in the 
population but that dramatically increase the risk of a health disorder. In 
these cases, the relatively “blunt tools” of modern medicine, such as bilat-
eral mastectomies, annual colonoscopies, or drugs that can have substantial 
side effects, can be useful for preventing or treating disease on the basis of 
the knowledge gained from genomic information. 

Because of its limited utility, genomic testing has not been widely 
adopted despite falling costs, said Evans. “I don’t mean to say that this 
isn’t marvelous technology, but we need to think about its utility to people 
before we rush to the conclusion that it is going to be, or should be, imme-
diately embraced by everyone.”

THE LONG-TERM AND MID-TERM PROMISES OF GENOMICS

Genetics will eventually shed light on the underpinnings of virtually 
every human disease, said Evans, because virtually every disease has a 
genetic component. In the long run, it undoubtedly will transform medical 
science.

But medical science is not the same thing as medical practice. Medical 
science is the indispensable foundation of medical practice, said Evans, but 
practice is far more complex than the underlying science. Theory alone is 
insufficient to guide practice, and the timeline for translation of science into 
medicine is long. Sickle cell anemia has been understood at the genetic level 
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since 1949 (Neel, 1949; Pauling et al., 1949), yet treatment of patients has 
remained basically unchanged over this time. Medical practice is also far 
more expensive than medical science, and the stakes are far higher. “If you 
screw up, people literally suffer and die,” Evans said.

Despite the gap between medical science and medical practice, Evans 
noted, a current application of whole genome sequencing is proving to be 
exceedingly valuable. For people who have a disorder with a genetic etiol-
ogy, genomic diagnostics can provide tangible benefits by giving people 
information about their conditions that can be used to guide treatment or 
prevention measures. Evans cited genomic analysis of tumors as being a 
specific area where these benefits could be achieved in the near term. More-
over, even if no treatment for a condition is available, many people want 
a diagnosis. The information can end the “diagnostic odyssey” of patients 
going from physician to physician, trying to find out what is wrong with 
them, thereby reducing anxiety and saving resources. In some cases, this 
information can also inform reproductive decisions and direct preventive 
strategies for family members who may also be at risk.

Nevertheless, this application of whole genome sequencing will be use-
ful in only a limited number of cases, said Evans, such as children with mul-
tiple malformations, familial disorders passed among multiple generations, 
progressive neurological disorders, and patients with unusual presentations, 
such as cancer at a young age. Most common diseases, such as diabetes or 
hypertension, have multiple causes, including factors such as diet, smok-
ing, exercise, and the environment, and the contribution of any one genetic 
variant is small. This multifactorial etiology places an inherent ceiling on 
the utility of genetic testing for these disorders. “I don’t think we are going 
to be able to get around that basic stumbling block and answer everything 
we want to know about, [for example], heart disease with genetic analysis,” 
Evans said.

GENOMIC DATA IN HEALTHY PEOPLE

A different set of considerations surrounds the use of genomic tests in 
healthy people, said Evans. Healthy people have less to gain and more to 
lose from any medical intervention, including genomic tests.

Assessing the risk of common diseases through whole genome analysis 
of a healthy person has received the most attention, but this attention “is 
somewhat misplaced,” Evans said. Currently, assessment of genetic risk 
alleles has “rather feeble predictive power” because the increased risks 
tend to be small. “From a clinical standpoint I don’t know what to do with 
patients who are at a 1.3 relative risk for colon cancer,” said Evans. “Am 
I going to hurt them by doing more intensive screening, or am I going to 
help them?”
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In addition, few data suggest that knowledge of one’s genomic status 
is effective in changing behavior. Moreover, even if it is, genomic data also 
could be a double-edged sword, said Evans, if individuals forgo healthy 
diets and exercise because of a perceived decreased risk of developing a 
disease.

“I know what almost everybody in this room is going to die of,” said 
Evans. “We are going to die of heart disease or cancer. . . . We are all at 
high risk for these maladies regardless of our [genomically determined] risk. 
And many at decreased risk for heart disease will still die of heart disease. 
So we are all going to benefit from interventions that lower heart disease. 
We don’t really need to target people. It doesn’t do anyone much good to 
tweak our estimation of an individual’s relative risk for common diseases 
which we are all at high absolute risk of developing anyway.”

A possible application of genetic testing in healthy people is finding 
the relatively rare individuals in a population who are at high risk of pre-
ventable diseases—what another workshop participant called “newborn 
screening of adults.” Risk assessment will always be most valuable when 
the identified risks are high. For example, about 0.2 percent of the popula-
tion carries deleterious mutations that cause Lynch syndrome (Hampel et 
al., 2008), placing them at extraordinarily high risk for colorectal cancer, 
which is a preventable disorder. Today these individuals are identified only 
after numerous family members have developed cancer or died. Genomic 
testing could make it possible to do population screening for such disor-
ders. Altogether, perhaps 1 percent of the population might harbor genetic 
variants that create dramatically increased risk, Evans estimated. “That is 
not small change. The number needed to treat for a lot of interventions, 
like statins for high cholesterol, is around that number for primary preven-
tion,” he said.

Preemptively identifying genetic variants that influence the effects of 
drugs in individuals is another promising application of genomic testing. 
Still, this application will probably be useful for a minority of drugs, Evans 
said. Even today, after years of development in pharmacogenomics, few loci 
have demonstrated unequivocal value in improving outcomes or reducing 
costs. Genetic testing to inform the use of abacavir (Mallal et al., 2008) 
is an exception to this generalization. But for other promising variants, 
data still are being collected regarding whether testing benefits patients. 
Furthermore, such testing may not require a genomic approach. Targeted 
genotyping at the point of care rather than advance knowledge may be 
preferable because pharmacogenomic information is only needed when a 
drug is prescribed. And retesting may be necessary for high-stakes decisions 
because test results can be wrong and because the tests themselves improve 
over time.

Genomic testing as an adjunct to newborn screening also holds consid-
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erable potential, said Evans. Genomic screening will not replace the current 
metabolic-based screening in the near term, because it remains closer to 
the phenotype of interest and has much greater specificity. For example, 
elevated phenylalanine has much more clinical utility than a variant of 
uncertain significance in the phenylalanine hydroxylase gene. But genomic 
screening could help resolve ambiguous biochemical results and detect a 
subset of treatable disorders that do not have good metabolic markers, such 
as storage diseases, deafness, and neonatal diabetes.

Finally, genomic tests can inform a variety of reproductive decisions, 
which is an area that Evans believes will “take off tremendously.” Precon-
ceptual carrier screening (see Chapter 4) is currently recommended for a 
few disorders, but these have been chosen essentially based on cost and 
mutation prevalence. Screening is conducted for cystic fibrosis or Tay-Sachs 
disease because it is affordable and because reliable testing is available, 
not because Tay-Sachs is any worse than, for example, Batten disease, said 
Evans. “That is not what couples really want to know. They want to know 
if [their] child is likely to have a really bad, untreatable disease.” Genomic 
sequencing can help address these concerns by potentially being used to 
screen for all serious diseases.

Preconceptual carrier screening for serious diseases could have “a 
potentially profound and very welcome impact on family planning,” said 
Evans. Some people will treat such information as highly actionable. Others 
will regard it as morally problematic. The formulation of policy in this area 
will be difficult, Evans warned.

CHALLENGES TO IMPLEMENTATION

Effectively harnessing genomic screening faces significant challenges. 
Because of the large number of bases in the complete haplotype genome, 
even an accuracy of 99.99 percent will produce 300,000 errors per patient, 
said Evans, though accuracy will gradually improve.

In addition, each person has about 4 million genetic variants, and our 
current understanding makes their interpretation difficult. Should infor-
mation about all of them be gathered or stored? As genome sequenc-
ing becomes more accurate and cheaper, it may be more practical to do 
sequencing when the information is needed, Evans said.

Another significant challenge, said Evans, is that the genome is an 
unpredictable—and not necessarily friendly—place. For some people, whole 
genome sequencing will uncover things they were not looking for and 
might not want to know. Some people will discover that they are at high 
risk for untreatable and horrific conditions, such as fatal familial insomnia, 
Huntington’s disease, or early-onset Alzheimer’s disease. The potential for 
returning information when there is no medical action that can be taken 
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is an important externality, Evans said, in deciding whether to do whole 
genome sequencing on everyone. Furthermore, different people will make 
these decisions differently, and these decisions are even more difficult when 
parents and children are involved.

Evans briefly described several social challenges to genomic screening. 
Genetic discrimination remains a concern. In the United States, the Genetic 
Information Nondiscrimination Act of 2008 protects against discrimination 
in medical insurance and in the workplace, but no such protections exist for 
long-term care insurance, disability insurance, or life insurance.

Widespread genetic testing poses the threat of allelism—that people 
will be defined by their genetic sequences and by the traits those sequences 
produce rather than by the qualities that truly matter in a person.

About 20 percent of the human genome has patent claims, which 
means that whole genome sequencing has the potential of being interpreted 
as violating multiple patents, said Evans.

Widespread testing would pose privacy issues because genomic infor-
mation is digital and would be easy to distribute. Who will control and 
have access to this information?, Evans asked. People who volunteer for 
genetic tests can become upset, for example, if they learn that their genomic 
information is the property of a private company.

ANOTHER MEDICAL TEST

In the end, Evans concluded, whole genome sequencing is just another 
medical test. It is a highly complex test with great potential, but claims that 
everyone will undergo genome sequencing are based on high perceived util-
ity and low cost, and for now only the low cost is being realized. “The old 
adage that an elephant for a nickel is only a bargain if you have a nickel 
and you need an elephant applies here. I am not sure most of us need that 
elephant. Even if free, perceived low cost is an illusion, because the misap-
plication of medical tests—and make no mistake, whole genome sequencing 
is a medical test—is very expensive,” he said.

Genomic testing is likely to be applied as other medical tests are: when 
and if the situation warrants. Genomic analysis of a panel of variants could 
be useful in nondiagnostic settings. But Evans argued against burdening 
the health care system with a flood of extraneous information that cannot 
yet be interpreted and that may not be welcomed by many people. Ulti-
mately, much more high-quality, outcome-based information on the uses of 
genomic tests is needed, he concluded.

The Economics of Genomic Medicine: Workshop Summary

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18276


15

3

The Intersection of Genomics 
and Health Economics

Important Points Made by the Speaker

•	 Health economics can provide a variety of tools and frame-
works to help guide the implementation of genome sequencing 
in clinical practice.

•	 The majority of new medical interventions improve outcomes 
and increase cost.

•	 A cost-effectiveness framework for whole genome sequenc-
ing could consider the prevalence and penetrance of a genetic 
variant, the effects of that condition, the cost and accuracy of 
a test, the cost of an intervention, the outcomes of an interven-
tion, and the severity of the disease.

•	 Greater understanding of patient-centered outcomes is needed 
to determine the value of genome sequencing.

•	 Patient and provider responses to genome sequencing will 
require new investments in services, new pathways of care, 
genetic counseling, decisions about what will and will not be 
covered by insurance, and provisions for dealing with inciden-
tal findings.

•	 Quicker approaches that incorporate qualitative assessments 
need to be devised for the economic evaluation of genetic 
information.
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David Veenstra, professor in the Pharmaceutical Outcomes Research 
and Policy Program at the University of Washington in Seattle, began his 
overview of health economics by reiterating the point Evans made about 
health economics not really being about costs; rather, he said, it is about 
value and understanding utility. Through a consideration of value, health 
economics can help people clarify the assumptions that are being made, 
consider uncertainties, and evaluate trade-offs. Thus, health economic eval-
uations are primarily used to inform decision making.

A basic tenet of economics is that people make decisions to improve 
their well-being. For most commodities, price is a measure of perceived 
improvements in well-being, or value, and people make decisions on the 
basis of value. These principles, however, often do not apply in health care, 
Veenstra observed. The individual receiving the health care is generally not 
the person who makes the decision about what health care will be received. 
The person receiving the health care typically does not have a good idea of 
the potential benefits and harms of a decision. And patients generally do 
not pay out of pocket for the services they receive.

Health care economics tries to gain a better understanding of the value 
of one health care intervention compared to an alternative approach, taking 
into consideration all the impacts across patients, providers, and the health 
care system. This value can be measured in terms of price, improvements in 
quality of life, a longer life expectancy, resources saved, health state, and 
so on. The key components of the evaluation, Veenstra said, are that all 
relevant factors are included in the analysis and that the same approach is 
applied to all decisions that are being assessed.

ECONOMIC EVALUATION TOOLS

Economists use several different tools to carry out economic evalu-
ations of health care interventions, including cost-minimization analysis, 
cost-benefit analysis, cost-effectiveness analysis (CEA), and cost-utility anal-
ysis (CUA). All these approaches consider the cost of the intervention as 
well as downstream costs, but they differ in how they measure the outcome 
or utility of an intervention (see Table 3-1).

Cost-minimization assumes that the outcome of two different inter-
ventions is the same. The goal in this case is to reduce costs, and thus the 
cheapest intervention with the same effect on outcome can be determined. 
Still, outcomes tend to be different to some degree, said Veenstra, so this 
approach cannot be commonly used.

Cost-benefit analyses consider everything in terms of costs. But this 
can be difficult to do in health care, Veenstra said, because people tend to 
resist putting a monetary value on health, and thus it is extremely hard to 
measure accurately.
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The two more commonly used approaches in the field, said Veenstra, 
are CEA and CUA. CEA is a quantitative framework for evaluating the 
complex and often conflicting factors involved in the evaluation of health 
care technologies. CEA seeks to determine whether an intervention used to 
prevent, diagnose, or treat an illness improves clinical outcomes enough to 
justify the additional dollars spent compared with alternative uses of the 
same money. CEA is not a method to show which interventions reduce cost. 
Rather, it aims to inform which interventions provide the greatest value 
for the amount of money that is spent. Also, CEA is not a method that 
removes individual or group responsibility for making clinical and financial 
decisions. Rather, it provides information that is incorporated into larger 
decisions involving additional considerations, such as issues of equity.

CEAs measure outcomes in terms of clinical events such as cost per 

TABLE 3-1  Types of Economic Evaluations in Health Care

Study Design
Costs 
Measured?

Outcomes 
Measured? Strengths Weaknesses

Cost-minimization Yes Not necessary Easy to 
perform

Useful only if 
outcomes are the 
same for both 
interventions

Cost-benefit Yes Yes, in 
monetary 
terms

Good 
theoretical 
foundation; 
can be 
used within 
health care 
and across 
sectors of the 
economy

Less commonly 
accepted by 
health care 
decision makers; 
evaluation 
of benefits 
methodologically 
challenging

Cost-effectiveness Yes Yes, in clinical 
terms (events, 
life years)

Relevant for 
clinicians; 
easily 
understandable

Cannot compare 
interventions 
across disease 
areas when using 
disease-specific 
end points

Cost-utility Yes Yes, in quality-
adjusted life 
years

Incorporates 
quality of life; 
comparable 
across disease 
areas and 
interventions; 
standard

Requires 
evaluation 
of patient 
preferences; can 
be difficult to 
interpret

SOURCE: David Veenstra, IOM workshop presentation, July 17–18, 2012.
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heart attack avoided or cost per life year saved. This approach works well, 
said Veenstra, and people are reasonably accepting of it. CEAs, however, do 
not easily allow for cross-intervention comparisons, for example, whether 
to spend $50,000 to prevent a heart attack or spend $50,000 to prevent 
breast cancer. Answering this question would require further considerations 
of how long a person would have lived, what that person’s quality of life 
would have been with a given intervention, as well as other downstream 
costs.

The gold standard in the field has become CUA because of this limi-
tation of CEA analysis, said Veenstra. CUA typically measures outcomes 
through a metric called a quality-adjusted life year (QALY) and allows for 
comparisons across interventions. For example, if $50,000 spent to prevent 
a heart attack produces 10 QALYs, and $50,000 spent to prevent a breast 
cancer produces 20 QALYs, a decision can be informed by that informa-
tion. “That is what we produce in health care,” said Veenstra. “We don’t 
make cars; we don’t make phones. We increase people’s length of life, and 
we improve their quality of life—at least that is our goal. And the QALY 
captures those.”

INCREMENTAL COST-EFFECTIVENESS RATIOS

Another standard measure in health economics is the incremental cost-
effectiveness ratio, which is defined as the difference in cost between two 
interventions divided by the difference in their effectiveness. This metric can 
fall into four different quadrants on what is called a cost-effectiveness plane 
(see Figure 3-1). The best result is when outcomes improve and costs go 
down. The worst is when outcomes become worse and costs increase. Most 
interventions in health care result in higher costs with improved outcomes, 
Veenstra said, which makes CUAs useful for comparing these interventions. 
For example, the cost per life year saved may be $10,000 for one interven-
tion and $200,000 for another intervention. In this case, money may be 
more effectively spent on the first intervention.

In the United States, however, there is not a clear threshold on how 
much money society is willing to spend to save a life for 1 year, said 
Veenstra. “You might hear people [say] $50,000 per QALY. In reality, it 
is probably closer to $100,000 or more in this country.” Nevertheless, 
this approach provides a way to determine whether an intervention is 
reasonable.

GENOME SEQUENCING

Whether genome sequencing is cost-effective depends on the outcome 
that is being measured, Veenstra said. These outcomes could be measured in 
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terms of base pairs sequenced per dollar, the number of clinically meaning-
ful genetic variants identified, diagnoses received, clinical actions taken, or 
patient outcomes. The other important factor is the comparator. Is genome 
sequencing being compared to nothing, to observing the patient in the 
clinic, or to a targeted sequencing approach?

Flowers and Veenstra (2004) developed a framework for factors that 
could influence cost-effectiveness in pharmacogenomic testing (see Table 
3-2). Important factors include the prevalence and penetrance of the genetic 
variant, the cost and accuracy of the test, the prevalence of the disease and 
the outcomes if left untreated, and the effectiveness and cost of treatments. 
A similar framework could be constructed for whole genome sequencing 
to examine benefits and harms, according to Veenstra. That framework 
would consider the prevalence of the variant of interest, the penetrance of 
the condition, the cost of a test, the cost and outcomes of an intervention, 
and the severity of the disease. A major complication is that a typical eco-
nomic evaluation of a single test or single genetic variant can take a year. 
“We don’t have time for that,” Veenstra said. “We need to have quicker 
approaches that use more of a qualitative assessment.” Yet, if enough 
examples of this type of analysis can be completed, he added, “we can get 
a sense of where good value may be provided.”
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Costs and Effects 
Higher
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Figure 3-1
R02394
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FIGURE 3-1 The change in costs and change in effectiveness compared with cur-
rent practice divides the results of cost-effectiveness analyses into four quadrants.
NOTE: ΔC, change in cost; ΔE, change in effectiveness.
SOURCE: David Veenstra, IOM workshop presentation, July 17–18, 2012.

