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Precision medicine is an approach to disease 
diagnosis, treatment and prevention that 

seeks to maximize the effectiveness of 
medical interventions by taking into account 

individual variability in clinical presentation, 
medical history, genetics, environmental 
exposures, and lifestyle. Since it has 

become apparent that “one-size-fits-all” 
approaches are not very effective in 

multifactorial diseases, precision medicine 
has become a major priority of the European 
Union. However, the goal of tailoring diagnosis and treatment to the individual’s 

characteristics is complex presenting considerable challenges that must be 
addressed. One of the factors delaying the progress of precision medicine is the 

lack of crucial technologies which have not been developed in pace with 
the ever increasing surge of molecular, biological and clinical information. 

Fragmented research and translation, limited by scientific silos, lack of 
convergence and integration, and reliance on population statistics raise roadblocks 
in the development of the highly sophisticated technologies required for the 

effective clinical application of precision medicine.  

The vision of the Integrated Precision Medicine Technologies Centre of 

Excellence (IPMT CoE) is to establish an inspiring, interdisciplinary, research 
and innovation centre, which will become a world leader in the development of 
new technologies to further enable and accelerate the development, 

translation, and application of precision medicine. The theme of the Centre 
is not only scientifically exciting and clinically relevant, it is also very timely. 

Over the last decade, scientific knowledge and technological innovations have 
matured to the point where the stage is ready for the next technological 
breakthroughs. However, to achieve the sophistication required for precision 

medicine technologies, a multipronged strategy is required as is evident by the 
limited success of research efforts focusing on single technological approaches. 

The Centre will integrate the necessary building blocks for the implementation of 
complex precision technologies: (i) Micro- and Nano-Biotechnologies, (ii) 
Sensing, Electronics and Embedded Systems, (iii) Medical Imaging & 

Biosignal Analysis, (iv) In silico Modelling, (v) Bioinformatics & Systems 
Medicine, and (vi) eHealth Systems, with the support of (vii) 

Molecular/Cellular Biosciences and (viii) Clinical Development & 
Validation. The Centre aims to focus the application of the developed 
technologies on key clinical fields currently lacking in precision: (i) Primary & 

metastatic brain malignancies, (ii) Neurodegenerative disorders, and (iii) 
Brain injury & response in critical care. Although the scope of the Centre may 

appear broad, the IPMT CoE technologies will be generalized to tackle the common 
underlying, multifactorial, pathophysiological pathways, shared by disorders of the 
brain, overcoming the current significant barriers in precision medicine and, thus, 

achieving widespread clinical utility and impact. The Centre will achieve a level of 

Vision 
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focused integration that does not currently exist but is strongly recommended by 
many EU and international initiatives and consortia. 

The TEAMING project will focus the efforts of the local partners to common goals 
and enhance their expertise with the contribution of the advanced research 

partners. The host of the proposal, the University of Cyprus (UCY), is the country’s 
leading academic institution, ranked 55th in the world among young universities. 
The local partners also include major clinical research centres: the Cyprus Institute 

of Neurology and Genetics (CING) and the Nicosia General Hospital, as well as the 
Ministry of Health (MoH) which is both the main health care provider and the 

health policy maker in Cyprus. The Advanced Partners are leaders in the areas of 
biomedical engineering and medical technologies: the Fraunhofer Institute for 
Biomedical Technology (FhG-IBMT) in Germany and the Centro de Investigación 

Biomédica en Red - Bioengineering, Biomaterials and Nanomedicine (CIBER-BBN) 
in Spain. Their impressive background and individual experience, specifically in 

the IPMT CoE areas, combined with the synergies created by the TEAMING project, 
provide a great opportunity to establish a sustainable Centre of Excellence, which 
will address vital research and innovation challenges. The effort is also strongly 

supported by various SMEs, private medical and industrial partners, and patient 
organizations. The engagement of stakeholders from all levels of medical 

technology deployment, along with the innovation, business and policy initiatives 
proposed, will allow the Centre to translate its innovations to clinical practice 

creating both clinical benefits and also spurring new economic growth. 

The proposed, fully autonomous non-profit, Centre will establish a complete 
ecosystem to (i) nurture interdisciplinary convergence and integration, with 

common focus, leading to excellence and sustainability, (ii) develop and expand 
an enabling infrastructure integrating specimen and data collection and advanced 

analytics, (iii) establish an interdisciplinary education and training platform for 
human capital development, stakeholder engagement, and a common “language” 
for the varied interdisciplinary fields involved, (iv) spearhead innovation and 

entrepreneurship for long-term financial sustainability and regional/European 
economic growth, and at the same time (v) orchestrate the necessary 

organisational transformation to create a flexible, expanding, Centre with a 
thriving interdisciplinary population. All the topics and challenges of the TEAMING 
call are addressed in the proposal. In addition, the Centre’s objectives are fully 

aligned and significantly reinforce the Cyprus Smart Specialization Strategy 
(S3Cy) pillars of research and innovation, human capital, and infrastructure 

growth. The innovations of the Centre will feed into the local and European 
research and financial environment thus providing the required boost to positively 
impact the research and innovation capacity of Cyprus and redefine the cultural 

view and norms regarding research. 
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Precision medicine is an approach to disease 
diagnosis, treatment and prevention that 
seeks to maximize effectiveness by taking 

into account individual variability in clinical 
presentation, history, genes, environment, 
and lifestyle1. Precision medicine aspires to 

redefine our understanding of disease onset 
and progression, treatment response, and 

health outcomes through the more precise 
quantification of the individualized factors 
that contribute to health and disease. Such an understanding will lead to more 

accurate diagnoses, more rational disease prevention strategies, better treatment 
selection, and the development of novel therapies2. In January 2015, the launch, 

in the USA, of the multi-million dollar Precision Medicine Initiative “to bring us 
closer to curing diseases like cancer and diabetes, and to give all of us access to 
the personalized information we need to keep ourselves and our families healthier” 

was announced, further stressing the importance of this field2. In Europe, the last 
call of the Horizon2020 Better HealthCare aims to: “(i) establish Europe as a global 

leader in personalised medicine research; (ii) support the personalised medicine 
science base through a coordinated approach to research; (iii) provide evidence 
to policy makers of the benefit of personalised medicine to citizens and healthcare 

systems. The International Consortium on Personalised Medicine will be 
instrumental to achieve these aims”3 and includes risk screening, data integration, 

in silico models and rare and neurodegenerative diseases.  
However, the simply stated goal of tailoring diagnosis and treatment to the 
individual characteristics of a patient, hides much complexity with considerable 

challenges that must be addressed. One of the factors hindering the progress 
of precision medicine is the lack of crucial technologies which have not been 

developed in pace with the advances and the ever increasing information of the 
clinical and biological understanding of disease. The findings of the European 
Science Foundation (ESF) workshop Forward Look on Personalised Medicine for 

the European Citizen unequivocally state the 
need to develop new technologies to collect and 

analyse data in a way that is not just linear but 
integrated (understanding system level 

functioning) and dynamic (understanding 
system in flux)4. The application of precision 
medicine is further complicated by factors such 

as disease heterogeneity, technical feasibility 
and validity of biomarkers, and heterogeneity 

of multiscale, multimodality, big data. 
Furthermore, this overwhelming amount of 
information must be converted to knowledge 

 
1 Collins FS, et al. New England J. of Medicine 2015; 372(9):793-795 
2 Precision Medicine Initiative (PMI) Working Group Report the Director, NIH, 2015 
3 Horizon 2020 Work Programme 2018-2020: 8. Health, demographic change and wellbeing 
4 Harvey A, et al. New biotechnology. 2012; 29(6):625-33 

“It is much more 
important to know 

what sort of a patient 
has a disease than 

what sort of a disease 
a patient has.” 

 

William Osler (1849-1919) 

Scientific and Innovation Potential 
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and actionable models in order to become clinically relevant5. Currently, even 
when information, describing a malignancy at great detail and containing cues on 
disease behaviour and patient outcome, is available it remains largely under-

exploited and un-interrogated. For example, in radiology, one of the most 
quantitative clinical evaluation methods, 44% of reports contain some basic 

analysis (e.g. size measurements) but only 2% contain advanced quantitative 
information (e.g. numerical reporting on lesion function or composition)6. 

The fact that progress is slow and the success stories limited is not due to any 
fundamental flaw in the central dogma of precision medicine but is rather a sign 
of its infancy7, while at the same time it highlights the immense opportunities in 

this area. It is also a sign that new approaches are needed to stimulate further 
and faster development. Progress is hindered, partly, by fragmented research and 

translation, which are, still, limited by scientific silos, lack of integration, and 
reliance on population statistics. It is becoming apparent that in order to achieve 
the full potential of precision medicine, research must progress beyond the 

interdisciplinary intersection of fields to convergence and integration, which will 
culminate in the emergence of new disciplines8. The convergence of profoundly 

transformative technologies and technology-enabling sciences recommendation in 
“Foresighting the New Technology Wave: Converging Technologies – Shaping the 
Future of European Societies” to the EC, further emphasizes this need.  

The proposed Centre aims to establish a complete ecosystem, with a central hub 
(headquarters and infrastructure) and spokes in Cyprus, Germany and Spain, 

which will nurture interdisciplinary convergence and integration and provide 
enabling infrastructure, leading to the identification of common targets and 
a focused effort to create the technologies (hardware and algorithms) 

necessary to overcome some of the current hurdles of imprecision9 leading to the 
desired precision in medicine. The theme of the proposed Centre is not only 

scientifically exciting and clinically relevant, it is also very timely. Over the last 
decade, scientific knowledge and technological innovations (e.g. -omics, imaging, 
sensing, ICT, mobile technologies) have matured to the point where the stage is 

ready for the next technological breakthroughs to support precision medicine. 

Precision medicine requires a multipronged approach necessitating technological 

support from a combination of areas so as to succeed: (1) data management and 
information technologies, (2) computational and analytics tools and systems, (3) 

 
55 Hood L, et al. New biotechnology. 2012; 15;29(6):613-24 
6 Abramson RG, et al. Mag Reso Imag. 2012; 30(9):1357-1366 
7 Shaweytz D. Forbes 2015; April 15 
8 Sharp PA, et al. Science. 2011; 333(6042):527 
9 Hey SP, et al. Science. 2016; 353(6298):448-9 
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sensing technologies, and (4) biological validation systems10. The IPMT CoE will 

integrate the components key to the implementation of complex precision 
medicine tasks including: (i) Micro- and Nano-Biotechnologies, (ii) Sensing, 

Electronics and Embedded Systems, (iii) Medical Imaging & Biosignal 
Analysis, (iv) In silico Modelling, (v) Bioinformatics & Systems Medicine, 
and (vi) eHealth Systems, with the support of (vii) Molecular/Cellular 

Biosciences (Translational –omics) and (viii) Clinical Development & 
Validation. This will achieve a level of focused integration that does not currently 

exist but is the recommendation in the conclusion of many EU efforts to promote 
and coordinate precision medicine (e.g. p-Medicine11 and iASiS12 projects as well 
as Better HealthCare (BHC) calls). The TEAMING project will focus the efforts of 

the local partners to common goals and enhance their expertise with the 
contribution of the advanced research partners.  

Further, the Centre aims to investigate the application of the developed 
methodologies in key clinical areas currently lacking in precision: (i) Primary & 
metastatic brain malignancies, (ii) Neurodegenerative disorders, and (iii) 

Brain injury & response in critical care. The research teams will be enhanced 
and momentum will be created, with an in-flow of Big Data from Europe, the USA, 

and the Middle East and Northern Africa (MENA) region, to create novel 
methodologies and technologies. Although the scope of the Centre may appear 
broad, as each area could be in itself the subject of a research centre, the IPMT 

CoE technologies will be directed to tackle the common underlying, 
multifactorial, pathophysiological pathways, shared by disorders of the 

brain (e.g. neuro-inflammation, neuro-degeneration, etc.) providing the 
necessary precision for a wide range of clinical applications and, thus, achieving 
widespread clinical use and impact. In addition, via its business and 

innovation initiatives, the policy making organizations participation (MOH) and 
patient engagement, the Centre aims to translate its innovations to clinical 

practice creating both clinical benefits for patients and also spurring new economic 
growth.  

