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0. Executive Summary

Context

¢ KS &-davéhPhediatric European Digital RepositddDt | 95 L Dw9 90 é LINR 2SO0 @I f
maturity patientspecific computebased predictive models of various paediatric diseases. This deliverable
reportson final work relatingi 2 ¢ a1 M@0 da SFBEFRN2 TFT2N) Ot AyAOl £ )
GOELX 2A01FGA2YyS 1¢!S yR aSRAOFt 5SOA0OS [/ 2y F2NNAIGE
others on cardiac disease modelling, here particularly cardiomyopathy ingludheart failure.
Cardiomyopathy is a summary term for a set of chronic and often progressive diseases in which the heart
muscle (myocardium) is abnormally enlarged, thickened and/or stiffened

The overall goal of the tasks in WP 19 Exploitation, HTAMdlical Device Conformity was to contribute
from a socieeconomic perspective towards making VPH models and clinical decision support tools readily
available both to researchers for further development and to health professionals as decision suppert at th
point of care.

Objectives
Given this overall context, these specific objectimespursued:
U Apply the generic benefitost scenario for clinical impact assessment developed

U Review, adapt and validate the clinical pathway model for three disease statelsl, moderate and
severe cardiomyopathy

U Relate thediseasestates and pathways developed to statggo clinical interventions and their
respective costs per year of treatment

U Estimate from real data the respective transition and absorption state prdbebilfor a cohort of
patients moving over gen-yearcycle through different states of cardiomyopathy

i Populate the Markov Chain analysis tool with concrete cost data and outcome estimates from the
hospital as well as from the literature

U Similarly, based ro expert estimates, analyse the impact of MD Paedigree decision support tools on
pathways, treatment decisions and accordingly adjusted transition and absorptionpstaiabilitiesas
well as costs

i Estimate and compare benefits (cost saved; QoL improvedween statusjuo clinical care and
healthcare supported by MD Paedigree tools

Methods

As a first step, to identify core elements, structures and actors on which data had to be collected, an
explorative scenario approadb applied. Given thextreme caplexity of (national) health systems, the
number of actors involved in even relatively simple healthcare delivery processes, the political sensitivity of
any healthrelated policy issue, and the mix of powerful stakeholder groups lobbying in this fieldarso
analysis was preferred to other more formalised methods of analysis.
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Next, to prepare for the concrete healtechnologyimpact assessment of MD Paedigree tools, a decision
analytic modelling proceds used. To reduce the overall complexity of tiaily reality in a hospital when
treating cardiomyopathy children, an operational clinical pathway masldieveloped. This themill be
applied to estimate potential benefits from the new technology, i.e. the incremental health gains expected
from the newdecisionsupport tools which MD Paedigree is developing, as well as changes in costs related
to the new process. A mathematical probabilistic model, Markov process analysis, was chosen to integrate
all of these data. This reflects reality in healthcaeevie provision, where outcomes of a decision are
dependent on earlier events, and where there are usually several possible outcomes, not only two (like the
toss of a con versus of a dice). Such processes in which the outcome of an event is deperfteputcrome

of the previous event or process step are commamgwnas Markov processes or chains.

Results

In the operational process model for treating cardiomyopathy, in line with clinical practice, three disease
states a child may be in when entering thespitalareidentified:

U mild cardiomyopathy/heart failure
U moderate cardiomyopathy/heart failure
U severe cardiomyopathy/heart failure

On average about 60% of children being presented for an initial diagnosis are classified into the mild heart
failure state 20% to the intermediate state, and roughly 20% to the severe state.

The threetransitionstates had to be complemented by two absorption states:
i Mechanical cardiac support/transplant
0 Death

Because the presently available MD Paedigree decision supmulg tlo not provide information for the
treatment of mechanical cardiac support/transplant patients, this statiefined as an absorption state.

The cardiomyopathyclinical pathway modeis then translated into a Markeehain model for estimating
health technology) impact. Estimates of the present costs of the three clinicapatitways for a given
cohort of childrenwill be collected: the costs of the diagnostic and treatment interventions per typical
patient, and the percentage number of patients inchaarm. Furthermore, estimates of the transition
probabilities of a patient moving from one state to anotlaee obtained.

Clinical data indicated that on average a child is 8 years old when being presented for the first time for
diagnosis and treatment.@g8ause these patients will need clinical attention for the rest of thegs it is
assumed that on average patients stay within the paediatric hospital treatment system for 10 years, till the
age of 18. This thendesto 10 (annual) analysis cycles.

Based on all these data, the overall treatment costs for a cohort of 100 patients overyetgrcycleare
estimated.

The same analysis procasspplied for a cohort of patients entering a new MD Paedigseported care
pathway. Based on clinical expssdi improvements are to be expected with respect to:
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U Improved risk stratification of patients
U Better Diagnostic decisions and predicting the progression of the disease
U Better therapeutic decisions.

Thesearetranslated into estimates of slightly changedrtsition probabilities, e.g. minor reduction in the
probability of a mild HF child moving to the moderate subset of patients. And it is anticipated that fewer
interventionsc resulting in lower treatment costswill result.

Finally, to obtain a firstough assessment of the overall impact to be expected, the results for the present
standardof-care pathway and the new MPaedigreesupported care pathwagre compared. The resource

savings to be expecteare calculated by comparing the overall costs éaich pathway for 100 patients per

cycle over ten years. When on average 100 new patients are presented at the hospital every year, and when
these patients ee, on average, being treated for a period of ten yweadhen the hospital is facedithr an

annual ardiomyopathy patient population of almost 1,000 children. For such a scenario, the savings are
SadAYIFIGSR G Ffy2ad € odp YAfftA2yd [/ 2YLI NRAYy3I (GKS.
FfY2ad € mdpIp YAf{ A 2fcsuls TheNdldwirDtdble@dyhariselhede NBullsy R My

Estimates of benefits from resource savings

/234G Ay € oaidldsS 02:
Severe Cost for 100
Mild HF | Moderate HE Sum patients over
HF 10 years

Sums
Present St 8,080 47,213 139,553 | 194,846 | 19,484,619
of Care
Sums MD
Paedigree | 5,978 31,939 122,396 | 160,312 | 16,031,247
Tool based
D
|ffe.rence 2,103 15,274 17,157 | 34,534 3,453,372
(Savings)

The new pathway is expected to positively impact also on the prevalence of the sevéniydidease states

of patients. To take these benefits equally into account, the intangible benefits related to improvements in
the quality of life of patients respectively death avoide also assessed in monetary terms. Three major
impactsare consideed:

1 Changed prevalence of moderate HF

1 Changed prevalence of severe HF
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 Deaths avoided

Improvements in the quality of life are commonly measured in qualdjsted life years (QALYS). To
measure them, one multiplies the utility value associated with argatate of health by the years lived in
that state. Itisassumed that moving from the moderate to mild HF state can be measured by a utility value
of 0.2, and from the severe to moderate state by a value of 0.5. For the valustaifsdicallife year(VSL) an

' Y2dzy i 2 FappliednZnnn

Combiningthe values of positive changes in years spent in a given health or disease state respectively the
years of death avoided with these estimates for QALYs and VSLs, and remembering that overall the
calculationsare based on a cohort of 100 patients per year or around 1,000 patients overall under treatment
at any point in time, then these estimates can be combined into a single value for the ineahgiefits.

The following tablssummariseshese results:

Estimates of intangible benefits from reduced prevalence of moderate and severe HF as well as from
deaths avoided

Savings
in I?fe Sum - of Total
.| For 100| Utility QALYs for
years in _ Value
patients, | value for | all
that . . (per full
state over 10| improved | patients VI Y
State ears ALY under S
(Markov | ¥ Q 50k)
. treatment
analysis)
Moderate
HE 0.630 63.047 | 0.2 12.61 630,474
Severe HF | 0.150 14974 | 0.5 7.49 374,360
Death 0.182 18.185 |1 18.18 909,243
Sum 38.28 1,914,077

This leads to a further benefit estimate, albeitiotangible benefits accruing mostly to the children and their
LI NByidaszs 2F fyz2ald € H YAffA2Yy D

Discussion

The monetary benefits estimated result from freed;deployable resources, not from direct cash savings for
the hospital. Another aspect is that thedsts applied in the estimates are based on average costs, not on
marginal onesNeverthelessthe benefits expected are large enough to surely justify the effamnbt to
mention the substantial intangible benefits for children and their parents.

Howeve, an adequate interpretation of the benefits estimated will very much depend on the concrete
context of a given hospital, its relationships and contracts with health insurances and patients in a Bismarck
system, or in a national health system on its fungdimechanisms, as well as on the overall regulatory
environment, the role and power of its owners and stakeholders, and otheiors On the one hand,
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deployed for other activities by hospitals and other providers. In this case, the real benefits may become
allocated not to hospitals which would lose income, but to tax payers respectively those employers and
employees who have to pay for health and isbcare insurance in the end.

On the other hand, hospital management may decide that the liberated resources, particularly bed days,
should be allocated to new activities responding to demand so far not yet met, or to new demand created
by new offerings Wwich become possible based on the redeployable resources.

No empirical evidence, not even theoretical discussions on such policy issues have been published, but one
may expect that in reality a mixed result may occur.