The Economics of Genomic Medicine: Workshop Summary

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18276


20	 THE ECONOMICS OF GENOMIC MEDICINE

COMPARATIVE-EFFECTIVENESS RESEARCH

Comparative-effectiveness research, which is an amalgamation of previ-
ous approaches in technology assessment and health economics, also relates 
to the issue of how people use information from genomic tests. According 
to Veenstra, comparative-effectiveness research includes all of the following 
components:

•	 Stakeholder-informed prioritization and design of studies
•	 Direct, head-to-head comparisons
•	 A broad range of beneficiaries, including patients, clinicians, pur-

chasers, and policy makers

TABLE 3-2 Factors That Influence the Cost-Effectiveness of Genomic 
Testing Strategies

Factors to Assess
Features That Favor 
Cost-Effectiveness

Gene Prevalence

Penetrance

•	 �Variant allele is relatively 
common

•	 �Gene penetrance is high

Test Sensitivity, specificity, cost •	 �High specificity and sensitivity
•	 �A rapid and relatively inexpensive 

assay is available

Disease Prevalence

Outcomes and economic impacts

•	 �High disease prevalence in the 
population

•	 �High untreated mortality
•	 �Significant impact on quality of 

life
•	 �High costs of disease management 

using conventional methods

Treatment Outcomes and economic impacts •	 �Reduction in adverse effects that 
significantly impact quality of life 
or survival

•	 �Significant improvement in 
quality of life or survival due to 
differential treatment effects

•	 �Monitoring of drug response is 
currently not practiced or difficult

•	 �No or limited incremental cost of 
treatment with pharmacogenomic 
strategy

SOURCE: David Veenstra, IOM workshop presentation, July 17–18, 2012.
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•	 Study populations representative of clinical practice
•	 A focus on patient-centered decision making

The emphasis on patient-centered outcomes in comparative-effectiveness 
research is especially relevant to whole genome sequencing, Veenstra said. 
The new Patient-Centered Outcomes Research Institute plans to fund stud-
ies that investigate the key determinants of outcomes patients experience 
following treatment decisions, with a special emphasis on studies consider-
ing that results may differ among patient groups on the basis of patient 
characteristics. The center also will be supporting studies that compare 
the use of prognostication and risk stratification tools with usual clinical 
approaches. “These are the types of things that we are going to need to get 
a better understanding of the value that whole genome sequencing brings,” 
Veenstra noted.

THREE CHALLENGES

Veenstra cited three challenges at the intersection of genomics and 
health economics. The first is whether decreasing sequencing costs can 
reduce the incentives for test development. If whole genome tests cost less 
than $1,000, individual genetic tests may no longer make sense. At that 
point, does the provision of clinical interpretation become the value propo-
sition, with each condition a patient presents with eliciting a new review of 
relevant whole genome sequence data? And if so, are reimbursement sys-
tems designed to reward this? As Ramsey et al. (2006) noted, value-based 
payment policies would provide greater incentives for continued innovation 
in test development, Veenstra said.

The second challenge involves the development of policies to incor-
porate personal utility into test assessments. Diagnoses do not necessarily 
increase life expectancy, but individuals may value this information. What is 
the value to an individual of knowing something, asked Veenstra. Standard 
approaches in health economics are limited in that they do not sufficiently 
capture patient-centered outcomes. New techniques and tools, such as 
conjoint analysis and discrete choice experiments, have been developed to 
get a better sense of the value of knowledge to patients (Basu and Meltzer, 
2007; Grosse et al., 2008; Regier et al., 2009). These tools need to be 
further developed so that consideration can be given regarding whether to 
incorporate such measures into guidelines or into reimbursement policies.

A related policy issue involves evidence thresholds. Does a lower cost 
of obtaining information lead to a lower evidence threshold for using that 
information?, Veenstra asked. For example, he said, genetic testing for 
warfarin dosing is rarely done today even after 10 years of evidence devel-
opment, but if a test result were already available, clinicians would likely 
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take the result into account in choosing an initial dose. He noted, “There 
is this issue that if it takes time and money to get the information, it is not 
worth it. But if you have it sitting there in front of you, you are going to 
go ahead and use it.” In an environment of limited evidence, an economic 
tool called value-of-information analysis may provide a framework for 
“evidence-based” decision making. This tool gives a sense of whether 
having information today is worthwhile as compared to developing the 
evidence base further.

The third and final challenge Veenstra described is the impact of whole 
genome sequencing on the health care system. We do not know how 
patients and providers will respond to the information available from 
genomic tests, specifically as it impacts their decisions about receiving medi-
cal care. Any response may necessitate further investment in services, the 
development of new pathways of care, genetic counseling, decisions about 
what will and will not be covered by insurance, and provisions for dealing 
with incidental findings.
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4

Preconception Care and Sequencing

Important Points Made by the Individual Speakers

•	 Lack of insurance coverage greatly affects the access to and use 
of preconception genetic testing.

•	 The increasing number of genetic tests is producing significant 
educational challenges for providers and patients, which is 
exacerbated by insufficient numbers of genetic counselors.

•	 Genetic variants of uncertain significance can present major 
challenges in the preconception and prenatal period and pro-
duce extremely difficult counseling scenarios.

•	 Secondary findings from a genomic test must be dealt with on 
a case-by-case basis.

•	 Genomic data can provide direct information about a patient, 
but it also can have relevance to family members as well.

•	 A framework should be developed to put value on the informa-
tion being provided by genetic tests.

•	 New or revised tools for more effectively conveying information 
to patients will need to be developed in order to accommodate 
the significant amount of information from genomics-based 
testing.

•	 Using genomics as a tool for avoiding unnecessary procedures 
or treatments has significant potential to save costs for the 
health care system.
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In the first scenario discussed at the workshop, a woman who is con-
templating pregnancy seeks counseling:

In 2012, a 35-year-old Ashkenazi Jewish female smoker in good health 
is seen for a preconception visit. Under the current standard care model, 
targeted carrier status testing is offered. In terms of high effect size varia-
tions that would be detected by traditional genetic testing, she is found 
to be a carrier for Tay-Sachs. In addition, if testing were extended in this 
scenario beyond what might be considered to be current standard of care, 
she would be found to harbor a prothrombin gene mutation, as well as 
variations in CYP2C9 and VKORC, indicating that she is likely to be 
highly sensitive to warfarin anticoagulation. She is also homozygous for 
ApoE4, but does not have familial hypercholesterolemia. She can be ex-
pected to have lower risk variants and variants of unknown significance 
in accordance with expected population frequencies for the conditions 
under consideration.

A CLINICIAN’S PERSPECTIVE

Siobhan Dolan, associate professor of clinical obstetrics and gynecol-
ogy and women’s health at the Albert Einstein College of Medicine, noted 
that 50 percent of pregnancies are unplanned, so most women do not come 
in for this type of clinical assessment prior to conception. She also noted 
that when a woman is not pregnant, many insurers will not cover genomic 
screening. “For many of our patients, they don’t have access if it is not 
covered,” she said. Even when a patient has insurance coverage, clinicians 
have to spend time checking to be sure which genomic tests are included 
in that coverage. “That is a rate-limiting component of access for many 
women in this country,” Dolan added.

Targeted Mutation Testing

There is an immediate decision point for the patient and provider on 
what screening to perform for targeted testing, said Dolan. The American 
College of Obstetricians and Gynecologists (ACOG) recommends screening 
for nine conditions that are more common among Ashkenazi Jewish popu-
lations. Certain philanthropic programs, however, are currently offering 
screening for 19 conditions, including diseases in which there is a higher 
risk in this population, such as cystic fibrosis, as well as diseases in which 
there is not an elevated risk but for which screening is generally recom-
mended, such as spinal muscular atrophy. The number of tests offered has 
a tendency to rise over time, said Dolan, which presents educational chal-
lenges as well for both providers and patients in understanding the appro-
priate use of new tests and being able to interpret and act upon results.

The Economics of Genomic Medicine: Workshop Summary

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18276


PRECONCEPTION CARE AND SEQUENCING	 25

With a personal or family history of autism spectrum disorder or 
intellectual disability, testing for Fragile X syndrome would be considered. 
Though this patient did not seem to have either of these conditions, some 
researchers call for offering this screening to everyone, Dolan said, but 
guidelines today require a history before doing so. Likewise, for spinal 
muscular atrophy, ACOG recommends offering screening only to women 
with a family history, whereas the American College of Medical Genetics 
and Genomics recommends it for all women. “It is difficult for clinicians to 
act in that setting,” said Dolan. In addition, Dolan would discuss maternal 
age and the risk for aneuploidy.

One in four Ashkenazi Jewish individuals will be found to be a carrier 
of at least one condition through genetic screening. This high incidence rate 
points toward the value of screening in this population. Dolan cautioned, 
however, that DNA screening may not be appropriate for other high-risk 
groups because current mutation testing may not be effective outside of 
Ashkenazi Jewish populations. Dolan recommended that enzyme testing 
and not DNA screening be offered instead for these individuals. She also 
suggested that Jewish groups should get enzyme testing in addition to 
genomic screening, which would present a challenge for whole genome test-
ing. Many genomic tests have enzyme tests used as an adjunct to screening, 
and if large numbers of conditions were being tested, this adjunct testing 
could become onerous.

If the woman is identified as a carrier, the partner needs to be tested to 
have any impact on the pregnancy and the health outcome. But for various 
reasons, partners often cannot be tested. For example, they might be out of 
the country for work, overseas in the military, incarcerated, or uninsured 
and unable to pay for testing. “When we don’t have partners, we certainly 
increase the maternal anxiety in the pregnancy. We certainly spend lots of 
money. We don’t necessarily improve any health outcomes. It is a side effect 
to keep in mind,” Dolan said.

Genetic variants of unknown significance can present major challenges 
in the preconception and prenatal period. Women need to make very dif-
ficult reproductive decisions, which can produce extremely difficult coun-
seling scenarios. Dolan noted, “We traumatize many, many women. These 
pregnancies become incredibly stressful, whether the outcome is good or 
bad.”

Dolan said that she would focus on informing the patient of the avail-
ability of testing options and supporting autonomy in her decision making. 
She also would offer partner testing for Tay-Sachs. If the partner is Ash-
kenazi Jewish and is negative for Tay-Sachs mutations, he has a residual 
risk of 1 in 560 of being a carrier, she said. He should also be offered the 
enzyme assay, because 11 percent of Ashkenazi Jewish carriers will be 
missed if enzyme testing is not done, which will bring his residual risk of 
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being a carrier to 1 in 1,451 if both tests are negative. The residual risk to 
the fetus then needs to be reported to the couple: the risk is 1 in 5,800 if the 
partner has full testing, and it is 1 in 2,240 if he has mutation testing alone.

If both partners are carriers, further counseling is needed. Preimplanta-
tion genetic diagnosis and in vitro fertilization is an option for some, but it 
may be too expensive for others. Additionally, some couples will choose to 
have an affected pregnancy, which is “an interesting challenge to this whole 
scenario,” Dolan said. Is the goal of testing to produce informed choice or 
to decrease the rate of affected pregnancies? This is a deep ethical question 
at the core of the scenario, said Dolan.

The biggest impact a clinician could have on this patient is to help her 
quit smoking, Dolan observed. A meta-analysis of 20 prospective studies 
on preterm delivery comparing any maternal smoking versus no maternal 
smoking found an odds ratio of 1.27, signaling an increased risk of preterm 
birth with smoking (Shah and Bracken, 2000). Furthermore, prematurity 
creates huge health care costs (Russell et al., 2007), and it is a very common 
outcome, representing more than 12 percent of births (Martin et al., 2012).

Targeted Results Plus Actionable Variants

The second model for the provision of information envisions whole 
genome sequencing with the return of data relevant only to the current 
clinical situation and a handful of “actionable variants.” In this case, Dolan 
suggested that an expanded panel of testing for carrier conditions could be 
offered, such as the Counsyl Universal Genetic Test, which includes more 
than 100 conditions (Srinivasan et al., 2010). Testing generally starts with 
the mother, and the father is then tested for either the full panel or condi-
tions for which the mother was a carrier. These conditions have varying 
disease prevalence, and the sensitivity and specificity of the testing for each 
condition vary widely, so each disease has to be considered separately if a 
result is positive.

This particular patient is reported to harbor a prothrombin gene muta-
tion, which increases her risk of thrombosis, the development of blood 
clots. The woman’s risk for venous thromboembolism per pregnancy with 
no history is less than 0.5 percent. If she has had a previous venothrombo-
embolic event, however, her risk would go up to 10 percent; prothrombin 
gene heterozygotes account for 17 percent of all venous thromboembolisms 
(Lockwood et al., 2011). On the basis of this information, Dolan would 
also want to test her Factor V Leiden mutation status because this mutation 
has also been associated with increased risk of thrombosis and “60 percent 
of venous thrombosis cases in pregnant women” (Grody et al., 2001). Still, 
a major question is whether genetic information can signal risk before a 
sentinel event, but no data are yet available to make that determination. 
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“With no prior events entering pregnancy, there is really no clear guidance 
[on] how to treat her other than to watch,” Dolan said.

She would also ask the woman whether she wanted to know about her 
possible BRCA1 and 2 mutations. Most women, however, do not want to 
talk about breast cancer while they are thinking about pregnancy. Dolan 
said, “When you are excited about your new pregnancy, while it is true that 
your mother and your sister had breast cancer, you may not be receptive to 
that information at that time.”

Dolan would also suggest possibly examining CYP1A1 and GSTT1 
status because one study of 700 women demonstrated that specific geno-
types modified the association between maternal cigarette smoking and 
infant birthweight, suggesting an interaction between metabolic genes and 
cigarette smoking (Wang et al., 2002). Eleven women with this relatively 
rare genotype delivered on average 5 weeks earlier. Dolan asked, If the 
woman had this genotype, could this evidence provide impetus to help her 
quit smoking? “This is research data, but I do think it could help us target 
who is at risk and what we could offer them,” she said.

Many of these conditions are rare, so Dolan said that if she had a 
patient with a particular test result, she would seek out an expert on the 
natural history of the condition. But given that people all over the country 
need counseling, rare conditions are an additional challenge for the limited 
number of counselors available. A related question is how to reimburse 
genetic counselors and other staff for the huge amount of time that will be 
spent counseling patients about tests and the results of those tests.

A challenge with this expanded panel is that Counsyl is currently 
not accepting New York State Medicaid, so it is not affordable for some 
women, even though the $350 charge is a cost-effective way of testing for 
all these conditions. The question then becomes whether such testing will 
widen disparities if certain segments of the population will not have access.

As specific follow-up to the expanded genetic information, Dolan said 
that she would do a hematology workup and continue to emphasize smok-
ing cessation. She would also consider anticoagulation therapy early in 
pregnancy, although no clear guidelines exist for the management of these 
patients, particularly in the absence of any prior event.

The Whole Genome Sequence—What Are We Paying For?

In the third and final model, whole genome sequencing is conducted, 
and data relevant to the current clinical situation as well as other poten-
tially significant secondary findings are made available to the patient with 
the best current data for interpretation. Dolan said that as a provider, she 
would not be excited about having a lot more information. The information 
will include variants with lower effect sizes and of unknown significance. 
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Will the woman want to know that she is an ApoE4 homozygote? What if 
the emotions associated with learning that information affect her decisions 
about having children? Did her family history reveal any information about 
the penetrance of that variant? Did her family history suggest any other 
potential risks? For example, diabetes is a huge public health challenge 
in the Bronx, which leads counseling strategies toward exercise and diet 
without genetics playing a substantial role.

The economics of genetic testing can be very difficult, Dolan concluded, 
because “we don’t really know what we are paying for.” Informed decision 
making is a laudable goal, but testing and counseling are expensive and will 
not necessarily lead to fewer affected infants. Nevertheless, the amount of 
disease that can be prevented is tremendous, as is the excitement surround-
ing genomics.

A FUTURIST’S PERSPECTIVE

Arthur Beaudet, Henry and Emma Meyer Professor and chair of the 
Department of Molecular and Human Genetics, Baylor College of Medi-
cine, discussed the case from the perspective of a futurist, looking at the 
kinds of capabilities and information that might be available 20 years 
from now. At that point, whole genome sequencing conducted in the first 
trimester using noninvasive techniques is likely to be common, he said. For 
the woman in the scenario, such testing would identify risk to her offspring 
caused by inherited conditions. It also would identify genetic risks related 
to new mutations, such as trisomies, point mutations, and deletions or 
duplications.

Beaudet divided the effects of genetic mutations into two categories. 
In the first category are debilitating conditions where individuals cannot 
live fully independently. Individuals affected in this way typically cannot 
advocate for themselves.

The second category includes conditions with milder severity. For these 
disorders, preimplantation genetic diagnosis becomes more of an option, 
said Beaudet. Examples might include breast cancer mutations, hereditary 
deafness, and achondroplasia.

From an economic perspective, whole genome sequencing will be more 
expensive than targeted testing, at least initially, but could be cost-effective 
if very expensive conditions are avoided, Beaudet said. If information pro-
vided to a patient or family from a whole genome sequence is limited, that 
restriction will be done not by designing a different test but by limiting 
the information to be shared. Also, from a multigenerational perspective, 
whole genome sequencing is far more cost-effective. If everyone has a whole 
genome sequence done at birth, it can be used throughout life, and the rel-
evant information can be applied to other family members.
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Beaudet said that it will be important to identify the causative muta-
tions for all individuals with serious Mendelian disorders. This information 
will allow for a better understanding of the type of variation found for each 
disease and the clinical utility of identifying various mutations.

De novo mutations that are not present prior to conception, such as 
trisomies, genetic deletions or duplications, and point mutations, can only 
be detected through intrapartum testing. Such testing, however, could also 
produce secondary findings that would pose a challenge to patients and pro-
viders. For example, Beaudet said, “we are doing now quite a large amount 
of prenatal diagnosis using copy number arrays where we encounter copy 
number variants of unclear significance.”

These secondary findings must be dealt with on a case-by-case basis, 
he said. He also stated that, in his opinion, more information is almost 
always better. He added, however, that “this is a personal opinion and not 
one I recommend for everybody.” But a physician giving a physical does 
not avoid listening to a patient’s heart because of the possibility of hearing 
a heart murmur. “We have the information that comes with the society and 
the technology that we currently live in,” he said.

The behavior of providers must be regulated through provisions such 
as the 2008 Genetic Information Nondiscrimination Act to prevent abuses. 
But most patients can be counseled through informed decision making, 
said Beaudet, even with findings of uncertain significance. Interpretation 
and annotation, though expensive today, could drop in price as informat-
ics develop. Nevertheless, delivering information to patients will almost 
certainly involve considerable time and resources.

Beaudet concluded by pointing out that the pediatric community 
already has considerable interest in whole genome sequencing. The Baylor 
College of Medicine began offering whole genome sequencing in November 
2011, and after several months it received between 10 and 20 samples per 
month. The most recent month saw 69 samples. Most were from children, 
but a few were from adults who were looking for an underlying genetic 
cause for a disease. In about 30 percent of the samples, testing is revealing 
a disease-causing mutation. The use of whole genome sequencing “seems 
to be on the rise,” he said.

A PATIENT’S PERSPECTIVE

The woman in the scenario may not know what to expect, said Michelle 
Gilats, a genetic counselor at the Chicago Center for Jewish Genetics. 
Though she is likely to have at least heard of Tay-Sachs disease, the patient 
is unlikely to know much, if anything, about the other conditions for 
which she is being tested. She is likely to expect that the testing will tell 
her whether her child will be at risk for certain conditions about which she 
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may have to make different reproductive decisions. But she may not know 
what her options are if she is found to be a carrier, and she may not be 
aware that options exist. Also, she may not be expecting to receive genetic 
information about her own health, especially about conditions for which 
the implications are unclear and the significance unknown. Because of this 
lack of knowledge, pretest counseling is imperative, said Gilats.

Preconception screening to date has been determined mainly by ethnic-
ity. But not everyone knows his or her ethnic background, and many people 
have mixed ancestry. This situation creates an advantage for larger screen-
ing panels because they are more universal in scope and reduce the need to 
rely solely on patients’ self-assessment of their ethnicity.

The Center for Jewish Genetics uses the Counsyl panel for testing but 
gives people the option of doing a more limited Ashkenazi panel for 18 
conditions. Most people choose the larger panel because it provides more 
information at the same cost. The downside is that a large panel can pro-
vide too much information. For example, it can produce results for condi-
tions that do not have clear-cut responses, such as hereditary hearing loss, 
or conditions or traits that are not lethal or may not be very life altering. 
“Yet, because people have the information, they [can] feel they need to act 
on it,” Gilats noted.

Gilats said that she used to work in prenatal genetics and often encoun-
tered patients who had maternal serum screening in pregnancy without 
being fully informed of the implications of possible results. When she 
would explain that the results indicated an increased likelihood of Down 
syndrome, patients could become angry because they had no intention of 
changing their pregnancy plans and would have refused the test if they had 
known what it might tell them.