 
10 McGrath S, et al. BMC medical genomics. 2016; 9(1):23 
11 http://www.p-medicine.eu/ 
12 http://www.project-iasis.eu 
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Growth Potential 

The IPMT CoE has excellent growth potential, 
in terms of clinical and technological 
applications covered. Its impact is aligned 

with the Smart Specialisation Strategy of 
Cyprus (S3Cy) and the needs of Cyprus, the 

MENA region, and Europe in general. 

Application growth potential: According to 
a recent market research report by BIS 

Research titled Global Precision Medicine 
Market – Analysis and Forecast (2017-2026), the global precision medicine 

market is expected to reach a value of $141.7 bil by the year 2026, wherein 
the oncology market segment alone is expected to grow at a compound annual 
growth rate (CAGR) of 10.4% from 2017 to 2026. The technologies powering 

precision medicine include companion diagnostics, bioinformatics, big 
data analysis, gene sequencing, pharmacogenomics, molecular 

diagnostics, and many other emerging fields. In 2016, the market was 
dominated by companion diagnostics, which was expected to grow at a CAGR of 
11.56%. The IPMT CoE will be engaged in many of research projects integrating 

multiple aspects of technology, e.g. big data and bioinformatics, companion 
diagnostics, micro-nano-sensors and wearables, predictive modelling, etc. The 

interdisciplinary demonstrator projects, identified during TEAMING Phase 1, as 
well as the industry-oriented, proof-of-concept, industrial research projects 
planned, will be used as vehicles to promote entry into the precision medicine 

technology market. The Centre will, thus, be well positioned to take advantage of 
new partnerships which are emerging, for the first time, between clinicians, 

pharmaceutical companies and technology-oriented institutions. This trend is 
expected to become even more prominent as precision medicine advances and 

diagnostics are more tightly tied to therapeutics providing numerous growth 
opportunities. The Centre will work collaboratively with local, regional, and 
European stakeholders including government, health systems, and patients, with 

broad industry and SME (both existing and start-ups/spin-offs) engagement to 
identify and resolve barriers to leading precision medicine growth.  

. 

 

Growth Potential 
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As already mentioned, the Centre aims to 

investigate the application of the developed 
methodologies in the key precision 

medicine clinical areas of: (i) Primary and 
metastatic brain malignancies, (ii) 
Neurodegenerative disorders, and (iii) Brain 

injury and response in critical care. The 
table below provides a brief description of 

the applicability of precision medicine and 
the potential of excellence in each clinical 
area. 

The development of efficient and cost-effective technologies will enable the 
implementation of precision medicine across a spectrum of diseases (initially 

focusing on primary and metastatic brain tumours, neurodegenerative disorders, 
and brain injury), with potential clinical impacts as follows: 
 Efficient stratification of patients, based on disease risk and progression rate, 

to effectively monitor and plan treatment, with a positive impact on resource 
management and reduction of unnecessary patient visits and tests. 

 Accurate disease prognosis and timely diagnosis to efficiently monitor the 
disease and prevent fatal symptomatology development, both saving lives and 

reducing the economic burden of disease. In addition, minimally invasive or 
non-invasive precision, POCT, diagnostic tools can lead to improved QoL. 

 Accurate prediction of treatment effectiveness to eliminate the 

administration of ineffective treatments and reduce unnecessary high 
dosages, thus limiting the toxicity to patients and the waste due to ineffective 

therapies. 
 Reliable and continuous monitoring of disease to allow formulation of 

individualised therapeutic strategies. Information about disease progression 

from peripheral surrogate markers, from minimally invasive or non-invasive 
POCT, can reduce the cost and turn-around time leading to less discomfort 

and better management. 
 More effective delivery through the BBB, via improved understanding of 

disease processes and BBB dynamics, to develop more effective, disease-

specific, individualized diagnostics and theranostics with less toxicity. 
 Target-focused care via the emergence of evidence-based guidelines and 

management protocols, and data-driven algorithms, to alleviate long-term 
physical, cognitive and psychological disorders burden.  

 Minimally invasive, POCT, technologies, to identify disease at an early 

stage or predict disease recurrence or metastatic potential for improved 
diagnosis and identification of high risk groups to reduce the required major 

therapeutic interventions, decrease toxicity, improve QoL, and reduce 
disability. 

 

 

  

Clinical Excellence and Impact 
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Primary & Metastatic Brain Malignancies 

Oncology is at the frontline of precision medicine13. 
Tumours exhibit extensive heterogeneity, both 

between and within tumours, driving phenotypic 
variation and posing a significant challenge to 

personalised cancer medicine14.  

 

Primary Brain Tumours 

Relevance to Precision Medicine: Malignant Gliomas (MG) emerge from specific 
molecular abnormalities in the brain of both children and adults15,16. Glioblastoma 

Multiforme (GBM) is the most common and malignant type with 15 months median 
survival17. This grim prognosis is attributed to rapid recurrence due to genetic 
variability and invasive potential, leading to multifaceted failure of personalized 

molecular therapy.  

Challenges: Major precision bottlenecks include: (i) interpatient variability18, (ii) 

genetic and phenotypic heterogeneity, (iii) variability of treatment response and 
ineffectiveness of targeted therapeutics, (iv) lack of precise tumour imaging and 
quantification of therapeutic uptake, (v) low predictive value of peripheral 

detection/ monitoring (by POCT and in vitro liquid biopsies), (vi) inability to 
localize early tumour recurrence / metastasis.  

Research Directions/Pipelines to Excellence: Integrate the essential basic 
knowledge and technologies in disruptive: (i) Integration of rationally engineered 

cells secreting extracellular vesicles serving as disease biomarkers in a self-
controlled system which would achieve maximal localization and reliable/precise 
therapy. (ii) Predictive models of spatiotemporal biodistribution and response to 

targeted therapies based on BBB integrity and its impact on monitoring and 
therapy. (iii) Revolutionary cell- and optoelectronic-based interfaces, for 

completely implantable or wearable devices, for molecular communications to take 
Brain Machine Interfaces19 to a drastically new level. Such systems could ensure 
minimum human intervention while paving the way for low cost approaches for 

tumour diagnosis and treatment, and potentially other brain pathologies, with 
significant socio-economic impact.  

Impact: Malignant gliomas may develop at all ages. Glioblastoma Multiforme 
(GBM) is the most common and most malignant type of primary MG with15 
months median survival. Timely identification and localization of recurrence will 

have notable impact: (i) Minimized return visits for conventional imaging due to 
the potential of the compact device to function as a wearable system allowing 

patient self-monitoring, (ii) early intervention with localized targeted therapies 
attacking glioma stem cells, thus eradicating sources of recurrence while at the 
same time minimizing toxicity, (iii) prediction of tumour spatial expansion which 

 
13 F. Ciardiello, et al. Ann.Onc. 2014; 25(9) 1673-8 
14 RA. Burrell, et al. Nature. 2013; 501: 338–45 
15 Mochizuki AY, et al. ACS Chem Neurosci. 2018; 9(1):11–28 
16 Louis DN, et al., Acta Neuropathol. 2016; 131(6): 803-20 
17 Wen PY, et al. New Eng J Med. 2008; 359(5):492-507 
18 Weller M, et al. The lancet oncology. 2017; 18(6):e315-29 
19 Inal S, et al. Acc Chem Res. 2018; 51(6): 1368-76 
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is of particular importance in lower grade gliomas in terms of correlation with 
symptomatology and clinical features. 

Long-term impact (post commercialization): The case study was based on 
the performance, acceptance and cost of Temozolomide (TMZ) therapy (now 

becoming a standard). The calculations show that with the improvement due to 
IPMT CoE technologies more than 1,500 recurrences will be detected earlier. 
The IPMT CoE technologies will also result in an increase in the life expectance 

(3.8 months for adults and 18.3 months for children) and more than 3,000 
quality adjusted life years (QALYs) saved per year. This will increase the 

cost of care by 126 mil euro (5.5%) which, however, is acceptable based on the 
TMZ experience.(See Appendix 1). 

 

Cancer Metastases to the Brain 

Relevance to Precision Medicine: Brain metastases are the most common 
malignant intracranial tumours, with a 20–40% of patients with lung cancer, 
breast cancer and melanoma (the three commonest) developing brain metastases 

during their disease, with a steady increase over the last decade20,21. The brain 
metastases confer worse prognosis, diminishing quality of life (QoL) and overall 

survival to months rather than years22. There is no means of predicting brain 
metastases other than the presentation of neurological symptoms.   

Challenges: Major challenges currently include: (a) the inability to predict the 

metastatic potential at the time of primary cancer diagnosis, even in high risk 
subpopulations such as HER2+ve or triple negative breast cancer patients, (b) the 

lack of reaching a precise and timely diagnosis of brain metastases, (c) the 
absence of means for continuous and reliable monitoring of progression and (d) 
the lack of tools of assessment of response to treatment.  

Research Directions/Pipelines to Excellence: Precision medicine technologies 
are expected to optimize the management of brain metastases by: (a) identifying 

‘biomarker(s)’ of metastatic potential via retrospective reviews of genetic, 
proteomic, imaging, biochemical, environmental, lifestyle patient data, (b) 

creating prediction models of the metastatic potential for different subgroups 
(prospective), (c) utilizing imaging and liquid biopsy techniques to help localize 
brain lesions early, even at microscopic size, (d) correlating disease bulk with 

 
20 Nathoo N, et al. J Clin Pathol. 2005; 58(3): 237-42 
21 Smedby KE, et al. Br J Cancer. 2009; (101)11:1919-24 
22 Sperduto PW, et al. J Clin Oncol. 2012; 30(4):419-25 

Malignant Gliomas Mean Survival QALYs Lost Cost of Care

Malignant Gliomas in the European Union

Adults: 25,400 per year

Children: 10,100 per year

Adults: 15 months

Children: 6.1 years 

> 1.2 mil years > 2.3 billion €

The Impact of a Better Monitoring Technology for Early Detection of Recurrence

> 2,840 

QALYs Saved

Prediction of Metastases: ↑ success of therapy, ↑ prolongation of life, ↓ toxicity, 

↓ hospital visits, ↑ better quality of life 

IPMT Yearly Revenues: 

380,000 €

+ 4,530 

Early Detections

+121 mil € (+5.3%)

Increased Cost
(Similar to TMZ)

+ 3.8 months (adults)

+18.3 months (child.) 
Increased Life Expectancy 
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surrogate markers of progression or response to treatment, (e) further exploring 
the concepts of the BBB and resistance (primary or acquired) to systemic drugs 

whilst promising targeted systemic therapies are tested in this field. 

Impact: In the EU 28 alone, there are about 470,000 patients at high risk of 

developing cancer metastases (e.g. HER2+/Triple neg. breast cancer, NSC lung 
cancer, and melanoma) of which about 178,000 will eventually present with such. 
Metastasis implies significant shortening of life (months instead of years) and 

substantial comorbidities (side effects of treatment, neurological sequelae, 
reduction of QoL, etc.). The clinical impact of IPMT CoE technologies to predict 

brain metastases and allow early diagnosis when the disease is localized, will 
include (i) higher chances of successful therapy and prolonged life, (ii) less 
comorbidity, (iii) less toxicity from treatment, (v) more appropriate treatment, 

and (iv) better QoL. Emerging prognostic tests, based on molecular and genetic 
profiling, aim to identify high-risk patients who will benefit from chemotherapy 

while low-risk patients to avoid both toxicity and cost burden. The oldest and most 
popular such test is Oncotype DX23.   

