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Abstract
It is important to understand how knowledge of genomics can be translated from basic research
into clinical practice and health policies. The objective of this paper is to review existing evidence
on three key factors in the adoption of personalized medicine – utilization, preferences, and
economic value - using two cancer examples: HER2/neu testing and trastuzumab (Herceptin®)
and genetic testing for Lynch syndrome. Our findings suggest where further research is needed to
build an evidence base addressing utilization of, preferences for, and the potential costs and
benefits of personalized medicine. Major challenges include a lack of linked data, the need for
relevant research frameworks and methodologies, and the clinical complexities of genomic-based
diagnostics and treatment.
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1. Introduction
It is hoped that personalizing medicine by using genomic data will result in higher quality,
lower cost health care because of opportunities to offer patients therapies that are more
effective for them and avoid treatments that will not be safe or effective [1–4]. Due to the
greater knowledge about the genetic basis of disease and the growing use of personalized
medicine, it is important to understand how this knowledge can be translated from basic
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research into clinical practice and health policies. Basic research findings and
commercialization of the resulting products have outpaced our knowledge about the social
consequences of these new technologies. The move towards greater personalization of
medicine may directly conflict with two other major concerns: 1) growing expenditures on
health care and pharmaceuticals; and 2) inadequate access to care for underserved
populations. Difficult decisions will have to be made about which new technologies will be
adopted, how to regulate them, who will pay for them, and who will have access to them.

The objective of this paper is to review existing evidence on three key factors in the
adoption of personalized medicine – utilization, preferences, and economic value. We focus
on two cancer examples that provide illustration of the larger issues: HER2/neu (HER2)
testing and trastuzumab (Herceptin®) and genetic testing for Lynch syndrome. We begin
each section with a brief discussion of why the topic is relevant and then we review the
existing literature followed by a discussion of how the example(s) illustrates the more
general challenges of adopting personalized medicine.

We use a policy research framework as our conceptual framework. This framework assumes
that the use of genomic information is part of a translational continuum from—basic
research, to clinical research, to policy research—that determines adoption and health and
economic outcomes. Within policy research, key determinants of adoption and outcomes are
utilization, preferences, and economic value - which all contribute to the available evidence
base (Figure 1).

2. Examples of personalized medicine in cancer screening and treatments
We use two examples of cancer screening and treatment to illustrate the challenges to the
translation of genomic information into clinical practice and health policy: HER2 testing and
trastuzumab (Herceptin®) therapy in breast cancer and genetic testing for Lynch syndrome
in colorectal cancer. The examples illustrate use of genomic information for acquired
somatic mutations (HER2) and inherited germline mutations (Lynch syndrome). The
examples represent important foci in the area of cancer care: targeted therapy to optimize
treatment once disease manifests (HER2/neu) and risk-stratification before disease manifests
(Lynch syndrome).

HER2 testing and trastuzumab therapy provides an example of targeting drugs based on
genetic information. About 30% of primary breast tumors over-express the HER2/neu
protein. Women with HER2-positve breast cancer have been shown to benefit from
trastuzumab, a monoclonal antibody, in combination with cytotoxic chemotherapy. The
FDA has approved two types of tests to assess HER2 status in breast tissue:
immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH). IHC testing is
less expensive but has greater variability in its results [5]. Studies have found that compared
to IHC, FISH testing is a more accurate predictor of HER2 over-expression [6].
Trastuzumab and an accompanying HER2 assay were approved by the FDA in 1998 for use
in women with metastatic breast cancer. The indications for trastuzumab were expanded
after clinical trials showed a significant benefit in the adjuvant setting for women with non-
metastatic HER2-positive breast cancer [7–9].

HER2 testing and trastuzumab therapy are of interest for several reasons. This co-developed
test/treatment is considered a prototype for the translation of a targeted therapy based on
genomics, and thus provides insights into why personalized medicine may succeed or fail.
Despite the fact that this intervention is considered a successful example of adoption of
personalized medicine, there are concerns that little is known about how many women have
access to testing and treatment, that there are many strategies for testing and that there is
variability in how testing is conducted. These issues have taken on increased importance as
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therapy moves into a much larger population, and these challenges remain despite recent
attempts to standardize testing and treatment protocols [10,11]. Thus, HER2 testing and
trastuzumab therapy, although clinically accepted, still present important issues that portend
future challenges. Relevant issues include how access to expensive technologies will be
determined (who receives testing and treatment), how expanding use will influence value
(e.g. costs and benefits), and how value will be determined.

