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Abstract

The long-standing medical tradition to “first do no harm” is reflected in population-wide evidence-
based recommendations for cancer screening tests that focus primarily on reducing morbidity and
mortality. The conventional cancer screening process is predicated on finding early-stage disease
that can be treated effectively; yet emerging genetic and genomic testing technologies have moved
the target earlier in the disease development process to identify a probabilistic predisposition to
disease. Genetic risk information can have varying implications for the health and well-being of
patients and their relatives, and has raised important questions about the evaluation and value of
risk information. This paper explores the paradigms that are being applied to the evaluation of
conventional cancer screening tests and emerging genetic and genomic tests of cancer
susceptibility, and how these perspectives are shifting and evolving in response to advances in our
ability to detect cancer risks. We consider several challenges germane to the evaluation of both
categories of tests including defining benefits and harms in terms of personal and clinical utility,
addressing healthcare consumers’ information preferences, and managing scientific uncertainty.
We encourage research and dialogue aimed at developing a better understanding of the value of all
risk information, non-genetic and genetic, to people’s lives.
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The United States Preventive Services Task Force (USPSTF), an independent panel of non-
government experts in prevention and evidence-based medicine, has recently updated its
2005 review of research evidence and recommendations regarding genetic testing for
mutations in the BRCAL/2 genes (1, 2), and is currently updating its 2009 breast cancer
screening recommendations (3). BRCA1/2 testing represents a well-established form of
genetic testing in the cancer context — these rare and high-penetrance gene mutations
associated with hereditary breast and ovarian cancer were initially discovered in the
early-1990s (4-7), and BRCA1/2 testing has been widely adopted. Genetic tests for such
mutations differ from the types of cancer screening tests that the USPSTF usually evaluates
— whereas the goal of conventional screening tests such as mammography, Pap testing, or
PSA testing is to start the diagnostic process that will find treatable early-stage disease,
predictive genetic tests of cancer susceptibility move the target earlier in the risk assessment
and disease development process, and ultimately increase understanding about a person’s
inherent predisposition to disease. As a result, cancer screening tests and genetic tests can be
viewed as providing different types of risk information, which can have varying implications
for patients” health and well-being, as well as the health of their relatives. This difference
prompts our consideration of the paradigms that are being applied to the evaluation of
cancer screening tests as well as emerging genetic and genomic tests of cancer
susceptibility, and how these perspectives are shifting and evolving in response to advances
in our ability to detect cancer risks.

The Traditional Cancer Screening Paradigm

The evidence-based approach to cancer screening guideline decisions is rooted in the
medical tenet to “first do no harm” because screening tests were developed for medical
practice to examine individuals who exhibit no signs or symptoms of disease (8). Consistent
with this view, the World Health Organization developed international standards regarding
conditions that should be met for a disease screening program to be considered appropriate
at the population level (9). In the context of cancer screening, these conditions can be
summarized into a few fundamental principles:

1. The target disease should be a common form of cancer, with high associated
morbidity or mortality.

2. Screening test procedures should be acceptable, safe, and relatively inexpensive.

3. Treatment, capable of reducing morbidity and mortality, should be available and
more effective when applied to early- versus late-stage disease.

Determining whether a screening test fulfills these principles of what we term the
“traditional cancer screening paradigm” is a complicated process that depends upon the
quality of the research evidence available, magnitude of the benefits, and degree of harms
associated with the testing. The USPSTF is a national leader in determining whether a
screening test fulfills these principles and ultimately bases its recommendations on the
certainty of the net benefit (i.e., the benefits minus the harms) weighed against the
magnitude of the net benefit. In general, a cancer screening test is recommended routinely
when both the certainty and the magnitude of net benefit are high — with the benefits
traditionally operationalized as reductions in morbidity and mortality (10). For example, the

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hamilton et al.

Page 3

USPSTF 2009 evaluation of mammography concluded that women ages 50-74 should have
routine mammography based on the estimation of a clear and large net benefit — reductions
in cancer incidence and mortality deemed worth the risks of false-positive testing and
overdiagnosis (8, 11). For younger women the net benefit was less certain and small, so the
USPSTF recommended that women discuss their situation with a physician and decide on an
individual basis.

The USPSTF also delved into evaluating predictive BRCAL/2 mutation testing in the general
population of women without cancer in 2005 (12), and recently updated its review (1). For
this updated review, its evaluative criteria focused on the primary benefit of reducing cancer
incidence and mortality — outcomes consistent with the goals of conventional screening tests
and the traditional cancer screening paradigm (1). For women whose family history is
associated with an increased risk for a deleterious BRCA1/2 mutation, the USPSTF found
adequate evidence to suggest a moderate net benefit of testing and early intervention, and
thus recommended (Grade B) routine genetic counseling, as well as subsequent BRCA1/2
testing when indicated by counseling. However, given the potential for harms of preventive
management strategies and invasive screening, the USPSTF recommended against (Grade
D) routine genetic counseling or BRCAL/2 testing for women whose family history is not
associated with an increased risk for a deleterious BRCAL/2 mutation (1, 2).

