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Abstract

The use of biomarkersto “personalize” cancer treatment —identifying discrete genes, proteins, or
other indicators that can differentiate one type of cancer from another and enable the use of highly
tailored therapies -- offers tremendous potential for improved outcomes and lower treatment costs.
However, the rapid development of cancer biomarker, or genomic, tests— combined with a
paucity of evidence to support the effectiveness of the tests—presents a challenge for patients,
clinicians and other stakeholders. In this article, we propose that comparative effectiveness
research be used to strengthen what is now a haphazard process for developing and marketing
cancer biomarker tests. We suggest novel funding approaches and a systematic process for moving
from regulatory approval to the generation of evidence that meets the needs of stakeholders and,
ultimately, patients.
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Because of extraordinary technological advances in genomics and proteomics—the study of
the genomes of organisms and the study of protein structures and functions, respectively—
cliniciansin cancer practice will soon have accessto tensif not hundreds of biomarker tests,
also known as genomic tests. Biomarkers are measurable variations between people in their
genetic material, proteins, or other biological molecules. Clinicians can use biomarker test
results that correlate with the presence of disease to make a diagnosis. Biomarkers can also
be used to assess the risk of future disease, the aggressiveness of a patient’s disease over
time, and the likelihood that a patient will respond to a particular treatment.

Although genomic tests offer the promise of effective and efficient cancer care tailored to
the genetic profile of the patient or the type of cancer, many are being introduced into
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clinical practice without sufficient evidence about their benefits, risks, and impact on health
care costs, compared to standard care. David Ransohoff and Muin J. Khoury have argued
that because personal genomic information can cause significant harms as well as benefits
(for example, when a“positive’ test resultsin patients starting a therapy that is not proven to
help but has known side effects), it is no different from other kinds of clinical information
and should be held to the same standards of evidence.!

Comparative effectiveness research will be more important at the intersection of
personalized medicine and cancer than anywhere el se because of the high risks and costs of
poor-quality test information about this group of diseases. We present an integrated
approach to designing and implementing comparative clinical trials of personalized
medicine technologies for cancer, such as the use of genomic tests. This process has been
developed through a multidisciplinary collaboration between the Fred Hutchinson Cancer
Research Center, the Center for Medical Technology Policy,? the University of Washington,
and SWOG, aclinical trial cooperative.3

Key features of the approach are: (1) identifying high-priority personalized medicine
technologies by reaching a consensus with multiple stakeholders, such as consumer groups
and clinicians; (2) designing trials that meet the needs of multiple stakeholders; (3)
conducting trials through the use of clinical trials groups, described below; and, (4)
developing and implementing funding mechanisms shared by private and public insurers—
such as Medicare' s policy of coverage with evidence devel opment, which reimburses certain
procedures if the patient’ s data become part of aregistry or areused in aclinical trial.

There are many potential benefits of using a process driven by multiple stakeholders to
implement comparative effectiveness studies within a cooperative group setting such as
clinical trials groups. These groups—which provide a standing infrastructure to conduct
large-scale clinical trials have the capacity to generate high-quality evidence needed for
several levels of decision making. Representatives of expert groups such as the National
Comprehensive Cancer Network (NCCN) or the American Society of Clinical Oncology
(ASCO) and insurers participating in atrial’ s design phase can help shape studies so they are
better able to inform practice guidelines and coverage policies. Finally, pooling research
funds from several sources, such as the National Institutes of Health and insurers, enables
the health system to evaluate a greater number of personalized medicine tests.

Problems in Developing and Evaluating Genomic Tests

Too Little Evidence of Effectiveness

A variety of personalized medicine applications in cancer treatment are in various stages of
investigation, ranging from research to early clinical use. Although these technologies may
improve care, providers and other stakeholders charged with assessing their usefulnessin
clinical practice have been hampered by the lack of information about these tests when they
enter the market.

