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Abstract 

Assessment of added value of stratified medicine (SM) interventions is complex and depends 

on many factors including the performance of the diagnostic test and the utility of the test for 

informing patient management. Modelling studies based on decision analysis is a well-

recognized method used for health technology assessments (HTA’s) of health care interventions 

to analyze the consequences of decisions that are made under uncertainty. In this study, we 

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

scrutinize the modelling approach with SM in particular. The model includes the stratification 

of patients into poor, normal and rapid metabolizers. The analysis outlines 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 requires 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. In case of depression, CYP450 testing will aid the decision maker (e.g. 

GP) in dose adjustment of antidepressant treatments, and in minimizing factors (adverse events 

interactions) that may influence patient’s compliance, thereby potentially reducing disease 

management costs. 
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1. Introduction 

Health care markets are becoming more complex and fragmented owing to the widening range 

of stakeholders involved. Third party payers in public and private health care systems are 

concerned about getting value for their money and demanding increased evidence of 

differentiation and proven value before granting market access of a new therapy. The 

reimbursement environment is becoming increasingly stringent and a range of initiatives are 

being implemented in the major geographical markets to drive down the cost of the drugs. At a 

central (reimbursement authority) level the demand for cost-effectiveness and budgetary impact 

data has been increasing, which already resulted in formal dossier requirements in most 

countries.1  

Stratified Medicine (SM) represents a novel approach to increase pharmaceutical and 

biopharmaceutical research and development (R&D) efficiency and to improve the health 

outcomes of individual patients. Utilizing a stratified approach and identifying groups of 

patients based on certain biologic characteristics or biomarkers has the potential to be more 

efficient and effective while reducing undesirable drug interactions and side effects.2 The link 

between clinical biomarkers and preventive or curative therapies provides new opportunities 

for value creation, offers the potential to change well-established clinical practices for physician 

and to strengthen the value proposition to pricing and reimbursement authorities.3  

 

At the same time, the SM approach is disrupting and confounding many standard models of 

R&D, 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 

technologies. Especially, regulatory and reimbursement processes show  ambiguity about the 

ultimate value of test information and challenges to determine the clinical and economic value 

of more complex stand-alone or companion diagnostics. For instance, 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 cost-

effectiveness without endangering the various health care budgets. In an era of cost containment 

and limited health care resources there is a clear need to consider opportunity cost of decisions 

about which healthcare interventions to use by demonstrating the potential added value a new 

SM technology brings to the healthcare system. However, assessment of the added value of SM 

interventions is complex and depends on many factors including the performance of the 

diagnostics, handling of uncertainties, gaps in the evidence supporting clinical utility and 

quality of medical management. The uptake of SM in healthcare depends much on appropriate 

value assessment methods and the economic viability of such approaches in the healthcare 

settings.    

Health economic research identifies measures and compares the costs and clinical outcomes of 

different treatment strategies. Economic evaluation is widely supporting decision makers in 

health services for allocation of scarce health care resources, and guidelines for evaluations 

have been developed in most Western countries.4 While in practice it is not always possible to 
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derive health economic information from scientifically sound prospective studies, often 

decision-analytic models will be used to provide the necessary cost-effectiveness information 

using various existing data sources (direct and indirect evidence) for clinical and economic 

information. Modelling studies based on decision analysis is a well-recognized method for 

analyzing the consequences of decisions that are made under uncertainty.5  

As decision-making for reimbursement and formulary access of health care interventions is 

often based on health economic data derived from modelling studies, it is vital to address 

specific modelling issues associated with SM interventions. In this paper we use Depression as 

an example to scrutinize the modelling approach with SM in particular.    