An Emerging Genetic Paradigm

The USPSTF is not the only group with an interest in, and process for, evaluating genetic
tests; the Evaluation of Genomic Applications in Practice and Prevention (EGAPP) Working
Group was established in 2005 as a non-federal expert panel to develop an evidence-based
strategy for evaluating genetic and genomic testing technologies for use in clinical practice
(13). The EGAPP Working Group evaluates a variety of genome-based tests including
predictive genetic tests for susceptibility to common and chronic diseases (note that to avoid
duplication of efforts, BRCAL/2 testing has not been evaluated by this group),
pharmacogenetic tests relevant to drug responsiveness, and diagnostic and prognostic
genetic tests (13, 14). The EGAPP evaluation process is informed by the traditional cancer
screening paradigm and the USPSTF methods — thus, they systematically consider the
balance of benefits and harms, and the health outcomes of morbidity and mortality from
disease (15). The EGAPP evaluation process is also informed by the ACCE model, a
framework that outlines four critical components of a genetic test — the Analytic validity
(ability to accurately measure the genotype of interest), Clinical validity (ability to detect or
predict the clinical disorder of interest), Clinical utility (ability to significantly improve
measureable patient clinical outcomes including morbidity and mortality), and Ethical, legal,
and social implications of the test such as stigmatization or discrimination (16). Both clinical
and social implications, as well as their interaction, are considered in the EGAPP evaluation
process and in the identification of relevant health outcomes. These health outcomes extend
beyond traditional morbidity and mortality and span multiple outcomes relevant to
behaviors, knowledge, and psychological well-being of individual patients, clinicians,
families, and society (15).
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This expanding universe of relevant health outcomes reflects an evolution of the traditional
cancer screening paradigm in response to the challenges and demands highlighted by genetic
technology. Whether evaluating conventional cancer screening tests or emerging genetic and
genomic tests, the approach of identifying and weighing benefits and harms has remained
critical for determining whether the test is appropriate for the population. However, a shift is
occurring in terms of the specific benefits and harms evaluated. Although reductions in
morbidity and mortality have been defined as key outcomes in the evaluation of
conventional screening tests (and in the USPSTF evaluation of BRCAL/2 testing), the
EGAPP process reflects a different perspective — one in which a more diverse and
comprehensive set of health outcomes are considered in the evaluation of genetic tests. This
is not to say that reductions in morbidity and mortality are irrelevant for genetic tests, but
rather that genetic information provides a broader set of benefits than the disease risk for an
individual, and these benefits may be meaningful to patients, their families, and
communities, and are thus incorporated into the EGAPP evaluation process (15, 17). These
broader benefits are considered because genetic and genomic testing technologies derive
information from the mutations and variants present in an individual’s genetic code. An
individual’s genetic code is complex, largely stable, and heritable, and the information
derived from it can have far-reaching implications across the lifespan of an individual as
well as their relatives. For example, this testing can provide knowledge that allows an
individual and possibly her/his relatives to avoid unnecessary interventions, or that has
implications for family planning or lifestyle decisions. Genetic and genomic tests provide a
new dimension to the information we gather through other methods such as family history or
physiological assessments, and by doing so have highlighted some of the diverse
implications of health risk information that are useful to consider when contextualizing and
evaluating various sources of such information (18).

This shift in the conceptualization of screening benefits is consistent with an expanding
definition of clinical utility that considers aspects of “personal utility,” or the extent to which
people find health information useful regardless of whether it leads to a reduction in
morbidity or mortality (19-22). It can be argued that considering such benefits for genetic
testing is appropriate because the information provided is ultimately about changing lives —
not only changing the course of a disease. For example, individuals found to not carry their
family’s deleterious BRCAL/2 mutation could move forward with less anxiety about the
implications of their family history of cancer. Alternatively, individuals found to be
mutation carriers can make reproductive decisions informed by this knowledge, as can
subsequent generations within the family. As such, a variety of genetic testing outcomes can
be considered for their benefits and harms: potential emotional reactions; quality of life;
long-term planning and reproductive, career, and lifestyle decision making; perceptions of
disease risk and control; communication of genetic findings to family members and their
subsequent health behaviors; and adoption of appropriate preventive health behaviors and
interventions (15). The EGAPP Working Group’s recommendations are ultimately based on
measurable health benefits, yet the discussion of evidence related to these broader genetic
testing outcomes that reflect aspects of personal utility is an important part of their decision-
making process (23, 24). Social and behavioral research plays a critical role in providing
evidence regarding these outcomes of genetic testing (25). For example, a substantive body
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of literature has explored the extent to which BRCAL/2 testing and result notification
influences emotional outcomes including depression and anxiety. A meta-analysis of 21
studies demonstrated that BRCAL/2 testing does not produce long-term elevations in distress
for most women, regardless of the test results received (26). Women who undergo BRCA1/2
testing and are found to be deleterious mutation carriers have also been found to
subsequently follow clinical recommendations for cancer prevention and detection. For
example, in a sample of BRCAL/2 testers assessed at a mean of 5.3 years post-testing,
mutation carriers were more likely to have undergone prophylactic surgery, used
chemoprevention, and undergone screening with magnetic resonance imaging than were
mutation noncarriers or those who received inconclusive results (27). Genetic testing may
also have unforeseen positive effects on patients’ lives. It has been hypothesized that
BRCA1/2 testing can promote “benefit finding,” or positive life changes such as a renewed
appreciation for life, re-evaluation of priorities, and improved relationships; this prediction
has received some empirical support (28).