The Centers for Disease Control and Prevention’s Evaluation of Genomic Applicationsin
Practice and Prevention group® has conducted evidence reviews for genomic tests now on
the market for colorectal, breast, and ovarian cancer. The group found that only half of the
tests were consistently associated with clinical outcomes of interest such as disease
recurrence or death, a concept known as clinical validity. There was reasonable evidence
about roughly another quarter of the tests to suggest that they could measurably improve
patient outcomes such as survival or quality of life or reduce the cost of care, compared to
standard care without the test—a concept known as clinical utility.
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Why do genomic tests often enter clinical practice with little evidence to support their
clinical validity, utility, or cost-effectiveness? One important reason is the process by which
the tests move from devel opment through evaluation and regulatory review to the market.
The search for an accurate biomarker often leads researchers to develop atest that identifies
aparticular risk or disease marker while overlooking the way that the risk or problemis
currently assessed in practice. In addition, the process fails to consider what clinical actions
may follow from the information provided by the test.

One example is the addition of genomic tests to standard clinical monitoring—including
taking medical histories and performing regular physical examinations and mammograms—
to assess breast cancer patients for the recurrence of disease after the initial treatment. The
three biomarkers used in these tests—carcinoembryonic antigen (CEA) and two cancer
antigens (CA), 15-3 and 27.29—are all antigens, atype of protein that tends to increase
along with increases in the amount of cancer cellsin the body. Studies suggest that
monitoring these biomarkers may detect a recurrence of breast cancer five to six months
earlier than standard monitoring. That earlier detection of recurrence might lead to timelier
treatment, which could improve the patient’ s quality of life and chance of survival.

Unfortunately, these tests are neither highly sensitive nor specific for breast cancer
recurrence—that is, they are neither very likely to show recurrence when it has truly
recurred, nor likely to show definitively that recurrence hasn’t happened. Results across tests
of the same patient can fluctuate substantially, making it difficult to interpret changing
levels. Because of their poor predictive ability, these tests could produce large numbers of
false positive results, resulting in unwarranted anxiety on the part of patients and
unnecessary additional evaluations such as computed tomography (CT) scans and biopsies.
Moreover, the potential benefit of diagnosing a metastatic tumor five to six months earlier is
unclear, because no cure for breast cancer at that stage exists today.

Because of these concerns—and the fact that no comparative effectiveness trials have been
conducted specifically to evaluate whether tumor biomarker tests improve patients' survival
rates or quality of life, or the cost-effectiveness of care—clinical guidelines do not
recommend using these genomic tests to monitor patients for a recurrence of breast cancer
after primary therapy, which is typically surgery.>6 Despite these guidelines, our
examination of records for 2007 from Medicare and the Surveillance, Epidemiology, and
End Results program of the National Cancer Ingtitute’ found that these genomic tests are
ordered for more than one in ten women with breast cancer. Furthermore, the Centers for
Medicare and Medicaid Services currently reimburses providers for performing the tests.

Too Much Regulatory Flexibility

The regulatory flexibility that manufacturers of genomic tests have in bringing their
products to market is one reason for the lack of evidence about the tests.®

Commercial Test Kits—One pathway is through the development of a commercial test
kit that manufacturers distribute to multiple laboratories. Makers of these kits must obtain
Food and Drug Administration (FDA) approval prior to marketing them. The FDA requires
evidence from human trials demonstrating that the tests are safe and effective when used for
their intended purpose. For the FDA, effectivenessmeansthat “it can fairly and responsibly
be concluded by qualified experts that the device [test] will have the effect it purportsor is
represented to have under the conditions of use prescribed, recommended, or suggested in
the labeling of the device.”® The FDA is concerned about the possibility of false results,
either negative or positive, rather than about whether a test represents value added,
compared to standard care—its clinical utility.
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Laboratory-Developed Tests—The second pathway to market is through the
development of atest for asingle laboratory. Such tests are commonly called laboratory-
developed tests or, less formally, “home brew” tests. Traditionally these were low-risk
diagnostic tests for well-defined conditions, specialized tests used to diagnose rare diseases,
or tests designed to serve local patient populations. Examples of some |aboratory-devel oped
tests include microscopic examinations (such as Pap smears and manual cell counts),
erythrocyte sedimentation rates, microbiology cultures and susceptibility tests, examination
of tissue sections (including staining protocols), and blood cross-matching procedures. Tests
for rare genetic disorders are typically designed for local populations.