Most patients have a poor understanding of genetics and the residual 
risk, said Gilats. Even in the well-educated population with which she 
works, the concept of residual risk for recessive disorders after carrier 
screening is often misunderstood. For instance, she recently told a patient 
that she was a carrier for a condition and that her husband was not, yet the 
patient was still not sure whether she should be concerned. Another patient, 
a doctor, was confused after being told that she and her husband still had a 
risk of having a child with cystic fibrosis even though she screened negative. 
And because many of these conversations occur in a clinical setting after 
a pregnancy occurs, rather than before conception, decisions made on the 
basis of this information can be even more difficult.

This lack of understanding will only be exacerbated with whole genome 
screening, said Gilats. It will not be possible to educate people about 
all the different disorders and results that are possible. Rather, explana-
tions will have to be broad, outlining categories and examples of results. 
Having whole genome information for the woman in this scenario, for 
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instance, would entail determining whether she would want to know her 
risk of developing certain cancers or currently untreatable diseases such 
as Alzheimer’s. She would also need to be informed that the results could 
impact family members as well. Her options would need to be discussed 
prior to testing and a plan put in place for how, which, and when results 
would be delivered.

A participant noted that genomic data inevitably raise specific issues 
involving families. Does a patient want other family members to know 
about a genetic condition? What responsibility does a physician have to 
relay information to other members of a family? How will payers respond 
to various uses of this information?

Different testing and delivery models will lead patients to different 
actions. Having more information causes patients to ask more questions 
and spend more time with their providers, discussing their options and 
recommendations, said Gilats. “The hope is that information can be acted 
upon, such as with lifestyle modifications or medical intervention. But this 
won’t always be the case,” she said. Most people need little evidence to be 
concerned about a specific mutation, whereas a great deal of information 
is needed to reassure them that their concern is unwarranted.

Whether a result constitutes enough information to cause patients to 
change behavior remains to be determined, said Gilats, and depends on 
the specific condition. With conditions where the effects are not known 
or where a prevention or treatment cannot be recommended, the action a 
patient would take is even less clear.

In the second and third delivery models, the patient would receive 
results beyond autosomal recessive disorders. Depending on her specific 
results, she may need to see a specialist and follow up with extra surveil-
lance or management. What are the costs of this follow-up? Would it be 
covered by insurance? Even if it is, the copayments alone may be cost pro-
hibitive for some patients, Gilats said.

Costs may also be incurred by family members, either because they 
also are at risk or because they become a means to further assess a variant 
of unknown significance. Another potential cost is unnecessary screenings 
for surveillance purposes, said Gilats. If the patient has a mutation that 
increases her susceptibility to a common disease such as cardiovascular 
disease, but there is no family history, are extra screenings warranted?

Interpretations may and likely will change for some variants, thereby 
changing a patient’s risk over time. Changes in the assessment need to be 
conveyed to patients, which will require reinterpreting and recontacting 
patients after the initial results are delivered, said Gilats.

Whole genome sequencing has the potential to deliver great benefits to 
patients, but the results need to have meaning, Gilats concluded, and the 
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patients need to want the information that the testing can provide. “With 
great power comes great responsibility,” she said. 

ECONOMIC PERSPECTIVES

Scott Grosse, research economist and associate director for health ser-
vices research and evaluation in the Division of Blood Disorders, National 
Center on Birth Defects and Developmental Disabilities, Centers for Disease 
Control and Prevention, pointed out that measures of cost-effectiveness and 
value to patients will not necessarily coincide. They will in a case such as 
screening for Tay-Sachs disease, where doing so in Ashkenazi Jewish popu-
lations is cost-effective and there is high value for the patient, but they may 
not with thrombophilia testing, where decisions on whether to prescribe 
anticoagulation medications are not necessarily driven by a risk-benefit bal-
ance. Grosse noted that more predictive information regarding thrombosis 
can be gained by looking at blood type, with Type A or Type B individuals 
being at two to four times higher risk of developing blood clots, than testing 
for rare variants such as Factor V Leiden or prothrombin (Dentali et al., 
2012; Jick et al., 1969; Medalie et al., 1971; Sode et al., 2013). Nonethe-
less, blood type data are not factored into decisions for managing patients. 
The value of information, said Grosse, depends entirely on how and if it 
is used.

Scott Ramsey, full member in the Cancer Prevention Program, Division 
of Public Health Science, Fred Hutchinson Cancer Research Center, dis-
cussed how the tests mentioned in the scenario might be considered, reim-
bursed, adopted, and used within the current framework by which most 
health plans evaluate new technologies. Health plans do review evidence 
for genomic tests, but the decision to review is usually based on the cost of 
that test rather than on its purported benefits. For example, BRCA1 and 
2 testing is carefully tracked by health plans because it is very expensive. 
But testing for individual variants such as CYP2C9 “falls under the radar” 
for health insurance plans because it is relatively inexpensive. If whole 
genome screening were to fall to a very low price, it could be below the 
level where health plans have the tools to identify it, though additional and 
possibly sizable costs will be associated with interpreting and annotating 
the information because these costs are not predicted to fall at the same 
rate as sequencing. An increase in use would also raise questions about data 
storage, noted one participant, particularly about who would house this 
information and pay for that service.

If whole genome sequencing is recognized by health plans, a major 
question is how it will be reimbursed. Some tests have codes that are used to 
identify and pay for them, but most do not, and these are often crosswalked 
against other tests with existing codes to make reimbursement decisions. 
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If genomic testing does fall under the radar, health insurance plans will see 
the consequences of that testing in the form of subsequent tests or proce-
dures. “That is going to be the hardest thing that health plans are going to 
have to deal with,” said Ramsey. “They aren’t going to be able to pick up 
the individual test happening, but they are going to see all the downstream 
impacts in terms of health system use.”

Finally, Ramsey observed that as the costs of sequencing tests continue 
to fall, multiple companies will be competing with each other to sell this 
service. One way they will distinguish themselves is through the number of 
variants that they report, which will create an incentive to create and gener-
ate increasing amounts of genomic data for each person. Paul Billings, chief 
medical officer for Life Technologies, added that in addition to services 
provided, companies will compete on experience.

Innovation in genomics has been unrelenting, said Billings, driven by 
unmet needs and current opportunities in the market. Much of that innova-
tion is going on in industry, which has a responsibility to figure out ways to 
profit from its innovation. James Evans cautioned against allowing market 
drivers to determine policies for implementing genomic medicine, however.

Veenstra observed that comparative studies can have great value—for 
example, whole genome sequencing versus standard of care. Understanding 
the differential impact of using various approaches can provide fundamen-
tal information on their value.

The economists also discussed consumer preferences for more versus 
less information in genetic testing. Some portion of the population will 
want as much information as possible, while others will resist even informa-
tion that has high value. To date, demand has existed for tests offering more 
information, but continued demand will depend on the cost of the testing, 
who is paying for it, and the consequences of testing.

Ramsey pointed to a coming crisis caused by conflicts between the need 
for genetic counseling and the resources available for those services. “As 
these tests provide more and more information, something is going to give. 
You can’t provide more and more counseling given the limited reimburse-
ment available,” he said. The question then becomes where the people being 
tested will turn for additional information. Will companies provide that 
service? Will people use the Internet? Will genetic counselors refer patients 
to other sources of information? Will the information that patients receive 
be accurate? And will they be able to make sense of the information? “It 
really raises a lot of problems,” Ramsey noted. He argued that better tools 
are needed to convey information to patients in ways that maximize their 
welfare.

As part of this conversation, Grosse pointed to some of the problems 
with using QALYs as a measure of health states. They do not necessarily 
do a good job of measuring people’s willingness to make trade-offs. Also, 
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they do a poor job of measuring acute end points instead of chronic end 
points—for example, people may pay a lot to avoid a 3-day food-borne 
illness, but that health state has virtually no effect on QALYs. And they do 
not measure many of the things people care about, such as a slight depres-
sion of IQ. Grosse asked, “Does that mean that preventing mild cognitive 
loss has no value to society? Of course not. It is just that the QALY is not 
designed to capture that type of end point. That’s why we need a fuller set 
of tools.”

One of the unheralded potential benefits of genetics will be to indicate 
when something does not need to be done, Ramsey said. For example, 
many patients who are diagnosed with low-grade, local-stage prostate 
cancer are treated aggressively despite the fact that 5-year survival for that 
cohort is very high. “Why are we doing that? We are doing that because 
men are worried about it, and there is an incentive for urologists to do that. 
If we could come up with genomic tests that told us with a high degree of 
certainty that that person was not going to go on and develop advanced 
prostate cancer, that would save the system billions and billions of dollars,” 
Ramsey said.

Innovators could also help remove waste and cost from the system 
by identifying areas in which more precision at the same or reduced price 
could be found, added Billings. This could be achieved by replacing human 
variance with quantitative measures. 

DISCUSSION

One participant observed that genomic medicine is evolving within the 
context of a changing health care delivery system. It would behoove the 
system and the underlying economics to begin to change to incorporate 
genomic medicine because eventually it will be part of standard medical 
practice, whether 10 years or 50 years from now.

Ned Calonge, president and chief executive officer of The Colorado 
Trust, pointed out that continued expansions of coverage to include items 
that are cost-effective will produce some improvements in health. Neverthe-
less, it will also increase the total cost of health care, resulting in “a system 
we can’t afford.” Thus, the decision to pay for something can have a nega-
tive impact by potentially reducing access to care for everyone, especially 
disadvantaged populations.

Grosse pointed to a disconnect between economics and reimbursement 
decisions. Many current health care practices are not cost-effective or even 
based on much evidence, he said. To control health care costs, it would be 
better “to stop doing things for which there is limited evidence of effective-
ness rather than trying to prevent the adoption of new technologies where 
there is good evidence.”
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Calonge noted that newborn screening only looks at a subset of the 
genetic variants that can be detected using current testing technologies. It 
may be cost-effective to add variants to the screening panel, but this would 
add costs for additional testing and interventions as well as bring up issues 
regarding uncertainty about the effects of the variant being detected. The 
ultimate problem is that “I know what I am spending, but I don’t know 
what I am buying,” Calonge said. Genomics will face this economic reality 
on a much larger scale in the years ahead.

Billings added that some states have added to the subset of detected 
conditions to develop the information base for possible future testing. And 
Ramsey pointed out that the value of this information could turn out to 
be “extraordinarily high” and could be provided without incurring any 
additional immediate costs. “We could imagine a scenario that before [a 
test is added], we look at the value that that information would provide, 
the benefits and costs, before we allow [a test to be performed and results] 
provided as information to the patients,” said Ramsey.

In relation to the limitations of self-assessment of ethnicity, one par-
ticipant suggested that whole genome sequencing could be used to make 
estimations of biogeographical ancestry so that clinicians would have 
supplemental information. For example, they could recommend enzyme 
testing.

In response to a question about malpractice litigation arising out of 
genomic testing, Beaudet said that the possibility exists. For example, if 
a patient were offered a limited genetic test when a more comprehensive 
test would have uncovered a serious mutation, could that be considered 
malpractice?
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5

Unprovoked Deep Vein Thrombosis

Important Points Made by the Individual Speakers

•	 Incidental findings in whole genome sequences that are action-
able can be a source of value rather than a liability.

•	 A range of options for providing different levels of sequence 
information exist, and all can provide benefits to patients.

•	 A lack of epidemiological information is often more of a factor 
than economic uncertainties in cost-effectiveness analyses of 
genomic screening.

•	 In receiving the results of a genetic or genomic test, patients 
tend not to learn about the potentially harmful effects that a 
test result can have.

•	 The expertise of physicians who specialize in particular areas 
and are highly qualified will continue to be an essential part of 
genomic screening systems.

•	 Much more genomic data on different racial and ethnic groups 
are needed.

•	 The costs of interpretation and delivery of information to 
patients need to be decreased in order to ensure equitable 
access to genomic technologies.

The Economics of Genomic Medicine: Workshop Summary

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18276


38	 THE ECONOMICS OF GENOMIC MEDICINE

In the second scenario discussed at the workshop, the woman who 
underwent preimplantation screening in the first scenario has developed a 
health problem 5 years later:

The individual is seen at 40 years of age with progressive left lower ex-
tremity swelling and pain. Evaluation reveals an unprovoked deep vein 
thrombosis in her left lower extremity. She will be treated as an outpatient 
with low-molecular-weight heparin and warfarin. Targeted testing includes 
CYP2C9 and VKORC gene analysis.

Deep vein thrombosis is a common condition, said Frederick Chen 
of the University of Washington, when he introduced the case. About a 
half-million patients per year in the United States get a blood clot in the 
leg. About one-quarter of them end up with a clot that travels to the lung, 
causing a pulmonary embolism (Beckman et al., 2010). Clinicians are well 
trained and accustomed to dealing with this condition, which he suggested 
may change the bar for a new technology or medication to be used in treat-
ing a thromboembolism.

A CLINICIAN’S PERSPECTIVE

Various risk factors are associated with deep vein thrombosis in 40-year-
old women, said Michael Murray, clinical chief in the Genetics Division of 
the Department of Medicine at Brigham and Women’s Hospital. These 
factors include smoking, pregnancy, immobility, extended travel, surgery, 
hypertension, obesity, and cancer. Genetic factors may also be involved, 
including the prothrombin mutation and Factor V Leiden.

Warfarin is thought to impede the synthesis of clotting factors, specifi-
cally through inhibition of the vitamin K epoxide reductase complex C1 
subunit (VKORC1). Therapeutic use effectively lowers the amount of active 
vitamin K–dependent clotting factor by approximately 30 to 50 percent. 
The effects of anticoagulation therapy generally occur within 24 hours, 
with peak effect taking up to 96 hours.

As a result, clinicians give doses of warfarin and then have to wait 2 
to 3 days to determine the effect. The goal is to achieve an international 
normalized ratio (INR) between 2 and 3 to minimize the risk of either clot 
complications or bleed complications. “It is a very unwieldy tool,” said 
Murray.

The U.S. Food and Drug Administration (FDA) label for warfarin 
explains its pharmacogenomics (Bristol-Myers Squibb, 2010):

A meta-analysis of 9 qualified studies including 2775 patients (99% Cau-
casian) was performed to examine the clinical outcomes associated with 
CYP2C9 gene variants in warfarin-treated patients [Sanderson et al., 
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2005]. In this meta-analysis, 3 studies assessed bleeding risks and 8 stud-
ies assessed daily dose requirements. The analysis suggested an increased 
bleeding risk for patients carrying either the CYP2C9*2 or CYP2C9*3 
alleles. Patients carrying at least one copy of the CYP2C9*2 allele required 
a mean daily warfarin dose that was 17% less than the mean daily dose 
for patients homozygous for the CYP2C9*1 allele. For patients carrying 
at least one copy of the CYP2C9*3 allele, the mean daily warfarin dose 
was 37% less than the mean daily dose for patients homozygous for the 
CYP2C9*1 allele.

In an observational study, the risk of achieving INR >3 during the first 3 
weeks of warfarin therapy was determined in 219 Swedish patients retro-
spectively grouped by CYP2C9 genotype. The relative risk of overantico-
agulation as measured by INR >3 during the first 2 weeks of therapy was 
approximately doubled for those patients classified as *2 or *3 compared 
to patients who were homozygous for the *1 allele [Lindh et al., 2005].

Certain single nucleotide polymorphisms in the VKORC1 gene (especially 
the 1639G>A allele) have been associated with lower dose requirements 
for warfarin. In 201 Caucasian patients treated with stable warfarin doses, 
genetic variations in the VKORC1 gene were associated with lower warfa-
rin doses. In this study, about 30% of the variance in warfarin dose could 
be attributed to variations in the VKORC1 gene alone; about 40% of the 
variance in warfarin dose could be attributed to variations in VKORC1 
and CYP2C9 genes combined [Wadelius et al., 2005]. About 55% of the 
variability in warfarin dose could be explained by the combination of 
VKORC1 and CYP2C9 genotypes, age, height, body weight, interacting 
drugs, and indication for warfarin therapy in Caucasian patients [Wadelius 
et al., 2005]. Similar observations have been reported in Asian patients 
[Takahashi et al., 2006; Veenstra et al., 2005].

Murray estimated that 1 percent of the U.S. population takes war-
farin, with a dose range between 1 milligram and 20 milligrams per day. 
Providers and patients try to stay between that INR value of 2 and 3 for 3 
to 6 months and often longer. “You can imagine what a struggle that is,” 
Murray said.

Though the FDA label provides guidance for doses depending on the 
CYP2C9 and VKORC1 genotypes, the decision memo from the Centers 
for Medicare & Medicaid Services (CMS) for pharmacogenomic testing 
for warfarin response states that testing of the variants will not be covered 
unless the patient is in a trial developing the evidence base for the use of 
the test. This is an example where medical science and medical practice do 
not correspond, said Murray. This is one of the drivers for why genotyping 
to predict warfarin dosing is not being done.

Murray briefly described the Medco-Mayo Warfarin Effectiveness 
Study (Epstein et al., 2010), which found that warfarin genotyping reduces 
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hospitalization rates. An unusual feature of this study was that it did not 
provide genotype information to physicians before making the first dose 
decision. Rather, it provided that information about a month later, with 70 
percent of physicians being told that a dose might be too high or low and 
that increased monitoring was warranted. Murray warned that the reduced 
hospitalization might be an instance of the “Hawthorne effect”—in which 
changes in patients’ behaviors and health outcomes are related to the special 
treatment they received—and the results have not yet been replicated. The 
National Institutes of Health (NIH) was conducting a major study called 
the Clarification of Optimal Anticoagulation through Genetics trial at the 
time of the workshop to examine genotype-guided dosing.

Warfarin is a cheap drug, but a large infrastructure has been built up 
around warfarin care involving both clinics and home-monitoring struc-
tures. “Patients stay on target with their therapy better when they are moni-
tored by experts,” said Murray, which is “part of the cost of warfarin care.”

Regarding the patient in the scenario, Murray said that he, too, would 
encourage her to stop smoking. The prothrombin gene mutation would give 
insight into predisposition but not have any specific management implica-
tions at the time of care. The variations that Murray assumed the patient 
had in CYP2C9 and VKORC1 would lead to lower initial dosing of war-
farin, with the expectation of a lower daily dose over time. Nevertheless, 
she would still need to be monitored, and her therapy would still need to 
be adjusted. Because the deep vein thromboembolism was unprovoked, she 
would receive at least 6 months of warfarin and probably more. Murray 
also noted that at the time of the workshop, genotypic information would 
not be routinely available to help providers in making their decisions. 

In terms of receiving additional information from whole genome 
sequencing, Murray observed that a fair number of people with unpro-
voked deep vein thrombosis have an underlying cancer. If whole genome 
sequencing were to reveal that she has a syndromic cancer risk, that infor-
mation might be valuable in this scenario. Also, some of the other cyto-
chrome genes are relevant in the metabolism of warfarin, and variants in 
those genes might play a role in deciding on a dose. Murray noted, however, 
that he would not have use for further incidental findings in managing this 
patient’s acute case and suggested that conversations about ancillary infor-
mation would be deferred to a later point in time.

Wylie Burke, professor and chair of the Department of Bioethics and 
Humanities at the University of Washington in Seattle, pointed out that 
costs will be associated with incidental findings from genomic screening. 
That information needs to be retained in a person’s medical record for 
future reference and action, even if no action is taken at the time the find-
ing is made.
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A FUTURIST’S PERSPECTIVE

Euan Ashley, director of the Center for Inherited Cardiovascular Dis-
ease at the Stanford University School of Medicine, described his evaluation 
of a colleague’s genome that had been sequenced as part of the Personal 
Genome Project (Ball et al., 2012). The colleague, Steven Quake, had asked 
Ashley about a variant in the myosin binding protein C gene, a gene that 
can be involved in sudden death in young people from hypertrophic car-
diomyopathy (Maron et al., 2012). Ashley asked Quake whether anyone 
in his family had ever died suddenly at a young age, and Quake mentioned 
a cousin’s son who had. “With that, he became my patient, and somewhat 
inadvertently I became one of the first physicians to have [access to his 
patient’s] whole genome sequence.”