Although the rationale for modifying the traditional cancer screening paradigm to
encompass a broader spectrum of benefits and harms highlighted by the availability of
genetic technologies is apparent, challenges do exist in applying this perspective to the
development of evidence-based population-level recommendations. For instance, there are
limitations in the types of empirical evidence available to inform recommendations.
Although the USPSTF considers evidence from randomized clinical trials to be of the
highest empirical quality (29), such studies are rarely available for most genetic tests.
Observational, prospective studies that follow self-selected individuals electing to undergo
genetic testing over time, and that adjust for the effects of relevant sociodemographic and
medical confounding variables, are more likely to be available for evaluating various
psychological and behavioral outcomes of genetic testing. Furthermore, whereas the
traditional outcomes of morbidity and mortality are constant in their conceptualization and
measurement across studies, such standardization is largely lacking for psychological and
behavioral outcomes. These outcomes are reflected by numerous constructs (e.g.,
depression, anxiety, stigma, perceived risk), and there is little consensus regarding the best
metrics for assessing these constructs (30, 31). An additional challenge is presented by the
rapidly evolving genetic testing landscape — advances in gene sequencing technology (e.g.,
next-generation sequencing, whole genome and whole exome sequencing) have dramatically
increased knowledge about associations between genetic variation and various diseases, and
there has been an increase in the availability of genetic testing and the marketing of such
tests directly to the public. As a result, the opportunity and demand for testing is outpacing
the research and its systematic evaluation. The EGAPP Working Group has strived to
address this issue by developing methods for rapid reviews of emerging tests (13, 23), but
many existing genetic testing technologies have yet to be formally evaluated. Furthermore,
the EGAPP Working Group recognizes that, given limitations in available evidence and the
subjective nature of some outcomes associated with personal utility, they will ultimately
need to develop methods for incorporating patient preferences into their evaluation process
(23). The development of such methods will be an important step toward integrating this
evolution of the traditional cancer screening paradigm into the creation of evidence-based
guidelines.
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Overarching Challenges

Additional wide-ranging issues are affecting how the traditional cancer screening paradigm
is being applied to the evaluation of both conventional screening tests and emerging genetic
technologies. One major issue facing the medical community is the growing extent to which
healthcare consumers desire personal health information. Earlier interests in accessing health
information on the Web have evolved into something more personal, as interactive features
of new data tools develop and the availability of health information increases. Patient portals
such as PatientsLikeMe.com provide venues for people to interact with others who have the
same conditions; mobile applications (apps) and personal health tracking tools support data
capture and analysis of nutrition, exercise, and other behaviors that may be used casually,
such as in pursuit of single health goals, or as a more formal data-informed approach to life,
such as with Quantified Self movement devotees (32); the OpenNotes experiment
encouraged patient access of medical records (33); and the HITECH Act’s Meaningful Use
criteria require electronic health records to be used to interact with and engage patients (34).
The common theme of these examples is free and open access to more information,
individualized information, and personal ownership of information — expectations that are
not entirely consistent with an evidence-based approach to weighing information’s harms
and benefits.

