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            Key Points

                	
                  Co-developing a drug with a diagnostic to create a stratified medicine presents challenges for product developers, regulators, payers and clinicians. With the aim of developing a shared framework and tools for understanding the impact of these challenges, here we present an analysis using data and modelling from case studies in oncology and Alzheimer's disease. Key findings are summarized below.

                
	
                  A prospective stratified development and market-based approach created positive net economic value for the drug developer in all three case studies examined.

                
	
                  A stratification approach following an all-comers trial does not always create value owing to the time delays and increased costs it incurs.

                
	
                  Three key factors from a stratified medicine approach serve as the most crucial determinants of the potential economic value for a developer: the therapeutic effect, predictive biomarker prevalence and the clinical performance of the companion diagnostic.

                
	
                  Relatively small study sizes (< 300 patients) are required to discover predictive biomarkers with similar performance characteristics of the KRAS mutational status (for epidermal growth factor receptor inhibitors) or HER2 gene expression level (for trastuzumab).

                
	
                  Co-developing a stratified medicine presents multiple challenges, including an inherent timing mismatch, because the science underlying the predictive biomarker usually trails that of the therapeutic, and a relatively low economic value is typically associated with the companion diagnostic.

                
	
                  Multiple variable simulations demonstrate that developmental, regulatory and commercial factors are frequently multiplicative rather than additive, resulting in complementary virtuous or spiralling negative cascades of the economic value for the developer of the therapeutic.

                
	
                  This article illustrates how such analyses can aid the coordination of diagnostic and drug development, and the selection of optimal development and commercialization strategies. It also illustrates the interplay of key factors on the economic feasibility of a stratified medicine, which may have important implications for public policy makers.

                


              

Abstract
Co-developing a drug with a diagnostic to create a stratified medicine â€” a therapy that is targeted to a specific patient population on the basis of a clinical characteristic such as a biomarker that predicts treatment response â€” presents challenges for product developers, regulators, payers and physicians. With the aim of developing a shared framework and tools for addressing these challenges, here we present an analysis using data from case studies in oncology and Alzheimer's disease, coupled with integrated computational modelling of clinical outcomes and developer economic value, to quantify the effects of decisions related to key issues such as the design of clinical trials. This illustrates how such analyses can aid the coordination of diagnostic and drug development, and the selection of optimal development and commercialization strategies. It also illustrates the impact of the interplay of these factors on the economic feasibility of stratified medicine, which has important implications for public policy makers.
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                    Figure 1: Oncology case studies.[image: ]


Figure 2: Alzheimer's disease case study.[image: ]


Figure 3: Alternative scenarios for the Alzheimer's disease case study.[image: ]


Figure 4: Alternative scenarios for oncology case studies.[image: ]


Figure 5: Scenario-based analysis of development path and biomarker attributes.[image: ]


Figure 6: Simulations of contrasting futures for stratified medicine.[image: ]
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Glossary
	Stratified medicine
	
                  A therapeutic combined with a companion diagnostic that targets a patient subpopulation for treatment.

                
	Companion diagnostic
	
                  A predictive biomarker that is developed into a regulatory approved and/or a commercially available diagnostic test, and may be included in a drug label.

                
	Predictive biomarker
	
                  A baseline characteristic that categorizes patients by their likelihood of responding to a particular treatment. It may predict a favourable response or an unfavourable response (for example, an adverse event).

                
	
                  KRAS
                
	
                  An oncogene that is implicated in several types of cancer. Patients with mutations in KRAS are likely to be poor responders to EGFR inhibitors such as cetuximab and panitumumab.

                
	Monte Carlo simulation
	
                  A stochastic modelling approach in which values for some variables are independently selected at random from defined distributions. After many iterations, distributions for resulting variables â€” such as the net present value â€” are created.

                
	Net present value
	
                  (NPV). The sum of the discounted cash flow from a multiyear activity. A positive value indicates a value-adding investment.

                
	Expected net present value
	
                  (eNPV). The risk-adjusted net present value accounting for the probability of technical and regulatory success.

                
	HER2
	
                  Also known as ERBB2. HER2 is the target of the monoclonal antibody drug trastuzumab, which is indicated for patients with breast cancer on the basis of tumour HER2 expression status as assessed by companion diagnostics.