With afew exceptions, laboratory-devel oped tests have not been subject to FDA review,10
athough this policy is currently being reassessed.1 Manufacturers of genomic tests have
realized that choosing this route to market avoids the expense, time, and uncertainty that
FDA review of commercial test kits entails.}2 As aresult, the great majority of new genomic
tests for cancer are brought to market this way.

Without criticizing the potential value of |aboratory-devel oped tests, it isimportant to note
that their manufacturers do not have to meet any federally specified evidentiary standard and
can market the tests to clinicians and patients as they see fit. Jeffrey Shuren, director of the
FDA's Center for Devices and Radiological Health, testified that the FDA has observed
problems with some laboratory-developed tests in recent years, including faulty data
analysis, exaggerated clinical claims, fraudulent data, poor clinical study design, and
unacceptable clinical performance.13

Certification of Tests—Most US manufacturers seek certification for their tests under the
Clinical Laboratory Improvement Amendments of 1988, whether or not they have FDA
approval 10 The Centers for Medicare and Medicaid Services regulates this program, setting
quality control procedures to ensure that the tests that laboratories use are accurate and
reliable. Separate and distinct from FDA approval, certification is not designed to evaluate
the impact of tests on clinical practice or patient outcomes.

Public and private insurers have historically paid for laboratory tests that are certified by this
program, according to Current Procedural Terminology (CPT) codes overseen by the
American Medical Association.1* These codes are assigned to medical, surgical, and
diagnostic services that are provided to patients and are used to determine the
reimbursement that a provider will receive from insurers.

Two Tests for Breast Cancer

Gene expression profiling tests are genomic tests that identify the activity of genesin cancer
cellsin order to assess the patient’ srisk of cancer recurrence. They are designed to provide
better results than traditional risk assessments that rely on evauating the physical
characteristics of atumor, such asits size and pathology.

Two gene expression profiling tests for breast cancer the—Oncotype DX Breast Cancer
Assay and MammaPrint—are marketed to clinicians and patients throughout the United
States. MammaPrint received FDA approval on February 6, 2007, for use in determining the
likelihood that breast cancer would return within five to ten years after awoman’sinitial
cancer diagnosis and treatment.®> Oncotype DX reached the market in 2004 as a laboratory-
developed test and thus did not receive FDA approval. On February 27, 2006 California’ s
Part B Medicare administrator agreed to cover Oncotype DX, manufactured by Genomic
Health.16 Agendia, the manufacturer of MammaPrint, received approval from the
administrator on November 26, 2009.17 Both manufacturers maintain labsin California.
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The MammaPrint and Oncotype DX storiesillustrate the uncertainties that manufacturers
face about whether insurers will reimburse providers for using their tests, as well asthe
possible different approaches to development and marketing. Because each test costs
approximately $4,000, price was probably an important reason why major insurers waited
for several years after the tests reached the market to cover them. Agendia’ s decision to seek
FDA approva may have been based on a strategy to accelerate its acceptance by Medicare,
commercial insurers, and possibly patients.18 However, the lengthy FDA approval process
helped delay MammaPrint’ s entry into the market, compared to Oncotype's.

The flexibility that manufacturers of genomic tests have in pursuing or avoiding the FDA
approval process contributes to the heterogeneity of evidence supporting the tests. This can
be an important obstacle to evaluating the comparative effectiveness of different tests, even
those with essentially identical uses. For example, Oncotype DX has evidence supporting
both its ability to determine the likelihood of cancer recurrence (its prognostic validity) and
to determine the potential benefit of chemotherapy in reducing the risk of recurrence (its
predictive validity). MammaPrint has evidence only of prognostic vaidity.1® However, both
tests are now covered by several state Medicare programs and most large private insurers.