 

2. Stratified Medicine and Depression 
 

Stratified Medicine as opposed to empirical medicine is the practice of using biomarkers or 

diagnostic tests to guide the choice of therapeutic treatments. By identifying groups of patients 

who will benefit from treatments SM is a step towards personalized medicine, where the 

treatments will be completely tailored to the individual patient. The SM approach stratifies the 

patient population to responders and non-responders using a predictive diagnostic test and 

hence defines a cohort of patients that shows a differential therapeutic response for a certain 

treatment (e.g. KRAS/EGFR – Vectibix and Erbitux, predictive for efficacy). In other cases, 

SM tests have been developed to allow for a patient stratification based on the optimal dosing 

strategy for each group of patients (e.g. genetic test to determine the variants in individual 

patients used for many classes of drugs including the antidepressants) or as stand-alone tests 

(e.g. Oncotype DX) for diagnostic or prognostic purposes. This stratification of the population 

on the basis of diagnostic testing 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.  

 

Applying SM technology for depression, there is a need to identify characteristics of individuals 

that reliably predict differences in benefits and / or adverse effects of alternative depression 

treatments. These personalizing factors might include socio-demographic characteristics, 

clinical characteristics (such as symptom patterns or comorbidities), and biological markers 

(such as neuroimaging and genetic variation).6 In depression, response to specific treatments 

varies widely among individuals. More than a half of all patients with major depression will 

fail to respond adequately to the first antidepressant they are prescribed.7 Multiple 

antidepressant medications have demonstrated efficacy for treatment of major depressive 

disorder (MDD) and selective serotonin reuptake inhibitors (SSRIs) have become first-line 

treatment in the treatment of depression partly because of their better tolerability and relative 

safety in overdose compared with older tricyclic antidepressants.8 However, at the same time, 

many patients do not reach remission with initial antidepressant treatment, with consequences 

including greater functional dysimpairment, greater likelihood of discontinuing treatment 

prematurely, and substantially increase medical costs associated with more chronic illness. 
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Accurate selection of the best initial treatment or an improved understanding and predicting of 

treatment variations could have great benefits for people living with depression.9  

 

Recent studies haves suggested that common genetic variations are associated with 

antidepressant response and the development of pharmacogenetic predictors and tests of 

treatment response has become an active area of investigation.[10,11] The cytochrome P450 

(CYP450) enzymes –primarily CYP2D6, CYP2C19, and CYP2C9 – are involved in the 

metabolism of all of the SSRIs and several tests are now available to test for CYP450 

polymorphisms. The FDA-approved AmpliChip CYP450 test can detect many CYP2D6 and 

CYP2C19 polymorphisms and predict in the form of “predicted phenotypes” if a patient will 

be a poor, intermediate, extensive or ultra-rapid metabolizer of these two polymorphisms. 

Although CYP450 tests appear to be sensitive (99%) and accurate (100% specificity), there is 

currently a lack of convincing evidence to prove clinical utility for these tests12 emphazing a 

paucity of good-quality data addressing the evidence regarding the association between 

CYP450 genotypes and SSRI metabolisms outcomes. However, research is on-going to 

determine how drug metabolizing enzyme genotyping systems such as the AmpliChip test can 

increase chances of identifying effective and /or more tolerable medications in depression to be 

useful in medical, personal or public health decision making. 

 

3. Health Economic Modelling in Stratified Medicine 
 

According to recent research[13-15] the existing modelling techniques are appropriate and can be 

applied for cost-effectiveness models in SM, given that special issues are taken into 

consideration. The inclusion of sensitivity/specificity and especially false negatives and false 

positives considerations, requires additional structural complexity in order to make the link 

between the test and the medication and the subsequent clinical and economic outcomes. 

Another issue is the paucity of data available to be used to populate an economic model, 

especially for stand-alone tests. Information on treatment patterns, its costs and outcomes, are 

often lacking, especially for false positive and false negative patients. There is a need to identify 

best practices for economic modelling including approaches which address these evidence gaps 

in a manner that is both acceptable to payers and feasible for test manufactures. This means 

also, that extrapolation methods are required in order to extrapolate the short-term 

sensitivity/specificity data to long-term health economic outcomes.  

