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A major promise of genomic research is information that can transform health care and public health through earlier diagnosis,
more effective prevention and treatment of disease, and avoidance of drug side effects. Although there is interest in the early
adoption of emerging genomic applications in cancer prevention and treatment, there are substantial evidence gaps that are
further compounded by the difficulties of designing adequately powered studies to generate this evidence, thus limiting the
uptake of these tools into clinical practice. Comparative effectiveness research (CER) is intended to generate evidence on the
“real-world” effectiveness compared with existing standards of care so informed decisions can be made to improve health care.
Capitalizing on funding opportunities from the American Recovery and Reinvestment Act of 2009, the National Cancer Institute
funded seven research teams to conduct CER in genomic and precision medicine and sponsored a workshop on CER on May 30,
2012, in Bethesda, Maryland. This report highlights research findings from those research teams, challenges to conducting CER,
the barriers to implementation in clinical practice, and research priorities and opportunities in CER in genomic and precision
medicine. Workshop participants strongly emphasized the need for conducting CER for promising molecularly targeted therapies,
developing and supporting an integrated clinical network for open-access resources, supporting bioinformatics and computer sci-
ence research, providing training and education programs in CER, and conducting research in economic and decision modeling.
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Advances in genomic medicine are ushering in a new era of
individualized cancer care and prevention. There are currently
more than 1000 genomic tests available in clinical practice for an
estimated 2500 conditions (1,2) with approximately 30% specific to
oncology (3). Many genome-based tests are marketed to physicians,
with some being marketed directly to consumers. However, with
the accelerated pace of discoveries and the relatively unregulated
availability of genome-based tools and markers for cancer care
and prevention (4), there has been little research to determine the
clinical utility of these applications. Health insurers have struggled
to determine which emerging genomic applications merit coverage.
To date, most of those applications have been deemed as having
insufficient evidence of clinical utility by technology assessment
groups (2,5,6). Because genomic information is accumulating
rapidly, efficient empirical research and advanced, timely methods
of systematic review, decision modeling, and practice-based
research are required to assess clinical utility of genomics and
personalized medicine applications (7,8).

Comparative effectiveness research (CER) is intended to gener-
ate evidence on the “real-world” effectiveness compared with exist-
ing standards of care so informed decisions can be made to improve
health care (9-11). Because CER is by definition comparative, it
can address questions on both the clinical utility of genomic tests
and the added clinical value of these tests compared with standard
care. Developing better evidence on which clinical interventions
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work best in subgroups of patients is essential in reducing health-
care costs and achieving a more sustainable health-care delivery
system (12).

Capitalizing on funding opportunities from the American
Recovery and Reinvestment Act (ARRA) of 2009, the National
Cancer Institute (NCI) supported a 2-year initiative to advance
methods for analysis, synthesis, modeling, and evaluation of the
clinical validity and utility of existing and emerging genomic
medicine applications in cancer control and prevention. The NCI
funded seven research teams to perform projects (Table 1) on CER
in genomic and precision medicine to begin filling in this gap in
knowledge, develop novel methodological approaches, and address
necessary data infrastructure needs. In addition, investigators from
these research teams formed four working groups (Table 2) to
cover CER methodology, stakeholder engagement, evidence syn-
thesis and horizon scanning, and infrastructure, with NCI sponsor-
ing three in-person workshops.

The last workshop was held on May 30, 2012, in Bethesda,
Maryland, and brought ARRA-funded investigators together to
highlight their findings. Meeting participants discussed the scien-
tific challenges they encountered and identified promising areas
in CER genomic medicine. This report provides an overview of
recent research efforts from the seven research teams, challenges
to conducting CER, barriers to clinical practice implementation,
and research priorities and opportunities in CER in genomic

JNCI | Commentary 929


mailto:naoko.simonds@nih.gov

Table 1. Goals of each of the comparative effectiveness research (CER) in genomic and precision medicine projects by lead institution

Project title Lead institution

Project goal(s)

Building a Genome-Enabled Electronic
Medical Record

University of Virginia

Comparative Effectiveness in Genomic Kaiser Permanente
and Personalized Medicine for Colon

Cancer (CERGEN)

