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Personalized medicine is not a promise of the future; it 
is fast emerging as the current state in diagnostics and 
therapeutics. Innovations based on genetic and molecular 
designs offer patients better care at lower cost because 
conditions are predicted sooner, diagnosed more accurately 
and treated more effectively. 

The U.S. health care system is the world’s leader in 
personalized medicine. It is the epicenter for personalized 
medicine research and development that benefits citizens 
and governments of the world. Like every endeavor that’s 
innovative and capital-intense, it faces challenges: how 
to expedite development to get its solutions to market 
faster, how to access capital to stimulate increased R&D, 
how to rationalize the financial risks borne by inventors 
and scientists in their development, and how to justify 
coverage by health plans often pressured for short-term 
savings although longer-term cost increases result.

In this analysis, we offer a strategic perspective on the 
potential that personalized medicine holds within the 
context of cost-effectiveness. This analysis is not about 
finding rights and wrongs. All stakeholders in the system 
recognize the value of personalized medicine. All seek to 
develop, deliver and cover the right care in the most cost-
effective ways. 

The U.S. health care system can embrace and expand its 
efforts in personalized medicine. Personalized medicine 
facilitates better care and lower costs, its pursuit is the 
right thing to do, and doing so can benefit every major 
stakeholder in the U.S. system – most importantly, its 
patients.

We are grateful to the Personalized Medicine Coalition 
members for their interest in and support of this goal. 
And we are optimistic that the movement toward 
personalized medicine will grow in influence and support 
in coming years as it reaches its potential to improve care 
while reducing costs.

Respectfully,

Paul H. Keckley, PhD  
Executive Director 
Deloitte Center for Health Solutions

Foreword



The ROI for Targeted Therapies:   A Strategic Perspective    1

Introduction	 2

Methodology	 3

Results	 10

Implications	 18

Conclusions and Recommendations	 23

References	 24

Contents



2

Introduction

Personalized medicine has the power to transform health 
care within the foreseeable future, from a population-
based model to a subpopulation and individual model. 
Scientific advances in biotechnology, health information 
technology (HIT), genomics, proteomics, therapeutic 
delivery, and computational biology have made possible 
a new approach to the diagnosis, treatment, and 
management of disease and disease risk. Personalized 
medicine is the application of these advances to the 
population at large, with distinction possible on an 
individual molecular level. As such, personalized medicine 
is a disruptive technology: It increases the functionality of 
disease detection, diagnosis and treatment beyond the 
current knowledge of most health care consumers and 
many providers, and fundamentally changes the business 
model for key health care business stakeholders.1 

Because genetic analyses enable the design of therapies 
targeted to specific individuals who are most likely to 
benefit from the treatments, there is downstream benefit 
not only for those individuals, but for those paying for 
and prescribing the more efficacious treatment. Standard 
practices in discovering, approving, and administering 
drug therapies are based on entire disease populations, 
rather than on subgroups within those populations. This 
fundamental difference between current and potential 
practice presents challenges to the current health care 
business model, and varying economic and clinical benefits 
and barriers for stakeholders. It is a topic of national 
importance, as evidenced by a recent report, Priorities for 
Personalized Medicine, prepared by the President’s Council 
of Advisors on Science and Technology. The Council 

emphasizes the potential of personalized medicine to not 
only improve disease prevention and patient care, but 
also to affect two economic trends: the decreasing rate 
of medical product development and increasing health 
care costs.2 To better understand some of the economic 
factors of personalized medicine, this project explored the 
following questions:

Does personalized medicine have a quantifiable  1.	
return on investment (ROI)?

Are clinical case study data available that could be a.	
used to develop a framework for determining ROI? 

If a positive ROI is demonstrated, to whom do the b.	
benefits accrue and in what timeframe?

Can an economic framework be derived from case 2.	
studies that will demonstrate differences in ROI across 
industry stakeholders?

If so, can these ROI differences clarify the incentives/a.	
barriers for stakeholders to invest in or adopt 
personalized medicine?

If there are significant gaps in value experienced b.	
among stakeholders, are there strategies that might 
bridge these gaps and accelerate adoption?

This paper focuses on personalized medicine’s economic 
value proposition and the importance of ROI for multiple 
stakeholders in advancing adoption of personalized 
medicine.

1 Disruptive technology is not to be confused with disruptive innovation. “Disruptive innovations convert expensive products and services into simpler, 
more affordable ones. In industries other than health care, cost-reducing technologies have been linked with innovative business models. Such linkage 
has resulted in increasingly affordable and accessible products and services.” p. 1329. A business model consists of four components: the value 
proposition, profit formula, processes, and resources. Hwang, J and C CM Christensen, “Disruptive innovation in health care delivery: A framework for 
business-model innovation,” Health Affairs, 27:5 (2008) pp.1329-1348. Personalized medicine will likely add complexity and costs to clinical practice, 
making it a disruptive technology versus a disruptive innovation that results in more simple and cost-saving products and services.

2 President’s Council of Advisors on Science and Technology. Report: Priorities for Personalized Medicine. September 2008. Executive Office of the 
President of the United States, Office of Science and Technology Policy.
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The Deloitte Center for Health Solutions, part of Deloitte 
LLP, initiated this study to better understand the ROI 
of personalized medicine – specifically what is the ROI, 
to whom the benefits accrue, and in what timeframe. 
A literature review of the cost/benefits of personalized 
medicine was conducted. More than 300 articles were 
reviewed from both the scientific and the grey literature. 
This review provided the basis for generating two 
fundamental scenarios for how personalized medicine 
might affect current care processes, and the associated 
costs and benefits of current therapies (Figure 1, next 
page). In Scenario 1, a personalized medicine diagnostic 
test alters the standard course of therapy; in Scenario 2, a 
personalized diagnostic test results in the introduction of 
a companion targeted therapy.

During the review, it became clear that a meta analysis 
would not be possible due to variation in the level of 
evidence reported in the literature. The review method was 
refined to examine the literature for case studies that might 
be used to develop a personalized medicine ROI framework. 

Inclusion Criteria

From the 300 articles reviewed, the Deloitte team 
identified ~75 articles with relevant information that 
could be used to develop an ROI framework. Empirical 
studies with control groups and sufficient outcomes data 
were included. These articles reported various aspects 
of the ROI for personalized medicine for a number of 
clinical conditions. In order to develop a coherent ROI 
approach, case studies were selected which addressed the 
fundamental characteristics of the two scenarios: altering 
the current course of therapy or introducing a companion 
therapy. Selections of case studies and clinical conditions 
were made based on the studies containing sufficient data 
to substantiate an ROI.

Key Terms

Personalized Medicine – the use of •	
molecular analysis of genes, gene 
expression, proteins, and metabolites 
to achieve optimum health outcomes 
in a person’s disease or disease 
predisposition. 
Targeted Therapies – therapies designed •	
to target molecular mechanisms of 
disease, based on knowledge of relevant 
variations between individuals with 
that disease, and by relevant molecular 
variations in the expression of that 
disease.
Personalized medicine intervention –  •	
a diagnostic test or targeted therapy 
based on molecular analysis of genes.
Genomics – study of the entire DNA •	
contained in an organism or a cell: the 
entire genome of an organism.
Phenotype – those traits that are •	
observable in an organism such as hair 
color, skin color, height, or the presence 
or absence of a disease.
Pharmacogenomics – study of the genetic •	
basis for individual variation in drug 
response.
Return on Investment (ROI) – the ratio •	
of money gained or lost relative to the 
money invested. Generally reported on an 
annualized basis, or annual rate of return.

Methodology
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The literature review included a number of clinical 
conditions for which personalized medicine interventions 
resulted in changes to conventional therapies and more 
efficacious treatment. Examples of these include: affecting 
the cost of care in HIV/AIDS; avoiding adverse events in 
anticoagulant therapy; decreasing adverse events due to 
individual responses to therapy; decreasing costs associated 
with life course of disease; and improving quality of care 
for cardiovascular disease. Several of these case studies 
are referenced and summarized in Figure 2 (next page), 
and may be considered as alternatives for use in an ROI 
framework. 

The literature review suggested that newly diagnosed 
breast cancer would be an optimal condition to develop 
an ROI framework that might be generalized across other 
conditions. Breast cancer is highly studied, resulting in 
sufficient benefits and costs evidence for populating an 
economic framework.3 In addition, newly diagnosed breast 
cancer offers two examples of personalized medicine 
interventions that correspond to the two scenarios 
identified for the ROI of personalized medicine framework: 
1) interventions that alter the standard course of therapy 
(e.g., with Oncotype DX® or 21Gene PCR: a low recurrence 

Figure 1: Scenarios Selected for ROI Framework

Targeted Therapy
limited the population
exposed to additional

adverse events

Targeted Therapy 
may decrease disease 

recurrence and associated 
poor outcomes and 

increased cost

Scenario 2
Genetic Test Results
Indicate Additional 
Targeted Therapy

Required

Standard Therapy 
Indicated – may avert
future recurrence and
related care expenses

Standard Therapy Not
Required – decreased

adverse events

Scenario 1 
Genetic Test Results
Alter the Standard
Course of Therapy

Newly Diagnosed
Patients Receive

Genetic Test

3 Breast cancer is a disease with considerable societal impact. New breast cancer cases are estimated to affect 182,460 women and 1,990 men in 
the U.S. in 2008. National Cancer Institute. http:www.seer.cancer.gov, accessed 09/2008. Early breast cancer involves a localized lesion in the breast 
and is typically treated with a combination of surgery, radiation, hormonal therapy and/or chemotherapy.

© 2009 Deloitte Development LLC. All rights reserved.
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Literature Clinical Case Studies Action Costs Outcomes

Personalized Medicine Adverse 
Event Avoidance: Warfarin5

An anticoagulant long used in 
treating blood-clotting problems in 
cardiovascular disease, cancer, and 
some surgical procedures. Difficult 
to dose due to great variation in 
individual responses to the drug 
(effective doses range from 0.5mg 
to 60 mg/day). 

Prior to genetic testing,  
trial-and-error dosing was the 
norm, sometimes with serious 
consequences; under-dosing 
of Warfarin could lead to 
strokes, and over-dosing could 
lead to severe and even fatal 
hemorrhages.

Genetic testing to guide Warfarin 
dosing could avoid 85,000 
serious bleeding events and 
17,000 strokes annually in the 
U.S. Treatment cost estimates in 
2006 were as follows:

Cost per severe bleeding event  
is approximately $13,500. 

Cost per stroke is $39,500. 

