DOI: 10.1093/jncimonographs/Igs003 © The Author 2012. Published by Oxford University Press. All rights reserved.

For Permissions, please e-mail: journals.permissions @oup.com.

Multilevel Research and the Challenges of Implementing
Genomic Medicine

Muin J. Khoury, Ralph J. Coates, Mary L. Fennell, Russell E. Glasgow, Maren T. Scheuner, Sheri D. Schully, Marc S. Williams,
Steven B. Clauser

Correspondence to: Muin J. Khoury, MD, PhD, Office of Public Health Genomics, Centers for Disease Control and Prevention, 1600 Clifton Rd, Mailstop E61,
Atlanta, GA 30333 (e-mail: muk1@cdc.gov).

Advances in genomics and related fields promise a new era of personalized medicine in the cancer care continuum.
Nevertheless, there are fundamental challenges in integrating genomic medicine into cancer practice. We explore how
multilevel research can contribute to implementation of genomic medicine. We first review the rapidly developing scientific
discoveries in this field and the paucity of current applications that are ready for implementation in clinical and public
health programs. We then define a multidisciplinary translational research agenda for successful integration of genomic
medicine into policy and practice and consider challenges for successful implementation. We illustrate the agenda using
the example of Lynch syndrome testing in newly diagnosed cases of colorectal cancer and cascade testing in relatives. We syn-
thesize existing information in a framework for future multilevel research for integrating genomic medicine into the cancer care

continuum.
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Advances in genomics are ushering in a new era of personalized
medicine (1), using pharmacogenomics (2), tumor genomic altera-
tions (3), and stratification of cancer risk using gene mutations (4).
Many genetic tests including personal genome profiles are avail-
able and marketed directly to consumers and have the potential to
inform preventive interventions, such as dietary change and physi-
cal activity, across many diseases in addition to cancer (5-7). In a
horizon scan, the Centers for Disease Control and Prevention
(CDC) found 267 cancer genomic tests introduced into clinical
research and practice between October 2009 and January 2012 (8).
Opverall, tests for more than 2000 genetic disorders are now avail-
able in clinical practice (9). The terms “genomic medicine” and
“personalized medicine” are increasingly used to convey how
molecular approaches can subdivide diagnostic categories and
refine cancer prevention and therapeutic choices (10). The combi-
nation of genetic and nongenetic factors may lead to better person-
alization of health care and prevention (10).

The emergence of genomic science can add tremendous com-
plexity to the already formidable challenges for improving care
across the cancer continuum. Implementation of genomic medi-
cine will benefit from a thorough understanding of levels of
influence and their interactions in cancer care. Indeed, the
framework of multilevel interventions discussed in this mono-
graph readily applies to genomic medicine. Genomic medicine is
in its infancy, and there is scarcity of intervention data at each
level, let alone multilevel interventions. Readers are referred to
the article by Taplin et al. (and its figure 1) for approaches to
multilevel analysis (11). We do not discuss the multiple levels of
influences at the tissue, cellular, biochemical, and molecular lev-
els (12). These “micro” level influences are outside the scope of
this monograph.
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The Promise and Challenge of Implementing
Genomic Medicine

Typical indications for cancer genetic testing include predisposi-
tional/susceptibility testing to predict risk; diagnostic testing to con-
firm a hereditary cancer syndrome; prognostic testing to predict
natural history, such as severity or risk of recurrence; and pharma-
cogenomic testing to predict drug response, which might influence
drug dosage or selection. Genetic tests are available to assess inherited
and acquired genetic variation. Nevertheless, little intervention
research has compared cancer health outcomes based on genomic
medicine applications with current approaches. In addition, the
potential for misuse of these applications has not been systematically
examined. Genomic medicine is now a subject of considerable inter-
est for comparative effectiveness research (13). In addition, even when
the utility of a genomic application has been documented, very little
research has evaluated implementation; assessed quality of testing and
decision making; defined educational needs of providers, patients, and
the public; evaluated its cost-effectiveness; or measured impact on
population health outcomes. Such research could influence the orga-
nization and delivery of genomic medicine, as well as related health
professional curricula, clinical guidelines, and public policy.