Programs in Clinical Effectiveness of
Cancer Pharmacogenomics

Duke University

Developing Information Infrastructure
Focused on Cancer Comparative
Effectiveness

Comparative Effectiveness in Genomic
Medicine (CEGeM)

Center for Comparative Effectiveness
Research in Cancer Genomics
(CANCERGEN)

Clinical Validity and Utility of Genomic
Targeted Chemoprevention of
Prostate Cancer

Wake Forest University

H. Lee Moffit Cancer Center

University of Pennsylvania

Fred Hutchinson Cancer Center

Enable efficient and accurate collection and integration
into electronic medical records of personal, family, and
genomic information for risk assessment and delivery of
decision support to providers and patients

Conduct CER on the genomics of colorectal cancer (CRC);
including evaluating the cost-effectiveness for genetic
testing of Lynch Syndrome and KRAS testing in CRC
treatment management

Develop biospecimen and data registries to support
evidence generation and clinical effectiveness research
for evaluating pharmacogenomic markers in lung and
breast cancer

Develop an information infrastructure for CER, including
CER metadata standards, and a comprehensive CER
data dictionary to support the use of the emerging
infrastructure

Conduct four studies: pharmacogenomics of nicotine
addiction; using single nucleotide polymorphism
panels in breast cancer risk screening and prevention;
personalized treatment for non-small cell lung cancer;
and CDKN2A/p16 testing and adherence to melanoma
prevention

Forge collaborations with external stakeholders to incor
porate decision modeling, database linkage, ethics,
policy, and clinical trial design to leverage the Soutwest
Oncology Group clinical trials network

Evaluate the clinical validity and utility of genomic targeted
chemoprevention for prostate cancer

Table 2. Activities and Goals of comparative effectiveness research (CER) in genomic and precision medicine (GPM) working groups

Working group

Objectives

Methodology

Define CER in GPM

Catalog and share existing CER methods in collaboration with general CER groups, such
as the Clinical & Translational Science Awards Consortium and Agency for Healthcare
Research and Quality

Explore development and application of new methodologies relevant to GPM

Stakeholder engagement
groups

Catalog and share existing approaches to stakeholder engagement in GPM from other

Meet with high-level stakeholders

Evidence synthesis and horizon scanning

Catalog and share existing methods for evidence synthesis

Develop and apply new methods during next 2 years and perform evidence synthesis
on topics under study
Develop a framework for knowledge development in CER and GPM

Infrastructure

Catalog and share existing tools and resources

Develop new resources

and precision medicine identified by the investigators during the
workshop.

Knowledge Generation and Synthesis:
Highlights From NCI-Sponsored CER
Studies

Lyman proposed a framework of the CER process (7). He sug-
gested that it is “a process for systematically identifying and syn-
thesizing the totality of available evidence on the comparative
effectiveness safety and overall value of competing strategies.” That
includes incorporating the results from randomized controlled
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trials, meta-analyses, observational studies, and decision modeling to
facilitate the development of clinical guidelines. This concept was
expanded by Ginsburg and Kuderer (13), who suggested that to fur-
ther CER—specifically in integrating genomic approaches to oncol-
ogy—several strategies are needed: 1) “developing and applying
timely systematic reviews and analytic tools”; 2) “establishing and
utilizing disease-focused multidisciplinary research teams of trans-
lational clinical investigators, genomic experts, biostatisticians, and
health outcome research methodologists to conduct and evaluate the
data analysis and systematic reviews”; 3) “integrating the evidence
synthesis with the evaluation of emerging data from the longitudinal
registries, clinical trials, or pragmatic trials to guide the selection of
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genomic biomarkers for optimally designed Phase III confirmatory
CER”; 4) “developing and evaluating clinical simulation models”;
and 5) “providing clinical and policy recommendations through the
formulation of evidence-based clinical practice guidelines.”

Figure 1 summarizes these strategies in four categories—
infrastructure, knowledge generation, knowledge synthesis, and
knowledge translation—and lists various methods and approaches
associated with each. The ARRA-funded research institutions
heavily invested in those categories are also provided in Figure 1.
Highlights of the groups’ accomplishments presented at the work-
shop are described below.