Screening for Lynch syndrome—also known as hereditary non-polyposis colorectal cancer
(HNPCC)—provides an example of risk stratification based on genetic and molecular
information. Lynch syndrome screening tests for genetic susceptibility to colorectal and
other cancers in persons considered at risk for this inherited syndrome. Because the
syndrome is inherited, testing additionally has implications for family members. Lynch
syndrome accounts for only about 3% of all new cases of colorectal cancer each year but in
affected persons the lifetime risk of colorectal cancer is approximately 80% and of
endometrial cancer, approximately 40%. Because reliance on clinical criteria may miss
many affected persons, a variety of stepped strategies have been proposed, including testing
all patients with newly diagnosed colorectal cancer. There is currently no consensus about
what clinical criteria and/or testing strategies serve best to identify individuals with Lynch
syndrome mutations [12]. For example, the Amsterdam criteria define Lynch syndrome if
three conditions are met: (1) at least three relatives with a history of CRC cancer, (2) at least
two successive generations should be affected, and (3) one of the relatives’ CRC cancers
should be diagnosed before age 50 years [12]. The various potential screening strategies
appear to have different degrees of effectiveness; they may be costly; and they may affect
the quality of life of many family members. Relevant issues include whether asymptomatic
family members will use genomic tests, how asymptomatic family members might value
genomic tests, and the potential impact of testing on health behaviors.

3. Utilization of personalized medicine
Understanding utilization is important for developing health care delivery models and
policies. By understanding utilization patterns, we are better able to assess to what extent
currently available personalized medicine technologies are being used, whether the people
who would most benefit from care are indeed getting care, what factors influence utilization,
and how interventions or policies may be used to encourage appropriate use. The analysis of
utilization also provides information on how the use of personalized medicine technologies
varies by clinical and non-clinical factors (e.g., individual socioeconomic status and/or
characteristics of providers and communities).

We reviewed the literature on HER2 testing and trastuzumab to illustrate issues regarding
utilization of personalized medicine. We found only a few published studies that have
examined the utilization of HER2 testing and trastuzumab [10,13–17]. There are also very
few studies on the linkage between HER2 testing use, HER2 results, and trastuzumab use
[13,15–17]. Another important issue relevant to examining the utilization of HER2 testing
and trastuzumab is how HER2 tests are performed and how accurate they are. HER2 testing
practices seem to vary widely, prompting concerns about the accuracy of testing at some
laboratories and uncertainty about the interpretation of some test results [10,18].

The example of HER2 testing and trastuzumab illustrates larger issues about examining
utilization of personalized medicine. There is clearly a lack of data on who gets testing and
treatment and how testing is conducted – gaps that are critical for understanding the
translation of personalized medicine. In particular, data are needed that link test results to
use of therapy. HER2 testing and trastuzumab are the most widely used example of
personalized medicine, and thus we would expect to find even fewer data for less commonly
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used interventions. Our example suggests several reasons for this lack of data. First, test
results are usually not available in administrative claims databases. Thus, additional
resources are needed to obtain such data and link results to claims; for example, by
reviewing medical records or pathology reports. It is also difficult to identify claims for
testing procedures in administrative databases because of coding issues. Claims data
typically contain procedure codes such as Current Procedural Terminology (CPT) codes,
which are five-digit numeric codes developed by the American Medical Association to
describe medical, surgical, and diagnostic services. In the case of HER2 testing, two
different approaches are used: IHC, which detects protein overexpression and FISH, which
detects gene amplification. However, these tests can also be performed for other indications
(e.g., estrogen- and progesterone-receptor status is assessed by IHC) and thus CPT codes for
IHC and FISH cannot differentiate whether the test is done for HER2 testing or other
indications. A CPT genetic modifier can specify whether the test is done for HER2 testing
but these modifiers are not currently commonly used in clinical practice. Another challenge
to examining utilization is that test codes may be “bundled” into a common pathology code
that does not permit the identification of individual tests. Non-specific procedure codes and
the bundling of laboratory procedures limit the use of claims data, such as Medicare or other
insurance claims, for assessing utilization of HER2/neu testing and investigating the
relationships between test type, test results, treatment, and outcomes.

4. Preferences for personalized medicine
Understanding preferences is important because they underlie behavior. Preferences – which
are defined in economic theory as the utility obtained from using or consuming goods and
services- are a key factor in adoption because personalized medicine will be successful only
to the extent that diagnostics and therapeutics based on genomic data are accepted, valued,
and used by patients, affected family members, and physicians. Studies of genetic testing
more broadly suggest individuals are interested in genetic testing [19–26], that patients will
purchase genetic tests directly from websites (e.g., www.genelex.com and
www.dnadirect.com), and that physician preferences will play a key role in decisions about
personalized medicine [27–31].

