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Glossary 

In the context of the current feasibility study the following terms are used 

Clinical decision support system (CDSS) – digital linkage of individual health data with 
knowledge for decision-making by health professional, by the individual himself or by health 
care organisation. 

Health data refers to all information related to individual's health, including phenotype and 
common variables, genetic data and other molecular information as well as self-reported 
medical history, digital health parameters, quality of life and health behaviour. 

Health care data refers to all information generated by the health care system during any 
contacts with an individual, including diagnoses, use of health services and medication, results 
of laboratory tests and diagnostic images, surgical procedures and other treatments provided. 

Personalised medicine refers to prevention, diagnosis and treatment of health disorders, based 
on individual risk-tailored approach using computational decision support analysis of person’s 
phenotype and genotype data. The goal of personalised medicine is to contribute towards 
preventive, predictive and participatory health system. 
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Personalised medicine is possible only in case good quality health data is available 

Prof Leif Groop, Eesti Arst 2015; 94(6):332–333 

 

1. Summary 

 

Two months in advance of President Barack Obama's introduction of the US Precision Medicine 
Initiative on 30 January 2015, the Ministry of Social Affairs had presented the Estonian 
Government Pilot Project on Personalised Medicine for 2015–2018. 

Personalised medicine is an advanced principle in health care practice. The principle refers to 
analysing systematically all known health information about the unique set of characteristics of 
an individual to tailor any health-related solution/intervention (to prevent, to cure or to care) 
to the optimal outcome of that individual. The known health information includes anything that 
can be potentially linked to individual's health: from phenotype and genotype to health 
behaviour and preferences, environment and interactions with health services. 

The key elements for personalised medicine are person-specific health data and the ability to 
analyse the data in order to formulate probabilistic predictions for the potential outcomes of 
the next steps to be taken. As such, personalised medicine is driven not only by individual 
health data, but also by the availability of reference medical knowledge and evidence, i.e. 
personalised medicine is linking knowledge with individual health data for decision support. 

Already at the start of the feasibility study it was obvious, that the term “personalised 
medicine” creates many questions and misunderstanding, because of its many interpretations 
and common meanings. To reach consensus among all partners of the feasibility study we 
made a concerted effort to map the evolution of this concept over time and in different 
countries. This overview is presented in Appendix 4. In the context of the feasibility study and 
the Pilot Project, the term “personalised medicine”, is used in the following meaning. 

Personalised medicine refers to prevention, diagnosis and treatment of health disorders, based 

on individual risk-tailored approach using computational decision support analysis of person’s 

phenotype and genotype data. The goal of personalised medicine is to contribute towards 

preventive, predictive and participatory health system. 

Personalised medicine is expected to radically transform medical care and public health by 
prevention and treatment programmes more closely targeted to individual patient. The 
expectations are high, but the main public health benefits of personalised medicine approach – 
reduction of mortality and morbidity – are not yet established and have to be tested in robust 
and rigorous clinical trials. 

The current feasibility study was commissioned by the Ministry of Social Affairs with the main 
objectives to: 
- collect evidence on effectiveness and cost-effectiveness of personalised medicine approach in 
three different clinical fields; 
- evaluate the clinical competencies and training needs of health care professionals and to 
propose a training programme for capacity building; 
- develop a prototype for a clinical study to validate the effectiveness of personalised medicine 
approach in the Estonian health care system. 

To start with, the feasibility study team mapped the available literature to describe the state of 
art and best practices of personalised medicine in three clinical fields of cardiovascular 
medicine, oncology and endocrinology (diabetes) on disease burden, efficacy of risk prediction, 
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based on genetic testing, life-style counselling and medical interventions. Extensive overview of 
worldwide experience and evidence is presented in chapters 4 and 5, with the respective data 
sources and tables presented in appendices 1 and 2. Finnish experience in health data use and 
linkage are presented in appendix 3. 

Implementing personalised medicine approach into clinical practice is a considerable change 
from the current paradigm of conventional medicine. This challenge can be achieved only by 
training the health professionals and by supplying them with appropriate tools. Health care 
professionals' competencies and training needs are described in chapter 6, and the following 
five specific skills of healthcare professionals need to develop ASAP: 
• shared decision-making (also with e-patients); 
• communication skills; 
• motivating patients to change their health behaviour; 
• using genomic data; 
• using (information) technology. 

To meet the training needs identified, respective training programmes are listed in chapter 7 
together with suggestions for implementation, along with analysis on facilitators and barriers 
foreseen. The chapter includes also model curricula on motivational interviewing, shared 
decision-making and genetics for practicing physicians. 

Based on the experience and evidence, in chapter 8 we present five study concepts 
(prototypes) of a potential clinical study on personalised medicine in Estonia: 
• Personalised prediction and treatment of cardiovascular disorders 
• Randomized trial on statin therapy according to genetic risk 
• Ecological study to evaluate personalised management of atrial fibrillation 
• Personalised cancer prevention and early detection 
• Development of clinical capabilities for molecular profiling of tumour tissues for 

personalised therapies in advanced cancers 

It is not the mandate of this report to decide, which of these ideas should be developed first, 
however, we propose that both fields, i.e. cardiovascular medicine and cancer prevention are 
worth developing further. 

Finally, in chapter 9 a roadmap of 18 steps to start and run the pilot clinical study is presented. 
As a general principle, we envisage the clinical study to be a creation of supportive clinical and 
research environment, allowing testing and implementation of personalised medicine, and not 
a classical clinical trial. However, based on that environment, classical clinical trials and other 
types of innovative research will be possible. The pilot project on personalised medicine will not 
have immediate benefit on patient management in clinical medicine, but its focus should be on 
research and development of digital technology environment allowing quick implementation of 
new possibilities of personalised medicine in the future. 

The electronic medical record and e-health system are key instruments in a clinical pilot study 
on personalised medicine and appropriate new technical solutions have to be developed for 
that. This is to guarantee, that the data of the patients are recorded comprehensively and in 
accordance with uniform standards for future use of multiple purposes.  

Personalised medicine is possible only in case good quality health data is available. 
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1.1. Lühikokkuvõte (Summary in Estonian) 

 

2014. aasta novembris esitas Sotsiaalministeerium Vabariigi Valitsusele personaalmeditsiini 
tervishoius rakendamise pilootprojekti 2015-2018 kavandi. See toimus kaks kuud varem kui 
USA president Barack Obama 30. jaanuaril 2015 avalikustas US Precision Medicine Initiative. 

Personaalmeditsiin on kaasaegse tervishoiu edasiarendus uutel põhimõtetel. Uudseks 
põhimõtteks on üksikisiku kõigi ainulaadsete terviseandmete süstemaatiline ja terviklik analüüs, 
et selle alusel kohandada mistahes tervisealane sekkumine (ennetus, ravi või hoolekanne) 
individuaalselt optimaalse tulemuse saavutamiseks. Terviklikud terviseandmed hõlmavad kõike, 
mis on potentsiaalselt seotud tervisega: alates fenotüübist ja genotüübist kuni individuaalse 
tervisekäitumise ja -eelistusteni, samuti elukeskkonda ja kokkupuuteid tervishoiusüsteemiga. 

Võtmeelemendid personaalmeditsiini rakendamiseks on isikupõhised terviseandmed ja 
võimekus neid andmeid analüüsida tervisesekkumiste planeerimiseks ja tõenäosuslike 
prognooside koostamiseks. Seega juhib personaalmeditsiini individuaalsete terviseandmete 
kõrval tõenduspõhiste teadmiste kättesaadavus, sest personaalmeditsiin on meditsiiniliste 
tegevustega seotud otsustusprotsess, milles infotehnoloogiliste lahenduste abil seotakse isiku 
terviseandmed tõenduspõhiste teadmistega. 

Juba eeluuringu alguses oli ilmne, et mõiste "personaalmeditsiin" tekitab palju küsimusi ja 
arusaamatusi, sest mõistel on lisaks tavatähendusele palju erinevaid tõlgendusvõimalusi. Et 
saavutada konsensus eeluuringu partnerite vahel, tegime ühiseid jõupingutusi kaardistamaks 
selle mõiste arengut ajas ja erinevates riikides ning see ülevaade on esitatud raporti lisas 2.  

Käesoleva eeluuringu juhtrühma poolt soovitatakse personaalmeditsiini käsitleda kui 

individuaalsete geno- ja fenotüübi andmete põhjal arvutusliku analüüsiga leitud individuaalsete 

riskide tõenäosustele ning otsusetoe soovitustele toetuvat haiguste ennetust, diagnoosimist ja 

ravi. Personaalmeditsiinile toetuva tervishoiu eesmärgiks on preventiivse, prognoosiva ja inimesi 

kaasava lähenemise ulatuslikum juurutamine tervishoius. 

Personaalmeditsiinil on suur potentsiaal radikaalselt muuta arstiabi ja rahvatervishoidu, 
suunates ja kohandades ravitegevused ja ennetavad sekkumised konkreetsele patsiendile. 
Ootused on kõrged, kuid personaalmeditsiini olulisim kasu rahvastiku tervisele – suremuse ja 
haigestumuse vähendamine – ei ole veel tõendatud ning seda tuleb testida põhjalikes ja 
täpsetes kliinilistes uuringutes.  

Käesolevale arendusuuringule püstitati kolm peamist eesmärki:  

• analüüsida kolmes valdkonnas individuaalse kliinilise käsitluse efektiivsust ja kulutõhusust 
teaduskirjanduse ja väliskogemuse alusel;  

• hinnata tervishoiutöötajate oskuste taset ja koolitusvajadust personaalse kliinilise käsitluse 
juurutamiseks ning koostada koolituskava vajalike oskuste arendamiseks;  

• koostada esialgne kliinilise käsitluse prototüüp, et hinnata personaalmeditsiini efektiivsust ja 
rakendatavust Eesti tervishoiusüsteemis.  

Arendusuuring põhineb rahvusvahelise teadmuse läbitöötamisel ja Eesti olude tundmisel, mille 
sünteesil töötatakse välja individuaalse kliinilise käsitluse arendamise metoodika ja tegevuskava 
selle rakendamiseks Eesti tervishoiusüsteemis. 

Arendusuuringu esimeses etapis koostati teaduskirjanduse, avaliku informatsiooni ja 
projektimeeskonna ekspertiisi alusel hetkeolukorra analüüs kolmes kliinilises valdkonnas: 
südame-veresoonkonna haigused, diabeet ja pahaloomulised kasvajad. Analüüs käsitleb 
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meditsiiniliste tegevuste, geneetilise testimise ja eluviisi nõustamise efektiivsust individuaalsete 
terviseriskide ja rahvastiku haiguskoormuse vähendamisel. Analüüsi käigus selgus, et 
teadaolevad ja mõjutatavad diabeedi terviseriskid ilmnevad eeskätt südameveresoonkonna 
tüsistustena ja need kaks valdkonda on uuringus ühitatud. 

Olemasolev tõenduspõhine teadmine koos asjakohaste viidetega on esitatud 3. peatükis 
südame-veresoonkonna haiguste ja diabeedi kohta ning 4. peatükis pahaloomuliste kasvajate 
kohta. Seda informatsiooni täiendab lisas 1 esitatud ülevaade Soome kogemusest erinevatest 
andmekogudest pärinevate isikupõhiste terviseandmete koondanalüüsi rakendamisest haiguste 
ennetamise ja ravikäsitluste arendamiseks, millega arvestamine on eduka rahvusvahelise 
koostöö eelduseks. 

Tuginedes tõendusmaterjalile ja kliinilisele ekspertiisile on 3. ja 4. peatüki lõpus esitatud kokku 
viis erinevat võimalust (prototüüpi) personaalse kliinilise käsitluse efektiivsuse hindamiseks 
Eestis:  

• kardiovaskulaarsete tervisehäirete personaalne ennetus ja käsitlus (ptk 3.4); 

• randomiseeritud uuring geneetilise riski mõjust statiinravi efektiivsusele (ptk 3.5); 

• virvendusarütmia personaalne käsitlus ja tüsistuste ennetus (ptk 3.6); 

• rinnavähi personaalne ennetus ja varane avastamine (ptk 4.4); 

• kaugelearenenud vähi ravi personaalne käsitlus molekulaarse profileerimise toel (ptk 4.5); 

Personaalmeditsiini rakendamine on radikaalne paradigmaatiline muutus võrreldes 
traditsioonilise kliinilise praktikaga. Selle väljakutse lahendamine on võimalik ainult koolitades 
tervishoiutöötajaid ja varustades neid asjakohaste infotehnoloogiliste vahenditega. 
Tervishoiutöötajate koolitusvajadust on kirjeldatud 5. peatükis ja personaalse meditsiini 
aspektist on kõige olulisem arendada järgmisi spetsiifilisi oskusi:  

• patsientide kaasamine terviseotsuste tegemisel (sh e-patsiendid); 

• patsiendikeskne suhtlemine; 

• motiveeriv intervjueerimine tervisekäitumise muutmiseks; 

• pärilikkuse andmete kasutamine kliinilises töös; 

• infotehnoloogia kasutamine kliinilises otsustusprotsessis. 

Viienda peatüki lõpus esitatakse koolituskavad koos näidisprogrammidega ja soovitustega, 
kuidas ületada takistusi ja tõrkeid personaalmeditsiini rakendamisel Eestis. 

Arendusuuringu 6. peatükis esitatakse strateegia pilootprojekti ettevalmistamiseks, mis 
kirjeldab võimalusi ja probleeme ning esitab ettepanekuid riskide ületamiseks ja rakenduskava, 
kuidas suurendada tervishoiutöötajate valmisolekut ja võimekust individuaalse kliinilise 
käsitluse arendamiseks pilootprojekti käigus.  

Üldise põhimõttena tuleks kavandatav pilootprojekt üles ehitada kui toetava infotehnoloogilise 
keskkonna loomine kliinilise käsitluse ja teadustöö läbiviimiseks, mis võimaldab testida 
personaalmeditsiini rakendusi. See oleks keskkond, mille toel saaks läbi viia innovaatilisi ja 
mastaapseid kliinilisi uuringuid, kasutades ära Eesti e-riigi eeliseid ja tervishoiusüsteemi 
kompaktsust. Asjakohaste uute infotehnoloogiliste lahenduste väljatöötamine elektroonilistes 
haiguslugudes ja e-tervise süsteemis on eelduseks pilootprojekti tulemuslikkusele ja 
personaalmeditsiini rakendamisele Eesti tervishoius. 

 

Personaalmeditsiini aluseks on kättesaadavad ja kvaliteetsed terviseandmed. 

Prof Leif Groop, Eesti Arst 2015; 94(6):332–333 
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2. Study background, objectives and methodology 

(Raul Kiivet, Elvo Themas)  

 

Ministry of Social Affairs has proposed the Government of Estonia to carry out a Pilot Project on 
Personalised Medicine for 2015–20181. The goal of the pilot is to implement personalised 
medicine principles into Estonian health care system and to create innovative computerized 
infrastructure for research and development of better targeted methods for health care and 
disease prevention. 

Personalised medicine may be thought of as tailoring medical treatment to the individual 
characteristics, needs and preferences of each patient. Advances in computational power and 
medical imaging are paving the way for personalised medical treatments that consider a 
patient’s genetic, anatomical, and physiological characteristics. The advent of mobile and 
wireless capability, better sensors, interoperable devices, and the Internet have led to 
technologies that allow for more effective patient monitoring and treatment outside of 
traditional medical care settings. And progress in regenerative medicine and stem cell research 
offers hope for some of the most personalised products imaginable – the replacement or 
regeneration of missing or damaged tissues.  

The concept of personalised medicine is not new: the practice of medicine has always been 
about treating each individual patient, and clinicians have long observed that different patients 
respond differently to medical interventions. What is new is that paradigmatic developments in 
science and technology offer new promise for developing targeted therapeutics and tools for 
predicting who will respond to a medical therapy or who will suffer ill effects.  

Personalised medicine is an advanced principle in health care practice. The principle refers to 
analysing systematically all known health information about the unique set of characteristics of 
an individual to tailor any health-related solution/intervention (to prevent, to cure or to care) 
to the optimal outcome of that individual. The known health information includes anything that 
can be potentially linked to individual's health: from phenotype and genotype to health 
behaviour and preferences, environment and interactions with health services. 

The main advancement from traditional health care practice comes from the notion that 
rigorous computerised assistance is needed to process systematically the amount of available 
information about the individual and to compare it to the existing knowledge and evidence 
from various sources to guide and define the health-related decision. The information about 
the outcomes of the individual health decisions must be fed back to the decision-support 
system to make it a continuous self-learning model. 

The key elements for personalised medicine are person-specific health data and the ability to 
analyse the data in order to formulate probabilistic predictions for the potential outcomes of 
the next steps to be taken. As such, personalised medicine is data-driven and individual health 
data defines the reference medical knowledge and evidence to be used to support processing 
of the personal health information. 

Personalised medicine is expected to radically transform medical care and public health by 
prevention and treatment programmes more closely targeted to individual patient. These 

                                                           
1 Personaalmeditsiini tervishoius rakendamise pilootprojekt 2015-2018.  

https://www.sm.ee/sites/default/files/content-editors/Personaalmeditsiin/pm_pilootprojekti_kavand_2015-2018.pdf 
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interventions will be developed by linking biological information to health data in electronic 
medical records or obtained by monitoring digital technologies. Until now, the success stories 
of personalised medicine are better understanding of rare diseases and novel therapeutic 
targets for some conditions, but methods for risk prediction of common disorders are to be 
developed. As well, improved adherence with life-style interventions expected to result from 
the provision of genomic risk information has not yet materialised. 

The expectations are high, but the main public health benefits of personalised medicine 
approach – reduction of mortality and morbidity – are not established and have to be tested in 
robust and rigorous clinical trials. Such population-wide trials have not been possible until 
lately, when information technology has created new means for collection and analysis of very 
large data sets. 

 

The current feasibility study was commissioned by the Ministry of Social Affairs with the main 
objectives to: 

- collect evidence on effectiveness and cost-effectiveness of personalised medicine approach in 
three different clinical fields; 

- evaluate the clinical competencies and training needs of health care professionals and to 
propose a training programme for capacity building; 

- develop a prototype for a clinical study to validate the effectiveness of personalised medicine 
approach in the Estonian health care system. 

 

2.1. Methodological considerations  

This feasibility study has combined a variety of methodologies from extensive literature reviews 
up to expert group work and systematic analysis. 

Firstly we conducted several sets of literature searches to describe the state of art and best 
practices of personalised medicine in three clinical fields of cardiovascular medicine, oncology 
and endocrinology (diabetes) on disease burden, efficacy of risk prediction, based on genetic 
testing, life-style counselling and medical interventions. For the interim report all three fields 
were studied separately, but after expert evaluations it was decided, that because 
cardiovascular diseases and diabetes are overlapping conditions for the purposes of this 
project, and should be merged.  

Foreign expertise was used to focus the literature reviews, to develop the prototypes, and to 
formulate the recommendations. In addition Dr Sekar Kathiresan participated in writing the 
clinical approach for cardiovascular medicine (Chapter 3), and Dr Reijo Sund provided analysis 
on the Finnish experience in health data use and linkage (App. 1). 