Topol (35) described the introduction of direct-to-consumer genetics products as the
democratization of DNA, leading to the “realization that there will likely never be a ‘right
time’ — after we have passed some imaginary tipping point giving us critical, highly
actionable, and perfectly accurate information — for it to be available to the public” (Topol,
2012, Pg.119). The criteria of critical, actionable, and accurate information that have a
longstanding importance in medical science are somewhat at odds with the tendency to
emphasize information’s ability to promote patient empowerment and satisfy consumers’
health-related curiosity (36, 37). These differing perspectives have colored much of the
media and public commentary regarding the recent downgrading of USPSTF
recommendations for the use of mammaography and PSA testing (38-40). Although
providing all information may seem consistent with the concept of “personal utility,” experts
caution against the potential harms of untested, unvalidated, or uninterpretable health risk
information (41-43). Indeed, it is important to note that there is no personal utility if the
information is incorrect, or if it only results in increased anxiety because there is no behavior
to mitigate the disease risk or its implications. Information itself is not necessarily a benefit;
rather, benefits are accrued when accurate information leads to improved health outcomes,
however these outcomes may be defined. Nonetheless, determining how to balance
consumer expectations for information against the need for well-defined and empirically-
supported health benefits remains a challenge. In the face of this challenge, the traditional
cancer screening paradigm has important strengths because it forces clarity regarding
benefits and what “empowerment” means. Under this paradigm, people given information
are empowered to choose or not choose a screening test with some knowledge of the net
benefit of that choice. Moving the evaluation of genetic tests closer to demonstrating clear
clinical utility also has advantages, as the value of information becomes dependent on its
harms as well as its benefits (41).
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Uncertainty is a related and pervasive challenge. Determining the ratio of benefits to harms
for a screening test is complex, and evaluation groups, clinicians, and patients must all
grapple with uncertainties regarding the net benefit of cancer screening tests when the
factors thrown into the balance are difficult to compare; for example, the adverse effects of
false positive mammography among women who are healthy are difficult to balance against
reduced mortality among women who have the disease. It is not always clear under which
situations and for whom conventional screening tests and emerging genetic and genomic
tests are likely to have the greatest benefit and least harm. Furthermore, scientific
understanding regarding a test’s utility can change over time as new research evidence is
obtained and synthesized and as new technologies are developed. It can be difficult for both
clinicians and patients to know how to proceed when scientific evidence and expert opinions
are incomplete, variable, or conflicting.

Some have addressed these challenges by considering patients’ preferences, goals, and
values in the decision-making process. Indeed, the USPSTF has recommended shared and
informed decision-making between patients and clinicians in instances where there is
inadequate evidence regarding the net benefit of a conventional screening test, such as with
the use of mammography in women ages 40-49 (11). In this case, the strict principles of the
traditional cancer screening paradigm have been relaxed to accommodate uncertainty
present in the situation, and to encourage clarification of an individual woman’s values (e.g.,
the relative importance of false-positive and false-negative testing).

Although there is some convergence of guideline development for conventional screening
tests and genetic tests, the traditional evaluation of testing is changing in the context of
disruptive genomic technologies such as clinical whole genome and exome sequencing.
Contrary to predictive genetic tests of cancer susceptibility like BRCAL/2 testing that seek
out a narrow set of mutations associated with a specific disease, clinical whole genome and
exome sequencing interrogate the entirety of a person’s genetic code to detect all known
disease-associated variations. Although such sequencing is generally used as a tool to
diagnose an unidentified disease or set of symptoms, it also reveals “secondary” or
“incidental” results —information about thousands of gene variants associated with numerous
diseases and outcomes of varying severity and actionability that are unrelated to the
indication for ordering the sequencing, and which patients may have varying levels of
interest in learning. Experts are grappling with how to manage the massive amounts of risk
information provided, and with how to balance respect for patient autonomy in choosing to
learn or avoid risk information against the clinician’s duty to disclose risk information that
may potentially affect the well-being of patients and their relatives (44-46).

Recent guidance provided by the American College of Medical Genetics and Genomics
(ACMG) states that clinicians must provide all patients with their sequencing results related
to a minimal list of actionable genetic variants that (with appropriate medical intervention)
could reduce morbidity and mortality (47, 48). In practice, this would mean that patients
should be clearly educated on the likely harms and benefits of sequencing, and consent to
such testing as a result of a shared and informed decision-making process. Yet, once patients
have consented to testing, they would receive a specified set of results regardless of their
preferences, goals, or values. Such a situation calls for a more open discussion of this shift in
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the consideration of patient choice and the value of risk information, as it is revolutionizing
the problem of screening (49).

A Call for Action

We have examined how the traditional cancer screening paradigm has shifted and evolved in
response to changes in our ability to detect cancer risks. Emerging genetic and genomic
testing technologies have raised important questions regarding how to define the benefits
and harms of risk information in terms of personal and clinical utility, address healthcare
consumers’ preferences for information, and make decisions in the presence of scientific
uncertainty. Yet, genetic risk information is neither unique nor exceptional in this way —
these same questions are also relevant to the application and evaluation of conventional
cancer screening tests. Ultimately, the need exists for a better understanding of the value of
all risk information to people’s lives.