                
	Epidermal growth factor receptor
	
                  (EGFR). A member of the human epidermal growth factor receptor family of cell-surface receptor tyrosine kinases. EGFR has an important role in cell growth, proliferation and survival. It is the target of the monoclonal antibody drugs cetuximab and panitumumab.

                
	Time to progression
	
                  An end point of a cancer trial. Defined as the time from randomization to objective tumour progression, not including deaths. Taken from the US Food and Drug Administration Guidance: Clinical Trial Endpoints for the Approval of Cancer Drugs and Biologics, May 2007.

                
	Overall response rate
	
                  Also known as the objective response rate. The proportion of patients with a reduction in tumour size of a predefined amount and for a minimum time period. Taken from the US Food and Drug Administration Guidance: Clinical Trial Endpoints for the Approval of Cancer Drugs and Biologics, May 2007.

                
	Deterministic waterfall analysis
	
                  A multivariable sensitivity exercise in which selected variables are sequentially changed, with the incremental impact of each variable shown as a step from the original case to the final case in which all sensitivity variables have been changed.

                
	ADAS-cog
	
                  The Alzheimer's Disease Assessment Scale-cognitive subscale. Consists of 11 tasks that evaluate memory, language, attention and other cognitive abilities affected by the disease.

                
	Apolipoprotein E
	
                  (APOE). A major component of chylomicron. The APOE4 allele has been associated with a higher risk and increased severity of Alzheimer's disease. APOE3 is the normal allele, and the APOE2 allele may have some protective effects with regard to Alzheimer's disease.

                
	AÎ²42
	
                  The amyloid-Î² protein fragment that is a major component of the plaques that are a characteristic hallmark of Alzheimer's disease.

                
	Magnetic resonance imaging
	
                  A medical imaging technology that uses high magnetic fields and radio frequencies to create images of internal body structures.

                
	Positron emission tomography
	
                  A medical imaging technique that produces three-dimensional images of internal body structures by detecting Î³-rays emitted by a radionucleotide-tagged biologically active molecule. Images can be sequenced to create a time series of moving images. This technique often uses a glucose analogue to measure relative metabolism rates.

                
	Mini-mental state examination
	
                  Also known as the Folstein test, this is a brief questionnaire that is used to assess cognitive impairment.

                
	Probability of technical success
	
                  The likelihood that a candidate product will meet its developer-prescribed efficacy end point and safety criteria.

                
	Probability of regulatory success
	
                  The likelihood that a candidate product will be approved by a regulatory agency, given its technical performance.

                
	Probability of technical and regulatory success
	
                  (PTRS). A probability value calculated by multiplying the probability of regulatory success with the probability of technical success.

                
	Isoquant NPV curve
	
                  A contour line on a two-dimensional chart to show the constant value of a third dimension, in this case the net present value (NPV).

                
	Poly(ADP-ribose) polymerase inhibitors
	
                  Drugs that interfere with poly(ADP-ribose) polymerase, a protein that is involved in DNA repair and apoptosis.

                
	
                  BRCA1
                
	
                  The gene encoding breast cancer type 1 susceptibility protein. BRCA1 and BRCA2 genes are implicated as predictors of breast and ovarian cancer.

                
	Anaplastic lymphoma kinase
	
                  (ALK). Also known as ALK tyrosine kinase receptor or CD246 antigen. Direct mutations in the ALK gene or fusion of the ALK sequence with other genes are implicated in some forms of cancer.

                
	ALKâ€“EML4-positive
	
                  A term used to describe patients who express the anaplastic lymphoma kinase (ALK) gene fused with the echinoderm microtubule-associated protein-like 4 (EML4) gene.

                
	
                  BRAF
                
	
                  A gene that encodes the serine/threonine protein kinase BRAF protein. Inherited mutations in this gene can cause birth defects, whereas spontaneous mutations can cause cancer. The BRAF gene has a role in regulating mitogen-activated protein kinase kinase (MEK).

                
	MEK
	
                  Mitogen-activated protein kinase kinase.

                
	Positive predictive values
	
                  The proportion of patients who test positive who are truly positive.

                
	Probability of success
	
                  The probability that a clinical trial design will detect a therapeutic effect of a given size. Also referred to as the power of the clinical trial design.

                
	SNP
	
                  Single nucleotide polymorphism.
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