The estimated potential annual 
health care cost savings from 
individual dosing of Warfarin 
based on genetic testing are  
$1.1 billion with a range of  
$100 million – $2 billion for  
the U.S. health care system.6

Personalized Medicine 
Decreases Costs Associated 
with the Life Course of a 
Disease – Gleevec (Imatinib) 

A molecularly targeted drug 
approved in 2001 for the treatment 
of chronic myeloid leukemia (CML). 
Each year, 4,500 Americans are 
diagnosed with CML.

Targets tumor protein in cancer 
cells, avoids damage to healthy 
tissue. 

Treatment Cost of CML disease 
progression is as follows:

Chronic phase inpatient: 
$998/day.

Accelerated phase 
inpatient: $1,400/day.

Blast crisis: $1,433/day.7

Although long-term outcomes 
for control of CML are not 
known, Gleevac prevents 
progression of CML, prevents 
future treatment costs, and 
improves quality of life for 
affected individuals.

Personalized Medicine  
Impacts the Cost of Care:  
HIV/AIDS – Genotype Analysis 
Resistance Testing (GART)

For individuals with HIV/AIDS, 
resistance to highly active 
antiretroviral therapy (HAART),  
the current standard of care for 
HIV, is associated with disease 
progression and death.

GART results allow physicians to 
determine the ideal regimen of 
therapy, based on an individual 
drug resistance profile. GART 
is a personalized medicine 
diagnostic that determines how 
an individual will respond to 
drugs used in HAART.

Cost of care (physician visits, 
diagnostic tests, treatments, and 
inpatient care) for individual with 
HIV is $8,427/6 months; costs 
for an individual who has AIDS 
is $10,893/6 months – a greater 
than $2,000 savings over six 
months for every person with 
HIV whose disease does not 
progress to AIDS.8

Employing GART in HIV improves 
life expectancy, reduces the 
number of cases that progress 
to AIDS, and also increases life 
expectancy by nine months 
compared to HAART therapy 
without resistance testing.

4 There are many other examples, but only three are described here.

5 Reimbursement by health plans varies. Some health plans are still debating the clinical utility of genetic testing to guide Warfarin dosing. Payors 
need evidence of clinical utility to satisfy their coverage policies.

6 McWilliam A, Lutter R, Nardinelli C. Health care savings from personalizing medicine using genetic testing: the case of Warfarin. Working Paper 
06-23. Nov 2006. AEI-Brookings Joint Center for Regulatory Studies. http://aei-brookings.org/admin/authorpdfs/redirect-safely.php?fname=../
pdffiles/WP06-23_topost.pdf, accessed March 11, 2008. 

7 Reed SD, Anstrom KJ, Ludmer JA, Glendenning GA, Schulman KA. “Cost-effectiveness of imatinib versus interferon-α plus low-dose cytarabine for 
patients with newly diagnosed chronic-phase chronic myeloid leukemia,” Cancer, 2004;101:2574-83

8 Corzillus M, Mühlberger N, Sroczynski G, Jaeger H, Wasem J, Siebert U. “Cost effectiveness analysis of routine use of genotypic antiretroviral 
resistance testing after failure of antiretroviral treatment for HIV,” Antiviral Therapy, 2004;9:27-36

© 2009 Deloitte Development LLC. All rights reserved.

Figure 2: Personalized Medicine Clinical Case Study Examples4
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score for early Stage I/II breast cancer with negative 
nodes and estrogen positivity indicates a low likelihood of 
recurrence, and thus no need for chemotherapy ((CMF9)/
(MF10)) vs. a high recurrence score emphasizes the need 
for chemotherapy ((CMF9/MF10));11 and 2) the introduction 
of a companion therapy after a personalized diagnostic 
(e.g., with Her-2 and Herceptin, a positive testing patient 
with early Stage I/II breast cancer with negative nodes and 
estrogen positivity indicates the need for confirmatory 
FISH12 testing. If the FISH12 tests positive, Herceptin should 
be added to the adjuvant chemotherapy regimen).13 In 
the first scenario, standard therapy for newly diagnosed 
breast cancer patients consists of a combination of surgery, 
radiation, hormonal therapy and/or chemotherapy. 
Oncotype DX® alters the standard therapy by identifying 
individuals who would not benefit from chemotherapy, and 
have little likelihood of tumor recurrence. In the second 
scenario, HER2 tests the responsiveness of the tumor to a 
specific chemotherapy agent, affecting the aggressiveness 
and growth of the tumor. In responsive cases, companion 
chemotherapy is introduced to standard treatment.

Framework Components

The ROI framework includes only additional costs and 
benefits above and beyond traditional approaches to 
treatment. Based on the literature review, five components 
were included in the development of the ROI framework: 
increase or reduction of adverse events, reduced costs of 
life course of disease, cost of the personalized medicine 
intervention, reduced non-medical costs, and non-economic 
benefits such as quality of life.14 Values included in the 
framework for each of these components were based on 
the literature review.

Calculating ROI

The framework for calculating return on investment is 
presented in Exhibit 1.

9 cyclophosphamide plus methotrexate plus 5-fluorouracil 

10 methotrexate plus 5-fluorouracil

11 Oncotype DX® is a 21-gene panel test that predicts individual tumor responsiveness to chemotherapy. Genomic Health is the developer of 
Oncotype DX®, used in the diagnosis for early-stage breast cancer patients. It is the “first and only multi-gene expression test commercially available 
that has clinical evidence validating its ability to predict the likelihood of chemotherapy benefit as well as recurrence in early-stage breast cancer.” 
(Genomic Health, 2008.) “The majority of women with early-stage, hormone receptor positive, node negative breast cancer are treated with 
chemotherapy, yet clinical studies have shown that it only improves survival rates in 4 out of 100 patients. (Lancet 1996 Apr 20 :347:1066-71.)

12 Fluorescence in situ Hybridization

13 HER2 testing predicts responsiveness to trastuzumab (Herceptin), a breast cancer chemotherapy agent. The HER2 gene can affect breast tumor 
growth and aggressiveness of the disease. Each normal breast tissue cell has two copies of HER2; however in some breast cancers the cells have 
many more copies of HER2 and multiple HER2 receptors. The action of Herceptin is to interrupt the pathway of the HER2 genes and receptors. 

14 Operational definitions: Adverse Events – those events associated with adjuvant chemotherapy treatment, such as nausea, neutropenia/
thrombosis, and anemia; in the case of Herceptin, there is substantial risk of life-threatening cardiotoxicity. Literature values of probabilities and 
direct medical cost of treating these adverse events, e.g., drugs, physician visits and inpatient care, were included in the framework; Life Course of 
Disease Costs – the probabilities and costs of treating a breast cancer recurrence or metastatic event. Net value to patients and payors is based on 
the reduced probability of recurrence due to the personalized medicine intervention; non-medical costs – costs associated with receiving care and 
treatment, such as travel; non-economic benefits – improved quality of life and increased longevity due to PM intervention.

Net Value of a Personalized Medicine Intervention =  
Reduced Adverse Events + Reduced Life Course Costs +  

Reduced Non-medical Costs – Cost of Personalized  
Medicine Intervention + Non-economic Benefit  

(e.g., quality of life or longevity)

Exhibit 1: High-level ROI Framework

© 2009 Deloitte Development LLC. All rights reserved.
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Net present value (NPV) is the metric used in the 
framework to quantify the economic costs and benefits. 
Using estimates cited in the literature, dollar amounts were 
converted to 2008 values, and non-economic benefits 
were converted to 2008 dollar values; obtaining an overall 
“net value” for each scenario.15 Two time dimensions were 
analyzed: product exclusivity and time to realize benefit. 
Product exclusivity is the time that the patent owner has 
exclusive rights to market and sell a therapeutic agent. 
Since a patent’s life is fixed at 20 years, the longer it takes 
to prepare a therapy for market (R&D), the less time there 
is available for a biotech/pharma company to benefit from 
a product’s market exclusivity. The framework assumes 
a seven-year period of market exclusivity, but an eight-
year period was also modeled to determine the value 
of a potentially shortened R&D phase for a personalized 
medicine targeted therapy. Each scenario framework is 
based on a 12-year benefit timeline, assuming that will 
cover the period of avoided disease recurrence for most 
individuals. In addition to net present value, a breakeven 
point for a positive return on investment was also 
determined for each stakeholder.16 

Industry Stakeholders

Personalized medicine, although referred to as an entity, 
is comprised of a complex series of R&D, market, and 
professional relationships among multiple stakeholders. 
For the purpose of this project, four major stakeholder 
groups were identified: consumers, diagnostic companies, 
pharmaceutical and biotechnology companies, and payors. 
Two other stakeholder groups, health care providers 
and employers, were not sufficiently represented in the 
literature case studies for inclusion in this framework. 

However, some clear challenges for these two groups are 
discussed in stakeholder implications. The stakeholder 
groups selected for this framework contribute to 
personalized medicine in several ways. The focus and 
recipient of personalized medicine is the person – 
including but not limited to health care consumers, or 
patients. Diagnostic companies develop, manufacture, 
and distribute personalized medicine diagnostic tests that 
are based on advances in genetics. Pharmaceutical and 
biotechnology developers and manufacturers provide 
research, development, manufacture, and sales of 
personalized therapies. Those who make funding decisions 
about coverage for personalized health care expenditures 
include both public and private payors.

15 In abstracting estimates cited in the literature for framework variables, the cited figures were updated to U.S. dollars (if the published figures were 
in a foreign currency) and to 2008 figures (using a medical price index). It was assumed that consumers and payors would split direct medical costs 
such as pharmaceuticals using a 20/80 split, representative of a typical health plan benefit design. To calculate the appropriate value for biotech/
pharma companies, it was assumed that 80 percent of societal values would accrue to them as gross margins on the pharmaceutical products. 
Finally, it was assumed that 73 percent of societal values would go to diagnostic firms as gross margins for the diagnostic tests sold to consumers 
and payors. These figures are consistent across both scenarios.

16 Readers may change these timeframes and discount rates in the framework to suit their particular scenario requirements.
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The current evolution in the health insurance market adds to 
the importance of understanding ROI for stakeholders. The 
commercial market is transitioning from a group model to 
a retail model as employers stop providing health benefits 
and the cost of health care coverage is shifted to the end 
user – the employee/consumer – which will influence plans 
to customize a suite of individualized products and services. 
The CMS Medicare program is already an individual model, 
and is developing tools to both assess and access the 
personalized medicine market. As the SCHIP (pediatric and 
adolescent health) program and the federally subsidized 
adult program expand, there is increased likelihood that 
larger numbers of the uninsured will access these individual 
programs. The confluence of these market changes with the 
potential benefits of personalized medicine for improved 
population health is profound. 