Long-term impact (post commercialization): For this case study, the 

calculations were based on the experience, performance, acceptance and test cost 
of the Oncotype DX. The calculations show that a more accurate prediction of 

metastases will result in about 6,300 more timely diagnoses per year (1.5 
%), while the number of metastases missed, and thus untreated, will also 

decrease by the same amount. The Centre’s technologies will result in 4,400 less 
unnecessary treatments (20% reduction) and 13,800 additional QALYs 
saved per year (11 % improvement). This will increase the cost of care by € 

550 mil (4%) which is acceptable based on the Oncotype DX experience. (See 
Appendix 2). 

 
 

 Epidemiology Clinical Impact 
 

Incidence 

(per 

year) 

Life 

Expectancy 

(years) 

Preva-

lence 

QALYs 

saved 

(per 

year) 

Other 

Malignant 

Gliomas 

(Primary 

Tumours) 

Adult & 

Childhood 

25,400/ 

10,000 
1.25/ 6 N/A 3,000 

 25% increase in life 

expectancy 

 110 QALYs gained per 

year from reduced 

toxicity 

Tumour 

Metastases 

to the Brain 

(High Risk 

Populations) 

178,000 

0.5 – 3 

(without & 

with 

chemotherapy) 

N/A 13,800 

 Correctly predict an 

additional 6,300 

metastases per year 

 Avoid 4,400 chemo-

therapies per year 

 

 

 
23 Chandler Y, et al. J Clinical Oncology. 2018; 36(6):554 
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High Risk Patients Developing Metastases QALYs Lost Cost of Care

Brain Metastases in the European Union

470,000 per year 178,000 patients 336,000 years > 13 billion €

The Impact of a Better Prediction Technology

- 5,060

Less Missed

+ 10,400 

Additional QALYs

Prediction of Metastases: ↑ success of therapy, ↑ prolongation of life, ↓ comorbidity, ↓ toxicity, 

↓ unnecessary treatment, ↑ better quality of life 

IPMT Yearly Revenues: 

1.98 million €

- 2,240

Less Treatments

+ 5,060 

Additional Predicted

Current Prediction Technology

41,000 

Metastases 
Correctly Predicted

21,000 

Metastases
Missed

20,000 

Unnecessary 
Treatments

50,000 

QALYs 
Saved

+12 mil € 

Increased 
Cost

+ 790,000 €

Increased Cost
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Neurodegenerative Disorders 

 
Alzheimer’s Disease, Parkinson’s Disease and Multiple 

Sclerosis account for a very large proportion of 
morbidity and mortality24,25,26. The greatest unmet need 

for neurodegenerative disorders is the lack of effective 
disease modifying interventions, making them a 
primary clinical target for precision medicine27.  

 

Challenges: However, tackling this need is not possible without addressing some 

key clinical challenges, such as:  (i)  precise diagnosis  (preferably  at  disease  
prodromal  phases),  (ii)  precise clinical patient stratification,  (iii)  precise disease  

prognosis  (treatment  response  and  outcome),  (iv) effective  and  efficient 
clinical evaluation and monitoring, and (v) detection of meaningful change in 
response to therapy39. 

Excellence: IPMT CoE precision medicine technologies target to address the 
above challenges with (i) sensing and wearable devices combined with biosignal 

analysis for precise, continuous and remote monitoring; (ii) advanced image 
analytics and radiogenomics for more accurate diagnosis and monitoring of 
progression; (iii) novel point of care technologies for liquid biopsy analysis for 

detection of disease markers; (iv) development of BBB models for understanding 
disease pathogenesis; (v) development  of  new  multimodal  imaging  contrast  

agents  (e.g.  MRI-Optical); and (vi) development of an integrated Decision 
Support System (DSS) as well as patient oriented apps, which can “learn” the 
changes effected by disease processes, detect transition phases, monitor  

treatment,  and,  empower  and  motivate  patients  to  participate  in  their 
disease management. 

Impact: Neurodegenerative disorders, such as Alzheimer’s Disease (AD), 
Parkinson’s Disease (PD), and Multiple Sclerosis (MS) account for considerable 
morbidity and mortality in Cyprus, Europe and worldwide. Their prevalence is 5, 

1.2, and 0.5 mil patients respectively in the EU28 alone. They also present an 
increasing burden (a total of more than € 150 bil per year in Europe) which is 

expected to continue to increase and reach € 380 bil per year by the year 2050 in 
the EU28. Technologies focusing on the timely and accurate diagnosis of 
neurodegeneration, and prediction of disease progression at the time of diagnosis 

will clinically benefit both at risk as well as recently diagnosed individuals by 
allowing earlier and more appropriate application of treatment28,29. In addition, 

the more effective management afforded by early diagnosis and better prognosis 
will also have a societal benefit, improving the QoL of patients and their 

 
24 Niu H, et al. Neurol Engl Ed. 2017; 32:523–32 
25 VL Feigin, et al.Lancet Neurol. 2017; 16:877–97. 
26 Atlas of MS.  https://www.msif.org/about-us/who-we-are-and-what-we-do/advocacy/atlas/ 
27 Schapira AH. Neurodegener Dis Manag 2011; 1:1–2. 
28 Bruandet A, et al. J Neurol Neurosurg Psychiatry. 2009; 80: 133–9 
29 Noyes K, et al. Am J Manag Care. 2013; 19: s321-331 
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families30,31, and increasing patient and carer participation in the workforce32,33. 
These clinical/societal benefits translate into economic benefits, by reducing both 

direct and indirect disease costs33,34,35.  

Long-term impact (post commercialization): Interventions and technologies, 

aimed at preventing, halting, or decelerating the progression of AD, can increase 
the patients’ longevity and QoL. A 5-year delay in AD onset leads to 2.7 additional 
years of life, and 4.8 additional AD-free years for each individual who would have 

acquired AD, and is worth over $500,000. In addition, there is a 3-month reduction 
in time spent in a nursing home34. Similarly, a delayed disease onset model (where 

disease onset is delayed by 6.7 years) projects 35.6 percent fewer cases of AD by 
205036 and would also reduce societal costs by ~40%34. The calculations below 
were based on the above information. The average scenario of the clinical 

application of IPMT CoE technologies for better diagnosis and monitoring of AD, 
PD, and MS are shown below. The cumulative effect is more than a 1 mil QALYs 

and more than € 7 bil saved per year. It is interesting to note that, given the 
increasing incidence of neurodegenerative disorders, especially AD, by the year 
2050, the effects of the IPMT CoE technologies will be even more significant (a 

reduction of 10 % in prevalence, i.e. 1.8 mil less cases, and 9 % decrease 
in the cost of care). (See Appendices 3-7). 

 

 Epidemiology Clinical Impact 
 

Incidence 

(per 

year) 

Life 

Expectancy 

(years) 

Preva-

lence 

QALYs 

saved  

(per 

year) 

Other 

Alzheimer 

Disease  
1,100,000 9 5,000,000 815,000 

 An additional 4.8 years 

living AD-free 

 Decrease the 

prevalence by 760,000 

patients by the year 

2050 

Parkinson 

Disease 
762,000 9 1,200,000 125,000 

 Decrease the 

prevalence by 830,000 

patients by the year 

2050 

Multiple 

sclerosis 
30,500 30 550,000 205,000 

 Decrease the 

prevalence by 220,000 

patients by the year 

2050 

 

 
30 Schrag A, et al. J Neurol Neurosurg Psychiatry. 2000; 69: 308–12 
31 Zucchella C, et al. Alzheim Dis Assoc Disord. 2015; 29: 50–4 
32 Schölzel CJM, et al. Alzheim Dis Assoc Disord. 2009; 23:171–7 
33Tinelli M, et al. The London School of Economic (2016) 2016 
34 Zissimopoulos J, et al. Forum Health Econ Policy. 2014; 18: 25–39 
35 Findley L, et al. Mov Disord Off J Mov Disord Soc. 2003; 18: 1139–45 
36 Sloane PD, et al. Annu Rev Public Health. 2002; 23: 213–31 
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2050

New Cases Living with AD QALYs Lost Cost of Care

Alzheimer's Disease in the European Union

1,100,000 per year > 5 mil patients > 3.7 mil years > 110 billion €
Living with AD Cost of Care

The Impact of a Better Screening Technology

> 15 mil people > 330 billion €

> 5.4 billion €

saved

> 730,000 

QALYs saved

> 15 billion €

saved

> 680,000 

less patients

2050Present

Screen high risks populations (prodromal):  ↑ earlier intervention,  ↓ delay onset,  ↓ disease progression,  ↑ patient & carer QoL,  ↓ cost

+ 4.8 years

Living AD-free

+2.7 years

Life Expectancy

IPMT Yearly Revenues: 4.7 mil €

2050

New Cases Living with PD QALYs Lost Cost of Care

Parkinson’s Disease in the European Union

762,000 per year > 1.2 mil patients > 5.7 mil years > 13 billion €
Living with PD Cost of Care

The Impact of a Better Screening Technology

> 2.4 mil people > 26 billion €

> 272 million €

saved

> 51,600 

QALYs saved

> 5.4 billion €

saved

> 485,000 

less patients

The Impact of a Better Monitoring Technology

> 359 million €

saved

 68,320 

QALYs saved

> 3.8 billion €

saved

> 346,000 

less patients

2050Present

Continuous monitoring & management:    ↑ earlier & adjusted therapy,    ↓ symptoms,   ↓ disability,   ↑ patient & carer QoL,   ↓ cost

2050Present

Screen high risks populations (relatives/prodromal): ↑ earlier & adjusted therapy, ↓ symptoms, ↓ disability, ↑ patient & carer QoL, ↓ cost

IPMT Yearly Revenues: 

1.45 mil €

IPMT Yearly Revenues: 

684k €

2050

New Cases Living with MS QALYs Lost Cost of Care

Multiple Sclerosis in the European Union

30,400 per year > 540,000 patients > 700,000 years > 21 billion €
Living with MS Cost of Care

The Impact of a Better Prediction Technology

> 710,000 people > 27 billion €

> 35 million €

saved

> 14,160 

QALYs saved

> 5 billion €

saved

> 131,000 

less patients

The Impact of a Better Monitoring Technology

> 495 million €

saved

 200,000 

QALYs saved

> 3.4 billion €

saved

> 87,500 

less patients

2050Present

Continuous monitoring & management: ↑ earlier & targeted modifying therapy, ↓ relapse rate, ↓ disability, ↑ patient & carer QoL, ↓ cost

2050Present

Predict whether CIS will progress to MS: ↑ earlier & targeted modifying therapy, ↓ progression, ↓ disability, ↑ patient & carer QoL, ↓ cost

IPMT Yearly Revenues:

116k €

IPMT Yearly Revenues:

1.46 mil €
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Brain Injury and Response to Critical Care 

Traumatic Brain Injury (TBI) is an excellent target for 
precision medicine37 since: (a) It is highly complex, 

affecting structures with different functionality and 
involving a multitude of pathophysiological 

mechanisms with varied outcomes, (b) Outcome and 
prognosis are still poor, and (c) Monitoring and 
treatment have an unprecedented track of failed 

clinical trials attributed to poor patient cohort 
stratification (using Glasgow Comma Scale, imaging 

and intracranial pressure values only)38. 

Challenges: (a) Existing prognostic models perform poorly making effective 
triage, early intervention and prevention of secondary adverse neurocognitive 

outcomes difficult to address, (b) Current monitoring and diagnostic methods do 
not target specific pathophysiological mechanisms necessary for the development 

of new precise interventions, and (c) Current research in TBI is largely lucking Big 
Data analytics and AI tools. 

