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1. Introduction 

Over the past several years Stratified Medicine (SM) has been the focus of substantial interest 

in the pharmaceutical research community due to improved diagnostic technologies and a better 

understanding of diseases’ heterogeneity. The decade since the completion of the human 

genome sequencing project has witnessed significant advances in science, enabling meaningful 

genome sequencing and molecular profiling in biology at increasingly affordable levels.1 The 

ability to target patient subpopulations has the potential to improve treatment efficacy and 

minimize side effects enabling physician to more selectively deploy therapeutics in those 

patient groups.  Several SM interventions have proven beneficial in a number of cancers and 

genetic diseases and researchers are working to identify more and more biomarkers that could 

be used to refine treatments in the future. A 75% increase in investments by the pharmaceutical 

industry in biomarker research over the last 5 years have stimulated interest in targeted therapies 

and further investments are predicted in the near future.2 

Despite these advances, a general sense of dissatisfaction on the progress of SM in terms of 

creating efficiencies in drug development and health care delivery remains. So far, absence 

exists to demonstrate the positive impact on public health (clinical utility and cost-

effectiveness) and to promote the acceptance and uptake of SM in clinical care pathways.[3-6] 

Besides scientific and operational challenges associated with the implementation of this 

“disruptive innovation”, the process of ´stratification´ of patients has raised economic questions 

for payers, the healthcare system and for the manufacturer. The aim of this thesis was to 

investigate these economic issues and opportunities in adapting SM approach to enhance patient 

access, population health, cost effectiveness and return on investment. For that purpose, part I 

of this thesis examined the fundamental economic issues of SM interventions in the context of 

HTA, reimbursement and access decisions. In part II we described two economic assessments 

in which the potential added value of SM interventions in clinical practice has been addressed. 

Subsequently, in part III of this thesis the economic viability of SM interventions from 

manufactures/investors perspectives has been considered. In the current chapter the main 

findings of our studies are presented and discussed. Furthermore, recommendations for practice 

and future research will be provided. 

 

2.  Main findings of this thesis 

2.1 Economic viability of SM approach in the healthcare settings  

2.1.1 Issues on reimbursement schemes and incentive structures   

The uptake of SM in clinical practices depends much on the assessment process, in particular 

regarding HTA and P&R decisions. In chapter 2 we addressed pricing and reimbursement 

issues of SM approaches within EU countries and beyond. This investigation showed that 

pricing and reimbursement schemes in many markets do not currently reflect the specific 

benefits arising from the use of SM approaches, and thus remain a barrier to their development 
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and adoption, especially for the diagnostic component. Third party payers in public and private 

health care systems in EU and the US have adopted different pricing & reimbursement policies 

for drugs and diagnostics. While pricing & reimbursement of pharmaceuticals in many EU 

countries and the US can be characterized as somewhat “value-based”, the reimbursement of 

diagnostics is resource or cost-based7 with potentially relatively low reimbursement rates. 

Diagnostic tests are often covered within the DRG fee schedule in the inpatient (hospital) setting 

and a code-based fee schedule in the outpatient (ambulatory) setting, respectively. This reflects 

a technical procedural cost-based approach which does not consider clinical or economic value. 

Hence, current reimbursement schemes for diagnostics do not reward value creation, which 

may discourage diagnostic companies from investing in such research and evidence 

development. 

Furthermore, limitations of intellectual property protection pose a barrier to market entry in the 

diagnostic arena. Value-based prices will be competed down if test entrants can copy the 

innovators´ approach without having to make the same investment. Low prices and poor 

intellectual property may hamper diagnostic manufactures to invest in “ideal” studies to 

demonstrate clinical utility. Potentially, strategies should be developed to adequately provide 

the relevant incentives for innovations in this area. 