Procedure

Separate ROI calculations were generated for each of 
the stakeholder groups. Based on the two scenario case 
studies referenced above, the Net Present Value (NPV) and 
breakeven points were calculated for the four stakeholder 
groups. Where possible, personalized medicine conditions 
were identified where it would be advantageous for 
particular stakeholder groups to invest or reimburse 
interventions. Sensitivity analyses were conducted for each 
stakeholder group to show how the framework may be 
applied to other clinical situations/case studies. Costs and 
probabilities were varied to assess each impact on overall 

17 2005 National health expenditures distribution: private insurance – 35 percent; Medicare – 17 percent, Medicaid-16 percent; out-of-pocket –  
13 percent, other public (e.g.VA, DoD) – 13 percent, other private sources – 7 percent. 2005 The Nation’s Health Care Dollar: Where it Came From. 
CMS Exhibit. http://www.cms.hhs.gov/NationalHealthExpendData/downloads/PieChartSourcesExpenditures2005.pdf. Accessed December 12, 2008.

Stakeholders

Consumers – people of all ages in all •	
stages of health and disease, including 
but not limited to patients interacting 
with the health care system. 
Diagnostic companies – businesses that •	
research, develop, manufacture, distribute, 
sell, and/or conduct molecular diagnostic 
tests. Tests may be used for early and 
continuing disease detection, diagnosis 
and treatment response monitoring. 
Biotech/pharmaceutical industry – •	
companies that research, discover, 
develop, manufacture, market, and sell 
biotechnology and drug products used in 
preventing and treating both disease and 
symptoms of disease.
Personalized medicine therapeutics •	
companies – a subset of the 
pharmaceutical industry; businesses  
that manufacture, market and sell 
molecular-based therapies. 
Payors – funders of health care. Includes •	
public programs such as CMS, VA; 
commercial funders such as private 
insurers.17
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NPV within the frameworks. The variables that were used 
in the sensitivity analysis include: 1) the proportion of 
patients adopting the personalized medicine intervention 
(PMI);18 19 2) the costs of adverse events and the life course 
of the disease;20 3) the price of the PMI;21 4) the R&D costs 
associated with the PMI.22

Although framework components (e.g., adverse events, life 
course costs and personalized medical intervention costs) 
stay the same across stakeholders, the value of a particular 
component variable changes between positive and negative 
depending on who the stakeholder is and whether that 
variable is a “cost” or “benefit” to them. Annual totals were 
used to generate a breakeven graph for each stakeholder 
for both frameworks (Figure 3, next page).

18 Personalized Medicine Intervention (PMI) as discussed in this paper’s scenarios include targeted diagnostics that can change the clinical care  
plan and/or also result in the addition of companion therapy. 

19 If more (or fewer) patients are affected by the personalized medicine intervention (PMI), one might expect that the overall net value will 
substantially increase (or decrease), as these additional patients will accrue all of the benefits (and costs) associated with the PMI. Sensitivity 
calculation is based on the number of adopters and responders.

20 As the cost of an adverse event increases, the overall net value is expected to increase if the PMI helps reduce the probability of an adverse event 
(as in the case of Scenario 1 for those patients who are taken off of chemotherapy treatment). As the cost of treating the disease’s life course 
increases, the overall net value is expected to increase if the PMI helps reduce the probability of disease progression (as in the case of Scenario 2 
where patients undergoing Herceptin therapy experience a reduction in disease recurrence and metastases probabilities). Sensitivity calculation is 
based on a benefit for adverse events: +/-50 percent. Additional sensitivity calculation is based on the benefit for avoiding life course of disease 
costs: +/-50 percent.

21 If the price of the PMI diagnostic and/or therapeutic product increases, the overall net value is also expected to increase, particularly for the 
diagnostic and/or biotech/pharma firms that developed it. However, with these price increases, the overall net value for consumers and payors may 
decrease. The sensitivity analysis can show to what degree stakeholders experience change due to price variations of the PMI diagnostic and/or 
therapeutic products. Sensitivity calculation is based on 33 percent increase in price of diagnostic test.

22 The costs associated with R&D are decreased in the sensitivity analyses to reflect the potential differences between R&D for PMI therapies as 
compared to conventional diagnostics and therapeutics. The analyses assume that PMI may succeed in clinical trials with fewer numbers of patients 
required for statistically significant results and/or a shorter timeframe needed for PMI therapy development. Sensitivity calculation is based on 
decreased R&D costs of 25 percent. Additional sensitivity calculation is based on additional year of product life exclusivity.
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Breakeven Point for Scenario 2*
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*Using data from the HER-2 Diagnostic Testing/Herceptin Therapy breast cancer case study

Figure 3: Breakeven Point for Both Scenarios
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*Using data from the Oncotype DX Diagnostic Testing breast cancer case study

© 2009 Deloitte Development LLC. All rights reserved.
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Summary results are presented for each scenario, followed 
by a more detailed discussion for each stakeholder group 
by scenario. These results were created using reasonable 
assumptions and data from the breast cancer literature 
to populate this paper’s ROI framework for breast cancer 
care. For example, in Scenario 1, we chose 21Gene PCR or 
Oncotype DX® risk scoring; in Scenario 2, we chose Her-2/
Herceptin. These results are not intended to describe ROI 
for all scenarios, but to explain ROI for the breast cancer 
scenarios used in this paper. As a result, the reader is better 
able to understand each stakeholder’s barriers/benefits for 
a productive personalized medicine business model.

Summary

Scenario 1:23 Alterations to the Current  
Course of Care

Consumers/patients experience a positive ROI within •	
the first year, with increasing positive benefit over time 
due to the alteration of the current course of therapy, 
either because no therapy is required, or because 
they are better informed about a high risk of disease 
recurrence.

Payors eventually achieve a positive ROI; realization •	
of the ROI develops over a six-year period. This is a 
substantial financial challenge for commercial payors, 
given the annual turnover rate in member populations. 
Public payors can realize a positive ROI if their 
members’ average tenure is greater than 6.35 years.

Biotech/pharma companies consistently experience a •	
negative ROI, due to the shrinking of the population-
based blockbuster drug model to a narrower, more 
efficacious, targeted therapy subpopulation. 

Diagnostic testing companies consistently experience •	
a positive ROI, as they make a sale for every consumer 
who is tested.

Scenario 2:24 Personalized Medicine Intervention 
that Introduces a Targeted Therapy

Consumers/patients achieve a positive ROI once the •	
initial exposure to the expensive personalized medicine 
therapy exceeds initial adverse events, life-course 
costs, and quality-of-life year (QALY) impacts. In the 
long term, benefits of reducing the risk of recurrence 
greatly exceed the initial adverse events, life-course 
treatment costs, and negative quality-of-life issues.

Although the framework shows the payors never •	
achieving a positive ROI in this scenario, this is a 
framework limitation. The framework fails to reflect 
other benefits important to the payor, such as 
providing coverage for evidence-based treatment 
that is safer and more efficacious, and for increasing 
sales to personalized medicine candidates to increase 
throughput of patients and resulting benefits 
attributed to personalized medicine.

Biotechnology/pharmaceutical companies experience a •	
positive ROI due to the addition of the targeted therapy 
to the standard treatment, which produces new sales 
revenue. A key variable affecting the ROI is the extensive 
R&D investment cycle required to produce personalized 
medicine targeted therapies. If the cycle and expenses 
are decreased due to improved patient recruitment and 
safety processes, there is likelihood of increased ROI

Diagnostic testing companies receive no benefit •	
under most conditions of this scenario. Although 
every consumer who is tested generates a sale, the 
revenue is not sufficient to offset the substantial R&D 
investment required to develop the test. Decreasing 
the R&D cycle time would affect the investment 
required, as well as shorten the time to ROI benefit.

Results

23 Using data from the Oncotype DX Diagnostic Testing breast cancer case study

24 Using data from the HER-2 Diagnostic Testing breast cancer case study.
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Scenario 1: Consumers have a strong ROI•	  due to 
the decrease in adverse events from the avoidance of 
unnecessary treatment and the prevention of costly 
life-course-of-disease events such as recurrences 
and/or metastatic disease. In this scenario, high-risk 
individuals are identified by the personalized diagnostic 
test and treated pre-emptively. The consumer benefit 
is directly attributable to the personalized medicine 
diagnostic testing intervention, which indicates the 
degree of risk for disease recurrence. 

Scenario 2: The consumer experiences a positive •	
ROI after 4.4 years. Paying for personalized 
medicine interventions by co-payment, deductibles, 
or self-pay are an initial cost for the consumer. 
Associated costs are the adverse events resulting 
from the addition of a companion therapy, however 
efficacious. However, effective personalized treatment 
which reduces the life-course-of-disease costs, due to 
reduced recurrences and metastases, and resulting in 
improved quality of life provide compelling returns on 
the initial investment. The profound value of decreased 
mortality represents a real value to consumers, and 
should be considered by the reader when evaluating 
benefits for the consumer stakeholder group.26 

Consumers benefit from improved safety and •	
efficacy of personalized therapies. Benefits for 
consumers are conceptualized as improved quality of 
life, and consumer costs are defined as out-of-pocket 
expenses. Concrete information about costs and 
expenses is more easily understood than the more 
abstract concepts of quality of life, and population 
calculations of treatment safety and efficacy. This 
theoretical value may not be as obvious to consumers, 
and thus require consumer outreach and education 
on the multiple benefits of personalized medicine. 
Additional and related consumer benefits, improved 
work presenteeism and reduced absenteeism, were 
not modeled in the framework, as direct financial 
benefits accrue to both employers and consumers. 
Although consumers are the primary beneficiaries 
of treatment, they are generally assisted in covering 
the costs of care by payors (often through employer-
sponsored programs), who take on a substantial 
amount of the costs. Thus, consumers and their 
employers might want to consider approaches to work 
with payors to adopt beneficial personalized medicine 
therapies in circumstances where reimbursing these 
therapies creates negative ROI for payors. For example, 
payors might change benefit designs to increase 
member financial responsibility by increasing co-
pay, co-insurance, deductibles, or adding riders for 
personalized medicine. 

