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New testing technologies – increasingly based on genomic information – are essential in the
shift towards personalized medicine and molecular targeted therapies. Considering the rapid
proliferation of new tests, healthcare insurers and policymakers are interested in assessing
evidence about their use and value.

It is critical to build an evidence base to support effective decision-making related to testing
technologies as they are used in clinical practice. The example of human epidermal growth
factor receptor 2 (HER2) testing for breast cancer illustrates the challenges and
opportunities. Many groups, including the Institute of Medicine; Agency for Healthcare
Research and Quality; Secretary’s Advisory Committee on Genetics, Health, and Society;
President’s Council of Advisors on Science and Technology; and Evaluation of Genomic
Applications in Practice and Prevention Project have cited the need to improve the evidence
base for genomic and testing technologies. This Commentary extends previous work,
emphasizing the need for evidence to assess how technologies are actually used in clinical
practice.

Why HER2 Testing Illustrates the Evidence Gap
HER2 testing to target trastuzumab treatment for patients with breast cancer is perhaps the
best known example of testing to target treatment. Gaps in knowledge about clinical practice
for even this successful example portend an increasing need for evidence as new testing
technologies enter clinical care. In addition, the high cost of many emerging therapies (e.g.,
trastuzumab therapy costs approximately $100,000/annually) also points to the need for
evidence on how to most efficiently target therapies.

HER2 testing determines which patients overexpress the gene HER2; for those 20%–30% of
patients, trastuzumab is highly effective. Trastuzumab and an accompanying test were
approved in 1998 for metastatic breast cancer patients and its use was expanded to early-
stage breast cancer patients after 2005. HER2 testing is now recommended for all patients
with invasive breast cancer, and only patients with positive tests are recommended for
trastuzumab treatment.

There is no consensus about optimal testing methods. Guidelines recommend using either
immunohistochemistry (IHC); (with indeterminate results confirmed by fluorescence in situ
hybridization FISH); or FISH to determine HER2 status.1 Although FISH is a better
predictor of response to treatment, IHC costs substantially less and is more easily performed
in community laboratories.1
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Despite the clinical success of trastuzumab, there are concerns about the best methods for
selecting patients for treatment. The accuracy and interpretation of HER2 tests have been
highlighted in the media, with provocative headlines in some news stories. 2, 3 Even the
company marketing trastuzumab publicly acknowledged the serious problem with test
accuracy, noting that “about 5,000 patients in the US receive trastuzumab without any
clinical benefit, and about 7,000 patients who could derive benefit are not being treated
because of a false-negative test result.” (p. 168)4

The Evidence Gap
1. Little is known about whether all eligible patients are tested for HER2 and, for

those tested, which testing methods are used and whether indeterminate results are
confirmed. Some eligible patients may not receive HER2 testing because of
financial or clinical reasons, or their testing may not be documented in medical
records or claims databases. Two studies suggest that some patients either are not
tested or testing is not documented, and that there is little evidence to define how
many patients receive confirmatory testing with FISH. A study conducted in one
health care system shortly after FDA approval of trastuzumab for patients with
metastatic breast cancer found that 52% of such patients were tested for HER2.5 In
a study of a sample of Medicare enrollees (N=6588) – 32% of patients newly
diagnosed with invasive breast cancer were documented in claims data as having
undergone an HER2 test.6 Of those documented as receiving trastuzumab, 68%
were documented as having had an HER2 test. In this study, 93% of women tested
received only IHC, 0.3% received only FISH, and 6% received both tests –
although it is not known whether FISH was used for initial or confirmatory testing.
6

2. Several studies show that a substantial percentage of HER2 tests performed by
community laboratories are inaccurate. Less is known about the reasons and the
implications for patients’ outcomes. One approach to measuring the accuracy of
HER2 testing is to examine variability in laboratory procedures and results. The
ASCO/CAP guidelines reviewed studies that have compared test results from
community-based laboratories and high-volume reference laboratories, and found
that approximately 20% of IHC test results from community-based laboratories are
inaccurate.1

3. Little is known about how many patients receive trastuzumab despite negative or
indeterminate test results. Patients who are not tested or have negative test results
may receive trastuzumab because of doubts about test accuracy, clinical or
healthcare system factors, or human error. In one study that examined 2005 United
HealthCare data7 involving patients with claims for trastuzumab, 8% had negative
test results, and 4% had not been tested. For another 12% of patients, it was
questionable whether HER2 testing was conducted because their physicians
provided no documentation.