Ashley gathered several other colleagues from Stanford, and together 
they performed a thorough interpretation of Quake’s genome (Ashley et 
al., 2010). Shortly thereafter, Ashley was contacted by John West, chief 
executive officer of Personalis, Inc., who had recently had his own genome 
sequenced along with the genomes of several family members. (West 
describes his experiences in the next section of this chapter.) West had a 
family history of venous thromboembolism and had experienced a pul-
monary embolism himself. Even after being put on warfarin, he had an 
unprovoked second pulmonary embolism. West was particularly interested 
in seeing whether he had a genetic condition that had been passed on to 
his children.

Ashley and his colleagues first determined whether West was a het-
erozygote for the Factor V Leiden mutation. This mutation is actually 
contained within the haploid human genome reference sequence because 
one of the anonymous contributors to the original sequencing project had 
the mutation. To cope with this and other deleterious variants that are 
contained within the reference genome, Ashley and his colleagues developed 
a synthetic reference sequence that contains the major population-specific 
allele at every position. They also used a newly developed technique to 
reduce sequencing error rates by up to 90 percent (Roach et al., 2010). 
These advances allowed them to build a robust platform from which to 
engage in genome interpretation.

Using these techniques, the Stanford group was able to deliver to West 
a list of potential risk alleles for a number of conditions that were shared 
among West, his wife, and their son and daughter (Dewey et al., 2011). The 
Factor V Leiden mutation had been passed from father to daughter, and 
other risk alleles had passed variously from the father and mother to the 
son and daughter. The group also put together assessments of onset, sever-
ity, actionability, lifetime risk, and variant pathogenicity for each risk allele, 
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rating each factor between 1 and 7. “These are very arbitrary numbers, but 
we had to start somewhere,” said Ashley.

“The genome has arrived,” Ashley concluded. The task ahead is to 
learn what to do with it.

A PATIENT’S PERSPECTIVE

Finally, John West provided his perspective on the genetic odyssey he 
and his family had taken. He had an unprovoked pulmonary embolism at 
age 43; the median age for such an event is 60 (Silverstein et al., 1998). 
After checking into the emergency room, he was told that his condition was 
life-threatening. “People were concerned about me even sitting up in bed, 
that this would dislodge the clot and could cause more serious complica-
tions,” he recalled. In the next 4 days, the hospital spent $22,000 on his 
tests and care. He was started on standard doses of heparin and warfarin 
without prior genetic testing. It was only after West was released from the 
hospital that he received results confirming he had a heterozygous mutation 
for Factor V Leiden.

His warfarin dosing turned out to be unstable even with very careful 
dietary restrictions and monitoring of INR. Six months later, West had a 
second pulmonary embolism. This incident led to suspicion that an occult 
cancer was causing the thrombophilia, though even after many additional 
tests, none was ever found. The warfarin dose gradually stabilized, how-
ever, and has been constant for more than 8 years.

On discussing his condition with his family, he found that his mother 
had been hospitalized for clotting in her legs when she was 40. The cause 
was unknown at the time, and the episode did not lead to any later screen-
ing in her children.

West had been involved with automated DNA sequencing since 1982, 
so he was an enthusiast for its use. When the company 23andMe started 
offering genotyping in 2007, he and his family had their genotyping done. 
The Factor V mutation was found in his mother and his daughter but not 
in his wife. But that test did not look at any other loci on the Factor V gene 
and did not assess structural variation.

In 2009 he, his wife, and their children had their whole genomes 
sequenced. The family then analyzed the sequences themselves, working 
with university groups. They found 13 other mutations in the Factor V 
gene. West’s daughter was found to have inherited four nonsynonymous 
variants from his wife along with his Factor V Leiden variant. Further 
analysis of the four variants in his wife revealed that they were probably 
benign. No structural variants were found in the gene.

All this work was done on a direct-to-consumer basis, said West, “not 
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because we wanted to work outside the medical system but because you 
couldn’t do it inside the medical system.”

When West’s daughter turned 18, she was prescribed estrogen-based 
contraceptives to treat her acne. His daughter refused her dermatologist’s 
prescription because she knew her genotypic information and the signifi-
cantly increased risk of developing deep vein thrombosis and pulmonary 
emboli (Vandenbroucke et al., 2001). “Had she not had that information—
and we got a lot of grief about having children sequenced—she would have 
been prescribed something that would probably have increased her chances 
of blood clots by 10 to 20 times,” West said. Other precautions that West 
and his daughter take include using Tylenol rather than aspirin; avoiding 
foods high in vitamin K, such as spinach and miso; and avoiding injuries 
that could provoke internal bleeding. “This is not a big disaster in my life,” 
he said. West maintains careful compliance with his warfarin dosing and 
has monthly INR tests to confirm the coagulation results. He noted, “This 
is an example where there is a genetic test where there is, in fact, a great 
deal that is actionable.”

West addressed the question of the “incidentalome,” or information 
from the genome that was not being sought and is not necessarily wanted. 
He described this issue as misplaced. The biggest medical issue he has had 
in his life is that the genetic testing was done after the deep vein thrombosis 
occurred. “You need to do the testing ahead of time. I do not want to be in 
that hospital, being told that I shouldn’t move because the clot might get 
dislodged. I do not want to go through 8 months of testing to try to find a 
cancer that apparently wasn’t there because people hadn’t really looked at 
my genome.” In his case, the incidentalome would have included the Factor 
V Leiden variation and other variants that could have led to practical and 
inexpensive lifestyle changes. “If I can make these kinds of changes and 
avoid the deep vein thrombosis and pulmonary embolism, that is where I 
want to be. And I think that is probably where we should explore what are 
the economic balances of heading in that direction,” he added.

Information on the genome can be delivered at a wide range of price 
points, he observed. Whole genome sequencing is still expensive, but panels 
that cover many variants are much less expensive. Even though people have 
different financial situations and insurance coverage, a range of options 
could deliver substantial benefits. West said that he supports consumer 
choice and thinks that genome sequencing should occur within the context 
of medical practice, yet consumers who are interested in these options often 
have to go around the medical system “because the medical system has not 
dealt with this.”

West also issued several cautionary notes. One is that genome sequences 
are not as accurate as people might think. False positive and false nega-
tive rates on variant detection are high and do not appear to be declining. 
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The technology has been improving, but the remaining errors are largely 
systematic, so accuracy has not dramatically improved.

Second, as with the Factor V variant, the human reference sequence 
contains many disease-related alleles. Also, many public databases have no 
mechanism to remove old data, and the errors in those databases have not 
been corrected, said West. Finally, no system exists to combine risks when 
multiple variants are known to predispose to a disease.

All these problems are solvable, West said. But he reiterated that many 
challenges remain in the technology arena as well as in the policy arena.

Finally, West made the point that the era of genomic testing need not 
cost the health care system a lot more money. If genomic screening were an 
add-on insurance option, like dental insurance, he would opt for it, have 
his family tested, and respond appropriately to any findings in which there 
was reasonable confidence and something actionable that could be done. 
“We haven’t found that there is such a lack of actionable things that we 
have to delve into all the uncertain and vague results.”

As more people learn about what genomic testing can offer, they will 
demand that the nation take advantage of the benefits to be gained, West 
said. “If we can solve some of these diseases and get rid of the actual burden 
of disease, we will have a much bigger impact on the economics of health 
than we will by rearranging different parts of the insurance system.”

ECONOMIC PERSPECTIVES

Veenstra began his presentation by noting that the development of 
genomics will have an effect on the U.S. economy as a whole. It will influ-
ence job growth, the formation of companies, reimbursement policies, and 
health care policies in general. But the focus of the workshop, he noted, 
was on the value that genomics could bring to the health care system, 
patients, and society. Only after this value is understood can other policies 
be generated.

To determine the incremental value of genomic testing, researchers 
need to compare the use of the test with a different course of action, said 
Veenstra. For example, in the case of warfarin treatment, is testing being 
compared with treatment without testing or with no treatment at all? If 
testing is performed, when do the provider and patient receive the test 
results? What are the consequences of those results, both for future treat-
ments and for other decisions that a provider or patient might make?

Furthermore, economic analyses need to take all of the possible con-
sequences into account. For example, warfarin treatment is designed to 
mediate between the risk of bleeding and the risk of clotting in a patient. 
Either of those outcomes could have severe consequences for a patient, 
including death and long-term disability. “When you are working through 
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an economic evaluation, you look at that decision, and you think about 
every single thing that could happen to that patient. And we want to try to 
include all of those aspects as best we can,” Veenstra said.

In the current scenario, a CEA would take into account the costs of 
the tests, continued monitoring, the drug, any adverse clinical outcomes, 
and other factors. An outcome of this analysis might then be the cost per 
clot avoided or cost per life year saved. A CUA then would add an assess-
ment of the patient’s quality of life, such as whether a patient could have 
a long-term debilitating outcome. This latter technique, which often mea-
sures patient outcomes in terms of QALYs, needs to account for patient 
preferences—for example, by conducting surveys that ask people to rate 
their health state if they were debilitated by a stroke—though not necessar-
ily for whether they get genetic testing. CUAs are preferred from a theoreti-
cal perspective, observed Veenstra. Still, real-world decisions are often more 
influenced by CEA studies.

Grosse pointed out that the weakest links in CEAs usually involve 
epidemiology and clinical effectiveness rather than economics. Does an 
intervention actually make a difference in terms of the health outcomes? “If 
we don’t have evidence of effectiveness, we do not have cost-effectiveness,” 
he noted. 

Ashley made the interesting point that relatively little evidence exists 
to guide treatment decisions for most of the patients he sees, even though 
his specialty, cardiology, has better clinical trial evidence than most fields 
of medicine. But these clinical trials have very tight inclusion criteria for 
patients so that statistically significant results can be obtained when exam-
ining small effects, and most of Ashley’s patients would not qualify for the 
trials and are therefore not necessarily described by the trials’ results. “The 
reality of medicine as we practice it is that we don’t have evidence for most 
of the things that we do.”

Grosse acknowledged that diverse sources of evidence, not just the 
results of clinical trials, are necessary to make conclusions about cost-
effectiveness. But these varied sources of evidence might still not be suf-
ficient to translate into a recommendation for coverage or clinical practice.

Veenstra agreed that evidence is a key component of being able to make 
a health economic assessment and that for genomics a real-world standard 
is being applied for how much evidence is needed. He noted, however, that 
stakeholders are not aligned on that standard and that the varying thresh-
olds impact real-world policy and decision making. The question becomes, 
said Ramsey, “how comfortable are you with the chance that you might 
be making a mistake,” whether it be in providing a test that turns out to 
have no benefit or withholding a test that turns out to have great benefit.

One participant pointed out that medicine is much more sensitive to 
errors of commission than errors of omission. In other words, medicine is 
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much more willing to risk harm by not providing something than by doing 
so. Patients are not happier to die of a clot than bleeding, he said. Some of 
this bias results from concerns about liability, but the harms can be equiva-
lent. “We need to be honest about assessing the whole landscape,” he said.

Also, the chain of evidence between a decision and an outcome can 
be long and complex, the participant continued. Most anticoagulation 
outcomes are secondary outcomes, such as time in range or time to stable 
dosing as opposed to direct outcomes of bleeding and clotting. The question 
is how much confidence there is that those secondary outcomes are predic-
tive of primary outcomes. Intermediate end points such as genetic testing 
may be able to help bolster that confidence by assessing risk.

The participant also noted that West’s family history already captured 
the risk of thrombophilia regardless of the status of his Factor V Leiden 
gene. Not using this family history represents an opportunity cost that 
needs to be recognized. “If we are spending our money on genomics, then 
that means we are ignoring other things. And in the realm of anticoagu-
lation, if we focus on genomics, are we ignoring the opportunities to do 
other things like clinical decision support with guided dosing,” he asked. 
Similarly, is genotyping misplaced in urban settings where there are anti-
coagulation clinics?

Decision points can differ on the basis of the available evidence, Grosse 
said. For example, considering an option has a lower threshold of evidence 
than deciding to choose an option. Grosse also noted that clinicians will 
continue to make judgments about treatments for their individual patients 
regardless of standards that are set across a population, given the hetero-
geneity of preferences and treatment effects. “It is not one-size-fits-all.”

Ramsey said that the best approach would be to have a cost-
effectiveness study for the average population and then to modify those 
results on the basis of the characteristics of each patient. A system can also 
be structured to encourage the more cost-effective approaches and discour-
age the cost-ineffective practices, with flexibility for individual decisions 
on the basis of patient characteristics.

Veenstra said that changing clinical management poses its own risks. 
For example, monitoring of phenotypes, as with INR measurements, works 
fairly well, and genomic-based treatment decisions need to be compared 
with that standard.

Finally, Ramsey mentioned that patients may not fully comprehend 
the impact of receiving a test result. They may test positive and be relieved 
that the condition was caught in time and they can be treated or they may 
test negative and feel they do not have to worry about developing a genetic 
condition. But patients tend not to learn about the untoward effects that a 
test can have, such as distress or anxiety to patients and their families, the 
development of a false sense of security regarding risk of disease, results 
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being uninformative for decision making, the potential need for additional 
confirmatory testing for positive tests, or actual harm from unnecessary 
procedures based on a false positive result. “It leaves those of us on the 
front lines in a real dilemma, particularly when there are advocates who 
want that test and there is evidence that does not support that advocacy,” 
he said.

DISCUSSION

In response to a question, several panelists discussed the related top-
ics of access and equity with regard to genomic technologies. In the past, 
investigators have often experimented on themselves or their colleagues 
first, because those individuals can give well-informed consent. But that 
approach focuses on justice as protection from research harms, not on 
justice as access.

Ashley observed that the analyses of both Quake’s and West’s genomes 
fell into the category of research as opposed to health care. These indi-
viduals were chosen first because both understood the potential benefits 
and harms of whole genome sequencing. Equity will be important moving 
forward from this point, he said. Ashley also noted that he participates in 
a free clinic once a month so that cardiology patients who cannot come to 
his clinic at Stanford can see him in an alternate setting, and “I would be as 
willing to entertain the idea of whole genome sequencing in that setting as I 
would in the clinic at Stanford.”

West pointed out that when he approached Ashley’s group, he and his 
family had already had their genomes sequenced. He also stated that the 
largest costs in the future will not be the generation of a sequence but the 
interpretation of that sequence and communicating that information to 
patients. If those costs stay high, the health care system will ration the use 
of the technology in some way. To provide more equitable access, research-
ers will need to reduce these costs, whether through Web-based tools or 
other means.

West was asked whether he was concerned that some of the actions he 
took in response to his genetic results were not based on solid evidence. 
West responded that he and his family sought to find the best evidence they 
could. They relied on advice from physicians who specialize in these areas 
and are highly qualified. “I expect the physician to have the judgment to 
know what the recommendations are. And those may be based on their 
personal experience in some cases,” he said. Billings agreed, pointing out 
that this professional expertise is always going to be a necessary part of the 
system and will need to be taken into account in projecting costs.

Evans observed that West’s Factor V genetic variant is a risk factor for 
deep vein thrombosis, but it is a modest risk factor. For example, discourag-
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ing women from taking birth control pills who are heterozygous for Factor 
V Leiden would create many more medical complications from unwanted 
pregnancies than it would prevent clotting problems. “We have to think 
very hard before we say that we are going to tell millions of people that 
they are at a high risk for clotting, when the reality is that it is a very mod-
est risk factor,” he said. In addition, as Calonge pointed out, false positives 
will be generated by these genetic tests in a pre-event prevention setting, 
and harms could be associated with those mistaken test results. He also 
noted that, for most individuals, just knowing you are at increased risk for 
a disease is insufficient to change behavior and suggested that West’s family 
may not be representative of the average population in adopting changes.

Another topic of discussion was the focus to date of genomic data on 
some populations and not others. A number of panelists agreed that much 
more genomic data on different racial and ethnic groups are needed and 
that caution should be used when interpreting information for different 
groups. Ashley pointed out that databases of single nucleotide polymor-
phisms are being developed that are much more heterogeneous in terms of 
populations studied.
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6

Cancer Care

Important Points Made by the Individual Speakers

•	 Molecular characterization of drugs has far preceded the 
molecular characterization of cancer.

•	 As cancer drugs target smaller subsets of people, new drug 
development paradigms are needed that require smaller trials 
and demonstrate substantial effects.

•	 Regulatory science needs to advance to be able to approve 
effective drugs with limited amounts of information.

•	 Despite the value that genetic testing can produce, a relatively 
small number of patients with cancer receive such tests.

In the third scenario discussed at the workshop, the patient has devel-
oped cancer 5 years following her deep vein thrombosis:

The individual is seen at age 50 with cough, dyspnea, and chest discom-
fort. Evaluation reveals a lung mass; bronchoscopy and biopsy reveal a 
non-small-cell lung cancer. Her tumor is found to have variations that al-
low the use of targeted therapy, and with treatment the patient goes into 
remission.
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A CLINICIAN’S PERSPECTIVE

The clinician who discussed the case, Kenneth Offit, chief of clinical 
genetics service in the Department of Human Genetics, Memorial Sloan-
Kettering Cancer Center, changed the case slightly to make it more realis-
tic. He posited that the woman had advanced non-small-cell lung cancer, 
because if it were a local lung cancer she would simply be referred for 
surgery. He added that the patient experienced a relapse after going into 
remission and that the case was followed by further testing and treatment.

Standard chemotherapy for advanced non-small-cell lung cancer, as 
that treatment existed about a decade ago, produced only a median survival 
increase of between 7 and 8 months, Offit observed (Kelly et al., 2001; 
Schiller et al., 2002). Even when tyrosine kinase inhibitors began to be 
used in 2003, prior to FDA approval of epidermal growth factor receptor 
(EGFR) mutation testing, they produced only modest survival advantages 
(Kris et al., 2003). Once testing for EGFR gene mutations began in 2004, 
response rates reached the remarkable rate of 75 to 82 percent, said Offit, 
with progression-free survivals of 8 months to a year or more (Pao et al., 
2004).

Nevertheless, most cases are not success stories. And resistance to tyro-
sine kinase inhibitors commonly develops (Balak et al., 2006; Bean et al., 
2008), which requires treatment with another targeted drug. Randomized 
controlled trials for EGFR testing have been carried out and point to a 
progression-free survival on the order of 3 to 4 months (Mok et al., 2009). 
“It is a striking advance, but we want to keep all of this in perspective,” 
Offit said.

Current practice at Sloan-Kettering is to test lung cancers with targeted 
testing. Driver mutations for between half and two-thirds of lung cancers 
have been identified and can be tested, and these mutations point to tar-
geted therapies that have already been approved by the FDA or are in the 
pipeline for approval. Still, Offit noted, access to testing can be a problem, 
depending on geographical residence.

Offit briefly described several studies that have found costs per QALY of 
around $100,000 for targeted cancer interventions (Atherly and Camidge, 
2012; Bradbury et al., 2010). These costs per QALY are higher than for 
BRCA1 testing (Plevritis et al., 2006) and testing for Lynch syndrome 
(Ladabaum et al., 2011).

In discussing the second model of genomic information delivery in 
which targeted data plus other actionable information is provided, Offit 
described the Integrated Mutation Profiling of Actionable Cancer Targets 
screening model, which captures information on 230 cancer genes, though 
Sloan-Kettering is currently running this as a research arm only. Two major 
issues with this type of screening are variants of unknown significance and 
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the required consents. These variants can impact pharmacogenomics as well 
as noncancer disease risk in future generations.