 

Sensitivity analyses aim at providing information on the degree of uncertainty in economic 

evaluations and it is currently the most widely applied method of dealing with uncertainty in 

economic evaluations.16 Because of the more complex structure, lack of data, and extrapolation, 

the uncertainty level in the SM model is higher than in a comparable model for traditional 

pharmaceuticals. In addition, the accuracy and predictive value of the stand-alone test is often 

based on a small sample size leading to extra uncertainty, thus, extra sensitivity analyses are 

required for sensitivity/specificity and cost of the test. Thus, in SM, there are more gaps in 
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information and the number of possible assumptions increases with the number of parameters 

added which may cause interpretation problems. A practical way to overcome this problem is 

the use of scenarios, in which several factors are set to reflect a specific situation, such as the 

best-case and worst-case scenarios.17 Hence, for the SM approach, scenario analyses may be 

more important than sensitivity analyses, especially when considering test characteristics and 

potential evidence gaps, because these are rather structural model assumptions and issues on 

the quality of the data than the distribution of the variable. Specific scenario analyses in SM, 

which are not relevant in traditional pharmaceuticals, may be required for a range of estimates 

in turn, but it may also be possible to perform a “multi-scenario” analysis, where the effect of 

simultaneous changes in different assumptions is examined on the outcomes of the study.   

 

4. Methods 

 

4.1 Model Description 

A SM model was constructed using decision analytical techniques to perform a 

cost/effectiveness (C/E) analysis for a cohort of depressive patients using diagnostic testing. 

The SM model (Figure 1) is based on a previously described cost-effectiveness study in The 

Netherlands (Nuijten et al 2012)18 which evaluated the cost and the effectiveness of 

escitalopram compared with venlafaxine and citalopram. To illustrate the specific modelling 

issues associated with combining a test element to a specific antidepressant treatment here, the 

C/E model from The Netherlands (“standard C/E study”) is used and applied to the economic 

outcomes of a SM intervention as a relevant treatment choice. The specific antidepressant with 

a testing element is citalopram for purpose of illustration. 

The primary perspective of the standard C/E study was that of the society in The Netherlands 

in 2010. A secondary perspective was that of the health insurance. The data sources (Table 1) 

included published literature, clinical trials, official price/tariff lists and national population 

statistics. A Delphi panel was performed in order to collect data on resource utilization. The 

total time horizon of the model was 6.5 months, which includes the initial acute phase of 

treatment (8 weeks) followed by continuation treatment (18 weeks) after remission. In this 

model, patients initiate antidepressant therapy either with 10 mg escitalopram or 75 mg 

venlafaxine or 20 mg citalopram. During the second month of treatment, an adjustment in 

dosage may be required. Titration to escitalopram 20 mg, venlafaxine 150 mg and citalopram 

40 mg are then proposed. After 8 weeks of treatment, patients may achieve a remission or not. 

After remission, patients are supposed to be maintained under the same medication over the 

remaining 18 weeks and a proportion of the patients will experience a relapse. In case of non-

remission, after 8 weeks a change in therapeutic management is applied, either by switching to 

another medication, stopping prematurely the current medication or raising dosage of the initial 

medication.  Patients may also experience adverse events during the first 8 weeks of initial 

treatment.  
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The effectiveness outcome for the standard C/E model has been defined as quality-adjusted life-

year (QALYs); the economic outcomes were the direct medical costs and costs due to lost 

productivity. Discounting was not applied because the time horizon of the model was shorter 

than 1 year. The costs were incorporated in the model by means of treatment costs of depression 

and treatment costs of adverse events as well as the costs for consultations and laboratory tests. 

Indirect costs due to lost productivity were also included using the Friction method according 

to the Dutch health economic guidelines.  

 

4.2 Model adjustments for stratified medicine 

In this section, only the adjustments for the incorporation of a model for a stratified medicine 

are described; the remainder of the model design is similar. Figure 1 shows the structure of the 

model after the adaptation to stratified medicine. The new model includes 1) the stratification 

of patients into poor, normal and rapid metabolizers, and 2) the diagnostic test with sensitivity 

and specificity. There are various scenarios to use stratified medicine in the treatment 

guidelines, which will be explored using the model (note: to be defined later in this paper).  
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Figure 1: Model for depression after adaptation to stratified medicine. 