 

The analysis in chapter 2 underscores the clear need for more flexible pricing & reimbursement 

schemes which stimulate investments in evidence generation so that cost-effective technologies 

can provide and demonstrate their value to patients and to the health care system, enabling 

returns that commensurate with that value. In fact, lack of sufficient evidence linking test use 

to patient management and health outcomes remains a fundamental challenge for 

reimbursement of personalized strategies in many markets. The regulatory requirements of 

evidence generation for diagnostic products are quite different to therapeutics with so far 

limited demands on diagnostics to demonstrate clinical utility. This has created uncertainty for 

third-party payers and healthcare providers who are faced with decisions involving costs and 

relative effectiveness. Clarity may still lack and is then needed from regulators and payers 

laying down their expectations for data to ensure a consistent evidentiary framework for stand-

alone diagnostics and test-treatment combination, enhancing evolution of improved economic 

assessment for SM interventions. This definitely involves the need for more comparative-

effectiveness evaluation built into a SM development program, as the opportunity cost of adding 

new technologies is becoming a major factor in HTA assessment and coverage 

recommendations, potentially involving exchange of products in the reimbursed package rather 

than additions only. However, realistic expectations around standards of evidence are needed 

as randomized clinical trials might not always be feasible because of ethical reasons, shift to 

multi-therapeutic regimes, and lack of resources or small patient populations. The use of 

coverage-with-evidence agreements and real-world evidence collection may provide new 

incentives for collaborative approaches between stakeholders. Also, new incentive structures 

and models, such as public-private partnerships for sharing cost of new treatment strategies, 

should further be explored to increase the efficiency of evidence collection. 
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Generating robust clinical and health economic evidence may provide the confidence that 

enables payers more rapidly to adopt potentially (cost-) effective tests. Novel payment 

approaches and risk sharing agreements with third party payers are increasingly used to 

overcome the tension between funding new but expensive technologies and obtaining value for 

money where traditional reimbursement is not deemed appropriate. Such arrangements between 

a manufacturer and payer/provider may be appropriate to align incentives between various 

stakeholders to enable certain market access on a case-by-case basis. Fostering potential 

broader coverage within the healthcare systems will require the coordinated effort of national 

P&R authorities to realize a more synchronized reimbursement system for both drugs and 

diagnostics. This may involve a more holistic approach to health care funding as highlighted in 

chapter 2. Because of budgetary silo mentality in many healthcare systems, national authorities 

may need to develop more centralized and integrated funding models to ensure timely patient 

access of SM applications. This will be especially relevant with the move to multiple 

biomarkers /platform testing as one test could service multiple therapeutic decisions for patients 

and test costs can potentially be attributed to multiple targets. 

While DRG-type systems, fee-schedules and annual budget systems for diagnostics cannot be 

changed immediately, health care systems may enhance implementing temporary 

reimbursement/funding pathways that guarantee realistic funding of companion testing at the 

time of pharmaceutical drug launch. This would bridge reimbursement gaps and will ensure 

that time consuming standard code /fee schedule updating will not delay patient access. The 

French Institute of Cancer (INCa) provides an example of companion diagnostic test promotion 

in the field of oncology reflecting a temporary funding mechanism in this sense.8  

2.1.2 Methodological issues in assessing the HE value for SM interventions 

During our research for this thesis it became evident that consistency in performing economic 

evaluation for SM interventions is lacking notwithstanding the existence of guidelines for 

economic evaluation.9 However, these guidelines have initially been developed for traditional 

pharmaceuticals and not for complex interventions with multiple components. Chapter 3 

describes specific issues relevant to the evaluation of diagnostic-based SM and assessed 

whether current guidance for economic evaluations is sufficient to support decision making for 

SM intervention. It was concluded that current health economics methodology can be applied 

for SM, although various aspects of the guidelines require specific attention for SM 

approaches.These aspects comprise considerations on the choice of comparator, measuring 

effectiveness and outcomes, appropriate modelling structure and the scope of sensitivity 

analyses. Many of these aspects refer to a lack of evidence on testing heterogeneity and the 

quality of effectiveness data. Notably, the level of economic evidence for SM interventions may 

differ from what is generally experienced with traditional pharmaceuticals, thus stressing the 

need to identify best practice for economic modeling including approaches which address 

evidence gaps in a manner that is both acceptable for payers and feasible for test manufactures. 