25 These data are derived by using the Deloitte framework with reasonable assumptions from the personalized medicine literature for breast  
cancer care as described elsewhere in this paper. These are notional ROIs that are only applicable to the breast cancer scenarios studied here.  
These ROI values will differ for other personalized medicine modalities for breast cancer treatment and also for other diseases/conditions.  
This Deloitte framework can be applied to other diseases/conditions to determine their specific notional ROIs attributable to their respective 
personalized medicine interventions.

26 An acknowledged limitation to the study: reduced mortality, as calculated by statistical life years, was considered by the study team, but not 
included in the framework calculations.

Scenario for Consumers NPV Break Even

1. Personalized Diagnostic Alters the Standard $11.4B Always Positive

2. Personalized Diagnostic Introduces a Companion Therapy $18.7B 4.4 years

© 2009 Deloitte Development LLC. All rights reserved.

Results by Stakeholder: Consumers25
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Scenario 1: Payors have a positive ROI after •	
6.35 years for breast cancer. In this calculation, 
payors reimburse costly diagnostics for their member 
population. Although there are initial benefits due 
to reduction in treatment costs and adverse events 
because therapy is no longer indicated for a subset of 
the population, it is not sufficient to provide an early 
positive ROI. The delayed breakeven point of 6.35 
years for breast cancer modeled in this scenario poses 
a financial challenge for commercial payors, as annual 
turnover in membership may severely limit payors’ 
ability to recoup their investment on a subset of their 
member population. In contrast, public payors, whose 
average tenure for members is greater than 6.35 years, 
will be able to recoup the initial personalized medicine 
investment. It is important to note that our framework 
only focuses on the cost and benefits associated with 
breast cancer per-member per-month (PMPM) costs to 
the payor. Some genetic tests may have an immediate 
ROI, e.g., KRAS28 in colorectal cancer, and some tests 
may never achieve ROI. This is a limitation of the 
Deloitte model since it is based on only the breast 

cancer literature. Other conditions lack supporting 
clinical evidence (analytic/clinical/ and/or clinical 
utility). There are other benefits that motivate payor 
reimbursement decisions, but this approach highlights 
the unique challenge for commercial payors confronting 
high turnover rates in membership. 

Scenario 2: Payors do not achieve a positive ROI •	
in terms of their per-member per-month (PMPM) 
costs in this scenario. The high costs of personalized 
medicine targeted therapies make it difficult for payors 
to recoup their early reimbursement of a companion 
targeted therapy and its associated adverse events 
and risks. This scenario adds cost to standard therapy, 
and the change in life course costs is not sufficient to 
generate a positive ROI, based on a PMPM calculation. 
The PMPM calculus is only one aspect of determining 
benefit decisions; it does not include payor values of 
supporting more efficacious and safer treatments, 
and commitment to advancing personalized medicine 
applications that are supported by evidence and positive 
comparative effectiveness results. 

27 These data are derived by using the Deloitte framework with reasonable assumptions on the personalized medicine literature for breast cancer 
care as described elsewhere in this paper. These are notional ROIs that are only applicable to the breast cancer scenarios studied here. These 
ROI values will differ for other personalized medicine modalities for breast cancer treatment and also for other diseases/conditions. This Deloitte 
framework can be applied to other diseases/conditions to determine their specific notional ROIs attributable to their respective personalized 
medicine interventions. 

28 The KRAS gene is a biomarker for response to the personalized medicine, Erbitux, usedin colorectal cancer treatment. Erbitux is a monoclonal 
antibody that blocks the effects of a protein called epidermal growth factor (EGFR) that fuels tumor growth. People with normal KRAS genes given 
Erbitux are less likely to have their cancer progress than those who have mutated KRAS genes. 

Results by Stakeholder: Payors27

Sensitivity Analysis

Scenario for Payors NPV Break Even
NPV if Adverse 
Events +/- 50%

NPV if Life 
Course Events 
+/-50%

NPV if Price of 
PMI +/- 33%

Personalized Diagnostic Alters the 1.	
Standard Course of Therapy

$1.9B 6.35 Years $1.9B to $1.8B $3.4B to $0.4B $1.5B to 2.6B

Personalized Diagnostic Introduces  2.	
a Companion Therapy

-$5.5B None -$5.5B to -$5.5B -$4.4B to -$6.6B -$7.9B to -$3.0B

© 2009 Deloitte Development LLC. All rights reserved.
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Sensitivity Analysis:•	  Sensitivity analyses were 
conducted to demonstrate the change in payor 
ROI values when adverse events, life-course-event 
costs, and therapy prices change, which could occur 
in clinical conditions other than the breast cancer 
example illustrated in this document. For example, if a 
product were introduced at a lower price, the value of 
the avoided adverse or life course events significantly 
offset the cost of the product. In another example, if a 
targeted diagnostic altered the prevalence of positive 
test results for follow-on therapy, it might improve 
ROI for the payor. In the case of the breast cancer 
scenarios, results of the sensitivity analysis indicate 
that payors experience a positive ROI only in the first 
scenario. There are circumstances when decreased 
costs associated with the reduction of adverse events 
and poor outcomes may be more significant than in 
the breast cancer case studies. 

Payors will require substantial evidence-based •	
results of the safety, efficacy, and comparative 
effectiveness of personalized medicine 
interventions, for personalized medicine 
coverage decisions. The high cost of personalized 
medicine interventions and the time delay for payors 
to receive some – if any – ROI create significant 
barriers for adoption of this innovation. Decreases 
in costs of therapies and diagnostics, and reduction 
in R&D cycles and investment, could potentially 
contribute to a positive and more timely ROI. 



The ROI for Targeted Therapies:   A Strategic Perspective    15

Scenario 1: Diagnostic companies experience •	
a consistently positive ROI throughout the 
twelve year scenario. The one-time testing of all 
eligible consumers generates the ROI, based on a 
high price point for the diagnostic test. The relatively 
flat line of the positive ROI is due to one-time testing. 
Other clinical conditions, such as HIV/AIDS, require 
multiple diagnostic tests over time (due to mutating 
pathogens), and thus would be likely to show a 
continued growth trend in ROI. 

Scenario 2: Diagnostic companies experience •	
a slightly negative ROI, with no demonstrated 
breakeven point. Every consumer who has the 
condition will receive the personalized medicine 
diagnostic test. This represents significant sales 
revenue but is not sufficient to offset the large R&D 
expense to develop the test. It is important to note 
that the price diagnostic companies are able to charge 
for the HER2 test used in this scenario is less than the 
price for the Oncotype DX® test used in Scenario 1. 
As demonstrated in the sensitivity analysis, modest 
changes in assumptions for R&D expenditure and a 
price increase for the test contribute to a positive ROI 
for diagnostic companies.

Sensitivity Analysis•	 : A sensitivity analysis was 
conducted for two alternatives: an additional year 
of test exclusivity and a diagnostic test price increase 
of 30 percent. An additional year of diagnostic test 
exclusivity could be obtained by a more rapid FDA 
approval cycle, or by a legislative approach similar to 
the Orphan Drug Act. Introducing a diagnostic test 
price increase of over 30 percent to the framework 
resulted in a modest gain in scenario one and a 
significant positive ROI in scenario two. 

Personalized medicine diagnostic companies •	
most likely to experience positive and 
significant ROI are those that can command 
high prices per test and provide testing for 
clinical conditions that require repeated 
diagnostic testing. In circumstances where a 
companion targeted therapy is introduced and 
products cannot command high prices, increased 
exclusivity may help companies generate a positive 
ROI. Personalized medicine diagnostics have 
considerable potential for disruption of current 
markets. When personalized diagnostics render current 
therapies obsolete (Scenario 1) and when additional 
personalized targeted therapies are added to current 
treatment (Scenario 2) the prevailing business models 
are challenged. Diagnostic companies may become 
increasingly attractive as investment targets to life 
sciences companies trying to diversify risk or launch 
personalized medicine therapeutics.

29 These data are derived by using the Deloitte framework with reasonable assumptions on the personalized medicine literature for breast cancer 
care as described elsewhere in this paper. These are notional ROIs that are only applicable to the breast cancer scenarios studied here. These 
ROI values will differ for other personalized medicine modalities for breast cancer treatment and also for other diseases/conditions. This Deloitte 
framework can be applied to other diseases/conditions to determine their specific notional ROIs attributable to their respective personalized 
medicine interventions. 

Results by Stakeholder: Diagnostic Companies29

Sensitivity Analysis

Scenario for Diagnostic Companies NPV Break Even
NPV with 
Additional Year 
of Exclusivity

NPV if Price  
of Diagnostic 
Increases 33%

Personalized Diagnostic Alters the  1.	
Standard Course of Therapy

$2.0B Always Positive $2.3B $2.7B

Personalized Diagnostic Introduces  2.	
a Companion Therapy

-$0.02B None $0.01B $0.02B

© 2009 Deloitte Development LLC. All rights reserved.



16

Scenario 1: Pharmaceutical and biotechnology •	
developers and manufacturers experience a 
negative ROI. Current practice includes adjuvant 
therapy for most consumers who are newly diagnosed 
with breast cancer. Personalized diagnostics enable 
the identification of individuals who will likely receive 
a benefit from chemotherapy treatment, which results 
in a shrinkage of the market for standard therapies. 
The decrease in the total number of individuals who 
receive adjuvant therapy in this scenario framework 
substantially reduces the sales revenue; the loss of this 
revenue compounds over time. 

Scenario 2: Personalized therapeutic companies •	
experience a positive ROI and are able to “pay 
off” R&D investments early. In this scenario, the 
developer was able to charge a substantial price 
premium for targeted therapeutic compounds, despite 
smaller market sizes, resulting in a positive ROI. 
The ROI of the pharmaceutical and biotechnology 
developers and manufacturers is less than that of 
those companies producing personalized medicine 

targeted therapeutics. The products developed by the 
latter group displace those of the former group, which 
reduces the market for “traditional” therapy products. 

Sensitivity Analysis:•	  Sensitivity analysis was 
conducted to evaluate the ROI effect of an additional 
year of personalized therapy exclusivity. This does 
not affect the first scenario, as no therapy is 
introduced. However, in scenario 2, an additional 
year of exclusivity contributes significant ROI. There 
is initial evidence that the R&D cycle for producing 
personalized medicine therapies can be streamlined. 
Animal research models have identified biochemical 
pathways that indicate likelihood of responsiveness to 
therapy. By using these biomarkers in human clinical 
trials, there is the possibility of more clearly identifying 
the link between treatment and response, thus 
bringing a targeted therapy to market more quickly 
with additional years of exclusivity. Reduced R&D cycle 
time and costs may allow for products to be priced 
more competitively. 