Already at the start of the feasibility study it was obvious, that the term “personalised 
medicine” creates many questions and misunderstanding, because of its many interpretations 
and common meanings. To reach consensus among all partners of the feasibility study we 
made a concerted effort to map the evolution of this concept over time and in different 
countries. This overview is presented in Appendix 2 and the consensus definition of 
personalised medicine is used by all partners of the feasibility study. 

Implementing personalised medicine approach into clinical practice either for research of 
practice purposes, is a considerable change as compared to conventional medicine. 
Implementing change requires training of health care professionals and to do so a 
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comprehensive review on the training needs was carried out and established training 
methodologies were identified. This formed basis for the proposals of training programme for 
the pilot study. 

Two clinical study layout proposals were constructed for the cardiovascular medicine and 
cancer prevention, synthesized from the literature analysis and expert advice from the clinical 
experts engaged in the feasibility study. As a final step, a roadmap to start the pilot project is 
proposed to facilitate the planning and implementation of the pilot project. 

 

2.2. Selection of clinical fields for the feasibility study 

In the document "Pilot Project on Personalised Medicine 2015–2018" the Ministry of Social 
Affairs has defined five criteria for selection of the clinical field as following: 

• Evidence about the usability of individual risk prediction based on genetic and health data. 

• Potential public health gain and cost-effectiveness at health system level. 

• Prominent clinical leadership 

• Adequate data availability and quality during 2015-2018. 

• The clinical field is included to the national quality of care project. 

In practical terms, the clinical field (health topic) to be studied: 
- should be relevant, i.e. the health problem is frequent and causes considerable burden of 
disease at population level; 
- has considerable inter-individual variability in responsiveness to prevention and treatment 
due to differences in molecular, genetic and health behaviour that can be taken into account in 
the design of health interventions; 
- requires digital decision support tools to collect and analyse diverse health data from different 
sources and providers; 
- is manageable, i.e. there is evidence on effective solutions to prevent, cure or care. 

 

2.3. Development of prototypes for clinical studies on personalised medicine 

In chapters 3.4–3.6 and 4.4–4.5 we present several study concepts to describe the framework 
of a potential clinical study on personalised medicine in Estonia. The five proposals are based 
on the literature reviews presented in chapters 3 and 4, and on the expertise of the study team. 
Conceptually, each of the proposed trial designs has the potential to have transformative 
impact for the personalised medicine field. 

Development of a detailed study protocol is beyond the scope of this feasibility study, but 
should be started as soon as possible. To develop a sound clinical study protocol is rigorous 
work and has to be done with ultimate care by a team of experts in clinical research and with 
knowledge about how the health system works in Estonia and what is the actual capacity of 
existing health information systems. 

Personalised medicine relies on computerized decision analysis. In order to design and develop 
clinical decision support tools, the final clinical study protocol should describe: 

• Health problem – health disorder or disease to be prevented, cured or managed. 

• Target population – patient parameters to determine the eligibility for the study. 

• Health intervention – clinical decision to be made to influence the health problem, i.e. life 
style counselling, prescription of medication. 
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• Decision process – location of the decision in the health management process and 
interrelations with other interventions. 

• Decision-maker – is health data handled for health professionals or self-management. 

• Data needs – which health data (incl molecular) has to be collected from the target 
population for digital analysis. 

• Knowledge – information required from evidence-based medicine to be feeded into decision 
support tools to guide decisions on risk prediction, health counselling and treatment 
options. 

• Data analysis – processing and display of (health) data in the decision support tool. 

• Outcome – how to evaluate, whether the intervention/decision has had impact on health 
and to use this information for further decision-making. 

It was not the mandate of this feasibility study to decide, which of these ideas should be 
developed first, however, we propose that both fields, i.e. cardiovascular medicine and cancer 
prevention are worth developing further. 

 

2.4. The concept of personalised medicine in Estonia  

As presented in the literature review (Appendix 2, in Estonian), there is as yet no single, 
universal and widespread definition of personalised medicine. In connection with the planning 
of a personalised medicine pilot project in Estonia, there should be a sufficiently thorough 
understanding on what the concept entails, to ensure the maximum level of clarity for partners 
and the public.  

Personalised medicine is not a new branch of medicine but a further development and 
supplementation of the current healthcare system with the possibilities for obtaining and using 
personal data in both the medical and the IT field. Advances in various research areas 
(genomics, pharmacogenomics etc.) allow more widespread use of patients’ personal health 
data for ensuring the well-being of both the individual and the population, i.e. staying healthy 
and preventing illness.  

The following sets out some wording of objectives of personalised medicine that have been 
used in Estonia.  

• The operating principle is that the individual variance of each individual's health indicators 
(including their genetic information), health behaviour, living environment and preferences 
is taken into account in the prevention, diagnosis and treatment of disease. Maximum use is 
made of existing health data, intelligent information analysis and decision support 
applications for the purpose of effective and high-quality implementation of the principle.  

• Personalised medicine means a 4P approach (predictive, preventive, personalised, 
participatory), based on evidence and individual health data to the prevention and 
treatment of diseases. Health data refers here to all data with a link to human health (genes 
and other omics, illness and treatment data, behaviour, environment, social data etc.).  

• The objective of the personalised medicine at the individual level is health management – in 
other words, individualized care and preventive services that allow the convenient use of an 
integral set of health data and relevant decision support.  

• The objective of personalised medicine at the population level is the collection and use of 
personalised health data not immediately for treating individuals but for developing the 
aforementioned clinical decision support, monitoring therapeutic outcomes and healthcare 
service quality management. This would provide a way to develop radically new services for 
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individuals with certain stages of illness or health behaviour patterns – new ways for doctors 
and researchers to solve problems related to human health.  

• Personalised medicine in the clinical view is a decision-making process related to health 
condition and medical activity – decision support – linking of evidence-based knowledge 
with patient data using IT solutions.   

Originally, the Estonian view of PM was associated mainly with use of genetic information, but 
now it is seen as the use of a person’s complete health data in prevention and treatment, which 
should lead to a systematic understanding of how an individual’s health stems from complex 
associations between genes, personal behaviour and the external environment2.  

 

The personalised medicine feasibility study steering group has noted that in developing a 
definition for the concept, attention should be devoted to the following aspects: 

• Should include use of personal data (health data, biological information, environmental 
information etc.).  

• Gathering existing personal data and group-based adaptation to populations.  

• Orienting medical activity to preservation of health and prevention and delaying onset of 
illness. Later, timely commencement of treatment, choosing the most effective and 
appropriate treatment methods.  

• Involving the patent in preservation of health and monitoring health and effectiveness of 
treatment.  

• Should unite components of 6P medicine: personal, predictive, preventive, participatory, 
psychocognitive, and public. 

 

The following figure 2–1 describes the concept of personalised medicine, adopted for the 
purposes of the feasibility study and the Pilot Project. When a health problem or symptom 
arises, the patient turns to a physician or other healthcare worker. Use of a personalised 
medicine approach means that genetic and other molecular data is gathered on a patient in 
addition to conventional health and treatment data. The data is entered into a unified 
population health database and compared to data for various populations to seek similar and 
different patterns in the data. As the result of the data processing, customized algorithms yield 
probability-based outcomes (decision support) for starting, continuing or altering treatment or 
health behaviours. These results are not final, but give doctors a way of assessing various 
strategies and possibilities for reducing the patient’s health risks accompanying the problem or 
symptom. As a result of cooperation between physician and patient, more knowledge-based 
treatment choices can be made and thus risks can be better managed. Measuring results and 
coupling the results with the data provides additional benefits for both specific patients and the 
population in making preventive and subsequent decisions.  

                                                           
2
 Aaviksoo, A., Järvan, K., Lepik, K., Konsa, P., (2013) „Analüüs personaalmeditsiini rakendamise võimalustest 

Eestis“. Estonian Development Fund. http://www.arengufond.ee/wp-
content/uploads/2014/01/Anal%C3%BC%C3%BCs-personaalmeditsiooni-rakendamise-v%C3%B5imalustest-
Eestis.pdf  
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Figure 2–1. The concept of personalised medicine 

 

The definition of personalised medicine set out in the summary includes all of the conditions 
that proved significant on the basis of the preliminary study. 

In the context of the feasibility study and the Pilot Project, the term “personalised medicine”, is 
used in the following meaning. 

Personalised medicine refers to prevention, diagnosis and treatment of health disorders, 
based on individual risk-tailored approach using computational decision support analysis of 
person’s phenotype and genotype data. The goal of personalised medicine is to contribute 
towards preventive, predictive and participatory health system. 
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3. Clinical approach in cardiovascular medicine and endocrinology  

(Eno-Martin Lotman, Sekar Kathiresan, Ingrid Reppo, Margus Viigimaa, Vallo Volke)  

 

This chapter presents an overview of state-of-the art personalised medicine in cardiovascular 
and metabolic disease. “Personalised medicine” is a model of health-care delivery based on an 
individual’s unique clinical, biologic, and environmental characteristics [1]. Here, we include 
emerging concepts derived from “precision medicine” which involves refined molecular 
characterization to refine disease classification and downstream therapy [2]. The biologic inputs 
for personalised medicine are often derived from genomics and their derivatives to assist 
medical decision-making through diverse technologies, such as clinical decision support 
systems, for custom clinical care. A clinical decision support system (CDSS) is an active 
knowledge system to generate case-specific recommendation to enhance clinical efficacy, help 
avoid adverse effects, and improve efficiency. 

Genetics convey a significant amount of risk for cardiovascular mortality. Therefore an 
extensive literature review on cardiovascular risk prediction and pharmcogenomics was 
performed using public search engines (Pubmed) and several databases and publishers 
(MEDLINE, ACC/AHA, NICE and ESC clinical practice guidelines, Wolters Kluwer, Elsevier, Nature 
Publishing Group, etc.). In this part of the paper, most significant cardiovascular risk factors and 
conditions were included for the paper to be large-scale and comprehensive enough.  

The chapter is structured into five sections. First we review the application of CDSS to address a 
causal cardiovascular disease (CVD) risk factor, hypertension, to reduce the recurrent risk of 
myocardial infarction and stroke. A more detailed overview of CDSS systems in for the 
management of hypertension can be found in the appendixes to this chapter. Secondly we 
review genomics of the most important cardiovascular conditions and the pharmacogenomics 
of the most important cardiovascular medications, as this data may inform tailored care via 
CDSS; cardiovascular genomics are further established in an appendix to this chapter with 
tables presenting candidate genes for cardiovascular risk prediction and cardiovascular 
pharmacogenomics. Third we present an overview of personalised medicine for the 
management of type 2 diabetes, a major modifiable risk factor for adverse cardiovascular 
events and mortality. Sections 3.4 and 3.5 are based on the evidence base for CDSS-based 
interventions and use of genetic data, we then propose prototypes for the Estonian pilot 
project for reducing the burden of cardiovascular mortality and morbidity with the use of 
personalised medicine.  

This paper concluded with the development of possible prototypes for studying the feasibility 
of personalised cardiovascular management. All of the prototypes convey a significant amount 
of innovation – i.e. there is not enough scientific data to ensure that the interventions are 
either cost-effective or efficient, but they enable to use the available resources in Estonia to 
study the feasibility of personalised medicine. In the compilation process, several important 
aspects emerged: for the use of reasonable CDSSs, the process of collection of health data by 
healh care providers should be updated to be based on uniform terminology; the use of current 
and updatable medications list is of significant importance to the personalised management of 
CVD; the genetics of cardiovascular medicine (both risk estimation and pharmacogenomics) is 
still in a phase of innovation, which is further supported by the fact that very little use of 
genetic data is included to the CVD international clinical practice guidelines.  
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3.1. Clinical evidence on personalised clinical approach in prevention of 
cardiovascular complications – myocardial infarction and stroke 

In this chapter, the efficacy of computer-based decision support programs in the treatment of 
hypertension in patients with prior stroke and myocardial infarction is presented. It was 
observed that many programs have been developed, some of them clinically effective and the 
others not. Several themes emerge that associate with clinical efficiency of CDSS that can be 
leveraged for existing and future iterations.  

The current review indicates that the treatment of hypertension is a part of complex 
cardiovascular risk reduction and should be comprehensive. In addition to incorporating various 
established factors associated with risk and harm of various management approaches, novel 
inputs such as genetics may help refine support systems. Success of computer-based CDSS in a 
national electronic health record depends whether it includes all clinical specialties and offers 
extensive support. The program should also take into account national differences, prices of 
medicinal products, genetic and environmental characteristics of the patient. For the decision 
support program to function the national electronic health record should contain actively used 
data that the program could search and use to give recommendations and this could require 
the update of data collection terminology or data mining capabilities. As a conclusion, 
computerised CDSs in general improve personalised management of complex diseases, such as 
cardiovascular and metabolic diseases. 

 

3.1.1. Incidence of the health condition and disease burden at the population level 

CVD are highly prevalent chronic diseases in the Western world conferring a large share of 
death and disability. A key factor of cardiovascular diseases is atherosclerosis, or the 
development of lipid-laden plaques in the internal layer of blood vessels where progressive 
luminal narrowing of the blood vessels may be compounded by acute, abrupt cessation of 
blood flow leading to conditions such as myocardial infarction or stroke. Depending on the 
location of damaged blood vessels, atherosclerosis can cause ischaemic heart disease, diseases 
of cerebral blood vessels, aneurysm of abdominal aorta and narrowing of peripheral arteries. 

Cardiovascular mortality has been on a steady decline, which has been attributed largely to 
improved acute and preventive pharmacotherapy, and early revascularization during acute 
cardiovascular events. However, the absolute number of individuals with atherosclerotic CVD 
continues to rise where obesity and high-risk health related behaviors are primary culprits. The 
rising prevalence puts increasing demands on healthcare systems for prevention and the 
chronic management of atherosclerosis and its downstream consequences. 

Furthermore, the use of guideline-supported secondary prevention medicinal products is only 
40-75% after acute coronary syndromes (ACS) leading to worse clinical outcomes. Several 
factors contribute to low implementation and compliance rates and include: poor treatment 
education and motivation, complex ACS treatment regimens consisting of multiple medicinal 
products, allergies and adverse events [3]. 

 

3.1.2. The inreventions have significant inter-individual variability 

The INTERHEART study ascribed 90% of myocardial infarctions to nine modifiable risk factors: 
abnormal blood lipids, smoking, hypertension, diabetes, abdominal obesity, psycho-social 
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factors, insufficient use of fruits and vegetables, alcohol abuse, and little regular physical 
activity [4].  

Genetic predisposition has also an important role in the development of atherosclerosis and 
other cardiovascular conditions. Genome-wide association studies (GWAS) have found that key 
variation in several genes are associated with the development of cardiovascular diseases, and 
may be harnessed for preventive cardiac care [5,6,7]. See chapter 3.2 for a comprehensive 
overview of cardiovacular genomics. 

Several lifestyle changing measures (healthy diet, increased physical activity, smoking 
cessation) and pharmacotherapy (anti-platelets, blood pressure and lipid-lowering medicines) 
significantly reduce the incidence of subsequent cardiovascular events in those who have 
previously suffered from a cardiovascular event. A comprehensive risk-based algorithm that 
addresses all modifiable risk factors is required yet many patients do not achieve the guideline-
based treatment objectives [8]. The transfer of the results of clinical studies into the clinical 
practice is especially inefficient in the prevention and treatment of chronic diseases [9]. 

The management of a cardiovascular condition - hypertension has several aspects that require 
a personalised approach. For example, patients with diabetes have a lower diastolic blood 
pressure target value, patients with renal disease require an ACE –inhibitor in their treatment 
regimen, younger and older patients should be treated accordingly and patients with heart 
failure should avoid specific medications. Please refer to the excerpts from numerous clinical 
practice guidelines for specifications of these personal approaches (see Tables 3-1 to 3-7). 

 

3.1.3. The health problem is manageable – there is evidence that medical solutions for the 
prevention, diagnosis and treatment are effective. 

Clinical practice guidelines are syntheses of the medical evidence and expert opinion to assist 
physicians in making well-informed treatment decisions. Their aim is to promote evidence-
based treatment, reduce the use of ineffective therapies, minimize health-care disparities, and 
to use healthcare resources more efficiently. These guidelines essentially define the standard-
of-care in the prevention and management of cardiovascular diseases. Thus, they also serve as 
important metrics of health-care quality.  

Nonetheless, treatment guidelines are often not pursued in clinical practice. Implementation of 
treatment guidelines in clinical practice has been a separate complex problem [8]. For example, 
not following the evidence-based prevention methods in patients with manifest atherosclerosis 
is associated with significantly increased long-term cardiovascular risk [10]. 

During the last twenty years, it has become increasingly clear that distribution of printed 
guidelines does not lead to change of practice. For the effective implementation of precise 
treatment guidelines, designed technological methods should be used. Computer-based 
decision support methods are effective means for solving this problem as it is possible to 
present reminders and recommendations with computers during medical contact that are 
evidence-based and personalised to one specific patient [8]. 

 

3.1.4. Information technology support is required for the management of the health problem 

Various interventions to improve the implementation of guidelines have been described. 
Among them, interventions directed to healthcare providers versus patients have inherently 
different requirements and constructs. Interventions aimed at physicians may be more efficient 
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given the relative homogeneity of clinical knowledge and health-system interaction compared 
with patients.  

Over the last 15 years, the implementation of guideline recommendations into clinical practice 
has increasingly focused on computer-based interventions. While many described computer-
based systems are simply reminder systems, several more complex systems have also been 
reported (see Tables 3-1 and 3-4 at the end of this chapter). 

Possible benefits of computer-based clinical decision support processes to clinical practice can 
be divided into three large categories [11]: 

1. Improvement of patient safety (reduction of medical errors and adverse effects, prescription 
of medicinal products and analyses becomes more accurate and personal) 

2. Increase of healthcare quality (the time that the doctors use to specifically treat the patients 
prolongs, guideline-based decision making increases, implementation of modern clinical 
methods improves, patient satisfaction improves) 

3. Improvement of healthcare cost-effectiveness (decreased repeated analyses and 
investigations, treatment errors, adverse effects of medications; proportion of less costly but 
similarly effective generic medicinal products increases in prescriptions) 

If implemented properly, the expected benefits CDS systems are clear [11]. In Table 3-4, an 
overview of published data from the last 10 years is presented. These generally address the 
benefits, barriers, efficacy, or cost-effectiveness of computer-based decision support processes. 
While studies generally favour the implementation of CDS systems to improve safe health-care 
delivery, it is also clear that more well-designed prospective randomised controlled trials are 
required.  

 

3.1.5. Evidence-base for CDSS in the treatment of hypertension in the secondary prevention 
of stroke and myocardial infarction 

Introduction and methods: As discussed above, hypertension is a major risk factor for 
cardiovascular mortality. To study the role of CDS in personalised management of 
cardiovascular condtions, the search criteria were elaborated to a more detailed “secondary 
prevention of stroke and myocardial infarction in patients with hypertension”. In these 
patients, CDS recommendations should be based on treatment guidelines. To further specify 
the CDS systems for this chapter several respective guidelines were searched among generally 
recognised guidelines [97–102] of national and international organizations (AHA/ACC, NICE, 
ESC) and recommendations of these guidelines were then synthesised in order to analyse the 
literature on CDSs. Studies support that in patients who have had myocardial infarction or 
stroke and who have increased blood pressure, improvement of hypertension treatment, 
better choice of antihypertensive medications according to treatment guidelines, facilitation of 
diabetes diagnosis and hyperlipidemia treatment according to general reduction of CVD risk are 
required for secondary prevention of these events. These characteristics were used to search 
for randomised controlled studies. Pubmed database was used for the searches. Search terms 
included “secondary prevention” ,”stroke”, “myocardial infarction”, “decision support 
systems”, “management of hypertension”.   