Infrastructure

The research team at H. Lee Moffitt Cancer Center developed
an information infrastructure for CER, within Total Cancer Care,
which is a personalized cancer care initiative started in 2006 to
collect tumor specimens and clinical data throughout a patient’s
lifetime (14). Total Cancer Care, which also engages the patient
to give them active feedback about their health and upcoming
appointments, expanded electronic health record, biospecimen,
cancer registry, epidemiologic, and genomics data management
resources, integrated automated data extraction methods, and
created interfaces to data for researchers and clinicians. This effort,
guided by several CER studies on myelodysoplastic syndrome
(15-17) led to the development of data quality standards, a
comprehensive data dictionary, and an integrated metadata strategy
to support CER and the development of new methodologies to
integrate data from multiple sources (eg, electronic medical records,
biospecimen databases, molecular data). The research team has, to
date, received consent from more than 91 000 patients from 18 sites
and has collected more than 33 500 tumors specimens, generating
more than 17 000 high-quality gene expression profiles and
4500 massively parallel sequences (whole genome, whole exome,

and targeted exome). They are also currently conducting clinical
trial matching using patient stratification based on clinical and
molecular data and enlisting a new statistical method (18) that will
guide further enhancements to reduce time and cost for performing
clinical trials based on the Total Cancer Care consortium.

The research team at the University of Virginia developed
Health Heritage (19), which is a Web-based family health history
tool, to facilitate the electronic collection of personal, family, and
genomic data from the electronic medical record. Health Heritage
also gives patients the ability to share electronically health infor-
mation that has been sourced, in part, from their electronic medical
record. This effort enables the efficient collection of more com-
plete and accurate family health histories, develops a complete
patient record for CER, and provides a mechanism to translate
important research findings in cancer CER back to patients and
providers through decision support logic within Health Heritage.

The Duke University team developed a comprehensive regis-
try of biological specimens linked to an information database that
integrates molecular data with patient-reported outcomes, clinical
outcomes, and economic data for lung and breast cancer patients to
support evidence generation and CER for evaluating cancer phar-
macogenomics markers. Information incorporated into the registry
included, but was not limited to, patient demographics, drug and
treatment information, radiology and surgical procedures, outpa-
tient medications, pathology, comorbidities, and outcome measures
(eg, symptoms, quality-of-life, survival). As a first step, this infor-
mation was used to evaluate the ability of novel gene expression
biomarkers to direct treatments and predict toxicities and recur-
rence or other outcomes related to lung and breast cancer (20-22).
Additional ongoing studies using the registry include developing
second-generation genomic biomarkers in breast cancer, identify-
ing genomic biomarkers for chemotherapy sensitivity in lung can-
cer using microarray gene expression analysis, and comparing these
markers to usual care.

Data and biopecimen registries, multidiscplinary research teams
Research teams: Duke, Moffitt, University of Virginia, CANCERGEN
Working group: Infrastructure working group

Knowledge
generation

Knowledge

synthesis

Knowledge
translation

Randomized controlled trials, observational studies, methodology h
Research teams: CANCERGEN, Wake Forest, CERGEN, CEGeM
Working group: Methodology )

Evidence synthesis, decision modeling )
Research teams: Duke, CERGEN, CEGeM, CANCERGEN
Working groups: Evidence synthesis and horizon scanning )

N

Stakeholder engagement, clinical practice guidelines

Working groups: Stakeholder engagement
w

Figure 1. Methods and approaches used in comparative effectiveness
research of genomics and personalized medicine in American Recovery
and Reinvestment Act (ARRA)-funded research institutions. The frame-
work depicts CER strategies grouped into four categories—infrastructure,
knowledge generation, knowledge synthesis, and knowledge translation;
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ARRA-funded research institutions heavily invested in those categories
are also provided. CANCERGEN = Center for Comparative Effectiveness
Research in Cancer Genomics; CEGeM = Comparative Effectiveness in
Genomic Medicine; CERGEN = Comparative Effectiveness in Genomic
and Personalized Medicine for Colon Cancer.
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The consortium led by Fred Hutchinson Cancer Research
Center created the Center for Comparative Effectiveness
Research in Cancer Genomics (CANCERGEN), which consists
of Fred Hutchinson Cancer Research Center, the University
of Washington, the Center for Medical Technology Policy, and
the Southwest Oncology Group (SWOG). CANCERGEN
partners with an external stakeholder advisory group composed
of health insurers; clinicians with expertise in genomics, oncology,
and primary care; patient advocates; researchers; genomic test
developers; and pharmaceutical representatives. The overall
objective of CANCERGEN was to use a multistakeholder
process to prioritize genomic tests for prospective clinical trials
within the SWOG network. As part of this process, investigators
conducted a landscape analysis of cancer genomic tests followed
by a prioritization process to identify the highest priority tests.
From these efforts, CANCERGEN and SWOG investigators have
collaborated on two study concepts and anticipate incorporating
comparative effectiveness endpoints (eg, quality of life related
to testing, costs) into other clinical trials implemented through
SWOG.