Research Directions/Pipelines to Excellence: (a) Use interdisciplinary 

approaches in working out barriers for data integration/curation currently 
preventing the combination of diverse TBI databases (clinical data / genomic-

proteomic analysis / radiomics / images / high granularity biosignals), (b) Work 
with existing, small cohort, of TBI patients with full scale data in combination with 

datasets from large European cohorts (existing partnerships) to model this multi-
factorial, complex disease and identify specific bio-patterns / bio-markers39 for 2 
distinct pathophysiological mechanisms (brain global oedema and brain 

contusions)40, amenable to different monitoring modalities/medical-surgical 
interventions, and (c) “Translate” the above into precise, personalized, 

commercially exploitable diagnostic / prognostic batteries of tools using expertise 
/ technologies available in the consortium41. 

Impact: Results from a recent study suggest that 1.5 mil TBI-related hospital 

discharges and 57 000 TBI-related deaths occurred in 2012 in the 28 Member 
States of the EU. The burden of TBI for the EU28 is € 33 bil per year, projected to 

rise to € 111 bil by the year 2050. Despite increasing adherence to evidence-based 
approaches and the development of guidelines in regards to many aspects of care 
for patients with severe TBI, prognosis is still dismal. Even with mild and medium 

cases, with moderate mortality rates, most patients develop serious 
neurocognitive disability at a great personal and societal cost. Several studies 

have shown that even a simple change in the management of TBI patients, such 
as adherence based on a protocol according to the Brain Trauma Foundation (BTF) 
guidelines, reduces mortality (4%), length of stay in the hospital (20%), disability 

(18%), and cost (22%)42,43. The technologies developed at the IPMT CoE will 

 
37 A. Anthony, et al. Childs Nerv Syst. 2017; 33:1651–1661 
38 N. Carney, et al. Neurosurgery. 2017; 1(80 (1)):6–15 
39 AK Wagner. Curr Neurol Neurosci Rep. 2017; 17: 8 
40 JA. Hartings, Curr Opp in Critical Care. 2017; 23(2):94-102 
41 D Laskowitz, et al. 2016; ISBN-13: 978-1-4665-8491-4 
42 Fakhry SM, et al. J Trauma & Acute Care Surgery. 2004; 56(3):492-500 
43 Faul, M., et al. J Trauma & Acute Care Surgery, 2007; 63(6): 1271-8 
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provide even better stratification and improved monitoring capabilities. Thus, they 
will have the potential to reduce the short and long term sequelae of TBI since 

they will enable faster and more accurate management at the acute stage and 
better monitoring and treatment adjustments in the chronic stage. Clinical 

outcomes will improve (less mortality and disability, few neurodegenerative 
sequelae, etc.) and QoL enhanced (increased lifespan, reduced need for home 
care, more independence, etc.).  

Long-term impact (post commercialization): The impact calculations were 
based on the current TBI statistics and current estimates of cost of TBI43 as well 

as making conservative assumptions, comparable to the effect of Brain Trauma 
Foundation (BTF) guideline adherence. The average results of the 
commercialization of IPMT CoE technologies for better stratification and 

monitoring of hospitalized TBI patients (new cases) are shown below. It is shown 
that there could be 178 thousand QALYs saved per year (2%), due to 

improvement in the quality of the remaining patient life, as well as cost savings 
of € 1.2 bil per year (3% reduction). It is interesting to note that, given the 
increasing incidence of TBIs by the year 2050, the effects of the IPMT CoE 

technologies will be even more significant: 18 % decrease in the cost of care 
due to the effect of the reduce the prevalence of TBI by 16 %. (See 

Appendix 8). 

 

 Epidemiology Clinical Impact 
 

Incidence 

(per 

year) 

Life 

Expectancy 

(years) 

Prevalence 

QALYs 

saved  

(per year) 

Other 

Traumatic 

Brain Injury 
1,450,000 24 2,500,000 178,000 

 2,000 less deaths 

and vegetative 

states per year 

 

 

 

  

2050

New Cases Living with TBI QUALYs Lost Cost of Care

Traumatic Brain Injury in the European Union

1,446,000 per year > 2.5 mil patients > 7.9 mil years > 33 billion €
Living with TBI Cost of Care

The Impact of a Better Monitoring Technology

> 3.3 mil people > 111 billion €

> 1.2 billion €

saved

> 178,440 

QUALYs saved

> 21 billion €

saved

> 525,350 

less patients

2050Present

Monitoring of TBI patient:   ↑ timely & appropriate  intervention,   ↓ sequelae,   ↑ long-term outcome,   ↑ patient & carer QoL,   ↓ cost

IPMT Yearly Revenues: 

3.58 million €
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The public health consequences of the 
devastating diseases addressed by the 
technologies of the IPMT CoE can be 

captured by the medical costs (direct and 
indirect) and the years of life lost (YLL), 
which provide an estimate of the number 

of years a person would have lived if he 
or she had not died prematurely. The 

technological advancements, resulting 
from the IPMT CoE research, are expected 
to have significant societal impact to alleviate the burden of disease as follows: 

 Earlier diagnosis and more effective, timely, and targeted interventions, as 
well as precise, reliable and continuous therapeutic monitoring, with the help 

of precision medicine technologies, will result in better patient outcomes 
and less toxicity from therapies. QoL will be improved for both patients 
and, indirectly, carers. They will relieve family members and care-givers from 

additional load and emotional distress. This is especially important for geriatric 
populations who suffer multiple comorbidities and, thus, accumulate additional 

burden. 
 The advent of advanced tools and technologies which can assist patient 

monitoring in real-time and/or from a distance will enhance patient care 

management as well as relieve the patient’s family and carers from the 
mental and physical burden, lost productivity, and social isolation often 

associated with long-term care. 
 Timely diagnosis at earlier stages will facilitate more timely intervention or 

treatment, which will significantly decrease the years of life lost (YLLs), 

years lived with disability (YLDs) and increase distress-free life expectancy as 
measured by the QALYs saved.  

 Development of advanced technologies enabling more precise interventions, 
aimed at preventing, decelerating, or halting, the progression of tumour 
development, metastases, or neurodegenerative diseases will significantly 

reduce the public health burden as well as disease prevalence. 
 The advent of data-driven platforms for accurate disease prognosis and early 

stage detection will not only decrease disease prevalence but also reduce the 
long-term physical, cognitive, and psychological consequences that are often 

not addressed appropriately and decrease the required continuing supervision 
and rehabilitation thus diminishing societal burden of chronic and 
complex diseases. 

The significant societal burden of chronic diseases can be further appreciated when 
converted to QALYs saved and indirect financial burden (see figures below). The 

future commercialization and clinical application of IPMT CoE technologies could 
amount to total indirect medical cost savings € 6.3 bil for the average 
scenarios of all the case studies. The QALYs saved per year could range from 

2,800 to 730,000, valued at € 251 mil to € 65 bil for the different clinical 
areas, for a total of € 111 bil also for the average scenarios. QALYs were valued 

at €88,500 each according to BIS Research Analysis. Note that there is a small 

Societal Benefits 
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increase in the indirect medical cost for cancer applications, which, however, is 
very easily justified considering the QoL improvement and QALYs saved. 
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The diseases addressed by the IPMT CoE are 
associated with significant costs generating 
ever-increasing financial burdens on both 

patients, healthcare systems and 
governments. At a global scale, novel 
precision medicine tools and technologies 

will relieve this financial burden resulting in 
a significant reduction in cost. Some 

examples include: 

 The global economic burden due to cancer was estimated to be €1 tril, where 
economic burden of cancer in the U.S., the U.K., and Japan varies between 

€162 to €407 per patient per year. Furthermore, the long-term costs to 
patients increase the annual global cost of cancer to €2.2 tril. Therefore, 

implementation of advanced diagnostic, screening, and detection tools would 
help in prevention, early detection, and effective treatment planning which can 
have an economic benefit of €354 bil per year97.  

 The global economic burden of dementia is more than € 700 bil. A 5-year delay 
in Alzheimer’s Disease (AD) onset would not only leads to 2.7 additional years 

of life, but would also save over €442,517 in healthcare costs. 
 According to Centre for Disease Control and Prevention the global economic 

burden of TBI was €68 bil, while Europe accounted for €36 bil in 2010. 

Implementation of data-driven diagnosis and disease management would help 
to secure approximately €10,620 medical savings per patient and global cost 

savings of €3.4 bil per year. 

  

 
Epidemiology Economic Burden Per Year 

Burden 

by 2050 
 

Incidence 
(per 
year) 

Preva-
lence 

Preva-
lence by 

2050 

Direct 
Medical 
Cost* 

Indirect 
Medical 
Cost* 

QALYs 
Lost 

Value 

of 
QALYs 
Lost* 

Total 
Medical 
Costa 

Malignant 
Gliomas  

35,400 N/A 1.54 0.76 1,220,000 108.0 N/A 

Metastases 
to the Brain  

178,000 N/A 5.38 8.08 356,000 31.5 N/A 

Alzheimer 
Disease  

1,100,000 5,000,000 15,000,000 17.6 92.4 3,795,000 335.9 330 

Parkinson 
Disease 

762,000 1,200,000 2,400,000 6.69 6.69 5,760,000 509.8 26.7 

Multiple 
sclerosis 

30,500 550,000 711,000 7.87 13.4 701,300 62.1 5.09 

Traumatic 
Brain 
Injury 

1,450,000 2,500,000 3,300,000 13.8 19.6 7,900,000 699.2 111 

Total 3,555,900 9,250,000 21,411,000 52.9 140.9 19,700,00 1,750 489.7 

 *In billion euro (€) 

Economic Benefits 
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The table above summarizes the epidemiology and the economic burden of the 
diseases that comprise the IPMT CoE clinical areas just for the European Union 

(EU28) population. It is of interest to note that there are 3.5 mil new cases per 
year with 9.25 mil patients living with these diseases in the EU28. These patients 

result in a yearly economic burden of € 53 bil in direct and € 141 bil in indirect 
medical costs and a loss of life years which would amount to € 1,75 tril if converted 
to monetary value. What is even more worrisome is that both the prevalence and 

the medical costs are expected to more than double by the year 2050! 

Given the economic burden described above and based on the scenarios described 

for the clinical impact from the future commercialization and clinical application of 
possible IPMT technologies, potential long-term direct medical cost savings and 
revenues for the IPMT CoE are summarised in the figures below. The total direct 

medical cost reduction can be of the order of € 1.1 bil with revenues of € 
12.4 mil for the IPMT CoE. The cost savings could be even more significant by 

the year 2050 because of both the reduction of actual cost and the reduction in 
prevalence (which is exponentially increasing) reaching more than € 50 bil. 
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Appendix 1 

Case Study: Early Detection of Malignant Glioma (MG) Recurrence in Europe 

Concept: Early detection of recurrence  more timely intervention, extension of life, 

better quality of life, reduced cost. 

 

Introduction: Malignant Gliomas (MG), i.e. tumours of brain cells, alter the functional 

landscape of the brain, resulting in specific molecular abnormalities with prominent 

morbidities in both adults and children (Mochizuki AY, et al., ACS Chem. Neurosci. 

2018; 9(1):11–28,   Louis DN, et al., Acta Neuropathol. 2016; 131(6): 803-20). 

The yearly incidence of malignant gliomas is ∼3-5/100,000 with a slight predominance in 

males (Ferlay J, et al. European journal of cancer. 2010;46(4):765-81). Malignant 

gliomas may develop at all ages, with the peak incidence being in the fifth and sixth 

decades of life. Glioblastoma Multiforme (GBM) is the most common and most malignant 

type of primary MG with15 months median survival (Wen PY,et al. New England J. of 

Medicine. 2008;359(5):492-507). 