30 These data are derived by using the Deloitte framework with reasonable assumptions on the personalized medicine literature for breast cancer care 
as described elsewhere in this paper. These are notional ROIs that are only applicable to the breast cancer scenarios studied here. These ROI values will 
differ for other personalized medicine modalities for breast cancer treatment and also for other diseases/conditions. This Deloitte framework can be 
applied to other diseases/conditions to determine their specific notional ROIs attributable to their respective personalized medicine interventions. 

Results by Stakeholder: Pharmaceutical and Biotechnology Industry and Companies Developing Personalized Therapies30

Sensitivity Analysis

Scenario for Pharma/Biotech 
Industry and Companies Developing 
PM Products

NPV for 
Industry

Break Even for 
Industry

NPV for PM 
Companies 

Break Even for 
PM Companies 

NPV of 
Additional Year 
of Exclusivity

Personalized Diagnostic Alters the 1.	
Standard Course of Therapy

-$3.1B Always Negative N/A N/A N/A

Personalized Diagnostic Introduces  2.	
a Companion Therapy

$4.8 B Always Positive $6.3B Always Positive $7.0B

© 2009 Deloitte Development LLC. All rights reserved.
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Personalized medicine will change the product •	
paradigm from blockbuster treatments to 
“more therapies – smaller markets.” Biotech/
pharma and personalized medicine manufacturers 
who are early adopters of personalized medicine 
stand to receive significant ROI as highly effective 
targeted therapies displace traditional therapies. Those 
companies that are slower to develop personalized 
targeted therapies risk losing substantial market 
share, not only due to these newer therapies, but 
also in situations where diagnostic tests alter the 
course of care. Personalized diagnostics will segment 
the market into optimal responders and those that 
should not receive a particular treatment. New 
personalized therapies may be more efficacious than 
current treatment approaches, thus rendering current 
therapies obsolete. Diagnostic testing that targets 
patient cohorts for whom treatment is likely to be 
advantageous will lead to reduction in recurrence of 
disease and subsequent treatments, reduce adverse 
events and their treatments, and enhance quality 
of life. The reduction in volume of therapeutic 
interventions is disruptive to established markets. 
Being late to production and market may result in 
reduced market share for companies which are slower 
to adopt personalized medicine. Approaches to 
enhancing patient recruitment and scientific processes 
which streamline R&D processes may decrease R&D 
expenses. If companies can produce therapies more 
cost-effectively or if additional exclusivity is legislated, 
it is possible that savings may be passed on to payors 
and consumers in the form of lower prices. This 
highlights the opportunity for health informatics to 
leverage the secondary use of data to drive more 
value and perhaps even lower prices – i.e., the utility 
of data and its central role in executing a personalized 
medicine strategy.
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Health care innovations that challenge the status quo 
are often adopted slowly by the scientific community 
and society. Personalized medicine is likely to experience 
a similar response because it is also a disruptive health 
care innovation. This paper has addressed a key barrier 
to adoption: personalized medicine’s economic value 
proposition. By exploring the value proposition over 
multiple years and across stakeholders, we seek to increase 
stakeholders’ understanding of the promise, sustainability, 
and value of adopting personalized medicine. The ROI 
results for these stakeholders indicate considerable 
variability in business challenges and opportunities for the 
adoption of personalized medicine. 

Implications of this beginning work are suggested in the 
areas of policy, education and business processes. 

Policy Affecting Science, Discovery,  
and Innovation

The health care industry has had limited success in 
documenting the clinical value of new technologies and 
treatments in economic terms. Personalized medicine 
will likely face the same, if not a greater, challenge given 
its expense and disruptive nature to current markets. 
Continued emphasis on empirical studies is critical to 
understanding the clinical and economic benefits of 
personalized medicine interventions. The more that is 
known about the incremental outcomes of treatment 
– not just arbitrary endpoints – the more likely it will be 
for policy interventions to address gaps between current 
medical practice and personalized medicine. However, 
policymakers considering support for personalized 
medicine will need information about the diversity of 
clinical scenarios relevant to personalized medicine, the 
value of developing new targeted therapies, and the 
benefit of personalized medicine to society as a whole.

Three federal agencies are critical to the success of 
personalized medicine: the National Institutes of Health 
(NIH), the Centers for Medicare and Medicaid Services 
(CMS), and the Food and Drug Administration (FDA). The 
policies and strategies of these three organizations and 
federal and state policy makers will be key to the adoption 
of personalized medicine.

CMS, as the largest health care payor, should •	
benefit from the potential of personalized medicine 
to reduce disease morbidity, recurrence, risk 
without benefit, and (in some cases) costs. CMS as 
policy maker has the potential to work across the 
industry to assist in rationalizing the investment in 
personalized medicine, particularly when the financial 
value is in conflict with obvious improvement in 
efficacy, clinical outcomes and costs. 

The FDA, with its pivotal role in the regulatory process •	
for new drugs and medical technologies, should 
continue to study personalized medicine’s clinical 
efficacy and seek methods that will facilitate the 
development and effectiveness of new molecular 
entities and genetic diagnostic technologies. 

The NIH should to continue to prioritize the investment •	
in biomarkers, genetically targeted diagnostics, and 
discoveries which can yield personalized targeted 
therapies. 

Implications
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Policy Affecting Business Processes

Disruptive innovations generally require disruptive 
business models for successful adoption. We suggest 
several categories for planning and action that may assist 
in altering current business models that do not support 
personalized medicine adoption. 

Just as the Orphan Drug Act (ODA) of 1983 provided 
support for diseases that affect less than 200,000 people, 
so might legislators consider a similar act to develop 
and commercialize clinically effective and cost-effective 
therapies by providing special incentives for biotech/
pharmaceutical and diagnostic companies. Incentives  
and approaches could include:

Tax benefits for companies that produce or research •	
personalized therapeutics 
Protections beyond typical patent protection to •	
prolong product exclusivity
Subsidizing and funding clinical research •	
Creating public-private companies that can •	
manufacture products, particularly diagnostic tests, 
that might not initially have large markets
Funding research collaboratives that help researchers •	
take advantage of larger patient populations for their 
clinical trials to decrease the time and costs of patient 
recruitment
Funding technologies such as grid services and health •	
information exchanges to connect scientists and 
clinicians, thus increasing capacity to mine larger data 
sets and recruit patients from larger populations
Developing innovative payment options for patent •	
holders and inventors.

Consumer Education and Advocacy

Personalized medicine holds incredible value for consumers. 
As the framework analysis suggests, this group receives 
the largest marginal value gains across all stakeholders. 
However, this value may not be readily apparent to 
consumers. Because personalized medicine targeted 
therapies are more complex than standard therapies, 
consumers and their providers will need to be educated 
so they can make informed choices about a therapy, 
based on diagnostic testing results. Understanding both 
the benefits and limitations of personalized medicine is 
key to informed decision making. It will be important for 
industry stakeholders to inform consumers of personalized 
medicine’s benefits via direct-to-consumer campaigns 
and other communication vehicles; however, this will be 
challenging due to a continually evolving scientific and 
regulatory climate. Despite consistent benefit for consumers, 
the more compelling question remains: Who will pay for it? 

As consumerism in health care increases, consumers will 
gain knowledge and assume more financial accountability 
for the costs of care, including very expensive personalized 
targeted therapies. This responsibility is likely to affect 
consumers’ preferences and choices of therapies. Both 
consumer benefit sponsors and consumer advocacy 
groups may be called on to provide programs for access 
to personalized medicine diagnostic tests and targeted 
therapies, including exerting pressure on payors to offer 
personalized medicine benefits.
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Business Processes

Payors

If the business model for commercial payors continues 
to move to a retail (as opposed to employer-sponsored) 
model, lower member turnover rates may increase the 
potential for earlier ROI for personalized medicine. 
However, payors will need to rationalize formulary 
and benefit design to leverage personalized medicine, 
including developing new actuarial models to account for 
smaller risk classes. Coding systems, billing systems, and 
bundled reimbursement strategies may not accommodate 
rapidly advancing diagnostic technologies and represent 
procedural challenges for payors, both public and private. 
The move to a retail model will also prompt health plans 
to customize a suite of individualized products and 
services. This presents a powerful opportunity to include 
personalized medicine applications that have robust and 
generalizable evidence supporting their efficacy and safety, 
and clear guidelines for appropriate use. As depicted 
in Figure 4, several factors will influence coverage/
reimbursement decisions for personalized diagnostic tests.

The information systems infrastructure for both public and 
private payors will need to expand substantially to support 
storage and analysis of individual clinical biomarker data. 

The profound pattern of negative ROI for payors will likely 
influence payors’ expectation for government subsidies, 
premium tax reductions and abatements to make coverage 
for personalized medicine profitable.

Although employers were not explicitly included in the 
economic framework, they are one of the subgroups 
directly involved in paying for health care. Large employers 
are experiencing increasing pressure on their bottom line 
from health care expenditures. Personalized medicine, 
because of its focus on prevention, early detection, 
and efficacious treatment, creates an incentive for early 
adoption by employers. Slowing the advance of conditions 
and diseases that, if left untreated result in more acute, 
expensive, and institutionalized care, may have a profound 
downstream effect on employer health costs. 

Biotech/Pharmaceutical and Diagnostic Companies

As indicated in the framework analysis, there are profound 
ROI implications for biotech/pharmaceutical companies as 
the product paradigm shifts from “blockbuster” therapies to 
individual targeted therapies. To diversify their approach to 
personalized medicine, biotech/pharmaceutical companies 
may view personalized diagnostic companies as prime 
investment or acquisition targets. As depicted in Figure 5, 
several factors contribute to a positive investment scenario. 

Figure 4: Factors Favoring Reimbursement of Personalized Medicine 

Diagnostic test required once Diagnostic test moderately priced No new therapy added to standard treatment

Costs of the diagnostic test and  
companion therapy

Non-medical costs savings Non-economic benefits

Number of patients whose clinical care  
is changed due to the diagnostic test

Value of adverse events or life course 
mitigated by the targeted therapy or 
diagnostic

Timing benefits realized

R&D costs are low High likelihood of changing clinical protocols Strong evidence base to support  
clinical efficacy

© 2009 Deloitte Development LLC. All rights reserved.