Knowledge Generation

As described in Figure 1, there are different CER methods and
approaches to generate evidence; the advantages and limitations
of each approach have been discussed extensively (9,23,24). A brief
description of the research and any preliminary data highlighted at
the workshop are presented below, organized by approach.

Randomized ControlledTrial. One of the aims of CANCERGEN
is to conduct a CER study within a pragmatic clinical trial con-
ducted by SWOG. The RxPONDER (Rx for Positive Node,
Endocrine Responsive Breast Cancer) Trial (SEOG S1007) opened
in January 2011, and researchers plan to enroll 4000 early-stage,
hormone receptor—positive, HER2-negative breast cancer patients
who have been found to have involvement of one to three lymph
nodes with Oncotype DX recurrence scores of 25 or less (4).
Patients are randomized to two treatment arms: chemotherapy
plus endocrine therapy or endocrine therapy only. A goal of the
trial is to assess whether patients with node-positive breast cancer
who have low to intermediate recurrence scores benefit from adju-
vant chemotherapy. The trial will also investigate whether there is
an optimal cutpoint where chemotherapy should be recommended
to this subset of breast cancer patients.

The research team at Wake Forest investigated whether using
a genomic-based targeting approach has the potential to improve
prostate cancer outcomes compared with a nontargeted approach.
The investigators used an existing randomized clinical trial—the
REDUCE (Reduction by Dutasteride of Prostate Cancer Events)
Trial— to first demonstrate that single nucleotide polymorphisms
identified from a genome-wide association study can be used to
identify individuals who are at high risk for prostate cancer. The
team also conducted a new trial in which men at risk for prostate
cancer were identified from primary care clinics to assess the effec-
tiveness of a genomic-targeted approach. The new trial randomized
700 men at risk for prostate cancer to one of four groups to deter-
mine the impact of genetic information on their perceived risk for
prostate cancer and their intended and actual uptake of health-care
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recommendations made by their physicians. In addition, primary
care physicians and urologists will be randomized to one of the
four groups and surveyed to determine whether genetic informa-
tion impacted their decision to recommend specific actions, such as
screening, to their patients.

Observational Studies. The research team at the University of
Pennsylvania conducted a prospective cohort study of 613 patients
with non-small cell lung cancer (NSCLC) to compare the effects
of treatment guided by epidermal growth factor receptor (EGFR)
and KRAS tumor mutation testing to standard therapy (platinat-
ing agents). Outcomes of interest include measuring feasibility (eg,
tissue available for biopsy), degree to which use of mutation test-
ing results alters therapeutic approach, patient acceptance, clini-
cal outcomes (eg, response rate, progression-free survival, overall
survival), and cost. To date, 497 enrolled patients have EGFR muta-
tion results available. Preliminary results suggest improved survival
among patients with an EGFR mutation who were treated with
erlotinib.

Knowledge Synthesis

Evidence Synthesis. The purpose of a systematic review or
evidence synthesis is to evaluate, synthesize, and summarize the
results of the best available research related to a given topic,
and various groups (eg, Evaluation of Genomic Applications in
Practice and Prevention [EGAPP], Institute of Medicine, Blue
Cross Blue Shield Technology Evaluation Center) have devel-
oped processes for assessing evidence (5,6). Two sites conducted
systematic reviews related to pharmacogenomics and clini-
cal response. The Duke University research team conducted a
systematic review of genomic studies predicting response to
chemotherapy in breast cancer patients (25,26), whereas the
Comparative Effectiveness Research in Genomics of Colorectal
Cancer (CERGEN) team completed a systematic review of phar-
macogenetic testing for predicting clinical benefit to anti-EGFR
therapy in metastatic colorectal cancer (27). Both teams found
that most studies were not of high quality. Some of the specific
scientific challenges faced included limited data quality, large
variation in genomic methodology, little or no demonstration of
clinical utility for most genomic tests, infrequent independent
validation, and difficulty in adjusting methods to match the rapid
pace of developments in genomics.