Further research should feed the almexplored analytical models with more robust data from concrete
pilot applications in sermoutine clinical practice as well as from extended clinical trials, thereby ultimately
illustrating how the transformation of MD Paedigree {momputational modelhig and VPH simulation
technologies into clinical decision support tools will supplement and improve the current management of
specific diseases targeted by MHaedigree. The goaif this clinical and socieconomic assessment
perspective is to support thiesting of clinical application scenarios and deliver empirical evidence for health
system actors and decision makers, for exploitation planning and business modelling.
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1. Nature of the Deliverable

This deliverable reports ofinal work relating to¢ I &1 ™ ¢ ®-cost &cendn6 Sof &lifical impact

& &S aaYSy iexplogafion2HTA, andMedical Device Conforéofithe MD-Paedigree Project, and

it also relates to work undertaken in WPs 2, 8 and oth&ise tkenefit-cost scenario for clinical impact
assessmentas developed in D 19.4) épplied, withthe ultimate goal to generate economic and market
evidence for true translamnal medicine. The beneftost scenariois tested and initially validated with
preliminary, exploratory dataerived from patient data files and presently implemented workflows as well
as, for comparative purposes, froestimatesexploring the futurepatient-centredworkflowswhichwill be

based on the digital repository as well as the MD Paedigree clinical decision support tools and its
infostructure.

This deliverable also contributes 1S4 dFinal Data Collection and Prototypes, Clini¢alidation, and
Deploymentb €

13
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2. Background, goal and objective

This introductory chapter briefly explores the overriding goal of the work to be presented, and states
concrete objectives of the task performed.

2.1. Background and goal

The overall goal of the tasks in WP 19 &ixafion, HTA, and Medical Device Conformity is to contribute from

a socieeconomic and commercial perspective towards making VPH models and simulations readily available
both to researchers and to health professionals as decision support at the poirstred dhis involves
preparing an appropriate analytical evaluation framework and undertaking groundwaork for exploring market
access, including meeting regulatory requirements of medical products. This also includes exploring business
opportunities.

Here, we are concerned withlealth Technology Assessment (HTjichis a multidisciplinary field of policy
analysis that examines the medical, economic, social, and ethical implications of the incremental value,
diffusion, and use of a medical technology irahlecare2 As VPH technologies usually mot constitute an
incremental, often marginal improvement of health technologies, but rather a leap forward towards more
predictive, personalized, integrative, and efficient healthcare provision, a critical ieflectf HTA
approaches was undertaken in D 19.1. It included reviewing and developing -fo&Bdd evaluation
approach and meaningful indicator development.

D 19.4 then contributed a higlevel, generic benefitost scenaridor clinical impact assessmernicluding
a detailed analysis dhe disease types of cardiomyopathy/heart faillaed presently available treatment
options An initial clinical pathway modelas developedor the identified diseasestages andpreliminary
cost daa and outcome estimas collected.

To render this deliverable a staradione documentsome principles andapproachesdescribed in earlier
deliverableswill be succinctly summarised to allow for easier grasp of the work to be reported.

2.2. Objectives

For the third task and thideliverableg to be seen in the overall context of the goal and objectives of the MD
Paedigree project, these specific objectives were pursued:

U Apply the generic benefitost scenario for clinical impact assessment developed
U Review, adapt and validate tratinical pathway model for three disease statesild, moderate and
severe cardiomyopathy

1 Hunter, P. et al. (2012), A Vision and Strategy for the VPH: 2012 update. Theme issue "The virtual physiological huatare integ
approaches to computational biomedicine", Interface Focus (Royal Society), 06 April 20b3 BdNumber 2. 1Rainer Thiel, Karl

A. Stroetmann, Veli N. Stroetmann and Marco Vicec(QD9) Designing a SocBconomic Assessment Method for Integrative
Biomedical Research: The Osteoporotic Virtual Physiological Human Project. In: StudiekhiiTétshnology and Informatics,
Volume 150: Medical Informatics in a United and Healthy Eurdfreceedings of MIE 2008msterdam: IOS Press, 2009, pp. 876

883.

2Neumann, P. J., Drummond, M. F., Jénsson, B., Luce, B. R., Schwartz, J. S., SeBaliveh, S. D. (201®re Key Principles for
improved health technology assessment supported and used by health technology assessment organizations?. Internatidnal journa
of technology assessment in health care, 26(1),0dummond, M. F., Schwart?, S., Jénsson, B., Luce, B. R., Neumann, P. J., Siebert,
U., & Sullivan, S. D. (2008). Key principles for the improved conduct of health technology assessments for resource allocatio
decisions. International journal of technology assessment in heaith 24(03), 244258. Philips, Z., Bojke, L., Sculpher, M., Claxton,

K., & Golder, S. (2006). Good practice guidelines for deesialytic modelling in health technology assessment.
Pharmacoeconomics, 24(4), 3831.

14
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U Relate thediseasestates and pathways developed to statggo clinical interventions and their
respective costs per year of treatment

U Estimate from real data the spective transition and absorption state probabilities for a cohort of
patients moving over gen-yearcycle through different states of cardiomyopathy

U Populate the Markov Chain analysis tool with concrete cost data and outcome estimates from the
hospitalas well as from the literature

0 Similarly, based on expert estimates, analyse the impact of MD Paedigree decision support tools on
pathways, treatment decisions and accordingly adjusted transition and absorptiongstaiabilities
as well as costs

U Estimateand compare benefits (cost saved; QoL improved) between staiasclinical care and
healthcare supported by MD Paedigree tools

This then provides us with high-level assessment of the benefits and costs to be expected from the
application of the modelgleveloped respectively undelevelopment for this disease once they are indeed
ready for clinical usage.

15
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3. Clinical context and VPH background

This chapter briefly explores the types afdiomyopathy diseases attideir treatment optionsi K S & + A NJIi d:
physological human- £t | £ @i \iihict2 MID Paedigree builds, and tidea 2 FD8vien Paediatric
European Digital RepositoryViD-t ! 9 5 L Rpp@&kapplied here which has as its core goalvalidate

and bring to maturity patienspecific computeibased prelictive models of various paediatric diseases

3.1. Cardiomyopathy diseases and treatment options

What follows is mostly concerned with and develops on one of the disease domains of MD Paedigree,
Cardiomyopathy(CMP), includingdeart Failurg HF)in children® Cardiomyopathy is a rare liftreatening
disease leading to chronic carehative therapy, or even to mechanical support (artificial heart), heart
transplantation or deathCardiomyopathyis a summary term for a set of chronic and often progressive
diseases in which the heart muscle (myocardium) is abnormally enlarged, thickened and/or stiffened. The
condition typically begins in the walls of the heart's lower chambers (ventricles), and in more severe cases
also affects the walls of the upper chambersi&. The actual muscle cells as well as the surrounding tissues
of the heart become damaged. Eventually, the weakened heart loses the ability to pump blood effectively
and various types of severity of heart failure, or also irregular heartbeats (arrltigghmay occurigurel
illustrates the many varieties commonly identified in cardiology for this set of diseases.

FIGURE 1: TYPES OF HEART FAILURE AND CARDIOMYOPATHY IN CHILDREN

Congenital
Heart
Fabry disease, g
Endocrine Hemochromatosis, Diseases
Pompe
Ischemic Amyloidosis /
Secondary
CMP e
Autoimmune
Neuromuscular Mitochondrial
disease myopathies
Hypereosinophilic ARVC
syndrome HCM
others
Primary
RCM
CMP
LVNC
Familial Idiopathic
Prima ry Stress- DCM DCM
a provoked
Arrhythmogenic vaUII'ed (Tako-
C M P Tsubo)

Inflammatory others

3[9] http://www.childrenscardiomyopéhy.org/site/description.php.
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Source: Franziska Dew, DHZB, 2017

Unfortunately, there is no current cure or treatment that can return the heart to normal or guarantee long
term survival. If detected in the earlier stages, cardiomyopathy magobeetimes weltontrolled with long

term drug therapy and perhaps placement of a pacemaker/defibrillatoiThis may allow the children
concerned an almost normal life for a long perfddowever, at stable conditions it is very difficult to predict
which outcome a specific patient will have.

On the other hand, if th disease is diagnosed at an advanced stagesevere deterioration occuyreritically

ill patients may require immediate lifesaving measures such as placement of a breathing tube (mechanical
ventilator) and administration of medications intravenouslyingorove blood pressure and heart function.
Once the patient has stabilized, therapy involving oral medication, implantable devices, surgery or heart
transplantation will be considered.

3.2. VPH background

TheMD PaedigreéIN2 2 SO0 0 dzA f R& sidbdrayl huindaS t & £ A Bihidigew B ghe
It 2601 f At Kea%hezon&pt biMRiBUS Physiotbgical Human (V&) sophisticated computer
modelling tool in healthcare is one of the foci of European Union eHealth research séipport.

Fa more thanfifty years by now computational modelsf the heart andlater blood vesselbave been
developed to better understand and modelthe functioning (anatomy, electrophysiology,
biomechanis/heart motion haemodynamic conditiofislood flow) of the cardiovascular systeth- see
Figure2.

FIGURE 2 THE HEART MODELLING PIPELINE

Anatomy Electrophysiology Biomechanics Circulation
Model patient anatomy and Fast model of cardiac Fast FEM of tissue biomechanics Compute blood flow and
tissue structure (geometry, scar, electrophysiology boundary conditions
fibers...) o e

034
o
028

4lbidem

5Fenner, J. W., et g2008). The EuroPhysiome, STEP and a roadmap for the virtual physiological human. Philosophical Transactions
of the Royal Society of London A: Mathematical, Physical and Engineering ScietE78), 2972999.

6 James B. Bassingthwaighte. The Physiome Project: The Macroethics of Engineering toward&/B2aitEngineering Ethics (Fall
2002).KAJIYA FUMIHIKO. Cardiovascular Physiome, Proceedings of the Symposium on Biological anda®isrsiihegiring, VOL.