Offit noted that they spend 2.5 hours to do the counseling for next 
generation sequencing panels and wondered what could realistically be 
done when potentially receiving information from 20,000 genes. And he 
noted that companies who provide these services use consent forms that 
are impractical for patients. “Your patient is supposed to say, ‘I am in the 
mood today to look at my mitochondrial genes, but let’s leave out the PI3 
kinase pathway, okay?’ And they will write that down on the commercial 
consent form. Rather unrealistic.”

As an alternative, he pointed to a consent form developed at the Uni-
versity of Michigan that asks whether patients want to receive results “that 
do not have a direct impact on [the] care of my current cancer.” Patients 
can choose to receive results “that may have significance for biological fam-
ily members” or results “that are not related to your cancer but may have 
potential medical impact for you.”

Finally, Offit briefly mentioned the delivery of complete information 
from whole genome sequencing, including the incidentalome. In cancer 
therapy, whole genome analysis may reveal germline changes that impact 
therapeutic activity and that have implications for familial risk as well. Full 
disclosure of this information without medical practice standards, he said, 
will likely lead to clinical and economic inefficiencies—if not to chaos. “We 
have a lot of cheap tests in medicine. But just because it is cheap doesn’t 
mean that you take it outside of the medical model,” he concluded.

A FUTURIST’S PERSPECTIVE

The best way to predict the future is to understand the past and where 
we are now, said Stephen Eck, vice president and global head of medical 
oncology for Astellas Pharma Global Development. In the past, the phar-
maceutical industry was not very interested in oncology. Drug discovery 
was highly empiric, drawing extensively from natural products and alkyl-
ating agents. Companies could sell only a few doses to any one person 
because of cumulative toxicity and low incidence. “There were better things 
to do with your capital if you were a drug developer,” Eck said.

This situation began to change as companies recognized that a drug 
used for a few adults in one cancer market could also be used in other 
cancer markets, said Eck. Drugs became more tolerable and could be used 
longer, which increased sales. Premium pricing made small single indica-
tions attractive. Scientific advances made rational drug discovery faster and 
cheaper. For all these reasons, treatments for small subsets of cancer became 
more economically attractive.

Today, a variety of drugs are used to treat non-small-cell lung cancer. 
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Most of these drugs are used without any genetic testing, and the market is 
highly segmented, with people making decisions using data of varying qual-
ity. The best situation would be for the market to segment along scientific 
lines so that patients received what they needed, not along the lines of what 
people thought on average would be a good idea, Eck said.

Molecular characterization of drugs has far preceded the molecular 
characterization of cancer, Eck observed. Today, drugs are highly purified 
and have well-known structures tied to their pharmacology. “We can under-
stand the drug itself at an exquisitely detailed level,” said Eck. Diseases such 
as lung cancer are much less well understood, but molecular diagnostics 
are starting to reveal their secrets. In the future, said Eck, “somebody will 
be diagnosed with lung cancer. They will get a biopsy. It will be molecu-
larly characterized. And the therapy will be chosen based on the unique 
attributes of that patient’s tumor.” These therapies are not curative, and as 
tumors mutate and metastasize, new therapies will be needed. But cancers 
can be periodically reassessed, leading to selection of the next targeted 
therapy.

For this vision to become economically feasible, several things are 
needed, said Eck. Faster and cheaper technologies for molecular character-
ization need to be developed. New drug development paradigms are needed 
that require smaller trials and demonstrate substantial effects. Smaller trials 
will require improvements in pharmacovigilance, because clinical and bio-
logical information will need to be collected once a drug is put out into the 
marketplace to substantiate trial results. Regulatory science needs advances 
to be able to approve effective drugs with limited amounts of information. 
In return, Eck said, drugs need to be used effectively in oncology, especially 
with so many being used off label for nonapproved indications with little to 
no evidence to support that use. To pay for schools, food, and other basic 
services, we must end the steady increases in the cost of health care, said 
Eck, and drug development could help control costs if it could bring drugs 
to market for less money.

A PATIENT’S PERSPECTIVE

In 2004, at the age of 44, Richard Heimler was returning home from a 
business trip when he began experiencing chest discomfort and shortness of 
breath. A chest X-ray taken in the emergency room revealed a 3-millimeter 
spot on his right lung.

A positron emission tomography scan and biopsy confirmed that he 
had a malignant non-small-cell lung cancer, even though he was not a 
smoker and had no family history of lung cancer. “At that point, after get-
ting that diagnosis, I was numb and naïve,” Heimler said. “I was glad at 
the time I didn’t know that 60 percent of lung cancer patients die in the first 
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year and that 90 percent die in the first 5 years. I also did not know that 
200,000 people are diagnosed with lung cancer every year, and 180,000 
people die from lung cancer every year” (ACS, 2012).

Heimler was fortunate that his mother was a genetic counselor. Serving 
as his advocate, she found him the best doctors, hospitals, and treatments 
in New York. “I recommend that everyone has an advocate, or someone to 
do the research, absorb the information, or at times fight for you. Newly 
diagnosed patients and their caregivers should know their patient advocacy 
organizations. They are a great resource and support,” Heimler said.

He initially had a pneumonectomy—the removal of his right lung—
followed by chemotherapy. He then had a recurrence of the cancer, this time 
a brain tumor, which was removed surgically. A later brain tumor was killed 
by gamma knife radiation. He then had a tumor below his rib cage, which 
was removed surgically, followed by chemotherapy. “I know this sounds 
like a horror story, but I am still standing,” he said. Then, 3 years ago, spots 
appeared on his left lung. “That was our worst fear, because that’s the only 
lung I have. So at that point, if it’s a baseball game, I was in the bottom of 
the seventh inning, top of the eighth.”

At that point, Heimler’s oncologist tested his tissue to identify any 
tumor variations associated with his cancer. He tested positive for the ALK 
gene, which is only present in 3 to 5 percent of patients with lung cancer 
(Kris et al., 2003; Riess and Wakelee, 2012), and his oncologist told him 
about a new clinical trial with Pfizer for patients with this tumor variation. 
Drug companies and diagnostic testing companies need “to educate our 
doctors about all the new targeted treatments,” Heimler said. “Doctors 
must recommend to all their cancer patients to have diagnostic testing for 
all available targeted treatments. It is also important to implore our doctors 
to archive enough of our tissue to get an accurate sample for diagnosis.”

Because the tumors on his lung were small, the risks were minimal for 
Heimler to enter the stage 2 clinical trial for 6 months. He began taking 
the drug crizotinib (Xalkori)—three 250-milligram pills in the morning 
and another three pills in the evening—and has experienced minimal side 
effects.

A few months after beginning the trial, his tumors began to shrink and 
then cavitate, and no new activity occurred. The week of the workshop was 
his 2-year anniversary on crizotinib. He reported, “My doctors cannot see 
any tumors, and I feel great and have a good quality of life. So I am very, 
very thankful.”

Heimler has found the clinical trial to be economically advantageous. 
His treatments are free for the rest of his life as long as he stays in the trial, 
as are his computed tomography scans, the magnetic resonance imaging 
scans of his brain, and other tests. If he leaves the trial, however, his drug 
costs $6,000 every 3 weeks, of which Medicare covers only about $4,000. 
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He does not qualify for any financial assistance for his medication, but his 
parents are helping to ensure that economics is not a factor in his care. He 
has two private disability plans, plus Social Security disability. “I will never 
be rich, and I will never be able to save any money, but I have sufficient 
income to live comfortably and raise my two children.”

Lung cancer may not be curable, but it is treatable and livable, Heimler 
said. “Lung cancer is a relentless, unforgiving, and nondiscriminating dis-
ease. But thanks to advances in personalized medicine and diagnostics, it 
does not have to be a death sentence.” On the basis of his experiences, he 
has become an advocate devoted to raising awareness for lung cancer. Lung 
cancer is the number one cause of cancer deaths in the world. It kills more 
people than any disease but heart disease, and it kills more people than 
breast, colon, kidney, skin, and prostate cancer combined (ACS, 2012). 
People with lung cancer are often subject to a “blame the victim” mentality, 
because other people think they brought the disease on themselves by smok-
ing. This perception has an effect on research dollars, Heimler observed. 
According to the Lung Cancer Alliance, federal research funding per cancer 
death is $26,398 for breast cancers, $13,419 for prostate cancer, $6,849 for 
colon cancer, and just $1,442 for lung cancer.1

“I hope that in the years ahead we can change the perception of lung 
cancer in the general public, the medical profession, the government, and 
the media in order to generate a fair and proportionate share of research 
funding for this deadly disease. We need to raise lung cancer to a national 
public health priority,” said Heimler.

“I am one face of lung cancer,” he continued, “who is benefiting from 
diagnostic companies and drug companies working together to identify and 
produce targeted therapies to make a difference for lung cancer. And even 
though my targeted therapy might only be effective for 3 to 5 percent of 
lung cancer patients, there are still 11,000 people each year who can benefit 
from this drug alone. It is time to take advantage of advances in personal-
ized medicine by getting the right medicines to the right people. This new 
world of science is giving me hope that maybe my children and I will have 
more time to create new memories in the years ahead.”

ECONOMIC PERSPECTIVES

The panel of economists began by discussing an observation made by 
Heimler and several other workshop participants—that genetic testing still 
occurs for a relatively small number of cancer patients. As Ramsey observed, 

1  According to estimates by the NIH, fiscal year 2011 funding for lung cancer was $221 mil-
lion, breast cancer was $715 million, colorectal cancer was $313 million, and prostate cancer 
was $284 million (http://report.nih.gov/categorical_spending.aspx [accessed March 19, 2013]).
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genomic testing can provide enhanced value if patients are directed to drugs 
where they have a better response rate and fewer side effects. But the deliv-
ery and reimbursement systems are structured in a way that acts to restrict 
rather than enhance testing, which may be a hindrance to rapidly evolving 
personalized medicine.

Billings pointed out that costs are involved with moving samples among 
sites and conducting different tests even as a disease continues to progress. 
One clear benefit of a rapid and comprehensive mutational test is that it 
would produce comprehensive knowledge quickly.

Veenstra commented that somatic genomic testing is quite different 
from the other scenarios examined at the workshop. In the case of cancer, 
the testing clearly has the potential to provide benefits to patients by avoid-
ing the costs and adverse effects of ineffective treatments. Also, at least for 
some forms of testing, the cost of the test is much less than the cost of the 
therapy. “From a value perspective, why wouldn’t you do [genetic testing]? 
What is hard to get my head around is that only a minority of patients are 
being offered this testing.”

Heimler added that the first thing he asks people who have been diag-
nosed with lung cancer is whether they have been tested for the ALK gene. 
Mostly they say no because they are smokers and their doctors have told 
them that they probably do not have the gene. “But I think it is absurd for 
a doctor not to test every single patient, especially with a disease like lung 
cancer where this might be our only hope of extending our lives.” Veenstra 
noted that clinicians are not used to treating patients in which just a small 
percentage of people respond to a specific medication. “It is a different 
paradigm,” he said.

Eck responded that medicine is an inherently conservative enterprise 
that is slow to change. For example, the data in favor of lumpectomy versus 
radical mastectomy far outpaced its uptake in the community, but eventu-
ally it was adopted. One participant added that this type of slow adoption 
is observed with every type of new technology, not just genomics.

DISCUSSION

A participant observed that the increasingly complex landscape of 
cancer genomes poses an immense informatics challenge to be able to 
aggregate, analyze, interpret, store, and share these data. Many cancer 
centers have strong data systems, but they tend to be siloed, sometimes 
even within centers. Data from these systems need to be exchanged across 
institutions, across cities, and across the globe. In addition, the challenges 
in sharing data are cultural, financial, and technical, and all three of these 
areas must be addressed.

Timothy Ley, the Lewis T. and Rosalind B. Apple Chair in Oncol-
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ogy at Washington University, suggested that the research community is 
committed to sharing data on cancer genomes and somatic mutations. He 
mentioned that The Cancer Genome Atlas is helping to share data widely. 
Another participant pointed out that molecular diagnostics companies and 
the FDA both have significant roles to play as well. Evidence on the use of 
genomic tests is hard to generate without data being shared, and govern-
ment agencies can help facilitate this sharing, the individual said.

Eck pointed to some of the difficulties in sharing data, including intel-
lectual property provisions, restrictions in informed consent forms, and 
societal norms. Nonetheless, industry is becoming more transparent as it 
recognizes the advantages of increased access to information. And some 
companies have begun putting information immediately into the public 
domain because patenting can be costly and difficult, and releasing infor-
mation prevents other companies from patenting it. “It is hard to protect 
data. It is expensive. It is sometimes just easier to give it away,” Eck said.

One participant proposed an economic study that would compare 
targeted treatment based on EGFR testing with standard approaches to 
therapy as a way of demonstrating the value of testing. He also observed 
that cancer is undergoing a paradigm shift away from a histological defini-
tion of cancer toward a molecular characterization, which makes it difficult 
to compare new approaches with the current standard of care.

Offit also observed that society cannot afford to pay for very expensive 
cancer drugs that produce, on average, only a few extra months of life. 
Even for people whose expenses are covered because they are in clinical 
trials, those costs have to be covered somehow. Grosse agreed, noting that 
the common threshold of paying $100,000 per QALY is not affordable in 
the long run. “It works for rare diseases or for short-term treatment, but 
it can’t go to scale.”

Ramsey said that targeted therapy is probably not going to lower the 
cost of cancer care. Producing better results does not mean low drug costs. 
In fact, the drugs that elicit better responses tend to be more expensive. For 
drugs such as bevacizumab and crizotinib, with the current price structure 
and gains in survival, “it is not particularly good value.”

In response to a question about why new drugs tend to be priced 
at about $100,000 per life year saved, Ramsey said that drug pricing 
is extraordinarily complex, “and I don’t think there is always science 
involved.” A drug may be developed for one cancer and produce a given 
survival gain, but when it is used for another cancer and produces a much 
smaller survival gain, the price is the same, even though the value of the 
drug differs from cancer to cancer.

Katrina Armstrong, professor of medicine at the University of Pennsyl-
vania School of Medicine, noted that the way billing and reimbursement are 
done in hospitals can discourage testing. These financial systems should be 
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set up so that tests are done at the time of maximum value. A participant 
noted that CMS may accept a proposal to move toward a billing system 
that relies on a test-specific code, which could ease this problem. The 
interpretation of a test result would be part of the physician’s fee schedule, 
however, which may further influence incentives.
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Panelists’ and Stakeholders’ Perspectives

Important Points Made by the Individual Speakers

•	 Genomics cannot afford a bubble of unwarranted enthusiasm.
•	 Health economics research needs to consider both the decisions 

of individuals and the behaviors of populations.
•	 A major hurdle to genomic-based medicine is the lack of a 

national, dynamically updated, interpretative database of evi-
dence for the clinical utility of genetic variants.

•	 Patients need time with their physicians to discuss options, but 
incentives are currently not aligned well to encourage this time.

•	 If genomic technologies add to the cost of health care without 
commensurate benefits, they will not be widely adopted.

•	 Data on the comparative effectiveness of genomic testing will 
take at least a decade to accumulate, which will delay the 
implementation of testing.

On the second day of the workshop, speakers reflected on the previous 
day’s discussions. Although none of the presenters purported to speak for 
an entire sector of stakeholders, they made points that relate to many of 
the economic issues underlying the development and use of genomic tests.

59
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A CLINICIAN’S PERSPECTIVE

James Evans, who provided the introductory presentation summarized 
in Chapter 2, emphasized that genomics cannot afford a bubble of unwar-
ranted enthusiasm. When people engage in wishful thinking without seek-
ing out evidence, they can overvalue any commodity, from real estate to 
tulips to genomic tests. Genomic-based medicine has great potential and is 
likely to produce great advances in reducing patient suffering and improv-
ing care, but evidence is needed to prove these points rather than assuming 
that these advances will occur.

He also emphasized the importance of focusing on big problems where 
the maximum returns in terms of outcomes and cost will occur. Accumulat-
ing evidence will point to where the greatest outcomes are likely to occur, 
and this evidence should be heeded.

Free medical tests do not exist, said Evans, and the inappropriate use 
of a test adds to the burden of health care costs. Everyone has an interest 
in seeing that tests are used wisely and appropriately, because everyone 
pays for those tests through insurance. Evans argued against the concept 
that personal utility should be a factor in deciding whether a genetic test 
should be used because “it can mean anything to anyone. Before I help 
pay for your personal utility quest, I want to see some evidence that it 
improves outcomes.” Coverage decisions should be driven by commonly 
shared values, said Evans, rather than outliers. Determining and acting on 
these values is critical in many areas of genomic testing, whether informed 
consent, privacy, or cost. These decisions also need to maximize equity, 
though absolute equity is impossible. Existing medical tests are not used 
in what Evans called “shotgun or nontailored” ways, and genomic tests 
should not be treated differently.

Patients do not always choose to access all the information that is avail-
able to them. Many men and women who are informed about the benefits 
of particular screenings will still decide not to have the test. More informa-
tion is not always better or desirable, said Evans, and extra information 
that is not of obvious value can be counterproductive.

All these points argue for the use of targeted genomic testing, Evans 
said, where particular information is gathered when it makes sense to do 
so. Targeted testing will also focus educational efforts so that people and 
providers can be educated in categorical ways rather than test by test.

Finally, Evans noted the tremendous obstacle of the cost of targeted 
drugs for small populations. Even if genomic testing can reveal the charac-
teristics of a tumor, the cost of a drug may make treatment for that genetic 
lesion prohibitive.
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A RESEARCHER’S PERSPECTIVE

Armstrong focused her comments on how resources are allocated 
within the health care system. For example, novel tests and treatments 
would have their biggest impact on common diseases, but they could also 
have a substantial effect on rare diseases if many different diseases could be 
treated. Decisions need to be made about how to allocate resources under 
such circumstances, and genomics itself can inform these decisions.

Much of the discussion at the workshop focused on decisions at the 
individual level, Armstrong observed. But that level represents only one end 
of a spectrum. Decisions range from the micro level of individual patients 
to the macro level of the health care system or payer. Health economics 
research should look across this spectrum and consider how a new technol-
ogy can improve decision making and outcomes within large populations 
as well as in individual health decisions.

Armstrong also discussed several challenges at the intersection of 
genomic testing and economics. First, health economics research faces a 
workforce challenge in that many researchers have been working in the field 
for a long time. The next generation of researchers needs to be engaged to 
work on the major issues confronting the field.

Also, the field continues to struggle with data in that many data are 
lost or not available when needed. A system is needed to gather, store, and 
disseminate the data that will be needed to resolve major questions.

Finally, health economics research needs to be focused on helping to 
answer constructively whether a technology should be used, and resources 
need to be allocated for doing so, said Armstrong. For example, the recent 
focus on patient-centered outcomes provides an important forum for tak-
ing economic studies forward. The true impact of genomics may lie in 
preventing the use of unnecessary tests rather than in linking any particular 
single nucleotide polymorphism to a disease or in determining how a whole 
genome sequence is used, said Armstrong.

A CHIEF SCIENTIFIC OFFICER’S PERSPECTIVE

Whole genome or exome sequencing is initially entering clinical prac-
tice informally via academic medical centers and biotechnology laborato-
ries operating under guidelines from the Clinical Laboratory Improvement 
Amendments (CLIA), observed Thomas White, retired chief scientific officer 
at Celera Corporation and regent’s lecturer at the University of California, 
Berkeley. Most of these tests are not being reimbursed by insurance compa-
nies, but when they are, compensation is made because the tests are “under 
the radar” and not consuming enough resources to warrant a thorough 
review for reimbursement.
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Some researchers have argued that all genomic tests should be approved 
by the FDA, but that scenario is extremely unlikely, White said. For exam-
ple, the path to FDA approval for a whole genome sequencing instrument 
and reagent system is currently unclear. Such a system would have complex 
intended uses, accuracy problems, no gold standard for comparison, rapid 
technical obsolescence, and a potential requirement for lengthy and costly 
prospective treatment-by-genotype clinical outcome studies. In addition, it 
is difficult for manufacturers that have to produce a system with validated 
reagents and software to compete with laboratories that develop tests under 
CLIA that use research-use-only instruments and that can update software 
and reagents as needed. “There is an uneven playing field that will prevent 
any of these tests from reaching FDA-approved instrument systems for 
decades,” said White.