Decision Modeling. A major promise of genomic research is
information that can transform health care through earlier diag-
nosis, more effective prevention and treatment of disease, and
avoidance of drug side effects. Although there is interest in the
early adoption of emerging genomic applications in cancer pre-
vention and treatment, there are substantial evidence gaps that are
further compounded by the difficulties of designing adequately
powered studies to generate this evidence, thus limiting the uptake
of these tools into clinical practice. By synthesizing evidence in
a rigorous way, modeling can be an additional timely method to
inform decision-makers about the clinical and economic value of
these tests. As such, there is increasing interest in developing novel
CER strategies to help funding groups maximize the value of their

Vol. 105, Issue 13 | July 3, 2013



research portfolio when choosing among competing research
projects.

Value-of-research (VOR) analysis is a quantitative method that
can be used to determine whether more research is justified in regards
to a medical intervention or technology (28). It applies economic
methods and decision analysis to estimate the health impact and
economic value of performing additional research. CANCERGEN
conducted a VOR analysis to prioritize emerging cancer genomics
technologies for further evaluation through the SWOG clinical
trials network. They evaluated three different genomic tests that
were identified to be top research priorities by a stakeholder group
(29)—namely, EGFR testing for erlotinib maintenance therapy
after first-line chemotherapy in advanced NSCLC patients,
excision repair cross-complementing 1 (ERCC1) gene expression
testing for platinum-based adjuvant therapy in resected early-stage
NSCLC patients, and breast cancer tumor markers for detection
of recurrence in breast cancer patients after primary therapy—to
determine which test provides the highest net benefit. The results
from the VOR analyses indicated that there would be substantial
value from additional research on ERCCI testing in early-stage
NSCLC patients and breast cancer tumor marker testing in breast
cancer patients, whereas there would be considerably less value for
EGFR testing in advanced NSCLC patients.

The CERGEN team conducted two comparative effective-
ness studies: one on Lynch syndrome screening and the second on
KRAS and BRAF testing. For Lynch syndrome, microsimulation
was used to estimate the impact of alternative screening strategies
recommended by the EGAPP Working Group. Based on that anal-
ysis, microsatellite instability testing was the preferred option com-
pared with immunohistochemistry staining, BRAF, and germline
testing. Similarly, microsimulation was used to estimate the impact
of KRAS and BRAF testing. The investigators found that screening
for KRAS and BRAF mutation improves the cost-effectiveness of
anti-EGFR therapy; however, the incremental cost-effectiveness
ratio was above the generally accepted threshold of $100 000/qual-
ity-adjusted life-year (30).

Knowledge Translation

Stakeholder Engagement. The importance of stakeholder
engagement in CER is widely recognized because CER’s purpose
is to produce useful information for decision making (9,24). The
Stakeholder Engagement Working Group developed a meeting
agenda and selected clinical case studies for an NCI-sponsored
workshop held on January 11, 2011, in Bethesda, Maryland.
A diverse group of stakeholders—patient advocates, payers,
health-care providers, industry, regulators, and researchers—met
to discuss how evidence should be interpreted and what level of
evidence is needed before a genomic test is adopted into clinical
practice. The 22 stakeholders were asked to complete a survey
before and during the meeting to decide whether they would rec-
ommend for or against clinical use of each test. Deverka et al.
(31) found that, although there is a willingness by stakeholders
to accept indirect evidence of clinical utility, they still rely on
evidence reviews and recommendations from clinical guidelines
committees to assess the appropriateness of genomic tests for
clinical implementation.
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Challenges and Barriers to Clinical
Implementation