This may involve increasingly real-life data generation, perhaps via prospective cohort studies 

or chart review, as payers might seek additional post-market evidence for clinical utility. In this 
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context it is also important to understand patients’ and providers’ preferences, since these 

preferences will influence the adoption of new technologies. Accounting for compliance and 

adherence will provide insight into variability of findings and should be incorporated into 

sensitivity analyses.  

 

Incorporating complex genetic or genomic data into cost-effectiveness analyses is a challenge 

that will grow as next generation sequencing technologies enter clinical practice. This may 

require further methodology development to address the increased complexity and the need for 

additional analyses especially when addressing `multiple testing´ considerations.  

These findings highlight areas of future work in this field. It may be desirable to reach consensus 

on observational research methods to generate effectiveness evidence for SM tests to improve 

the quality of economic evaluations and avoid ´wait and see´ policy conclusions with delayed 

patient access. ISPOR Personalized Medicine Special Interest Group and others[10-13] are 

working on the development of adaptive HEOR approaches and standards to help address best 

practice relevant to the rapidly evolving filed of SM. Recognizing the limitations of commonly 

used outcomes measures (e.g., QALYs) further research is needed to justify alternative 

approaches appropriate to measuring values for SM interventions. Examining the adequacy of 

the recently published Consolidated Health Economic Evaluation Reporting Standards 

(CHEERS) for reporting evaluations of SM may be another avenue of research.14 

2.1.3 Addressing HTA challenges for SM  

Adding a testing element to pharmaceutical technologies will increase treatment complexity 

and complicates value assessment. As mentioned, diagnostics and pharmaceuticals are 

considered under separate appraisal and payment processes in many healthcare systems. For 

instance, pharmaceutical drugs and the associated companion diagnostics are evaluated 

separately in France, Germany, Italy and Spain, with the evaluation processes being neither 

coordinated nor synchronized.8 Only NICE (UK) has so far established a Diagnostic 

Assessment Program (DAP) which carries out cost-effectiveness assessments of selected 

diagnostics. The investigations in chapters 2 and 4 highlighted the inconsistencies in the value 

assessment for SM approaches in many health care markets which lead to highly viable patient 

access decisions. Commonly accepted standards on how to evaluate diagnostics and test-

treatment combinations have not yet been transparently established or agreed upon by leading 

HTA organizations and payers. Without this, both industry and HTA agencies struggle to 

sufficiently demonstrate the accuracy of the test and thereby their effectiveness. There is a need 

for more integrated HTAs for pharmaceutical drugs and companion diagnostics which requires 

coordination and synchronization between the committees who are engaged in the country-

specific evaluation process. This could be challenging in countries with decentralized 

evaluation processes for companion diagnostics and may require regional or local alignment. 

HTA processes within one and the same country coordinated in a way that results in one single 

HTA report for the SM combined test-treat intervention will avoid inconsistent reimbursement 

recommendations and could facilitate timely patient access. An additional argument in a 
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synchronized assessment lies in the importance of diagnostics as ´gatekeeper´ to patients’ 

treatments. 

 

The research in chapter 4 underscores the need for a broad (holistic) value definition including 

societal, patients and provider perspectives, helping to reap the full potential of using the SM 

approach on the whole treatment pathway of patients. The overall effectiveness of SM 

interventions does not only rely on the development of new treatment modalities, but also on 

providers and patients behaviour as well as the development of a wide range of supporting 

services (e.g. laboratories) that patients need to effectively manage their health. Also, SM raises 

new ethical issues in the market access evaluations, which does not exist for traditional 

pharmaceuticals. Behavioural aspects and the weight of ethical issues related to test 

characteristics (sensitivity/specificity) make the value assessment of SM much more a multi-

criteria decision than traditional pharmaceuticals.  