4. Although studies have shown that trastuzumab treatment is relatively cost-
effective, there are no analyses of the most cost-effective testing approaches in
actual clinical practice. Cost-effectiveness of trastuzumab in the US – but not in
relation to HER2 testing – show that adding trastuzumab to chemotherapy is
relatively cost-effective.8–10 One study examined HER2 testing strategies before
expansion of testing to patients with early breast cancer and before information was
available on actual testing practices.11 These studies do not address the cost-
effectiveness of different strategies for HER2 testing in practice. If patients who
would benefit from treatment are not tested, if the most efficient testing algorithm
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is not used, if tests are inaccurate, or if patients receive treatment that is
inappropriate based on their test results, the actual cost-effectiveness of testing and
treatment will be reduced.

Improving the Evidence Base
Promising efforts are underway to address those gaps. Importantly, these findings do not
challenge the efficacy of HER2 testing and trastuzumab treatment nor are they a reason to
slow the pace of innovation or the diffusion of testing technologies into clinical practice.
Rather, testing and treatment can be made more effective and efficient by gathering real-
world data and incorporating these data into rigorous analyses of best-testing practices. The
type and extent of evidence needed will vary by the specific situation as clinical trial data
will never be able to address all of the questions. Approaches that facilitate both innovation
and evidence must be developed, such as “coverage with evidence development” programs.

The example of HER2 highlights four potential solutions to the evidence gap:

1. Document Gaps in Knowledge about Actual Clinical Practices. A first step towards
solutions is to document what evidence is lacking. Clinicians and insurers were
often surprised to hear about the evidence gaps about HER2 testing.

Documenting evidence gaps will also facilitate a research agenda to examine those
gaps. For example, cost-effectiveness analyses can now assess the most effective
testing strategies.

The National Cancer Institute (NCI) and the National Institutes of Health (NIH)
have made great strides in supporting research to document and address evidence
gaps on testing technologies. The NCI has recently funded grants on personalized
medicine for cancer care that will address the evidence gaps for these technologies
as well as develop methods for examining other emerging technologies.12 The NIH
has issued a request for “transformative” applications to build an evidence base for
pharmacogenomics and genetic testing, naming this area as one of six “major
contemporary challenges”.

2. Standardize Testing Procedures and Interpretation. Greater standardization of test
procedures and use of decision-support algorithms could improve accuracy and
provide more evidence about access and utilization. HER2 testing, like many
diagnostic tests, does not provide clear answers about treatment decisions and there
is ample room for misinterpretations along the entire testing sequence. Recently
developed guidelines recommend that HER2 testing be done in a CAP-accredited
laboratory to standardize procedures.1 Health plans are encouraging patients and
clinicians to use laboratories that meet these guidelines and will provide coverage
for repeat testing if necessary. Efforts are also underway to improve
communication between laboratories and clinicians to address situations where
indeterminate HER2 scores are treated as positive results. These standardization
efforts for HER2 testing may also be important for other complex testing
technologies, particularly given the increased scrutiny of in-house laboratory
(“home brew”) tests.

3. Provide Incentives for Closing Gaps. Policies can be implemented that provide
incentives to reduce evidence gaps. One example is the policy change implemented
by UnitedHealthcare in 2006, after it was found that many patients prescribed
trastuzumab had missing or negative test results (personal communication, Lee
Newcomer, UHC, 8/14/2008). Their policy requires clinicians to submit
documentation of a positive HER2 test with the first trastuzumab claim. The rate of
submitted claims for trastuzumab decreased after the policy implementation,
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suggesting that it may reduce inappropriate use. Because of this policy and other
efforts to improve laboratory procedures, the plan has more information about why
errors are made in HER2 testing and has been able to implement quality
improvement programs. Although there are potential disadvantages to such
policies, they may warrant consideration for some technologies.

4. Develop Creative Approaches to Obtaining Evidence. Currently no databases link
testing, test results, treatment, and outcomes and no system in the US monitors tests
after their adoption.13 Interviews with several large healthcare insurers revealed
that payers generally cannot assess whether eligible patients have received HER2
testing and cannot link test results with treatment.14 It is often impossible to
identify the use of testing in administrative databases because of coding issues; for
example, without chart review, the use of IHC and FISH for HER2 detection
cannot be distinguished reliably from the same types of tests performed for other
indications. Although Current Procedural Terminology code modifiers would
differentiate specific tests, they are not commonly used in clinical practice.
Moreover, test codes may be bundled into a common pathology code that does not
permit identification of individual tests.

Creative collaboration between academia, industry, and government is needed to build the
evidence base; for example, the Aetna Foundation has funded the University of California at
San Francisco and Brigham and Women’s Hospital to determine how physicians use HER2
tests to inform their treatment recommendations. This academia-industry collaboration takes
advantage of rich health plan enrollee data and academic research expertise.

Conclusions
Greater use of testing to target treatments is inevitable and has the potential to improve both
the quality and efficiency of care but evidence-based information is essential if these new
technologies are to be used wisely.15 A comprehensive agenda for translational research is
needed to move new discoveries into clinical care. This agenda will require attention to both
translation of basic research findings into new therapeutic options and translation of research
into practice.
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