A major hurdle to genomic-based medicine is the lack of a national, 
dynamically updated, interpretative database of evidence for the clinical 
utility of genetic variants, White said. Not every CLIA lab will be able 
to maintain and update a database of all its clinically useful variants and 
convey those updates to patients and physicians. Without evidence of clini-
cal utility and cost-effectiveness, private and public payers may default to 
nonreimbursement. The government could have an extremely useful role in 
standardizing this information, said White, who suggested that the 100K 
Foodborne Pathogen Genome Project1 may be a model to emulate.

The basis for reimbursement of whole genome sequencing remains 
uncertain, he observed. Except perhaps for cancer indications, single clini-
cal indications may not be cost-effective, said White. Furthermore, because 
of issues with accuracy, targeted confirmatory testing of some actionable 
variants identified by whole genome sequencing may be necessary and will 
increase overall costs. Given these uncertainties, White asked, how can the 
cost-effectiveness of whole genome sequencing be assessed for application 
over a lifetime?

Professional organizations need to develop guidelines for reporting 
genetic variants to patients and providers, according to White. Also, pro-
viders and patients are going to want evidence that a test will make a dif-
ference in treatment.

Stakeholders may need to accept different evidentiary standards for the 
clinical utility of tests for different medical conditions, White said. Also, 
the government will need to continue to support prospective randomized 
clinical outcome studies, with studies prioritized by disease area. Studies 
supported by the Patient-Centered Outcomes Research Institute could con-
tribute to this goal.

Cost-effectiveness studies are not terribly expensive, said White, and 

1  See http://100kgenome.vetmed.ucdavis.edu/index.cfm (accessed March 19, 2013).
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information from previous randomized clinical outcome studies can be 
used to assess cost-effectiveness. For example, data from the Framingham 
heart study have been used to look at genetic markers that increase the risk 
of heart disease and the costs of preventing heart disease in various ways 
(Shiffman et al., 2012).

A PATIENT’S PERSPECTIVE

Patients tend to differ from patient advocates, said Mary Lou Smith, 
cofounder of the Research Advocacy Network. Patients are more focused 
on themselves, their treatment, their families, and their future, whereas 
advocates look at a broader picture with the needs of a composite patient 
in mind. Smith is a two-time breast cancer survivor and spoke as a patient, 
not as an advocate.

Patients want to know what the best treatments are for them. They 
want to know whether they will benefit from a treatment, suffer the effects 
of toxicity, or both. If a genomic test will provide that information, the 
question becomes whether a physician will order the test, whether the phy-
sician will understand the test results, and whether the physician will use 
the test correctly, said Smith.

Patients need time with their physicians to discuss options, but phy-
sicians do not have incentives to make this time. They are pressured by 
their administrators to be productive, and chemotherapy is profitable for 
hospitals, which can distort incentives throughout the system, said Smith.

Research is needed on how information from genomic tests is used by 
patients, said Smith. For example, studies conducted by the Research Advo-
cacy Network indicate that benefit matters more than toxicity to patients 
when making treatment decisions. The greater the benefit, the more likely 
a patient is to choose treatment. The higher the toxicity, the less likely a 
patient will choose a treatment, although the nature, duration, and sever-
ity of the side effects are also factors. “It’s not a simple process,” she said.

One important application of genomic testing will be to identify patients 
who will not benefit from particular treatments. Such testing, Smith said, 
could produce both tremendous cost savings and great improvements in 
quality of life.

Smith also commented on informed consent. “I don’t think anyone in 
this room actually believes those 27-page documents inform patients,” she 
said. Even easy-to-read consent forms do not necessarily increase retention 
or understanding. “We need to start from square one and say, What does a 
patient really need to make an informed decision? And what is an informed 
decision?” Smith noted that she is a lawyer but still did not read the con-
sent form given to her when she entered into a clinical trial. “I knew the 
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people, I trusted the people, I knew the research they were doing, I wanted 
it to go forward.”

She expressed concern about the delayed effects of treatment. If a 
woman develops a heart condition 10 years after receiving radiation treat-
ments for cancer, there is no way to explore the connection between these 
two events because no system exists to make those linkages. And without 
knowing about such linkages, patients cannot be fully informed of the risks.

Smith emphasized the importance of engaging patients as partners if 
researchers want samples of tissue and data over time. This would provide 
a much fuller picture of the benefits and side effects of treatment.

Finally, evidence-based medicine requires new trial designs and end 
points for Phase I, Phase II, and Phase III trials, said Smith. “Right now, 
we don’t have them.”

A PUBLIC HEALTH OFFICER’S PERSPECTIVE

Public health thinks about the individual within the context of a com-
munity, a nation, and the global population, observed Calonge. Public 
health is more than publicly funded health, though that is part of it. Viewed 
broadly, public health provides the following essential services:

•	 Monitoring health status to identify and solve community health 
problems.

•	 Diagnosing and investigating health problems and health hazards 
in the community.

•	 Informing, educating, and empowering people about health issues.
•	 Mobilizing community partnerships and action to identify and 

solve health problems.
•	 Developing policies and plans that support individual and com-

munity health efforts.
•	 Enforcing laws and regulations that protect health and ensure 

safety.
•	 Linking people to needed personal health services and assuring the 

provision of health care when otherwise unavailable.
•	 Assuring a competent public and personal health care workforce.
•	 Evaluating effectiveness, accessibility, and quality of personal and 

population-based health services.
•	 Conducting research for new insights and innovative solutions to 

health problems.

Calonge focused on more of a macroeconomic evaluation of genomics 
and public health. He noted that in Colorado, premiums for state Medicaid 
medical services will exceed school finance’s share of the general fund in 
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about the year 2017. By 2019, Medicaid and K–12 education will consume 
the entire general fund, leaving no money for any other state services. “We 
have to get control of costs,” he said.

If genomic medicine only adds cost, it will worsen rather than lessen 
this problem. Furthermore, genomic testing may not be covered by many 
of the insurance plans offered, said Calonge, even under health care reform.

Calonge also pointed out, as did James Evans (Chapter 2), that well 
more than half of all deaths result from causes that do not require genetic 
testing. Many are simply from old age. In Colorado, for example, of 
30,000 deaths annually, 6,500 are from cardiovascular disease; 1,500 are 
from stroke; and 6,500 are from cancer, including 1,500 from lung can-
cer, 500 from colon cancer, 500 from breast cancer, and 40 from cervical 
cancer. Calonge estimated that more than half of these deaths could be 
prevented through efforts to control tobacco use, obesity, high cholesterol, 
and hypertension and by screening for colon, breast, and cervical cancer. 
Genomic testing could produce incremental improvements in health, but 
these improvements are much less beneficial than those available by apply-
ing what is already known.

Calonge concluded by pointing out that most genetics research is 
focused on discovery and the process of converting discovery to applica-
tions. Very little is devoted to the development of guidelines, the conversion 
of guidelines into practice, or converting practice into health impact in 
communities. Genomic medicine will fail if it rarely gets beyond discovery 
and applications to public health impact, Calonge said.

A HOSPITAL ADMINISTRATOR’S PERSPECTIVE

Hospital administrators need to make decisions on many legitimate 
requests, said Herbert Pardes, professor of psychiatry and former chief 
executive officer of New York Presbyterian Hospital. Cost is a critical factor 
in making these decisions, but it is not the only one. For example, teaching 
hospitals provide a large amount of care without reimbursement, whether 
through caring for indigent patients or by paying for promising innovations 
so that they can be developed to the point of reimbursement.

Hospitals have been deciding how much to invest in new genomic 
technologies for many years, but the situation is now beginning to change 
dramatically, according to Pardes. As the cost of sequencing drops and 
as electronic medical records are integrated into care, many advances are 
possible. Nevertheless, major questions remain. Who will pay for these 
advances? How much will they pay for them? How much of an impact 
will genomics have on improving clinical care? How much information 
will patients want? Will concerns about privacy be adequately addressed? 
Pardes also pointed to a practical problem: hospitals have been reluctant to 
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perform genetic testing for inpatients because of the current reimbursement 
structure. Still, patients and providers want the information that testing 
can provide.

Data on the comparative effectiveness of genomic testing will take at 
least a decade to accumulate, Pardes observed, which will delay advances 
in patient care with this technology. Furthermore, few sources of funds 
are available to pay for this research, whether from the public or private 
sectors.

Genomic testing in oncology is an area in which hospitals are deeply 
involved, and it is rapidly becoming commonplace. Hospitals know that 
if they do not offer state-of-the-art care, patients and physicians will go 
elsewhere. Furthermore, building a successful medical genomics program 
requires gaining experience and developing expertise. Hospitals need to be 
able to generate, interpret, store, and reinterpret genomic data over time 
and communicate this information to providers and patients, said Pardes. 
Genomic information also needs to be integrated into the electronic medical 
record with appropriate on-demand education and decision support.

Faced with this welter of new information, hospitals have adapted by 
launching pilot programs. For example, Columbia Presbyterian and Weill 
Cornell have focused on colorectal cancer, which represents about three-
quarters of the gastrointestinal malignancies seen at the hospitals, Pardes 
said. They are using sequencing technology and bioinformatics to analyze 
about 50 genes identified as having the greatest potential impact on clinical 
care. The hospitals are investing about a half-million dollars in the first year 
in people and equipment to do the sequencing and interpretation in-house. 
In this way, they will improve inpatient care and learn how best to set up a 
genomic testing infrastructure and do so in a way that is financially feasible.

Another initiative involves 11 institutions in New York that have come 
together to create a new genome center. A strong and extensive genomic 
capacity will be available to all of the scientists within that initiative to 
understand diseases and improve health, said Pardes. At the same time, 
the center is designed to contribute to the overall economy of the region.

“Momentum is building with regard to the value of precision medi-
cine,” Pardes said. “Ultimately, our intent is to navigate this system by 
integrating the twin goals of improving health care and reducing cost. 
Some may think that’s impossible; I do not agree with that. I think we can 
do both.”

To realize this potential, Pardes encouraged the academic community 
to communicate much more extensively with policy makers and politi-
cians. The academic community needs to support research while they also 
emphasize the need to cut costs without hindering improvements in quality 
and innovation.

Pardes also encouraged the medical community to involve patients in 
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decisions. Patient involvement can lead to more conservative approaches 
to procedures. It also helps avoid imposing decisions on patients by outside 
groups. “When you bring patients into the discussion, good things hap-
pen,” he said.

ECONOMIC PERSPECTIVES

Health care decisions are not generally based only on cost-effectiveness 
ratios, Veenstra remarked. A physician offering a test to a patient is trying 
to produce the greatest benefit for the patient. The health care system offers 
genetic counseling because of the value it provides for patients. These con-
siderations apply as well in trying to reduce costs in health care. “Health 
economics isn’t about choosing the cheapest thing,” said Veenstra. “It’s 
about cutting the things that have the lowest value.”

Patient-centered research is focused on what patients need and want to 
know. They need to know the potential harms and benefits of a test, said 
Veenstra. They need to understand that a test may produce false positives 
and false negatives. And they need to have a role in making decisions.

Genomics is probably the most complex area in health care in which 
to determine value, said Veenstra. The economics of genetic testing is a 
“morass” and will probably remain so for at least the next two decades.

Grosse observed that cost-effectiveness is one factor in making decisions 
but not the only one. For example, provider and patient preferences and 
reimbursement systems also can drive practice. People receive some medical 
tests more often than cost-effectiveness considerations would dictate, but 
they receive those tests because patient and provider preferences override 
other considerations. Even where a test has very little demonstrated clinical 
utility, a provider may prescribe it, and a patient may agree.

Ramsey pointed out that cost-effectiveness is not a perfect tool for 
informing decision making, but it is a better tool than the system currently 
has to determine resource allocation. Most other developed countries have 
integrated cost-effectiveness analysis into their decision-making processes, 
and the United States is likely to move in that direction under the Afford-
able Care Act. For example, accountable care organizations are going to 
be making decisions about the value of interventions, and they will be pro-
moting high-value interventions and discouraging low-value interventions. 
As the U.S. health care system seeks to reduce costs while maintaining or 
improving the quality of care, cost-effectiveness is a tool that can help do 
that, said Ramsey.

Integrating value into decision making will require getting more stake-
holders involved. Stakeholder input is needed to determine what questions 
to ask and what end points to evaluate, and such input is needed not only 
at the beginning of a study but throughout the process. “That’s the way to 
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move cost-effectiveness from its current state to a state where there’s some 
more acceptance,” Ramsey said.

Patients need to demand value, as patient advocacy groups are increas-
ingly doing. These advocacy groups “see families become bankrupt or 
[living] in severe financial straits being talked into very expensive therapies 
that actually offer very modest benefit,” said Ramsey. Provider groups are 
starting to understand the costs of their recommendations, though guideline 
developers have not yet accepted this reality as much as they should. As an 
example, Ramsey cited treatments for gastrointestinal cancers that provide 
very similar outcomes yet differ in cost by an order of magnitude.

One option would simply be not to cover, prescribe, or pay for new 
cancer therapies that offer few benefits, Ramsey observed. Other countries 
are doing this, but the fragmented delivery system in the United States 
makes it difficult for all the stakeholders to speak with one voice. Thus, 
multiple groups will have to understand the benefits of such an approach 
and advocate for it to bend the curve of rising health care costs.

In response to a question about whether government agencies should 
seek to place a value on a drug as it progresses through the approval and 
coverage processes, Ramsey said he did not think that the FDA would get 
into the business of approving value, “and I’m not even sure that’s the right 
role for them.” In addition, Congress has forbidden CMS from making 
decisions based on QALYs.

Finally, in his reflections on the previous day, Billings concentrated on 
the role of industry and its view on how value is developed and delivered. 
Industry does not think about value only for itself, observed Billings. It 
seeks to provide value to clinicians, payers, and patients when developing 
new tests and treatments. Nevertheless, clinicians actually represent a very 
diverse group. They cannot be thought of as a single entity, and no single 
set of guidelines will apply to every health care provider. Leaving value to 
be expressed solely in guidelines would be inadequate, he said. Payers are 
also very heterogeneous in the United States, with some willing to cover 
molecular diagnostic tests and others not. Industry seeks to deliver value 
to patients with effective treatments and provides benefit to patients in 
terms of access to drugs and treatments that might otherwise be unafford-
able in return for participating in research. The knowledge gained from 
this research can then provide further value to patients’ families and the 
community by being a source of information that industry can use to meet 
patient needs better.

Industry needs some certainty about what value means to these differ-
ent elements of the health care system, Billings said. Only in that way can it 
innovate and conduct research to meet that need. At the same time, industry 
needs the system to be flexible, because its methods are changing rapidly.
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A large reference lab may offer between 4,000 and 5,000 kinds of tests, 
and few of those tests will have gone through rigorous, evidence-based, 
randomized clinical trials, said Billings. In recent decades, more rigorous, 
evidence-based standards have been developed, particularly for therapeutic 
interventions. But requiring that randomized clinical trials be conducted for 
every test is a large burden to put on innovators in very rapidly changing 
fields, Billings observed, especially when a test targets small patient groups.

A new model is needed for gathering evidence, said Billings. He sug-
gested that electronic medical records systems provide a potentially valu-
able resource for gathering evidence about value. By combining data from 
electronic medical records, researchers can study even rare patient groups 
to determine which variations in a genome are likely to be important for a 
particular question.

Ramsey said that the burden of collecting evidence that decision makers 
want for new tests is too high and not feasible for companies. Instead, he 
suggested coverage with evidence development, which has been piloted at 
CMS and is now being considered at many health plans. It “would apply 
very well to this domain,” he said. Under coverage with evidence develop-
ment, insurance companies agree to cover the test with the provision that 
additional testing is conducted to collect evidence in a structured way. Final 
approval then depends on whether the evidence demonstrates that the test 
improves outcomes compared with the standard of care. This model can 
be risky for test development in that the test may be rejected, which is one 
reason why manufacturers have been hesitant to pursue this route, said 
Ramsey. Nevertheless, the time may be right today for manufacturers to 
place greater reliance on this sort of model.

Ramsey pointed out that coverage with evidence development requires 
the collection of evidence, but, he said, “I would argue that we have the 
data.” Insurance claims are available that contain information on costs and 
outcomes, and electronic medical records in the near future will cover most 
patients. “What we don’t have is a mechanism for stitching that informa-
tion together in real time or in the time that we need to get the data,” he 
said. Building such a mechanism is feasible, though doing so would require 
examining and resolving a number of issues, including privacy protections.

One participant, however, pointed to the difficulties of collecting evi-
dence under a coverage system in which patients of like circumstances 
expect similar treatments. “If you want the best evidence development, it 
needs to be done not through coverage per se but through some kind of an 
authoritative body making priorities about research,” the participant said.

Veenstra agreed with the need to set priorities for research and observed 
that because gold standard evidence cannot be produced for every test or 
variant, multiple stakeholders need to come together to identify where this 
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type of evidence is needed. In addition, innovative approaches are needed 
for gathering evidence, which will require the development of infrastructure 
and resources to collect that evidence.

He also observed that traditional 1- to 2-year analyses to determine 
cost-effectiveness are not adequate. More efficient approaches are needed 
that may be more qualitative than quantitative in nature.

In addition, evidence thresholds are needed to determine at what point 
patients, physicians, and payers are willing to act on the basis of the evi-
dence in hand, said Veenstra.

ADDITIONAL ISSUES

A participant pointed out that molecular diagnostic testing is being 
conducted largely in academic medical centers and not in community hos-
pitals, where most cancer patients get care, particularly minority patients. 
Enhancing the relationships between academic and community hospitals 
could allow greater access for patients to this type of testing.

Another participant noted that genomics did not create disparities and 
that it is not going to solve them. The focus should be on whether genomic 
technologies will exacerbate or ameliorate existing disparities. One issue is 
the lack of reference genome sequences for underrepresented populations.

Offit observed that genomics can be applied presymptomatically, diag-
nostically, prognostically, and therapeutically. All these applications are dif-
ferent, and the economic analyses of these applications are different as well.

In addition, a participant pointed out that consumers will increasingly 
choose the level of insurance coverage they want. The less expensive plans 
are less likely to cover genomic testing, which could exacerbate disparities.

Another individual pointed to the inevitable involvement of families 
in genetic testing. Today’s health care system is focused on individuals, yet 
genomic testing often involves individuals and their parents to determine 
whether a given genetic variant has an effect or not. “The health care sys-
tem is very poorly organized to deal with families as opposed to individu-
als,” he said. Calonge agreed and noted that this issue brings up additional 
ones regarding how to perform this testing. Many family members have 
different insurance companies, which makes coverage of testing difficult 
even in situations where the medical information may be beneficial. “This is 
a huge gap that I do not think anyone has quite addressed,” Calonge said.

CLOSING REMARKS

Feero observed that a number of research needs had emerged from the 
workshop (see Box 7-1). He particularly highlighted the need for better 
methods of measuring and determining the value of patient choice and pref-
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erence. Practical considerations, such as the ability to afford insurance that 
includes genomics coverage, need to be accounted for in these measures.

He also noted that better infrastructure is needed to measure economic-
related outcomes in addition to traditional measures. Electronic medical 
records systems need to anticipate the need for the eventual integration of 
genomic information so that downstream outcomes can be captured.

BOX 7-1 
Research Needs Identified by Individual Speakers

In the final session of the workshop, David Veenstra and Scott Ramsey 
revised and reorganized the workshop themes that W. Gregory Feero presented 
(see Chapter 1) into four categories of research needs. This box compiles these 
needs as Veenstra and Ramsey presented them. These themes should not be 
seen as recommendations of the workshop, but they are promising concepts that 
warrant further discussion and possible action.

