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1.  Introduction 

 

Stratified medicine (SM) is an innovative treatment concept using genetic or other molecular 

information to select the best therapeutic strategy in order to improve medical outcomes for the 

patient and the health care system.1 Targeting the right patient population with the right drug 

using stratification tools such as diagnostic testing offers the potential to enhance patient care 

with safer and more effective drug treatments. This has been illustrated in several well-known 

examples (Herceptin®, Glivec®, Vectibix®, Erbitux®, Xalkori®, Zelboraf®), particularly in 

oncology. For the industry, the SM approach provides an opportunity to improve efficiency and 

productivity in the research and development (R&D) process and to demonstrate a differential 

therapeutic profile to be successful and rewarding in an increasingly competitive and cost-

contained market environment. At the same time, the SM approach is changing and adding to 

many standard models of R&D and health care delivery, forcing many stakeholders involved 

in the development, acceptance and uptake of SM to grapple with new levels of uncertainty, 

costs and complexity associated with such concepts. For example, adding a test element to a 

pharmaceutical technology will increase treatment complexity and complicates value 

assessment of treatment interventions then also including the test characteristics. Moreover, 

regulatory and reimbursement processes show ambiguity on evaluating the ultimate value of 

test information and challenges exist to determine the clinical and economic value of more 

complex stand-alone or companion diagnostics.  

  

While the SM approach has drawn major attention in the medical community and the industry, 

the implementation and adoption of such approaches in clinical practice has been slower than 

many proponents have hoped or predicted. Industry is hesitant to use biomarkers and 

companion diagnostics in routine clinical practice despite scientific advances and increasing 

investment in the biomarker-related research and development.2,3 The reasons for the delays in 

widespread clinical adoption include the complexity of the underlying science, operational and 

organizational barriers as well as concerns about the economic viability of the SM business 

case, due to possible market size limitations.4,5 

In the meantime, the processes of drug discovery and development have become increasingly 

expensive and inefficient, with fewer new drugs being approved and increasing concerns on the 

safety of market drugs.6,7 Furthermore, health care costs are rising dramatically within the 

health care systems in light of the aging population and the development of new innovative 

medicines. Hence, many stakeholders are embracing the principle of SM to guide improvement 

of efficiency and effectiveness in health care and to offer a potential solution to address these 

economic challenges. Stratified medicine promises significant benefits to improve health 

outcomes and cost-effectiveness in the health care system. 

The evolving field of test-treatment combinations continues to generate complex economic 

issues for manufactures, payers, providers and the whole healthcare system. Decision makers 
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at all levels want value for money and require economic evaluations on the opportunity costs 

before implementing such approaches into clinical practice. This thesis attempts to tackle some 

important economic questions that are central when embracing SM into clinical practice and 

research.   

1.1 Background and Motivation 

 
1.1.1 The concept of Stratified Medicine 

 

SM as opposed to empirical medicine is the concept of using biomarkers or diagnostic tests to 

guide the choice of therapeutic treatments.8 In the SM concept, subgroups of responders are 

selected or identified/screened based on risk of disease or response to therapy, with the notion 

to improve treatment outcomes in these subgroups by increasing efficacy and/or reducing 

toxicity. This stratification of the population by using diagnostic tests or techniques is intended 

to reduce the use of ineffective or unsafe drugs, which should translate into improved health 

outcomes for patients and more efficient use of health care resources. Although patient 

treatment has always been personalized by clinicians based upon individual circumstance and 

medical history, the decade since the completion of the sequencing of the human genome 

(HUGO 2003) has witnessed significant advances in science which have resulted in major 

developments in molecular biology.9 This has led to the emergence of a new approach of 

healthcare, labeled SM and leveraging to create better diagnostic tools and targeted 

therapeutics.  