Figure 5: Factors Favoring Investment in Personalized Diagnostic Companies

Test required multiple times Test commands high price Standard therapies are displaced

R&D costs are low High likelihood of changing clinical protocols Strong evidence base to support higher prices

© 2009 Deloitte Development LLC. All rights reserved.
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Figure 6: Stakeholder Implications

Consumers Personalized medicine will likely require an up-front cost for consumers/patients, as these therapies may be more •	
expensive than conventional treatments. Long-term benefits of personalized medicine create an incentive to adopt 
these care modalities. 

Education regarding personalized medicine diagnostics and therapeutics will be required for consumers to make more •	
informed treatment decisions with their health care providers. 

Consumers and their employers may exert pressure on health plans to promote the use of personalized medicine. •	
Awareness and educational campaigns will be needed to clarify risks and benefits, including potential for improved 
health outcomes, available through access to personalized medicine.

Providers Personalized medicine will offer new tools to improve patient care, which providers will need to understand and use •	
with patients and with payors. They will need to provide evidence of treatment efficacy as demonstrated value to 
payors for reimbursement.

As providers move to EHR/EMRs, new decision-support tools will facilitate rapid identification and dissemination •	
of disease-specific standards of practice; improve provider management with real-time outcomes data; prioritize 
therapies based on potential drug interactions and patient clinical profiles; and identify at-risk patients for earlier 
intervention.

Payors As the employer-provided group health insurance model moves toward a retail (individual) health insurance model, •	
the issue of employee turnover should mitigate the hesitancy of insurers to adopt personalized medicine due to the 
lack of a near-term ROI.
Employers, as a financer of health care, may benefit from early adoption of personalized medicine. This new care •	
paradigm has the capacity to slow the advancement of conditions and diseases that, left untreated, result in more 
expensive acute interventions and institutionalized care. 
The evolution of the commercial insurance market to a retail market will also prompt the design of customized •	
products and services, which provides opportunity for inclusion of personalized medicine products.
When personalized medicine is used for specific patients, it may be a trigger for enrollment into other health plan quality •	
initiatives including early detection initiatives, wellness programs, genetic counseling, disease management, etc.
Payors will need to rationalize formulary and benefit design to leverage personal medicine appropriately. Members will •	
need education to understand why a treatment is/is not required based upon diagnostic test results.
New actuarial models will be needed to account for smaller risk classes. Health plans will need to balance the risk of •	
adverse selection against the benefit of more patients receiving personalized medicine’s positive impacts. Health plans 
will need to expand analytics to incorporate clinical biomarker data to refine patient risk segmentation.
Payors may desire government subsidies, premium tax reductions and abatements to make coverage of personalized •	
medicine more profitable.

Continued on page 22

Pharmaceutical companies may focus on developing 
compounds whose improved profits and shorter 
development cycles could offset lower revenues from 
smaller, non-population-based therapies. In some cases, 
they may demand protection from generics to help fund 
product development. To support the patient recruitment 
and multi-center trial requirements for more targeted study 
populations, companies may begin to develop research and 

information collaboratives with affiliates, academic medical 
centers and research organizations. This collaboration may 
also contribute to the generation of the evidence base that 
will demonstrate the efficacy of personalized medicine to 
policy makers and payors. 

Figure 6 summarizes the stakeholder implications of 
personalized medicine.
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Policy Makers The Centers for Medicare and Medicaid Services (CMS), as one of the nation’s largest insurers, can play a pivotal role •	
in the adoption of personalized medicine and its marketplace acceptance. Medicare and Medicaid have already begun 
the transition to an individualized retail market and thus may provide leadership to commercial health plans who need 
assistance to understand the value of personalized therapies for individual health insurance.

Policy makers (and federal payors) will need to provide incentives for commercial health plans to adopt personalized •	
medicine by leading by example – e.g., reimbursing these technologies. Many health plans make coverage decisions 
based upon CMS practices. 

Policy makers may need to rationalize and leverage the linkage/opportunity of personalized medicine with the Orphan •	
Drug Act

Policy makers should consider supporting R&D tax credits (or other strategies) to the biotech/pharma industry to •	
encourage their personalized medicine development efforts. This can reduce R&D costs and thus price points, making 
the personalized therapy more affordable for patients and payors. Policy makers should consider subsidizing and 
funding clinical research in personalized medicine to advance the field and develop the evidence base to support 
clinical effectiveness.

Policy makers could grant competitive product windows before generics enter the market. They could time the •	
exclusivity period to be coterminous with the ROI timing of the therapy. Policy makers could offer to take on more 
of the risk of personalized medicine from R&D to market release so that payors would be closer to breaking even. 
Government could offer prize funds, facilitate industry collaboration on R&D; and/or centralize knowledge on safety  
to “nationalize” the expense of personalized medicine against the overwhelmingly positive society benefit.

Biotech/pharmaceutical 
and Diagnostic 
Companies

Biotech/pharmaceutical companies may need to consider more virtual R&D to address smaller markets with more •	
targeted therapies. This could reduce R&D expenditures.
Biotech/pharmaceutical companies may view personalized diagnostic companies as prime investment or acquisition •	
targets. Life sciences companies with limited capital may seek partnerships with more established and capitalized 
partners for investment, sales, and distribution support. 
Biotech/pharmaceutical companies producing targeted therapies should start to consider strategies to integrate •	
marketing, sales and distribution with companion diagnostics to improve the cost effectiveness of these activities. 
Pharmaceutical companies may focus on developing compounds whose improved profits and shorter development •	
cycles could offset lower revenues from smaller, non-population-based therapies.
Biotech/pharmaceutical companies may demand protection from generics to help fund product development.•	
Biotech/pharmaceutical companies will need to generate an evidence base to demonstrate the efficacy of personalized •	
medicine to garner public policy and payor support.
Biotech/pharmaceutical companies may begin to develop research and information collaboratives with affiliates, •	
academics medical centers, and research organizations to support the patient recruitment and multi-center trials 
required for more targeted study populations. This could also reduce R&D expenditures and lower price points for 
broader adoption.
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Our aim in conducting this project was to explore 
two questions: 1) Does personalized medicine have a 
quantifiable ROI? 2) Is it possible to derive an economic 
framework from published case studies to demonstrate 
differences in ROI across significant stakeholders? We 
were able to extract sufficient case study data from the 
literature to formulate such a framework, and used that 
to calculate ROI for four stakeholder groups: consumers, 
payors, biotech/pharma companies and diagnostic 
companies. Framework economic components, suggested 
by case study data, included cost of the personalized 
medicine therapy, adverse events costs, life-course-of-
disease costs, non-medical costs, and non-economic 
benefits such as quality of life and longevity. We were able 
to demonstrate through the use of two clinical scenarios 
that all stakeholder groups experienced a positive ROI 
under certain conditions, although payors received only a 
marginal benefit and that is after six years. The group that 
consistently experienced a positive ROI across all scenario 
conditions was the consumer.

Based on this initial work, and the awareness that 
personalized medicine is a dynamic innovation informed 
by continual new discovery in the genomic sciences, we 
encourage consideration of the following:

Continue to refine the framework based on new  •	
study findings in current literature.

Test the framework with additional scenarios and •	
clinical conditions.

Explore policy options for including elements of •	
personalized medicine in health reform debates. 

Use these preliminary findings to generate discussion •	
with stakeholder groups.

Encourage exploration and evaluation of new business •	
models that will support this disruptive and promising 
innovation.

Conclusions and Recommendations



24

Abrahams E, Ginsburg GS, Silver M. The personalized 
medicine coalition: goals and strategies. Am J 
Pharmacogenomics 2005;5:345-55.

Anderson K, Jacobson JS, Heitjan DF, et al. Cost-effectiveness 
of preventive strategies for women with BRCA1 or BRCA2 
mutation. Ann Intern Med 2006;144:397-406.

Begg CB, Orlow I, Hummer AJ, et al. Lifetime risk of 
melanoma in CDKN2A mutation carriers in a population-
based sample. J Natl Cancer Inst 2005; 97:1507-15.

Blum RA, Wylie N, England T, French C. HIV resistance 
testing in the USA – a model for the application 
of pharmacogenomics in the clinical setting. 
Pharmacogenomics 2005; 6:169-79.

Bradley CJ, Oberst K, Schenk M. Absenteeism from work: 
the experience of employed breast and prostate cancer 
patients in the months following diagnosis. Psycho-
Oncology 2006; 15:739-47.

Calhoun EA, Chang CH, Welshman EE, et al. Evaluating 
the total costs of chemotherapy-induced toxicity: results 
from a pilot study with ovarian cancer patients. Oncologist 
2001; 6:441-5.

Centers for Medicare & Medicaid Services, Office of the 
Actuary, National Health Statistics Group. The Nation’s 
Health Dollar, Calendar Year 2005: Where It Came 
From. Accessed December 12, 2008. http://www.
cms.hhs.gov/NationalHealthExpendData/downloads/
PieChartSourcesExpenditures2005.pdf.

Cobleigh MA, Vogel CL, Tripathy D, et al. Multinational 
study of the efficacy and safety of humanized anti-
HER2 monoclonal antibody in women who have HER2-
overexpressing metastatic breast cancer that has progressed 
after chemotherapy for metastatic disease. J Clin Oncol 
1999; 17:2639-48.

Corzillus M, Mühlberger N, Sroczynski G, Jaeger H, Wasem 
J, Siebert U. Cost effectiveness analysis of routine use of 
genotypic antiretroviral resistance testing after failure of 
antiretroviral treatment for HIV. Antiviral Therapy 2004; 
9:27-36.

Creinin MD, Lisman R, Strickler RC. Screening for factor 
V Leiden mutation before prescribing combination oral 
contraceptives. Fertil Steril 1999;72:646-51.

Cronin M, Pho M, Dutta D, et al. Measurement of gene 
expressional in archival paraffin-embedded tissues: 
development and performance of a 92-gene reverse 
transcriptase-polymerase chain reaction assay. Am J Pathol 
2004; 164:25-42.

Delorme J, Badin S, Le Corroller AG, et al. Economic 
evaluation of recombinant human granulocyte colony-
stimulating factor in very high-risk childhood acute 
lymphoblastic leukemia. J Pediatr Hematol Oncol 
2003;25:441-7.

DiMasi JA, Hansen RW, Grabowski HG. The price of 
innovation: new estimates of drug development costs. 
 J Health Econ 2003; 22:151-85.

Druker BJ, Talpaz M, Resta DJ, et al. Efficacy and safety of a 
specific inhibitor of the BCR-ABL tyrosine kinase in chronic 
myeloid leukemia. N Eng J Med 2001;344:1031-7.