Evidence—Comparative-Effectiveness Research

•	 �Need for development of the evidence base—collaboration, infrastructure 
with clinical trials groups.

•	 �Need for innovative approaches to the prioritization of comparative-
effectiveness research.

•	 �Determining if and how genomic sequence information modifies health 
care provision and patient outcomes.

•	 �Impact of increasing accuracy of sequencing on patient outcomes and 
costs.

•	 �Evaluation of proper use of family history to guide medical decision mak-
ing, integrated into health information technology infrastructure.

Health Economics Methods

•	 �Need better (quicker) approaches and frameworks for performing health 
economic evaluations of genomic testing.

•	 �Evaluation of evidence thresholds for data in hand versus data that must 
be obtained, and cost of further research.

•	 �Divergence of economic assessment models in public health, clinical 
care, and academics.

•	 �In the setting of a disruptive technology and a zero-sum game/shrinking 
pool of resources, what/who will be replaced, and how will genomic in-
terventions be funded?

continued
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Health Economics Applications

•	 �When is genomic sequencing cost-effective? For example, only when it 
is performed during newborn screening with data being used over the 
lifespan?

•	 �Better education of genomic scientists regarding economic analysis/
integration of economic analysis and ongoing studies.

•	 �Methods/infrastructure (including informatics) in health systems to follow 
downstream consequences of providing sequence data.

•	 �Is cost reduction demonstrable? Do accountable care organizations pro-
vide a possible mechanism for more efficient health care delivery of 
genomic technologies?

•	 �Study of provider preferences for provision of genomic medicine—
evaluation of barriers to implementation.

•	 �Economic incentives for test and evidence development with value-based 
and specific pricing versus old system (current procedural terminology 
code stacking).

•	 �Determination of relative contribution of environment/setting on cost- 
effectiveness.

Patient-Centered Outcomes

•	 �Developing outcomes data on informed consent/study of efficient meth-
ods for patient education regarding informed consent.

•	 �Stakeholder engagement; methodology to increase participation in clini-
cal trials.

•	 �Development of improved methods for assessing value/personal utility/
patient preference in economic analysis.

•	 �Potential for genomic medicine to exacerbate disparities, including appli-
cability of information to minority populations and socioeconomic status 
disadvantages. Focus on interventions.

BOX 7-1 Continued
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Appendix A

Workshop Agenda

Assessing the Economics of Genomic Medicine: A Workshop 
July 17–18, 2012

National Academy of Sciences Building
2101 Constitution Avenue, NW

Washington, DC 20037

WORKSHOP OBJECTIVE

To advance discussions around the clinical implementation of genetic and 
genomic technologies by examining costs associated with the development 
and use of genetic and genomic information in the care of individual 
patients. 

Day 1	 July 17, 2012

7:45 A.M.–8:30 A.M.	 WORKING BREAKFAST

8:30 A.M.–8:35 A.M.	 WELCOMING REMARKS

	 Wylie Burke, Roundtable Co-Chair, 
	 Meeting Moderator
		�  Professor and Chair, Department of Bioethics 

and Humanities, University of Washington
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8:35 A.M.–8:40 A.M.	� CHARGE TO WORKSHOP SPEAKERS AND 
PARTICIPANTS

	 W. Gregory Feero, Workshop Chair
		�  Special Advisor to the Director, National 

Human Genome Research Institute

8:40 A.M.–10:10 A.M.	 SESSION I: ECONOMICS AND GENOMICS

	� Moderators: W. Gregory Feero, National 
Human Genome Research Institute	

	 Wylie Burke, University of Washington 

8:40 A.M.–9:10 A.M.	� Genomics, Population Health, and Technology

	 James P. Evans
		�  Bryson Distinguished Professor of Genetics 

and Medicine, University of North Carolina 
at Chapel Hill

9:10 A.M.–9:25 A.M.	 Discussion

9:25 A.M.–9:55 A.M.	� Intersection of Genomics and Health 
Economics

	 David L. Veenstra
		�  Professor, Pharmaceutical Outcomes 

Research and Policy Program, University of 
Washington

9:55 A.M.–10:10 A.M.	 Discussion

10:10 A.M.–10:25 A.M.	 BREAK

10:25 A.M.–12:20 P.M.	� SESSION II: PRECONCEPTION CARE AND 
SEQUENCING

	� Moderators: Robert L. Nussbaum, University of 
California, San Francisco, School of Medicine

	
	 Wylie Burke, University of Washington

The Economics of Genomic Medicine: Workshop Summary

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18276


APPENDIX A	 79

10:25 A.M.–10:30 A.M.	� Case Presentation: In 2012 a 35-year-old 
healthy Ashkenazi Jewish female smoker is seen 
for a preconception visit. Under the current 
standard care model, targeted carrier status 
testing is offered. In terms of high effect size 
variations that would be detected by traditional 
genetic testing, she is found to be a carrier 
for Tay-Sachs. In addition, if testing were 
extended in this scenario beyond what might 
be considered to be current standard of care, 
she would be found to harbor a prothrombin 
gene mutation, as well as variations in CYP2C9 
and VKORC, indicating that she is likely to be 
highly sensitive to warfarin anticoagulation. 
She is also homozygous for APOE4, but does 
not have familial hypercholesterolemia. She can 
be expected to have lower risk variants and 
variants of unknown significance in accordance 
with expected population frequencies for the 
conditions under consideration.

10:30 A.M.–11:00 A.M.	 Stakeholder Presentations (10 minutes each)

	 Clinician:

	 Siobhan M. Dolan
		�  Associate Professor of Clinical Obstetrics 

and Gynecology and Women’s Health, Albert 
Einstein College of Medicine

	 Futurist:

	 Arthur L. Beaudet
		�  Henry and Emma Meyer Professor and 

Chair, Department of Molecular and Human 
Genetics, Baylor College of Medicine

	 Patient:

	 Michelle Gilats
		�  Genetic Counselor, Chicago Center for 

Jewish Genetics
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11:00 A.M.–11:20 A.M.	 Discussion with Speakers and Participants

11:20 A.M.–12:20 P.M.	 Economics Panel Discussion

	� Moderator: David L. Veenstra, University of 
Washington

	 Panelists:

	 Paul R. Billings
		  Chief Medical Officer, Life Technologies

	 Scott Grosse
		�  Research Economist and Associate Director 

for Health Services Research and Evaluation, 
Division of Blood Disorders, National 
Center on Birth Defects and Developmental 
Disabilities, Centers for Disease Control and 
Prevention

	 Scott Ramsey
		�  Full Member, Cancer Prevention Program, 

Division of Public Health Science, Fred 
Hutchinson Cancer Research Center

12:20 P.M.–1:05 P.M.	 LUNCH

1:05 P.M.–3:00 P.M.	� SESSION III: UNPROVOKED DVT/
PULMONARY EMBOLISM

	� Moderators: Frederick Chen, University of 
Washington 

	 Wylie Burke, University of Washington

1:05 P.M.–1:10 P.M.	� Case Presentation: The individual is seen at 
40 years of age with progressive left lower 
extremity swelling and pain. Evaluation 
reveals an unprovoked deep vein thrombosis 
in her left lower extremity. She will be treated 
as an outpatient with low-molecular-weight 
heparin and warfarin. Targeted testing includes 
CYP2C9 and VKORC gene analysis.
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1:10 P.M.–1:40 P.M.	 Stakeholder Presentations (10 minutes each)

	 Clinician:

	 Michael F. Murray
		�  Clinical Chief, Genetics Division, 

Department of Medicine, Brigham and 
Women’s Hospital

	 Futurist:

	 Euan A. Ashley
		�  Director, Center for Inherited Cardiovascular 

Disease, Stanford University School of 
Medicine

	 Patient:

	 John West
		  Chief Executive Officer, Personalis, Inc.

1:40 P.M.–2:00 P.M.	 Discussion with Speakers and Participants

2:00 P.M.–3:00 P.M.	 Economics Panel Discussion

	� Moderator: David L. Veenstra, University of 
Washington

	 Panelists:

	 Paul R. Billings
		  Chief Medical Officer, Life Technologies

	 Scott Grosse
		�  Research Economist and Associate Director 

for Health Services Research and Evaluation, 
Division of Blood Disorders, National 
Center on Birth Defects and Developmental 
Disabilities, Centers for Disease Control and 
Prevention
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	 Scott Ramsey
		�  Full Member, Cancer Prevention Program, 

Division of Public Health Science, Fred 
Hutchinson Cancer Research Center

3:00 P.M.–3:15 P.M.	 BREAK

3:15 P.M.–5:10 P.M.	� SESSION IV: CANCER CARE AND 
SEQUENCING

	� Moderators: Timothy J. Ley, Washington 
University School of Medicine 

	 Wylie Burke, University of Washington

3:15 P.M.–3:20 P.M.	� Case Presentation: The individual is seen at age 
50 with cough, dyspnea, and chest discomfort. 
Evaluation reveals a lung mass; bronchoscopy 
and biopsy reveal a non-small-cell lung cancer. 
Her tumor is found to have variations that 
allow the use of targeted therapy, and with 
treatment the patient goes into remission.

3:20 P.M.–3:50 P.M.	 Stakeholder Presentations (10 minutes each)

	 Clinician:

	 Kenneth Offit
		�  Chief, Clinical Genetics Service, Department 

of Human Genetics, Memorial Sloan-
Kettering Cancer Center

	 Futurist:

	 Stephen Eck
		�  Vice President, Global Head of Medical 

Oncology, Astellas Pharma Global 
Development
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	 Patient:

	 Richard Heimler
		  Lung Cancer Survivor and Advocate

3:50 P.M.–4:10 P.M.	 Discussion with Speakers and Participants

4:10 P.M.–5:10 P.M.	 Economics Panel Discussion

	� Moderator: David L. Veenstra, University of 
Washington

	 Panelists:

	 Paul R. Billings
		  Chief Medical Officer, Life Technologies

	 Scott Grosse
		�  Research Economist and Associate Director 

for Health Services Research and Evaluation, 
Division of Blood Disorders, National 
Center on Birth Defects and Developmental 
Disabilities, Centers for Disease Control and 
Prevention

	 Scott Ramsey
		�  Full Member, Cancer Prevention Program, 

Division of Public Health Science, Fred 
Hutchinson Cancer Research Center

5:10 P.M.–5:20 P.M.	 WRAP-UP DAY 1

	 W. Gregory Feero, Workshop Chair
		�  Special Advisor to the Director, National 

Human Genome Research Institute

5:20 P.M.	 ADJOURN DAY 1
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Day 2 	 July 18, 2012

7:45 A.M.–8:30 A.M.	 WORKING BREAKFAST

8:30 A.M.–8:35 A.M.	 WELCOMING REMARKS

	 W. Gregory Feero, Workshop Chair
		�  Special Advisor to the Director, National 

Human Genome Research Institute

8:35 A.M.–11:45 A.M.	 Session V: Research Economics

8:35 A.M.–9:00 A.M.	� Overview of Major Themes and Research 
Questions from Day 1

	 W. Gregory Feero, Workshop Chair
		�  Special Advisor to the Director, National 

Human Genome Research Institute

9:00 A.M.–10:00 A.M.	 Stakeholder Perspectives on Research Questions

	� Moderator: Wylie Burke, University of 
Washington

	 Clinician:

	 James P. Evans
		�  Bryson Distinguished Professor of Genetics 

and Medicine, University of North Carolina 
at Chapel Hill

	 Researcher:

	 Katrina Armstrong
		�  Professor of Medicine; Associate Director, 

Abramson Cancer Center; Division Chief, 
Division of General Internal Medicine, 
Department of Medicine, University of 
Pennsylvania School of Medicine
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	 Industry:

	 Thomas J. White
		�  Chief Scientific Officer (Retired), Celera 

Corporation; Regents’ Lecturer, University of 
California, Berkeley

	 Patient:

	 Mary Lou Smith
		  Cofounder, Research Advocacy Network

	 Public Health:

	 Ned Calonge
		�  President and Chief Executive Officer, The 

Colorado Trust

	 Hospital System:

	 Herbert Pardes
		�  Professor of Psychiatry and Former Chief 

Executive Officer, New York–Presbyterian 
Hospital

10:00 A.M.–10:30 A.M.	 Audience Perspectives

10:30 A.M.–10:45 A.M.	 BREAK

10:45 A.M.–11:45 A.M.	 Economics Panel Discussion

	� Moderator: David L. Veenstra, University of 
Washington

	 Panelists:

	 Paul R. Billings
		  Chief Medical Officer, Life Technologies
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	 Scott Grosse
		�  Research Economist and Associate Director 

for Health Services Research and Evaluation, 
Division of Blood Disorders, National 
Center on Birth Defects and Developmental 
Disabilities, Centers for Disease Control and 
Prevention

	 Scott Ramsey
		�  Full Member, Cancer Prevention Program, 

Division of Public Health Science, Fred 
Hutchinson Cancer Research Center

11:45 A.M.–12:00 P.M.	 SESSION VI: WRAP-UP

11:45 A.M.–12:00 P.M.	 Concluding Remarks

	 W. Gregory Feero, Workshop Chair
		�  Special Advisor to the Director, National 

Human Genome Research Institute

12:00 P.M.	 WORKSHOP ADJOURNS
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Speaker Biographical Sketches

Katrina Armstrong, M.D., is professor of medicine, chief of the Division of 
General Internal Medicine, associate director of the Abramson Cancer Cen-
ter, and codirector of the Robert Wood Johnson Clinical Scholars Program 
at the Perelman School of Medicine at the University of Pennsylvania. Dr. 
Armstrong has completed fellowship training in health services research and 
clinical epidemiology, as well as clinical training in genetic counseling and 
testing for breast cancer susceptibility. Her research focuses on the transla-
tion of genomic discovery into improvements in cancer control, including 
understanding the social and economic forces that influence this translation. 
Her research program has received extensive federal funding, including 
multiple NIH R01 grants, projects in center grants, and awards from the 
American Cancer Society, the Department of Defense, and the Robert Wood 
Johnson Foundation. Dr. Armstrong currently leads two National Cancer 
Institute–funded centers; they are the Center for Comparative Effectiveness 
of Genomic Medicine and the Penn Center for Innovation in Personal-
ized Screening funded through the Population-based Research Optimizing 
Screening through Personalized Regimens initiative.

Euan Angus Ashley, M.R.C.P., D.Phil., FACC, FAHA, is assistant profes-
sor in the Division of Cardiovascular Medicine at Stanford University, 
deputy director of the Stanford Cardiovascular Institute, and director of the 
Stanford Center for Inherited Cardiovascular Disease. Dr. Ashley graduated 
with first-class honors in physiology and medicine from the University of 
Glasgow in 1996. After completing residency at the John Radcliffe Hospi-
tal of the University of Oxford, he joined the Ph.D. program in molecular 
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cardiology. His work elucidating a role for intramyocardial nitric oxide in 
cardiac contractility attracted Young Investigator awards from the Medical 
Research Society of the United Kingdom, the European Society of Cardiol-
ogy, and the American Heart Association. In 2002 he moved to California 
to join the Cardiology Division of Stanford University, first as a fellow and 
later as faculty. His laboratory is focused on the molecular genetics of inher-
ited cardiovascular disease. In 2008 the team was awarded the National 
Innovation Award from the American Heart Association, and in 2009 Dr. 
Ashley was awarded the NIH Director’s New Innovator award. In 2010 
he led the team that carried out a clinical interpretation of a whole human 
genome, and in 2011 the team extended the approach to a family of four. 
Dr. Ashley is part of the Myocardial Applied Genomics Network, a member 
of the leadership group of the American Heart Association’s Council on 
Functional Genomics, and codirector of the NIH-funded Research Training 
Program in Myocardial Biology at Stanford.

Arthur L. Beaudet, M.D., received a B.S. in biology magna cum laude from 
College of the Holy Cross in 1963 and his M.D. cum laude from Yale 
University in 1967. He then did 2 years of pediatrics residency at Johns 
Hopkins Hospital and spent 2 years as a research associate at the National 
Institutes of Health in Bethesda before going to Baylor College of Medicine 
(BCM) in 1971, where he has remained to the present. Dr. Beaudet has pub-
lished more than 250 original research articles on diverse aspects of mam-
malian genetics. His contributions included the demonstration of mutations 
in cultured somatic cells in the 1970s at a time when such evidence was still 
considered novel. He published extensively on inborn errors of metabolism, 
particularly on urea cycle disorders. In 1988 his group was the first to 
describe uniparental disomy in humans. He has had long-standing inter-
ests in somatic gene therapy and in cystic fibrosis. He has studied genomic 
imprinting as it relates to Prader-Willi and Angelman syndromes, includ-
ing identification of the causative role of the UBE3A gene in Angelman 
syndrome and of the importance of the snoRNA genes in the pathogenesis 
of Prader-Willi syndrome. In 2004 Beaudet and a BCM team of investi-
gators were the first in the United States to introduce array comparative 
genomic hybridization into the clinical lab, and they have gone on to play 
a leadership role in the transformative impact of this technology on clinical 
genetics. This work has led to a focus on the role of the CHRNA7 neuronal 
nicotinic receptor gene in mental retardation, autism, and schizophrenia. 
Dr. Beaudet is one of the editors of the Metabolic and Molecular Bases of 
Inherited Disease textbook (6th through 8th and electronic editions), and 
he has served on numerous editorial boards and national review panels. He 
was president of the American Society of Human Genetics in 1998 and is an 
elected member of the Association of American Physicians and the Institute 
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of Medicine of the National Academy of Sciences. Dr. Beaudet is currently 
the Henry and Emma Meyer Distinguished Service Professor and chair of 
the Department of Molecular and Human Genetics at BCM and Texas 
Children’s Hospital in Houston.

Paul R. Billings, M.D., Ph.D., is a board-certified internist and clinical 
geneticist who serves as chief medical officer of Life Technologies Corpo-
ration, where he seeks to improve patient care through expanding the use 
of medically relevant genomic technologies in clinical settings. Dr. Billings 
brings extensive expertise and health care experience to the areas of genom-
ics and molecular medicine. Most recently, he served as director and chief 
scientific officer of the Genomic Medicine Institute at El Camino Hospital, 
the largest community hospital in the Silicon Valley. He has been a member 
of the Secretary’s Advisory Committee on Genetics, Health and Society at 
the U.S. Department of Health and Human Services and currently serves 
on the Scientific Advisory Board of the U.S. Food and Drug Administration 
and the Genomic Medicine Advisory Committee at the Department of Vet-
erans Affairs. He has been a founder or chief executive officer of companies 
involved in genetic and diagnostic medicine, including GeneSage, Omicia, 
and CELLective Dx Corporation.