 

Epidemiology of Malignant Gliomas: Adult gliomas: Overall age-adjusted incidence 

rates (adjusted to the national population of each respective study) for all gliomas (ICD-

O-3 morphology codes 9380–9480) range from 4.67 to 5.73 per 100 000 persons. Age-

adjusted incidence of glioblastoma (ICD-O-3 morphology codes 9440–9442, WHO grade 

IV), the most common and most deadly glioma subtype in adults, ranges from 0.59 to 

3.69 per 100 000 persons. The 22981/26981 trial by the European Organisation for 

Research and Treatment of Cancer/National Cancer Institute of Canada demonstrated a 

survival benefit for glioblastoma patients who received concurrent temozolomide with 

postoperative radiation, with median survival of 14.6 months for those receiving 

concurrent therapy versus 12.1 months for those who received radiotherapy alone 

(Ostrom QT, et al. Neuro-oncology. 2014 May 19;16(7):896-913). The median total 

direct cost of patient care was $91,000, with radiotherapy and imaging costs being the 

most expensive (approximately $14,000 each). The majority of direct costs were incurred 

in the first four months of treatment with a plateau in costs beyond 1 year, reflecting the 

poor survival of this disease. Chang et al.  undertook a comprehensive evaluation of costs 

associated with the treatment of seven types of cancer in the United States. Brain tumors 

ranked fourth in mean total direct medical costs per month at $8,478, based on 652 

patients. Indirect costs reflect costs incurred by the patient or family that is not directly 

associated with paying for treatment or medical care. Some authors have sought to 

estimate indirect costs from GBM accounting for sick leave, early retirement, and 

mortality. The estimated total indirect costs per year amounted to $22.5 million per million 

for the Swedish population (~ $45,000 per patient) (Cagney DN, et al Expert Review 

of Anticancer Therapy, 2017; 17(8): 657-659). Childhood Gliomas: Neoplasms of the 

central nervous system (CNS) are the most frequently encountered solid tumors of 

childhood and among children younger than age 19 years: 2,2 per 100,000 (Johnson KJ, 

et al Cancer Epidemiology and Prevention Biomarkers. 2014; 23(12): 2716–

2736). Patients who had lower-grade gliomas with an IDH mutation and 1p/19q co-

deletion had the most favorable clinical outcomes (median survival 8 years), while patients 

with LGGs with IDH mutations and no 1p/19q co-deletion frequently had mutations in TP53 

and ATRX inactivation and had intermediate outcomes (median survival 6.3 years). LGGs 

without an IDH mutation had genomic aberrations and clinical behavior strikingly similar 

to those found in primary GBM (median survival 1.7 years) (Diwanji TP, et al Adolescent 

health, medicine and therapeutics. 2017; 8:99-113) Adolescent median survival is 

6.1 years. (Konar SK, et al Journal of Neurosurgery: Pediatrics. 2017 

Feb;19(2):239-48). 
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Impact: Timely identification and localization of recurrence niches will have notable 

impact as follows:  

(i) Minimized return visits for conventional imaging due to the potential of the compact 

device to function as a wearable system allowing patient self-monitoring. 

(ii) Early intervention with localized targeted therapies attacking glioma stem cells, thus 

eradicating sources of recurrence while at the same time minimizing toxicity. 

(iii) Prediction of tumour spatial expansion which is of particular importance in lower grade 

gliomas in terms of correlation with symptomatology and clinical features. 

 

Assumptions: 

 Increase in survival: 15% - 35%  (25%, or 3.75 months in adults, 18.3 months 

in children) 

 Test Sensitivity:  75% - 95%  (85%) 

 Market Penetration:  5% - 25%  (15%) 

 IPMT Share: 1%  (1%) of test cost based on the TMZ experience 
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Incidence and Prevelnce

Adult MG Incidence per year 5 per 100,000 population Red Font: Data from the literature

Adult MG Incidence per year in EU 25,400 Blue Font: Clinical Assumptions

Childhood MG Incidence per year 2 per 100,000 population 0-19 years Green Font: Financial Assumptions

Childhood MG Incidence per year in EU 10,160

Survival (months) Early Detection og Malignant Glioma Recurrence in the EU

Adult MG 15.0 New Cases per Year 35,560

Childhood MG 73.2 QUALYs lost 1,219,200

Cost of Care (€) Total Monthly (1-4) Monthly After Cost of Care (bill) 2.31

Direct 75,800 12,318 2,412 IPMT Benefit (similar to TMZ)

Indirect 37,500 6,094 190 Additional Months of Life Adults: 3.8 Children: 18.3

Decr. of direct cost  due to targeted tx 2.0% QALY's saved per year (years) 2,840

Montlhy Cost of Testing (€) 225 Yearly Cost of Care (mil €) +121.23 5.3%

Quality of Life Index Cost per Qualy (€) 42,689

Treatment (Full /Less Toxicity) 0.60 0.80 Yearly IPMT revenews (€) 379,590

During No treatment periods 0.90 IPMT benefit for the average scenarion, not accounting for inflation

5% 10% 15% 10% 15% 20% 15% 20% 25%

1,778 3,556 5,334 3,556 5,334 7,112 5,334 7,112 8,890

953 1,905 2,858 2,159 3,239 4,318 3,620 4,826 6,033

318 2,540 3,810 381 3,810 5,080 191 5,080 6,350

381 762 1,143 864 1,295 1,727 1,448 1,930 2,413

127 1,016 1,524 152 1,524 2,032 76 2,032 2,540

6,327 12,653 18,980 23,900 35,850 47,800 56,095 74,793 93,492

474 949 1,423 1,793 2,689 3,585 4,207 5,610 7,012

44 89 133 101 151 202 169 225 282

519 1,038 1,557 1,893 2,840 3,787 4,376 5,835 7,293

0.94 1.88 2.82 2.13 3.19 4.25 3.57 4.76 5.94

15.26 30.52 45.78 57.64 86.46 115.29 135.29 180.39 225.48

14.32 28.64 42.96 55.52 83.27 111.03 131.72 175.63 219.54

1.20 2.40 3.60 4.53 6.80 9.07 10.64 14.19 17.73

12.65 25.31 37.96 25.31 37.96 50.61 37.96 50.61 63.27

0.13 0.25 0.38 0.25 0.38 0.51 0.38 0.51 0.63IPMT Share (mil €)

1%IPMT Share (%) 1%

Yearly IPMT Revenues

Cost of Testing (mil €)

Market Penetration

Test Sensitivity 75% 85%

1%

Adult Recurrences detected early

Increase Cost during Additional Months (mil)

Total Indirect Cost Increase (mil €)

Total QALys saved

Clinical Impact

Additional Months of Life

QALYs saved

QALYs saved from less toxicity

Decrease Cost Due to Targeted Treatment (mil)

Yearly Financila Impact
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Early Detection og Malignant Glioma Recurrence  in Europe
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Increase in Survival 15.0% 25.0% 35.0%

Adult Recurrences not detected early

Childhood Recurrences detected early

Childhood Recurrences not detected early

95%

# of Tests Performed
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Appendix 2 

Case Study: Predicting Brain Metastases in Europe 

Concept: Prediction of brain mets or Early diagnosis when the disease is localized –> 

higher chances of successful therapy with currently available therapies 

 

Introduction: If a cancer metastasizes to the brain overall survival is diminished to 

months rather than years, regardless of the primary. In fact, patients with brain 

metastases have only 20% chance of surviving 12 months after diagnosis; with a median 

survival after diagnosis of symptomatic brain metastases ranging from 3.4 to 13.2 months 

(Sperduto PW et al 2012). Symptomatology may vary depending on the part of the brain 

that is affected but it is usually debilitating. The commonest presenting symptom is 

headache which may be caused by cerebral oedema, hydrocephalus or intracranial 

bleeding. 

 

Metastatic brain cancer epidemiology 

 Brain metastases are the most common malignant intracranial tumours in adults.  

 20–40% of patients with systemic cancer will develop brain metastases during the 

course of their disease. 

 Over 80% of cases arise as multiple tumours within the brain whilst 10–20% arise 

as a single tumour 

 Lung cancer is considered the most common source of brain metastases, constituting 

about 40-50% of cases of brain metastases (Fox et al 2011), followed by breast cancer 

(15-25%) and melanoma (5%- 10%) of all patients with brain metastases (Delattre 

et al 1988).  

Breast cancer epidemiology 

 Breast cancer is the most common cause of brain metastases in women;  

 5-15% of women with breast cancer are estimated to develop brain metastases 

(Graesslin O et al 2010).  

 More likely to develop brain metastases are some subpopulations including those with 

human epidermal growth factor receptor 2 (HER2) over expression (15% of all breast 

cancer cases) and those with negative oestrogen / progesterone/ HER2 receptor status 

(triple negative) (15% of all breast cancer cases) (Hicks DG et al 2006, Tham YL et al 

2006).  

o Total number of new breast cancer cases in Europe per year = 494,100 (in 

2012)  

 HER2 pos per year = 0.15 x 494,100 = 74,115 

 Triple negative per year = 0.15 x 494,100 = 74,115 

 A percentage of 30-40% of women with advanced HER2-positive disease and up to 

50% of women with metastatic triple-negative breast cancer will develop brain 

metastases. 

o Total number developing brain metastases is = 5-15% of 494,100 (= 24,705 - 

74,115) (Graesslin O et al 2010) 

o Of the HER2 pos advanced cases (35%) => approximately 40% will develop brain 

mets, therefore 0.35 x 0.4 x 74,115 = 10,376 

o Triple negative advanced cases (35 %) => approximately 50% will develop brain 

mets, therefore = 0.35 x 0.5 x 74,115 = 12,970 

 Median survival after diagnosis of symptomatic brain metastases ranging from 3.4 to 

13.2 months (Sperduto PW et al 2012).  

Lung cancer epidemiology 
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 Lung cancer is the leading cause of cancer mortality worldwide; in 2012, there were 

410,000 new cases of lung cancer in Europe and 353,000 deaths from lung cancer. 

 Approximately 7.4% of non-small cell lung cancer (NSCLC) patients will have brain 

metastases at presentation, and 25–30% will develop brain metastases during the 

course of their disease (Mujoomdar A et al 2007). 

o Brain mets will develop (in total = presentation and during course of the 

disease) in 25%. Therefore 0.25x 410,000 = 102,500. 

 Life-expectancy for these patients is poor, with a median survival of less than 6 

months  (Fox et al 2011). 

Melanoma epidemiology 

 Melanoma has the highest propensity to metastasize to the brain. In patients with 

advanced melanoma (stages III and IV) almost half (44%) will develop brain 

metastases and in stage IV this percentage increases to over 60%. (Bedikian AY et al 

2011). 

 It has been reported that one third of patients with melanoma brain metastases will 

die from brain metastases progression, while another third will die from the combined 

progression of intra- and extracranial metastases (Berghoff AS et al 2016). 

o 104 000 new cases / year and 22 000 deaths / year in Europe (Globocan 2012).  

 Median overall survival for these patients, if untreated, is approximately 3 months. 

With treatment, of approximately 9 months (PW Sperduto 2010).  

 

Impact: Development of BRAIN METASTASES equals significant shortening of life and 

significant comorbidity. The impact of this project will be multifactorial  

 Prediction of brain mets or Early diagnosis when the disease is localized –> higher 

chances of successful therapy with currently available therapies– prolongation of life  

 Prediction of brain mets or Early/ timely diagnosis results in less comorbidity  

 Early diagnosis – earlier intervention (treatment) – more likely to be localized 

comprising less toxicity – better quality of life 

 Prediction of the likelihood of response to therapy – spare those patients unlikely to 

respond from unnecessary toxicity by early discontinuation of non-effective therapy  

 

Molecular testing in early breast cancer: A number of prognostic tests based on 

advances in molecular profiling and genotyping technologies have been developed to aid 

treatment decision making for patients with early-stage, node-negative, estrogen receptor 

(ER)–positive, human epidermal growth factor 2 (HER2)–negative cancers. They aim to 

identify patients at high recurrence risk who will benefit from chemotherapy, while allowing 

patients with a low recurrence risk to avoid the burden of adjuvant chemotherapy, both in 

terms of toxicity and in terms of cost. The oldest and most popular test is the Oncotype 

DX. A paper from Feb 2018 (Chandler 2018) discusses the financial aspects/ burden and 

cost effectiveness of using this test in the community (real world scale).  