Addressing these challenges will require multilevel efforts involving diverse stakeholders
including national regulators overseeing genetic testing, policy makers suggesting
guidelines, provider teams delivering care, and individuals at risk for disease. These multiple
stakeholders make up the context of cancer care delivery (50) and personalized medicine
(19, 51). As part of such efforts, researches should focus on determining the difference that
risk information can make on the broad spectrum of outcomes of significance to both
patients and clinicians, and the mechanisms and processes by which these outcomes are
achieved. Morbidity and mortality are necessary outcomes to consider and will likely
continue to play an important role in determining the coverage and reimbursement of
medical services, but these outcomes are not likely sufficient for evaluating the benefits,
harms, and utility of all risk information. Clinicians should also continue to be thoughtful
about what kinds of information a screening test — conventional or genetic — will provide,
and what the implications of this information are for their patients and for their own abilities
to plan treatments, make decisions, and optimize care. Clinicians need to be cognizant of
what specific outcomes they and their patients are each trying to achieve and whether those
outcomes can be obtained by a given test, as enthusiasm for a test must be grounded in a
clear understanding of its limitations and strengths, not based on false expectations or poor
comprehension of its capabilities. Opportunities for discussions about the limitations,
benefits, and harms of the information provided by screening tests — both familiar
conventional screening tests and novel genetic and genomic tests — need to be supported by
medical training, third-party payers, and policy. Similarly, patients’ abilities to participate in
a shared and informed decision-making process need to be reinforced by consumer
education approaches that improve genomic literacy and the comprehension of probabilistic
risk information and scientific uncertainty (52).

Efforts must continue to be made by evaluation groups such as USPSTF and EGAPP as the
gap between conventional cancer screening tests and emerging genetic and genomic tests
continues to narrow. For example, in response to the evolution of the traditional cancer
screening paradigm, national bodies making recommendations might consider dimensions of
personal utility by giving more weight to evidence regarding the benefit of testing to
people’s lives, not just the effect of testing on morbidity and mortality. Furthermore, the
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balance of benefit and harm might shift as genomic risk information is applied as a means of
risk-stratifying populations, resulting in screening recommendations that differ across risk
strata in population-level cancer screening programs (53). Risk-based screening programs
informed by established risk factors such as age and family history have previously been
developed and implemented with demonstrated success (54), and recent discussions on this
issue have proposed incorporating polygenic (i.e., results for multiple common genetic
variants that individually confer a small degree of disease risk) information to identify
patients at increased risk who may benefit from earlier or more frequent screening with
conventional cancer screening tests (53, 55, 56). This personalized approach may hold
promise, but will require an adequate evidence base and a thoughtful and timely evaluation
process, one informed by the principles of the traditional screening paradigm and the lessons
learned from its application to the challenges highlighted by genetic risk information.

Finally, professional organizations and policy makers need to have a willingness and ability
to modify guidelines and regulatory frameworks as testing approaches, and our
understanding of their various outcomes, continue to evolve. The importance of such
flexibility has been recently illustrated in the domain of direct-to-consumer (DTC) genetic
testing. Consumers have had substantial autonomy regarding the uptake of DTC genetic
testing panels that assess a limited set of small nucleotide polymorphisms (SNPs), or genetic
variants that are common in the population and typically confer a small risk for a given
health condition or characteristic (e.g., 57, 58). These DTC genetic testing panels, appealing
to consumers’ desire for information and the concept of patient empowerment, quickly
entered the marketplace and largely bypassed any systematic or evidence-based review of
their effects on consumer outcomes. These tests have not met professional organization
recommendations regarding evidentiary transparency (59), and the FDA has recently
exercised their regulatory authority to stop the sale of these products until their clinical
validity and utility are demonstrated (60), although hundreds of thousands of such tests have
been sold with little understanding of their consequences. The decreasing costs of
sequencing, constant pressures of consumerism, and anticipated benefits of personalized
medicine suggest that in the future whole genome and exome sequencing may similarly be
marketed directly to consumers (42). Yet, compared to these DTC genetic testing panels,
whole genome and exome sequencing will provide an even greater amount of information
that is more complex and could have more serious implications for the lives of individuals
and their relatives. Researchers, clinicians, evaluation groups, professional organizations,
and policy makers must be prepared to confront this challenge by working together to
accumulate, interpret, and apply evidence about the various benefits and harms of these tests
in a timely manner, and to reassess their conclusions as scientific understanding evolves.

With any screening test, there is a need for clear evaluative criteria and a consideration of
the various outcomes that could be influenced by the test’s implementation. Valuable
perspectives can be learned from the evaluation of conventional screening tests and
emerging genetic and genomic tests — the traditional cancer screening paradigm
acknowledges that not all information is useful, and the emerging genetic paradigm
acknowledges that some information has a value in affecting lives rather than the course of a
disease. As the number and availability of screening tests increases and the lines between
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risk prediction and disease prevention become more blurred, we must continue to carefully

co

Acknowledg

Fu

nsider these overarching issues and challenges.
ments
nding: This project has been funded in whole or in part with federal funds from the National Cancer Institute,

National Institutes of Health, under Contract No. HHSN261201300091M to J. G. Hamilton and Contract No.
HHSN261200800001E to H. M. Edwards. The content of this publication does not necessarily reflect the views or
policies of the Department of Health and Human Services, nor does mention of trade names, commercial products,
or organizations imply endorsement by the U.S. Government.

References
1.

10

11.

12.