Results: A total of 14 randomised clinical studies were found (Table 3-2). Nine of these studies 
demonstrated that varied computer-based CDSs improved pre-specified clinical outcomes. It 
was observed in the studies that these programs improve treatment monitoring (number of 
blood pressure measurements), prescription of medicinal products according to treatment 
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guidelines (ACE-inhibitors, ARBs, beta-blockers, statins), utilization of healthcare resources, and 
the number of rehospitalisations decreases.  

 

3.1.6. The Evidence-Based Medicine electronic Decision Support (EBMeDS) 

Herein we present an example of a computer-based decision support program EBMeDS of the 
Finnish Medical Society publishing house Duodecim. This program extracts relevant clinical data 
from the electronic health record and connects it with local treatment guidelines and the 
recommendations of internationally recognised treatment guidelines [97–102] and meta-
analyses to synthesize a case-based recommendation (see Tables 3-1 to 3-7 at the end of this 
chapter).  

The Evidence-Based Medicine electronic Decision Support (EBMeDS) system brings evidence 
into practice by means of context-sensitive guidance at the point of care. The EBMeDS system 
is the electronic evidence-based decision support system of EBMPracticeNet. 

EBMeDS receives structured patient data from electronic health records (EHRs) and returns 
reminders, therapeutic suggestions and diagnosis-specific links to guidelines. It can also be used 
to automatically prefill forms and calculators with patient specific data. In addition to real-time 
use, the EBMeDS decision support rules can also be run in patient populations ("virtual health 
checks"). 

EBMeDS is a platform-independent service, which can be integrated into an EHR containing 
structured patient data. It is based on a simple but efficient technology, and both installing and 
updating the system is easy. EBMeDS is developed by Duodecim Medical Publications Ltd, a 
Finnish company owned by the Finnish Medical Society Duodecim. Both the association and the 
company have a long-standing collaborative relationship with the Cochrane Collaboration, the 
GRADE Working Group, the Guidelines International Network (G-I-N) and the publishing 
company Wiley-Blackwell. All end-users of the EBMeDS service can contribute to the 
development of new scripts. The simplest way of contribution is to send a suggestion of a script 
idea to the EBMeDS editorial team. End-users are also offered free access to the EBMeDS Script 
Description Editor (ESDE), a web-based editing tool for collaboratory development of evidence-
based decision support rules. The use of ESDE requires registration. 

Descriptions of published decision support functions are available free in the EBMeDS Script 
Description Database. The documents contain a plain language summary describing the 
functionality in a few words, links to the evidence (by subscription; including Cochrane reviews, 
evidence summaries from EBM Guidelines and references), and the script messages. Potential 
harms are described separately.The EBMeDS several hundred CDS scripts that can be accessed 
at www.ebmeds.org. 

Two randomised controlled studies were identified that studied the impact of EBMeDS. Neither 
of them looked specifically for the effect on hypertension in patients with stroke/ myocardial 
infarction. The main parameters of these studies are presented in table 3–5. 
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Figure 3–1. Architecture of EBMeDS (www.ebmeds.org.) 
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3.2. Genetic risk prediction and cardiovascular pharmacogenomics 

 

Cardiovascular diseases (CVD) remain one of the leading causes of death worldwide. 
Understanding the impact of natural human genetic variation on CVD risk has the opportunity 
to gain unique biologic insights into human disease and discover novel therapeutic targets. 
Since the initial full description of the human genome, rapid improvements in genotyping 
technologies and computational infrastructure have allowed for large-scale human studies to 
begin to address this. For example, approximately 30% of the observed variation in coronary 
artery disease is attributed to genetic variation. Thus very large experiments to uncover 
individual effects have been required. Such analyses characterise DNA sequence variation in a 
group of individuals and characterise their effects on traits of interest. Several such genetic 
variants associate with atherosclerotic cardiovascular disease and known risk factors, such as 
lipid traits, blood pressure, and diabetes [1].  

In addition to uncovering biology and novel therapeutic targets, such genetic markers may be 
leveraged to refine cardiovascular risk, molecularly subtype disease, and enhance personalised 
preventive strategies [12]. Importantly, the clinical applications of such approaches are 
currently under study [1]. 

This paper presents an overview of published literature on cardiovascular genomics from 
population-based association studies. A key distinction is that certain genetic syndromes, such 
as Marfan’s syndrome, hypertrophic cardiomyopathy, arrhythmogenic right ventricular 
dysplasia, and long QT syndrome, are highly penetrant disorders often occurring from single 
mutations in a very small number of individuals. Here, we describe cardiovascular genomics in 
the context of more common diseases which are not typically expressed with only single 
mutations. A current major barrier in risk prediction is the difference in expected versus 
described heritability of the majority of studied traits, including cardiovascular traits. 

In this report, we will focus on genetic variation identified from genome-wide association 
studies (GWAS). Such variation is individual catalogued using array-based technology to 
characterize a pre-specific list of genetic variants on the order of ~1 million. The pre-specified 
variants are determined based on prior large-scale human projects (HapMap and 1000 
Genomes) to understand the allelic frequency and correlation structure of human genetic 
variation to capture the bulk of variation observed from 3.3 x 109 bases in a cost-effective 
manner that can applied over very large cohorts of individuals. Thus much of the directly 
interrogated variation is common (allele frequency > 5%) and, due to principles of natural 
selection, such common variation confers more modest effect sizes on traits of interest. 
Additionally, data from prior large-scale projects can be leveraged to impute genotype status 
for several non-directly genotyped variants.  

Since common cardiovascular diseases involve the interplay of several genetic and 
environmental factors, multilocus genetic risk scores derived from GWAS may serve as 
predictive models complementing traditional approaches to guide personalised therapeutic 
approaches. Further studies are required to establish the clinical role of genetic risk prediction 
scores in cardiovascular medicine. 

In addition to deriving an individualized management plan from risk prediction, 
pharmacogenomics may refine strategies to enhance efficacy and minimize harm. Prospective 
randomized controlled trials are required to better inform a management approach using 
pharmacogenomics. 
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3.2.1. Coronary artery disease  

It has been estimated that genetic factors account for 30–60% of the inter-individual variation 
in the risk of coronary artery disease (CAD) [13]. Genome-wide association studies (GWAS) have 
identified several common variants that associate with risk of CAD. Each of these loci have 
modest effect estimates on disease status, with typical odds ratios of approximately 1.3, 
limiting their individual predictive value but each have the potential to inform therapeutic 
targets, as highlighted by HMGCR and NPC1L1, CAD GWAS signals at established drug targets 
that modify CAD risk [13]. In aggregate, these variants may better inform clinical predictive 
models. 

GWAS data: In 2011, the transatlantic Coronary Artery Disease Genome wide Replication and 
Meta-analysis (CARDIoGRAM) consortium performed a meta-analysis of 14 GWAS of CAD 
comprising 22,233 cases and 64,762 controls of European ancestry. This genomic analysis 
identified 13 novel loci with one or more SNPs that were associated with CAD and confirmed 
the association of 10 of 12 previously reported CAD loci. The 13 novel loci displayed risk allele 
frequencies ranging from 0.13 to 0.91 and were associated with a 6-17 % increase in the risk of 
CAD per allele. Notably, only three of the novel loci displayed significant association with 
traditional CAD risk factors, while the majority lie in gene regions not previously implicated in 
the pathogenesis of CAD. Five of the novel CAD risk loci appeared to have pleiotropic effects, 
showing strong association with various other human diseases or traits [14]. In 2013 the 
CARDIoGRAM consortium reported an association analysis in 63,746 CAD cases and 130,681 
controls identifying 15 loci reaching genome-wide significance, taking the number of 
susceptibility loci for CAD to 46, and a further 104 independent variants (r2 < 0.2) strongly 
associated with CAD at a 5% false discovery rate (FDR). Together, these variants explained 
approximately 10.6% of CAD heritability. Of the 46 genome-wide significant lead SNPs, 12 
showed a significant association with a lipid trait, and 5 showed a significant association with 
blood pressure, but none were significantly associated with diabetes. Network analysis with 
233 candidate genes generated 5 interaction networks comprising 85% of these putative genes 
involved in CAD. The four most significant pathways were linked to lipid metabolism and 
inflammation, underscoring the causal role of these activities in the genetic aetiology of CAD 
[15]. 

Multilocus genetic scores: Tikkanen et al constructed a multilocus genetic risk score of 28 
genetic variants and evaluated its association with incident cardiovascular disease events. 
During the median follow-up time of 12 years, they found that adding genetic information to 
conventional risk factors and family history improved risk discrimination of CAD and helped to 
identify individuals at high risk for the first CAD event. They speculated that genetic screening 
for individuals at intermediate cardiovascular risk could help to prevent future cases through 
better targeting of statins [5]. Bolton et al examined the use of a panel of SNPs, systematically 
selected from GWAS in improving risk prediction of CAD in long-term risk prediction. They 
found that there was a significant improvement in risk prediction of CAD over 15 years when 
SNPs identified from GWAS were added to conventional risk factors [16]. Ganna et al compared 
6 multilocus genetic risk scores and estimated in conclusion that 1 additional CAD event for 
every 318 people screened at intermediate risk could be saved by measuring the CHD-specific 
genetic score in addition to the established risk factors [17]. 

Mega et al studied the association of a genetic risk score based on 27 genetic variants with 
incident or recurrent coronary heart disease, adjusting for traditional clinical risk factors. They 
then investigated the relative and absolute risk reductions in coronary heart disease events 
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with statin therapy stratified by genetic risk; data was combined data from different studies 
using a meta-analysis. They concluded that their genetic risk score identified individuals at 
increased risk for both incident and recurrent coronary heart disease events. People with the 
highest burden of genetic risk derived the largest relative and absolute clinical benefit from 
statin therapy [18]. 

Data from recent studies support the value of genetic information in the improvement of risk 
prediction mainly in the intermediate risk population subgroup. More studies are warranted to 
evaluate the cost-effectiveness, and the improvement of clinical outcomes as a result of their 
use in clinical practice [19]. Current clinical practice guidelines do not support the use of genetic 
profiles in risk assessment of CAD as this approach is still under investigation. 

 

3.2.2. Elevated blood pressure 

Elevated blood pressure (BP) is an independent and modifiable risk factor for stroke and heart 
disease. BP is a heritable trait with estimated heritability of 40-50%, and recent well-powered 
GWAS have implicated several genetic loci with this trait. While the variants have modest 
effects on BP, their effects are lifelong and may magnify observed risk of cardiovascular and 
cerebrovascular disease. However, the power of such studies is limited by measurement 
precision given high intra-individual measurement and variability in ascertainment. A risk 
prediction approach may identify primary drivers of cardiovascular disease risk, inform 
treatment approaches, and inform anticipated treatment resistances [20]. 

Currently, candidate gene studies and GWAS have discovered common genetic variants which 
explain less than 3% of the observed variance of the BP levels [21]. The International 
Consortium for Blood Pressure Genome-Wide Association Studies created a genetic risk score 
to assess association of the variants in aggregate with hypertension and with clinical measures 
of hypertensive complications including left ventricular mass, left ventricular wall thickness, 
incident heart failure, incident and prevalent stroke, prevalent CAD, kidney disease, and 
measures of kidney function, using results from other GWAS consortia. Among individuals in 
the top decile of the risk score, the prevalence of hypertension was 29% compared with 16% in 
the bottom decile. Individuals in the top compared to bottom quintiles of genetic risk score 
differed by 4.6 mmHg SBP and 3.0 mmHg DBP, differences that approach population-averaged 
BP treatment effects for a single antihypertensive agent [22]. 

While the majority of cases of hypertension are multifactorial and polygenic, a small subset of 
the hypertensive population is affected by monogenic disease. Linkage studies have identified 
rare polymorphisms in genes associated with monogenic hypertension, including: SCNN1 
(sodium channel), CYP11 and CYP11B2 (enzymes involved in aldosterone synthesis), WNK1 and 
WNK4 (kinases that regulate ions transport in kidney cells), KCNJ5 (potassium channel), ENaC 
(epithelial Na++ channel) and NR3C2 (mineralocorticoid receptor). For example, individuals 
with Liddle's syndrome, caused by a gain of function mutation in ENaC leading to enhanced 
sodium absorption, do not respond to mineralocorticoid receptor blockers but respond well to 
amiloride, an ENaC blocker [21]. 

 

3.2.3. Heart failure 

Heart failure (HF) is one of the most serious and expensive conditions in health care worldwide 
due to its high prevalence (1-1.5% of adult population) and high morbidity and frequent 
hospitalisation. HF is a syndrome characterised by primary pathophysiological processes, which 
interact with a wide number of complex secondary interrelated pathophysiological 
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mechanisms. While several HF genetic syndromes from single genetic mutations have been 
described, a paucity of common variants from GWAS has been discovered [23, 24]. The clinical 
heterogeneity of HF is likely a major barrier in discovery. Known HF modifiers include genes of 
the renin-angiotensin-aldosterone (RAAS) and adrenergic systems. Furthermore, genetic 
polymorphisms can modify the response to therapy by changing gene-gene interactions, such 
as β1 and α2 adrenergic receptors [25].  

 

3.2.4. Atrial fibrillation 

Atrial fibrillation (AF) is the most prevalent cardiac arrhythmia and is associated with 
substantial morbidity, mortality, and healthcare costs related to the causal association with 
stroke. Successful interventions to prevent the onset of AF in the general population remain 
limited but early recognition may reduce the incidence of stroke. Therefore, clinical 
management of patients with AF is aimed at treating symptoms and minimizing the risk of 
adverse consequences such as heart failure and ischaemic stroke. Nevertheless, preventing AF 
remains a desirable public health objective as it may reduce downstream morbidity and costs 
[26]. Strategies for preventing AF include treatment of risk factors, most prominently 
hypertension. Personalised management of hypertension with CDS has been discussed earlier.  

Identifying individuals at the highest risk for AF and then aggressively addressing modifiable risk 
factors in these individuals may be beneficial with respect to health outcomes and cost. Risk 
factors for AF include hypertension, smoking, obesity, diabetes mellitus, age, male sex, and 
heart disease (myocardial infarction, heart failure, and valvular heart disease). The fraction of 
the risk for AF attributable to these factors is roughly 50%. Heredity also affects risk of AF, as 
evidenced by the increased risk of AF among those with documented familial AF. GWAS have 
identified several common SNPs that are associated with AF at genome-wide significance levels 
[27].  

Tada et al compiled an AF genetic risk score (AF-GRS) based on 12 SNP-s known from GWAS to 
investigate its predictive power. They found that this GRS could identify 20% of individuals at 
approximately two-fold increased risk for incident AF and at 23% increased risk for ischemic 
stroke. They concluded that targeting diagnostic or therapeutic interventions to this subset may 
prove clinically useful [27]. 

Ellinor et al identified in a GWAS 6 new atrial fibrillation susceptibility loci and replicated in an 
additional sample of individuals of European ancestry, including 5,381 subjects with and 10,030 
subjects without atrial fibrillation. Four of the loci identified in Europeans were further 
replicated in silico in a GWAS of Japanese individuals, including 843 individuals with and 3,350 
individuals without atrial fibrillation. The identified loci implicate candidate genes that encode 
transcription factors related to cardiopulmonary development, cardiac-expressed ion channels 
and cell signalling molecules [28]. 

 

3.2.5. Cardiovascular pharmacogenomics 

Cardiovascular disease is a leading cause of morbidity and mortality worldwide. 
Pharmacogenomics is the study of genetic determinants of inter-individual variation in drug 
response and aims to facilitate personalised medicine, through genotype-informed drug and 
dose selection, to maximize drug efficacy and/or minimize adverse drug reactions. 
Unfortunately, the promise of widespread cardiovascular pharmacogenomics has yet to be 
realised. Evidential, logistical, financial, and knowledge implementation barriers exist [29]. For 
many frequently prescribed medications given at recommended doses, a substantial proportion 
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of patients exhibit hypo-responsiveness or resistance to the drug, while others experience 
adverse drug reactions. 

Genetic variation that impacts therapeutic response and adverse effects are likely under 
different constraints than the ones that impact human disease. Thus variants that are common 
may have a range of effect estimates. However, variation that occurs at loci critical in more 
proximal processing of environmental inputs and toxins are likely to have modest effects similar 
to variation associating with human disease. Nevertheless, observed therapeutic responses can 
be leveraged to understand the impact of DNA sequence variation and consequently be utilised 
to prospectively predict response. 

The potential consequences of genetic polymorphisms on drug metabolism include the 
following: drug toxicity and adverse drug reactions, effective dose determination, pleiotropic 
pharmacological effects, lack of drug efficacy, exacerbation of drug–drug interactions, 
metabolism by alternative pathways leading to the generation of metabolites with deleterious 
effects, and lack of prodrug activation [30]. 

Ideally, knowledge of such polymorphisms can influence treatment decisions to improve 
quality, reduce harm, and reduce costs. The efficacy rate of the most widely-prescribed 
medications, including CV drugs, ranges between 25%–80%, resulting in the under treatment or 
ineffective treatment of many patients. Moreover, as FDA reports, adverse drug reactions could 
be one of the top six causes of death in the USA. The inter-individual variability in response to 
pharmacotherapy, in general, and to CV drugs, in specific, can be attributed to three main sets 
of implicated factors: clinical (e.g., age, underlying diseases and body mass index), 
environmental (e.g., xenobiotic-drug interactions) and genomic (e.g. genetic variants, gene 
expression level). The goal of pharmacogenomics is to incorporate all these factors for 
personalised safe and effective pharmacotherapy.  

Three principle classes of pharmacogenetic markers have emerged: 1) pharmacokinetic; 2) 
pharmacodynamic; and 3) underlying disease mechanism. In the realm of cardiovascular 
pharmacogenetics, significant advances have identified markers in each class for a variety of 
therapeutics, some with a potential for improving patient outcomes. While on-going clinical 
trials will determine if routine use of pharmacogenetic testing may be beneficial, currently 
pharmacogenetic testing is performed on a case-by-case basis [31]. 

 

3.2.6. Pharmacogenomics of clopidogrel 

Platelets play a central role in the pathophysiology of thrombus formation, which is, in turn, a 
major determinant of acute coronary syndrome (ACS). Accordingly, dual antiplatelet agents 
(aspirin and a P2Y12 receptor antagonist) are standard-of-care in the management of ACS and 
reduction in incidence of intracoronary stent thrombosis and restenosis. Certain patients, 
however, exhibit high on-treatment platelet reactivity (or effective lack of treatment efficacy), 
and experience new atherothrombotic events and post-PCI stent thrombosis [18]. In addition to 
medication access and compliance, the resistance or hypo responsiveness to the antiplatelet 
drugs have been suggested to be partly attributable to genetic variations [32]. 