18; 149152 (2003

7 Peter Hunteret al. A vision and strategy for the virtual physiological human in 2010 and beydlas Ptans A Math Phys Eng .Sci
2010 Jun 13368(1920):2596614

8 https://ec.europa.eu/digitalsinglemarket/en/virtual-physiologicahuman http://www.vph-institute.org/

9 Denis Nobel. The Music of Lfdiology Beyond Ges. Oxford University Press, 2006

10KIM, H. J., et aPatientspecific modeling of blood flow and pressure in human coronary arteries. Annals of biomedical engineering,
2010, 38. Jg., Nr. 10, S. 313#09.
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Source: Tobias Heimann, Siemens Healthineers, 2017

Such models are by now equally employed to model and better understavide range of cardiovascular
diseasegcf. Figure3),}* andthey arealsoused fordevice desigi?In order to enable and facilitate predictive,
personalisedalso termedorecisior) medicine®*!* sophisticated simulation mode#lowing for

FIGURE 3 OBJECTIVES IN CARDIAC MODELLING

Comprehensive Determine

multi-scale cardiovascular risk
simulation of the factors and their

whole heart interrelation

Understand
pathologies and
their effect on heart
function

Source: Tobias Heimann, Siemens Healthineers, 2017

the input of patient specific dates needed. Such computational tools megmbineand integrate input and
results fromclinical radiology, imag@rocessing, finitelementand fluiddynamics analysefs some results
reported in the literature indicate, it is to be expected that the resulting clinical decsipport(CDS)ools
will facilitatethe development of novel intervaions and treatments®

Such personalisetleatment approaches are particularly relevant in the contexpaédiatricheart diseass
Other thanadults with acquired diseasedjitdrenwho wereborn with cardiovascular defectdten showa
wide range of dierent anatomies and conditionghich are sometimes unique andery complex® In
addition, as thenumber of medical coronarydevices availabléncreases the selection of an optimal

11 Charles ATaylor C Alberto Figueroa. Patienspecific Modeling of Cardiovascular Mechanics. AhfRewe of Biomedcal
Engneering,2009;11:10934

12 SjlviaSchievano et al. Firgti-man implantation of a novel percutaneous valve: A new approach to medical device development.
Eurolnterventon: burnal of EuroPCR in collaboration with the Working Graujnterventional Cardiology of the European Society

of Cardiology2010, 5 (6), 74550

13 Alla Katsnelson.Momentum grows to make ‘personalized’ medicine more ‘precise’. Nature Medicine 19,249(2013)
doi:10.1038/nm0313249

14 Francis SCollinsHaroldVarmus. A new initiative on precision medicineeWEnghnd Journal ofMedicine2015;372(9):7985

15 Zahra Keshavaidotamed, J. Garcia,L. Kadem. Mathematical, numerical and experimental study in the human aorta with
coexisting models of bicuspid aortic stersoand coarctation of the aorta. In: Engineering in Medicine and Biology Society, EMBC,
2011 Annual International Confaree of the IEEE. 2011. p. £82

16 A, L. Marsden, J. A. Feinstelmmputational modeling and engineering in pediatric and congenitat ldésease. Cuent Opinion

in Pediatics 2015;27(5)587.
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treatment is not always straightforwardt seems highly likely that thevailability of VPHbased CD®ols
will greatly improve clinical decision making and thereby the treatment of such children

However,as also the experience of the MD Paedigree project has shivamslation ofVPHtechnologies
into clinical practice remas a major challenge fdroth the clinical and the modellingbmmunity’ Whatis

still direly missingare lager clinical studies whichalidate suchin-silico modelsn comprehensiveclinical
trials. Sometimesmodelling in congenital heart diseaiestil more of an art than a sciené&This will only
change if comprehensive, longrm funding becomes available. As a consequence of this state of affairs
the use of patientspecific models is still far frogonstitutingan establishedtandard of care

3.3. MD Paedgree approach

¢ KS &-dvéhPaediatric European Digital RepositadDt | 95 L Dw9 9 ¢ LINRP2SOG QI f A
maturity patientspecific computebased predictive models of various paediatric dised$ds the
cardiology domainit built upon and furtheradvancedmodels developed ithe earlierHealth-e-Child and
Sime-Child projects and extenéd them to cardiomyopathies. The objectiveas to capture the main
features of the cardiovascular system, including the heart, arteries and peripbiecalation, to predict
cardiomyopathy progression and plan therapies like heart transplant and ventricular assist devices.
Investigative data provided by imagirgpod pressure monitoringand various otheclinical observations

were used to build thee models and to validate them, by comparing model prediction with actual outcome.
By merging all scattered information obtained from different diagnostic tools in clinical practice, and
obtaining a generative model of heart function in childrémese modds will eventuallyprovide decision
support for clincians at the point of car®. They can be accessed and used through an innovative
infostructure integrating multimodgbaediatrichealth data.

Particularly m paediatric cardiovascular diseaseich modding of disease stage and progression is of great
benefit. Redicting how patients will respond to treatments, which treatments to, @& when to treat can

be difficult todecidedue to small patient numbers and limited outcome data. When childnerpresented
with cardiomyopathy or new onset heart failure, there aiia principle- five possible outcome$:

full recovery,

dilated cardiomyopathy (DCM) requiring drug therapy,

DCM requiring transplantation or mechanical support,

another diagnosis (otheiorms of cardiomyopathy, metabolic disease), or
death??

(ol el e B e B

17 Miguel S. Vieira et al. Patiespecific imagéased computational modeling in congenital heart disease: a clinician perspective.
Journal of Cardiology and Therapy 2.6 (2015):-438.

18G. GianakoulasK. DimopoulosX. Y Xu Modelling in Congenital Heartd@ase. Art o&ience? Inérnationallournal ofCardiobgy,
2009;133(2):14¢4.

19 http://www.md -paedigree.eu/about/

20Hunter, P. et al(2012), A Vision and Strategy for the VPH: 2012 updédteme issue "The virtual physiological human: integrative
approaches to computational biomedicine", Interface Focus (Royal Society), 06 April 2013, Volume 3 Number 2. 1.

21 Towbin, Jeffrey A., et al. "Incidence, causes, and outcomes of dilated cardiathyap childrer: Jama 296.15 (2006): 188876

22 http://www.md -paedigree.eu/cardiomyopathies/
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At presentationof the child however, it is very difficult to predict which group any patient will end up in.
Data suggests that good systolic function and younger age are good prognostic irsdfoatsurvivat? but
better prognosticators are necessary.

It is here vihere the major impact of MD Paedigree modelling is expected. The main issue for modelling of
patients suffering from cardiomyopathy regards both the understanding of the complex ititerac
between heart size, geometry and shape, cardiac workload, heart rate and heart pump function as well as
the ability to provide better insight into prognosis and impact of treatment on cardiomyopathies.

As a base for the assessment to follow, comprediee data on the disease types of paediatric
cardiomyopathy/heart failure, treatment options, incidence and prevalence, prognoses for different
outcomes to be expected were collected. Based on this knowledge, a detailed clinical pathway model was
developeal and validated against the clinical workflowtlire paediatriccare hospitals participating.

23 Andrews, Rachel E. et Blritish Congenital Cardiac Associatidew-onset heart failure due to heart muscle disease in childhood:
a prospective study in thenited Kingdom and Irelan@irculation, 2008; 117(1): 74
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4. Health Technology Assessment app roach to MD Paedigree models

The goal obur impact assessment is to develop and estimate a-égkl generic benefitost scendo for
exploring the potential clinical (and soekd@onomic) impact of exemplary MBaedigree applicatian

Analysing the socieconomic and commercial perspectives of research outcomes has become an integral
part of European funding suppoft In the medcal domain, health technology assessment (BTif)its
various forms isusuallyapplied. As VPH technologies do not constitute an incremental, often marginal
improvement of health technologies, but rather a leap forward towards more predictive, persahalize
integrative, and efficient healthcare provision, a Vieeused evalation approach was developed and
presented in an earlier deliverabté

4.1. VPH-related m ethodological challenges

Because&onventional HTA methods

U lookmostlyl & SEA &G A Y 3aoghapplidataasB ¢ G SOKyY
U provide information on consequences and implications of their use (and are accordingly not used as
an aid in research guidance, or the development of new products or services)

they are, as a consequence, not sufficient for assesgimgplex multiscale simulation technologies.

This contrasts with the potential impact of simulation models and computer aided medicine on clinical
decision making and practice. They may be far reaching, causing organisational, management,ccultural
disruptive ¢ impacts which have a potential to

U revolutionize prevention and diagnosis

U predict disease progression and outcomes related to treatment options
generate new knowledge from patient and other health data (learning, adaptive decision support
systems, wicth are different from conventional, static decisisapport systems).

4.2. MD Paedigree dimensions for HTA

Any HTA will serve a distinct purpose, which usually is decision support in the context of a specific health
policy issueThis requireslarifyingat whichimpact (or policy) levéhe specific HTA under consideration may

be applied.Concerning the health system or health services, these major players and stakeholders can be
distinguished:

24 http://ec.europa.eu/health/health_policies/impact/assessment__tool/index_en.hBoehler, Ch. eal. (2015)Development of a
web-based tool for theassessment of health and economic outcomethefEuropean Innovation Partnership on Actared Healthy
Ageing (EIP on AHA) BMC Medical Informatics and Decision Making 2015, 15(Suppl ;3):S4
http://is.jrc.ec.europa.eu/pages/TFS/MAFEIP.html

25Neumann, P. J., Drummond, M. F., Jonsson, B., Luce, B. R., Schwartz, J. S., Siebert, U., & Sullivan, SelXd®kGjciples for
improved health technology assessment supported and used by health technol@&pg@ent organizations?. International journal

of technology assessment in health care, 26(1),0lummond, M. F., Schwartz, J. S., Jénsson, B., Luce, B. R., Neumann, P. J., Siebert,
U., & Sullivan, S. D. (2008). Key principles for the improved conduwatth technology assessments for resource allocation
decisions. International journal of technology assessment in health care, 24(03)584Rhilips, Z., Bojke, L., Sculpher, M., Claxton,
K., & Golder, S. (2006). Good practice guidelines for deesialytic modelling in health technology assessment.
Pharmacoeconomics, 24(4), 3831.