HTA methodologies will have to evolve to address the multiple components of value that a 

diagnostic and therapy can provide. It is likely that different mechanisms of evaluation will be 

developed that are appropriate to each scenario (i.e., test-treatment combinations vs stand-

alone diagnostic). Organizations and working groups such as The European Personalized 

Medicine Association15 or the US Personalized Medicine Coalition16 have been established to 

focus on producing recommendations for the key evidence requirements and strategic 

approaches reimbursement agencies /payers need to consider and ensure an effective, safe, 

and cost-effective market access for effective and safe targeted therapies in Europe and 

across. Also, cross-industry forums have been organized on this matter by the Academy of 

Medical Sciences (London, UK)17 and the Institute of Medicine workshop (Washington, DC, 

USA)18 in 2013. 

2.1.4 Enhanced HE-data relevance for decision making and market access  

Different health economic data are relevant to different stakeholders in various stages of the 

development and clinical adoption process of targeted therapies. The research in chapter 4 

shows that a rather broad range of information on new technologies is required in order to 

promote informed coverage and adoption decisions. A determining part in health care decision 

making regards the ever more important cost-effectiveness evidence requested by several HTA 

agencies in Europe and across. However, as these health economics data is still relatively scarce 

for diagnostic testing, third party payers are requesting cost-offsets and budget impact 

information to address affordability issues in various health care systems. The focus on budget 

impact for SM interventions by third party payers has been confirmed by several payer 

researches.19,20 

SM also underscores the need for additional information such as patient and physician 

responses to diagnosis, which are not readily available from clinical trials or administrative data 

sets. Health economist may need to take new accountabilities when using observational 

research methods to perform additional value from utilization data to payers. In general, 

improved medication adherence is an area of common interest among all health care 
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stakeholders. Improvements in adherence to medication regimes may lead to better use of a 

therapy and generating a better expected benefit–risk balance for the stratified patients. Darkow 

et al provided an illustration how adherence data have been utilized to improve imatinib 

(Glivec®) treatment and outcomes resulting in substantial reduction of total health care costs 

for patients.21 This imatinib example illustrated that this can be the case even when treatment 

itself is associated with significant health care expenditure. 

Eventually, findings in chapter 4 indicated that HEOR may increasingly be faced with early 

value assessments of potential SM intervention to inform prioritization of further clinical 

research. In this context, early–stage cost-effectiveness analyses models and value of 

information analyses may be particularly useful in SM. These approaches can help 

manufactures to prioritize investment decisions, including whether or not to combine a test and 

a drug and to generate more evidence. These analyses can project the impact of testing on 

overall efficacy and safety and can also suggest the commercial impact in terms of price, 

reimbursement, and budget impact- as well as the societal benefits.10   

 

2.2 Economic assessments for SM interventions 

The second part of this thesis consists of two case studies in which the potential added value of 

diagnostic testing was examined for two different therapeutic areas. Both of these economic 

evaluations in this thesis are analyses using modelling techniques. In chapter 5 we addressed 

specific modelling issues associated with SM interventions and used depression to scrutinize 

the modelling approach with SM in particular. A SM model was constructed using decision 

analytical techniques to perform a cost-effectiveness analysis for a cohort of depressive patients 

using diagnostic testing in the Dutch health care setting. The analysis outlined the importance 

of addressing input parameters such as test sensitivity and specificity and especially false 

negative and false positive considerations of the diagnostic test. This will require additional 

structural model complexity to establish the link between the test results and the consecutive 

treatment changes and outcomes and lead to a higher degree of uncertainty in economic models 

for SM compared with traditional ones. The findings indicated that to some extent, scenario 

analyses may be more appropriate to address increased level of uncertainties in this case and 

should be used in addition to standard structural sensitivity analyses. 

The study confirms, that CYP450 genotype testing (e.g., cytochrome P450/CYP2D6) in 

depression can aid the decision maker (e.g. GP) in dose adjustment of antidepressant treatments, 

thereby potentially reducing disease management costs. Yet, further research is needed in this 

area to generate high-quality evidence that proves the clinical utility of CYP450 testing22 or 

other appropriate diagnostic tests to predict antidepressant efficacy helpful to make appropriate 

drug selection.  

In chapter 6 we developed an economic framework and a novel cost-effectiveness model in 

fertility that allows for assessing the costs and outcomes of new embryo diagnostics and how 

they influence the average “cost per live birth”. The prototype model (Embryo-Dx) is based on 
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costs and outcomes for the Netherlands and takes into consideration how new technologies 

influence live birth costs as well as cost-savings associated with reducing multiple pregnancies. 