The workshop attendees noted a number of barriers to incorporat-
ing genomic tests into clinical practice beyond the evidence gaps
already noted. One barrier is the divergence between the evidence
requirements set by regulators for regulatory approval and those
set by payers for reimbursement. The current regulatory structure
focuses on analytical accuracy rather than clinical validity or utility
and creates the potential that genomic tests will be introduced into
clinical practice without sufficient evidence supporting their value
compared with standard care or that tests that provide high clinical
utility and value will not be used or reimbursed in practice. These
regulatory uncertainties and relative lack of regulatory require-
ments make it challenging for test developers to design studies to
meet the needs of both stakeholders. Other groups, such as the
Institute of Medicine’s Roundtable on Translating Genomic-Based
Research for Health, have hosted workshops to examine potential
solutions to this issue (32). In addition, patients need to properly
consent and be assured that appropriate safeguards are in place
to protect personal health information when providing medical
records data linked to genomic information.

Workshop participants also repeatedly raised the challenges
of creating an infrastructure to support CER in genomic medi-
cine. Not only are there technical challenges in linking clinical
and genomic data stored in different databases—standardization
of data, interoperability, electronic compatibility, harmonization
across patient identifiers to link across multiple data sources into
an analyzable record—but there are also proprietary and data secu-
rity concerns that serve as additional barriers in creating such a
data network. Furthermore, data critical to conducting CER are
often not captured (eg, lack of outcomes data, difficulty in getting
physicians to enter data, the lack of current procedural terminol-
ogy codes for most genomic tests) by existing databases or are
incomplete, potentially limiting the quality of the studies that can
be conducted. Researchers also have little control over how data
are collected and stored in electronic medical records, which adds
to the problem. These problems are also compounded by the dif-
fering expectations of clinical researchers, informatics team, and
data analysts.

There are also many challenges to generating useful evidence
for decision making in cancer genomic medicine using CER (23);
these include: the rapid pace of innovation, lack of regulation, and
variable definitions and evidence thresholds for clinical and per-
sonal utility. In addition to the technical challenges noted earlier,
other hurdles to conducting well-designed CER studies include
high costs, large sample size needs, and data on cancer-related
endpoints (eg, cancer recurrence, survival). Innovative approaches
that are rapid, timely, efficient, and responsive are needed so rel-
evant information can be generated before the evidence becomes
outdated.

To facilitate this area of research and ultimately the translation
of innovative genomic tests into clinical practice, the current work-
force and any future demand for education and training will need
to be evaluated. The promise of genomic and precision medicine
has created new and greater demands for both those providing the
scientific expertise—clinician-scientists, bioinformatics special-
ists, statisticians, health economists, molecular biologists—needed
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to conduct CER and those delivering clinical care (eg, physicians,
genetic counselors) to the patients. The exacting needs of research
and, to some extent, clinical practice where health-care profession-
als will need to be able to interpret more complex genomic data
will require a degree of education and training that is currently not
being met.

Priority Areas and Future Direction

Each of the ARRA-funded research teams was asked to identify
research opportunities and priority areas in CER, which were then
compiled and synthesized into nine priority areas. Each research
team was asked to weight the priorities to further refine the list.
The priorities identified are not specific to any of the institutions
represented at the meeting but rather serve to summarize the
collective deliberations of the group and their opinions of what is
needed to advance CER in genomic medicine. Here we summarize
the top five priority areas identified during the priority-setting
session, which have been categorized into knowledge generation,
infrastructure, and knowledge synthesis-based recommendations.

Knowledge Generation

CER for Targeted Therapies. Workshop participants strongly
emphasized the critical need for CER of promising targeted
therapies to generate data that can inform clinical practice. These
include clinical utility studies that compare the effectiveness of
genomic testing to usual care and other genomic applications (eg,
Oncotype DX vs Mammaprint) in preventing and treating cancer
for which promising genomic applications exist, validating promis-
ing biomarkers in heterogeneous populations, supporting studies
of genomic markers for toxicity to chemotherapeutic agents, and
incorporating clinical trial matching of patients to therapies based
on their genomic and molecular profiles.