Clopidogrel remains one of the most widely prescribed antiplatelet medications to prevent 
recurrent ischemic events in patients with ACS, myocardial infarction, and/or who are 
undergoing PCI. Despite its wide use, however, it has been consistently shown that 
approximately 4%–30% of patients do not respond adequately to this drug, resulting in high on-
treatment platelet reactivity (HTPR) and increased rates of cardiovascular events [33]. While 
several clinical and demographic factors that influence clopidogrel efficacy have been deter-
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mined (e.g., age, body mass index, diabetes, diet, smoking, drug–drug interactions, etc.), the 
proportion of variation in drug response they collectively account for is relatively modest. In 
order to better understand variability in clopidogrel response, genetic evaluation of multiple 
candidate genes has been conducted, revealing several single nucleotide polymorphisms (SNPs) 
that may significantly influence clopidogrel response [33]. 

Clopidogrel is metabolised through a two-step conversion by hepatic cytochrome P450 
enzymes, primarily CYP2C19, resulting in a biologically active thiol metabolite. Approximately 
15% of clopidogrel prodrug is converted into the active metabolite, while ∼85% is degraded 
into inactive carboxylic acid derivatives by hepatic esterase's, most notably carboxylesterase 1 
(CES1). In circulation, the active thiol metabolite irreversibly binds to and inactivates the P2Y12 
receptor on the surface of platelets, leading to inhibition of ADP-induced platelet activation and 
aggregation [33]. 

CYP2C19 is the major contributor regarding generation of the bioactive metabolite.  Consistent 
with this observation, both loss-of-function (LOF) and gain-of-function (GOF) genetic variants in 
CYP2C19 have been most consistently associated with clopidogrel efficacy. There are several 
LOF variants in CYP2C19 that contribute to altered clopidogrel response. CYP2C19*2 
(rs4244285), which results in a cryptic splice site in exon 5 leading to a premature stop codon, is 
the most common of these variants, with approximately 20%–30% of Caucasians and Africans 
and 60% of Asians carrying at least one copy of this allele. Meta-analyses of the CYP2C19*2 
variant show a strong association between CYP2C19*2 genotype and risk of stent thrombosis. 
Several post hoc analyses of clinical trials have been conducted on the pharmacogenomics of 
clopidogrel. For example Price et al evaluated in a randomised trial the influence of single 
nucleotide polymorphisms (SNPs) on the pharmacodynamics effect of high- or standard-dose 
clopidogrel after percutaneous coronary intervention. They concluded that CYP2C19, but not 
PON1 or ABCB1, is a significant determinant of the pharmacodynamic effects of clopidogrel, 
both early and late after PCI. In patients with high on-treatment reactivity identified by platelet 
function testing, the CYP2C19 genotype provides limited incremental information regarding the 
risk of persistently high reactivity with clopidogrel 150-mg maintenance dosing [34]. 

Verschuren et al found in an unselected, real life population study of STEMI patient on dual-
antiplatelet therapy, that the polymorphisms COX1 –842A>G and CYP2C19*2 were 
determinants of thrombotic complications during follow-up. They concluded that in a clinical 
setting, testing for these polymorphisms could be of value in the identification of STEMI 
patients at risk for recurrent cardiovascular events. They suggested an attractive application of 
the pharmacogenetic knowledge of CYP2C19 could be genotypic guidance in the choice of 
prescribing clopidogrel to patients with 0 or 1 reduced-function allele of CYP2C19 and prasugrel 
or ticagrelor to the carriers of 2 variant alleles [35]. 

On the other hand, Mega et al genotyped ABCB1 in 2932 patients with acute coronary 
syndromes undergoing percutaneous intervention who were treated with clopidogrel (n=1471) 
or prasugrel (n=1461) in the TRITON-TIMI 38 trial. On this data, they concluded that individuals 
with the ABCB1 3435 TT genotype have reduced platelet inhibition and are at increased risk of 
recurrent ischaemic events during clopidogrel treatment. In patients with acute coronary 
syndromes who have undergone percutaneous intervention, when both ABCB1 and CYP2C19 
are taken into account, nearly half of the population carries a genotype associated with 
increased risk of major adverse cardiovascular events while on standard doses of clopidogrel 
[35].  

The major CYP2C19 alleles may account for only a small fraction of the decreased response to 
clopidogrel, routine testing for this genotype is not an effective approach. In practices primarily 
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using clopidogrel, it may be reasonable to use genotype testing if the intent is to change to a 
newer antiplatelet drug [37]. Furthermore, the FDA recognizes that CYP2C19 genotype status 
and suggests that it may aid the pharmacologic approach.  

CES1 is the primary enzyme responsible for converting clopidogrel, 2-oxo-clopidogrel, and the 
bioactive thiol metabolite into biologically inactive carboxylic acid derivatives. Variability in 
CES1 function and/or expression may have important clinical implications. To date, however, 
few studies have evaluated the effect of genetic variants in CES1 on clopidogrel response [33]. 

There are several genetic variants that determine the treatment response to clopidogrel. If 
individuals with these genotypes could be switched to other newer P2Y12 inhibitors (prasugrel 
and ticagrelor), this could potentially improve treatment outcomes and cost on avoided 
cardiovascular adverse events and hospitalisations. 

 

3.2.7. Pharmacogenomics of warfarin 

Warfarin has been the mainstay of oral anticoagulation for many years. However, it has 
significant variability in pharmacological response among individuals, with doses varying by up 
to a factor of 10, has a narrow therapeutic index, and requires frequent monitoring in order to 
maintain a therapeutic international normalised ratio (INR). While much of the variation in 
warfarin is attributed to dietary factors and drug-drug interaction, up to 45% may be attributed 
to genetics. In addition, variation in clinical response to warfarin is consistently implicated in 
causes of hospitalization from consequences of sub therapeutic or toxic effective doses [33]. 

There is substantial evidence that genotype influences warfarin dose requirements and the US 
Food and Drug Administration (FDA) approved warfarin labelling that provides dose 
recommendations based on genotype when available [38]. Guidelines published by the 
American College of Chest Physicians recommend against routine genotyping, but Clinical 
Pharmacogenetics Implementation Consortium guidelines recommended incorporating existing 
genotype information into warfarin dose decisions [38]. 

The primary genes contributing to warfarin dose requirements are vitamin K epoxide reductase 
complex1 (VKORC1) and cytochrome P4502C9 (CYP2C9). The CYP2C9 enzyme metabolises the 
more potent S-enantiomer of warfarin, while VKORC1 is the target protein for warfarin. 
Specifically, warfarin inhibits VKORC1, thus preventing reduction of vitamin K to vitamin KH2, a 
necessary co-factor for carboxylation and activation of clotting factors. The gene for CYP4F2, 
which metabolizes vitamin K, provides a minor contribution to dose requirements, particularly 
in European and Asian populations. 

Multiple candidate gene studies have consistently demonstrated that certain VKORC1 and 
CYP2C9 genotypes influence the inter-patient variability in warfarin dose requirements, 
together explaining 10–45% of the overall variance, depending on the population studied and 
genotypes detected. 

In 2010, the FDA approved the addition of a table in the warfarin label providing dose 
recommendations based on VKORC1 and CYP2C9 genotypes. In addition, a number of 
investigators have proposed pharmacogenetic dosing algorithms, including genotype and 
clinical factors (e.g., age, body size, and amiodarone use), to assist clinicians with estimating 
dose requirements. 

Observational studies and randomised clinical trials have tested the clinical utility of these 
heterogeneous algorithms demonstrate mixed results. Recent clinical trials (EU-PACT warfarin 
and COAG) produced mixed results, calling into question the utility of this approach. The EU-
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PACT study reported that pharmacogenetics-based dosing (genotyping CYP2C9*2, CYP2C9*3, 
and VKORC1 (−1639G→A)) of warfarin was beaer than standard dosing, with higher percentage 

of time in the therapeutic INR range (TTR) than that of standard initiation of warfarin therapy 

[38]. However, the COAG study (genotyping for CYP2C9 and VKORC1) [40] failed to show the 

advantage of pharmacogenetics compared to conventional dosing procedures [40]. These trials 

were powered to detect differences in TTR (time in therapeutic range), not clinical endpoints 

(e.g., bleeding and thrombosis) [42]. Genotype-guided warfarin dosing may improve the 

amount of time spent in the therapeutic range compared to more real-world settings utilizing 

standard empiric dosing but may not be superior to ideal personalised dosing strategies using 

various dynamic clinical variables which are hard to replicate in real-world settings. The EU-

PACT and COAG trials studies were not powered for hard outcomes, such as bleeding or 

thromboembolic events. An ongoing study (Genetics Informatics Trial [GIFT] of Warfarin to 

Prevent DVT, NCT01006733), however, will be powered to detect bleeding and thrombotic 

outcomes [33]. According to a meta-analysis of 22 published studies by Jang et al both CYP2C9 

and VKORC1 variant genotypes confer significantly higher risk for over-anticoagulation. VKORC1 

c.−1639 G N A is more sensibve than CYP2C9*2 and *3 to warfarin over-anticoagulation in early 

course of the treatment. CYP2C9*2 and *3, but not VKORC1 genotypes, associate with warfarin 

haemorrhagic complications. Compared to CYP2C9*2, CYP2C9*3 is the main risk factor for the 

haemorrhagic complications [43]. Tang et al found in a meta-analysis that pharmacogenetics 

guided warfarin dosing increased percentage of time in the therapeutic INR range and reduced 

risk for haemorrhagic complications [40]. In conclusion, the effect of the pharmacogenomics 

dosing of warfarin on clinical outcomes needs further investigation. 

The use of genetic Warfarin dosing is well exemplified by Carlquist et al: a 75-year-old white 

woman is initiated on warfarin for atrial fibrillation with a pharmacogenetic approach to guide 

initial dose selection with a rapid-turnaround assay (<4 hours). Genotyping for CYP2C9 

identifies the *2 CC (wild-type) and *3 AC (reduced-function heterozygote) alleles; genotyping 

for VKORC1 identifies an AA variant (reduced-function homozygote). With the use of a freely 

available Web-based algorithm (www.warfarindosing.org), a daily maintenance dose of 1.8 mg 

is calculated, with an optional miniloading dose of 2.7 mg/d on day 1. These calculated doses 

are rounded to doses of 2.5 mg on day 1 and 2.0 mg on days 2 and 3. A prothrombin time 

international normalised ratio (INR) measurement is planned on day 4 to guide dose 

adjustment if needed. Empirical dosing or dosing using only clinical characteristics would likely 

result in excessive anticoagulation with an increased risk of early out-of-range INRs and 

bleeding [44]. 

There are now several novel anticoagulants (NOAC) available (rivaroxaban, edoxaban, apixaban, 

dabigatran). These have proved their efficiency and non-inferiority (in some instances even 

superiority) to warfarin in a number of clinical studies. Their final role in the management of 

atrial fibrillation in comparison to Warfarin is still being evaluated. Genetic data and 

personalised approach could potentially augment this process, while giving the clinician an 

additional tool to choose between warfarin and a NOAC, if the patient demonstrates a 

genotype that conveys a higher risk for major cardiovascular adverse events with warfarin 

treatment. 
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3.2.8. Pharmacogenomics of statins 

The 3-hydroxymethyl-3-methylglutaryl coenzyme A (HMGCoA) reductase inhibitors, also known 
as statins, are widely prescribed and are highly effective in the management and prevention of 
cardiovascular disease. Statin therapy results in a lowering of low-density lipoprotein (LDL) 
cholesterol levels by up to 55% and a 20–30% reduction of cardiovascular events [45]. 
However, the therapeutic response is highly variable (5-70%) even when compliant. 
Furthermore, 1.5-10% of patients experience muscle-related side effects which can range from 
mild discomforts to life-threatening rhabdomyolysis. The risk of muscle-related side effects is 
magnified when used in combination with other medicines that affect statin pharmacokinetics 
[46]. Furthermore, there is a modest risk of type 2 diabetes associated with statin use. It is 
hypothesised that the efficacy and myopathy risk may be modulated by the presence of certain 
genetic variants [45]. 

Plasma concentrations of statins can vary greatly amongst patients receiving the same dose of a 
statin. For example, a recent study observed as much as a 45-fold variability in plasma 
atorvastatin and rosuvastatin concentration in patients receiving the same dose [47]. Despite 
evidence for substantial genetic influence on LDL concentrations, pharmacogenomic trials have 
failed to identify clear genetic variations with large effects on either statin efficacy or toxicity, 
and have yielded little information regarding mechanisms that modulate statin response [48]. 
Although in 2008, the SEARCH study (GWAS using approximately 300,000 markers in 85 
subjects with definite or incipient myopathy and 90 controls, all of whom were taking 80 mg of 
simvastatin daily) demonstrated that common variants in SLCO1B1 that are strongly associated 
with an increased risk of statin-induced myopathy. Genotyping these variants may help to 
achieve the benefits of statin therapy more safely and effectively [49]. While statins are 
considered to be highly effective in preventing atherosclerotic events, a substantial portion of 
treated patients do not attain the desired LDL cholesterol levels to minimize cardiovascular risk. 
Genetic factors are thought to contribute substantially to treatment outcome. Several 
candidate genes have been associated with statin dose requirements and treatment outcomes, 
but a clinically relevant pharmacogenomics test to guide statin therapy has not yet emerged 
[50]. In terms of pharmacodynamics, the mechanism of action of all statins is identical. 
However, their pharmacokinetic properties (determinants of uptake, metabolism and 
excretion) are distinct, and screening for variants may be specific to each statin medication 
[46]. 
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3.3. Personalised clinical approach in type 2 diabetes 

 

To the best knowledge of the authors of the report, there is currently no working example of 
electronic system of everyday diabetes management incorporating large-scale genetic data. 
Thus, whether such system would be cost-saving is a matter of debate. There is indeed great 
interest in the field to apply truly personalised approach to the diabetes care, but this aim is 
clearly in an experimental stage. The following chapter describes the main domains which are 
especially interesting in the context of personalised medicine in the management of type 2 
diabetes. 

In Type 2 diabetes, the personalised medicine has potentially 3 larger implementation domains: 
1. Assessment of the patient’s risk of development of Type 2 diabetes 
2. Better management of pharmacotherapy based on the disease subtype 
3. Assessment of the risk of the development of long-term complications of diabetes and 

possibly more personalised treatment to prevent complications. 

Not all of the listed implementations are yet supported uniformly by evidence-based 
information, part of possible implementations require further research and development. 

 

3.3.1. Assessment of the patient’s risk of development of type 2 diabetes 

To this day, the most popular risk assessment tools are calculators based on population studies 
and taking into account the classic risk factors (e.g. Framingham Offspring Study). Genetic risk 
scores have a predictive value for diabetes, but have not added relevant precision in 
combination with the classic method [51]. 

Only the latest studies [52], also a study based on the data of the Estonian Genome Centre 
(unpublished, personal communication from A. Metspalu) have started to achieve surplus value 
of genetic information.  

Thus, in a study involving 40 gene variants, improvement of predictive strength was found in 
younger people [53] and in a study involving 65 gene variants, additional value of gene 
information was observed for predicting the risk in patients with low body-mass index (BMI) 
[52]. 

In conclusion, it may be said that addition of gene information may help to improve the 
prediction of Type 2 diabetes risk and be important especially in two aspects: 

1. Earlier risk assessment 
2. Risk assessment in cases, when body weight is not the main factor of diabetes 

development. 

 

3.3.2. Better management of pharmacotherapy based on the disease subtype 

Present knowledge about Type 2 diabetes allows claiming that it is a very heterogenic group of 
diseases, probably containing multiple subtypes. Our ability to identify these types is 
unfortunately modest today. Very clear indication of variability of diabetes patients is 
treatment response to different medications. There are some patients with impressive 
treatment response and some patients with no effect when using almost all groups of medicinal 
products. Therefore, individualization of the use of diabetes medicines is more and more 
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propagated, but there a very few practical recommendations for this. The use of gene 
information creates better possibilities to identify subtypes and helps to make a better choice 
of medicinal products in the future. 

A. MODY diabetes types 

Already today, a better diagnosing and treatment adjustment if required of monogenic 
diabetes forms (so-called MODY diabetes types) would be applicable and beneficial. 

MODY diabetes types may cause 1–4% of all diabetes cases and these are severely 
underdiagnosed [54]. In Estonia, some cases have been diagnosed in childhood [Tillmann, 
unpublished] and some MODY 3 cases in adults [Volke, unpublished]. Diagnostics of MODY 
cases is clinically and economically important, as oftentimes, it changes the treatment tactics. 
In case of some forms (MODY 2), diabetes treatment is not required and in case of some forms, 
successful transfer from insulin injections to tablet treatment with sulphonyl urea preparations 
is possible. Such change often causes better control over the disease, better quality of life and 
is tens of times cheaper.  

B. Other subtypes of the disease 

Creating links between genetic markers and treatment response is largely a part of research 
and development, but by now, relatively small number of genetic markers resulting in clinical 
benefits has been described. 

 

3.3.3. Assessment of the risk of the development of long-term complications of diabetes and 
possible more personalised treatment 

In diabetes, it is well known that complications characteristic to diabetes (e.g. diabetic damage 
of eye fundus, diabetic renal damage, and diabetic nerve damage) do not develop in all 
patients. Thus, by evaluating the risk of development of complications better, it is possible to 
better dose the treatment intensities and modalities.  

Today, there are no good tools for better personalisation of the risk of complications; 
therefore, this part should be better left to be solved by research and development. 

Investigations evaluating the risk of complications will require very detailed data that can be 
collected only with devotion, i.e. in the form of a diabetes registry. 
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3.4. Prototype for personalised prediction and care of cardiovascular disorders 

 

3.4.1. Study rationale 

This clinical study outline presents a concise overview of an application of cardiovascular 
personalised medicine with the aim of reducing the total burden of cardiovascular disease, 
including major cardiovascular adverse events non-fatal myocardial infarction, non-fatal stroke, 
and cardiovascular death. 

Study target group are patients with increased cardiovascular risk factors: either with history of 
stroke or myocardial infarction, other significant cardiovascular condition (atrial fibrillation, 
heart failure), hypertension, hypercholesterolemia, and/or diabetes. 

The health intervention under study is the personalised treatment and counselling of patients. 
This is achieved with the assistance of clinical decision support systems to guide management 
decisions according to individualized characteristics, genetic predisposition, and personal 
disease history and treatment response. 

Study process is based on regular monitoring of known cardiovascular risk factors, treatment 
adjustment, improved cooperation with primary medical care (family doctors) and specialised 
medical care with the help of computerised CDSS. 