The cost-effectiveness analysis in fertility clearly outlined a potential added value of embryo 

diagnostics to improve treatment effectiveness of various “in- vitro fertilization” (IVF) 

treatment strategies considering value-based pricing aspects of the associated diagnostic 

technology. The findings of this study indicate that the introduction of a validated embryo 

technology may further support a move towards increased single embryo transfer procedures in 

IVF clinical practice and vice versa. As improved diagnostics represent a new frontier in 

fertility and reproductive medicine more high-quality detailed cost-effectiveness studies 

involving new invasive and non-invasive embryo technologies, preferable from a societal 

perspective are recommended for demonstrating the economic value in this area. 

The prototype model (Embryo-Dx) and other upcoming cost-effectiveness analyses in this area 

may also trigger healthcare coverage and reimbursement policies addressing appropriate 

DRG´s and value-based diagnostics for assisted reproductive technologies (ART). 

 

2.3 Economic viability of SM approach from a manufacturers/ investors perspective  

Part III of this thesis considers the economic opportunities and challenges of SM concepts from 

a manufactures/investors perspective. SM holds great promise for creating efficiencies in drug 

development and health care delivery. Development can be streamlined by targeting certain 

genetic mutations or molecular pathways, increasing the probability of demonstrating 

significant beneficial treatment response among targeted patient groups. At the same time, SM 

involves a number of changes in the conventional way of drug development and health care 

delivery which impacts on the economics of developing SM. In addition, SM, almost by 

definition is likely to target a treatment to a smaller set of eligible patients and thus limit the 

market size. In this case, evidenced added value may be captured only in terms of premium 

prices, faster adoption or longer effective patent life to offset the reduction in potential revenues 

from market stratification. The economics of developing SM is significantly different from 

developing an empiric medicine and has triggered ongoing discussions by industry, analysts 

and academia.[23-25] 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. In this context, 

research in chapter 7 highlights on key economic drivers and conditions that favor using a 

stratified approach to create economic viable products and to justify the investment in SM as a 

strategic option. Specifically, a decision tree model was created to address the economic 

attractiveness of different SM development options in a cost-contained healthcare environment. 

For this purpose, a hypothetical business case in the oncology market has been developed 

considering 4 feasible development scenarios. 

The findings of the analysis outlined the effects of decreasing development time and enhancing 

early market penetration as key economic value drivers for SM interventions. A proactive 
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stratified approach can shorten development time and costs if an improved targeted clinical 

profile meet qualifying criteria by FDA/EMA to leverage policy incentive tools such as fast 

track routes, accelerated regulatory approval, and breakthrough therapy etc. This shows that the 

decision to pursue a proactive stratified approach will depend much on the level of prior 

confidence in the predicted biomarker and a clear understanding about high value targets among 

pharmaceutical/diagnostic manufacturer and regulatory bodies. A further result of this analysis 

indicates that the development of stratified therapeutics for a very small sub-population 

(orphan-drug model) is only economic viable if several economic drivers including reduced 

development time and costs together with an accelerated market penetration can be leveraged. 

Offering a better targeted and hence ultimately more cost-effective therapy at reimbursable 

prices will facilitate time to market access and allow increasing market share gains within the 

targeted populations. 

2.3.1 Towards ´smart´ targeting and payer-oriented value propositions for SM 

          interventions 

The appropriate tailoring of highly differentiated patient subgroups determines the possibility 

to reduce development time and requires a strong view about how to stratify the trial population 

in alignment with regulatory bodies. An integrated collaboration between the pharmaceutical 

and diagnostic developers is needed to identify clinically relevant biomarkers and diagnostic 

tools earlier in development process. Oncology and orphan diseases are areas where the science 

has advanced most, and has triggered an increasing number of proactive stratified approaches, 

which are currently under development. However, it is important to recognize that without the 

existence of a predictive biomarker in certain severe disease areas there is no economic rationale 

to pursue a stratified approach. 