An Innovative Framework for Developing Genomic Tests

As we have shown, the current devel opment process for genomic tests is haphazard. We
propose an innovative framework to replace it, which would meet the needs of multiple
stakeholders, would be systematic and evidence-driven, and would encourage use of the
right test at the right point in a patient’s care. The framework includes systematic literature
reviews and comparative effectiveness research.

Systematic Literature Review

Systematic literature reviews are an important first step in understanding the evidence for
promising genomic testsin cancer. As an example, we used such areview, together with
input from experts on the specific cancers to identify recent published and unpublished
studies evaluating genomic tests for the five most common types of cancer: bladder, breast,
colorectal, lung and prostate. We identified thirty-nine studies where the clinical validity of
the test was explicitly evaluated (Exhibit 1). Only eight of the studies (21 percent) evaluated
clinical validity using prospective correlation—that is, these studies were designed to
evaluate the relationship between the result of a genomic test and the recurrence of cancer.
None of the studies was a prospective evaluation of atest’sclinical utility.

Selecting Tests for Comparative Effectiveness Research

If most genomic tests lack high-quality supporting evidence to start with, how should we
select tests that warrant our spending time and money on more-informative prospective
trials? We believe that the challenge of choosing tests for further study could be better
addressed through early and sustained partnerships among experts and stakeholders,
including test manufacturers, researchers, patients, consumers, clinicians, insurers, and
members of groups that prepare guidelines for clinical practice and patients.

After conducting a systematic literature review like the one described above to identify tests
that merit additional research, the next step involves sharing this information with
stakeholdersto find a*“short list” of teststhat have promising evidence and appeal strongly
to the greatest number of groups. In the case of the testsin Exhibit 1, that short list might
include those for common cancers or for conditions where the test provides uniquely
valuable information that cannot be obtained by other means.
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Each stakeholder group will have different perspectives and insights. Patient representatives
will have perspectives about patients' values and preferences. Clinicians will understand the
clinical context and the level of need for aternatives to the status quo. Test manufacturers
and researchers will know what is currently being done to eval uate emerging genomic tests.
Each of the groups might have insights into what groups of patients and pointsin the
progress of cancer are particularly worth including in a new study.

Conducting Comparative Effectiveness Research on Genomics Tests

Comparative effectiveness research has been defined as “the generation and synthesis of
evidence that compares the benefits and harms of alternative methods to prevent, diagnose,
treat, monitor aclinical condition or to improve the delivery of care.”20 Exhibit 2 compares
features of comparative effectiveness research and traditional research on genomic tests.

Colorectal and Uterine Cancer

Some existing genomic tests have already been evaluated using study designs that could be
considered comparative effectiveness research. An example istesting for Lynch syndrome.
Caused by several genetic mutations, Lynch syndrome is a condition that predisposes
patients to a high risk of developing certain cancers at an early age, primarily colorectal and
uterine cancers. Although it was historically diagnosed through examining a patient’ s family
history, there are now several types of genomic tests available to screen patients with newly
diagnosed colorectal cancer for this condition. If a cancer patient is found to have Lynch
syndrome, family members can be aerted, tested, and—if found to have the relevant
mutations——given regular screening by colonoscopy and uterine swab.

A comparative effectiveness framework such as we propose would ask several questions
about the merits of using these tests to identify patients with Lynch syndrome, compared to
the alternative of using family history alone to determine the individual’s likelihood of
having Lynch syndrome.