 

3.4.2. Study data needs 

Personalised management of cardiovascular risk reduction requires the monitoring of a number 
of modifiable and non-modifiable risk factors. The minimal required initial data that for the 
input to the decision maker and the CDS are the following:  

• Sex 

• Blood pressure, its treatment response (dynamics) 

• Age 

• Weight, height, BMI 

• Presence of arrhythmias (first of all atrial fibrillation/flutter, I48) 

• Presence of heart failure (I50, I11.0) 

• Presence of haemorrhagic stroke (I61) 

• Presence of diabetes, (Type 1 or Type 2 diabetes, other or unclear form of diabetes), 
diagnosis date, diagnostic methodology (fasting glucose, glucose tolerance test, HbA1c), Self-
monitoring (yes/no), also measurement results from glucometer 

• Presence of hypercholesterolemia 

• Presence of old myocardial infarction, stents, angiographic findings 

• Smoking status (smoker, previous smoker, has never smoked) 

• Alcohol consumption (g/per day, g/per week) 

• Medication history, particularly vasoactive and diuretic agents 

• Over-the-counter medications and supplements 

• Drug allergies 

• Longitudinal blood pressure, systolic and diastolic 

• Fasting blood glucose and glycated haemoglobin 

• Fasting blood lipid parameters 

• proBNP 
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• Renal function (eGFR), Microalbuminuria 

• Dialysis status 

• Examination of eye fundi: Retinopathy; Maculopathy;  Laser treatment, Loss of vision  

• Data of feet check-up: History of foot ulcer; Pulses on feet (found/absent=: Sensitivity of feet  

• Total cholesterol (mmol/L), LDL-cholesterol (mmol/L), HDL-cholesterol (mmol/L), 
Triglycerides (mmol/L) 

• AST, ALT 

• Imaging data: left ventricular dimensions, wall thickness, systolic function, and regional wall 
motion abnormalities  

• Price margins of medicinal products 

• The patient’s relevant treatment regimen  

• Presence of early CVD in close relatives (parents, children, siblings) 

• Presence of diabetes in family history 

• Relevant genetic markers (see Chapter 2) 

• Basic data for individual risk calculators (CHADSVASc, HAS-BLED, SCORE, GRACE) 

 

3.4.3. Study methods 

Based on the initial data, the algorithms of the CDSS would give personalised recommendations 
for evidence-based selection of certain medicinal products, suggestions for medical 
interventions, etc. There are two possibilities for CDSS implementations: development of an 
Estonian versions or acquiring the rights for an already existing CDSS. Both possibilities carry 
risks and possibilities. The final decision should be based on financial possibilities, availability 
for professional developers and the complexity of the systems. If it is decided to adopt an 
already existing CDSS, the authors of this paper would recommend, based on the review of 
CDSs in management of hypertension (see corresponding the chapter and Annexes), to use the 
Finnish EBMeDS CDSS, due to its comprehensiveness and proximity to Estonian conditions. If it 
is decided to develop CDS and its algorithms specifically for Estonia, the CDSS must be based on 
existing guidelines. The recommendations for secondary management of hypertension can be 
found in the Annexes Table 3.1-3.6. 

Medical data collection: 

The CDSs need a number of clinical indicators, because based on these; the CDSS can give 
personalised recommendations that are derived from guideline algorithms. The CDS systems 
can only use data that is systematically organised and coded. An important part of the 
recommendations of cardiovascular conditions are based on drug-drug interactions and 
therefore the development of an active medications list (AML) is of utmost importance. An AML 
is a list of medications that a given patient is currently taking; it should also contain previous 
medications and reasons of changing or discontinuation of a medication. New health data 
should be collected according to uniform terminology and structure, so that the CDS could use 
the data. Also, data mining possibilities should be developed to augment the use of already 
existing medical data. 

Personalised health plan: 

Every patient included to the study should receive a personalised health plan to improve 
participation of the patient. This should include: current health status; risk assessment (clinical, 
genetic); tracking health indicators (laboratory, BP, etc.); prediction of CVD events; therapeutic 
planning; personalised motivation (specifically for CVD – as lifestyle-associated conditions). 
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Lifestyle modification recommendations should be evidence-based (e.g. Life´s simple 7 of the 
AHA) [74].  

 

3.4.4. Study outline 

Primary study outcome: reduction of cardiovascular mortality and morbidity.  

Secondary outcomes: collaboration of primary and secondary care in ordering analyses and 
imaging studies, adjustment of treatment, patient education, coordination of healthcare 
services, healthcare costs, and patient satisfaction. 

Study population: consecutive patients from 3 major Estonian hospitals (both inpatients and 
outpatients) will be recruited. 

Inclusion criteria are any of the following: previous cardiovascular event, hypertension, 
hyperlipidaemia, atrial fibrillation, coronary artery disease, diabetes. 

Exclusion criteria: age less than 18 years or over 80 years, terminal illness. 

Study centres: Tartu University Hospital, North Estonian Regional Hospital, and East-Tallinn 
Central Hospital. 

The general design of the study would allow a wide-range of different studies to be carried out 
based on the prospective dataset of patients including (but not limited to list): 

• studies focusing on personalising the disease management 

• pharmacogenetic studies 

• compliance studies 

• risk prediction studies 

• studies on known genetic markers 

• exploratory studies on genetic markers 

• administrative and cost-effectiveness analyses 

Other databases linked to the study: 

• Estonian Health Insurance Fund (use of health services and all prescription medication)  

• Death register 
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Figure 3–2. Study flowchart: personalised prediction and treatment of cardiovascular disorders. 
 
Abbreviations: HSP – Healthcare service provider, Phy – physician; EGC – Estonian Genome Center; CDSS – Clinical 
Decision Support Systems, EHIF –Estonian health insurance fund; ST – Study team    
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3.4.5. Compliance to the requirements of the pilot project 

The study outline proposal in chapter 3.4 as well as the prototypes presented in chapters 3.5 
and 3.6 for a clinical study in the field of cardiovascular medicine are all in line with the five 
criteria, as specified in the Ministry of Social Affairs document "Pilot Project on Personalised 
Medicine 2015–2018": 

1. Evidence about the usability of individual risk prediction based on genetic and health data. 

Yes, taking into account the current state of the art in the field we find the proposed project to 
be feasible. There is substantial evidence that clinical decision support systems reduce the 
burden of cardiovascular disease, there is also cumulating evidence on the use of genetic risk 
markers for cardiovascular/metabolic disease prediction and for adequate choice of 
medications and interventions. 

2. Potential public health gain and cost-effectiveness at health system level. 

Cardiovascular and metabolic disorders are highly prevalent chronic diseases in the Western 
world conferring a large share of death and disability. Many of the interventions and 
medications used in these conditions are rather costly; applying a more tailored management 
should be cost-saving. Additional cost-effectiveness should arise from the better management 
of medicinal treatment through the use of pharmacogenomics. 

Several genetic polymorphisms on drug metabolism increase drug toxicity and adverse drug 
reactions, ineffective doses, pleiotropic pharmacological effects, lack of drug efficacy, 
exacerbation of drug–drug interactions, metabolism by alternative pathways leading to the 
generation of metabolites with deleterious effects, and lack of prodrug activation. Knowledge 
of such polymorphisms could influence treatment decisions to improve quality and improve the 
cost-effectiveness of healthcare. Clinical decision support systems have been shown efficient in 
the improvement of healthcare cost-effectiveness by decrease in repeated analyses and 
investigations, reduction of treatment errors and adverse effects of medications; increased 
prescription of less costly but effective generic medications.  

3. Prominent clinical leadership 

Yes, Tartu University Hospital together with the North Estonia Regional Hospital and East 
Tallinn Central Hospital are well-established centres of treatment and research in the field of 
cardio-vascular medicine 

4. Adequate data availability and quality during 2015-2018. 

The electronic health records in hospitals contain majority of health data required in a format 
that can be used in digital decision support systems. However, we foresee that for the full 
implementation of the project the central eHealth system must be redesigned and for more 
specific research questions dedicated data collection would be needed. In addition, high quality 
data regarding genetic information can be obtained from Estonian Genome Centre, prescription 
data and clinical event data from Estonian Health Insurance Fund database. 

5. The clinical field is included to the national quality of care project. 

Yes, the field of cardiovascular and metabolic disorders is one of the priority areas of the 
national quality of care project, coordinated by the Estonia Health Insurance Fund. 
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3.5. Prototype for randomised trial on statin therapy according to 
genetic risk 

 

Randomised, double-blind, placebo-controlled, multicentre 2 x 2 trial to evaluate the efficacy 
and safety of statin therapy on a background of intensive lifestyle management in young to 
middle-aged individuals without established atherosclerotic cardiovascular disease and average 
low-density lipoprotein (LDL) cholesterol but carrying genetic variants associated with increased 
cardiovascular risk compared to non-carriers. 

 

3.5.1. Study Rationale 

Cardiovascular disease is the leading cause of death worldwide accounting for one in three age-
standardised deaths [55]. Plasma cholesterol is robustly associated with cardiovascular disease 
in epidemiological analyses [56]. And lowering plasma cholesterol, particularly LDL cholesterol, 
with statins reduces the risk of first and recurrent cardiovascular events [57]. An individualised 
risk-based approach is utilised to determine eligibility of statin initiation according to the 2011 
ESC/EAS and 2013 ACC/AHA guidelines [58, 59]. While it is standard-of-care to administer statin 
medications to those with clinical atherosclerotic cardiovascular disease (ASCVD) or diabetes 
mellitus to reduce cardiovascular disease event and mortality risk, the approach for those 
without established ASCVD requires a more tailored approach. 

In those without ASCVD or diabetes mellitus, both the ESC/EAS and ACC/AHA guidelines 
recommend initiating statin therapy for those with significantly elevated LDL cholesterol (>4.9 
mmol/L, or >190 mg/dL) or increased cardiovascular risk as assessed by either Systemic 
Coronary Risk Evaluation (SCORE) or the Pooled Cohorts Equation (PCE), respectively despite 
LDL cholesterol level. Currently, such scores incorporate age, sex, smoking status, total 
cholesterol, systolic blood pressure, hypertension treatment status, diabetes status, and 
ethnicity (for ACC/AHA PCE) or geography (for ESC/EAS SCORE). 

Age remains the most important determinant in current ASCVD risk prediction tools [60]. 
However, the development of atherosclerosis for many happens at young ages [61, 62]. 
Furthermore, it is estimated that 30-60% of the observed risk is heritable [63, 64]. Thus, genetic 
factors may be able to independently and adjunctively guide risk discrimination. Genome-wide 
association studies have thus far discovered 46 genomic loci associated with coronary heart 
disease (CHD) risk [65]. Each of these DNA sequence variants are common in the general 
population (allele frequency > 5%). 

Prior analyses of epidemiologic studies have demonstrated that a polygenic genetic risk score 
composed of the additive effects of each allele can identify individuals at risk for developing 
incident CHD [66–70, 5]. The associated genetic polymorphisms are linked to CHD through both 
traditional risk factors and uncharacterized pathways. It has been proposed that the 
accumulation of such polymorphisms may capture lifelong exposure to cardiovascular disease 
risk pathways.  

Recently, we conducted a post hoc analysis of statin randomized clinical trials to determine 
whether those at higher genetic risk using a set of 27 genetic variants are more likely derive 
enhanced CHD risk lowering [7]. The clinical trial study populations were divided into three 
genetic risk groups – low, intermediate, high – based on a genetic risk score comprised of the 
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27 genetic variants. Compared to a low genetic risk group, those at high genetic risk were at 
1.72-fold increased risk for incident CHD. Among those in the low genetic risk group, statin 
treatment resulted in a 13% relative risk reduction. In contrast, among those in the high genetic 
risk group, statin treatment yielded a 48% relative risk reduction. Thus, our study suggests that 
a personalised management approach through genetic characterization may not only identify 
those at high risk for developing CHD but also those who are likely to maximally benefit from 
pharmacotherapy to reduce the risk of a first CHD event. 

The notion that expressivity of genetic variant on disease may be altered by an intervention 
further implies that adjunctive approaches to reduce cardiovascular risk may also offer CHD risk 
reduction benefit. Retrospective analyses have suggested that modifiable risk factors, including 
diet, physical activity, and smoking status, may contribute substantially to the risk of a first 
heart attack [71, 72]. Employing a dietary intervention has been shown to reduce the risk of 
cardiovascular events [73]. Thus large-scale implementation of a lifestyle-based intervention 
has the opportunity to reduce disease risk in a population. While key goals are relevant 
population-wide according to recent ACC/AHA guidelines [74], to achieve scalability, efficiency, 
and maximal compliance, a tailored approach to the presence of specific high risk health-
related behaviours is desired. The AHA’s Life’s Simple 7 is a validated tool to ascertain such 
behaviours and poor scoring is associated an increased incidence in cardiovascular disease 
outcomes [75-78]. Digital health technologies can be leverage to both ascertain health-related 
behaviours and implement personalised feedback and education.  

In summary, this study will focus on a personalised approach to both pharmacotherapy and 
behavioural interventions to reduce CHD risk. Our overall hypothesis is that those without a 
history of ASCVD or traditional indications for statin therapy yet identified as high genetic risk 
are more likely derive a CHD risk reduction from statin therapy compared to those at low 
genetic risk. 

 

3.5.2. Study Primary Objectives: 

1. To identify young and middle-aged individuals without diabetes mellitus or clinical ASCVD 
and with average LDL cholesterol levels, at high or low genetic risk based on a set of 51 
independent genetic variants at 46 loci. 

2. To ascertain health-related behaviours of all study participants and implement a personalised 
lifestyle intervention through digital health technologies. 

3. To determine whether those at high genetic risk are likely to experience greater CHD risk 
reduction from statin therapy vs placebo compared to those at low genetic risk. 

 

3.5.3. Study Hypotheses: 

1. Ascertainment of health-related behaviours and subsequent personalised electronic 
coaching is feasible. 

2. Young and middle-aged adults at increased genetic risk for CHD without traditional 
indications for statin therapy are likely to experience a reduction in CHD risk from statin 
therapy, and are likely to experience a reduction in CHD risk from statin therapy in excess of 
those who are at low genetic risk. 
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Figure 3–3.  Study flowchart: randomized clinical trial on intensive lifestyle management.  

(LDL 100-160mg/dL = 5,56-9,39 mmol/L) 

 

3.5.4. Key Inclusion/Exclusion Criteria: 

Inclusion criteria: 

1. Male between 30-50 years of age or female between 40-60 years of age 

2. LDL-C 5,56-9,39 mmol/L (100-160 mg/dl) 

3. One conventional risk factor 

• Hypertension (BP ≥140/90 mmHg or on antihypertensive medication) 

• Current or recent smoking (regular tobacco use within the past 5 years) 

• HDL cholesterol <2,22 mmol/L (40 mg/dl) 

• Waist to hip ratio: >0.90 (men) >0.85 (women), or waist circumference: >102 cm (40 in) in 
men >88 cm (35 in) in women, or BMI >30 kg per m2  

• Family history of premature CHD (CHD in a male 1st-degree relative <55 years of age or in a 
female 1st-degree relative <65 years of age) 

Exclusion criteria: 

1. Known coronary, cerebrovascular, or peripheral arterial disease 

2. Diabetes mellitus 

3. Estimated 10-year risk for MI or coronary death or MI ≥7.5% by PCE or ≥5% by SCORE. 

4. Current or planned lipid-lowering therapy 

5. Active liver disease or known ALT >2x ULN 

6. Subject is a pregnant or lactating woman, or a woman intending to become pregnant   
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Genetic Inclusion: 

1. High or low genetic risk based on a polygenic risk score composing of the additive effects of 
51 independent variants from 46 genetic loci 

2. Low genetic risk: Bottom 20th percentile of genetic risk scores across all participants meeting 
above inclusion/exclusion criteria 

3. High genetic risk: Top 20th percentile of genetic risk scores across all participants meeting 
above inclusion/exclusion criteria 

 

3.5.5. Study Treatments: 

1. Administer the AHA’s Life’s Simple 7 to all eligible participants. 

2. Based on scoring of the AHA’s Life’s Simple 7, electronically provide feedback and directed 
education regarding health-related behaviours to reduce cardiovascular disease risk. 

3. Participants will be 1:1 genetically randomized to the low genetic risk (bottom 20th percentile 
of polygenic risk score) or high genetic risk (top 20th percentile of polygenic risk score) and will 
be further 1:1 randomized to receive statin therapy or placebo. This will be an overall 2 x 2 
randomization approach with equal proportions in all four groups. 

3.5.6. Sample Size: 

The average projected event rate is 0.5% per year in the placebo arm across both groups, and 
thus over an 8 year period of time the event rate will be approximately 4%. Post hoc analyses 
suggest a therapeutic excess relative risk reduction of 35% in the high genetic risk group 
compared with the low genetic risk group.19 With equal allocation in all four arms and a 2-sided 
type I error rate of 0.05, we will need a total of 16,940 subjects (4,235 in each group) to have at 
least 80% power to detect an excess relative risk reduction of 35% in the high genetic risk vs 
low genetic risk participants [79].  

 

3.5.6. Study Procedures: 

• A fasting lipid profile within the past 6 months can be used to assess the LDL-C eligibility 
criterion. 

• An individual of the appropriate age and with an appropriate LDL-C and with no exclusion 
criteria would be eligible to provide provisional consent and baseline bloods samples for 
DNA, ALT, and, for women of child-bearing potential, pregnancy testing. 

• Subjects will be randomized and study medication provided.  

• Throughout the study, study drug will be dispensed at 6-month intervals via mail. 

• Subjects will be evaluated every at 3 months, 6 months and then every 6 months thereafter 
for a study visit.  At that time, they will undergo blood testing. 

• Concurrently, the AHA’s Life’s Simple 7 survey will be administered over the web to all 
eligible participants. 

• Based on scoring, patients will be provided feedback and lifestyle recommendations 
electronically. 

• The survey will be administered every 6 months for 2 years with electronic feedback and 
recommendations after the completion of the survey each time. 

3.5.7. Compliance to the requirements of the pilot project  

Please see chapter 3.4.5 on page 35. 
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3.6. Study prototype to evaluate personalised management of atrial 
fibrillation 

 

Herein we present a proposal of ecological study to improve screening for atrial fibrillation in 
the elderly and in healthy patients with elevated genetic risk for AF, and to improve the use of 
oral anticoagulants in the management of AF in order to reduce the incidence of stroke. 

 

3.6.1. Study rationale 

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia, and affected 
individuals suffer from increased rates of heart failure, stroke, and death. For individuals of 
European descent, the lifetime risk of developing AF after 40 years of age is 26% for men and 
23% for women. AF is a supraventricular tachyarrhythmia with uncoordinated atrial activation 
and consequently ineffective atrial contraction. Consequences for individual patients vary, 
ranging from no symptoms to fatigue, palpitations, dyspnoea, hypotension, syncope, or heart 
failure (HF). AF also confers an increased risk of stroke and/or peripheral thromboembolism 
owing to the formation of atrial thrombi, usually in the left atrial appendage [80]. Despite the 
enormous clinical burden that it exerts on patients and health care systems, contemporary 
treatment strategies have only modest efficacy that likely stems from our limited 
understanding of its underlying pathophysiology. Epidemiological studies have provided 
unequivocal evidence that the arrhythmia has a substantial heritable component. Subsequent 
investigations into the genetics underlying atrial fibrillation have suggested that there is 
considerable inter-individual variability in the pathophysiology characterizing the arrhythmia. 
This heterogeneity may partly account for the poor treatment efficacy of current therapies. 
Subdividing atrial fibrillation into mechanistic subtypes on the basis of genotype illustrates the 
heterogeneous nature of the arrhythmia and may ultimately help guide treatment strategies. A 
pharmacogenetic approach to the management of atrial fibrillation may lead to dramatic 
improvements in treatment efficacy and improved patient outcomes [81]. 