We reviewed the literature on Lynch syndrome screening to illustrate issues regarding
preferences for personalized medicine. We were unable to find any published studies that
have specifically focused on quantitatively measuring preferences for genetic testing for
Lynch syndrome and what factors would influence individuals’ decisions. However, we did
find a few studies that address related issues but these are limited and dated. One study
found that only 43% of family members of people with Lynch syndrome chose to be tested,
suggesting that individuals have preferences that influence testing decisions [32]. While the
identification of Lynch syndrome can lead to increased surveillance, it is not clear whether
all people will want to be tested, whether they will want to undergo the enhanced
surveillance strategies, or whether they will want to live with the anxiety associated with
knowing that they are at high risk [20,33–37]. These concerns apply not only to those being
tested but also to their family members.

The example of genetic testing for Lynch syndrome illustrates larger issues about examining
preferences for personalized medicine. Lynch syndrome screening is particularly illustrative
of the issues for other inherited mutations because of the potential impact of testing on
family members. Family members of a patient with a known positive test for a disease may
be at higher risk themselves and face challenges about whether to get tested and/or increase
their own preventive behaviors and there may also be concerns about health insurance
coverage and anxiety associated with the knowledge of being at high risk. Preference studies
need to thus incorporate perspectives of affected family members in addition to patients.
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The example of genetic testing for Lynch syndrome screening also suggests that making
decisions about being tested for genetic disease is complex and carefully designed
preference studies will be needed to elucidate the relevant factors. Such studies can be
designed to identify a wide range of attributes that may influence genetic testing choices.
Illustrative attributes that may be relevant to choices include what type of test is required,
accuracy of the test, whether or not a follow-up review is needed, privacy concerns, and the
cost of the test.

5. Economic value of personalized medicine
Understanding economic value is important because it is a key determinant of whether
personalized medicine will be translated to the clinic. It is important to temper enthusiasm
about the possibilities personalized medicine may offer with careful assessment of its
potential benefits, risks, and costs. Articles in The New England Journal of Medicine,
JAMA, Science, and Nature have noted repeatedly that it is critical that we begin to evaluate
the use of genomic information to personalize health care – even though such approaches
are not yet commonplace – in order to determine both its potential positive and negative
impacts on health care outcomes and costs [38–41].

We reviewed the literature on both HER2 testing and trastuzumab therapy and Lynch
syndrome screening to illustrate issues regarding economic value for personalized medicine.
Several economic evaluations of trastuzumab therapy have been conducted [42–51]. Earlier
studies focused on the original indication for trastuzumab, which was for women with stage
IV breast cancer (metastatic disease). These studies generally found that trastuzumab
therapy had relatively high costs relevant to benefits because the survival benefits were
modest for these women whose cancer had progressed to such a late stage. More recent
studies have focused analyses on trastuzumab therapy for HER2 positive women with early
breast cancer [48–54] and these studies seem to find that trastuzumab therapy has relatively
higher benefits in this scenario, but acknowledge that the overall cost burden of breast
cancer will significantly increase if this therapy is adopted because of the large number of
patients with early breast cancer.

These overarching results mask substantial variations within these studies. The results are
difficult to synthesize because different alternatives and settings were examined in each
study. The issue of how to treat women who already had trastuzumab therapy after surgery,
but then relapse to metastatic disease is particularly important. One US based study assumes
all women get a second round of therapy [50], while another Italian based study assumes
none do [49]. This issue needs to be addressed, as do other cost issues associated with
different treatment protocols in different countries. Moreover, a new randomized clinical
trial in France is looking at the impact of duration of treatment since shorter regiments may
provide similar benefits at lower cost [55]. Millar and Millward [51] find that a 9-week
trastuzumab regimen is significantly more cost-effective than the standard 52-week regimen,
but the confidence intervals for the 9- week regimen are larger.

The population treated may also significantly alter cost-effectiveness results. Liberato et al.
[49] find that trastuzumab therapy is only cost-effective for younger patients with high-risk
cancers, and only if benefits are assumed to last more than seven years. In the absence of
longer follow up studies, each study has used different models to estimate the morbidity
benefits for trastuzumab therapy, which may affect their overall results. Also, more analysis
of reoccurrence risk for specific subgroups is needed to clarify differences in morbidity
benefits. Another critical issue is whether the level of over-expression should be used to
determine treatment. The American Society of Clinical Oncology and College of American
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Pathologists have recommended algorithms defining a positive, negative, and equivocal
HER2 result based on values of both HER2 protein expression and gene amplification [10].

Finally, an earlier study suggests testing strategy is an important factor that needs to be
considered in cost-effectiveness analyses [43], yet this factor has not been examined in any
depth in the more recent studies of trastuzumab treatment in early breast cancer.