 Oncotype DX test results conditional on recurrence/nonrecurrence (Data from the 

NSABP trial used for validation of clinical predictive utility of Oncotype DX testing) 

 Pr(Category | Recur) (95% CI) 

o Low   0.2340 (0.08 to 0.387) 

o Intermediate  0.2120 (0.055 to 0.369) 

o High   0.5550 (0.430 to 0.679) 

 Pr(Category | Not Recur) (95% CI) 

o Low   0.5580 (0.518 to 0.599) 

o Intermediate  0.2210 (0.155 to 0.287) 

o High   0.2200 (0.155 to 0.286) 

 To date, use of GEP testing in community practice remains low, ranging from 22% to 

42% of test-eligible patients. 

 The cost of the Oncotype DX test: $3,416 
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 On the basis of a median overall survival after distant recurrence of 36 months, 

recurrence costs included 1 year of chemotherapy, 1 year of continuing care, and 1 

year of terminal care. 

 

Assumptions: 

 Test Sensitivity:  75% - 95%  (85%) 

 Test Specificity:  75% - 95%  (85%) 

 Market Penetration:  5% - 25%  (15%) 

 IPMT Share: 1%  (1%) of test cost based on the Oncotype DX 

cost 
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Incidence
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Yearly Cost of Care (mil €) +9 +1.979
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Average lifespan w/ chemo 36 0.75 2.250

Gain from no unnecessary treatment 6 0.25 0.125

5% 10% 15% 10% 15% 20% 15% 20% 25%

28,632 57,263 85,895 57,263 85,895 114,526 85,895 114,526 143,158

6,652 13,305 19,957 13,305 19,957 26,609 19,957 26,609 33,262

4,989 9,978 14,968 11,309 16,963 22,618 18,959 25,279 31,598

1,663 3,326 4,989 1,996 2,994 3,991 998 1,330 1,663

5,495 10,990 16,484 6,594 9,891 13,188 3,297 4,396 5,495

595 1,191 1,786 2,521 3,782 5,042 5,778 7,703 9,629

-3,293 -6,586 -9,879 -2,190 -3,285 -4,380 3,309 4,412 5,515

779 1,558 2,337 4,769 7,153 9,537 11,969 15,958 19,948

1,088,714 2,177,428 3,266,142 1,319,123 1,978,684 2,638,245 691,226 921,635 1,152,044

80 160 241 160 241 321 241 321 401

0.80 1.60 2.41 1.60 2.41 3.21 2.41 3.21 4.01IPMT Share (mil €)

Cost of Testing (mil €)
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Appendix 3 

Case Study: Screening for Alzheimer’s Disease in Europe 

Concept: Screen individuals at high risk for AD and at individuals with Mild Cognitive 

Impairment (MCI) → Apply non-pharmacological and/or pharmacological intervention → 

Delay AD onset → Slower disease progression 

 

Epidemiology:  

 The incidence of AD in Europe (EU) is 11.08 per 1000 person-years aged 65+ = 1.1 

million new cases per year 

 The prevalence of AD in Europe (EU) is 5.05% of the population aged 65+ =  Just 

under 5 million cases of AD 

 The average life expectancy for a patient with AD is 9 years 

 The prevalence of MCI in the elderly (>65 years) was between 4.9% and 8.7% for 

amnestic MCI (aMCI) = Roughly 10 million MCI cases in the EU 

 

Clinical benefit: 

 Improve patient timely access to support services or pathways of care and enable 

planning for the future 

 Timely diagnosis of AD is associated with longer survival 

 More patients with mild disease and longer periods of mild disease lead to increased 

quality of life (QoL)  

 Added value from earlier treatment or intervention  

 3-month reduction in time spent in a nursing home  

 Lower mortality rate 

 Years of Life Lost (YLLs), Years Living with Disability (YLDs) and Disability Adjusted 

Years (DALY’s) will all decrease. A 5-year delay in onset translates to:  

 2.7 additional years of life 

 4.8 additional AD-free years  

 Worth over $500,000 

 Projected reduced prevalence (up to 35.6%) of AD by 2050 

 

Societal benefit: 

 Positive effect on caregivers through lower caregiving demands. 

o Better quality of life for caregivers, families and friends 

 Reduced societal costs by ~40% 

o The total societal costs of dementia in Europe were estimated to 103 billion € 

in 2008 

 

Cost of Disease:  

 The total cost of illness of dementia disorders in EU27 was estimated to 160 billion €, 

of which 44% were direct medical costs. The corresponding costs for a wider EU sphere 

was 167 billion € and 177 billion € for the whole Europe. 

 In 2010, the mean annual cost of care per patient was estimated to €7,820 (95% CI: 

€7,194–€8,446), whereof 54% were costs of informal care, 16% direct medical costs 

and 30% community care costs. 

 In 2015, the average cost of dementia was ~ US$27,000 (~€22,000) per patient per 

year 
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Long term Benefit: 

 Reduced prevalence: Given the projected prevalence of AD in 2050 (~15 million in 

Europe, EU), a delay in the onset of AD for 5 years will translate into 6 million fewer 

cases by 2050 which would mean total savings of ~€132 billion annually (40% 

lower overall cost of AD in 2050), in the EU alone, assuming that the costs, both formal 

and informal, stay the same as in 2015.  

o Milder disease for the remaining prevalent 9 million cases: 

o The minimum increase in Assisted Daily Living (ADL) independence, will 

decrease the annual per patient cost by about ~€2500 

o The annual cost of AD in the EU will be lower by ~€22.5 billion by 2050.  

 

Assumptions: 

 Delay of Onset (years): 2.5-7.5  (5.0) 

 Test Sensitivity:  75% - 95%  (85%) 

 Market Penetration:  5% - 25%  (15%) 

 Implementation Cost:  40% - 60%  (50%) 

 IPMT Share: 1%  (1%) 
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Incidence and Prevelnce
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Appendix 4 

Case Study: Screening for Parkinson’s Disease in Europe 

Concept: Screen the population at high risk for PD (individuals with a family history and/or 

any of the pre-motor symptoms of PD) → Earlier and accurate PD diagnosis, even at 

prodromal stages → Earlier treatment → Slower disease progression → Less disability 

 

Epidemiology:  

 Parkinson's disease (PD) affects 1-2 per 1000 of the whole population at any time  

 PD prevalence is increasing with age and PD affects 1% of the population above 60 

years 

 ~1.2 million prevalent PD cases in Europe 

 Prevalence of prodromal phase 2 is 330 million 

 The average lifespan of PD patients was estimated to be 9 years 

 

Clinical benefit: 

 Neuroprotective therapy initiated earlier → greater positive effect on the disease course 

o Early intervention may help in “preserving the functioning of the neurons, 

reducing symptoms, particularly difficulty or distortion in performing voluntary 

movements, slowing disease progression, improving patient QoL and, in turn, 

reducing the overall costs associated with PD”  

o Option of initial treatment with medicines other than L-dopa  

o Delay of levodopa (L-dopa) initiation → reduction in L-dopa’s direct adverse-

effects, including motor complications that start 5-10 years after initial 

administration 

o Initiation of treatment with drugs other than L-Dopa has also a positive effect 

on care costs  

 Improved patient QoL  

 

Societal benefit: 

 Improve patient timely access to support services or pathways of care and enable 

planning for the future  

 Added value from earlier treatment or intervention  

 Improved disease course and QoL of PD patients → improved QoL of families and 

caregivers  

 Decreased caregiving burden 

 Years of Life Lost (YLLs), Years Living with Disability (YLDs) and Disability Adjusted 

Years (DALY’s) will all decrease 

 Reduced disease costs, associated with PD especially at later disease stages  

 Reduced need for institutionalization, which is a major contributor to cost of disease  

 

Cost of Disease:  

 In 2010, the total European cost of PD was €13.9 billion (30% more compared with 

previous estimates in 2004) 

 Approximate annual cost per patient: €11,153 (weighted mean from all European 

countries, according to prevalence)  

 €5,626 (50.4%) are spent on direct medical costs (“all goods and services related 

to the prevention, diagnosis and treatment of a disorder; e.g. physician visits, 

hospitalizations and pharmaceuticals”) 
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 €4,417 (39.6%) on direct non-medical costs (“other goods and services related to 

the disorder; e.g. social services, special accommodation and informal care”)  

 €1,109 (10%) on indirect costs (“lost production due to work absence or early 

retirement”) 

o This is an underestimation since it does not account for the productivity 

losses of family caregivers who may need to care for the patient on a 24-hour 

basis 

 Among patients who receive institutional care, costs are more than 4.5 times higher 

than for patients who remain at home 

 Advanced PD patients, with HY stages 3.0–4.0, indirect costs comprised the 

greatest proportion of the economic burden, accounting for even 50% of the total 

costs in HY stage 4.0 

 Severity levels were established as mild (57.7% of patients; stages 1–2.5); moderate 

(33.5%; stage 3); and severe (8.8%; stages 4 and 5)  

 A study in the UK identified that patients at the Hoehn and Yahr (HY) stage 5 

(confinement to bed/wheelchair user) had costs that were six times higher than 

patients at stage 0 or 1 (minimal disability) (£2971 vs £18,358; €4,113 vs. € 25,418 

per patient per year). Patients at intermediate stages, had intermediate costs of 

disease (Stage 2: £3,065 (€4,886); Stage 3: £6,183 (€9,857); Stage 4: £10,134 

(€16,155). 

 

Long term Benefit: 

 Given that the prevalence of PD will double by 2040, this would translate to at least 

another 1.2 million new cases. Assuming that 10% of these PD patients who would 

reach an HY stage 5, are kept at stage 4 (minimal decrease in disability) due to an 

early intervention, this would result in savings of ~€925 million in Europe, annually.  

 Greater benefits, with increased decreases in disability would result in even greater 

savings.  

 Initiation of treatment with drugs other than L-Dopa has a positive effect on care costs 

 Dopamine agonists were found to reduce costs by 18% per patient over 5 years 

o 1.2 million new cases by 2040 x €11,153 (annual cost per patient) x 0.18 

reduction in costs = 2,410 million in savings in Europe 

 Improvement of treatment adherence can have a positive impact on direct PD costs.  

A USA based study, demonstrated that mean medical costs were significantly higher 

among non-adherent versus adherent subjects (US$15,826 vs US$9,228 [€11,885 vs. 

€6,930])  

 

Assumptions: 

 Patients improving stage: 30%-40%  (35%) 

 Test Sensitivity:  75% - 95%  (85%) 

 Market Penetration:  5% - 25%  (15%) 

 Implementation Cost:  40% - 60%  (50%) 

 IPMT Share: 1%  (1%) 
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Appendix 5 

Case Study: Monitoring Parkinson’s Disease in Europe 

Concept: Continuous monitoring of disease progression and/or accumulation of 

symptoms → More appropriate management of symptoms → Better treatment choices / 

drug adjustments → Reduction of complications → Slower disease progression → Increase 

functional independence → Less disability 

 

Epidemiology: 

 Parkinson's disease (PD) affects 1-2 per 1000 of the whole population at any time. 