 

 

4.3 Treatment pathways based on stratified medicine 

The SM model starts with a diagnostic test for cytochrome P450 (CYP450) in order to assess 

if a patient is a poor metabolizer (PM), a normal metabolizer (NM), or an ultra metabolizer 

(UM) for citalopram. The model starts with the actual distribution of PM, NM and UM 

according to data from the literature. The subsequent structure of the model depends on the 

sensitivity and specificity of the diagnostic test and the treatment based on the outcomes of the 

diagnostic test.  
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The diagnostic test will classify true PM patients in: 

 True positive PM or false negative PM. The assumption is that treatment of a false 

negative PM corresponds with treatment of a NM, and not a UM.  

The diagnostic test will classify true NM patients in: 

 True positive NM or false negative NM. The assumption is that treatment of a false 

negative NM corresponds with either treatment of a PM or treatment of a UM.  

The diagnostic test will classify true UM patients in: 

 True positive UM or false negative UM. The assumption is that treatment of a false 

negative UM corresponds only with treatment of a NM, and not treatment of a PM.  

 

The following treatments are recommended based on the outcomes of the test:  

 PM patients: Use citalopram at half a lower dose. 

 NM patients: Use citalopram antidepressant at normal dose. 

 UM patients: Use citalopram at higher dose. 

 

The interest of the dose adjustment is that lowering dose may lead to lower drug costs with 

similar efficacy in PM, which may be balanced by higher drug costs because of higher dosage 

in UM. The initial lower dosing in PM will lead to lower discontinuation due to adverse events 

leading to a reduction on cost of treatment failure and consequently also a higher effectiveness 

and Quality of life. 

The initial higher dosing in UM will lead to a higher efficacy and a more rapid onset of response 

resulting in a reduction on cost of treatment failure and consequently also a higher effectiveness 

and Quality of life. The UM will have lower probability of discontinuation due to adverse 

events. 

 

4.4 Data sources 

 -  Probabilities  

The probabilities, which drive the difference in the health economic model are the probabilities 

related to efficacy and adverse events (AE). The assumption is that all probabilities (efficacy, 

adverse events) as well as treatment patterns are similar for subsequent line of therapy. As 

registration is based primarily on efficacy, the probabilities related to efficacy, are the most 

important drivers of the health economic model.  

The inclusion of incidence of adverse events is relevant because of the associated costs, the 

associated disutility and the impact on treatment patterns, e.g. switching.  

 

 -  Resource utilization 

The resource utilization in the SM model may be similar to the standard C/E model, except for 

the initial test and its following treatments. In case, when also reduction or increase of AE is 

expected, the resource utilization has been an adjusted based on a difference incidence of AE 

and a corresponding change in costs. 
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 -  Utilities 

The utilities in the SM model may be similar to the standard C/E model. However, when a 

reduction or increase of AE is expected, the related disutilities have been adjusted based on a 

difference incidence of AE and a corresponding change in disutilities. 

 

Table 1: Data for model (source Nuijten et al. 2012) 

Variable†   

Clinical probabilities and utilities Probability Utility 

Remission  35.92% 0.52 

 Relapse (4 months)  16.25% 0.80 

Adverse events 

 

Incidence 

 

Disutility 

diarrhoea 8.80% -0.044 

dry mouth 6.21% -0.085 

ejaculation disorder* 4.4% -0.049 

fatigue 3.30% -0.085 

headache 14.76% -0.115 

impotence 0.82% -0.049 

insomnia 7.25% -0.129 

nausea 12.47% -0.065 

somnolence 3.75% -0.085 
   

Treatment after  

no remission 

  

- stop 11.7% 0.47 

- switch 56.4% 0.52 

- increase dose 31.9% 0.48 
   

Economic data Unit price Dose 

Citalopram  € 0.0380 20 mg 

 
€ 0.0760 40 mg 

Consultation tariff - GP € 22.15  

Consultation tariff – psychiatrist € 96.50  

Hospital per diem  € 274.14  

Indirect costs       € 44.80 (per hour)  

 

4.5 Model assumptions and input 

 - Distribution 

Rau19 provided the following distribution.  