Several studies have examined cost-effectiveness of screening for Lynch syndrome [20,56–
60]. A general finding is that screening for Lynch syndrome is relatively more cost-effective
than no screening. However, it has been difficult to reach definitive conclusions for specific
testing strategies because of differences in how they were conducted and the evolving
guidelines on screening. Lynch syndrome screening is a highly complex topic, and thus it is
not surprising that the existing studies have their own specific focuses. For example,
differences include how patients are identified, what screening strategies are compared,
whether family members of affected patients are considered, whether patients with various
risk levels are analyzed, and the outcomes examined.

Two studies found that surveillance for Lynch Syndrome is cost-effective compared to no
surveillance. One study focused on high-risk families (e.g., mutation carriers) only [56]
while the other study examined not only the high-risk families (identified by the Amsterdam
criteria) but also moderate risk (those suspected but not fulfilling the Amsterdam criteria)
[60].

Other studies have examined the cost-effectiveness of various screening strategies. One
study suggested that microsatellite instability (MSI) testing of patients with newly diagnosed
colorectal cancer and an appropriate personal and family cancer history, followed by genetic
testing in cases with MSI, is cost-effective compared with standard care [57]. A follow-up
analysis found that testing guided by the Bethesda guidelines would be more cost-effective
than universal testing of all patients with colorectal cancer [20]. Another study evaluated
four strategies for identifying mutation carriers among colorectal cancer patients and found
that a mixed strategy (MSH2 and MLH testing on patients identified by the Amsterdam
criteria and germline testing for the remainder and who are MSI-High) was superior to the
alternatives [58]. Kievit (2005) et al explored simplified clinical criteria for MSI testing of
new colorectal cancer cases and concluded that it was more cost-effective than current
practice based on family history. The studies that examined both mutation carriers and
family members found that cost-effectiveness increased greatly when family members of
mutation carriers were considered [57,59]. Only one study analyzed cost effectiveness of
moderate risk patients [60] while the rest focused on high risk patients. While most of the
existing studies calculated costs and effects based on detected mutation carriers, Olsen
(2007) used numbers referred to genetic counseling as the outcome.

More evidence is needed on the cost-effectiveness of different screening strategies. Past
studies did not incorporate the recent improved understanding of Lynch syndrome, including
the potential for later onset of disease [61,62] or the recognition of Familial CRC syndrome
X [12] which can be used to define patients at various risk levels e.g., those with suggestive
clinical expression but no evidence of defective DNA mismatch repair. These analyses also
did not consider the impact of testing on quality of life. Future analyses would need to fully
take into account the complexity for screening for Lynch syndrome, including establishing
the algorithms for managing the subgroups defined after testing, incorporating family
members of affected patients, and modeling patients of various risk levels.

The examples of HER2 testing and trastuzumab and genetic testing for Lynch syndrome
illustrate larger issues about examining economic value of personalized medicine. The first
challenge to assessing the value of personalized medicine is that interventions often involve
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both a diagnostic test and drug therapy, thus requiring approaches to considering the impact
of both interventions simultaneously. Many previous studies have neglected to consider the
impact of the testing strategy used. There may be a variety of testing options, different
pathways linking tests to therapies, and tests that apply to several drugs. In the case of both
HER2 and Lynch syndrome testing, there are many complexities in determining the clinical
pathways and the associated costs and health outcomes. Second, characteristics of genetic
tests can make analyses more complex. For example, understanding accuracy includes: 1)
whether the test can detect the relevant mutation; 2) whether the mutation is related to the
phenotype; and 3) whether the phenotype can be used to make clinical predictions.
Moreover, accuracy can vary by both test type and laboratory. Third, analyses may need to
consider the cost-effectiveness within different subpopulations. Genomic technologies based
on inherited mutations such as Lynch syndrome screening may impact family members,
requiring more complex models that incorporate both the initial patients and their families.

6. Conclusions
We reviewed existing evidence and identified challenges to adopting personalized medicine
using two examples from cancer screening and treatments. We found that there are gaps in
the evidence base as little is known about the use, preferences, and value of these
personalized medicine examples [63,64].

There is clearly a lack of data on who gets testing and treatment, how testing is conducted,
and the linkage of test results to use of therapy. However, the information needed to
examine utilization patterns is either not available in administrative claims databases or
limited by coding complexities. These factors limit the ability to conduct research on
utilization patterns without lengthy and expensive primary data collection. Further research
could benefit from more precise coding (including the adoption of CPT genetic modifiers)
and linkage of datasets to include patient characteristics, test procedures, test results, therapy
patterns, and clinical and economic outcomes.