Thefirst question would be about the clinical validity of the tests: Do they have acceptable
sensitivity and specificity -- in other words, are they likely to yield neither false negatives or
false positives -- for identifying both people who have Lynch syndrome and those who do
not? Summarizing available studies, the Centers for Disease Control and Prevention’s
Evaluation of Genomic Applicationsin Practice and Prevention group? categorized the
evidence supporting the tests as “ adequate,” meaning that the studies are of reasonable
quality and the tests have good sensitivity and specificity for the condition.

The second question relatesto the clinical utility of testing: Is there sufficient evidence to
recommend the use of genomics tests instead of using family history to identify people who
should receive screening? The Evaluation of Genomic Applicationsin Practice and
Prevention group reviewed available studies that addressed this clinical problem and again
found “ adequate” evidencein favor of the tests.2!

For example, astudy by Bonis PA, Trinkalinos TA, Chung M, et al. shows that first-degree
relatives—parents, children, and siblings—of people with Lynch syndrome mutations are
willing to undergo counseling (52 percent), gene mutation testing (95 percent), and to have
colonoscopies every one to two years (80 percent).?2 Finally, alarge Finnish trial
demonstrated that screening people with the mutations through regular col onoscopies
reduced the incidence of colorectal cancer by 62 percent, compared to usual care.23

The evidence supporting genomic testing of people without cancer for the Lynch syndrome
mutations stems from retrospective and prospective cohort studies. Higher-quality studies—
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specificaly, controlled trials that are both prospective and randomized—may be necessary
for tests that are directly tied to decisions about using chemotherapy. Much hinges on the
outcome: A negative test result could trigger a decision to forgo chemotherapy in cases
where the current standard of care isto receive it. That means that a false negative result
might jeopardize a patient’s chances for remission or cure, but the degree to which thisisa
problem remains unknown known without a prospective, randomized study.

Breast Cancer

Oncotype DX and MammaPrint, the gene expression profiling tests for breast cancer
discussed above in the regulatory context, are examples of genomic tests for which the
evidence of comparative effectivenessis mixed. These tests measure different sets of genes
but have the same purpose: to guide decisions about using adjuvant chemotherapy—that is,
chemotherapy after a primary treatment such as surgery to—decrease the risk that cancer
will recur. Despite their current use, thereis no direct evidence supporting their clinical
utility, compared to the traditional treatment of chemotherapy. In addition, no studies have
directly compared the two tests to each other.

Patients who otherwise would have received chemotherapy but decide against it following
genomic testing surely have a better quality of life because they avoid the side effects of
chemotherapy, but they may suffer more anxiety about the recurrence of cancer, compared
to those who are treated. In addition, insurers worry that women will demand the test simply
to learn the likelihood that their cancer will recur but will choose to have chemotherapy
regardless of the test result, rendering the $4,000 test useless from a decision-making
standpoint.

We have no information about what types of patients receive the tests and how well they
adhere to treatment recommendations based on test results in actual clinical practice. We can
answer those questions with retrospective studies, using health plans’ medical records to
determine the proportion of women who had the test and received chemotherapy.

Generating direct evidence of whether the tests |ead to better outcomes, however, requires
randomized clinical trials that compare patients who receive standard treatment to those
whose treatment is based on the results of genomic tests. Two ongoing, prospective
randomized trials will provide needed information: TAILORX for Oncotype DX and
MINDACT for MammaPrint.

TAILORX randomly assigned nearly 10,000 women with early-stage, hormone-responsive,
node-negative breast cancer and intermediate OncotypeDX Recurrence Scores—that is,
scores of 11-25, which predict neither a high or low risk of cancer recurrence—to
chemotherapy treatment followed by endocrine therapy versus endocrine treatment alone.
Because more than 45 percent of Oncotype DX scores are in the range of 11-25, and
because most women would receive chemotherapy using standard criteria, the study is
primarily designed to provide information on the appropriate cutoff for recommending
adjuvant chemotherapy. It does not directly assess the effect of the test result on clinical
decision making. In contrast, MINDACT is adirect evaluation of MammaPrint’s clinical
utility, comparing the test to conventional methods of deciding whether awoman should
receive chemotherapy.