Despite decreasing stroke incidence and lower case fatality rates over the last century, cardio 
embolic stroke (CE) syndromes remain a significant cause of morbidity and mortality. Stroke 
represents the second most common cause of death and the third most common cause of 
disability worldwide. CE mechanisms account for a significant number of ischemic strokes. It is 
critically important to identify patients with CE strokes since these individuals have high 
recurrence rates and represent a subgroup of patients who benefit from anticoagulation or 
device based treatments. Current guidelines offer recommendations for diagnosis and 
treatment of these patients however important questions remain. Appropriate cardiac testing 
in the setting of CE must be individualized and the optimal duration of electrocardiographic 
monitoring to rule out atrial fibrillation (AF) is unclear. Risk stratification tools for AF remain 
understudied and there is controversy about which anticoagulant agents are most appropriate 
[82]. 

Within the last 10 years, 3 critical developments have advanced our understanding of the 
genetic basis of AF. First, multiple epidemiological studies have demonstrated that AF is 
heritable. Second, rare mutations predisposing to AF have been identified in potassium and 
sodium channels, gap junction proteins, and signalling molecules. Finally, population-based, 
genome-wide association studies (GWAS) have implicated novel biological pathways 
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responsible for AF [83]. Whereas individual cases of familial AF were recognized in the mid-20th 
century, a widespread heritable component underlying AF was reported only recently. In 2004, 
investigators from the Framingham Heart Study described an increased risk of AF in offspring in 
whom at least 1 parent had AF, even after accounting for established AF risk factors such as 
hypertension, diabetes mellitus, and clinically overt heart disease. Offspring with at least 1 
parent affected with AF had an increased risk of AF relative to those without a parental history 
of AF. The OR increased to 3.23 when restricting to those in whom parental AF developed 
before 75 years of age [84]. Similarly, investigators from Iceland observed an increased risk of 
AF among relatives of an affected individual and noted that the risk of AF decreased with each 
successive degree of relation from the affected individual [85].  

GWASs have shown that the common SNP rs6800541 located in SCN10A, encoding the voltage-
gated Nav1.8 sodium channel, is associated with PR-interval prolongation and AF. Single 
nucleotide polymorphism rs6800541 is in high linkage disequilibrium with the nonsynonymous 
variant in SCN10A, rs6795970 (V1073A, r(2)=0.933) [84]. Jabbari et al sought to determine 
whether common and rare SCN10A variants are associated with early onset AF. They found that 
common variant A1073 is associated with increased susceptibility to AF. Both rare and common 
variants have effect on the function of the channel, indicating that these variants influence 
susceptibility to AF [84]. AF also frequently occurs in a variety of inherited conditions, including 
hypertrophic cardiomyopathy, a familial form of ventricular pre-excitation, and abnormal LV 
hypertrophy associated with mutations in the PRKAG gene. Other familial forms of AF are 
associated with mutations in the gene coding for atrial natriuretic peptide, mutations in the 
cardiac sodium channel gene SCN5A, or gain of function in a cardiac potassium channel. 
Furthermore, several genetic loci close to the PITX2 and ZFHX3 genes associate with AF and 
cardio embolic stroke in population-wide studies [87].  A more detailed overview of candidate 
genes for the genetic risk score of AF has been presented in the corresponding paragraphs; we 
refer to the appendix of this paragraph for a table of selected published candidate genes of AF 
risk evaluation. 

 

3.6.2. Pharmacogenomics of antithrombotic treatment in AF  

Numerous clinical trials have provided an extensive evidence base for the use of antithrombotic 
therapy in AF in preventing cardio embolic stokes. If only ischaemic strokes were considered, 
adjusted-dose vitamin K antagonist (VKAs, out of which only Warfarin is marketed in Estonia) 
use was associated with a 67% RR reduction. This reduction was similar for both primary and 
secondary prevention and for both disabling and non-disabling strokes [87]. However, Warfarin 
has significant variability in pharmacological response among individuals that is attributed to 
dietary factors and drug-drug interaction, while up to 45% of the variation may be attributed to 
genetics. The primary genes contributing to warfarin dose requirements are vitamin K epoxide 
reductase complex1 (VKORC1) and cytochrome P4502C9 (CYP2C9). In a meta-analysis Yang et al 
found that compared to CYP2C9 wild genotype (CYP2C9*1), both CYP2C9*2 (rs 1799853, c. 430 
C > T, p. Arg144Cys) and *3 (rs 1057910, c. 1075 A >C, p. Ile359Leu) confer significantly higher 
risk for warfarin over-anticoagulation and haemorrhagic complications. After stratification by 
CYP2C9 allele status, significantly higher risk for haemorrhagic complications was found only in 
carriers of at least 1 copy of CYP2C9*3. For VKORC1 c. -1639G > A (rs 9923231) genotypes, GA 
and AA contributed significantly higher risk for over-anticoagulation within 30 days, but not for 
over-anticoagulation after 30 days. No significant association was found between VKORC1 
genotypes and haemorrhagic complications [43]. Pharmacogenomics of Warfarin is discussed in 
more detail in a previous paragraph. 
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Novel oral anticoagulants (NOACs) for stroke prevention in AF fall into two classes: the oral 
direct thrombin inhibitors (e.g. dabigatran) and oral direct factor Xa inhibitors (e.g. rivaroxaban, 
apixaban, edoxaban). In contrast to Warfarin, which blocks the formation of multiple active 
vitamin K-dependent coagulation factors (factors II, VII, IX, and X), NOACs block the activity of 
one single step in coagulation. The NOACs so far tested in clinical trials have all shown non-
inferiority compared with VKAs, with better safety, consistently limiting the number of ICH.  

On this basis, the ESC 2012 AF guideline recommends them as broadly preferable to VKA in the 
vast majority of patients with non-valvular AF [88]. However, the Estonian Health Insurance 
Fund medicinal product´s discount policy allows a 50% on discount to NOACs (excluding 
selected patients with contraindications to Warfarin). A number of patients could be at an 
elevated risk of Warfarin over-anticoagulation due to their genetic variations and NOACs could 
be preferred in these patients, although to date, no known trials have been published on this. 
To propagate this personalised approach to AF OAC, the EHIF discount rates should be 
amended to include patients with elevated genetic risk to Warfarin over-anticoagulation. 

 

3.6.3. Screening and management of atrial fibrillation 

Diagnosing AF before the first complications occur is a recognized priority for the prevention of 
strokes. Opportunistic screening for AF in patients ≥65 years of age using pulse-taking followed 
by an ECG is recommended by the ESC AF guideline to allow timely detection of AF [88]. 

Management of AF patients is aimed at reducing symptoms and at preventing severe 
complications associated with AF. These therapeutic goals need to be pursued in parallel, 
especially upon the initial presentation of newly detected AF. Prevention of AF-related 
complications relies on antithrombotic therapy, control of ventricular rate, and adequate 
therapy of concomitant cardiac diseases. These therapies may already alleviate symptoms, but 
symptom relief may require additional rhythm control therapy by cardioversion, antiarrhythmic 
drug therapy, or ablation therapy [87]. 

This stroke risk factor-based approach for patients with non-valvular AF can be expressed as an 
acronym, CHA2DS2-VASc [congestive heart failure, hypertension, age ≥75 (doubled), diabetes, 
stroke (doubled), vascular disease, age 65–74, and sex category (female)]. This scheme is based 
on a point system in which 2 points are assigned for a history of stroke or TIA, or age ≥75; and 1 
point each is assigned for age 65–74 years, a history of hypertension, diabetes, recent cardiac 
failure, vascular disease (myocardial infarction, complex aortic plaque, and PAD, including prior 
revascularization, amputation due to PAD, or angiographic evidence of PAD, etc.), and female 
sex. The CHA2DS2-VASc score is inclusive of the most common stroke risk factors in everyday 
clinical practice and has been validated in multiple cohorts [87]. 

Patients with AF who have CHA2DS2-VASc ≥1 are recommended to receive effective stroke 
prevention therapy, which is essentially oral anticoagulation (OAC) with either well-controlled 
Warfarin therapy [INR 2–3, with a high percentage of time in the therapeutic range (TTR), for 
example, at least 70%] or one of the novel oral anticoagulants (NOACs). Decision-making for 
thromboprophylaxis needs to balance the risk of stroke against the risk of major bleeding, 
especially intra-cranial haemorrhage (ICH), which is the most feared complication of 
anticoagulation therapy and confers a high risk of death and disability. Of the available bleeding 
risk scores, the major AF guidelines recommended use of the simple bleeding risk assessment 
score, HAS-BLED [Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or 
predisposition, Labile INR, Elderly (e.g. age .65, frailty, etc.), Drugs/alcohol concomitantly] [87]. 
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3.6.4. Study Primary objectives 

1. To improve screening for AF in the elderly (as incidence of AF in the elderly is very high) and 
in healthy patients at elevated genetic risk for AF 

2. To improve to use of OACs in the management of AF 
3. To reduce the incidence of cardio-embolic stroke in AF 

Secondary objectives of the study 

• To reduce the healthcare costs of Warfarin over-anticoagulation 

• To reduce the incidence of Warfarin-induced major bleeds 

• To provide scientific knowledge on the genetics of AF and antithrombotic treatment 
 

3.6.5. Study hypotheses 

1. Improved use of stoke risk prediction scores and anticoagulation-related bleeding risks with 
the aid of computerised clinical decision support systems will improve the use of OAC in the 
risk group and thus reduce the incidence of AF-related complications 

2. Genetic testing for variations associated with Warfarin over-anticoagulation and using 
NOACs in patients at elevated genetic risk will reduce the incidence of OAC-related bleeding 
events  

3. Genetic screening for healthy individuals at elevated genetic risk for developing AF will 
improve the detection of asymptomatic AF 
 

3.6.6. Key inclusion/Exclusion criteria 

Inclusion criteria: patients with known AF, asymptomatic patients ≥65 years of age, both sexes 

Exclusion criteria: no patient consent, known severe contraindications to all anticoagulants, 
pregnant or breast-feeding women 

 

3.6.7. Study layout 

The study data requirements, CDS requirements and life-style management issues are similar to 
the criteria presented in the study prototype described in chapter 3.4, and presented in 
flowchart in figure 3–3. 

 

3.6.8. Compliance to the requirements of the pilot project  

Please see chapter 3.4.5 on page 35. 
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Figure 3–4. Study flowchart: personalised management of atrial fibrillation. 
 
Abbreviations: ED – Emergency department; non-valvular AF – atrial fibrillation that is not related to rheumatic 
valvular disease (predominantly mitral stenosis) or prosthetic heart valves; HF – Heart failure; CDSS – 
computerised clinical decision support system; OAC – oral anticoagulation; NOAC – novel oral anticoagulant; ECG – 
electrocardiogram. 
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Tables to chapter 3 
 

Table 3–1: Features of success of computer-based decision processes [11, 8, 89, 90, 91]: 

System feature Explanation 
System integrity CDS systems are integrated into the infrastructure of clinical information. The 

system is connected to electronic health record, lab system and CPOE system. 
Decision support is coherent with existing electronic health systems. 

Advice is given at the 
treatment site 

Decision support advice is given real-time at the point-of-care to enhance the 
likelihood of recommendation implentation.  

Active system CDS system offers automated support without external requests to complement 
existing workflows. 

Advice usability CDS system gives action-oriented management advice (e.g., what study to order, 
what treatment to initiate?) and not solely information (e.g., right diagnosis or 
morbidity risk). 

Computer-based 
model 

Computer-based decision support programs are more effective than paper systems 
based on studies. 

Consulting model CDS system acts as an advisor that receives the patient’s personal data, potentially 
asks minimal additional questions, and subsequently creates recommendations for 
the patient’s investigation or treatment. Systems should offer recommendations, 
not simply assessments.  

Justification of 
ignoring 
recommendations 

CDS should prompt provider reasoning if the system’s recommendations are 
ignored (e.g., the doctor should note that the patient refused). 
 

Reflecting model The doctor has an opinion about the patient’s prognosis or relevant treatment, and 
the system provides feedback and, when appropriate, provides alternative 
suggestions. 

No additional entry of 
data 

All information required for the generation of recommendation or to initiate 
decision support is automatically found by the system from the patient’s electronic 
health record. 

Justification of 
recommendations 

The recommendations are justified for the user by explaining the reasoning with 
primary data and peer-reviewed references. 

Ease of use The system has a rational, understandable user interface requiring minimal 
navigation to deliver a recommendation.  

Timing and frequency 
of recommendations 

Salient r ecommendations should appear at the point-of-decision during the point-
of-care without redundancy at irrelevant timepoints. 

Display of data and 
information 

Data or information should be minimal and relevant yet call attention. For 
example, the use of flashing icons to mark important tasks or the identification of 
drug interactions with colours according to their importance. 

For doctors as well as 
patients 

The results of decision support should be presented to both doctors and patients 
to facilitate and motivate shared decision-making.  

Additional 
interventions to 
execute changes 

CDS is accompanied by educational information, and dynamic with periodic 
feedback and active involvement of opinion leaders or other strategies. 

Processes underlying 
the system 

The logic or algorithms underlying the recommendations are built on a model 
interpreted by the computer and is based on evidence-based treatment guidelines. 
Future iterations may be based on prior clinical experiences to inform decisions 
through artificial intelligence and machine learning. 
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Table 3–2: Randomised clinical trials estimating the effect of different CDS systems 

Ref Conclusions 

92 Decision support innovations aimed at improving the quality and safety of chronic disease care should 
target all those involved in the delivery of that care: clinicians (medical, nursing, and allied health 
professionals), patients and their care-givers, healthcare managers, and policy makers. 
Decision support innovations relevant to chronic disease are inseparably intertwined with e-health 
agendas. Computers are increasingly the platform for delivery of decision supports. 
There is evidence of gains in both quality and safety of care through the deployment of decision 
support systems. 

93 A small majority (just over half) of CDSs improved care processes in chronic disease management and 
some improved patient health. Policy makers, healthcare administrators, and practitioners should be 
aware that the evidence of CDS effectiveness is limited, especially with respect to the small number 
and size of studies measuring patient outcomes. 

94 Widespread adoption of EMR-based CDS has the potential to modestly improve the quality of care for 
patients with chronic conditions without substantially increasing costs to the health care system. 

95 Clinician reminders are a successful approach for increasing the rates of delivering preventive care but 
efficacy remains modest. Despite increased implementation of electronic health records, randomised 
controlled trials evaluating computerised reminder systems are infrequent. 

90 Many CDSs improve practitioner performance. To date, the effects on 
patient outcomes remain understudied and, when studied, inconsistent. 

89 Decision support systems significantly improved clinical practice in 68% of trials. Several features were 
closely correlated with decision support systems’ ability to improve patient care significantly. Clinicians 
and other stakeholders should implement clinical decision support systems that incorporate these 
features whenever feasible and appropriate. 

96 CDS show an insignificant benefit in the management and control of hypertension (insignificant 
reduction of SBP). The paucity of well-designed studies on patient related outcomes is a major 
hindrance that restricts interpretation for evaluating the role of DSS in secondary prevention. Future 
studies on CDS should (1) evaluate both physician performance and patient outcome measures (2) 
integrate into the routine clinical workflow with a provision for decision support at the point of care. 

 

Table 3–4: Evidence base for CDC systems in secondary management of hypertension in 
patients with stroke or myocardial infarction  
 

Ref Study name Aim Intervention CDS result 

103 A Randomised Trial 
Evaluating 
Strategies to 
Increase Beta-
Blocker Use in 
Heart Failure 

To evaluate 
interventions for 
implementing a new 
practice guideline 
advocating the use 
of beta-blockers for 
heart failure patients 

 

Providers received a list of heart 
failure patients who were candidates 
for beta-blocker therapy. CDS 
generated computer alerts for these 
patients when providers accessed 
their EMRs during the first 2 visits 
after randomization. 
Letters were also sent to the patients 
advising them to discuss beta-blocker 
therapy with their primary care 
provider. Providers also received 
education on ā-blocker use in heart 
failure patients and had access to 
guidelines on beta-blocker initiation 
and uptitration. 

The use of provider 
education, clinical 
reminders, and 
patient education was 
of limited value in this 
setting. 

104 Effectiveness of a Monitoring blood CDS uses information from both EHRs Patients under the 
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 chronic disease 

surveillance 

systems for blood 
pressure 
monitoring. 

pressure 
 

and Appointment Scheduling 
Software to detect patients without 
blood pressure registries (condition I) 
or with high blood pressure 
measurements (condition II) and 
generate reminder lists for 
receptionists. Receptionists sent 
identified patients to assistants who 
assessed BP, weight, height, and risk 
factors, reminded patients to 
measure blood pressure weekly and 
follow treatment directions, and 
provided educational material. All 
data was entered in EHRs before 
physician appointments.  

surveillance system 
have higher 
proportion of blood 
pressure 
measurements, 
showing this study an 
improvement on the 
process of care with 
this IT tool. 

105 Patient education 
and provider 
decision support to 
control blood 
pressure in primary 
care: a cluster 
randomised trial 

Management of 
hypertension at a 
Veteran’s affair 
primary care clinic. 

CDS used EMR data to produce and 
display electronic patient-specific BP 
treatment recommendations, 
including recommendations to 
increase dose or use a preferred drug.  

There were no 
significant differences 
in amount of change 
in BP control in the 3 
intervention groups as 
compared to the 
hypertension 
reminder control 
group.  

106 Point-of-Service 
reminders for 
prescribing 
cardiovascular 
medications 

Prescription of ACE-
Is, ARBs, and statins 
in outpatients with 
diabetes mellitus or 
atherosclerotic 
vascular disease who 
are at risk for 
cardiovascular 
events. 

CDS generated recommendations for 
CV medications (ACE-Is or statins) in 
patients at high-risk for CVD. A single-
page patient summary sheet, 
including the recommendations, was 
faxed to physicians on the morning of 
a patient visit and attached to the 
patient’s medical chart 

ACEI-s or ARB-s were 
dispensed in 7.1% of 
visits in the 
intervention group 
versus 5.7% in the 
control group (P = 
.048) following the 
first patient-physician 
encounter.  

107 Effect of guideline 
based 
computerised 
decision support on 
decision making of 
multidisciplinary 
teams: cluster 
randomised trial in 
cardiac 
rehabilitation 

To determine the 
extent to which 
computerised 
decision support can 
improve 
concordance of 
multidisciplinary 
teams with 
therapeutic 
decisions 
recommended by 
guidelines.. 

The cardiac rehabilitation decision 
support system (CARDSS) used 
electronic patient records, needs 
assessment data (collected and 
entered into CARDSS by one of the 
multidisciplinary team), and the 
Netherlands guideline information to 
automatically formulate therapeutic 
recommendations for exercise 
training, education therapy, lifestyle 
change therapy, and relaxation and 
stress management training.  

In a multidisciplinary 
team motivated to 
adopt a computerised 
decision support aid 
that assists in 
formulating guideline 
based care plans, 
computerised 
decision support can 
be effective in 
improving the team’s 
concordance with 
guidelines. 

108 Clinical Reminders 
Attached to 
Echocardiography 
Reports of Patients 
With Reduced Left 
Ventricular Ejection 
Fraction Increase 
Use of beta-

Prescription of beta- 
blockers for 
inpatients 
and outpatients with 
reduced LVEF. 