 PM: 29% 

 UM: 7%  

 EM/UM: 64%  
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We consider in this model extensive metabolizers (EMs), and ultra-rapid metabolizers (UMs) 

as one category.  

 

 - Diagnostic test: Price, sensitivity and specificity 

The price of diagnostic test is assumed to be €300. The same study by Rau reports a sensitivity 

and specificity in the range of 94 to 100%. The base case is based on 94%, and sensitivity 

analysis is based on a range from 80 to 100%. 

 - Assumptions 

The patients are stratified in order to predict the subsequent treatment pathway following the 

outcome of a diagnostic test: 

 PM 

 NM 

 UM 

The subsequent treatment pathways following the outcome of a diagnostic test are described 

below, which is based on dose adjustment and its subsequent outcomes, which depend on the 

sensitivity and specificity of the test. 

1) PM: 

 True positive PM:  

o Low dose citalopram is prescribed and therefore there is a lower probability 

(10%) of no response due to discontinuation due to adverse events. 

o Cost of adverse events is excluded.  

o Disutility of adverse events is excluded. 

 False negative PM - (patient is perceived as NM by physician and treated with normal 

dose citalopram):  

o There is a higher probability (10%) of no response due to discontinuation due to 

adverse events. 

o Cost of adverse events is included.  

o Disutility of adverse events is included. 

2) NM: 

 True NM: there is a normal probability of response. 

o Cost of adverse events is included.  

o Disutility of adverse events is included. 

 False NM - (patient is perceived as PM by physician and treated with lower dose 

citalopram):  

o Low dose citalopram: there is a higher probability (10%) of no response due to 

lack of efficacy. 

o Cost of adverse events is excluded.  

o Disutility of adverse events is excluded. 

 False NM - (patient is perceived as UM by physician and treated with high dose 

citalopram):  

o High dose citalopram: there is a higher probability of no response (10%) due to 

discontinuation due to adverse events. 

o Cost of adverse events is included.  

o Disutility of adverse events is included. 
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3) UM: 

 True positive UM:  

o High dose citalopram is prescribed and therefore there is a lower probability of 

no response (10%) due to lack of efficacy. 

o Cost of adverse events is included.  

o Disutility of adverse events is included. 

 

 False negative UM - (patient is perceived as NM by physician and treated with normal 

dose citalopram):  

o There is a higher probability of no response (10%) due to lack of efficacy. 

o Cost of adverse events is excluded.  

o Disutility of adverse events is excluded. 

 

5. Results 
 

5.1 Base case analysis 

The base case analysis indicates that the medical costs for the SM approach over a period 6.5 

months were €878 per patient, including €300 for the test, compared with €627 per patient for 

standard treatment (Table 2). The SM approach reduces the medical costs from €627 to €578, 

but these cost savings do not balance the additional cost of the test (payer perspective). The 

base case analysis shows that the total costs for the standard treatment over a period 6.5 months 

are €19,313 per patient, compared with €18,756 per patient for SM approach (Table 2), which 

leads to cost savings of €557. This means that the additional cost for the test is more than 

balanced, when all costs are included (society perspective). The SM approach resulted in 0.315 

QALYs compared with 0.307 QALYs for standard treatment. Subsequently, the SM approach 

costs €31,772 per QALY gained relative to standard treatment from the payer perspective. The 

SM approach is dominant for the society perspective, which means that the SM approach leads 

to a gain in effectiveness (QALYs) with no additional costs.  