Nelson HD, Pappas M, Zakher B, Mitchell JP, Okinaka-Hu L, Fu R. Risk assessment, genetic
counseling, and genetic testing for BRCA-related cancer in women: A systematic review to update
the U.S. Preventive Services Task Force recommendation. Ann Intern Med. 2013

. Moyer VA. Risk assessment, genetic counseling, and genetic testing for BRCA-related cancer in

women: U.S. Preventive Services Task Force recommendation statement. Ann Intern Med. 2013

. U.S. Preventive Services Task Force. Screening for Breast Cancer, Topic Page. Nov. 2013 [cited

2013 November 23]; Available from: http://www.uspreventiveservicestaskforce.org/
breastcancer.htm

. Hall JIM, Lee MK, Newman B, Morrow JE, Anderson LA, Huey B, et al. Linkage of early-onset

familial breast cancer to chromosome 17g21. Science. 1990; 250:1684-9. [PubMed: 2270482]

. Miki Y, Swensen J, Shattuck-Eidens D, Futreal PA, Harshman K, Tavtigian S, et al. A strong

candidate for the breast and ovarian cancer susceptibility gene BRCAL. Science. 1994; 266:66—71.
[PubMed: 7545954]

. Wooster R, Bignell G, Lancaster J, Swift S, Seal S, Mangion J, et al. Identification of the breast

cancer susceptibility gene BRCA2. Nature. 1995; 378:789-92. [PubMed: 8524414]

. Wooster R, Neuhausen SL, Mangion J, Quirk Y, Ford D, Collins N, et al. Localization of a breast

cancer susceptibility gene, BRCA2, to chromosome 13q12-13. Science. 1994; 265:2088-90.
[PubMed: 8091231]

. Nelson HD, Tyne K, Naik A, Bougatsos C, Chan BK, Humphrey L, et al. Screening for breast

cancer: An update for the U.S. Preventive Services Task Force. Ann Intern Med. 2009; 151(10):
727-37. W237-42. [PubMed: 19920273]

. Wilson, JMG.; Jungner, G. Principles and Practice of Screening for Disease. Geneva, Switzerland:

World Health Organization; 1968.

. Sawaya GF, Guirguis-Blake J, LeFevre M, Harris R, Petitti D. U. S. Preventive Services Task
Force. Update on methods: Estimating certainty and magnitude of net benefit. Ann Intern Med.
2007; 147:871-5. [PubMed: 18087058]

U. S. Preventive Services Task Force. Screening for breast cancer: U.S. Preventive Services Task
Force recommendation statement. Ann Intern Med. 2009; 151:716-26. W-236. [PubMed:
19920272]

Nelson HD, Huffman LH, Fu R, Harris EL. U. S. Preventive Services Task Force. Genetic risk
assessment and BRCA mutation testing for breast and ovarian cancer susceptibility: Systematic
evidence review for the U.S. Preventive Services Task Force. Ann Intern Med. 2005; 143:362-79.
[PubMed: 16144895]

13. Teutsch SM, Bradley LA, Palomaki GE, Haddow JE, Piper M, Calonge N, et al. The evaluation of

genomic applications in practice and prevention (EGAPP) initiative: Methods of the EGAPP
working group. Genet Med. 2009; 11:3-14. [PubMed: 18813139]

14. Evaluation of Genomic Applications in Practice and Prevention (EGAPP). About EGAPP. May 15.

2013 [cited 2013 July 1]; Available from: http://www.egappreviews.org/about.htm

15. Botkin JR, Teutsch SM, Kaye CI, Hayes M, Haddow JE, Bradley LA, et al. Outcomes of interest in

evidence-based evaluations of genetic tests. Genet Med. 2010; 12:228-35. [PubMed: 20118789]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.


http://www.uspreventiveservicestaskforce.org/breastcancer.htm
http://www.uspreventiveservicestaskforce.org/breastcancer.htm
http://www.egappreviews.org/about.htm

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hamilton et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Page 11

Haddow, JE.; Palomaki, GE. ACCE: A model process for evaluating data on emerging genetic
tests. In: Khoury, MJ.; Little, J.; Burke, W., editors. Human Genome Epidemiology: A Scientific
Foundation for Using Genetic Information to Improve Health and Prevent Disease. Oxford:
Oxford University Press; 2003. p. 217-33.

Burke W, Tarini B, Press NA, Evans JP. Genetic screening. Epidemiol Rev. 2011; 33:148-64.
[PubMed: 21709145]

Evans JP, Burke W, Khoury M. The rules remain the same for genomic medicine: The case against
“reverse genetic exceptionalism”. Genet Med. 2010; 12:342-3. [PubMed: 20556868]

Khoury MJ, McBride CM, Schully SD, loannidis JPA, Feero WG, Janssens ACJW, et al. The
scientific foundation for personal genomics: Recommendations from a National Institutes of
Health-Centers for Disease Control and Prevention multidisciplinary workshop. Genet Med. 2009;
11:559-67. [PubMed: 19617843]

Foster MW, Mulvihill JJ, Sharp RR. Evaluating the utility of personal genomic information. Genet
Med. 2009; 11:570-4. [PubMed: 19478683]