CDS-generated reminders were 
automatically printed in 
echocardiography reports of patients 
with left ventricular ejection fraction 
(LVEF) <45%. The reminder noted that 
beta-blockers improve survival in 
patients with reduced LVEF, provided 
initial doses for carvedilol and 

A reminder attached 
to the 
echocardiography 
report increased the 
use of beta-blockers in 
patients with 
depressed left 
ventricular systolic 



  48 

Blockers A 

Randomised Trial 

metoprolol, and recommended 

cardiology follow-up for patients with 
NYHA class III or IV symptoms. 

function. 

109 Impact of 
Computerised 
Decision Support 
on Blood Pressure 
Management and 
Control: A 
Randomised 
Controlled Trial 

To examine the 
effectiveness of a 
CDS designed to 
improve 
hypertension care 
and outcomes in a 
racially diverse 
sample of primary 
care patients 

Adult patients receiving hypertension 
were randomised to 
either 18 months of their physicians 
receiving CDS for each hypertensive 
patient or to usual care without 
computerised support for the control 
group. 

CDS improved 
appropriate 
medication 
prescribing with no 
improvement in 
disparities in care and 
overall blood pressure 
control 

110 
 

Evaluation of 
computer based 
clinical decision 
support system and 
risk chart for 
management of 
hypertension in 
primary care: 
randomised 
controlled trial 

Management of 
hypertension in 
primary care. 

CDS used patient-specific data to 
calculate the patient’s 5-year risk of a 
cardiovascular event (newly 
diagnosed angina, myocardial 
infarction, coronary heart disease, 
stroke, or transient ischemic attack) 
based on New Zealand guidelines for 
management of high blood pressure. 
Cardiovascular risk chart, which 
provides similar risk information, was 
also provided. 
 

The computer based 
clinical decision 
support system did 
not confer any benefit 
in absolute risk 
reduction or blood 
pressure control and 
requires further 
development and 
evaluation before use 
in clinical care can be 
recommended. 

111  Evaluation of 
Effectiveness and 
Cost-Effectiveness 
of a Clinical 
Decision Support 
System in 
Managing 
Hypertension in 
Resource 
Constrained 
Primary Health 
Care Settings: 
Results From a 
Cluster 
Randomised Trial 

Test the 
effectiveness and 
cost-effectiveness of 
a clinical DSS among 
Indian adult 
hypertensive 
patients  

Indian adult hypertensive patients 
(between 35 and 64 years of age) 
were randomised to receive either a 
clinical decision support system or a 
chart-based support system. 

CDS were found to be 
effective and cost-
effective in the 
management of 
hypertension in 
resource-constrained 
primary health care 
center settings 

112 Cluster-
randomised, 
controlled trial of 
computer-based 
decision support 
for selecting long-
term anti-
thrombotic therapy 
after acute 
ischaemic stroke 

Prescribing for 
antiplatets and 
anticoagulants 
following acute 
ischemic stroke or 
TIA in in- and out-
patients. 

Computerised CDS used patient’s 
history and clinical findings to 
estimate the risk of recurrent 
ischemic stroke, hemorrhagic stroke, 
MI, or other ischemic or hemorrhagic 
complications associated with each of 
6 possible antiplatelet or 
anticoagulant therapy. The estimated 
event rates were provided in a graph 
of total ischemic event risk and total 
hemorrhagic event risk which was 
placed in the patient record for 
medical staff. 

The CDS was feasible 
to implement and 
acceptable to 
clinicians, but did not 
substantially influence 
prescribing practice 
for anti-thrombotic 
drugs after acute 
ischaemic stroke. 

113 BRAVEHEALTH – To propose a Developing specifications for decision No efficacy end-report 
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Patient Centric 
Approach for 
Integrated, 
Adaptive, Context 
Aware Remote 
Diagnosis and 
Management of 
Cardiovascular 
Diseases 

patient-centric vision 
to CVD management 
and treatment, 
providing people 
already diagnosed as 
subjects at risk with 
a sound solution for 
continuous and 
remote monitoring 
and real time 
prevention of future 
events 

support system with context and 
location awareness provisions, and 
diagnostic and prognostic algorithms 

Lipid management in secondary prevention 

114 Computerised 
Community 
Cholesterol Control 
(4C): 
Meeting the 
Challenge of 
Secondary 
Prevention 

To study the impact 
of computerised 
intervention on 
secondary 
prevention of CAD 
who are followed up 
in primary care. 

Computerised CDS collected data 
from 3 databases (discharge and 
diagnosis; laboratory and pharmacy) 
and automatically generated 
reminders for management of 
dyslipidemia in patients with coronary 
artery disease based on Israeli 
guidelines. The patient-specific 
reminders were mailed to physicians 
and nurses at primary care clinics and 
recommended lipid lowering drug 
treatment if appropriate. 
 

A significant decrease 
in LDL levels was 
observed in both 
arms, but was more 
pronounced in the 
intervention arm. A 
significantly lower rate 
of cardiac 
rehospitalizations was 
documented in 
patients who were 
adequately treated 
with lipid lowering 
drugs 

115 Randomised 
Controlled Trial of 
an Informatics-
based Intervention 
to Increase Statin 
Prescription for 
Secondary 
Prevention of 
Coronary Disease 

To study the impact 
of a computer-
assisted physician-
directed intervention 
to improve 
secondary 
prevention of 
hyperlipidemia. in 
patients with 
coronary artery 
disease (CAD) 

Primary care physicians with an 
electronic health record were 
randomised.. Each patient with CAD 
or a high LDL was randomised, 
stratified by physician and baseline 
LDL. Physicians received a single e-
mail per intervention patient. Emails 
were visit independent, provided 
decision support, and facilitated 
‘‘one-click’’ order writing. 

A greater proportion 
of intervention 
patients had 
prescription 
changes at 1 month 
and 1 year  
Among patients with 
high baseline LDLs, the 
first pos-tintervention 
LDLs were 
substantially lower in 
the intervention group 

116 Risk Stratification 
and Prevention in 
Chronic Coronary 
Artery Disease: Use 
of a Novel 
Prognostic and 
Computer-Based 
Clinical Decision 
Support System in 
a Large Primary 
Managed-Care 
Group Practice 

To determine 
whether CDS, could 
improve outcomes, 
decrease utilization 
of services, and 
lower the costs of 
CAD 

A hybrid prognostic and computer-
based clinical decision support system 
that provided the treating physician 
with real-time, patient-specific 
recommendations was assessed for 
utilization of cardiovascular services, 
coronary disease outcomes, and costs 
compared with a baseline year by 
computing the relative risks of 
discrete CAD-related events. 

The CDC significantly 
reduced adverse CAD 
outcomes. Acute 
myocardial infarctions 
were reduced by 30% 
and hospitalizations 
for angina or 
suspected infarction 
by 32%, cardiac 
catheterizations by 
20%, and coronary 
angioplasties by 22% 
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Table 3–5. Randomised controlled studies of EBMeDS 

Ref Study name Aim Intervention CDS result 

117 Patient-specific 
computer-based 
decision support 
in primary 
healthcare—a 
randomised trial 

To measure the 
effects evidence-
based, patient-
specific reminders 
on patient care. The 
hypothesis was that 
the total 
number of triggered 
reminders would 
decrease in the 
intervention group 
compared with the 
control group, 
indicating an 
improvement in 
patient care. 

The intervention consisted of 
patient-specific reminders 
concerning 59 different health 
conditions triggered when the 
healthcare professional (HCP) 
opened and used the EPR. In 
the intervention group, the 
triggered reminders were 
shown to the HCP; in the 
control group. The primary 
outcome measure was the 
change in the number of 
reminders triggered over 12 
months 

Computerised, 
tailored reminders in 
primary care did not 
decrease during the 
12 months of follow-
up time after the 
introduction of a 
patient-specific 
decision support 
system 

118 Feasibility and 
impact of an 
evidence-based 
electronic 
decision support 
system for 
diabetes care in 
family medicine: 
protocol for a 
cluster 
randomised 
controlled trial 

To assess the 
effectiveness of 
EBMeDS use in 
improving diabetes 
care and the 
feasibility of using 
the system in daily 
Belgian family 
medicine. 

Physicians’ practices will be 
randomly assigned to the 
intervention or control group 
in a 1:1 ratio, to receive either 
the EBMeDS reminders or to 
follow the usual care. Primary 
outcome is the one-year pre- 
to post-implementation 
change in HbA1c. 

Not completed 

 

Tables to chapter 3.2. Genetic risk prediction and cardiovascular 
pharmacogenomics chapter 

Selected examples of genetic variants associated with cardiovascular disease susceptibility 

Cardiovascular condition Gene/ locus Variant, SNP 
(dbSNP code) 

Reference review/ GWAS 

Atrial fibrillation 4q25 PITX2 rs6817105, 
rs2200733, 
rs17570669 

[27, 28] 

 16q22 ZFHX3 rs2106261 [27, 28] 

 1q21 KCNN3 rs6666258 [27, 28] 

 1q24 PRRX1 rs3903239 [27, 28] 

 7q31 CAV1 rs3807989 [27, 28] 

 9q22 C9orf3 rs10821415 [27, 28] 

 10q22 SYNPO2L rs10824026  
 

[27, 28] 

 14q23 SYNE2 rs1152591 [27, 28] 

 15q24 HCN4 rs7164883 [27, 28] 

Coronary artery disease ADAMTS7/DQ582071 rs11072794 [15] 
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 CYP17A1/CNNM2/NT5C2 rs11191447 [15] 

 LIPA rs11203042 [15] 

 PCSK9 rs11206510 [15] 

 LDLR/SMARCA4 rs1122608 [15] 

 ZC3HC1 rs11556924 [15] 

 TCF21 rs12190287 [15] 

 ANKS1A rs12205331 [15] 

 RAI1/PEMT/RASD1 rs12936587 [15] 

 PHACTR1 rs13211739 [15] 

 CDKN2BAS rs1333049 [15] 

 UBE2Z rs15563 [15] 

 PPAP2B rs17114036 [15] 

 CXCL12/AX747950 rs2047009 [15] 

 SLC22A3/LPAL2/LPA rs2048327 [15] 

 APOE/APOC1/TOMM40 rs2075650 [15] 

 LIPA rs2246833 [15] 

 SMG6 rs2281727 [15] 

 MRAS rs2306374 [15] 

 WDR12/ALS2CR16 rs2351524 [15] 

 KIAA1462 rs2505083 [15] 

 HHIPL1 rs2895811 [15] 

 SH2B3 rs3184504 [15] 

 CDKN2BAS/MTAP/CDKN2B rs3217992 [15] 

 APOE/APOC1/TOMM40 rs445925 [15] 

 COL4A1/COL4A2 rs4773144 [15] 

 ABO rs495828 [15] 

 CXCL12 rs501120 [15] 

 PSRC1/SORT1 rs602633 [15] 

 ADAMTS7/MRG15 rs7173743 [15] 

 ZNF259/APO5A/APOA1 rs9326246 [15] 

 COL4A1/COL4A2 rs9515203 [15] 

 PDGFD rs974819 [15] 

 KCNE2/C21orf82 rs9982601 [15] 

 KCNK5 rs10947789 [15] 

 EDNRA rs1429141 [15] 

 GGCX/VAMP10/VAMP8 rs1561198 [15] 

 AK097927 rs16986953 [15] 

 FES/FURIN rs17514846 [15] 

 HDAC9 rs2023938 [15] 

 ZEB2-AC074093.1 rs2252641 [15] 

 LPL rs264 [15] 

 SLC22A4/SLC22A5 rs273909 [15] 

 TRIB1 rs2954029 [15] 

 PLG rs4252120 [15] 

 IL6R rs4845625 [15] 

 APOB rs515135 [15] 

 ABCG5/ABCG8 rs6544713 [15] 

 GUCY1A3 rs7692387 [15] 

 FLT1 rs9319428 [15] 
 

9p21 rs4977574 [14] 

 1p13 (SORT1) rs599839 [14] 

 21q22 (MRPS6) rs9982601 [14] 
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 1p13.3, CELSR2, PSRC1, SORT1  rs646776  [5] 

 1p32.3 PCSK9  rs11206510  [5]  

 1q41  MIA3  
 

rs17465637  [5]  

 2q33.1  WDR12  
 

rs6725887  [5]  

 3q22.3  MRAS  
 

rs2306374  [5]  

 6p24.1  PHACTR1  
 

rs12526453  [5]  

 6q25.3  LPA  
 

rs3798220  [5]  

 CDKN2A/B, ANRIL  rs4977574  [5]  

 10q11.21  CXCL12  
 

rs1746048  [5]  

 12q24.12  SH2B3  rs3184504  [5]  

 19p13.2  LDLR  
 

rs1122608  [5]  

 21q22.11 MRPS6 rs9982601 [5]  

Hypercholesterolemia: 
LDL level 

VLDLR rs7024888 [119] 

 SPTY2D1 rs11024739 [119] 

 SOCS3 rs4082919 [119] 

 BRCA2 rs9534275 [119] 

 APOH rs1801689 [119] 

Myocardial infarction 3q22.3 MRAS  [12] 

 12q24.31 HNF1A  [12] 

 9p21.3 CDKN2A, CDKN2B  [12] 

 1p13.3 CELSR2, PSRC1, SORT1  [12] 

 21q22.11 SLC5A3, MRPS6, KCNE2  [12] 

 1q41 MIA3  [12] 

 6p24.1 PHACTR1  [12] 

 19p13.2 LDLR  [12] 

 10q11.21 CXCL12  [12] 

 1p32.3 PCSK9  [12] 

Heart failure 15q22 rs10519210 [23] 

 12q14 rs11172782 [23] 

 ADRB1 Ser49Gly, Arg389Gly [120] 

Elevated blood pressure NPR3-C5orf23 rs1173771 [22] 

 FURIN-FES rs2521501 [22] 

 MTHFR-NPPB rs17367504 [22] 

 GUCY1A3-GUCY1B3 rs13139571 [22] 

 GNAS-EDN3 rs6015450 [22] 

 MOV10 rs2932538 [22] 

 GRK5 rs2230345 [121]  

 AGT rs699, rs5051 [21] 

 

Selected examples of monogenic cardiovascular diseases (Adopted from [123]) 

Condition Causal Genes 

Severe 
hypercholesterolemia 

LDLR, APOB, ABCG5, ABCG8, ARH, PCSK9 

Familial 
hypobetalipoproteinemia 

APOB, PCSK9, ANGPTL3 

Mendelian forms of low 
and high blood pressure 

SLC12A3, SLC12A1, KCNJ1, CLCNKB, NR3C2, SCNN1A, SCNN1B, SCNN1G; 
CYP11B2, CYP11B1, HSD11B2, NR3C2, SCNN1B, SCNN1G, WNK1, WNK4, 
KLHL3, CUL3 

Hypertrophic MYH7, TNNT2, TPM1, TNNI3, MYL2, MYBPC3, 
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cardiomyopathy ACTC, MYL3 

Marfan’s syndrome FBN1 

Atrial or ventricular 
septal defects 

NKX2-5, GATA-4, TBX5 

Bicuspid aortic 
valve, Calcific 
aortic valve disease 

NOTCH1 

 

Selected examples of cardiovascular pharmacogenomic candidate genes  

Antithrombotic treatment 

Medication Gene Result of the 
gene expression 

Gene 
variants  

Risk, clinical association of 
the gene 

Referen
ce 
review 
article 
or 
GWAS 

Clopidogrel CYP2C19 Transformation 
of the prodrug 
to active 
metabolite  

CYP2C19*2 
(rs4244285) 
CYP2C19*3; 
 

The level of the active 
metabolite of Clopidogrel 
decreases, thrombocyte 
reactivity is elevated and the 
clinical effect of the 
medication is decreased. Stent 
thrombosis and major adverse 
cardiovascular event rate 
increases.  

[29, 32, 
37]  
 

   CYP2C19*1 Effect of the medication 
increases 

[37] 

   CYP2C19*17, 
loss of 
function 

Effect of the medication 
increases 

[37] 

 CES1 Biotransformati
on of the 
medication 

143E allele Effect of the medication 
increases  

[32] 

 ABCB1 P-glycoprotein C3435→T Effect of the medication 
decreases 

[37] 

 CYP2C9 Cytochrome 
P450 2C9 

CYP2C9*3; 
loss of 
function 

Effect of the medication 
decreases 

[37] 

 PONI Paraoxonase 1  Effect of the medication 
decreases 

[37] 

Prasugrel CYP2C19 Biotransformati
on of the 
medication 

CYP2C19*2, 
CYP2C19*17 

Effect of the medication 
increases 

[32] 

Aspirin COX-1  A842G and 
C50T 

Effect of the medication 
increases, CVD outcome does 
not change 

[123] 

 GPIIIa  P1A1/A2 Effect of the medication 
decreases, CVD outcome does 
not change 

[123] 
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Anticoagulation 
 

Medication Gene Result of the 
gene 
expression 

Gene variants Risk, clinical 
association of the 
gene 

Reference 

Dabigatran CES1  rs2244613  [32] 

Warfarin VKORC1 vitamin K 
epoxide 
reductase 
complex 
subunit 1 

VKORC1 A-
allele 
1639GNA 
(rs9923231)  

Resistance to 
Warfarin  

[32] 

 CYP2C cluster, 
CYP2C9 

 rs12777823 
CYP2C9*2 
(rs1799853), 
CYP2C9*3 
(rs1057910) 

 [32] 

 CYP4F2  CYP4F2 
V433M 
(rs2108622) 

 [32] 

 PROS Protein S   [32] 

 PROC Protein C   [32] 

 
Antihypertensive treatment 
 

Medication Gene Result of the 
gene expression 

Gene 
variants 

Risk, clinical 
association of the 
gene 

Refer
ence 

Hydrochlorothiazide  YEATS4, 
12q15 
region 

 Haplotype 
rs317689, 
rs315135, 
rs7297610 

Effect on diastolic 
blood pressure, 
depending on the 
haplotype,  

[29] 

 ALDH1A3  rs3825926  [124] 

 CLIC5  rs321329  [124] 

 PRKCA  rs16960228 Better treatment 
response to 
hypothiazide 

[21] 

 NEDDL4  rs4149601 Better treatment 
response to 
hypothiazide 

[21] 

ACE inhibitors/ AT 
receptor 2 blockers 

AGT  235TT Risk of stroke is 
decreased 

[123] 

Enalapril NR3C2  rs5522 Better treatment 
response on diastolic 
blood pressure  

[21] 

Perindopril BK1  rs12050217 Better treatment 
response and 
decreased CVD 
mortality 

[123] 

 AT1  rs275651 Better treatment 
response and 
decreased CVD 
mortality 

[123] 

   rs5182 Significantly modified [125] 
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the treatment benefit 

Candesartan FUT4  rs11020821 Effect on diastolic 
blood pressure 

[32] 

 CYP11B2  rs1799998 Better treatment 
response 

[21] 

Losartan NPHS1  rs3814995  [124] 

Beta-blockers ADRB1 β1 adrenergic 
receptor 

rs1801253 Arg389 homozygous 
genotype is with 
better treatment 
response in heart 
failure 

[120] 

Metoprolol CYP2D6  *3, *4, *5, *6 Concentration of the 
medication is 
elevated, better 
treatment response 

[123] 

 ADRB1  Ser49Gly 
Arg389Gly 

Better treatment 
response 

[21] 

Carvedilol GRK5 G-proteiiniga 
seotud 
retseptori kinaas 

rs2230345 Treatment effect is 
decreased in African 
Americans 

[126] 