The terms ´stratified medicine´, ´personalized medicine´ and ´precision medicine´ are often 

used interchangeably in the literature. Personalized medicine is by all means the most widely 

used term, but often interpreted in different ways.10 People mean different things when they use 

the term and there is a certain concern that the expression ´personalized medicine´ might be 

misunderstood, leading the public to believe that there are unique treatments for each 

individual. Obviously, this is only very rarely the case, with scarce illustrations, for example, 

only in personalized oncological vaccines. In contrast, the term ´stratified medicine´ as well as 

´precision medicine´ emphasizes the classification of “strata“ and “groups of patients” as the 

target for the R&D and clinical efforts rather than the individual patients.11 Both of these terms 

underline the aim to find the appropriate treatments for those patient groups or subpopulations 

that will benefit, and to avoid treating those who will not benefit or even be harmed. 

 

In clinical practice, SM involves an additional clinical biomarker-assessment step to link a 

patient with a specific therapy, which will increase the complexity of treatment patterns. 

Moreover, a reliable diagnostic test for the biomarker may act as a gatekeeper to the individuals 

through which subsequent therapies must pass. Such tests can be based on gene expression 

patterns, individual proteins, proteomic patterns, metabolomics, histology, imaging, 

physicians´ clinical observations and even self-reported patient surveys. Obviously, all these 

different ways of testing have pros and cons and strengths and weaknesses. In this sense, 

Trusheim et al8 define a clinical biomarker not by its technology or biological basis, but rather 
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by its reliable and predictive correlation to differential patient responses. With a potential initial 

thought regarding genetics, it should however be stressed that a large part of variability in 

treatment response cannot be explained by genetic variations alone. Patient characteristics (such 

as age, gender), gene-environment interactions, and patient compliance may also play an 

important role and should not be underestimated.12   

 

SM potentially holds the promise to be of benefit to multiple stakeholders, including patients 

receiving more targeted treatments with increased confidence that these will offer best positive 

therapeutic effects. As for the clinicians, they will be able to prescribe tailored therapies 

avoiding poor efficacy or excessive toxicity, and ensuring better clinical outcomes. SM also 

promises attractive health economics for the payers who will be able to optimize the allocation 

of resources in relation to the improvement in health outcomes. And, more generally, the whole 

healthcare system will benefit as this new approach will render data on precise usage and 

outcomes, guiding further investments in drug development and clinical practice.13 Multiple 

studies have shown that most drugs prescribed in various diseases have high failure rates and 

are effective in fewer than 60% of treated patients (e.g., oncology only 25-30%) outlining the 

potential to realize efficiency gains for healthcare systems.14,15 

 

SM is practiced in several contexts within the healthcare industry and a shift from “one-size-

fits-all” to a tailored approach is increasingly impacting the development of new products. 

Pharmaceutical and biopharmaceutical industries use biomarkers as predictors of efficacy and 

safety to discover new targets and to achieve differential patient responses to therapies, helping 

to improve the efficiency of compounds’ attrition and R&D productivity over time. The 

investments of this industry in biomarker research increased between 2006 and 2010 by a mean 

of 75%, with an additional increase of 53% predicted by 2015 (21 leading companies in US and 

EU assessed).16 In some cases, industry is developing these markers as companion diagnostic 

tests to identify patient sub-populations most likely to benefit from a particular therapy. This is 

sometimes been done in co-development with a diagnostic company. The most recent examples 

here are the oncology drugs Zykadia®, Gilotrif®, Zelboraf® and Xalkori® which have been 

shown to be clinically effective and achieved rapid product approval; older examples include 

the now decade-old blockbuster stories of trastuzumab (Herceptin®) and imatinib (Glivec®). 

In other cases, stratified medicine tests are being developed post hoc by diagnostic companies 

as a way of stratifying an existing drug (for example, Ziagen® in HIV/AIDS and warfarin in 

anticoagulation) or as stand-alone tests (for example, Oncotype DX®) for diagnostic or 

prognostic purposes. 

 

1.1.2 Economic challenges and opportunities 

 

The uptake of SM in clinical practice depends very much on the use of appropriate value 

assessment methods and the economic viability of such approaches in the healthcare settings. 