(PD prevalence is increasing with age and PD affects 1% of the population above 60 

years) 

 ~1.2 million prevalent PD cases in Europe. Prevalence of prodromal phase 2 is 

330 million 

 The average lifespan of PD patients was estimated to be 9 years 

 

Clinical Benefit:  

 Better adjusted therapy → greater positive effect on the disease course → Improved 

patient QoL  

 

Societal Benefit:  

 Added value from better adjusted treatment/intervention. Improved disease course 

and QoL of PD patients → improved QoL of families and caregivers  → Decreased 

caregiving burden. Reduced disease costs, associated with PD especially at later 

disease stages  → Reduced need for institutionalization, which is a major contributor 

to cost of disease  

 

Cost of Disease:  

 In 2010, the total European cost of PD was €13.9 billion (30% more compared with 

previous estimates in 2004) 

 Approximate annual cost per patient: €11,153 (weighted mean from all European 

countries, according to prevalence) 

 €5,626 (50.4%) are spent on direct medical costs (“all goods and services related 

to the prevention, diagnosis and treatment of a disorder; e.g. physician visits, 

hospitalizations and pharmaceuticals”) 

 €4,417 (39.6%) on direct non-medical costs (“other goods and services related to 

the disorder; e.g. social services, special accommodation and informal care”)  

 €1,109 (10%) on indirect costs (“lost production due to work absence or early 

retirement”) 

o This is an underestimation since it does not account for the productivity losses 

of family caregivers who may need to care for the patient on a 24-hour basis 

 Among patients who receive institutional care, costs are more than 4.5 times higher 

than for patients who remain at home. Advanced PD patients, with HY stages 3.0–

4.0, indirect costs comprised the greatest proportion of the economic burden, 

accounting for even 50% of the total costs in HY stage 4.0 

 Severity levels were established as mild (57.7% of patients; stages 1–2.5); moderate 

(33.5%; stage 3); and severe (8.8%; stages 4 and 5)  

 A study in the UK identified that patients at the Hoehn and Yahr (HY) stage 5 

(confinement to bed/wheelchair user) had costs that were six times higher than 

patients at stage 0 or 1 (minimal disability) (£2971 vs £18,358; €4,113 vs. € 25,418 
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per patient per year). Patients at intermediate stages, had intermediate costs of 

disease (Stage 2: £3,065 (€4,886); Stage 3: £6,183 (€9,857); Stage 4: £10,134 

(€16,155). 

 

Long term Benefit: 

 Given that the prevalence of PD will double by 2040, this would translate to at least 

another 1.2 million new cases. Assuming that 10% of these PD patients who would 

reach an HY stage 5, are kept at stage 4 (minimal decrease in disability) due to an 

early intervention, this would result in savings of ~€925 million in Europe, annually. 

Greater benefits, with increased decreases in disability would result in even greater 

savings.  

 Initiation of treatment with drugs other than L-Dopa has a positive effect on care costs 

 Dopamine agonists were found to reduce costs by 18% per patient over 5 years 

 1.2 million new cases by 2040 x €11,153 (annual cost per patient) x 0.18 reduction 

in costs = 2,410 million in savings in Europe 

 Improvement of treatment adherence, can have a positive impact on direct PD costs.  

A USA based study, demonstrated that mean medical costs were significantly higher 

among non-adherent versus adherent subjects (US$15,826 vs US$9,228 [€11,885 vs. 

€6,930])  

 

 

Assumptions: 

 Patients improving stage: 20%-30%  (25%) 

 Market Penetration:  5% - 25%  (15%) 

 Implementation Cost:  15% - 30%  (20%) 

 IPMT Share: 1%  (1%) 
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Appendix 6 

Case Study: Predicting Multiple Sclerosis Progression & Response in Europe 

Concept: Use of biomarkers to predict disease progression, especially whether those with 

Clinical Isolated Syndrome (CIS) will progress to develop MS or not → earlier diagnosis → 

earlier and more targeted application of disease modifying therapy (DMT) → slower disease 

progression → less disability 

Epidemiology: 

 In Europe, estimated annual incidence rates ranged widely from < 1/100,000 to > 

10/100,000 

o Assume 6 cases per 100,000 

o Taking the average incidence estimates, a little over 300,000 new MS cases are 

expected in the EU in the next decade. 

 In the areas controlled by the Republic of Cyprus, the prevalence of MS is estimated 

at 6 new cases per 100,000 population per year 

 The incidence of CSI was estimated at 30/100,000 

 The estimated number of people with MS has increased from 2.1 million in 2008 to 2.3 

million in 2013, globally 

 In 2013, the overall prevalence in the greater geographical area of Europe was 

estimated to 108 cases per 100,000 population, an approximate 800,000 cases (when 

translated to the 2017 population of 742 million).  

 The highest prevalence rates have been estimated for the age group 35-64 years for 

both sexes and for all countries for which data is available 

 In the areas controlled by the Republic of Cyprus, the prevalence of MS is estimated 

at roughly 175 cases per 100,000 population (~1600 cases)  

 The prevalence by 2050 was estimated to be 140/100,000 

 The average lifespan of MS patients is estimated to be 30 years 

Clinical benefit: 

 Earlier application of the most appropriate neuroprotective treatment → greater 

positive effect on the disease course 

o  Can reduce neurological damage, and the earlier the application, the greater the 

benefits (reviewed here) 

o In RRMS patients, DMT was shown to reduce the relapse rate, the 

appearance of MRI disease activity markers, and the progression of 

disability. 

o In CIS patients, the initiation of DMT following the episode has been shown 

to delay the conversion to clinically definite MS. 

 Improved patient’s QoL, therefore increased QALY’s. 

 Decreased DALY’s. 

Societal benefit: 

 Improving the disease outcome of patients will improve the carer’s QoL 

o “MS carers often experience MS caregiving-related challenges, personal losses and 

changes, negative emotions, an urge to escape and a unique sense of anxiousness 

over the unpredictability of their MS carer role”  

o Families and the society in general will benefit from reduced disease costs, 

associated with MS especially at later disease stages 

o As disease progresses, informal care costs increase substantially, and these costs 

are often taken up by the patient’s family, since the patient becomes less likely to 

be in the workforce. 

Cost of Disease:  

 Production losses play a major role in moderate and severe disease  

o Participation in the workforce decreases from 82% in early MS stages to 8% in 
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late MS stages 

 In 2015 Europe, overall mean costs (in euros adjusted for purchasing power parity: € 

PPP) for patients with mild, moderate and severe disease were 22,800 (range of 

country means, 12,600–27,300), 37,100 (22,500–54,700) and 57,500 (27,500–

77,600), respectively 

 The number of patients with mild, moderate and severe disease were assumed to be 

41%, 22% and 37% respectively 

 The cost of the disease was attributed to direct (37%) and indirect costs (73%) 

 The mean cost of relapses was estimated at 2188€ PPP (patients with EDSS scores 0 

to 6) and ranged from 632 to 4569€ PPP depending on the country 

 Overall, estimated costs of MS across Europe were in excess of €15bn 

o In patients with moderate and severe MS, production losses make up roughly one 

third (36%) of the total MS costs in Europe  

 In Greece, a society similar to that of Cyprus, the average annual out-of-pocket 

payments of MS patients, were recently found to be € 8,334, in 2013 

Long term Benefit: 

 The prevalence of MS by 2050 is expected to be 140/100,000 

 Given the current incidence estimates, a little over 300,000 new MS cases are expected 

in the EU in the next decade  

o If the proposed technologies manage to prevent even a single relapse per new 

patient over the next decade, this would translate into costs savings of about 

655 million € PPP in Europe over the course of the next few decades  

o Managing to keep these new patients in moderate disease phases, instead of 

severe disease phases, would result in cost savings of ~6.1billion € PPP. 

 Less disability will mean a smaller decrease in workforce participation and thus less 

productivity losses 

o Reducing productivity losses just by one third, would translate into savings of 

1.8billion euro in Europe 

Assumptions: 

 Patients improving stage: 40%-50%  (45%) 

 Test Sensitivity:  75% - 95%  (85%) 

 Market Penetration:  5% - 25%  (15%) 

 Implementation Cost:  15% - 25%  (20%) 

 IPMT Share: 1%  (1%) 
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Appendix 7 

Case Study: Monitoring Multiple Sclerosis in Europe 

Concept: Continuous monitoring of disease progression and/or accumulation of 

symptoms → Better treatment choices / drug adjustments → Reduction of complications 

→ Slower disease progression → Less disability 

Epidemiology: 

 In Europe, estimated annual incidence rates ranged widely from < 1/100,000 to > 

10/100,000 

 Assume 6 cases per 100,000 

o Taking the average incidence estimates, a little over 300,000 new MS cases are 

expected in the EU in the next decade. 

 In the areas controlled by the Republic of Cyprus, the prevalence of MS is estimated 

at 6 new cases per 100,000 population per year 

 The incidence of CSI was estimated at 30/100,000 

 The estimated number of people with MS has increased from 2.1 million in 2008 to 2.3 

million in 2013, globally 

 In 2013, the overall prevalence in the greater geographical area of Europe was 

estimated to 108 cases per 100,000 population, an approximate 800,000 cases (when 

translated to the 2017 population of 742 million).  

 The highest prevalence rates have been estimated for the age group 35-64 years for 

both sexes and for all countries for which data is available 

 In the areas controlled by the Republic of Cyprus, the prevalence of MS is estimated 

at roughly 175 cases per 100,000 population (~1600 cases)  

 The prevalence by 2050 was estimated to be 140/100,000 

 The average lifespan of MS patients is estimated to be 30 years 

Clinical benefit:  

 More continuous symptom monitoring and better management → greater positive 

effect on the disease course 

o In RRMS patients, DMT was shown to reduce the relapse rate, the appearance of 

MRI disease activity markers, and the progression of disability 

 Improved patient’s QoL, therefore increased QALY’s  

 Decreased DALY’s  

Societal benefit: 

 Improving the disease outcome of patients will improve the carer’s QoL 

o “MS carers often experience MS caregiving-related challenges, personal losses and 

changes, negative emotions, an urge to escape and a unique sense of anxiousness 

over the unpredictability of their MS carer role”  

o Families and the society in general will benefit from reduced disease costs, 

associated with MS especially at later disease stages 

o As disease progresses, informal care costs increase substantially, and these costs 

are often taken up by the patient’s family, since the patient becomes less likely to 

be in the workforce 

Cost of Disease:  

 Production losses play a major role in moderate and severe disease  

o Participation in the workforce decreases from 82% in early MS stages to 8% in 

late MS stages 

 In 2015 Europe, overall mean costs (in euros adjusted for purchasing power parity: € 

PPP) for patients with mild, moderate and severe disease were 22,800 (range of 

country means, 12,600–27,300), 37,100 (22,500–54,700) and 57,500 (27,500–

77,600), respectively 
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 The number of patients with mild, moderate and severe disease were assumed to be 

41%, 22% and 37% respectively 

 The cost of the disease was attributed to direct (37%) and indirect costs (73%)  

 The mean cost of relapses was estimated at 2188€ PPP (patients with EDSS scores 0 

to 6) and ranged from 632 to 4569€ PPP depending on the country 

 Overall, estimated costs of MS across Europe were in excess of €15bn 

o In patients with moderate and severe MS, production losses make up roughly one 

third (36%) of the total MS costs in Europe  

 In Greece, a society similar to that of Cyprus, the average annual out-of-pocket 

payments of MS patients, were recently found to be € 8,334, in 2013 

 

Long term Benefit: 

 The prevalence of MS by 2050 is expected to be 140/100,000 

 Given the current incidence estimates, a little over 300,000 new MS cases are expected 

in the EU in the next decade  

o If the proposed technologies manage to prevent even a single relapse per new 

patient over the next decade, this would translate into costs savings of about 655 

million € PPP in Europe over the course of the next few decades  

o Managing to keep these new patients in moderate disease phases, instead of 

severe disease phases, would result in cost savings of ~6.1billion € PPP. 