Khoury et al. (14) described four phases of translational
research from basic discovery to clinical and population research
that can reduce the burden of cancer (T'1-T4). Understanding bar-
riers and facilitators across these phases is crucial in maximizing
the net positive population health benefits without exacerbating
existing disparities. Currently, a vibrant research enterprise is
underway in genomic discovery and T1 (which bridges discovery
to candidate health applications, or “bench to beside”) but little
genomics research conducted and published in T2 (which assesses
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candidate genomic applications in practice), T3 (implementing
and integrating genomics into clinical practice), and T4 (evaluating
population health impact of genomic medicine). Schully et al. (15)
found that less than 2% of cancer genomics research funded by the
National Cancer Institute and less than 0.5% of published cancer
genomics research is T2 and beyond. Even though many genomic
tests are available in practice, most tests assessed by evidence
reviews have insufficient information on clinical utility and cost-
effectiveness (16). Furthermore, in our targeted review, we found no
real examples of multilevel research in genomic medicine as defined
by Taplin et al. (11) in this supplement. However, the case study
of Lynch syndrome presented below may give an early indication
of the utility of multilevel approaches in genomic medicine.

Multilevel Influences in Genomic Medicine

To illustrate how genomics can overlay and complicate the cancer
care continuum, we revisit, using a genomic lens, the two case sce-
narios discussed by Zapka et al. in this monograph (17). Scenario 1
is the case study of Ms Smith, a 66-year-old retired African
American. The case demonstrated multiple factors that influence
cancer screening [Table 1, (17)], including race, gender, health
care-seeking behaviors, and community and health-care organiza-
tions. One important variable that could be added to this scenario is
family history, an important risk factor for many cancers. The pres-
ence of certain patterns of family history, especially early onset

cancers among multiple relatives, on either maternal or paternal
side of the family, may indicate hereditary forms of cancer (eg,
colorectal, breast, and ovarian cancer), thus affecting the initiation
and frequency of cancer screening patterns not only for Ms Smith
but also for other family members (27). Unfortunately, many peo-
ple do not know about genetic transmission of cancer susceptibility
and their family history of cancer (28). Additionally, family history
is not systematically collected during medical encounters and is not
consistently documented to identify at risk individuals. To meet this
woman’s needs in a world of genomic medicine, there will be an
increasing need for provider training, preparation of the organiza-
tion for the testing process, a provider referral resource for people
testing positive (along with follow-up), and ways of addressing the
needs of the relatives who will also be affected by the information.

The second scenario discussed by Zapka et al. (17) is that of
Zoe, the 42-year-old woman diagnosed with breast cancer. The
case illustrated the transition from therapy to survivorship and
the multiple levels of influences that affect it (Table 1). What if
Zoe’s tumor was discovered to have a HER2 mutation, a known
prognostic marker which would affect treatment regimen (as
HER? status determines whether or not trastuzumab should be
used) and survival prospects (29)? In addition, there are a num-
ber of emerging genomic markers, such as breast cancer gene
expression profiles (3), or pharmacogenomic traits (2) that can
affect a patient’s decision regarding the use of chemotherapy.
The presence of this “new” type of, albeit incomplete but

Table 1. Multilevel factors influencing the implementation of Lynch syndrome testing among newly diagnosed cases of CRC in the

United States, to reduce morbidity and mortality in their relatives*

Level

Examples of factors

Patient with CRC

Understanding the importance of diagnosing Lynch syndrome and cascade screening in their relatives; addressing

the need for informed consent; understanding dynamics with other relatives; assessing whether screening of
CRC patients for Lynch syndrome will improve their own outcomes; assessing how communication of information

with relatives will be managed

Relatives of CRC patients

Health and functional status, health perception, cultural factors; knowledge about cancer screening, comorbidity;

patterns of health-care use; access to health-care services and insurance which could be different from those
of the affected patient with CRC; geographic proximity to patients; family attitudes about screening; psychosocial
impact of communication about Lynch syndrome risk through affected relatives with CRC

Provider team

Knowledge and communication about Lynch syndrome screening recommendations in newly diagnosed cases

of CRC; incentives for diagnosing and reporting Lynch syndrome, timing, knowledge of genetics and
genetic counseling referral patterns; for patients who are positive for Lynch syndrome; coordination between
various specialties (pathology, gastroenterology, oncology, genetics); reimbursement of initiating contact with

relatives of patients with CRC

Laboratory process

Comparing performance of different methods and approaches for screening for Lynch syndrome (eg, microsatellite

instability and IHC, as well as use of DNA sequencing technology for specific screening results, ie, IHC
staining for MLH1 protein); do we need local/centralized laboratories to undertake screening