There is also a lack of data on preferences for personalized medicine. Few studies have
systematically assessed preferences for genetic testing using accepted quantitative
approaches. Future research could benefit from carefully designed preference studies to
measure perspectives of relevant stakeholder groups, including patients, affected family
members, and physicians.

There are somewhat more data on economic value of personalized medicine although this is
also limited. Such analyses are more complex when they involve both a diagnostic test and
drug therapy, thus requiring approaches to considering the impact of both interventions
simultaneously. There may be a variety of testing options, different pathways linking tests to
therapies, and tests that apply to several drugs. Analyses may also need to consider the cost-
effectiveness within different subpopulations such as family members. Future research
would benefit from more sophisticated models that take into account the complexities of
personalized medicine and that explicitly consider the impact of different testing strategies.

In conclusion, future research is needed to build an evidence base for personalized medicine
addressing to what extent of personalized medicine is used, preferences for personalized
medicine, and the potential costs and benefits. Major challenges include the lack of linked
data and the need for relevant research frameworks and methodologies.

References
* of special interest

Phillips et al. Page 7

Curr Opin Mol Ther. Author manuscript; available in PMC 2010 July 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



** of outstanding interest

1**. Department of Health and Human Services and Secretary’s Advisory Committee on Genetics
Health and Society. Coverage and Reimbursement of Genetic Tests and Services: Report of the
Secretary’s Advisory Committee on Genetics, Health, and Society, Public Comment Draft.
[Accessed: 05/30/07]. 2006 Available at:
http://www4.od.nih.gov/oba/SACGHS/reports/CR_report.pdfComprehensive review of coverage
and reimbursement issues conducted by an advisory group in the US

2**. The Royal Society. Personalized medicines: hopes and realities. The Royal Society Science
Section; London: [accessed 5/22/07]. 2005 Available at:
http://www.royalsoc.ac.uk/displaypagedoc.asp?id=15874Important review conducted by an
advisory group in the UK

3*. Phillips KA, Van Bebber SL. Measuring the value of pharmacogenomics. Nature Reviews Drug
Discovery 2005;4(6):500–09. Develops a resource allocation framework for accessing the
potential value of alleles of CYP2D6, an important drug metabolizing enzyme.

4. Ginsburg GS, Angrist M. The future may be closer than you think: a response from the Personalized
Medicine Coalition to the Royal Society’s report on personalized medicine. Personalized Medicine
2006;3(2):119–123.

5. Yaziji H, Goldstein LC, Barry TS, Werling R, Hwang H, Ellis GK, Gralow JR, Livingston RB,
Gown AM. HER-2 Testing in Breast Cancer Using Parallel Tissue-Based Methods. JAMA
2004;291(16):1972–1977. [PubMed: 15113815]

6. Bartlett JM, Going JJ, Mallon EA, Watters AD, Reeves JR, Stanton P, Richmond J, Donald B,
Ferrier R, Cooke TG. Evaluating HER2 amplification and overexpression in breast cancer. J Pathol
2001;195(4):422–8. [PubMed: 11745673]

7. Hortobagyi GN. Trastuzumab in the treatment of breast cancer. N Engl J Med 2005;353(16):1734–
6. [PubMed: 16236745]

8. Piccart-Gebhart MJ, Procter M, Leyland-Jones B, Goldhirsch A, Untch M, Smith I, Gianni L,
Baselga J, Bell R, Jackisch C, Cameron D, et al. Trastuzumab after adjuvant chemotherapy in
HER2-positive breast cancer. N Engl J Med 2005;353:1659–1672. [PubMed: 16236737]

9. Braga S, dal Lago L, Bernard C, Cardoso F, Piccart M. Use of trastuzumab for the treatment of early
stage breast cancer. Expert Rev Anticancer Ther 2006;6(8):1153–64. [PubMed: 16925482]

10. Wolff AC, Hammond ME, Schwartz JN, Hagerty KL, Allred DC, Cote RJ, Dowsett M,
Fitzgibbons PL, Hanna WM, Langer A, McShane LM, et al. American Society of Clinical
Oncology/College of American Pathologists guideline recommendations for human epidermal
growth factor receptor 2 testing in breast cancer. J Clin Oncol 2007;25(1):118–45. [PubMed:
17159189]

11. Carlson B. Payers Move Slowly on Test Coverage Decisions. Biotechnology Healthcare 2005
August;:31–39.

12. Lindor NM, Rabe K, Petersen GM, et al. Lower cancer incidence in Amsterdam-I criteria families
without mismatch repair deficiency: familial colorectal cancer type X. Jama 2005;293(16):1979–
1985. [PubMed: 15855431]