26 Rainer Thiel et al. (2009esigning a SocBconomic Assessment Method for Integrative Biomedical Research: The Osteoporotic
Virtual Physiological Human Project. Studies in Health Technology and Informatics, Volume 150: Medical Informatics in a United
and Healthy EuropeProceedings of MIE 2008msterdam: 10S Press, 2009, pp. 8 B83.
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a) Health servicelelivery

T individual person
1 groups of persons/ppulations
1 healthcare provider organisations (primary, secondary, tertiary level)

b) Health syeem and public health
C) Society

Whether only one or several of these impact levels will be considered in any specific HTA will have to depend
on the context andobjectivespursued. When implemented, Hi#ased decisions, however, will always
influence health services and health outcomes through health practice, i.e. through the health sistem.
what followsthe major focus will be on two groupsthe patient popuation of children suffering from
cardiomyopathyincludingtheir informal carers (parents, relatives, etc.), and hospitals servicing their needs,
because they are the main addressees of the decision tools developed by the VPH community.

Concerning thaime ling, we will look ony at children while in the paediatric hospital systeim.a formal
sense, paediatrics is concerned with childrerntaghe age of around 18ears.Given that the average age of
children being presented to a hospital with the (prelaiy) diagnosis of cardiomyopathy is around 8 years,
the time line applied will be 10 yeara mediumterm perspective Once this diagnosis has been confirmed,
most children will stay within the healthcare system for the rest of their life, but move tdtasduvice
facilitiesin due time

4.3. Identifying clinical benefits and costs

Clinical impact and heakhtelated outcomes may refer to factors and variables such as:

1 Primary and secondary endpoints of medical and clinical trials, for example, changesailitynor
(death rate) or morbidity (disease rate), length of stay in hospital, visits to physicians/outpatient
clinics or hospitals avoided, quality of life of patients, etc.

Other benefits may include

1 Reduced period of betkst at home for patients, reduce readmission rates due to the
avoidance of complications and side effects, fewer drugs to take, less care to be provided by
community nurses, family carers and neighbours, fewer-sitiects experienced, etc.

Further clinical impacts may relate to

1 Organsational and change management aspects
T Human resource implications, knowledge & education needs
1 Efforts for application (convenience/ease of use; costs for introduction of new technology)

In our estimation of clinical impactsef MD Paedigree modekhe foaus is predominantly on factors and
measurements related to the first two bullet points above becausaldmger-term, uncertain context they
are regarded as of primary interest and relevance. Only if clear benefits in terms of factrsobfmpact
on the health and wetbeing of patients are to be expectethen do further factors important for the
successful implementation and diffusion at th@ganisation/healthcare providetevel of such new
approaches become relevant.
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When analysing potential fute impacts in the clinical domain, osbhouldconsider the statugjuo of care:
presently, at pesentationof a child at the hospital and when undertaking diagnostic witrik very difficult

to predict which group any patient will end up in. Data sugg#sat good systolic function and younger age
are good prognostic indicators for surviRfabut better prognosticators arergently needed

It is here vihere the majodongerterm impact of MD Paedigregecision support tools to be expected. The

main issie forthe modelling of patients suffering from cardiomyopathy regards both the understanding of
the complex interactions between heart size, geometry and shape, cardiac workload, heart rate and heart
pump function as well as the ability to provide bettesight into prognosis and impact of treatment o
cardomyopathiesPatient management will be considerably improwketbugh

U Modelling ofcomplex interactions

This concerns thenodelling of interactions between the different components of the heart and
cardiac performance in dilated cardiomyopathy (mechaniallelling haemodynamic modelling,
fluid-structure interaction).

U Predicting the effect of time and intervention

Predicting evolution of the disease and identifying possible predictors of outcomengpatt of
changes in cardiac performance by changing heart rate and cardiac load using specific medications

Fromthe workflow as developed in WP2 it can be derived that the modelsicgnificantlyimpact the care
of the patients affected by cardiomyopathby:

V ldentifying patients at higher risk of outcome

V Predicting of the timing from the onset of heart failure to the needrahsplanfmechanical support

V  Guiding medical/itherapeutic decisigny Y2 a0d STFAOASY (G NBIAYSgha T2NJ
GeLSQo

Beyond this, ssessing whether a certain scenario may indeed constitute a likely business case for a
healthcare provider organisation or society at large, wbether it can be expected tindeed eventually

reach the clinical workflow level, ab requires at the very least a bpkrk assessment of costs for
implementing the workflow, infrastructureand organisatiofrelated costs; and, where feasible, the implied
organisational burden of changing current standard of care pathwdgge updateddata (as outlined in

detail in D 9.4) will be applied.

4.4. Using an explorative healthcare delivery s cenario

Here we apply anxlorative scenariapproach. Such scenariage characterised by the openness to several
possible future developments and encompaan external and strategic modexternal scenariobcus on
external factors beyond the control of the relevant actors. They are typically used to inform strategy
development of a planning entity and provide a framework for the development and assesshpmiicies

and strategies. The external scenarios can then help the user to develop robust strategies, i.e. strategies that
will survive severatinds of external development.

27 Andrews RE et al., Andrews RE, Fenton MJ, Ridout DA, Burch M; Briggmi@brCardiac Association. Ne@mset heart failure
due to heart muscle disease in childhood: a prospective study in the United Kingdom and Ireland. Circulation, 2008;-847(1):79
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Given theextreme complexitpf (national) health systems, the number of actdnvolved in even relatively
simple healthcare delivery processes, the political sensitivity of any hesdlted policy issues, and the mix
of powerful stakeholder groups lobbying in this field, scenanalysis isndeed preferred to other more

formalised methods of analysis. Scenarios permit a rethinking of the structure and boundaries of healthcare

systems, as well as the nature and role of these stakeholders in the pursuit of sustainable health $ystems.

4.5. Applying a Markov chain approach to clin ical impact modelling

Finally, to prepare for the concrete assessment to be presented in the next chapter of thisthapganeral
socioeconomic model structure to be applied as part of the MD Paedigree clinical impact assegsliiznt
described Such modek can be used to assess heatdthnologyimpact in MD Paedigree using decision
analytic modellindDAM)* Thisprovides the base for theathematicaMarkov chain (or process) approach

which will beappliedto estimate overall benefits and costs.

When applying decision analytic modelling (DAM) to the health field, the overriding question is essentially

what treatment decision a healthcare professional makased on all the information whicis currently
available andccessibl@bout a particulapatient®? The basic idea is that a decision cannot be avoided even

if the information to support this decision is scarce, meaning that such decisions need to be taken under

conditions of uncertainty. The basic strategy is to "synthesise all availablenation from multiple sources
Faa%aa

FYyR G2 FLLX @& YFGKSYFGAOLIE GSOKyAljdzSa (2

The essential data inputs are probabilities for clinical eveats theimpact of such events on a) costs
(resources valed in monetary units) and b) values or utilities for health outcomes. The appeal of this
approach in general is the fact that DAM "pulls together the many needed pieces of information from

multiple sources and then stitches them together into a (hopefudbhesive whole®

When treating a patient oveseveralyears many of such decision points will arise, each decision taken having
an impact on the further (clinical) pathway and quality of life of the patient concerned. Looking not only at
an individuabpatient, but at a whole patient population, like here children suffering ficardiomyopathy a
highly complex network of decision points interconnected by treatment episodes will unfold. An individual
patient will enter the network when presented for i@t diagnosis at a hospital, will stay for the rest of its

life within such treatment networks, or exit the network due to full recovery or death.

To reduce the overall complexity of the daily reality in a hospitaén treating such patientsa clinical
pathway modelmay be developed. This then is applied é&stimate potential benefitsfrom the new
technology i.e. theincremental health gaim expectedfrom the new decisionsupport tools which MD
Paedigree is developing, as wellchsinges irtostsrelated to the new processviaking use ofmathematical

probabilistic models is an obvious choice for such computations.

30Weinstein, Milton C., et alPrinciples of good practice for decisianalytic modeling in healtbare evaluation: report of the ISPOR

Task Force on Good Research Practiddsdeling Studies." Value in health 6.1 (200317

31 Springer, Clifford H. et .aProbabilistic Modelg Vol. 4 of he Mathematics for Management Sesi Homewood, Ill.: Richard D.

Irwin, 1968

0K

32Drummond MF, Sculpher MJ, Torrance GW, O'Brien BJ, Stoddart GL (2005). Methods for economic health evaluation of health care

programmes. 3rd ed. Oxford: Oxford University Press

33 O'Brien (1996). Economic evaligat of Pharmaceuticals Frankenstein's Monster or Vampire of Trials. Medical Care, vol. 34, No.

12, suppl. Pp.DS9OS108
34 bid.
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However, these are not simple stochastic procesgkere the outcome of a particular event is in no way
influenced by any other event eith@ast a future. Rather, here the outcomes of a decision are dependent
on earlier events, and in healthcare there are usually several possible outcomes, not offlikévtbe toss

of a con versus of a dicdprocesses in which the outcome of an event isetielent on the outcome of the
previous event or process step are commdiipwnas Markov processes or chaifi$Vhen introducing the
assumption that a given event is only dependent on the previous event, but not on events before that
previous event, then anathematical solution for the probability of events after n steps, or whether the
overall process converges to an equilibrium state of the systemyhether it becomes stable, can be
calculated.