Health-care organization

Policies for screening cases, integration of information, guidelines into EHRs; presence of decision support tools;

standard practices on contacts of patients and relatives; interface and communication between different parts
of the organization (eg, pathology, oncology, primary care, genetics)

Community/state

Insurance coverage and reimbursement; existence of state guidelines for recording Lynch syndrome in medical

records and in cancer registries data; state efforts to promote adoption of guidelines; certification of qualified

laboratory personnel

National health policy

Medicare and Medicaid benefits for testing for Lynch; national policies and oversight and regulation of genomic

tests and performance of laboratories; dealing with patent issues around genomic tests; professional societies
standards and involvement of multiple groups (eg, oncology, pathology, genetics, gastroenterology); possible
recommendations of advisory committees for universal screening similar to newborn screening; question of
necessity of a centralized laboratory testing process for implementation

* Information for this table is derived from references (17-26). CRC = colorectal cancer; EHR = electronic health record; IHC = immunohistochemistry; MLH1 = mutlL

homolog 1.
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rapidly changing information, can only complicate Zoe’s cancer
care and transition to survivorship.

To illustrate multiple levels in genomic medicine, we review
the laboratory testing process in genomic medicine and relate it
to traditional levels including individual, familial/social, health-
care organizations, community, and the regulatory and policy
environment.

The Laboratory Testing Process

Genetic testing has three phases (30,31). The preanalytic phase
includes determining whether a particular test is indicated, selecting
and ordering the test, obtaining informed consent, and collecting
appropriate specimens. Many genetic tests are offered based on
family history and other characteristics, such as age, sex, and ancestry.
The provider and patient discuss potential benefits, risks, and limi-
tations of the test, and implications for relatives. The analytic phase
includes specimen processing and generating results. Most genetic
tests are developed by a laboratory (ie, not marketed as kits) and
overseen for use by the Food and Drug Administration (31).
Opversight of laboratories is provided by the Clinical Laboratory
Improvement Amendments (CLIA) of 1988 (31). The postanalytic
phase includes interpreting and communicating results and patient
management. The traditional delivery pathway for genetic testing
services involves clinical geneticists, who provide consultation to
patients and their families (32,33).

With the ever increasing number of genomic applications, pri-
mary care providers will become increasingly responsible for its
delivery (34-36). Unfortunately, the health-care workforce is not
prepared to integrate genomics into practice (37). Errors are likely
to occur during pre- and postanalytic phases (38-41). These
include a lack of recognition of patients with indications for test-
ing, errors in selecting the appropriate test and method, insuffi-
cient collection of personal and family information, and inadequate
informed consent. In the postanalytic phase, misinterpretation of
test results can lead to inappropriate management, adverse patient
outcomes, increased costs, and increased health disparities (42).
Strategies to reduce errors are available at multiple levels; some target
providers through educational initiatives and clinical decision sup-
port in electronic health records (EHRs); others target organizations
by creating a standardized and understandable genetic laboratory
report or integrating genetic counselors/nurse geneticists in practice
settings; others target patients and providers through community-
level interventions such as using Internet resources to increase access
to information; and finally, at the state or national policy level, by
initiatives designed to increase the genetics professional workforce.

Patient-Provider Interactions

Each phase of the genetic testing process requires a multilevel
perspective. Targeting provider and health-care team behavior is
central to the delivery of genomic medicine. Provider behavior is
influenced at many levels, including the community and policy
environment, organizational structure and processes, provider
characteristics, and patient-provider encounter characteristics
(43-46). Provider characteristics, such as knowledge of genomics,
medical specialty, years since medical school graduation, and geo-
graphic practice area, may play a role in receptivity to genomic medi-
cine. Interventions targeting relevant patient—provider encounter
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characteristics that may influence adoption and implementation of
genomic testing include patient knowledge and information needs,
risk perception processes, patient concerns regarding genetic dis-
crimination, cultural similarities between the patient and provider,
and time available for delivery of genetic testing services. It is
increasingly recognized that adopting and delivering genomic
applications is not a one-time decision and implementation event
that may be replicated by simple imitation but needs to be consid-
ered a dynamic ongoing series of encounters and decisions in an
organizational and strategic planning context.