13. Renshaw RN. Outcomes-based Access: What Will it Means for Biologics? Biotechnology
Healthcare 2006 June;:39–44.

14. Stark A, Kucera G, Lu M, Claud S, Griggs J. Influence of health insurance status on inclusion of
HER-2/neu testing in the diagnostic workup of breast cancer patients. Int J Qual Health Care
2004;16(6):517–21. [PubMed: 15557362]

15. Tong KB, Chen E, Gregory C, Kim D. HER-2 Testing and Trastuzumab Use in the Medicare
Population. Breast Cancer Symposium. 2007

16. Woelderink A, Ibarreta D, Hopkins MM, Rodriguez-Cerezo E. The current clinical practice of
pharmacogenetic testing in Europe: TPMT and HER2 as case studies. Pharmacogenomics J
2006;6(1):3–7. [PubMed: 16314885]

17. Culliton BJ. Insurers And ‘Targeted Biologics’ For Cancer: A Conversation With Lee N.
Newcomer. Health Aff %R 10.1377/hlthaff.27.1.w41 2008;27(1):w41–51.

Phillips et al. Page 8

Curr Opin Mol Ther. Author manuscript; available in PMC 2010 July 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www4.od.nih.gov/oba/SACGHS/reports/CR_report.pdf
http://www.royalsoc.ac.uk/displaypagedoc.asp?id=15874


18. Nass S, Moses HL. Cancer Biomarkers: The Promises and Challenges of Improving Detection and
Treatment. The National Academy of Sciences. 2007

19. Sanderson SC, Wardle J, Jarvis MJ, Humphries SE. Public interest in genetic testing for
susceptibility to heart disease and cancer: a population-based survey in the UK. Prev Med
2004;39(3):458–464. [PubMed: 15313084]

20. Ramsey SD, Burke W, Clarke L. An economic viewpoint on alternative strategies for identifying
persons with hereditary nonpolyposis colorectal cancer. Genet Med 2003;5(5):353–363. [PubMed:
14501830]

21. Rose A, Peters N, Shea JA, Armstrong K. The association between knowledge and attitudes about
genetic testing for cancer risk in the United States. J Health Commun 2005;10(4):309–21.
[PubMed: 16036738]

22. Peters N, Rose A, Armstrong K. The association between race and attitudes about predictive
genetic testing. Cancer Epidemiol Biomarkers Prev 2004;13(3):361–365. [PubMed: 15006909]

23. Graham ID, Logan DM, Hughes-Benzie R, Evans WK, Perras H, McAuley LM, Laupacis A, Stern
H. How interested is the public in genetic testing for colon cancer susceptibility? Report of a
cross-sectional population survey. Cancer Prev Control 1998;2(4):167–72. [PubMed: 10093629]

24. Croyle RT, Lerman C. Interest in genetic testing for colon cancer susceptibility: cognitive and
emotional correlates. Prev Med 1993;22(2):284–92. [PubMed: 8483865]

25. Press NA, Yasui Y, Reynolds S, Durfy SJ, Burke W. Women’s interest in genetic testing for breast
cancer susceptibility may be based on unrealistic expectations. Am J Med Genet 2001;99(2):99–
110. [PubMed: 11241466]

26. Bosompra K, Ashikaga T, Flynn BS, Worden JK, Solomon LJ. Psychosocial factors associated
with the public’s willingness to pay for genetic testing for cancer risk: a structural equations
model. Health Education Research 2001;16(2):157–172. [PubMed: 11357857]

27. Vadaparampil ST, Wideroff L, Olson L, Viswanath K, Freedman AN. Physician exposure to and
attitudes toward advertisements for genetic tests for inherited cancer susceptibility. Am J Med
Genet A 2005;135(1):41–46. [PubMed: 15810000]

28. Friedman C, Cooper HP, Webb JA, Weinberg AD, Plon SE. Primary care physicians’ attitudes and
practices regarding cancer genetics: a comparison of 2001 with 1996 survey results. J Cancer Educ
2003;18(2):91–94. [PubMed: 12888383]

29. Freedman AN, Wideroff L, Olson L, Davis W, Klabunde C, Srinath KP, Croyle RT, Ballard-
Barbash R. US Physicians’ Attitudes Toward Genetic Testing for Cancer Susceptibility. American
Journal of Medical Genetics 2003;120(1):63–71. [PubMed: 12794694]

30. Gramling R, Nash J, Siren K, Culpepper L. Predictive genetics in primary care: expectations for
the motivational impact of genetic testing affects the importance family physicians place on
screening for familial cancer risk. Genet Med 2003;5(3):172–175. [PubMed: 12792425]

31. Batra S, Valdimarsdottir H, McGovern M, Itzkowitz S, Brown K. Awareness of genetic testing for
colorectal cancer predisposition among specialists in gastroenterology. Am J Gastroenterol
2002;97(3):729–733. [PubMed: 11922570]