Note that a key assumption when applying a Markov proteysl f @ aA a A& (K leroryes2OK |
¢ onceatransitionfrom one state to another one has beearade,the populationsubsetin a particular health
state is considered homogeneous regardless of whergtigents have come fromgnd when

For ou objectives, it is necessary to develop clinical pathways both for stptadreatment and treatment
options after introduction of simulatiotool supported decision making, and to obtain probability estimates
for each event in the respective processwetk. For eaclkeventbenefit-cost estimates have to be derived,
once with data onthe standard care pathway, and om with data on the new pathway with new
technologiesBased on a very baditarkov processnodel, tis is illustrated ifrigured. The incremental gain
resulting from moving from the old to the new pathw&¥E) is than calculated 8¥E = E; - E36 where E;is

the healthimpact expectancy with the new intervention ariis the healthimpactexpectancy with the
standad care pathway.

35 https://en.wikipedia.org/wiki/Markov_model
36 Drummond MF, Sculpher MJ, Torrance GW, O'Brien BJ, Stoddart GL (2005). Nteteodsomic health evaluation of health care
programmes. 3rd ed. Oxford: Oxford University Press

25



D.196 Clinical Impact Assessment Scenario MD-Paedigree FPZICF2011-9 (600932

FIGURE 4 BASIC MARKOV PROCESS MODEL FOR ESTIMATING HEALTH IMPACTS (BENEFITS AND COSTS)

Stepl: Runningthe model for the new technologies

Mild Moderate
HeartFailure HeartFailure _ Health eXpeCtancy\Nith

new technologies(E)

Severe
HeartFailure

Mild Moderate
HeartFailure HeartFailure __ Health expectancywith

standardcare pathway(Ep)

Severe
HeartFailure

Step3: Calculatinghe incrementalhealth gainfrom the new technologieswithin MD
Paedigree

Incrementaleffectivenessof

R 9 E 'I'JEI) = newtechnologies(k »

Source: empirica/MD Paedigree 2017

Theimpactmodel developed allows drawing from data related3d O K & Befiitgaind costs related
to each individual process step as welpasnary and secondary outconmeeasureslt rests on thregx A RS | f
i & L&adth states: mild, moderate and severe cardiomyopathy/health failure.

This basic modatan be linked and adapted to expalate the MD Paedigreenpact model to a more

complex set of assumption&.g., 0 link secondarputcomeindicators to the model, more Isdo0 be done

than calculatinghe basic threestage Markov modellustrated inFigure4. @mbining a decision tree to the

Markov model is one way to achieve tHjsas seen itrigure5. Althougha Markov processmodel differs in

various aspects from standarddecision treejt O 'y 6S aSSy & al 2 ¥ 2 8@MBEF NBC
presentcontext, we use the decision trger Markov decisioprocess¥ model to model and identifythe

outcomes of diagnosis, treatmeninechanical devicé&/ansplant in each of the care patlays over an

37Briggs, A, Claxton, K, Sculpher, M (2006). Decision modelling for health economic evaluation. Oxford University Presi Oxford
38 Markov decision process (MDPs) provide a mathematical framework for modeling decision making in situations where outcomes
are partly random and partly undéne control of a decision makehttps://en.wikipedia.org/wiki/Markov_decision_process

26



D.196 Clinical Impact Assessment Scenario MD-Paedigree FPZICF2011-9 (600932

extended period of time- with and without the new technologiesThiswill subsequently impact the
respectiveproportion (probability)of a patientending upin each state of the Markov modat a given stage
(time interval)and influence the ast composition in the care scenarios.

FIGURE 5: EXTENDING THE BASIC MARKOV PROCESS MODEL TOWARDS A MARKOV DECISION PROCESS

MODEL
Stepl:Linkingup costand Step2: Lifetime
outcomeindicatorsto the extrapolationfor new
proposedvarkovmodel technologies

Moderate
HF

+ _ Healthexpectancywith
S " newtechnologies(E)
Step3: Linkingup costand Step4: Lifetime
outcomeindicatorsto the extrapolationfor standard
proposedvViarkovmodel carepathway
Moderate
HF
Healthexpectancy
+ Severe — with standardcare
A pathway(E;)

StepS: Calculatinghe incrementalhealth gainfrom the new technologieswithin MD Paedigree

Incrementaleffectivenessof

R 9 Et FIE:) = new technologies(k 9

Source: empirica/MD Paedigree 2017
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5. Clinical impact assessment of MD Paedigree cardiomyopathy decision
support tools

5.1.Introduction

In the following sections, first the presently performed clinical pathways will be outlined. They describe, as
an operationamodel, the stateof-the-art diagnostic and intervention processes for the advanced treatment

of cadiomyopathy/heart failure for babies and children in a tertiary care hospithtee disease states

mild, moderate, severe are distinguished. Next the annual costs for edisdeasestate and the probabilities

for staying in or changing a disease state determined. This then serves as input for a Markov process
analysis irorder to calculate over 10 amil cycles the overall costs for a cohort of 100 patients. By comparing
the present stateof-the-art (SOTA) processes with the estimates for the MOiBaeebased processes we
obtain initial estimates of the socieconomic impact of the new tools.

5.2. Modelling the clinical pathway for treati ng cardiomyopathy

The modelling of thelinical pathway to treat tha set of Cardiomyopathydiseasess undertakenin three

steps: Firstly, three standard states of the disease are defined by applying a severity scale used by clinicians
to stratify patients This is then applied to draft a model pathway system or network based on these three
states. It is representedsaa graphical operational model to illustrate the processesusecreate socio
economic impact or valyeapplied to healthcare service delivery. Finally, this will be translated into a
graphical model of the Marcov decision procémshoth the present ad the new, future pathwaysas basis

for the Markor analysis to estimatehe expected benefits and costs from improving both diagnosis and
treatment through the modelling services deve&gjby the MD Paedigree project.

5.2.1. Diseasestates

When defining a pross model for treating cardiomyopathy, three arms of a clinical pathway can be
distinguished, one for each of the following disease states a child may be in when entering the hospital: a
patient may be suffering from

U0 mild cardiomyopathy/heart failure
U moderate ardiomyopathy/heart failure
U severe ardiomyopathy/heart failure

Patients are usuallyeferred by their GP, paediatrician, or also an emergency service, and they enter the
hospital either via the emergency room or the outpatient clinic. After primangmbstics have been
performed, they are assigned to one of the three arms based on both quantitative diagnostic measures and
a qualitative assessment of the attending cardiologist.

The followingFigure6 Cardiomyopathylinical pathwaydepicts these arms and their respective diagnostic
and treatment components, which will subsequently be outlined (percentgges in that figureare based
on all patients at that stage of the pathway in in the respective arm of the pathway).

This presently implementedstandard of care pathway will serve as the central comparator with the future
MD Paedigredacilitatedclinical pathways. All assumptionaderlying our impact assessmeante based on
approximations ofincidence, prevalence, outcomend other data taken froncurrent literature and
epidemiological data, as well as on interviews with clinical experts from project partners. It lies within the
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nature of social scientific comparisons and evaluations that, in order to methodologicalliehamdplexity
and uncertainty of data input, parsimonious, i.e. simplified, models need to be applied.

Mild heart f ailure

Those patients that are diagnosedtlivimild heart &ilure are serviced by the outpatient clinic. Each visit to
the outpatient clinianvolves:

i Consultations witta HF cardiologist

9 Diagnostics procedures including cardiac MRI, secondary screening, echocardiography, stress
testing, and 24our blood pressure and heart rate monitoring

1 Review and, if deemed necessa@gjustment oj medicnal therapy

Depending on the outcome, the patient is then-jatassified according to itiagnosedtlinical condition. A
sufficiently improved condition would point to further care that can happen in their home region by local
specialists and the GPowever, in reality, all of these patients return regularly for examination and
treatment to the hospital Patients that exhibit a stable condition are scheduled for monthly -ondaithly
NEOdzZNNRAYy3I @ArAaAida (2 GKS K2 & kderitcd afwQriened danditibniare Bigvéd Of A
to the hospital ward where they enter the moderater in rare cases even the sevétE arm.

Moderate heart failure

Moderate heart failure patients are admitted to the hospital ward. During their stay, theyreated as
follows:

1 Consultation with the cardiology team

9 Diagnostics procedures including cardiac MRI, secondary screening, echocardiography, stress
testing, and 24our Blood Pressure and Heart Rate Monitoring

1 Medicinal therapy

During theirstayz (i K S s tlhidalZcdhgfitidrils constantly monitoreld the conditionimproves, it will be
transferredto the mild heart failure armi.they are checked out of the hospital ward and are instructed to
participate in recurring visits to the hospital).

Here a saible condition indicates that the patient would stay in the ward and consmaedical therapy, and
a worsened condition would transfer the patietotthe severe heart failure pathway (described below).

Severe heart failure

Patients who are diagnosed witlevere heart failure are placed in the cardiology intensive oare(ICU).
This pathway involves the following:

1 A consultation with an anaesthesiologist, ICU cardiologist, and heart surgeon

9 Diagnostic procedures including a cardiac catheter, secondeegriog, and echocardiography

9 Aclinical conference that results in the decision of whether to (a) put the patient under (further)
medication, (b) put the patienbn mechanical support, or (c) forward the patient directly to the
transplant list.