Patient—provider health communication and patient-centered
health technologies can enhance productive encounters between
activated patients (47) and proactive provider teams (48,49).
Patient activation—the extent to which patients are engaged in
their care and treatment/prevention planning (50)—may be espe-
cially important in genomic medicine. Key psychosocial factors
include self-efficacy, coping and problem-solving style, and self-
management skills, preferences, and risk and illness perceptions
to enhance informed decision-making (51). Other issues include
patients’ expectations of providers, experience of and trust in
health-care systems, understanding of complex medical issues,
such as health risks, treatment benefits and potential harms, and
levels of health literacy (52) and health numeracy (53).

Family and Social Support

Family and social support systems also are important intervention
targets in cancer care generally, and genomic medicine in particular.
Spouses and family members provide support, even sacrificing their
careers or living situations for loved ones, but also can also be
affected by stress and conflict (54). Cancer-related treatment deci-
sions and associated personal and financial stress can surface long-
standing family interaction patterns and dysfunctions. Consideration
of the genetics of cancer and treatment has direct implications
for family members. To adequately care for an individual with
a genetic alteration in cancer, the provider must anticipate that
patient’s family will have questions and concerns (55). How those
concerns influence the patient’s adherence to care may need con-
sideration to maximize the impact of therapy.

Health-Care Organizations

Health-care organizations represent an important intervention
level in the translation of evidence-based recommendations, includ-
ing genomic medicine, into clinical care (56,57). They need to
comply with national, state, and local policies while creating an
environment that supports patient care (58). In the United States,
health care is delivered through multiple generally nonintegrated
systems (59). The result is highly variable service delivery and inad-
equately measured outcomes. In 2005, Schuster et al. (60) noted
that patients with chronic illness receive only 60% of recommended
treatments, whereas 20% of the interventions rendered are contra-
indicated (60). This finding has been confirmed in the oncological
setting (61,62), as well as in breast cancer genetics practice (63).
A 2003 report indicated that nearly 50% of the care in the United
States is delivered in practices with one or two physicians and 82%
in practices of nine or fewer physicians (64). Data specific to oncology
practice are not available, but in a 2007 American Society for
Clinical Oncology (ASCO) workforce survey, 9% of oncologists
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report practicing solo, 8% are in a partnership, and 46% are in
either a single specialty (32%) or multispecialty (14%) group prac-
tice (65). Urban-rural care and survival disparities also could sup-
port these findings, given that multidisciplinary care is less likely to
be available in these areas (66,67). The problem is likely to worsen
as the sheer volume and complexity of genomic information
increases. Although it is tempting to target the care provider as
the “problem” and direct remediation strategies at the provider to
“correct” the problem, interventions directed toward individuals
(providers and patients), groups (medical practices), and more com-
plex organizational levels are more likely to succeed (68).

EHR systems have been proposed as a solution to the problems
outlined above (69). Fully functional EHRs will be a valuable tool
in care because of their ability to collect, aggregate, and synthesize
information that can subsequently be distilled and presented to
providers and patients in real time. This may be of particular rel-
evance to genomic medicine where disparate data on disease status
in relatives, and an increasing amount of laboratory-based infor-
mation must be aggregated. However, EHRs alone are not suffi-
cient to improve patient care and safety (70-72). Availability of
EHREs is also an issue; as of 2008, only 4% of practitioners have
access to a fully functional EHR system and 13% to a basic EHR
system (73). The situation is slightly more encouraging for oncolo-
gists, as a survey done by the ASCO EHR workgroup indicates
that EHR adoption may be approaching 25%, although the func-
tionality of the EHRs was not defined (74). This is an issue even
for hospital-based practitioners, as only 1.5% of hospitals surveyed
have comprehensive systems and an additional 7.6% have a basic
system (75).