Both trials include patient health outcomes such as survival and quality of life as endpoints,
and both were started years after the test they are investigating reached the market.

One question for the future is whether high-quality trials of genomic tests can be designed
before the tests become widely used in practice. Early trials are important because they can
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help decision makers understand the risks and benefits of testing in a controlled setting,
rather than through retrospective studies (with all the attendant problems of making
inferences from observational data). Another question is whether, in the spirit of
comparative effectiveness research, such studies can be designed to meet the needs of
multiple stakeholders; that is, have designs that satisfy regulatory requirements, and provide
information that is vital to other stakeholders, such as clinicians, patients, and health
insurers. We believe they can, provided that they make use of existing clinical trials groups
and explicit collaborations with insurers.

The Role of Clinical Trials Groups

Prospective randomized, controlled trials create the most compelling evidence to change
clinical practice, but they are artificial constructs using highly selected patient populations.
To address thisissue, clinical trials groups could implement naturalistic or pragmatic trials.
Pragmatic, or “large simple,” trials come closest to measuring the benefits of a novel
treatment or approach in routine clinical practice. They minimize the criteria used to exclude
patients and compare the innovation to usual care.

Purchasers and providers are requesting pragmatic trials to generate evidence supporting
decisions about clinical care and health policy.24 The Clinical Trials Cooperative Group
Program supported by the National Cancer Institute offers an infrastructure for high-quality
prospective comparative effectiveness research on genomics tests for cancer.?> The
program’s mission isto promote and support clinical trials of new cancer treatments and
diagnostics, explore methods of cancer prevention and early detection, and study quality-of-
life issues and rehabilitation during and after treatment.

To work most effectively with the Clinical Trials Cooperative Group Network we devel oped
amultidisciplinary collaboration between the Fred Hutchinson Cancer Research Center, the
Center for Medical Technology Policy,? the University of Washington, and SWOGS. The
Center for Medical Technology Policy facilitates meetings with stakeholders—such as
representatives from clinical practice, industry, patient advocacy groups, insurers, and other
payers—to identify priorities for research among emerging genomic technologies.

Our first priority has been to design a prospective comparative effectiveness study for
women enrolled in Medicare whose breast cancer has spread to their lymph nodes. The
study will compare the usual treatment (chemotherapy for all patients) and treatment using
results from Oncotype DX (chemotherapy only for patients whose recurrence risk scores
suggest it would be appropriate). Stakeholders advised us on the criteriafor patients
admission to the study and identified endpoints to be investigated in the trial, which opened
on January 15, 2011. We will track health care use and costs, quality of life, and patient
preferences.

Paying For Better Evidence

Developing better evidence about the clinical utility of genomic tests for cancer will require
creative funding strategies. The private sector bears much of the cost of discovering cancer
biomarkers and manufacturing tests for them, but manufacturers cannot support definitive,
long-term, randomized studies of health outcomes prior to obtaining reimbursement for their
tests. Nor are federal sources of funding likely to be sufficient, given the current state of the
US economy and the number of potential tests.

One policy mechanism that may be particularly useful is*“coverage with evidence
development.” As explained above, under coverage with evidence devel opment, insurers
reimburse providers for the cost of certain proceduresif the patient’ s data are added to a
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registry or used in aclinical trial.26 Medicare has used this approach for avariety of
services, including off-label uses of biologics approved for colorectal cancer, the use of
implantable cardioverter defibrillators to prevent sudden cardiac death, and the use of
positron emission tomography to diagnose patients with malignancies or suspected
dementia. One recent example is Medicare' s relying on this approach to begin several
clinical trials evaluating genetic tests for sensitivity to warfarin in patients undergoing long-
term treatment to prevent coagulation.2”

Medicare' s program was intended to provide financial support for promising technologies
that are very costly, which many cancer genomic tests are, while further evidence about their
effectiveness is obtained. In some recent cases, the costs of the genomic tests alone exceed
the general research costs of the clinical trial. Thus, paying for tests used in trials has
become amajor concern for potential funding agencies.