 

Table 2: Results – base case analysis 

 Costs  QALYs ICER  

 Medical 

costs 

Total costs  Medical 

costs 

Total costs 

no SM  €627   €19,313  0.307   

SM  €878   €18,756  0.315   

difference  €251   -€557 0.008 €31,772 SM dominant 

 

5.2 Sensitivity analyses 

The sensitivity of the base-case results to a range of uncertain values of key parameters was 

measured (Table 3). The sensitivity and specificity of the test were varied from 80% to 100%. 

The other input variables of the model were varied plus and minus 20%.  

The sensitivity analyses showed that the model was most sensitive to: test sensitivity, 

improvement in remission resulting from SM, remission for standard treatment, costs due to 

switching (Table 3 and Tornado diagram in Figure 2 from a payers’ perspective). 
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Table 3: Results – sensitivity analysis 

Variable 

 

 

 Diff 

Medical 

costs  

  

Diff 

Total 

costs  

Diff 

 

QALYs 

ICER 

med 

 

ICER 

med 

 

ICER 

total 
 

ICER 

total 

 

     

     

   change vs. 

     base case   
 change vs.     

base case 

sensitivity        

min €249  -€747 0.007 €35,571 12.0% -€106,714 53.3% 

max €252  -€368 0.009 €28,000 11.9% -€40,889 41.3% 

specificity        

min €250  -€544 0.008 €31,250 1.6% -€68,000 2.3% 

max €251  -€572 0.008 €31,375 1.2% -€71,500 2.7% 

frequency PM        

min €257  -€551 0.008 €32,125 1.1% -€68,875 1.1% 

max €245  -€563 0.008 €30,625 3.6% -€70,375 1.1% 

frequency UM         

min €250  -€558 0.008 €32,692 2.9% -€69,890 0.4% 

max - 0.71 €250  -€558 0.008 €32,089 10% -€69,032 0.9% 

relapse         

min €251  -€564 0.008 €30,679 3.4% -€70,500 1.3% 

max €251  -€551 0.008 €33,571 5.7% -€68,875 1.1% 

improvement response       

min €268  €593  -0.002 -€134,000 -521.8% -€296,500 325.9% 

max €234  -€1,707 0.017 €13,765 56.7% -€100,412 44.2% 

disimprovement response       

min €254  -€431 0.006 €42,333 33.2% -€71,833 3.2% 

max €248  -€683 0.009 €27,556 13.3% -€75,889 9.0% 

remission        

min €253  -€392 0.007 €36,143 13.8% -€56,000 19.6% 

max €249  -€721 0.009 €27,667 12.9% -€80,111 15.1% 

switching        

min €252  -€557 0.008 €32,215 1.0% -€69,832 0.3% 

max €251  -€557 0.008 €32,089 1.0% -€69,527 0.1% 

stop        

min €251  -€557 0.008 €35,655 1.2% -€69,625 0.0% 

max €251  -€557 0.009 €27,889 12.2% -€61,889 11.1% 

cost-hospitalization        

min €252  -€556 0.008 €31,500 0.9% -€69,500 0.2% 

max €250  -€558 0.008 €31,250 1.6% -€69,750 0.2% 

cost due to stop        

min €251  -€534 0.008 €32,089 1.2% -€66,750 4.1% 

max €251  -€580 0.008 €31,375 1.2% -€72,500 4.1% 

cost due to switch        

min €252  -€445 0.008 €32,294 0.9% -€55,625 20.1% 

max €249  -€668 0.008 €31,125 1.4% -€83,500 19.9% 

cost due to failure        

min €251  -€566 0.008 €32,170 1.2% -€70,750 1.6% 

max €251  -€548 0.008 €31,375 1.2% -€68,500 1.6% 
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Figure 2: Tornado diagram from payers’ perspective: sensitivity analyses on costs 

 

 

 

 

 

5.3 Scenario analyses 

While a sensitivity analysis is based on the modification of the basic clinical and economic 

estimates of input variables over a plausible range of values to judge the effect on study results 

of alternative assumptions, a scenario analysis is based on the modification of the underlying 

structural assumptions strategies of the model. Therefore we have performed various scenario 

analyses by changing the assumptions of the model. A number of scenarios were developed 

reflecting different approaches to those in the base-case analysis (e.g. different assumptions). 