Acknowledging the potential impact of policy, we focus on the
role of health-care organizations in the translation of genomic
medicine as a critical level of research to improve patient care.
Although genomic medicine may increase the volume and com-
plexity of the information needed by providers, the fundamental
challenges for genomic medicine are similar to those encountered
in any clinical improvement effort for developing the appropriate
structure and processes for care. A key element to improve practice
is the development and application of clinical guidelines, and
ASCO has produced 25 to date (76,77). Guidelines, like EHRs, are
necessary but not sufficient to improve care. If an organization
recommends the use of a genetic test, then it must ensure the avail-
ability and adequacy of the all steps of the testing process.
Examples of barriers were identified in medical oncology by Hains
et al. (78). Factors involved in guideline development and imple-
mentation processes are discussed elsewhere (79,80)

Most health-care organizations do not have the capability to
translate guidelines into clinical practice. In a survey of organiza-
tions redesigning their health-care delivery, Wang et al. (81) iden-
tified four success factors: 1) direct involvement of leadership;
2) strategic alignment of improvement efforts with organizational
priorities; 3) systematic establishment of performance appraisal
systems for continuous improvement; and 4) proactive develop-
ment of champions, teams, and staff. In surgical oncology, the
Ontario health system improved compliance with guidelines by
using a community of practices model (82). Central to the effort
was knowledge management that assessed not only scientific
evidence but implementation factors (eg, feasibility, adaptability,
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and transparency to evaluation). The authors concluded that cus-
tomization of guidelines to match the care delivery setting was
essential to success. The process to implement a tumor-based
screening program to identify patients with Lynch syndrome
(Table 1) in a large health-care system was recently described (18).

Community

Although community research on methods to increase implementa-
tion of genomic medicine is limited (83), several interventions have
been found effective in increasing the delivery of various cancer-
related clinical services, such as tobacco cessation therapies, immu-
nization (eg, to prevent cervical cancer), and cancer screening.
These interventions include numerous approaches that influence
behavior at many levels, such as health system policy changes to
increase access to service, thereby reducing costs or structural bar-
riers; health plan or health provider use of systems or registries to
identify patients in need of the service and to provide reminders to
providers and patients; public education; and individually tailored
education and shared decision making using one-on-one counsel-
ing (84-87). Ongoing monitoring of individual or organizational
performance by the community or through a state health depart-
ment or in the future, an accountable care organization, provides
measures and comparisons that may be difficult to attain. Providing
feedback based on such measures has been effective in increasing
delivery of recommended cancer services by providers, for national
organizations in increasing delivery of services by health plans, and
for governmental organizations in increasing the delivery of effec-
tive tobacco control policy interventions by state and local govern-
ments (88-90). Public health intervention strategies found to be
effective in increasing use of cancer clinical services may also be
effective in enhancing implementation of genomic medicine. For
example, state health departments might identify all health plans/
health insurers in their states and evaluate coverage for each recom-
mended genetics service, including counseling, testing, and related
care. They could promote insurance policy changes to improve
access by providing feedback to the health plans on coverage pro-
vided by other plans. Similar interventions could be undertaken to
evaluate and promote policy changes with health-care provider
groups and state associations of health professionals. State and local
health departments could use existing communications channels to
provide effective educational materials to the public and providers
on recommended genomic services.

State policy may be a useful context for designing intervention
research or comparing “natural experiments” in genomic medicine
implementation. State-level surveillance systems such as the
Behavioral Risk Factor Surveillance System (91) could be used to
monitor variation in the reported use of widely services across
states, such as consultation for BRCA gene testing. State cancer
registries (92) could be used to track variation in use of KRAS gene
testing for decision making in cancer therapy. States might experi-
ment with available online decision support tools in formats com-
patible with EHRs to assess differential effectiveness while
permitting customization in different settings (93).

Policy and Oversight

Rapid growth in genetic testing poses policy and oversight challenges.
Several policy levels potentially influence the uptake of genomic
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medicine in cancer, including the national health policy environ-
ment (national health reform, reimbursement policies), the state
health policy environment (insurance and licensure regulations),
and the local community environment (eg, local health-care mar-
kets and professional norms). Three sets of issues are considered: 1)
regulatory issues concerning direct-to-consumer marketing of
genetic testing and reimbursement and/or insurance coverage of
genomic medicine, 2) public health policy, specifically the develop-
ment of licensure and training standards for genomic medicine—
related professionals and technical personnel, and 3) market
structure affecting developers of genomic medicine.