32. Lerman C, Hughes C, Trock BJ, Myers RE, Main D, Bonney A, Abbaszadegan MR, Harty AE,
Franklin BA, Lynch JF, Lynch HT. Genetic testing in families with hereditary nonpolyposis colon
cancer. Jama 1999;281(17):1618–22. [PubMed: 10235155]

33. Glanz K, Grove J, Lerman C, Gotay C, Le Marchand L. Correlates of intentions to obtain genetic
counseling and colorectal cancer gene testing among at-risk relatives from three ethnic groups.
Cancer Epidemiol Biomarkers Prev 1999;8(4 Pt 2):329–36. [PubMed: 10207637]

34. Kinney A, DeVellis BM, Skrzynia C, Millikan R. Genetic testing for colorectal carcinoma
susceptibility: focus group responses of individuals with colorectal carcinoma and first-degree
relatives. Cancer 2001;91(1):57–65. [PubMed: 11148560]

35. Codori AM, Petersen GM, Miglioretti DL, Larkin EK, Bushey MTYC, Brensinger JD, Johnson K,
Bacon JA, SVB. Attitudes toward colon cancer gene testing: factors predicting test uptake. Cancer
Epidemiol Biomarkers Prev 1999;8(4 Pt 2):345–351. [PubMed: 10207639]

36. Halbert CH, Lynch H, Lynch J, Main D, Kucharski S, Rustgi AK, Lerman C. Colon cancer
screening practices following genetic testing for hereditary nonpolyposis colon cancer (HNPCC)
mutations. Arch Intern Med 2004;164(17):1881–7. [PubMed: 15451763]

Phillips et al. Page 9

Curr Opin Mol Ther. Author manuscript; available in PMC 2010 July 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



37. Todora HM, Skinner CS, Gidday L, Ivanovich JL, Rawl S, Whelan AJ. Perceptions of genetic risk
assessment and education among first-degree relatives of colorectal cancer patients and
implications for physicians. Fam Pract 2001;18(4):367–372. [PubMed: 11477043]

38**. Collins FS, Green ED, Guttmacher AE, Guyer MS. A vision for the future of genomics research.
Nature 2003;422(6934):835–847. A classic article that lays out a vision for genomics research
including translational research. [PubMed: 12695777]

39. Guttmacher AE, Collins FS. Welcome to the Genomic Era. N Engl J Med 2003;349(10):996–998.
[PubMed: 12954750]

40. Haga SB, Burke W. Using Pharmacogenetics to Improve Drug Safety and Efficacy. JAMA
2004;291(23):2869–2871. [PubMed: 15199039]

41*. Ries Merikangas K, Risch N. Genomic Priorities and Public Health. Science 2004;302:599–601.
Reviews and evaluates characteristics of complex diseases that can be used to develop genomic
priorities.

42. Lewis R, Bagnall A, Forbes C, Shirran E, Duffy S, Kleijnen J, ter Riet G, Riemsma R. A rapid and
systematic review of the clinical effectiveness and cost-effectiveness of trastuzumab for breast
cancer. Report commissioned by NHS R&D HTA Programme on behalf of The National Institute
for Clinical Excellence. 2001

43. Elkin EB, Weinstein MC, Winer EP, Kuntz KM, Schnitt SJ, Weeks JC. HER-2 testing and
trastuzumab therapy for metastatic breast cancer: a cost-effectiveness analysis. J Clin Oncol
2004;22(5):854–63. [PubMed: 14990641]

44. Neyt MJ, Albrecht JA, Clarysse B, Cocquyt VF. Cost-effectiveness of Herceptin: A standard cost
model for breast-cancer treatment in a Belgian university hospital. International Journal of
Technology Assessment in Health Care 2005;21:132–137. [PubMed: 15736525]

45. Norum J, Risberg T, Olsen JA. A monoclonal antibody against HER-2 (trastuzumab) for metastatic
breast cancer: a model-based cost-effectiveness analysis. Ann Oncol 2005;16(6):909–14.
[PubMed: 15849222]

46. Morelle M, Hasle E, Treilleux I, Michot JP, Bachelot T, Penault-Llorca F, Carrere M. Cost-
effectiveness analysis of strategies for HER2 testing of breast cancer patients in France. Int J
Technol Assess Health Care 2006;22(3):396–401. [PubMed: 16984069]

47. Dendukuri N, Khetani K, McIsaac M, Brophy J. Testing for HER2-positive breast cancer: a
systematic review and cost-effectiveness analysis. CMAJ 2007;176(10):1429–34. [PubMed:
17485695]