Like any healthcare intervention, SM interventions have costs and consequences that require 
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considerations by third party payers and reimbursement authorities that seek to derive 

maximum value from limited resources. Economic evaluation provides healthcare decision 

makers with a powerful tool for resource allocation decisions because it offers a framework for 

comparing costs and benefits of competing interventions or options.17 For example, cost-

effectiveness analyses have become a central part of HTAs´ assessments in several EU 

countries to support a `value for money` argument, examining the incremental costs and health 

gain of various health care choices given limited resources.18 Yet, measuring ´value´ might 

differ from payer to consumer and to societal perspectives. In light of the importance of 

demonstrating an added value for SM interventions in clinical practice, economic evaluations 

are increasingly conducted for this new treatment concept to inform on optimal resource 

allocations underpinning decisions by third party payers. 

 

However, methodological challenges can arise in specific interventions or disease states. For 

example, by definition, SM leads to restricted populations due to stratification, and questions 

arise as to whether current approaches to economic evaluation are adequate for SM 

interventions. Of specific concern is whether current guidance for economic evaluation is 

specific enough to avoid inconsistent evaluation and contradictory findings. This, in turn, may 

lead to inconsistent decisions and may also lower decision-makers’ confidence in the usefulness 

of economic evaluations to support decision making or confidence in stratified approaches 

overall.19 

Several studies have identified the need for methodological scrutiny in the economic assessment 

of SM. Actual economic assessment of SM are fraught with challenges and Annemans et al 

explicitly outlined potential measurement issues for traditional cost-effectiveness analysis 

(CEA) when adding a diagnostic test to pharmaceutical technology.20 There is an ongoing 

discussion on evidence requirements and what level and nature of evidence is needed to 

establish clinical utility of tests and the overlay of related economic considerations. Obviously, 

the lack of sufficient evidence linking test use to patient management and health outcomes 

remains a fundamental challenge for reimbursement decisions.21 While there is a clear trend in 

the payer community for evidence-based approaches, development is requested of applicable 

evaluation methods which appropriately take into account clinical and economic uncertainties 

in the value assessment process in SM. This underscores that the assessment of the added value 

of SM interventions depends on many interdisciplinary factors associated with the testing 

component and might be more complex than traditional ones. 

From a manufacturer’s perspective, economic considerations play an important role in decisions 

on whether or not to pursue an SM approach and to invest in diagnostic development and 

diffusion. Drug development decisions are based in part on the expected rate of return to 

investments in R&D, which, in turn, is determined largely by expected revenues versus 

development costs. Because SM involves a number of changes in the conventional way of drug 

development and health care delivery, the economics of developing SM might be significantly 

different from developing an empiric medicine. There is anticipation that diagnostic testing may 
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enhance the efficiency of clinical trials of new drugs and allow smaller and cheaper studies 

which can significantly shorten development time and reduce costs. Yet, the introduction of a 

diagnostic test is likely to involve additional costs and complexity due to the inherently risky 

process of drug development and diffusion. Also, there is the fact, that a more targeted patient 

population may lead to a smaller set of eligible patients and thus limit the market size. In this 

case, additional value will need to be captured in terms of premium pricing, faster adoption and 

longer effective patent life for the targeted drug to offset the reduction in potential revenuers 

from market stratification as compared to full marketing.17 All these aspects and more, have 

triggered ongoing discussions on the financial viability of SM in industry. 

 

Several investigations have uncovered a number of factors and issues that are likely to influence 

the expected returns and hence, the incentive to invest in new pharmaceutical R&D in tandem 

with the development of a diagnostic test.[22-24] For instance, the Massachusetts Institute of 

Technology´s (MIT) Center for Biomedical Innovation has established a research program to 

investigate the economics of SM.25 Mark Trusheim et al performed an economic assessment of 

SM approaches in oncology as part of this research program using NPV (net present value) 

analysis and outlined the often rather limited financial viability of SM interventions given the 

current US health care environment.26 This underlines, that the commercial impact of using a 

diagnostic-guided strategy must be considered carefully in direct relation with patient access, 

clinical benefits and company interests. Investigating and understanding of certain scenarios is 

critical for the industry as several factors – from development to reimbursement and market 

adoption – will affect the potential clinical and commercial success of an SM-approach.  