The results of the scenario analyses are reported in Table 4. These results confirm the results of 

the sensitivity analysis. The improvement in true positive patients has a high impact on the 

outcomes of the model, if we assume that all of the patients are accurately diagnosed as PM, 

NM, or UM and subsequently obtain the appropriate dosing. 

The scenario analyses show that the 1-line drug cost and cost of treatment failure also have a 

high impact on the outcomes of the model. The high impact of drug costs results from the 

continuation of treatment after remission. 

Finally, the cost of the test has high impact on the outcomes, and may be a key driver in the 

decision for a SM program. 
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Table 4: Results – scenario analysis 

Variable 

 

 Diff 

Medical 

costs  

  

Diff 

Total 

costs  

Diff 

 

QALYs 

ICER 

med 

 

ICER 

total 

 

ICER 

med 

 

ICER 

total 

 

      
change vs. 

base case  

change vs. 

base case 

100% response 

in true positive 

patients €132 -€8,992 0.074 €1,784 -€121,514 94.4% 74.5% 

freq PM = 

100% €171 -€677 0.011 €15,545 -€61,545 51.1% 11.6% 

freq NM = 

100% €282 -€526 0.007 €40,286 -€75,143 26.8% 7.9% 

freq UM = 

100% €284 -€525 0.007 €40,571 -€75,000 27.7% 7.7% 

cost-

hospitalization:  

€ 1,000 €203 -€605 0.008 €25,375 -€75,625 20.1% 8.6% 

cost AE: €1000 €110 -€698 0.008 €13,750 -€87,250 56.7% 25.3% 

drug costs 

€20,000/year €1,760 €952 0.008 €220,000 €119,000 592.4% 270.9% 

cost failure: 10 

times higher* €163 -€645 0.008 €20,375 -€80,625 35.9% 15.8% 

cost failure: 

100 times 

higher* -€719 -€1,527 0.008 -€89,875 -€190,875 382.9% 174.1% 

cost failure : 

1,000 times 

higher* -€9,540 -€10,348 0.008 -€1,192,500 -€1,293,500 3853.3% 1757.8% 

Test: € 1,000 €751 -€57 0.008 €93,875 -€7,125 195.5% 89.8% 

* treatment failure including stop and switch of 1-line treatment.  

 

 

6. Discussion 
 

The assessment of the added value of SM interventions is complex and depends on many factors 

including the performance of the diagnostic test, handling of uncertainties and gaps in the 

evidence supporting clinical utility. In this paper we used depression as an example to scrutinize 

the modelling approach with SM in particular. The results show that the SM approach reduces 

the medical costs, although these cost savings do not balance the additional cost of the test 

considering a payer perspective. However, there is a cost saving, when the indirect costs are 

included. The SM approach costs €31,772 per QALY gained relative to standard treatment from 

the payer perspective. The SM approach is dominant compared with standard treatment from 

the society perspective. 

 

From a methodological point of view, the societal perspective may be preferred over the 

national third party payer perspective, especially for SM, which requires a more holistic and 

long-term approach than for traditional pharmaceuticals in order to realize the full clinical and 

health economic benefits of SM interventions. Because of silo mentality in many health care 

systems, national authorities may need to develop a central financial system specifically applied 

for SM interventions. However, as long the current reimbursement systems do not capture this 
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holistic approach for SM, the payer perspective may be more relevant at this moment. Although 

a cost per QALY of €31,772 is within the range of between €20,000 and €80,000 per QALY, 

as used in The Netherlands, payers may consider it too high, especially when considering the 

budget impact of the additional test. The annual incidence in men is 5/1,000 in women 8/1,000, 

which leads to average incidence of 7.5/1000 20. In The Netherlands (16.77 million people) this 

corresponds with 125,775 patients with episode of depression leading to extra cost of €37.7 

million for the test. This means, as long as there is silo mentality in the system, the budget 

impact consequences for the test will substantially slow down the implementation of SM.  