Although Medicare’ s coverage with evidence development program has been in place for
several years, the Center for Medical Technology Policy is investigating ways to make it
feasible for private insurers instead to support evaluations of genomics tests.?8 SWOG and
several major health plans are trying to resolve the related legal, financial, and policy issues.

In order for such an approach to be viable, clinical trials groups, insurers, and other
interested stakeholders will need to develop standardized methods for assessing clinical
validity and clinical utility, particularly in the context of rapidly evolving technology;
establish a network of clinical organizations capable of rapidly enrolling patientsin these
studies; and devel op collaborative mechanisms so that payers, clinicians, patients, and
researchers can work together to design, fund, and implement studies.

Conclusion

Personalized medicine offers the promise of treatments tailored to individual patients,
improved outcomes, and lower treatment costs for people with cancer. However, regulatory
and market structures do not encourage the development and manufacture of genomic tests
based on the needs of multiple stakeholders, nor do they promote the generation of high-
quality evidence about the tests' role and valuein clinical practice.

Comparative effectiveness studies can provide high-quality evidence that addresses multiple
stakeholders' perspectives. But this research will require a clear process to trandate research
findingsin thelab into clinical use in patients, as well asinfrastructure—such as the Cancer
Cooperative Groups Trials Network or the HMO Research Network
(Www.hmoresearchnetwork.org)[ please provide] —and novel funding methods to pay for
diagnostic tests or treatment interventions, including coverage with evidence devel opment.
Such an integrated model will require that test manufacturers, clinical trials groups, and
insurers modify their current ways of operating and paying for trials and treatment, and will
require flexibility and willingness to sharerisk if the model isto be successful.
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Exhibit 1

Sources of Evidence in Thirty-Nine Recent Studies on Cancer Genomics

Page 12

Type of cancer

Randomized controlled
trial for test utility

Prospective correlation
within arandomized
controlled trial

Retrospective correlation
within arandomized
controlled trial

Observational study

Bladder 0 1 1 4
Breast 0 3 3 6
Colorectal 0 1 3 3
Lung 0 2 2 8
Prostate 0 1 0 1

SOURCE Authors' analysis of literature review.

NOTES Test utility is the ability of atest to provide useful clinical information about patient diagnosis and treatment of disease in order to improve
health outcome. In arandomized controlled trial using prospective correlation, the study isinitially designed to evaluate the relationship between
the test result and the outcome of interest (in this case, recurrence of cancer). In arandomized controlled tria using retrospective correlation, after
the study is completed, researchers determine the relationship between the test result and the observed outcomes.
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Exhibit 2
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Features of Comparative Effectiveness Research and Traditional Studies of Genomic Tests for Cancer

Feature of research

Compar ative effectiveness resear ch

Traditional studies

Priority of study among
alternatives

As determined by multiple stakeholders, using criteria such as
disease burden or cost, lack of information, variability in care

Clinical opportunity as dictated by expert
assessment of emerging technology

Retrospective or prospective analysis

Retrospective analysis of existing tumor

Study design specimens; occasional prospective analysis
of observational data

Comparisons Direct comparisons of new therapy with usual care Direct comparisons of competing therapies,

p often not considering usual care

In most cases, prediction of narrow effects

Topics Prevention, treatment, monitoring, and other broad topics such as serious drug interactions, response to
treatment, tumor recurrence

Perspectives Multiple, including clinician, patient, purchaser, and policy Clinician and patient

maker

Study populations and
settings

Representative of clinical practice

Highly selected

Patient characteristics, quality of life, safety of treatment,

Data elements resource use and costs, patient preferences Patient characteristics, clinical endpoints
Fundin “Coverage with evidence development” programs, public- Private investors, research grants from
9 federal sources such as NIH

private partnerships

SOURCE Authors' analysis.
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