Dubinsky MC, Reyes E, Ofman J, et al. A cost-effectiveness 
analysis of alternative disease management strategies in 
patients with Crohn’s disease treated with azathioprine or 
6-mercaptopurine. Am J Gastroenterol 2005; 100:2239-47.

Eckman MH, Singh SK, Erban JK, Kao, G. Testing for 
factor V Leiden in patients with pulmonary or venous 
thromboembolism: a cost-effectiveness analysis. Med Decis 
Making 2002;22:108-24.

Elkin EB, Weinstein MC, Winder 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;22:854-63.

Erb C, Rox KR, Patel M, et al. Evaluation of practice 
patterns in the treatment of node-negative, hormone-
receptor positive breast cancer patients with the use of 
the Oncotype DX assay at the University of Pennsylvania. 
Presented at: The 2007 San Antonio Breast Cancer 
Symposium, December 13-16, 2007. San Antonio, Texas. 
Abstract #3082.

References



The ROI for Targeted Therapies:   A Strategic Perspective    25

Frueh FW, Gurwitz D. From pharmacogenetics to 
personalized medicine: a vital need for educating health 
professionals and the community. Pharmacogenomics 
2004;5:571-9.

Furuta T, Shirai N, Kodaira M, et al. Pharmacogenomics-
based tailored versus standard therapeutic regimen for 
eradication of H. pylori. Clin Pharmacol Ther 2007;81:521-8.

Giaccone G, Herbst RS, Manegold C, et al. Gefitinib in 
combination with gemcitabine and cisplatin in advanced 
non-small-cell lung cancer: A phase III Trial – INTACT 1. J 
Clin Oncol 2004;22:777-84.

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;3:119-23.

Goetzel, RZ, Long SR, Ozminkowski RJ, et al. Health, 
absence, disability, and presenteeism cost estimates of 
certain physical and mental health conditions affecting  
U.S. employers. J Occup Environ Med 2004;46:398-412.

Goldenberg I, Moss AJ, Maron BJ, Dick AW, Zareba W. 
Cost-effectiveness of implanted defibrillators in young 
people with inherited cardiac arrhythmias. A.N.E. 
2005;10:67-83.

Habel LA, Shak S, Jacobs MK, et al. A population-based 
study of tumor gene expression and risk of breast cancer 
death among lymph node-negative patients. Breast Cancer 
Res 2006;8:R25.

Hassett MJ, O’Malley AJ, Pakes JR, et al. Frequency and 
cost of chemotherapy-related serious adverse events in a 
population sample of women with breast cancer. J Natl 
Cancer Inst 2006;98:1108-17.

Hornberger J, Cosler LE, Lyman GH. Economic analysis of 
targeting chemotherapy using a 21-gene RT-PCR assay in 
lymph-node-negative, estrogen-receptor positive, early 
stage breast cancer. Am J Manag Care 2005;11:313-24.

Hughes DA, Vilar FJ, Ward CC, Alfirevic A, Park BK, 
Pirmohamed M. Cost-effectiveness analysis of HLA 
B*5701 genotyping in preventing abacavir hypersensitivity. 
Pharmacogenetics 2008;358:568-79.

Hwang, J and C CM Christensen, Disruptive innovation 
in health care delivery: A framework for business-model 
innovation, Health Affairs, 27:5 (2008) pp.1329-1348.

Iveson TJ, Hickish T, Schmitt C, Van Cutsem E. Irinotecan 
in second-line treatment of metastatic colorectal cancer: 
improved survival and cost-effect compared with infusional 
5-FU. Eur J Cancer 1999;35:1796-1804.

Kuderer NM, Dale DC, Crawford J, et al. Mortality, 
morbidity, and costs associated with febrile neutropenia in 
adult cancer patients. Cancer 2006;106:2258-66.

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;25:634-41.

Levy-Piedbois C, Durand-Zaleski I, Juhel H, Schmitt C, 
Bellanger A, Piedbois P. Cost-effectiveness of second-line 
treatment with irinotecan or infusional 5-fluorouracil in 
metastatic colorectal cancer. Ann Oncol 2000;11:157-61.

Liang H, Brufsky AM, Lembersky BB, Rastogi P, Vogel VG. 
A retrospective analysis of the impact of Oncotype DX 
low recurrence score results on treatment decisions in a 
single academic breast cancer center. Presented at: 2007 
San Antonio Breast Cancer Symposium, December 13-16, 
2007. San Antonio, Texas. Abstract #2061.

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;25:625-33.

Liou SY, Stephens JM, Carpiuc, KT, et al. Economic burden 
of haemotological adverse events in cancer patients. Clin 
Drug Invest 2007;27:381-96.



26

Lo SS, Norton J, Mumby PB, et al. Prospective multi-center 
study of the impact of the 21-gene Recurrence Score 
(RS) assay on medical oncologist (MO) and patient (pt) 
adjuvant breast cancer (BC) treatment selection. Presented 
at: 43rd Annual Meeting of the American Society of Clinical 
Oncology, June 1-5, 2007, Chicago, IL. Abstract #577.

Love RR, Duc NB, Allred DC, et al. Oophorectomy and 
tamoxifen adjuvant therapy in premenopausal Vietnamese 
and Chinese women with operable breast cancer. J Clin 
Oncol 2002; 20:2559-66.

Lyman GH, Cosler LE, Kuderer NM, Hornberger J. Impact 
of a 21-gene RT-PCR assay on treatment decisions in 
early-stage breast cancer: An economic analysis based 
on prognostic and predictive validation studies. Cancer 
2007;109:1011-1018.

Maitland-van der Zeer AH, Klungel OH, Stricker B, et al. 
Pharmacoeconomic evaluation of testing for angiotensin-
converting enzyme genotype before starting β-hydroxy-β-
methylglutaryl coenzyme A reductase inhibitor therapy in 
men. Pharmacogenetics 2004; 14:53-60.

Mangravite LM, Thorn CF, Krauss RM. Clinical implications 
of pharmacogenomics of statin treatment. The 
Pharmacogenomics Journal 2006;6:360-74.

Marchetti M, Pistorio A, Barosi G. Extended 
anticoagulation for prevention of recurrent venous 
thromboembolism in carriers of factor V Leiden. Thromb 
Haemost 2000; 84:752-7.

Marra CA, Esdaile JM, Anis AH. Practical 
pharmacogenetics: the cost effectiveness of screening for 
thiopurine s-methyltransferase polymorphisms in patients 
with rheumatological conditions treated with azathioprine. 
J Rheumatol 2002; 29:2507-12.

McWilliam A, Lutter R, Nardinelli C. Health care savings 
from personalizing medicine using genetic testing: the  
case of warfarin. Working Paper 06-23. Nov 2006.  
AEI-Brookings Joint Center for Regulatory Studies.  
http://aei-brookings.org/admin/authorpdfs/redirect-safely.
php?fname=../pdffiles/WP06-23_topost.pdf (accessed 
March 11, 2008).

Meckley LM, Veenstra DL. Screening for the alpha-adducin 
Gly460Trp variant in hypertensive patients: a cost-
effectiveness analysis. Pharmacogenetics and Genomics 
2006;16:139-47.

Melnikow J, Kuenneth C, Helms LJ, et al. 
Chemoprevention: drug pricing and mortality: the case of 
tamoxifen. Cancer 2006; 107:950-8.

Ménard S, Pupa SM, Campiglio M, Tagliabue E. Biologic 
and therapeutic role of HER2 in cancer. Oncogene 2003; 
22:6570-8.

Millar JA, Millward JM. Cost effectiveness of trastuzumab 
in adjuvant treatment of early breast cancer: a lifetime 
model. Pharmacoeconomics 2007; 25:429-42.

Mumby PB, Lo SS, Norton J, et al. Prospective mutli-center 
study of the impact of the 21-gene recurrence score assay 
on patient satisfaction, anxiety, and decisional conflict for 
adjuvant breast cancer treatment selection. Presented at: 
2007 San Antonio Breast Cancer Symposium, December 
13-16, 2007. San Anotnio, Texas. Abstract #1092.

Nelson HD, Huffman LH, Fu R, Harris EL. Genetic risk 
assessment and BRCA mutation testing for breast and 
ovarian cancer susceptibility: recommendation statement. 
Ann Intern Med 2005; 143:355-61.

Oh ET, Anis AH, Bae SC. Pharmacoeconomic analysis of 
thiopurine mehtyltransferase polymorphism screening by 
polymerase chain reaction for treatment with azathioprine 
in Korea. Rheumatology 2004; 43:156-163.

Paik S, Shak S, Tang G, et al. A multigene assay to predict 
recurrence of tamoxifen-treated, node-negative breast 
cancer. N Engl J Med 2004; 351:2817-26.

Paik S, Tang G, Shak S, et al. Gene expression and 
benefit of chemotherapy in women with node-negative, 
estrogen receptor-positive breast cancer. J Clin Oncol 
2006;24:3726-34.

Personalized Medicine Coalition. The Case for Personalized 
Medicine. Washington DC: Personalized Medicine 
Coalition 2006.



The ROI for Targeted Therapies:   A Strategic Perspective    27

Piccart-Gebhart MJ, Procter M, Leyland-Jones B, et al. 
Trastuzumab after adjuvant chemotherapy in HER2-positive 
breast cancer. N Engl J Med 2005;353:1659-72.

Phillips KA, Ackerman MJ, Sakowski J, Berul CI. Cost-
effectiveness analysis of genetic testing for familial long 
QT syndrome in symptomatic index cases. Heart Rhythm 
2005;2:1294-1300.

Phillips KA, Van Bebber SL. Measuring the value of 
pharmacogenomics. Nature 2005;4:500-10.

Phillips KA, Van Bebber SL. Regulatory perspectives 
on pharmacogenomics: A review of the literature on 
key issues faced by the United States Food and Drug 
Administration. Med Care Res Rev 2006;63:301-26.

Plevritis SK, Kurian AW, Sigal BM, et al. Cost-effectiveness 
of screening BRCA1/2 mutation carriers with breast 
magnetic resonance imaging. JAMA 2006;295:2374-84.

President’s Council of Advisors on Science and Technology. 
Report: Priorities for Personalized Medicine. September 
2008. Executive Office of the President of the United 
States, Office of Science and Technology Policy.

Priest VL, Begg EJ, Gardiner SJ, et al. Pharmacoeconomic 
analysis of azathioprine, methotrexate, and prospective 
pharmacogenetics testing for the management of 
inflammatory bowel disease. Pharmacoeconomics 
2006;24:767-81.