 

The demand for more efficiency and effectiveness in healthcare is a key priority for healthcare 

systems and industry. In many respects both types of economic evaluations – those that  focus 

on value assessment to inform resource allocation decisions, as well as those supporting 

industry R&D decision making are based on similar sets of assumptions around that a likely 

differential therapeutic profile of responders in a subpopulation may allow for highly clinically 

and economically viable applications.  

 

1.1.3 Regulatory, reimbursement and clinical adoption challenges  

 

The regulatory and reimbursement systems are key factors in the development of new 

medicines and can significantly influence the economics of SM in several ways. From a 

regulatory perspective, adoption of a stratified approach to therapy relies on the development 

of effective tools for stratification and drugs tailored to the stratified groups. The appropriate 

selection of patient populations for clinical trials has the potential to reduce development times 

and lead to earlier regulatory submissions and approvals. Hence, scientifically selected, well-

defined sub-populations enriched for responders should result in more compelling overall 

product risk/benefit versus current therapies, and better odds for approval.27 This has been 
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demonstrated for several product launches (such as, Zykadia® and Xalkori®), having 

experienced accelerated approval procedures by FDA and EMA on a case-by case basis.  

However, the integration of diagnostic tests and drugs poses special regulatory challenges 

because it requires that historically separate regulatory pathways will need to be brought 

together. The regulatory frameworks that underpin the approval of therapeutic and diagnostic 

products vary between the two, from region to region and from country to country. The levels 

and types of evidence required are different, making global development of products more 

challenging.28 In addition, the regulatory processes for biomarker developments are quite 

different from traditional drug development. Notably, with regulatory frameworks for drugs 

differing geographically, this is even more the case for diagnostics. Additionally, such 

frameworks are much more vaguely defined and protocolled for diagnostics as they are for 

drugs. 

The FDA and EMA have issued a number of guidance documents and regulations that seek to 

clarify requirements for SM products.29,30 There is consensus, that the timelines for drug 

development are too slow, however, more clarification and guidance are requested by industry 

towards a more dynamic trial environment - inclusive Bayesian adaptive trial designs - and to 

address the required level and timing of clinical evidence for registration and reimbursement of 

SM products. For instance, it is not yet clear for either the FDA or EMA whether “marker-

negative” patients need to be included into Phase 3 clinical trials which, if required, would 

eliminate potential cost savings or reductions in development time for a company.31 Clear 

requirements for joint testing of diagnostics and therapeutics will also influence the design and 

cost of clinical trials as well as the business relationship between the test and therapy 

manufacturers. Driving a joint clinical trial design for diagnostics and drug requires careful 

coordination among regulatory divisions to ensure timely approval for both.  

SM also challenges current reimbursement approaches in many markets. Market access of SM 

is highly dependent on the assessment process, in particular health technology assessment 

(HTA) and pricing and reimbursement (P&R) decisions. As a current rule, diagnostics and 

pharmaceuticals are considered under separated appraisal and payment processes. Third party 

payers in various healthcare systems have been rather resistant to paying for costly stratification 

diagnostics unless the diagnostic companies can demonstrate clinical utility and /or cost-

effectiveness without endangering the various healthcare budgets. There is concern among 

payers that the use of potentially expensive tests for large populations or a higher price for 

diagnostic-based treatments will wipe out any potential savings from targeting therapeutic 

interventions. While P&R of pharmaceuticals in many EU countries and the US can be 

characterized as somewhat “value-based”, the reimbursement of diagnostics is often resource 

or cost-based, with potentially low reimbursement rates. Many analysts have emphasized the 

need for more flexible pricing and reimbursement schemes to encourage innovation in SM and 

accelerate its adoption.32 Garrison and Towse see value-based, flexible reimbursement systems 

for innovative, patent-protected diagnostics being critical to create stronger economic 
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incentives for the development of test-treatment combinations.33 However, limited intellectual 

property protections for diagnostics for the moment represent a barrier to market entry in the 

diagnostic arena. 