 Less disability will mean a smaller decrease in workforce participation and thus less 

productivity losses 

o Reducing productivity losses just by one third, would translate into savings of 

1.8billion euro in Europe 

Assumptions: 

 Patients improving stage: 25% - 35%  (30%) 

 Market Penetration:  5% - 25%  (15%) 

 Implementation Cost:  15% - 25%  (20%) 

 IPMT Share: 1%  (1%) 
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MS Incidence per year 6 per 100,000 population Red Font: Data from the literature

MS Incidence per year in EU 30,480 Blue Font: Clinical Assumptions

MS Prevalence 108 per 100,000 population Green Font: Financial Assumptions

MS Prevalence in the EU 548,640

MS Prevalence by 2050 140 per 100,00 population

MS Prevalence by 2050 711,200 Monitoring Multiple Sclerosis in Europe

Cost of Care (€ per year) [???] New Cases per Year 30,480

Direct Medical 37% Living with MS 548,640

Inderect 63% Current IPMT Benefit

Severity  (% of pts) Cost (€/year) QALY's saved (years) -701,345 +199,979

Mild 41.00% 22,800 Yearly Cost of Care (mil €) 21,279 -494.8

Moderate 22.00% 37,100 Prevalence By 2050 (mil) 711,200 -87,478

Sever 37.00% 57,500 Yearly cost By 2050 (bil) 27.58 -3.39

Yearly IPMT revenews (€) 1,464,646

Lifespan IPMT benefit for the average scenarion, not accounting for inflation

Average Lifespan (years) 30

5% 10% 15% 10% 15% 20% 15% 20% 25%

27,432 54,864 82,296 54,864 82,296 109,728 82,296 109,728 137,160

2,537 5,075 7,612 6,090 9,135 12,180 10,657 14,210 17,762

1,509 3,018 4,526 3,621 5,432 7,242 6,337 8,449 10,561

2,812 5,624 8,435 6,748 10,122 13,497 11,809 15,746 19,682

55,550 111,100 166,649 133,320 199,979 266,639 233,309 311,079 388,849

137 275 412 330 495 660 577 770 962

51 102 153 122 183 244 214 285 356

87 173 260 208 312 416 364 485 606

51 102 153 122 183 244 214 285 356

-8 -15 -23 -24 -37 -49 -53 -71 -89

43 86 130 98 146 195 160 214 267

0.43 0.86 1.30 0.98 1.46 1.95 1.60 2.14 2.67

QALY's saved

# of Patients Mild to Symptom-free

Monitoring Multiple Sclerosis in Europe

Scenario 1 Scenario 2 Scenario 3

Percent of Patients Improving Stage 25.0% 30.0% 35.0%

Market Penetration

# of Patients Tested

Clinical Impact

# of Patients Sever to Moderate

# of Patients Moderate to Mild

Yearly Financila Impact

Total Cost Savings (mil €)

Direct Savings (mil €)

Indirect Savings (mil €)

1%

25%

Yearly IPMT Revenues

IPMT Share (mil €)

Direct savings (mil €)

Implementation Cost (%) 15% 20%

Net Savings (mil €)

IPMT Share (%) 1% 1%

Implementation Cost (mil €)
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Appendix 8 

Case Study:  Monitoring Traumatic Brain Injury (TBI) in Europe 

Concept:  

Continuous monitoring during hospitalization → More appropriate management of 

symptoms → Better treatment choices / drug adjustments → Reduction of complications 

→ Less long term sequelae and disability 

 

Epidemiology: 

Maas, et al, Traumatic brain injury: integrated approaches to improve prevention, clinical 

care, and research, The Lancet Neurology. 2017 Nov 6. 

 TBI hospitalizations: 1,446,000 

Mild 79% 1,142,340 

Moderate 12% 173,520 

Severe 9% 130,140 

 TBI Prevalence: 2,500,000 

Mild 79% 1,975,000 

Moderate 12% 300,000 

Severe 9% 225,000 

 Prevalence by 2050: 3,325,000 

 Average Lifespan: 24.3 years 

 

Clinical Benefit: 

 

Clinical Sequelae Percent Utility Index 

Mortality 4 0 

Vegetative state 0.5 -1 

Severe Disability 5 0.68 

Moderate Disability 44 0.9 

Dementia 10 0.7 

Cognitive impairment 25 0.94 

Neurological Disorders 44 0.87 

Movement Disorders 15 0.91 

 

Since most interventional studies in TBI are incnclusive, the clinical impact was based on 

a very conservative estimation compared to: Faul, M., et al. Using a cost-benefit 

analysis to estimate outcomes of a clinical treatment guideline: testing the Brain 

Trauma Foundation guidelines for the treatment of severe traumatic brain injury. 

Journal of Trauma and Acute Care Surgery, 63 (6) 1271-1278 (2007). Assume an 

improvement implies moving from one level of disability/suffering to the next (not to 

complete recovery, i.e. utility index 1). Assume an improvement implies by one level of 

disability/suffering to the next (not to complete recovery, i.e. utility index 1) 
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Cost of Disease:  

 

 Year 1 Following Years 

Severity Per Pt. (€) Per Pt (€) 

Mild 3,000 165 

Moderate 17,000 1,250 

Severe 179,000 13,500 

Avg 20,520 1,495  

Direct 44.0% 21.0% 41% 

Indirect 56.0% 79.0% 59% 

These numbers agree with the totals given in: Maas, A.I., et al. The Lancet Neurology 

(2017) 

 

 

Assumptions: 

 

 Clinical Impact: 10%-30%  (20%) 

 Market Penetration:  5% - 25%  (15%) 

 Financial Impact: 10% - 30% (20%) 

 Implementation Cost:  15% - 30%  (20%) 

 IPMT Share: 1%  (1%) 
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Percent Total Monitoring Traumatic Brain Injury in the EU

Mild 79% 1,142,340 TBI Hospitalizations per year 1,446,000

Moderate 12% 173,520 Living with TBI 2,500,000

Severe 9% 130,140 Current IPMT Benefit

Total 100% 1,446,000 QALY's saved (years) 7,935,521 +178,446

Yearly Cost of Care (bil €) 33 -1.2

Percent Total Prevalence By 2050 3,325,000 -525,350

Mild 79% 1,975,000 Yearly cost By 2050 (bil) 111 -21

Moderate 12% 300,000 Yearly IPMT Revenues (€) 3,581,644

Severe 9% 225,000 IPMT benefit for the average scenarion, not accounting for inflation

Total 100% 2,500,000 Red Font: Data from the literature

Blue Font: Clinical Assumptions

Prevalence by 2050: 3325000 Green Font: Financial Assumptions

Average Lifespan: 24.3 years

Severity Per Pt. (€) Total(mil) Per Pt (€) Total(mil)

Mild 3,000 3,427 165 326 3,753

Moderate 17,000 2,950 1,250 375 3,325

Severe 179,000 23,295 13,500 3,038 26,333

Avg 20,520 1,495

Direct 44.0% 13,056 21.0% 785 13,841 41%

Indirect 56.0% 16,616 79.0% 2,953 19,570 59%

Total 100.0% 29,672 100.0% 3,738 33,410 100%

* These numbers agree with the totals given in: Maas, A.I., et al. The Lancet Neurology (2017)

Yearly Clinical Impact

5% 10% 15% 10% 15% 20% 25% 20% 25%

Clinical Sequelae Percent Total

Mortality 4 57840 289 578 867 1,156 1,735 2,313 4,338 3,470 4,338

Vegetative state 0.5 7230 36 72 108 144 216 289 542 433 542

Severe Disability 5 72300 361 723 1,084 1,446 2,169 2,892 5,422 4,338 5,422

Moderate Disability 44 636240 3,181 6,362 9,543 12,724 19,087 25,449 47,718 38,174 47,718

Dementia 10 144600 723 1,446 2,169 2,892 4,338 5,784 10,845 8,676 10,845

Cognitive impairment 25 361500 1,807 3,615 5,422 7,230 10,845 14,460 27,112 21,690 27,112

Neurological Disorders 44 636240 3,181 6,362 9,543 12,724 19,087 25,449 47,718 38,174 47,718

Movement Disorders 15 216900 1,084 2,169 3,253 4,338 6,507 8,676 16,267 13,014 16,267

289 578 867 1,156 1,735 2,313 4,338 3,470 4,338

36 72 108 144 216 289 542 433 542

325 650 975 1,300 1,951 2,602 4,880 3,903 4,880

Utility Index

0 4,775 9,551 14,326 19,102 28,669 38,220 71,681 57,338 71,681

-1 595 1,190 1,785 2,379 3,569 4,775 8,956 7,155 8,956

0.68 1,930 3,865 5,795 7,730 11,595 15,461 28,986 23,191 28,986

0.9 7,730 15,460 23,189 30,919 46,381 61,841 115,955 92,763 115,955

0.7 3,514 7,028 10,541 14,055 21,083 28,110 52,707 42,165 52,707

0.94 2,635 5,271 7,905 10,541 15,812 21,083 39,529 31,624 39,529

0.87 6,184 12,368 18,552 24,735 37,105 49,473 92,764 74,210 92,764

0.91 2,371 4,744 7,114 9,487 14,231 18,974 35,576 28,462 35,576

29,733 59,475 89,208 118,950 178,446 237,937 446,154 356,908 446,154
‡
 Assume an improvement implies by one level of dissability/suffering to the next (not to complet recovery, i.e. utility index 1)

Yearly Financial Impact

148.36 296.72 445.08 593.44 890.16 1186.88 2225.39 1780.32 2225.39

65.28 130.56 195.83 261.11 391.67 522.23 979.17 783.34 979.17

83.08 166.16 249.24 332.33 498.49 664.65 1246.22 996.98 1246.22

44.46 88.94 133.40 177.87 266.84 355.80 667.16 533.70 667.16

9.34 18.68 28.01 37.35 56.04 74.72 140.10 112.08 140.10

35.12 70.26 105.38 140.52 210.80 281.08 527.05 421.63 527.05

192.82 385.66 578.48 771.31 1157.00 1542.68 2892.55 2314.02 2892.55

74.62 149.23 223.85 298.47 447.71 596.94 1119.28 895.42 1119.28

118.21 236.42 354.63 472.84 709.29 945.73 1773.27 1418.60 1773.27

Yearly IPMT Revenues

-11.19 -22.38 -33.58 -59.69 -89.54 -119.39 -335.78 -268.62 -335.78

63.42 126.85 190.27 238.77 358.16 477.55 783.49 626.79 783.49

0.63 1.27 1.90 2.39 3.58 4.78 7.83 6.27 7.83

Cost

TBI hospitalizations (New cases)

Year 1 Following Years

Monitoring Traumatic Brain Injury in the EU

Cognitive impairment

Neurological Disorders

Movement Disorders

Total

Clinical Sequelae

Mortality

Vegetative state

Severe Disability

Moderate Disability

Dementia

QUALYs Saved (Cases*Avg.Lifesp.*(NewUI-PriorUI) 
‡

Total per yr 

(mil) 
*

Mortality

Vegetative state

Total

Lives SavedClinical Sequelae

Sequelae Avoided (Based clinical impact and market penetration)

Scenario 1 Scenario 2 Scenario 3

Clinical Impact 
†

Market Penetration

10% 20% 30%

Long-term cost savings (mil)  (Based on QUALYs saved and average cost)

Total cost savings (mil)

Direct

Total

Indirect

Direct

30%

Total

Direct

Indirect

20%Financial Impact 10%

15% 20% 30%

TBI Prevalence (Older Cases)

IPMT Revenues (mil)

†
 Since most interventional studies in TBI are incnclusive, the clinical impact was based on a very conservative estimation compared to: Faul, M., et al. Using a cost-benefit analysis to estimate outcomes of a clinical treatment 

guideline: testing the Brain Trauma Foundation guidelines for the treatment of severe traumatic brain injury. Journal of Trauma and Acute Care Surgery, 63 (6) 1271-1278 (2007)

1% 1% 1%

Implementation Cost (%)

Implementation Cost (mil)

Net savings (mil)

IPMT Share

Indirect

Total

First year cost savings (mil) (Based on % financial impact and market penetration)