Quaglini S, Rognoni C, Spazzolini C, et al. Cost-
effectiveness of neonatal ECG screening for long QT 
syndrome. European Heart Journal 2006;27:1824-32.

Reed SD, Anstrom KJ, Ludmer JA, Glendenning GA, 
Schulman KA. Cost-effectiveness of imatinib versus 
interferon-α plus low-dose cytarabine for patients with 
newly diagnosed chronic-phase chronic myeloid leukemia. 
Cancer 2004; 101:2574-83.

Reinhardt UW. Perspectives on the pharmaceutical industry. 
Health Affairs 2001;20:136-49.

Rieder MJ, Reiner AP, Gage BF, et al. Effect of VKORC1 
haplotypes on transcriptional regulation and warfarin dose. 
N Engl J Med 2005; 352:2285-93.

Romond EH, Perez EA, Bryant J, et al. Trastuzumab plus 
adjuvant chemotherapy for operable HER2-positive breast 
cancer. N Engl J Med 2005;353:1673-84.

Royal Society. Personalised medicines: hopes and realities. 
Sept 29, 2004. 

http://www.royalsoc.ac.uk/displaypagedoc.asp?id=23244. 
(Accessed March 5, 2008).

Sax PE, Islam R, Walensky RP, et al. Should resistance 
testing be performed for treatment-naïve HIV-infected 
patients? A cost-effectiveness analysis. Clinical Infectious 
Diseases 2005;41:1316-23.

Schoenbaum M, Unützer J, Sherbourne C, et al. Cost-
effectiveness of practice-initiated quality improvement for 
depression. JAMA 2001; 1325-30.

Sequist LV, Martins RG, Spigel D et al. iTarget: A phase II 
trial to assess the response to gefitinib in epidermal growth 
factor receptor (EGFR)-mutated non-small cell lung cancer 
(NSCLC) tumors. J Clin Oncol 2007 ASCO Annual Meeting 
Proceedings 2007; 25:7504.

Simsock M, Sendi P, Ledergerber B, et al. A longitudinal 
analysis of healthcare costs after treatment optimization 
following genotypic antiretroviral resistance testing: does 
resistance testing pay off? Antivir Ther 2006;11:305-14.

Skrepnek GH, Ballard EE. Cost-efficacy of imatinib versus 
allogeneic bone marrow transplantation with a matched 
unrelated donor in the treatment of chronic myelogenous 
leukemia: a decision-analytic approach. Pharmacotherapy 
2005;25:325-34.

Smith TJ, Hillner BE. The efficacy and cost-effectiveness of 
adjuvant therapy of early breast cancer in premenopausal 
women. J Clin Oncol;11:771-6.



28

Spear BB, Heath-Chiozzi M, Huff J. Clinical application of 
pharmacogenetics. TRENDS in Molecular Medicine 2001; 
7; 201-4.

Special report: current and evolving strategies in the 
treatment of age-related macular degeneration. Technol 
Eval Cent Asses Program Exec Summ 2005;20:1-2.

Spyropoulos AC, Lin J. Direct medical costs of venous 
thromboembolism and subsequent hospital readmission 
rates: an administrative claims analysis from 30 managed 
care organizations. J Managed Care Pharm 2007; 
13:475-486.

Stallings SC, Huse D, Finkelstein SN, et al. A framework 
to evaluate the economic impact of pharmacogenomics. 
Pharmacogenomics 2006; 7:853-62.

Stewart DJ, Dahrouge S, Cole D, et al. Costs of treating 
and preventing nausea and vomiting in patients receiving 
chemotherapy. J Clin Onco 1999; 17:344-51.

Tamura K, Fukuoka M. Gefitinib in non-small cell lung 
cancer. Expert Opin Pharmacother 2005; 6:985-93.

Taylor AL, Ziesche S, Yancy C, et al. Combination of 
isosorbide dinitrate and hydralazine in blacks with heart 
failure. N Engl J Med 2004; 351:2049-57.

Terra SG, Hamilton KK, Pauly DF, et al. β1-Adrenergic 
receptor polymorphisms and left ventricular remodeling 
changes in response to β-blocker therapy. Pharmacogenet 
Genomics 2005;15:227-34.

Thompson D, Taylor DCA, Montoya EL, Winder EP, Jones 
SE, Weinstein MC. Cost-effectiveness of switching to 
exemestane after 2 to 3 years of therapy with tamoxifen 
in postmenopausal women with early-stage breast cancer. 
Value in Health 2007;10:367-76.

Travadia SMB, Mydlarski PR, Reis MD, et al. Screening for 
azathioprine toxicity: A pharmacoeconomic analysis based 
on a target case. J Am Acad Dermatol 2000:42:628-32.

United States Department of Health and Human Services. 
Personalized Health Care: Opportunities, Pathways, 
Resources [http://www.hhs.gov/myhealthcare/news/phc-
report.pdf] 2007. (Accessed Dec 13, 3008).

Van den Akker-van Marle ME, Gurwitz D, Detmar SB, et 
al. Cost-effectiveness of pharmacogenomics in clinical 
practice: a case study of thiopurine methyltransferase 
genotyping in acute lymphoblastic leukemia in Europe. 
Pharmacogenomics 2006; 7:783-92.

Vekeman, F, McKenzie RS, Lefebvre P, et al. Dose and  
cost comparisons of erythropoietic agents in the  
inpatient hospital setting. Am J Health-Sys Pharm 2007; 
64:1943-49.

Wang L, Weinshilboum R. Thiopurine S-methyltransferase 
pharmacogenetics: insights, challenges and future 
directions. Oncogene 2006; 25:1629-38.

Warren E, Ward S, Gordois A, Scuffham P. Cost-utility 
analysis of imatinib mesylate for the treatment of chronic 
myelogenous leukemia in the chronic phase. Clinical 
Therapeutics 2004;26:1924-33.

Weinstein MC, Goldie SJ, Losina E, et al. Use of genotypic 
resistance testing to guide HIV therapy: clinical impact and 
cost-effectiveness. Ann Intern Med 2001;134:440-50.

Wong JB, Bennett WG, Koff RS, Pauker SG. Pretreatment 
evaluation of chronic hepatitis C: risks, benefits, and costs. 
JAMA 1998; 280:2088-2093.

Younossi ZM, Singer ME, McHutchinson JG, Shermock 
KM. Cost effectiveness of interferon α2b combined 
with ribavirin for the treatment of chronic hepatitis C. 
Hepatology 1999; 30:1318-24.



Authors

Paul H. Keckley, PhD
Executive Director
Deloitte Center for Health Solutions
pkeckley@deloitte.com

Asif Dhar, MD, MBA
Senior Fellow
Deloitte Center for Health Solutions
Senior Manager
Deloitte Consulting LLP
adhar@deloitte.com

Howard R. Underwood, MD, FSA
Senior Fellow & MDP
Deloitte Center for Health Solutions
Senior Manager
Deloitte Consulting LLP
hunderwood@deloitte.com

Contributors

We’d like to recognize the following individuals who 
contributed their insights and support to this project. 

Barbara Frink, PhD, FAAN

Andrew Lee, PhD (Candidate)

Sophie Rahman, MD, MBA (Candidate)

Peter Russell, Principal, Deloitte Consulting LLP

Reviewers

Edward Abrahams, Executive Director, Personalized 
Medicine Coalition

Joanne Armstrong, MD, MPH, Senior Medical Director, 
Women’s Health, Aetna 

John E. Arrowsmith, Executive Director, Global Research 
and Development, Pfizer, Inc.

Carrie Bruins, PharmD, Molecular Diagnostics/Genetic 
Testing, Humana Inc

Randy Burkholder, Associate Vice President, Policy, PhRMA

Jeffrey Cossman, MD, Chief Scientific Officer,  
Critical Path Institute

Linnea Hager, Associate Director, Clinical Marketing, 
Affymetrix

Patrick Hall, DPh, Senior Genomic Science Liaison,  
Medical Affairs, Genomic Health Inc.

Andrew Mellin, MD, MB, Vice President,  
Advanced Clinical Technology, McKesson

Amy M. Miller, PhD, Personalized Medicine Coalition 

Gary Palmer, Senior Director, Medical Affairs,  
Genomic Health

Wayne A. Rosenkrans, Jr., PhD, Distinguished Fellow,  
MIT Center for Biomedical Innovation

Dennis Van Liew, Senior Director, Strategic Management 
Group, Pfizer, Inc.

Phyllis W. Whitely, PhD, Executive-in-Residence,  
Mohr Davidow Ventures



These materials and the information contained herein are provided by Deloitte LLP and are intended to provide general information on a 
particular subject or subjects and are not an exhaustive treatment of such subject(s). Accordingly, the information in these materials is not 
intended to constitute accounting, tax, legal, investment, consulting or other professional advice or services. Before making any decision 
or taking any action that might affect your personal finances or business, you should consult a qualified professional advisor.

These materials and the information contained therein are provided as is, and Deloitte LLP makes no express or implied representations or 
warranties regarding these materials or the information contained therein. Without limiting the foregoing, Deloitte LLP does not warrant 
that the materials or information contained therein will be error-free or will meet any particular criteria of performance or quality. Deloitte 
LLP expressly declaims all implied warranties, including, without limitation, warranties of merchantability, title, fitness for a particular 
purpose, noninfringement, compatibility, security and accuracy.

Your use of these materials and information contained therein is at your own risk, and you assume full responsibility and risk of loss 
resulting from the use thereof. Deloitte LLP will not be liable for any special, indirect, incidental, consequential, or punitive damages or 
any other damages whatsoever, whether in an action of contract, statute, tort (including, without limitation, negligence), or otherwise, 
relating to the use of these materials or the information contained therein.

If any of the foregoing is not fully enforceable for any reason, the remainder shall nonetheless continue to apply.

About the Center
The Deloitte Center for Health Solutions (the “Center”), located in Washington, D.C., is part of Deloitte LLP and was formed to further 
research on and develop solutions to some of our nation’s most pressing health care and public health-related challenges. Please visit 
www.deloitte.com/centerforhealthsolutions for more information. 

Copyright © 2009 Deloitte Development LLC. All rights reserved.

Contact Information
To learn more about the Deloitte Center for Health Solutions,  
its projects and events, please visit www.deloitte.com/centerforhealthsolutions.

Deloitte Center for Health Solutions
555 12th Street N.W.
Washington, DC 20004
Phone 202-220-2177
Fax 202-220-2178
Toll free 888-233-6169
Email healthsolutions@deloitte.com
Web http://www.deloitte.com/centerforhealthsolutions

#9014