Roberts JS, Shalowitz DI, Christensen KD, Everett JN, Kim SY, Raskin L, et al. Returning
individual research results: Development of a cancer genetics education and risk communication
protocol. J Empir Res Hum Res Ethics. 2010; 5:17-30. [PubMed: 20831418]

Ravitsky V, Wilfond BS. Disclosing individual genetic results to research participants. Am J
Bioeth. 2006; 6:8-17. [PubMed: 17085395]

Veenstra DL, Piper M, Haddow JE, Pauker SG, Klein R, Richards CS, et al. Improving the
efficiency and relevance of evidence-based recommendations in the era of whole-genome
sequencing: An EGAPP methods update. Genet Med. 2013; 15:14-24. [PubMed: 22955111]
Evaluation of Genomic Applications in Practice and Prevention (EGAPP) Working Group. The
EGAPP initiative: Lessons learned. Genet Med. 2013

McBride CM, Bowen D, Brody LC, Condit CM, Croyle RT, Gwinn M, et al. Future health
applications of genomics: Priorities for communication, behavioral, and social sciences research.
Am J Prev Med. 2010; 38:556-65. [PubMed: 20409503]

Hamilton JG, Lobel M, Moyer A. Emotional distress following genetic testing for hereditary breast
and ovarian cancer: A meta-analytic review. Health Psychol. 2009; 28(4):510-8. [PubMed:
19594276]

Schwartz MD, Isaacs C, Graves KD, Poggi E, Peshkin BN, Gell C, et al. Long-term outcomes of
BRCAL/BRCAZ2 testing: Risk reduction and surveillance. Cancer. 2012; 118:510-7. [PubMed:
21717445]

Low CA, Bower JE, Kwan L, Seldon J. Benefit finding in response to BRCA1/2 testing. Ann
Behav Med. 2008; 35:61-9. [PubMed: 18347905]

U.S. Preventive Services Task Force. Procedure Manual. Aug. 2011 [cited 2012 July 23];
Available from: http://www.uspreventiveservicestaskforce.org/uspstf08/methods/procmanual4.htm
Garcia SF, Cella D, Clauser SB, Flynn KE, Lad T, Lai JS, et al. Standardizing patient-reported
outcomes assessment in cancer clinical trials: A patient-reported outcomes measurement
information system initiative. J Clin Oncol. 2007; 25:5106-12. [PubMed: 17991929]

Hamilton JG, Lobel M. Passing years, changing fears? Conceptualizing and measuring risk
perceptions for chronic disease in younger and middle-aged women. J Behav Med. 2012; 35:124—
38. [PubMed: 21487721]

QS Quantified Self Labs: Self knowledge through numbers. About the Quantified Self. 2012. [cited
2013 July 31]; Available from: http://quantifiedself.com/about/

Meltsner M. A patient’s view of OpenNotes. Ann Intern Med. 2012; 157:523-4. [PubMed:
23027321]

Centers for Medicare & Medicaid Services. Stage 2 Overview Tipsheet. Aug. 2012 [cited 2013
February 21]; Available from: http://www.cms.gov/Regulations-and-Guidance/Legislation/
EHRIncentivePrograms/Downloads/Stage20verview_Tipsheet.pdf

Topol, EJ. The creative destruction of medicine: How the digital revolution will create better health
care. 1. New York: Basic Books; 2012.

Juengst ET, Flatt MA, Settersten RA. Personalized genomic medicine and the rhetoric of
empowerment. Hastings Cent Rep. 2012; 42:34-40. [PubMed: 22976411]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.


http://www.uspreventiveservicestaskforce.org/uspstf08/methods/procmanual4.htm
http://quantifiedself.com/about/
http://www.cms.gov/Regulations-and-Guidance/Legislation/EHRIncentivePrograms/Downloads/Stage2Overview_Tipsheet.pdf
http://www.cms.gov/Regulations-and-Guidance/Legislation/EHRIncentivePrograms/Downloads/Stage2Overview_Tipsheet.pdf

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hamilton et al.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Page 12

McGowan ML, Fishman JR, Lambrix MA. Personal genomics and individual identities:
Motivations and moral imperatives of early users. New Genet Soc. 2010; 29:261-90. [PubMed:
21076647]

Squiers LB, Holden DJ, Dolina SE, Kim AE, Bann CM, Renaud JM. The public’s response to the
U.S. Preventive Services Task Force’s 2009 recommendations on mammography screening. Am J
Prev Med. 2011; 40:497-504. [PubMed: 21496748]

The Pew Research Center For the People & the Press. Surprise, disagreement over mammogram
guidelines, strong interest in health care, little interest in Palin. Nov 25. 2009 [cited 2012 April
30]; Available from: http://www.people-press.org/files/legacy-pdf/567.pdf