Infrastructure

Integrated Population-Based Clinical Network for Open-Access
Resources. To fully realize the promise of CER in cancer
genomic medicine, workshop participants emphasized the need for
the development and support of an integrated network to provide
open-access to key resources. The ultimate goal of such a network
would be to provide the necessary data and biospecimens to allow
researchers and clinicians to conduct “real-world” studies so evi-
dence-based clinical guidelines that provide specific decision algo-
rithms for the selection of effective treatments or combinations
of treatments based on the molecular and clinical characteristics
of each patient’s cancer disease can be developed. This network
should be representative of the underlying population and include
detailed prospective data on treatments, outcomes, diagnosis and
staging, risk factors, and comorbidities collected on hundreds of
thousands of cancer patients who agree to release their medical
data and provide their germline DNA and tissue samples for a
number of research purposes. Such a population resource would
allow researchers to not only conduct CER studies of new genomic
technologies but also molecularly characterize the patients’ can-
cers, understand their responses to different cancer therapies based
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on clinical and genomic information, identify molecular targets
that can be used for the development of new treatments, and match
patients to specific molecularly based clinical trials. To create this
network would require leveraging partnerships with patients, cli-
nicians, industry, academia, and public health. Two proprietary
models that are ongoing include those established by the Moffitt
Cancer Center, whose Total Cancer Care program is partnering
with patients, community, clinicians, industry, academy, and 17
hospitals (14), and the Rapid-Learning Personalized Health Care
Model being put in place at Duke University and other institutes
(33). The need to develop an adequate infrastructure to support
CER has also been articulated by Tunis et al. (24) so good quality
evidence can be generated on relevant genomic applications before
they become outdated.

Methods Research. Because of the overwhelming volume of
genomic data being generated, solutions are needed to better col-
late, store, access, analyze, and exchange research and clinical data.
Workshop participants noted that there is a great need to support
bioinformatics/computer science research so patient and biospeci-
men data can be integrated to advance CER and cancer genomic
medicine. This need was also highlighted at a recent Institute of
Medicine workshop that focused specifically on informatics needs
and challenges in cancer research (34).

Training. Another priority that was repeatedly mentioned by
workshop participants was the lack of opportunities for scientists to
be trained in CER methodology. Training programs and K (career)
awards for CER, such as those awarded the Agency for Healthcare
Research and Quality (35), were suggested resource investments.

Knowledge Synthesis

Economic/Decision Modeling Research. Workshop partici-
pants also emphasized the need for methods research in economic
and decision modeling. For example, decision-analytic frameworks
are needed to assist stakeholders in making informed decisions and
weighing the risks and benefits of various genomic biomarkers
and genomic sequence data for use in clinical practice. Methods to
develop such frameworks may accelerate utilization and practice-
based evidence development of genomic tests that pose low risk
and offer plausible clinical benefit while discouraging premature
use of tests that provide little benefit or pose considerable health
risks compared with usual care. Examples of this type of work are
demonstrated by a risk-benefit framework focused on pharmacog-
enomic tests developed by Veenstra et al. (36) and the categoriza-
tion of genetic variants identified in the course of whole genome
sequencing into predetermined clinically relevant “bins,” defined
by the strength of the evidence for the use of these variants in clini-
cal practice, developed by Berg et al. (37).

Another CER approach where more methods work would be
beneficial is cost-effectiveness analysis (38). This approach formally
assesses the incremental value of technologies and can incorpo-
rate different outcomes—such as clinical outcomes or health-care
costs—although, as noted by Goddard et al. (23), the value placed
on genetic information is difficult to measure and incorporate into
policy decisions.
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Additional methods research is needed in VOR modeling for
emerging genomic applications in cancer prevention and treat-
ment. In a world of limited research funds, this approach can be
useful to decision makers who must try to maximize the value of
their research portfolio when choosing among competing research
projects.

Summary

Despite the advances being made in precision medicine, the
translation of genomic discoveries into clinical practice has been
hindered by insufficient evidence of clinical utility of promising
applications. Furthermore, because of the rapid pace of innovation,
more advanced and timely methods of systematic review, decision
modeling, and practice-based research are needed to fill in this
evidence gap.

Particularly in light of the concerns over the growing costs of
health care, which are currently estimated to be greater than 17%
of growth domestic product in the United States (39), answering
questions on the clinical utility of genomic tests and the added
clinical value of those tests will make CER a practical necessity.
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