48. National Institute for Health and Clinical Excellence. Trastuzumab for the adjuvant treatment of
early-stage-HER2-positive breast cancer. National Institute for Health and Clinical Excellence.
2006

49. Liberato NL, Marchetti M, Barosi G. Cost effectiveness of adjuvant trastuzumab in human
epidermal growth factor receptor 2-positive breast cancer. J Clin Oncol 2007;25(6):625–33.
[PubMed: 17308267]

50. Kurian AW, Thompson RN, Gaw AF, Arai S, Ortiz R, Garber AM. A cost-effectiveness analysis
of adjuvant trastuzumab regimens in early HER2/neu-positive breast cancer. J Clin Oncol
2007;25(6):634–41. [PubMed: 17308268]

51. Millar JA, Millward MJ. Cost effectiveness of trastuzumab in the adjuvant treatment of early breast
cancer: a lifetime model. Pharmacoeconomics 2007;25(5):429–42. [PubMed: 17488140]

52. Dedes KJ, Szucs TD, Imesch P, Fedier A, Fehr MK, Fink D. Cost-effectiveness of trastuzumab in
the adjuvant treatment of early breast cancer: a model-based analysis of the HERA and FinHer
trial. Annals of Oncology 2007;18(9):1493–1499. [PubMed: 17761705]

53. Garrison LP Jr, Lubeck D, Lalla D, Paton V, Dueck A, Perez EA. Cost-effectiveness analysis of
trastuzumab in the adjuvant setting for treatment of HER2-positive breast cancer. Cancer
2007;110(3):489–498. [PubMed: 17592827]

54. Norum J, Olsen JA, Wist EA, Lonning PE. Trastuzumab in adjuvant breast cancer therapy. A
model based cost-effectiveness analysis. Acta Oncologica 2007;46(2):153–164. [PubMed:
17453363]

55. Hillner BE, Smith TJ. Do the large benefits justify the large costs of adjuvant breast cancer
trastuzumab? J Clin Oncol 2007;25(6):611–3. [PubMed: 17308264]

Phillips et al. Page 10

Curr Opin Mol Ther. Author manuscript; available in PMC 2010 July 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



56. Vasen HF, van Ballegooijen M, Buskens Eea. A cost-effectiveness analysis of colorectal screening
of hereditary nonpolyposis colorectal carcinoma gene carriers. Cancer 1998;82(9):1632–1637.
[PubMed: 9576281]

57. Ramsey S, Clarke L, Etzioni R, Higashi M, Berry K, Urban N. Cost-effectiveness of microsatellite
instability screening as a method for detecting hereditary nonpolyposis colorectal cancer. Ann
Intern Med 2001;135:577–588. [PubMed: 11601929]

58. Reyes CM, Allen BA, Teridiman JP, Wilson LS. Comparison of selection strategies for genetic-
testing of patients with hereditary nonpolyposis colorectal carcinoma: effectiveness and cost-
effectiveness. Cancer 2002;95(9):1848–1856. [PubMed: 12404277]

59. Kievit W, de Bruin JH, Adang EMea. Cost effectiveness of a new strategy to identify HNPCC
patients. Gut 2005;54(1):97–102. [PubMed: 15591512]

60. Olsen K, Bojesen S, Gerdes A, Lindorff K, Bernstein I. Cost-effectiveness of surveillance
programs for families at high and moderate risk of hereditary non-polyposis colorectal cancer.
International Journal of Technology Assessment in Health Care 2007;23(1):89–95. [PubMed:
17234021]

61. Hampel H, Frankel W, eMEa. Screening for the Lynch syndrome (hereditary nonpolyposis
colorectal cancer). N Engl J Med 2005;352(18):1851–1860. [PubMed: 15872200]

62. Hampel H, Stephens JA, Pukkala E, et al. Cancer risk in hereditary nonpolyposis colorectal cancer
syndrome: later age of onset. Gastroenterology 2005;129(2):415–421. [PubMed: 16083698]

63*. Phillips KA, Van Bebber SL, Issa AM. Building an Evidence Base for Personalized Medicine’fs
Translation to Clinical Practice and Health Policy. Personalized Medicine 2006;3(4):411–414.
Develops a framework for a database of information on clinical application, economics, policy,
and regulation relevant to personalized medicine.

64. Khoury MJ, Jones K, Grosse SD. Quantifying the health benefits of genetic tests: The importance
of a population perspective. Genetics in Medicine 2006;8(3):191–195. [PubMed: 16540755]

Phillips et al. Page 11

Curr Opin Mol Ther. Author manuscript; available in PMC 2010 July 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Conceptual Framework

Phillips et al. Page 12

Curr Opin Mol Ther. Author manuscript; available in PMC 2010 July 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