Those plaed under medication are monitored for their clinical condition whereas those who improve are
moved to the hospital ward for medical therapy (under the moderate heart failure pathway), those who have
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a stable condition maintain their current medication, atibse whose condition has worsened are given
mechanical support.

Outcomedor children onthe transplant list depend on the waiting time (among other factsingy are still
able tosurvive for some receiving a mechanical circulatory support deviceextiint this timespan by a few
to up to 12 months.

5.2.2. Operational pathway model
lff 2F (GKSaS 02y airRSNI (A 2 yRgurds yCardidmyopahithicali gattway | NB
into a model of the clinical pathway for treaticgrdiomyopathy. Percentages given in that figat¢éhe entry
a0l 3S 6a0edftsS T SNRe0 NBFESOG GKFG 2y F@SNY3AS | 062 dz
classified into the mild heart failure state, 20% to the intermediate state, randhly 20% to the severe
state. Once allocated to one of the three states, the percentages given in the figure relat@atiezitsin
that arm of the pathway:
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FIGURE 6 CARDIOMYOPATHY CLINICAL PATHWAY MODEL

Cardiomyopathy clinical pathways (percentages represent the incidence of patients in each procedure)
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5.2.3. Cardiomyopathy Markov model

' & RA&Odza a SR 45iApplig & NMarkowchain &pprivactety @amtimpact modelling XMatkov
processmodd will be used as the basie derive realistic, representativeost estimates for a cohort of
cardiomyopathyLJ- G A Sy dad ¢KA&A ¢Aff 6S ySOS&aal NEheBtanNdrd 2 (i K
care scenario should generally reflect routine practibence, reporting health outcomes of the most
O02YY2y OFNB aidNraGS3e GKFG ¢2dzZ R 0°8A shddrilefinfichRaso & G
been adopted in many national guidelines for the economic evaluation of healthcare technéfltigies

In the following Figure?, the cardiomyopathyclinical pathway modgbresented above ifrigure6 has been
translated into a Markoxchain model for estimating health (technology) impé&ct

FIGURE 7: TRANSLATING THE CARDIOMYOPATHY CLINICAL PATHWAY MODEL INTO A MARKOV-CHAIN
MODEL FOR ESTIMATING HEALTH IMPACT
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Source: empirica/MD Paedigree 2017

39 Abadie, F., & Boehler, C. (201Blonitoring and Assessment Framework for the European Innovation Partnership on Active and
Healthy Ageing (MAFE{RPnceptual description of the Monitoring and Assessment Framework for the EIP on AHA (No. JRC96205).
Institute for Prospective and Techngjlical Studies, Joint Research Centre.

40 Eldessouki R, Smith MD (2012). Health Care System Information Sharing: A Step Toward Better Health Globally. Value Health
Regional Issues; 1:11129

41 International Society for Pharmacoeconomics and Outcomes Resg&ROR). ISPOR Pharmacoeconomic Guidelines Around The
World. Available at: http://www.ispor.org/PEguidelines/index.asp. [July, 067 2014].

42 Forthe Markov analysis and to generate the figures presented on thisTteeAge Pro Markov cohort modelodule d the

TreeAge Prélelthcare2017, R1 Releaseoftware was applied. For more details, $etps://www.treeage.com/
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As can be seen from this graph, we will have to dealMarkov parlance ¢ A (I K diFeas@ S & diwel S a
identified threetransitionstates from which a patient may move on to the same or another state

1. Mild HF
2. Moderate HF
3. Severe HF

Furthermore, twoabsorptionstatesneed to be introduced; these are states which are final states from which
a patiert will not move on to another disease state:

4. Mechanical suppd/transplant
5. Death
h¥ O2dz2NBAS> GKS adlFdS WYSOKIFYAOIf &adzZlJd2 NIk NI yaLX |
is defined as an absorption state because those patiefitsam average, life fomore than 10 tol5 years
or even sometimes many more yedfsyhich is beyond our time horizon of Icles (=year9 for the
analyses to followk-urthermore, for cost considerations, these patieats not a subset of the set phtients
for which the MD Paedigree tools may lead to improved treatment and ¢énese patients are outside of
the domain of present research efforts.

5.3.Clinical impact assessment - standard of care

5.3.1. Treatment cost z standard of care

To estimate theoverdl costs of thethree clinicalsub-pathwaysfor a given cohort of children over the-
yearcycle the approximatecosts of thediagnosticand treatment interventionger typical patientand the
percentagenumber of patientsin each arm areequired* The percentages (or probabilities) of patients
moving from one pathway to the other and receiving treatment and interventibase, moreover arebasic
input for the overall coseffectiveness analysis further below.

The costs of standard of care pathway associated with those of the baselirdinical protocol for
cardiomyopathyin childrenas agreed with WP2 and across the clinical specialists in the project, which
reflects current practice in the diagnosis atr@atment of cardiomyopathy The actual cosestimates
reported in D 19.4 have been critically reviewed and validated, with only minirodifications For the
standardof-care pathway, they arsummarisedn Tablel. They are reported for the initial (start) cycle or
yearone, for cycle two, and for cycles 3 to 10. They are, on average, assumed to be more or less stable,
independent of the age of the child and the duration of the treatment received for the three disease states.

¢CKS 10a2NLIiA2Yy &adF & LWYFORI XAOFR2 NA RIRSNI b ¢ 81 W IdzNLJ
state, whereas in reality a child in need of a transplant may receive, as an intermediarg steghanical
circulatory or cardiac support device for up to one year to bridge the time till arogpiate graft becomes
available. To account for this, and as about evérgHild may receive mechanical support before transplant,

the cost for cycle one is a combined estimate of biotierventions A child with a transplant requires still
considerablattention and treatment in the hospital in year twpwith the associated costs. However, once

43 Copeland, Hannah, et al. "Pediatric recipient survival beyond 15hmast transplant years: a singtenter experience." The
Annals of tloracic surgery 98.6 (2014): 21:2351.

44 See also NICE 2008: Developing costing tools methods guidp://www.nice.org.uk/media/F3E/57/
DevelopingCostingToolsMethodsGuide.pdf.
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the overall health situation has been stabilised, the treatment costs for cycles 3 ff are even lower than for
moderate HF children.

TABLE 1 ESTIMATES OF COST DATA PER CYCLE - STANDARD OF CARE

States 2. Mild | 3. Moderate | 4. Severe | > MRe sl
| 1. Death HE HE HE Support/Tra
Cycles nsplant
1. Start cycle (year) 0.00 2,000 17,300 72,500 95.000
2. Cycle2 0.00 2,000 17,300 72.500 27,700
3. Cycles 3 ff 0.00 2,000 17,300 72.500 7,100

5.3.2. Transition matrix z standard of care

As reported earlier, aftemitial presentation in the hospital and having undergone an initial diagnostic
process, children arellacated to one of three disease severity subsets: mild, medium, severe by applying a
severity scale used by clinicians to stratify patients.

Following the logic of a Markov process, which closely mirrors clinical observatbiesits may stay in cycle

two either in their entry state; the probabilities for which are reported in the diagonall@ble2 ¢ or move

to another state.Thesedistinct cycles of diseas#ates are attributed probabilitiegelatingto the transition
between these statesi-or modelling purposes, it is assumed thia¢ tduration of these cycles are annual
intervals The probabilities for tm are also given in that table. In summary, the probabilities for each
A0FNIOAY3 adl dS 06 a 7T NPNheselestikdte® &e based dn B dedred fror patient dgtad
for a cohort of patients in Ospedale Pediatrico Bambino GefiBg Rome.

THhstransition matrix for the standard of care pathwayigsentedin Table2 below.Here, he fadi 2 NJ & G A Y S ¢
is explicitly associated with the probability of a patiembving throughcertain states in a sars of discrete
periods of time.

TABLE 2: TRANSITION (PER CYCLE = ONE YEAR) AND ABSORPTION PROBABILITIES - STANDARD OF

CARE
: 4. Mechanical
To state
1. Mild 2. Moderate | 3. Severe Support/Trans | 5. Death
From state HF HF HF |
plant

1. Mild HF 0.85 0.13 0.02
2. Moderate HF 0.10 0.78 0.12
3. Severe HF 0.07 0.78 0.11 0.04
4. Mechanical

support/transplant 1.00

(absorption state)
5. Death (absorption 1.00

state)

Both death and mechanical support/transplant show up only as a final arm/exit from severe HF
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This transition matrix is then transformed into the Markov chain graplrigure 8which illustrates how a
patient may move overine through disease statewith the relevant probabilities from the above matrix
attached to each arm

FIGURE 8 MARKOV-CHAIN TRANSITION PROBABILITIES FOR PRESENT STANDARD OF CARE
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Source: empirica/MD Paedigree 2017

5.3.3. Results z standard of care

Next the results obtained when undertaking a Markov process analysis for the standard of care pathways are
presented. However, first we have to clarify over how many cyglesealthcare conventionally measured
in yearsg the analysis shdd be run.

Time horizon and cycles

As briefly mentioned earlier, paediatrics is usually concerned with treating children of the age zero up to 18.
Depending on the country, this may differ slightly. Also, sometimes children/young adults older than 18 are
nevertheless still treated e.g. in a paediatric hospital because they prefer this due teonegtimeslong

term relationship with staff there.

The followingrigure9is based on amall sample of HF patients at OPBG. It showdywical bumps around
the ages of I 2 and 13; 16, i.e. symptoms of cardiomyopathy show a certain tendency to appear very early
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or around puberty. Taken together, the average age of this patient samplbmut 7.85 yearsFor our
purposes, we thereforessume that on average patients in our analysis cohort stay within the paediatric
hospital treatment system for 10 years, till the age of 18. This then leads to 10 (annual) analysis cycles.