 

In addition, there is a general absence of implemented procedures, criteria and standards in 

assessing diagnostics/tests in SM.34 In many markets, HTA of diagnostics remains nascent but 

slowly evolving. Yet, also in general most diagnostics/ tests are reviewed at local and regional 

levels for reimbursement purposes. Hence, variability and inconsistency in value evaluations of 

stand-alone tests and test-treatment combinations has been noted in many EU markets.35 In this 

respect, questions remain about specific methodologies and appropriate economic 

measurements tailored to the specificities of SM approaches in order to facilitate a broader 

market access of SM interventions.  

Eventually, realising the benefits of SM approaches is very much dependent on whether 

diagnostic testing will diffuse appropriately into clinical practice. The development, adoption 

and the use of medical diagnostics will be influenced by healthcare provider competence in 

using these technologies. Efforts to educate physicians, pharmacists, patients and the public are 

critical for the proper use of new testing technologies. Moreover, various research work36 is 

claiming the importance of effective diffusion of diagnostic testing into clinical practices as a 

key factor to ensure economic viability of targeted therapies from a manufacturer´s perspective. 

If clinicians and patients adhere to targeted treatments with greater confidence in new 

technologies, a more rapid adoptions rate and greater market penetration can be expected. 

Another factor influencing development and diffusion of SM interventions relates to an 

adequate information technology infrastructure capable of storing and sharing complex medical 

information in a secure environment.37 Developing standards in electronic medical records and 

tissue storage (for example, bio-banking) as well as dealing with the privacy and ethical issues 

on DNA collection are key challenges to be addressed by various stakeholders and health 

policy. 

 

 

 

 

 

 

 

 



17 

 

1.2 Aims and outline of this thesis 

 
This thesis investigates the economic challenges and opportunities in adopting SM approaches 

into clinical practice. The thesis can be categorized into three parts. 

Part I considers the new challenges SM is providing for the value assessment process, in 

particular HTA and P&R decisions. In this context, reimbursement issues of SM approaches in 

several EU countries and the US are addressed, outlining new incentive structures to overcome 

existing reimbursement barriers for SM and to enhance timely access for patients to cost-

effective treatment strategies. Today, HTA data requirements and methodologies, but also P&R 

systems for diagnostic testing are not necessarily structured to reward the added value of using 

tests to improve health outcomes within the context of SM. Furthermore, the main 

methodological issues in the health economic (HE) field of SM are discussed. Although best 

practices and key principles exist for performing economic evaluations and HTA in general, 

there are no commonly accepted standards for applying these methods to SM interventions. In 

addition, the applicability of HE data to support market access within and across European 

countries is addressed in this section. Gaining an understanding of methodological issues in the 

economic assessment of SM and how HE data can best help improve decision making and 

support market access for patient-beneficial approaches is increasingly of interest within many 

health care systems as more SM interventions reach the markets in the next years.  

Part II addresses two economic assessments in which the potential added value of SM 

interventions in clinical practice is examined. The first study in depression illustrates specific 

modeling issues associated with the concept of SM. Adding a testing element to pharmaceutical 

technologies will increase treatment complexity and complicates value assessment. A more 

complex model structure as well as issues on test performance (specificity and sensitivity) and 

potential data gaps will increase the level of uncertainties in SM modeling. The second study 

in fertility assesses the cost-effectiveness of fertility treatments associated with an embryo 

diagnostics element. This work goes beyond traditional economic evaluations studies and 

considers value-based pricing aspects when introducing non-invasive embryo diagnostics into 

in-vitro fertilization (IVF) standard treatment practices.  

Part III considers the economic viability of SM concepts from a manufacturer´s/investor´s 

perspective. In recent years, research to investigate the opportunity for SM has been on the rise 

as technology improves and costs increase. It became evident, that investigating and 

understanding of certain scenarios is critical for the industry as a unique set of factors from 

development to reimbursement and market adoption will influence the expected returns of SM 

interventions and, hence, the incentive to invest in new R&D in tandem with diagnostic 

development. Specifically, this investigation seeks to address the economic attractiveness of 

different SM development options in a cost-contained healthcare environment. For this purpose, 

a decision tree model was created to identify key economic drivers and conditions affecting 

profitability under different choices and scenarios.  
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