Most direct-to-consumer genetic tests have unknown clinical
validity and utility (94). Although most personal genetic tests are
marketed online, recently, a pharmacy chain announced briefly the
intent (95) to sell these products in stores nationwide. These tests
include genetic susceptibility for many illnesses. In 2008, a multi-
disciplinary National Institutes of Health-CDC workshop identi-
fied knowledge gaps in personal genomics and recommended
multilevel clinical and population research to fill these gaps (94).
Many have cautioned against widespread use of personal genetic
tests, especially given the insufficient evidence on the predictive
value of newly discovered genetic risk factors (94-96). The extent
to which medical professionals are able to provide counseling is
not well understood, and some evidence suggests that referrals for
genetic counseling do not necessarily increase in areas where con-
sumer interest in genetic testing has increased (97,98).

Policy oversight greatly affects the diffusion and availability of
genomic medicine, which involves insurance coverage policies
through state-mandated benefit policies, Medicare/Medicaid cov-
erage policies, and third-party insurance plans. State insurance law
tends to focus on legal issues related to discrimination and privacy.
Mandates for specific tests are rare, although coverage of genetic
counseling services can lower access barriers. As with most treat-
ment innovations, coverage is tied to efficacy and medical neces-
sity. Private insurers perform technology assessment, and each
insurer makes its own decision regarding coverage using internal
resources, technology assessment resources, online coverage bul-
letins from other payers and Medicare coverage decisions.

Khoury et al. (99), among others, have discussed the develop-
ment of “coverage with evidence development,” a model used by
the Centers for Medicare & Medicaid Services (CMS) to allow
Medicare coverage of experimental treatments under controlled
research protocols. This model currently allows coverage of a lim-
ited number of technologies with assured clinical data accrual for
those patients. However, CMS has resisted issuing national coverage
determination policies, in part, for fear of the cost implications.
This leaves coverage determination to local policies by fiscal inter-
mediaries under contract to CMS, with the potential for wide
variation. CMS also has developed a “new technology add-on
payment program,” to allow additional payments for the use of
breakthrough technologies on an inpatient basis. Early evaluation
of the program suggests that it may help remove some genomic
medicine payment barriers in hospitals; however, the growing use
of these technologies in ambulatory settings may mitigate the ben-
efits of this program (100).

A final factor concerns the market structure influencing the devel-
opment of genomic medicine. In his extensive reviews (101-106),
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Burns explores the impact of merger and acquisition activity on the
financial performance of pharmaceutical firms and future innova-
tion. Classical industrial organization arguments for mergers and
acquisitions stress the need to achieve economies of scale and to
speed entry into new markets. However, Burns data show that
recent waves of merger and acquisition events have concentrated
on mega-mergers among the largest pharmaceutical firms. This
has led to a highly concentrated pharmaceutical market but few
positive effects on innovation. Biopharmaceutical pipelines con-
tinue to be constricted due to unclear guidelines and inadequate
laboratory capacity. Mega-mergers seem closely related to increased
environmental pressures, including proliferation of health mainte-
nance organization pharmacy benefit managers and regulatory
constraints. More recently, Pricewaterhouse Cooper has shown
that the “flurry of deal activity” in the in vitro diagnostics included
both mergers and acquisitions and strategic alliances (106).

Putting It Together: Toward a Multilevel
Research Agenda in Genomic Medicine

Multiple levels inform policy and practice in genomic medicine.
Taken together, all levels of the “onion” have a potential role in
informing what works and what does not work in implementing
genomic medicine. As discussed in the chapter by Stange et al. in
this monograph (107), it is not so much the number of levels of the
onion, or sheer number of multilevel activities conducted, but
the interplay and alignment of activities across levels appears to be
critical (107). Several types of research can inform this area, includ-
ing surveillance, observational, interventional, implementation, and
dissemination research. A key question remains concerning where
to start, as Weiner et al. (108) describe in this supplement. Next
steps depend upon the intervention and research question and con-
ceptual mapping of question-to-research-design. Such mapping
helps to reveal the combination and possibly the sequencing of
multilevel factors and interventions. The current genomic medi-
cine literature is sparse on this topic. The following example uses
the Weiner et al. (108) Convergence and Facilitation Intervention
Strategy as an example of how such multilevel research designs
could be conceived in cancer genomic medicine (see Figure 1).
Lynch syndrome is a common cause of inherited colorectal
cancer (CRC), accounting for approximately 3% of all CRC
cases in the United States. In 2009, the Evaluation of Genomic
Applications in Practice and Prevention (EGAPP), an indepen-
dent multidisciplinary working group, recommended screening
for Lynch syndrome in all newly diagnosed CRC cases to reduce
morbidity and mortality in family members (19). Risk of CRC
morbidity and mortality can be dramatically lowered by using
colonoscopy at an earlier age and greater frequency than recom-
mended in the general population. By identifying Lynch syn-
drome mutations in CRC cases, family-specific analyses can be
performed to identify at-risk relatives. To explore multilevel chal-
lenges for implementing the working group’s recommendation,
the CDC convened a multidisciplinary panel. Participants identi-
fied challenges and research strategies. These include lack of
patient, family, and provider knowledge of Lynch syndrome
and testing issues; informed consent issues on probands; use of
genetic services; psychosocial impact; responsibility of cascading
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Provider
Team
Knowledge,
Skills,
Motivation