Wylie Burke, M.D., Ph.D., is professor and chair of the Department of 
Bioethics and Humanities at the University of Washington. She received a 
Ph.D. in genetics and an M.D. from the University of Washington and com-
pleted a residency in internal medicine at the University of Washington. She 
was a medical genetics fellow at the University of Washington from 1981 
to 1982. From 1983 to 2000, Dr. Burke was a member of the Department 
of Medicine at the University of Washington, where she served as associate 
director of the internal medicine residency program and founding director 
of the University of Washington’s Women’s Health Care Center. She was 
appointed chair of the Department of Medical History and Ethics (now 
the Department of Bioethics and Humanities) in October 2000. She is also 
an adjunct professor of medicine and epidemiology and a member of the 
Fred Hutchinson Cancer Research Center. She is a member of the Institute 
of Medicine and the Association of American Physicians and is a past 
president of the American Society of Human Genetics. Dr. Burke’s research 
addresses the social, ethical, and policy implications of genetics, including 
responsible conduct of genetic and genomic research, genetic test evalua-
tion, and implications of genomic health care for underserved populations. 
She is director of the University of Washington Center for Genomics and 
Healthcare Equality, a National Human Genome Research Institute Cen-
ter of Excellence in Ethical, Legal, and Social Implications research, and 
codirector of the Northwest-Alaska Pharmacogenomics Research Network.
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Ned Calonge, M.D., is the president and chief executive officer of The 
Colorado Trust, which was established in 1985. The Colorado Trust works 
closely with nonprofit organizations across the state to improve health and 
well-being. Before joining The Colorado Trust in 2010, Dr. Calonge served 
as the chief medical officer of the Colorado Department of Public Health 
and Environment. He also served as the chief of the Department of Pre-
ventive Medicine for the Colorado Permanente Medical Group and was a 
family physician for 10 years. His current academic appointments include 
serving as associate professor of family medicine, Department of Family 
Medicine, University of Colorado Denver (UCD) School of Medicine, and 
associate professor of preventive medicine and biometrics, UCD Colorado 
School of Public Health. Nationally, Dr. Calonge is the immediate past chair 
of the U.S. Preventive Services Task Force and a member of the Task Force 
on Community Preventive Services for the Centers for Disease Control and 
Prevention (CDC). He is chair of the CDC’s Evaluating Genomic Applica-
tions for Practice and Prevention workgroup and is a consultant for and 
past member of the Secretary’s Advisory Committee on Heritable Disorders 
in Newborns and Children. Dr. Calonge earned a B.A. in chemistry from 
Colorado College, an M.P.H. from the University of Washington, and an 
M.D. from the University of Colorado. He was elected to the Institute of 
Medicine in 2011.

Frederick Chen, M.D., M.P.H., is chief of family medicine at Harborview 
Medical Center and associate professor in the Department of Family Med-
icine at the University of Washington, where he teaches health policy, 
conducts research, and sees patients. He attended medical school at the 
University of California, San Francisco, and received his master’s of pub-
lic health in epidemiology from the University of California, Berkeley. 
After completing his residency in family medicine at the University of 
Washington, Dr. Chen was a Robert Wood Johnson Clinical Scholar, where 
he developed his research interest in health policy and medical education. 
He then moved to Washington, DC, as the Kerr White Scholar at the U.S. 
Agency for Healthcare Research and Quality. At the University of Wash-
ington, he has been the lead faculty for the WWAMI Underserved Pathway, 
medical director for the Washington State Patient-Centered Medical Home 
Collaborative, and a researcher in the Rural Health Research Center. He is 
the medical director for the Washington State employees’ health plan and 
served as the chair of the American Academy of Family Physicians’ Subcom-
mittee on Genomics.

Siobhan Dolan, M.D., M.P.H., is an associate professor in the Department 
of Obstetrics and Gynecology and Women’s Health at the Albert Einstein 
College of Medicine/Montefiore Medical Center in New York City. She 
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currently serves as a medical advisor to March of Dimes and is on the fac-
ulty of the human genetics program at Sarah Lawrence College, where she 
teaches public health genetics and genomics. Dr. Dolan is board certified in 
both obstetrics and gynecology and clinical genetics. She received a master’s 
degree in public health from Columbia University. Dr. Dolan maintains her 
clinical practice in the Bronx, where she provides prenatal care to women 
using an innovative group model, and she serves as an attending physi-
cian in the Division of Reproductive Genetics at Montefiore. Her research 
interests focus on the integration of genetics into maternal and child health, 
specifically looking at ways to apply advances in genetics and genomics to 
prevent birth defects and preterm birth. 

Stephen L. Eck, M.D., Ph.D., is vice president and global head of oncol-
ogy medical science at Astellas Pharma Global Development. He is directly 
responsible for the oversight of oncology drug development plans. Much of 
this work is focused on special cancer populations for which unique biology 
enables the development of personalized cancer therapies. From 2007 to 
2011, Dr. Eck served as vice president of translational medicine and phar-
macogenomics at Eli Lilly and Company, where he was responsible for the 
clinical pharmacology components of drug development, including both 
early-phase clinical studies and late-stage drug development studies. His 
group also developed the biomarkers and companion diagnostics needed 
for effective decision making and for tailoring therapeutics to the right 
patient population. Before joining Eli Lilly, Dr. Eck served in a variety of 
drug development leadership roles at Pfizer Inc. Dr. Eck is a board-certified 
hematologist/oncologist with broad drug development experience in oncol-
ogy and neuroscience. He is a fellow of the American Association for the 
Advancement of Science (Pharmaceutical Sciences). He serves on the Scien-
tific Advisory Board of the Alliance for Cancer Gene Therapy Foundation 
and is a member of the executive committee of the Fairbanks Institute, an 
institution dedicated to developing data banks to enable personalized medi-
cine. He also serves on the advisory board of the Keck Graduate School and 
is a board member of the Personalized Medicine Coalition.

James P. Evans, Ph.D., M.D., is the Bryson Distinguished Professor of 
Genetics and Medicine at the University of North Carolina at Chapel Hill. 
He directs adult and cancer genetics services and serves as editor-in-chief of 
Genetics in Medicine, the official journal of the American College of Medi-
cal Genetics. After obtaining his M.D. and Ph.D. from the University of 
Kansas, Dr. Evans served as resident and chief resident of internal medicine 
at the University of North Carolina and then trained in medical genetics 
at the University of Washington in Seattle. He is board certified in internal 
medicine, medical genetics, and molecular diagnostics. He remains clinically 
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active in both genetics and general medicine. Dr. Evans’ research interests 
focus on cancer genetics, pharmacogenomics, the use of next-generation 
genomic analytic technologies in medicine, and broad issues of how genetic 
information is used and perceived. He has been extensively involved in 
policy issues related to genetics and medicine and has published widely on 
these topics. He was an advisor to the U.S. Secretary of Health and Human 
Services on the subject of genetics, health, and society from 2004 to 2010 
and is actively involved both nationally and internationally in the education 
of high court judges about genetic and scientific matters. In 2010, Dr. Evans 
testified before Congress regarding the regulation of direct-to-consumer 
genetic testing and advised the Government Accountability Office on the 
same subject. In 2011, he addressed the U.S. Presidential Commission on 
Bioethics regarding genetic testing.

W. Gregory Feero, M.D., Ph.D., is special advisor to the director for 
genomic medicine at the National Human Genome Research Institute. Dr. 
Feero obtained his M.D./Ph.D. from the University of Pittsburgh School of 
Medicine with a Ph.D. in human genetics. He then completed his residency 
in family medicine at the Maine–Dartmouth Family Medicine Residency 
Program in Augusta, Maine, where he still sees patients. He is an associ-
ate professor in the Department of Community and Family Medicine at 
Dartmouth Medical School. Dr. Feero is board certified in family medicine 
and holds licenses in Maine and West Virginia. He has written numerous 
peer-reviewed and invited publications.

Michelle Gilats, M.S., is a licensed genetic counselor at the Ann and Robert 
H. Lurie Children’s Hospital of Chicago. She received her B.S. from the 
University of Wisconsin, Madison, and her M.S. in genetic counseling 
from the University of California, Berkeley. She has worked in the areas 
of pediatric, prenatal, and cancer counseling. At Lurie Children’s Hospital 
she helps coordinate the pediatric neurofibromatosis clinic. For the Center 
for Jewish Genetics, Ms. Gilats provides education regarding Jewish genetic 
disorders and hereditary cancers to community groups and counsels indi-
viduals and couples about carrier testing. She also answers inquiries from 
people across the country and internationally. She helps coordinate the cen-
ter’s screening programs by interacting with participants prior to registra-
tion to ensure that testing is appropriate for that individual or couple. She 
relays screening results to all participants and provides follow-up testing 
and counseling as needed.

Scott Grosse, Ph.D., is research economist and associate director for Health 
Services Research and Evaluation in the Division of Blood Disorders, 
National Center on Birth Defects and Developmental Disabilities, CDC, 
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in Atlanta, Georgia. He has degrees in economics and public health from 
the University of Michigan. Dr. Grosse conducts research on the health 
outcomes and economic benefits of the early identification of hereditary 
conditions and prevention of preventable conditions that manifest in early 
childhood. He has written and cowritten more than 150 journal articles 
and book chapters. In addition to research on specific diseases, he publishes 
policy analyses and cost-effectiveness analyses of public health strategies, 
such as newborn screening and genetic testing. Dr. Grosse also publishes 
on health economic measures and methods. These include summary health 
measures, methods of assessing the economic value of diagnosis or preven-
tion, the history of the $50,000 per QALY threshold for cost-effectiveness, 
and human capital measures of productivity losses.

Richard Heimler is a former nonprofit executive who was diagnosed with 
non-small-cell lung cancer at the age of 44 in 2004. In the past 8 years he 
has been diagnosed six times with malignant tumors in the lung, brain, 
and thorax. After Mr. Heimler’s cancer progressed to Stage 4, his tissue 
was tested and found to be positive for ALK. He subsequently enrolled in 
a clinical trial of Xalkori, during which his tumors have shrunk, his pul-
monary function has increased, and his overall health has improved. Since 
his initial diagnosis, Mr. Heimler has been an active lung cancer advocate, 
providing inspiration and advice to newly diagnosed lung cancer patients 
and raising awareness among the media, politicians, and the general public 
so that he and fellow lung cancer survivors may look forward to celebrating 
many more birthdays.

Timothy J. Ley, M.D., received his M.D. from Washington University 
Medical School in St. Louis in 1978 and performed his internal medicine 
residency at Massachusetts General Hospital. He completed fellowships in 
hematology and oncology at the NIH and at Washington University and 
joined the faculty at Washington University in 1986. He now holds the 
Lewis T. and Rosalind B. Apple Chair in Oncology, is professor of medicine 
and of genetics at Washington University, and serves as an associate director 
of the Genome Institute (for Cancer Genomics). Dr. Ley is a past president 
of the American Society for Clinical Investigation and is a fellow of the 
American Association for the Advancement of Science and the American 
Academy of Arts and Sciences and a member of the Institute of Medicine. 
He has performed pioneering studies of acute myeloid leukemia genomes 
and modeled several key AML mutations in the mouse.

Michael F. Murray, M.D., is a former primary care provider and is now the 
clinical chief of genetics at Brigham and Women’s Hospital in Boston. He 
trained in internal medicine at the Cleveland Clinic and then went on to do 
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fellowships in infectious diseases and medical genetics. Dr. Murray directs 
the annual course in The Genetic Basis of Adult Medicine: What the Pri-
mary Care Provider Needs to Know, as well as directing a combined resi-
dency training program in internal medicine and medical genetics. He leads 
the Adult Genetics Clinic at Brigham and Women’s Hospital, where more 
than 400 patients per year are evaluated, diagnosed, and treated. He is one 
of the principal investigators in an NHGRI project titled “Integration of 
Whole Genome Sequencing into Clinical Medicine.” His research interests 
include the integration of electronic family health history tools into medical 
practice and the use of whole genome testing in medicine.

Robert L. Nussbaum, M.D., is chief of the Division of Medical Genetics 
in the Department of Medicine and a faculty member in the Institute of 
Human Genetics at the University of California, San Francisco. He focuses 
on three main areas of research: (1) an investigation of the genetic contri-
bution to Parkinson’s disease; (2) a long-standing effort to understand the 
rare X-linked disease known as the oculocerebrorenal syndrome of Lowe, 
characterized by congenital cataracts, Fanconi syndrome of the renal proxi-
mal tubules, neurological dysfunction, and developmental delay; and (3) a 
translational research effort to assess the value of “personalized medicine,” 
the application of genetic and genomic approaches to improving patient 
care. Dr. Nussbaum seeks to evaluate if and how genetic and genomic 
information about an individual can be used effectively to improve health 
care by improving outcomes, reducing adverse reactions, lowering costs, 
and promoting health through risk education. Dr. Nussbaum is seeking to 
develop collaborative research efforts with clinician-researchers interested 
in studying how applying genomics can improve patient care.

Kenneth Offit, M.D., is chief of the clinical genetics service at Memorial 
Sloan-Kettering Cancer Center and a professor of medicine and public 
health at the Weill College of Medicine at Cornell University. His research 
group first described and characterized the most common BRCA2 mutation 
associated with breast and ovarian cancer, was among the first to measure 
prospectively the impact of preventive ovarian surgery in individuals car-
rying BRCA mutations, and performed the first genome-wide association 
study of BRCA2 breast cancer. His lab is currently defining genomic mark-
ers of risk for breast, colon, and prostate cancer and lymphoma. Dr. Offit 
has received a career research recognition award from the American Cancer 
Society and is a member of the Board of Scientific Counselors of the U.S. 
National Cancer Institute.

Herbert Pardes, M.D., former president and chief executive officer of 
New York–Presbyterian Hospital and New York–Presbyterian Healthcare 
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System, is executive vice chairman of the board of New York–Presbyterian 
Hospital. Nationally recognized for his broad expertise in education, 
research, clinical care, and health policy, he is an ardent advocate of aca-
demic medical centers, humanistic care, and the power of technology and 
innovation to transform 21st-century medicine. Under his leadership, New 
York–Presbyterian has become one of the most highly regarded and com-
prehensive health care institutions in the world. The hospital is top-ranked 
in the New York metropolitan area and is consistently ranked among the 
best academic medical institutions in the nation, according to U.S. News & 
World Report. Before joining the hospital in 1999, Dr. Pardes served as vice 
president for health sciences at Columbia University and dean of the faculty 
of medicine at Columbia University College of Physicians and Surgeons. A 
noted psychiatrist, he served as director of the National Institute of Mental 
Health and U.S. assistant surgeon general during the Carter and Reagan 
administrations and was president of the American Psychiatric Association. 
He received his medical degree from the State University of New York in 
Brooklyn and completed his residency in psychiatry at Kings County Hos-
pital in Brooklyn, with additional psychoanalytic training at the New York 
Psychoanalytic Institute.

Scott Ramsey, M.D., Ph.D., is a full member in the Cancer Prevention 
Program at the Fred Hutchinson Cancer Research Center, where he directs 
the Research and Economic Assessment in Cancer and Healthcare group, a 
multidisciplinary team devoted to clinical and economic evaluations of new 
and existing cancer prevention, screening, and treatment technologies. He is 
also a professor in the School of Medicine, School of Pharmacy, and Insti-
tute for Public Health Genetics at the University of Washington. Trained 
in medicine and economics, his primary research interest is studying the 
economic aspects of new medical technologies. Dr. Ramsey is a leader in the 
field of comparative-effectiveness research. He is past president of the Inter-
national Society of Pharmacoeconomics and Outcomes Research and has 
served on the National Cancer Policy Forum of the Institute of Medicine.

Mary Lou Smith, J.D., M.B.A., is a cofounder of the Research Advocacy 
Network. She is a two-time breast cancer survivor and serves as cochair of 
the Patient Representative Committee of the Eastern Cooperative Oncol-
ogy Group and the Patient Advocate Committee of the Radiation Therapy 
Oncology Group. Ms. Smith also serves on the National Comprehensive 
Cancer Network Breast Cancer Screening and Treatment Guidelines Com-
mittees and the Translational Breast Cancer Research Consortium. In addi-
tion, she serves on the advocate core of the Department of Defense Center 
of Excellence for Individualization of Therapy for Breast Cancer and on 
the advocate core of the Komen Promise Grant at Indiana University. 
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Ms. Smith was a community member of Chicago’s Rush University Medical 
Center institutional review board for 10 years. She is past president of the 
Y-ME National Breast Cancer Organization and has served on the Cancer 
Leadership Council and the National Breast Cancer Coalition’s board of 
directors. Ms. Smith was involved in the development of numerous man-
aged care products for the Blue Cross and Blue Shield Association, includ-
ing a pediatric cancer network. She has a juris doctorate with a health law 
certification and a master’s degree in business administration.

David L. Veenstra, Pharm.D., Ph.D., is a professor in the Pharmaceuti-
cal Outcomes Research and Policy Program in the Department of Phar-
macy and a member of the Institute for Public Health Genetics at the 
University of Washington in Seattle. He graduated from the University 
of California, San Francisco, with doctoral degrees in clinical pharmacy 
and computational chemistry. He conducted his postdoctoral training in 
outcomes research with the University of Washington, including a 1-year 
externship with Roche Global Pharmacoeconomics. Dr. Veenstra’s primary 
research interests are the clinical, economic, and policy implications of 
using genomic information in health care. His other major research interest 
is the development of simulation models for chronic diseases. Dr. Veenstra’s 
major research projects include evaluation of warfarin pharmacogenomics 
and decision modeling in breast and lung cancer to inform research priori-
tization and stakeholder decision making. His research is funded through 
grants from the Centers for Disease Control and Prevention, National Can-
cer Institute, National Human Genome Research Institute, and National 
Institute for General Medical Sciences. He has worked extensively with 
the Academy of Managed Care Pharmacy to develop guidelines and train 
decision makers in the practical application of cost-effectiveness models. 
Dr. Veenstra is a member of the Evaluation of Genomic Applications in 
Practice and Prevention working group and an author or coauthor of 100 
peer-reviewed publications and 5 book chapters.

John West, M.B.A., M.S., is chief executive officer of Personalis, Inc. He 
was first involved in DNA sequencing, and DNA sequence interpretation, 
starting in 1982. In the 1980s he led the development of an automated DNA 
sequencing system based on pattern recognition from autoradiographs, and 
he licensed software from the lab of Roger Staden at the Medical Research 
Council, Cambridge, United Kingdom, for sequence assembly and analysis. 
In the 1990s Mr. West was general manager and subsequently president of 
Princeton Instruments, a company focused on low-light scientific imaging 
used in fluorescent-automated DNA sequencing. In 2001 Mr. West joined 
Applied Biosystems as vice president of genetic analysis. He was subse-
quently promoted to vice president, DNA platforms. In 2004 Mr. West 
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became chief executive officer of Solexa Ltd., a venture capital–backed UK 
company focused primarily on single-molecule DNA sequencing. In 2005 
he led Solexa’s reverse merger into U.S.-based Lynx Therapeutics. The 
company introduced its first system in mid-2006. Mr. West negotiated the 
January 2007 acquisition of Solexa by Illumina, Inc., and stayed as vice 
president of the DNA sequencing business there into 2008. From 2009 
through mid-2011 Mr. West served as chief executive officer of ViaCyte, 
Inc., a company leveraging stem cell technology to develop a diabetes cell 
therapy. In mid-2009 Illumina introduced its individual genome sequencing 
service, and Mr. West and his family were the first family of four sequenced 
by the company. Mr. West received his B.S. and M.S. engineering degrees 
from MIT and earned an M.B.A. from the University of Pennsylvania’s 
Wharton School.

Thomas J. White, Ph.D., received his B.A. in chemistry from Johns Hopkins 
University and his Ph.D. in biochemistry from the University of California, 
Berkeley. His postdoctoral research was carried out at the University of Cal-
ifornia, San Francisco, Medical Center and at the University of Wisconsin, 
Madison. From 1978 to 1989 Dr. White held the positions of vice president 
of research and associate director of research and development at the bio-
technology firm Cetus Corporation. He worked on the discovery, research, 
and development of human proteins as therapeutics, such as Betaseron for 
the treatment of multiple sclerosis and interleukin-2 for renal cell carci-
noma, and on research, forensic, and diagnostic products using polymerase 
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Appendix C

Statement of Task

An ad hoc planning committee will plan and conduct a public workshop 
that will assess the potential economic impact that the advent of genomic 
medicine may have on clinical practice and research. The workshop will 
feature presentations and discussions from an array of stakeholders which 
may include health economists, providers, payers, guideline developers, 
patients, and regulators. The goal of the workshop will be to advance 
discussions around the clinical implementation of genetic and genomic 
technologies by examining costs associated with the development and use 
of genetic and genomic information in the care of individual patients. The 
planning committee will develop the workshop agenda, select and invite 
speakers and discussants, and moderate the discussions. An individually 
authored summary of the workshop will be prepared by a designated rap-
porteur in accordance with institutional policy and procedures.
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