 

The correct reporting of sensitivity/specificity and especially false negative and false positive 

considerations of the diagnostic test requires additional scenario and structural sensitivity 

analyses to establish the relationship between test result and the consequent treatment changes 

and outcomes. These considerations lead to higher degree of uncertainty in health economic 

models for SM compared with traditional ones. To some extent, these problems can be 

overcome by performing scenario analysis based on the modification of the underlying 

assumptions or data sources of the model. The scenario analysis for our example showed that 

cost of treatment failure is an important driver for cost-effective use of SM. Other key variables 

are sensitivity of the test, cost of the test, and clinical improvement resulting from appropriate 

diagnosis by the test. In addition, the scenario analysis confirms the results of the sensitivity 

analysis. Perlis et al. (2009) performed a cost-utility study based on data from the Sequenced 

Treatment Alternatives to Relieve Depression (STAR*D) trial. Costs and QALYs were 

compared for sequential antidepressant trials, with and without guidance from a 

pharmacogenetic test (5-HT2A polymorphism) for differential response to SSRIs. This US 

study found an incremental effectiveness ratio (ICER) of $US93,500  per QALY gained (with 

test cost of $500) and outlined that the cost of the test itself as well as the test performance 

(sensitivity/specificity) had a large effect on cost-effectiveness.21 This study confirms our 

findings that the use of SM in depression may be questioned from a health economic 

perspective, as the ICERs are quite high. 

 

Some guidelines recommend the use of probabilistic sensitivity analysis (PSA). This type of 

sensitivity analysis is characterized by the use of probability distribution for the included 

parameters, as an alternative for a predetermined uncertainty range. The results of a PSA are 

presented in a cost-effectiveness acceptability curve. However, the results of a PSA should be 

considered with more prudence in the SM case than with traditional pharmaceuticals, because 

there is more uncertainty which can’t be quantified into a distribution. Gaps in information and 

subsequent assumptions cannot be captured by a statistical distribution and therefore this type 

of uncertainty cannot be included in a PSA. As a consequence, the PSA would underestimate 

the true uncertainty. Therefore, mainly scenario analyses in addition to the standard one-way 

sensitivity analyses were used in order to test the structural uncertainty resulting from the 

inclusion of SM elements in the model. Furthermore, it could be argued, that PSA analyses may 

not be relevant for decision makers with budget responsibility. 
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The SM model described here for depression to scrutinize the modelling approach with SM has 

certain limitations. The current SM model is based on one type pharmacogenetic (PG) test (e.g. 

cytochrome P450 / CYP2D6) in order to avoid unnecessary complexity to illustrate the main 

issues in health economic modelling in SM. Future PG tests for antidepressant response will 

almost certainly incorporate multiple markers drawn from genome-wide associated studies, but 

the basic principle of our model can be applied regardless of the type or scale, or number of the 

genetic tests.   

 

 

7. Conclusion 

 

Existing modelling techniques are appropriate and can be applied for C/E model in SM given 

that specific issues are taken into considerations. These issues comprise considerations on the 

study perspective, uncertainties related to evidence gaps of diagnostic testing, appropriate 

modelling structure and the scope of sensitivity analyses. The inclusion of sensitivity/specificity 

and especially false negatives and false positives of test results requires additional structural 

complexity in order to make the link between the test and the medication. 

 

In case of depression, the lack of biomarkers or clinically validated diagnostic tests makes it 

difficult for the decision maker to predict antidepressant efficacy and to make appropriate drug 

selection. However, the availability of genotyping tests concerning genetic control of drug 

metabolism and associated toxicity will aid the decision maker (e.g. GP) in selection of a safe 

antidepressant for a patient, and in minimizing factors that may influence patient’s 

compliance.22 Hence, the main impact of CYP450 testing is likely to be in reducing the time to 

find the optimal SSRI (dose optimization) based on genetic information, thereby potentially 

reducing disease management costs.     
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