 

The findings in chapter 7 suggest performing early opportunity assessments to understand how 

the therapeutic effect of the treatment, the characteristics of the identified patient population, 

and test performance interact and affect economic value. This may facilitate a company´s 

potential to adequately differentiate a compound and strengthen the value proposition of SM 

interventions for pricing and reimbursement authorities. 

 

The analysis of the hypothetical business case in the oncology market in chapter 7 assumed a 

cost-contained reimbursement environment because globally, third party payers are 

increasingly conscious of the total budget impact of high-priced targeted therapies. With the 

prospect of a wave of novel targeted drugs entering markets in the next decade,26 it is very likely 

that more restrictive caps on reimbursable prices for targeted therapies will be put in place in 

many healthcare systems. While Xalkori® and Zerboraf® were able to realize substantial 

reduction of development time, their premium price strategies have induced market access 

delays (e.g. negative HTA recommendations from NICE) in many EU health care systems 

resulting in reduced revenue generation.27 Identifying optimal prices for test-treatment 

combinations reflecting SM value propositions that can lead to “win-win” scenarios for 
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patients, individual payers, and the healthcare system overall will facilitate timely market access 

and uptake.  

 

The conceptual attractiveness of targeting may also reduce development costs if failure rates of 

R&D projects and associated sunk costs can be avoided, especially of late phase clinical trials. 

Hence, on the long-term, a higher % of SM projects into R&D portfolio may enhance overall 

R&D productivity as more promising drug candidates (assets) with better benefit-risk profiles 

will reduce risk and cost of attrition. This should improve a company´s future ROI and may 

further stimulate private sector investments in SM interventions.  

 

2.3.2 Addressing coordination and implementation challenges 

A collaboration approach between drug and diagnostic development is recognized as essential 

for the success of SM. However, such a collaboration raises considerable challenges between 

the involved parties including the timing and alignment of the development strategies of the 

two products, the design of the trial itself as well the regulatory reviews of co-developed 

products. Effective partnering approaches are needed to share risk and reward to realize 

efficiency gains in the R&D process and to ensure incentives for biomarker/diagnostic 

companies, inclusive value sharing. This may evolve new business models with a further focus 

on co-operation between different industry sectors, and with academia including public-private 

partnerships. Alternatively, an integrated approach might be the preferred option if in-house 

diagnostic expertise can be used to align drug and diagnostic development (e.g. Roche). 

 

Our analysis in chapter 7 underscored the importance of effective diffusion of diagnostic 

testing into clinical practices as also shown in other research work.[24,28,29] Driving diagnostic 

testing adoption is critical and associated with ensuring adequate access to the test, maximizing 

physician awareness and demand, to guarantee high quality of testing and optimally enhance 

patient benefits. By providing physicians with clear, concise and specific evidence 

demonstrating the value proposition of a targeted therapy, more physicians will become ‘early 

adopters’. Also, improved long-term patient compliance through diagnostic feedback and 

improved tolerability can further increase market size. Thus, an adequate and focused 

commercialization effort is imperative to properly prepare the market to be receptive to new 

targeted therapy. This may require the development of new capabilities within pharmaceutical 

and diagnostic companies to ensure how diagnostic-based healthcare is delivered to the market.  

Industry alone will be unable to successfully leverage the key economic drivers for SM 

interventions outlined in this research. Adaptive regulatory pathways and creative 

reimbursement models are needed – as discussed in the chapter 2-4 and may enable the 

fulfilment of reduced clinical development times and costs. 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.30 Developing standards in electronic medical records and tissue storage (for 
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example bio-banking) as well as dealing with the privacy and ethical issues on DNA collection 

are key challenges which need to be addressed by various stakeholders and health policy.  

Efforts to overcome these challenges represent an opportunity for industry, patient groups, 

clinicians and regulators to collaborate synergistically to enhance patient outcomes. Because 

the economic challenges and opportunities of SM are intimately linked by many factors both 

internal and external to the development and clinical adoption process unprecedented alignment 

of incentives will be required among all stakeholders to realize the full potential of SM 

interventions.  
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