Printz C. Confusion over screening guideline changes. Cancer. 2010; 116:2065-6. [PubMed:
20419828]

Ransohoff DF, Khoury MJ. Personal genomics: Information can be harmful. Eur J Clin Invest.
2010; 40:64-8. [PubMed: 20055897]

Caulfield T, Evans J, McGuire A, McCabe C, Bubela T, Cook-Deegan R, et al. Reflections on the
cost of “low-cost” whole genome sequencing: Framing the health policy debate. PL0S biology.
2013; 11:21001699. [PubMed: 24223516]

Offit K. Genomic profiles for disease risk: Predictive or premature? JAMA. 2008; 299:1353-5.
[PubMed: 18349097]

Green RC, Lupski JR, Biesecker LG. Reporting genomic sequencing results to ordering clinicians:
Incidental, but not exceptional. JAMA. 2013; 310:365-6. [PubMed: 23917280]

Ross LF, Rothstein MA, Clayton EW. Mandatory extended searches in all genome sequencing:
“Incidental findings,” patient autonomy, and shared decision making. JAMA. 2013; 310:367-8.
[PubMed: 23917281]

Klitzman R, Appelbaum PS, Chung W. Return of secondary genomic findings vs patient
autonomy: Implications for medical care. JAMA. 2013; 310:369-70. [PubMed: 23917282]

Green RC, Berg JS, Grody WW, Kalia SS, Korf BR, Martin CL, et al. ACMG recommendations
for reporting of incidental findings in clinical exome and genome sequencing. Genet Med. 2013;
15:565-74. [PubMed: 23788249]

American College of Medical Genetics and Genomics. Incidental Findings in Clinical Genomics:
A Clarification. Apr 25. 2013 [cited 2013 June 7]; Available from: https://www.acmg.net/docs/
Incidental_Findings_in_Clinical_Genomics_A_Clarification.pdf

Burke W, Matheny Antommaria AH, Bennett R, Botkin J, Clayton EW, Henderson GE, et al.
Recommendations for returning genomic incidental findings? We need to talk! Genet Med. 2013;
15:854-9. [PubMed: 23907645]

Taplin SH, Anhang Price R, Edwards HM, Foster MK, Breslau ES, Chollette V, et al. Introduction:
Understanding and influencing multilevel factors across the cancer care continuum. JNCI
Monographs. 2012; 2012:2-10.

U. S. Food and Drug Administration. Paving the way for personalized medicine: FDA’s role in a
new era of medical product development. Silver Spring, MD: 2013.

Hurle B, Citrin T, Jenkins JF, Kaphingst KA, Lamb N, Roseman JE, et al. What does it mean to be
genomically literate?: National Human Genome Research Institute meeting report. Genet Med.
2013; 15:658-63. [PubMed: 23448722]

Chowdhury S, Dent T, Pashayan N, Hall A, Lyratzopoulos G, Hallowell N, et al. Incorporating
genomics into breast and prostate cancer screening: Assessing the implications. Genet Med. 2013;
15:423-32. [PubMed: 23412607]

Taplin SH, Thompson RS, Schnitzer F, Anderman C, Immanuel V. Revisions in the risk-based
breast cancer screening program at Group Health Cooperative. Cancer. 1990; 66:812-8. [PubMed:
2386908]

Khoury MJ, Janssens AC, Ransohoff DF. How can polygenic inheritance be used in population
screening for common diseases? Genet Med. 2013; 15:437-43. [PubMed: 23412608]

Burton H, Chowdhury S, Dent T, Hall A, Pashayan N, Pharoah P. Public health implications from
COGS and potential for risk stratification and screening. Nat Genet. 2013; 45:349-51. [PubMed:
23535723]

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.


http://www.people-press.org/files/legacy-pdf/567.pdf
https://www.acmg.net/docs/Incidental_Findings_in_Clinical_Genomics_A_Clarification.pdf
https://www.acmg.net/docs/Incidental_Findings_in_Clinical_Genomics_A_Clarification.pdf

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hamilton et al.

Page 13

57. Bloss CS, Darst BF, Topol EJ, Schork NJ. Direct-to-consumer personalized genomic testing. Hum
Mol Genet. 2011; 20:R132-41. [PubMed: 21828075]

58. Bellcross CA, Page PZ, Meaney-Delman D. Direct-to-consumer personal genome testing and
cancer risk prediction. Cancer J. 2012; 18:293-302. [PubMed: 22846729]

59. Lewis NP, Treise D, Hsu SI, Allen WL, Kang H. DTC genetic testing companies fail transparency
prescriptions. New Genet Soc. 2011; 30:291-307.

60. U. S. Food and Drug Administration. Warning letter, 23andMe, Inc. 11/22/13. Inspections,
compliance, enforcement, and criminal investigations. Nov 25. 2013 [cited 2013 December 2];
Available from: http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/2013/
ucm376296.htm

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.


http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/2013/ucm376296.htm
http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/2013/ucm376296.htm