Guideline Education /
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(Provider Team)
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Family
Knowledge,
Beliefs,
Motivation

Patient and Family
Education (eg, media,
advocacy groups ,
Public Health Departments)
(Community)

Health System
Testing / Counseling / Decision Support /
Surveillance
(Organization leadership / IT)

Provider Team -
Patient / Family
Interaction

Federal / State Health
Policy (coverage and
reimbursement)

Figure 1. Potential convergence and facilitation of intervention strategies: Lynch syndrome testing. Box indicates intervention and level of influence
(in parentheses). Diamond indicates the mediator. Oval indicates the outcome. Convergence intervention strategies are those interventions at
multiple levels that mutually reinforce each other by altering patterns of interaction among two or more target audiences. A facilitation strategy

is one that enables another strategy to reach an objective.

from probands to relatives, patient, provider, and relatives’ com-
pliance; testing limitations; public health and policy infrastructure
needs; as well as cost effectiveness for implementation in the
“real” world (20). In spite of the EGAPP working group recom-
mendations for screening and the recently published favorable
cost-effectiveness analysis for screening (21), there is still lack of
consensus on who should be screened for Lynch syndrome (22).
There is incomplete knowledge of this syndrome among health-
care providers (23). The CDC participants discussed how research
at multiple levels can be brought together to implement Lynch
syndrome recommendation. A distinguishing feature of this sce-
nario is the need to include multilevel intervention among family
members, who can come from different geographic locations and
communities as well as health delivery systems, in addition to the
biological and cultural set of interactions that are unique to fami-
lies. Family dynamics are important in encouraging patients with
Lynch syndrome to inform their relatives of their increased risk
and have been rarely evaluated [see recent study from Japan, (24)].
In addition, knowledge about how family members at risk per-
ceive their situation is quite limited (25). At the health system
level, the lack of consensus and provider awareness has also been
associated with divergent referral and testing practices (26).
Furthermore, the ability of available information systems to track
patients and families to assure appropriate referral, counseling,
and testing is limited. Finally, payment and coverage barriers
must be overcome at the federal and state level, to align incentives
with clinical care.

Table 1 shows a summary of multilevel factors involved and
what questions need to be answered individually and in combina-
tion. Several health-care plans have recently implemented pilot
projects for Lynch syndrome screening including Intermountain
Healthcare in Utah (18). In that context, a combination of litera-
ture reviews, simulation modeling, and stakeholder consultations
have identified the most efficient protocol for implementation.
The evaluation of a multilevel approach to Lynch syndrome and
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genomic medicine in general will benefit from the theoretical
framework established by Taplin et al. (11) and illustrated
throughout this monograph [e.g. (17)].

In conclusion, we need a multilevel research agenda that allows
us to accelerate the implementation and evaluation of genomic
applications. Tunis et al. (109) and the CONSORT group on
pragmatic trials (110) have characterized this pathway by thinking
about research applications that affect further research, clinical
policy, care delivery, and health-care outcomes. Drawing from
their formulation, we should conduct simultaneously, not sequen-
tially, multidisciplinary research that enhances the knowledge base
and the quality of future implementation research that can influ-
ence practice and policy. Our progress through this translational
pathway has barely begun for genomic medicine. The literature is
scant, and our knowledge is more anecdotal than systematic about
how genomic discoveries are used. The challenges of acquiring a
deeper understanding of how these factors influence policy and
practice point to a new frontier for genomics in cancer control
research.
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