FIGURE 9 NUMBER OF CHILDREN PER AGE PER YEAR

7

Frequency

9—Frequency (Number per

year)

Age

20

Probabilities per cycle and state

2 KSYy LISNF2NXAY3I (GKS alNJ2@0 lylLfteara ol &
2: Transition(per cycle = one year) and absorption probabiliti@andard of care = (i K

in the followingTable3 result:

TABLE 3 MARKOV CHAIN PROBABILITIES FOR10 CYCLES AND FIVE STATES T STANDARD OF CARE

0, 0, 0, 0,
StagI(Z/Cy Mi/(l)d Modsrate Se(?er Mech/;,.upp/ DZ; d
HF HF e HF | Transplant
1 0.600 0.200 0.200 0.000 0.000
2 0.530 0.248 0.192 0.022 0.008
3 0.475 0.276 0.190 0.043 0.016
4 0.432 0.290 0.191 0.064 0.023
5 0.396 0.296 0.192 0.085 0.031
6 0.366 0.296 0.193 0.106 0.039
7 0.341 0.292 0.194 0.127 0.046
8 0.319 0.285 0.193 0.149 0.054
9 0.300 0.278 0.191 0.170 0.062
10 0.282 0.269 0.188 0.191 0.069
Average | 0.404 0.273 0.192 0.096 0.035
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These values indicatein our model environment and under the assumptions made earlier, particularly with
respect to the Markowapproachg with which probability an individual patient presented at the hospital for
initial diagnosis may end up in which year in which state of the dis€xseaverage after year ten, it is
assumed that surviving patients move into the adult arm of thegystem services.

In a static environment, where every year the same number of patients enters the healthcare system of the
cardiac unit of the hospital and where no changes in treatment lead to different outcattmiesmatrix
provides a full model of # state of paediatric patients under treatment during a particular year. When e.g.
assuming that on average each year 100 new patients are presented at the hospital, then the total patient
population under treatment would be arourtD years x 100 patientxjual to 1,000 patients

At yearend, this number will be somewhat lowaninus those patients which have died in the meantime.
As the data imable3 indicate, the overalfaverageprobability of death for all patients in this cotigs 0.035

or 3.5%i.e. it isexpectedthat of the 1,000 patients 35 will have died, implying that in any year, on average,
965 patients are surviving.

In FigurelOthese values are translated into a graphical presentation:

FIGURE 10 MARKOV CHAIN PROBABILITIES FOR10 CYCLES AND FIVE STATES T STANDARD OF CARE
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Source: empirica/MD Paedigree 2017

It illustrates that the assumptions madgthe transition probabilities; imply that the number of mild HF
childrenin a given cohort decreases over time continuously (due to moving into more severe states), the
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cohort of moderate HF patients increases somewhat during early years, but is relatively stable; stability also
holds for the severe HF patients. And, as isd¢ekpected, the number of children requiring a transplant or
intermittently mechanical support rises. The same holds for the number of deaths, but at a much lower level.

Cost per cycle and state

Based on the estimated treatment cost per state and cycBsLJ2 NIT&blel Estihatés of cost data per
LINE 6 | TaleB Mdrko\BchainNishaldiliNgs B0 ciciés &
and five stateg Standard of care e galculated the expected cost for each disease state and each cycle/year

cycle- Standard of cae | Y R

08 Ydzf GALX @Ay 3

idKS

0dKS
state ¢ Standard of ca®@¢ b2 (S

02

cardiomyopathy and not the absorption states mechanical support/transplant and death. This is so because
the MD Paedigredecisionsupport tools will, at least at present, not support or lead to imgwweatment
of patients with a transplant or mechanical device.

To arrive at theconcrete costs to be expected per cycle, they need tmbéiplied by the overall number of
patients entering the treatment systerduring a given yearThis then allows ugo obtain realistic,

representative cost estimates for a cohorta#rdiomyopathypatients

TABLE 4 COST IN U PER CYCLE AND STATE | STANDARD OF CARE

Cost in 0 (state ¢
probability)
S{;t;gi/ I\|{I||'I:d Moderate S?—\(I? re Sum
HF
1 1,200 3,460 14,500 19,160
2 1,060 4,290 13,920 19,270
3 951 4,771 13,784 19,505
4 863 5,021 13,840 19,723
5 792 5,118 13,946 19,855
6 732 5,115 14,025 19,873
7 681 5,047 14,043 19,772
8 638 4,938 13,986 19,561
9 599 4,802 13,854 19,255
10 565 4,651 13,656 18,871
Sum 8,080 47,213 139,553 | 194,846

In Figure11 these values are translated into a graphical presentation 2 (i S

0 K I¢las idséBdsby NR ¢

the softwareg in our context refers to costs). By filue highest cost results from treating severe HF patients,

T2f{f26SR o0eé Oz2alG 27

FYR aaSOKIyYyAOIf
earlier.

3dzLILI2 NIk G NI ya LI F yie

GNBIFGAY3 Y2RSNIGS 1 C LI GASYd
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FIGURE 11 COST IN U PER CYCLE AND STATE 1 STANDARD OF CARE
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5.4.Clinical impa ct assessment - New MD Paedigreezsupported care pathway

Next,we undertake the same analysis as above for navdiomyopathy pathways support by MD Paedigree
tools. Firstly, however we briefly discuss the benefits expected and predicted based on initial experience and
assessment by clinician$ such tooldor the future treatment of patients suffering from this disease.

5.4.1. Benefits expected from cardiomyopathy p athways support by MD Paedigree tools

Benefits are predicted for three areas:

Risk stratification of patients

The application of the new CDS t(®)imay allow paediatricians to better allocate children presented for
examination and diagnosis to one of ttigee initial clinical pathwagrms. The expected impact is an

a) Increase in the number/percentage of children allocated to the mild or moderate HF;dha
number of children allocated precautionary into the severe HF arm can be reduced because the risk

of misallocation is reduced

b) This leads to aduction in overall treatment effort and cost
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c) Itmay also result in eelease of resources toetter focus on the most severely sick patients with the
highest risk, thereby reducing their probability to need ansplant and perhaps an intermediary
mechanical support device.

Diagnostic decisions and predicting the progression of the disease

The application of the new toshllows paediatricians to better predict the progression of the disease for an
individual chid within thethree clinical pathways. The expected impact is

a) Areduction in diagnostic interventions: those children with a rather stable outlook can be identified
and the number and type of (costly) diagnostic tests (li&eoeardiography, MRIg. which may be
applied routinelymaybe reduced or even omitted.

b) Those children at a higher than up to now anticipated risk can undergo better timed and focused
diagnostidnterventions, thereby reducing their probability to suffer from a worsening of the diseas
(with resultingsavings in the associated costs of change in pathway, or interventionbdifg
treated in thelCU)

Therapeutic decisions

The application of the new toshllows paediatricians to make better therapeutic decisions. The expected
impact 5 on

a) Thetreatmentcosts: due to better targeted drugs and other treatments, more costly interventions
like ICU or hospital stay can be reduced because patients will be treated more timely and
appropriately thereby also avoiding a worsening (or a slowersamting than up to now) of the
progression of the disease (with the associated avoidance of transitiocasthertreatment path,
or a later transition thereto than up to now)

b) Better therapeutic decisions will reduce the probability of a child movioig fhe moderate into the
severe pathway, and the probability of a child in the severe pathway becoming in need of a transplant
(and perhaps also an intermittently applied mechanical support device).

For our purposes, the expectations are translated intanipact classeg treatment costs and transition
probabilities.

5.4.2. Treatment cost z New MD Paedigreezsupported care pathway
¢KS UGNBFOYSyYy(d O2ai SabiélhBstimatésiof chbstidatapebcicSyandsriRof dagg
were kept identical for year one of the cycle. As was discussed in detail in D 19.4 (cf. also D 19.7 Final
exploitation plan), applying the new tool(s) will come with a considerable cost, which may be anywhere
0SG6SSY € onn YR € cn efinalfinstiobalityakhdugel iBterfRes afi®g/tdol thied 2 v
business model of how to deliver these services (e.g. as an external service provided for a fee per patient, or
as an application within a hospital, etc.), the annual number of patients undergi@ggasis and treatment
etc. Therefore, to cover these costs, we assume that, in spite of considerable savings expected already during

year one of treatment, that actually the cost per state and year one will stay the same as repoftiolén
1

However, as of year two, considerable savings are anticipatedT@ele5): For mild HF, annual cost may

RSONBIFasS (2 € mZnnn O0FNRBY HInnnLvI FTeewreY® RENI d Scy T
(from 72500).
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TABLE 5 ESTIMATES OF COST DATA PER CYCLE - INNOVATIVE (CDS-BASED) CARE

. 5. Mechanical
States 1 Death 2. |li|/|||:Id 3. |li|/|lg)derate 4. E”e:vere Support/Tra

Cycles nsplant

1. Start cycle (year) 0.00 2,000 17,300 72,500 95.000

2. Cycle?2 0.00 1,000 15,000 68,500 27,700

3. Cycles 3 ff 0.00 1,000 15,000 68,500 7,100

Table6 summarises the estimatechangesn cost per state and cycle:

TABLE 6 ESTIMATES OF CHANGES OF COST (IN U DATA T FROM STANDARD OF CARE TO INNOVATIVE
(CDS BASED) CARE

States : 5. Mechanical
1. Death 2. Mild 3. Moderate @. Severe Support/Trans
Cycles HF HF AF plant
1. Start cycle (year)
2. Cycle?2 - 1,000 - 2,300 - 4,000
2. Cycles 3 ff - 1,000 - 2,300 - 4,000 - 2,300

5.4.3. Transition matrix - New MD Paedigreezsupported care pathway

When implementing a new standard of cdrased on MD Paedigree CBls, the earlier indTable 2:
Transition(per cycle = one year) and absorption probabiliti€andard of cale NB LJ2 NI SR LINR 6 I ¢
change.Based on the abovexplored expectations regarding future benefitise probabilities of patients

moving from their initial pathway into another one, and/or of becoming in need of mechanical support or a
transplant, or suffering the endpoint death will probably improuda. Table 7 the newly estimated
probabilities argpresented. They are based on very moderate expectations, assumed to rather represent the

lower end of the expected improvements. In the same spirit, the entry probabilities are not (yet) changed to
also avoid overestimation.
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TABLE 7 TRANSITION (PER CYCLE = YEAR) AND ABSORPTION PROBABILITIES i INNOVATIVE (CDS
BASED) CARE

4. Mechanical

state)

To state i
1. Mild |2.Moderate |3.Severe Support/Trans | 5. Death
From state HF HF HF |
plant

1. Mild HF 0.90 0.08 0.02
2. Moderate HF 0.20 0.71 0.09
3. Severe HF 0.10 0.81 0.07 0.02
4. Mechanical

support/transplant -

not modelled 1.00

(absorption state)
5. Death (absorption 1.00

Table8 summarises the estimatedhangesin transition and absorptiorprobabilitiesper state and cycle

when movingfrom standard of care to innovative, MPaedigreeCDSool-based careThere are only minor
changes in probabilities asserted, with the largest ones relating to a change from moderate HF to mild by
0.10c¢ this more or less implying a reductiontbe probability for staying in the moderate state, plus a slight
improvement in probabilities for patients staying in the severe HF amather than moving onwards to
mechanical support/transplant or deathand a 0.03 increase in moving from a severentwlerate state.

TABLE 8 ESTIMATES OF CHANGES OF PROBABILITIES i FROM STANDARD OF CARE TO INNOVATIVE
(CDS BASED) CARE

To state

From state

1. Mild
HF

2.Moderate
HF

3. Severe
HF

4. Mechanical
Support/Trans
plant

5.Death

Mild HF

+0.05

- 0.05

Moderate HF

+0.10

- 0.07

- 0.03

Severe HF

+0.03

+ 0.03

-0.04

- 0.02

I

Mechanical
support/transplant -
not modelled
(absorption state)

0.00

Death (absorption
state)

0.00

In Figurethe new probability values are translated into a Markov chain model:
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FIGURE 12 MARKOV-CHAIN TRANSITION PROBABILITIES FOR MD PAEDIGREE CDS TOOL-BASED CARE
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Source: empirica/MD Paedigree 2017

5.4.4. Results - New MD Paedigreezsupported care pathway

Next the results obtained when undertaking a Markov proeesdysis for the ew MD Paedigressupported
carepathways are presented.

Probabilities per cycle and state

2 KSYy LISNF2NXAYy3I (GKS alNJl2g lylLfeaira o6l &SR TPagle G KS |
7 Transition (per cycle = year) and absorption probabiliiésnovative (CDS based) car& (1 KS @I f dz
reported in the followingrable9 result:
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TABLE 9 MARKOV CHAIN PROBABILITIES FOR10 CYCLES AND FIVE STATES - NEW MD PAEDIGREET
SUPPORTED CARE

Stage/Cy Probabilities

e | Mogrste | Sevre | octount | g
1 0600 | 0200 | 0.200 0.000 0.000
2 0580 | 0210 | 0.192 0.014 0.004
3 0564 | 0215 | 0.186 0.027 0.008
4 0551 | 0216 | 0181 0.040 0.012
5 0539 | 0216 | 04177 0.053 0.015
6 0528 | 0214 | 0174 0.066 0.019
7 0518 | 0212 | 0171 0.078 0.022
8 0508 | 0209 | 0.168 0.090 0.026
9 0499 | 0206 | 0.165 0.101 0.029
10 0491 | 0202 | 0.162 0.113 0.032
Average| 0538 | 0210 | 0.178 0.058 0.017

Again, these values indicate, alb for the new MD Paedigregsupported carepathway, with which
probability an individual patient presented at the hospital for initial diagnosis may end up in which year in
which state of the disease. On average after year ten, it is assumed that sgrmpatients move into the
adult arm of health system services.

In a static environment, this matrixgainprovides a full model of the state of paediatric patients under
treatment during a particular yeas well as fothe total patient populationFrom atheoretical perspective,

this is a necessary assumption to allow for a mathematical solution to the Markov chain amalyesigity,

of course, treatment interventions are continuously improved; new medicinal products are introduced into
the market, thecharacteristics of the patient population change. Noting these constraints, a Markov process
analysis nevertheless provides highly relevant decision support information for healthcare policy makers as
well as for healthcare providers and professionalsaoese it allows for more precise and watgued insights

into the development of a given patient population as it moves over the years through the healthcare system,
and to prepare for such developments, including allocating the required resources. Amwhpmrative
analysis based on two different scenarios as undertaken in this deliverable adds a dynamic component to
suchanalyseduy investigating two different statesf-affairs providing weltfeasoned insights into what the
future may hold.

In Figurel0the above probabilityvalues are translatethto a graphical presentation:
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FIGURE 13 MARKOV CHAIN PROBABILITIES FOR10 CYCLES AND FIVE STATES T NEW MD PAEDIGREE|
SUPPORTED CARE
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Source: empirica/MD Paedigr@017

Comparing the MD Paedigrémsed scenario with the presestate scenario, we see that the small
improvements expected from the new process translate over ayiar period into quite remarkable
betterments. The percentage of patients in the mild &tf decreases at a much lower rate, the moderate

HF population remains almost stable rather than increasing quite a bit, and the prevalence of severe HF
decreases continuously at a small rate rather than being more or less stable. The need for mechanical
support/transplants increases at a much lower rate over tiyeyearcycle, and the overall probability for
death will be halved.

Cost per cycle and state

FaSR 2y (GKS SadAYlI SR (NBI GYS yables@Eatinates biSasddataiperi S |
cycle- Innovative (CD8ased) cargablel Estimates of cost data per cycléStandard of cale | Yy R (K S
LINR 6 I 6 A f A (i ATSble7 NaditBnNeSRele & wéar)and absorption probabilgibmovative (CDS
based) caré  adincalculated the expected cost for each disease state and each cycle/year by multiplying
0KS (g2 OFfdSad ¢KAA LINE @adbleaS/ a2 adia AdyA (eK LIF\Stad@rdifl S NS
of carab¢ b20S GKIF G &l hérconlyRieithree @ahsttiSrNdtates defined earlier for
cardiomyopathy, and not the absorption states mechahstgport/transplant and death.
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To arrive at the concrete costs be expected per cycle, they need to imeltiplied by the overall number of
patients entering the treatment system during a given year. This then allows to obtain realistic,
representative cost estimates for a cohorta#rdiomyopathypatientstreated under the newregime

TABLE 10 COST IN U PER CYCLE AND STATE I NEW MD PAEDIGREEI SUPPORTED CARE

Cost in U (state c
probability)
Stage/Cycle | Mild HF Moc|i_|eFrate Selllgre Sum

1 1,200 3,460 | 14,500 19,160
2 580 3,150 13,152 16,882
3 564 3,221 12,742 16,527
4 551 3,242 12,418 16,211
5 539 3,235 12,145 15,919
6 528 3,209 | 11,905 15,642
7 518 3,173 11,685 15,376
8 508 3,130 11,479 15,117
9 499 3,084 11,281 14,864
10 491 3,036 | 11,089 14,615
Sum 5,978 31,939 | 122,396 160,312

In Figure11 these valuesare againtranslated into a graphical presentation b 2 4 S G K I foutt NB & | |
context refers to cost). Here, tooyHlar the highest cost results from treating severe HF patieibgit at a
somewhatdecreasing rate over thien-yearperiod. Thecost oftreating moderate HF patientemains more

or less stable rather than that it increases moderatélige cost for mild HF patientswhich anyhow is
comparably low also here decreases at a continuous rate.
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FIGURE 14 COST IN U PER CYCLE AND STATE | NEW MD-PAEDIGREET SUPPORTED CARE

Source: empirica/MD Paedigree 2017

5.5.Estimating the benefits and costs of the new MD Paedigree -based pathway

In thispre-final section of the present chapter, the benefits to be expected from the newPd&digreeool-

based pathways are calculated. They are based onesitenatespresented so far. Firstly, we estimate
benefits from cost and resource savings, and then intangible benefits related to improvements in the quality
of life of patients respectialy death avoided.

5.5.1. Resource saving benefits

The resource savings to be expected are calculated by comparing the overall costs for each pathway for 100
patients per cycle over ten yearBablel1 summariseshe sums of the results peSy 0 SR Sabd A SNJ )
280 Ay € LISQNStafir®of Sarel y B Ra {iIKiRSed0 CodByY & LISNI Og Of § |
new MDPaedigreesupported care@é¢ ¢ 2 GNI yaf I S (K SDboS of RAO patients over Sa G A
ten years, they have to be multiplied by 100. Calculating the difference ta esimated for treatment of

patients following the old and the new pathways, the expected savings are calculated. For 100 patients over
ten years, o an annual cardiomyopathy patierpopulation of almost 1,00@hildren, the savings are
SadAYIFIGSR Fd Ffty2ad € odp YAfftA2yd [/ 2YLINAYy3I (KS:
FfY2ad € mpIp YAffA2yedultss NBRAzOGA2Y o0& | NRdzy R My
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