Atenolol GNB3  rs11064426 
(A3882C) 
rs2301339 
(G5249A) 
rs5443 
(C825T) 

Better treatment 
response for systolic 
blood pressure in 
women 

[21] 

 GRK4  rs2960306 
(R65L) 
rs1024323 
(A142V) 
rs1801058 
(A486V) 

Worse treatment 
response in patients 
with more copies of 
the polymorphism 

[21] 

Calcium channel 
inhibitors 

     

Amlodipin PICALM  rs588076  [21] 

 TANC2  rs2429427  [21] 

 NUMA1  rs10898815  [21] 

 APCDD1  rs564991  [21] 

Verapamil CACNA1C  rs1051375 Depending on the 
genotype, the 
treatment response 
can be better or 
worse than to 
atenolol 

[21] 

Diltiazem PLCD3  rs12946454 Worse treatment 
response 

[21] 

 
Statins 

Medication Gene Result of the gene 
expression 

Gene variants Risk, clinical association 
of the gene 

Ref 

Statins CLMN Effect on 
dyslipidemia 

rs8014194  [32] 

 SORT1/  rs646776 Decrease of LDL 1.3% [45] 
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CELSR2/ 

PSRC1 

better (P= 1.05x10-9) 

 LPA  rs10455872 Decrease of LDL 5.2% 
worse (P=7.41x10-44) 

[45] 

 SLCO1B1 OATP1B1 importer rs2900478 Decrease of LDL 1.6% 
worse (P= 1.22x109) 

[45] 

 APOE  rs445925 Decrease of LDL 5.1% 
better (P= 8.52x1029) 

[45] 

 ABCG2 ABCG2 half-
transporter 

rs2231142 Concentration of the 
medication is increased 
(not pravastatin) 

[46]  

 ABCB1( 

MDR1) 

p-glycoprotein rs1128503, 
rs2032582, 
rs1045642 

Concentration of 
simvastatin and 
atorvastatin is increased  

[46] 

 HMGCR HMGCoA-
reductase 

rs3846662 Decreased effect of the 
medication in some 
studies  

[46] 

 LDLR LDL receptor rs688  [46] 

 KIF6 Intracellular 
transporter 

rs20455 Increased effect of the 
medication in some 
studies 

[46] 

Simvastatin SLCO1B1 Molecule 
transport 
(OATP1B1 
importer) 

rs4149056 (OR) 4.5 (2.6–7.7), 
Myopathy 

 [46] 

 GATM Glycine 
amninotransferase  

rs9806699 Myopathy [48] 

Atorvastatin APOE Effect on 
dyslipidemia  

rs7412, 
rs429358 

Better effect on LD [46] 

 PCSK Proprotein 
convertase 
subtilisin/kexin 

  [32] 

Fluvastatin CYP2C9 Hepatic 
metabolism of the 
medication 

rs1057910 Concentration of the 
medication is increased 

[46] 

Rosuvastatin PCSK9 

(1p32.3) 
 rs17111584 In homozygotes, the 

absolute LDL reduction 
is 4.33mg/dl more 

[127
] 

 ABCG2 

(4q22.1) 
 rs2199936 In homozygotes, the 

absolute LDL reduction 
is 5.23 mg/dl less 

[127
] 

Pravastatin SLCO1B1 OATP1B1 importer rs2306283 Concentration of the 
medication is increased 

[46] 

 
Antiarrhythmic treatment  

Medication Gene Result of the 
gene 
expression 

Gene variants Risk, clinical association of 
the gene 

Ref 

Amiodarone NOS1AP NO synthase 1 
adaptor 
protein 

rs10919035 Prolongation of the QT-
interval, increased risk for 
arrhythmias (P=3,0×10−4; 
OR=5,5, 99.95%) 

[128] 
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4. Personalised approach in oncology 

(Peeter Padrik, Mikk Saretok)  

 

European Society for Medical Oncology has published information about personalised medicine 
for patients3, which includes also general definition of personalised medicine:  

"Personalised management is considered as the future of cancer care: medicine aiming at 
giving patients the best treatment according to their personal medical history, their 
physiological status, and the molecular characteristics of their tumours" 

In a systematic literature review [1], personalised medicine is defined as: personalised medicine 
seeks to improve stratification and timing of health care by utilizing biological information and 
biomarkers on the level of molecular disease pathways, genetics, proteomics as well as 
metabolomics. 

In oncology in the context of personalised medicine also the term “precision oncology” is 
widely used [2]. According to the previously described definitions we can separate two 
conceptual approaches for personalised medicine in cancer care [3]: 

1) Molecular profiling of tumour tissues and hereditary mutations to find personalised targeted 
therapies. 

2) Personalised cancer prevention and early detection on the basis of hereditary susceptibility 
testing and risk factors.  

In the first part of this chapter about clinical approach of personal medicine in oncology we 
describe examples of current standard of clinical care in some solid tumour types where there 
are known molecular targets to distinguish subpopulations and ways to alter them 
therapeutically with anti-tumour agents.  We also describe main developments in solid tumours 
molecular profiling to match actionable alterations with targeted therapies. In the second part 
we describe possibilities for personalised cancer prevention and early detection by the example 
of the breast cancer with extension also to the ovarian cancer (and in some amount to other 
cancers). On the basis of scientific and clinical background presented in this preliminary 
analysis, and considering also preliminary terms and assumptions for the pilot project, we 
propose in the third part of the analysis a prototype for Estonian personalised medicine pilot 
project.  

 

4.1. Personalised targeted therapies in cancer medicine  

 

Medical oncology is based on different biomolecularly defined properties in malignant tumours 
and ways we can alter them with specific targeted therapy. Modern oncology uses 
multidisciplinary approach to discreetly define which available scientifically proven method of 
treatment (surgery, radiotherapy or systemic therapy) or their combination to apply. 

Modern systemic therapy involves targeted and biological therapy in addition to conventionally 
used chemotherapeutics. There are certain predictive biomarkers to assess the effectiveness of 
those targeted therapies. 
                                                           
3
 http://www.esmo.org/content/download/20122/337223/file/ESMO-Patient-Guide-Personalised-Cancer-Medicine.pdf 
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Predictive and prognostic biomarkers have important role in planning anti-cancer treatment. 
When adverse prognostic biomarkers are present, more aggressive therapy is justified, whereas 
good prognostic markers prompt less aggressive approach, thus minimizing adverse effects of 
therapy. 

Information about tumour biomolecular properties is gained using patohistological, 
immunohistochemistry and/or molecular analyses of tumour tissue sample. In addition to 
tumour properties, patient status (age, comorbidities, and general condition) is also critical in 
making clinical decisions. 

There are molecularly distinct subtypes of various common cancers with different therapeutic 
approaches for each subtype. Targeted therapies are expensive and personalised medicine 
helps to ensure that used drugs are most effective, least toxic and costs of complications can be 
reduced [3].  

Molecular science and translational medicine has produced many genetic markers over recent 
decades that have been applied in everyday clinical practice. Ongoing investigations are 
constantly on the way to find new biological markers to implement further the conception of 
precision medical care. In many common malignant tumours such as breast, colorectal, lung, 
ovarian cancer and malignant melanoma considerable proportion of clinical decisions are made 
on the basis of individual tumour molecular alterations. Some examples of interest are listed in 
table 4-1.  

 

Table 4–1. Examples of cancer medical therapies on the basis of predictive biomarkers 

Marker Applications Therapeutic agents 

ER, PR Breast cancer, uterine 
tumours 

Tamoxifen, letrozole, 
fulvestrant 

HER2 Breast cancer, gastric 
cancer 

Trastuzumab, pertuzumab, 
Lapatinib 

EGFR Lung cancer Erlotinib, gefitinib, afatinib 

ALK and ROS1 Lung cancer Crizotinib 

KRAS Colorectal cancer Cetuximab, panitumumab 

cKIT GIST Imatinib, sunitinib 

BRAF Melanoma Vemurafenib, dabrafenib, 
trametinib 

BRCA1/2 Ovarian cancer, breast 
cancer 

Olaparib 

 

To help detailed and comprehensive tumour testing make precision in cancer care more 
available, many commercial establishments provide their services for molecular testing and 
information sharing to obtain results in personalised medicine. 

Following is an overview of some common cancer types with known molecular targets to 
distinguish subpopulations and ways to alter them therapeutically with anti-tumour agents.   
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4.1.1. Colorectal Cancer  

Recent investigations of colorectal cancer (CRC) tumour tissues have led to recognition of 
different biomarkers that can be used for stratifying various risk groups, prognostic markers 
and markers for predicting treatment responses. Tracking molecular alterations in tumour 
tissue is good example how to improve clinical outcomes when using monoclonal antibodies 
such as cetuximab and panitumumab which target EGFR in CRC [4]. EGFR-targeted monoclonal 
antibodies have proven clinical benefit for cancer subtypes that are KRAS wild type e.g. do not 
harbour mutations in KRAS gene codons 12, 13. Whereas KRAS mutated tumours do not benefit 
from and tend to have worse outcomes when anti-EGFR therapy is used [5, 6]. KRAS gene 
mutations are usually detected with polymerase chain reaction (PCR) technologies. KRAS wild 
type status indicates anti EGFR therapy to be used with conventional chemotherapy backbone. 
For example, adding of cetuximab to standard chemotherapy backbone in KRAS wt population 
increased chances of response (ORR= 61% vs 37% P= 0,11) significantly. 

Panitumumab in comparison to cetuximab has shown similar efficacy in treating patients with 
KRAS wt tumours. In no inferiority study, panitumumab group had median overall survival of 
10,4 and cetuximab respectively 10,0 months. The toxicity profiles were similar, although there 
were less infusion related events with panitumumab [7]. 

BRAF mutations in CRC have been found in 5-10% and it has proved to convey a very poor 
prognosis for the affected subpopulation. Maximized chemotherapy with three conventional 
drugs (FOLFOXIRI) with an angiogenesis inhibitor bevacizumab is recommended as treatment 
option for medically fit patients in this prognosis group to achieve greatest benefit with 
aggressive treatment. This is an example of prognostic molecular marker to identify patients 
who need more aggressive approach to control the disease [8]. 

Adjuvant chemotherapy is standard of care in stage III colorectal cancer. However, the benefit 
of adjuvant chemotherapy in stage II colorectal cancer is less clear. In addition to other classical 
high risk features (e.g. aggressive tumour biology, lymphovascular invasion, and incomplete 
lymphadenectomy) the genetic features of cancers can help to guide treatment when other 
clinical data is unequivocal. Microsatellite instability is detected by MMR gene mutations. MSI 
tumours have better prognosis and do not benefit from adjuvant 5-FU/leucovorin treatment 
[9]. There are available multigene assays to predict the risk of recurrence such as Oncotype DX, 
ColoPrint and ColDx. 

 

4.1.2. Breast cancer 

Breast cancer is a good example of personalised approach to cancer treatment. Every tumour 
tissue is tested for oestrogen and progesterone receptor (ER, PR) and human epidermal growth 
factor receptor 2 (HER2) statuses for more precise treatment decisions. ER and PR status is 
predictive marker for response to hormonal therapy as HER2 status is for anti HER directed 
agents. The combination of receptor status can also serve as prognostic marker. For instance ER 
and PR positive and HER2 negative disease is generally considered to have good prognosis and 
adjuvant therapy is firstly tailored to suppress hormonal activity with antioestrogens whereas 
triple negative cancers (ER-, PR-, HER2-) are biologically aggressive and thus prompt more 
aggressive therapy.  

ER, PR and HER2 status is determined by experienced pathologist using immunohistochemistry 
(IHC) to stain the tumour tissue and then visually analyse results. HER2 status is expressed by 
the intensity of staining as 0, 1+ 2+ and 3+. 3+ is considered HER2 positive and 0, 1+ stain 
negative. In unequivocal cases such as 2+, ISH (in situ hybridation) is used to determine the 
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number of amplified HER2 copies to finalize the results. There are many available testing kits 
accredited for testing HER2 status e.g. PathVysion, pharmDx, INFORM. 

Endocrine therapy is widely used in adjuvant and neoadjuvant setting and in metastatic disease 
for hormone receptor positive cancers. In adjuvant setting for ER positive disease 5-year use of 
adjuvant tamoxifen reduced mortality 31 % and up to 57% combined with chemotherapy in the 
younger age group (< 50 years) [10].  

In metastatic hormone receptor positive breast cancer, endocrine therapy with tamoxifen or 
aromatase inhibitors (AI-s) is usually the first treatment choice. When disease progression 
occurs, chemotherapy with known agents can be applied.  

HER2 gene is a member of the epidermal growth factor receptor (EGFR) tyrosine kinase family. 
The overexpression of HER2 protein that follows gene amplification in breast cancer tissue 
occurs in about 20-25% of breast cancers. HER2 overexpression and/or amplification are a 
strong predictive marker for response to anti HER2 specific therapies such as trastuzumab, 
pertuzumab and lapatinib. Trastuzumab is a humanized monoclonal antibody targeting the 
extracellular domain of HER2 protein. Pertuzumab is also a monoclonal antibody, targeting the 
dimerization domain of HER2 protein. Lapatinib is an oral tyrosine kinase inhibitor of HER2 and 
EGFR-1. Trastuzumab is indicated in only HER2 positive tumours both in the neoadjuvant and 
adjuvant setting [11, 12] and in metastatic disease. For example, in trastuzumab adjuvant 
therapy group the 3,9 year disease free survival was 85,8% vs 75,8% in the control arm 
(P<0,01). Adding trastuzumab to chemotherapy in HER2 positive metastatic disease improves 
response rates up to 60 %. 

Pertuzumab can be used in both neoadjuvant setting and metastatic disease with 
trastuzumab[12, 13]. In metastatic disease, using double HER2 blockade versus trastuzumab 
alone increases disease free survival more than 6 months. 

Lapatinib has shown clinical benefit in HER2 positive metastatic breast cancer as in second line 
therapy to monoclonal antibodies failure or in first line settings [14]. 

 

4.1.3. Non-small-cell lung cancer (NSCLC) 

The epidermal growth factor receptor is overexpressed in many human tumours. In NSCLC, 
EGFR is overexpressed up to 60% of tumours varying on histological subtype. EGFR 
overexpression is predictive marker for objective response rates using EGFR tyrosine kinase 
inhibitors (TKI-s) such as erlotinib, gefitinib and afatinib. In given subpopulations, TKI-s has 
shown better response rates with more favourable toxicity profiles. EGFR mutations can be 
detected using polymerase chain reaction (PCR) technology and EGFR overexpression with 
fluorescence in situ hybridization (FISH) or chromogenic in situ hybridization (CISH). 

There is also a proportion of EGFR overexpressed tumours that do not benefit from anti EGFR 
TKI-s. In EGFR L858R mutated cancers, specific subtypes harbouring the MLH1 V384D mutations 
the progression free survival with TKI-s was significantly shorter (5.1 versus 10.6 months 
p=0,001). This current biomarker serves as an example of how further molecular testing helps 
to stratify patient subgroups where anti EGFR therapy may not be indicated [15]. 

Erlotinib is a small molecular EGFR tyrosine kinase inhibitor that acts by binding to ATP binding 
site of the receptor. It has shown higher efficacy in EGFR mutated tumours versus non-mutated 
comparing to conventional chemotherapy in the advanced lung cancer. The median progression 
free survival was significantly higher in the erlotinib group versus chemotherapy group 13.1 vs 
4.6 months (p< 0,0001) [16]. 
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Gefitib is also a small molecular EGFR TKI inhibitor that acts similarly to erlotinib. It has also 
shown better outcomes in stratified populations (EGFR mutated) of advanced stage lung 
cancer. Gefitinib arm had improved progression free survival and overall survival vs 
chemotherapy – PFS= 10,8 vs 5,4 moths (p=< 0,001); OS 30,5 vs 23,6 months (p=0,31) [17]. 

Afatinib is an irreversible EGFR inhibitor and HER2 inhibitor approved for metastatic NSCLC 
(adenocarcinoma) with activating EGFR mutations. It has showed improvement in median 
progression free survival in comparison with standard chemotherapy (cisplatin and 
pemetrexed) 11.1 vs 6.9 months (p= 0,001) [18]. 

In rare subset of NSCLC patients (4-6%) ALK (anaplastic lymphoma kinase) gene translocation is 
present which constitutes as tyrosine kinase activity in tumours. This can be targeted with 
specific ALK and ROS1 inhibitor crizotinib. ALK rearrangements can be determined using 
immunohistochemistry (IHC), fluorescence in situ hybridization (FISH) or polymerase chain 
reaction (PCR).  

ROS1 gene rearrangements are relatively rare oncogenic drivers occurring in 2-3% of lung 
adenocarcinomas. ROS1 rearrangements constitute as tyrosine kinase activity that can also be 
targeted with crizotinib. 

Crizotinib have shown clinical benefit in the ALK translocation positive and ROS1 rearranged 
tumour subsets as first or second line therapeutic agent. The median progression free survival 
was 7.7 vs 3.0 months in the crizotinib arm (p< 0,001) and response rate 65% vs 20%  (p< 0,001)  
compared to chemotherapy [19]. 

 

4.1.4. Gastrointestinal stromal tumour (GIST) 

Gastrointestinal stromal tumours are rare tumours but one of the most common forms of 
sarcomas. About 80% of GISTs present activating mutations in cKIT or platelet derived growth 
factor receptor (PDGFR) genes. Conventional cytotoxic therapy has little effect on metastatic 
GISTs while imatinib – small molecule inhibitor of KIT and PDGFR has dramatically improved 
response rates (20). Albeit the initial response to imatinib, resistance usually occurs. After 
progression with imatinib small molecule TKI sunitinib has shown therapeutic effect as second 
line agent. After imatinib resistance sunitinib showed significantly longer time to tumour 
progression: 27.3 weeks in sunitinib arm and 6.4 weeks with placebo (p< 0,0001) [21]. As third 
line therapeutic option after progression to imatinib and sunitinib, regorafenib has shown 
activity in that pre-treated population. Median progression free survival was 4.8 months with 
regorafenib versus 0.9 months with placebo (p< 0,0001) [22]. 

Advanced GISTs develop resistance to imatinib and sunitinib usually by secondary mutations in 
cKIT gene. An application of personalised approach demands further molecular testing of cKIT 
mutation subclasses to identify, which patients would benefit, more from available tyrosine 
kinase inhibitors.  

 

4.1.5. Metastatic malignant melanoma 

Treating metastatic malignant melanoma with conventional chemotherapy has shown 
undesirable results with overall survival reaching up to 10 months. Molecularly targeted 
therapies have now proved to show greater benefit with acceptable toxicity and many novel 
agents have come into clinical practice. 



  68 

More than 50% of melanomas display mutations in BRAF gene, the most common being V600 – 
V600E and V600K. BRAF and MEK inhibitors are active targeted agents in that subpopulation, 
whereas wild type tumours do not benefit from the therapy. BRAF gene mutations can be 
detected by using PCR and Sanger genome sequencing technologies. Vemurafenib was first 
selective inhibitor of the mutated BRAF 600E kinase. In comparison to traditionally used 
dacarbazine, vemurafenib improves overall survival – 13.6 vs 9.7 months (p= 0.0008) and 
progression free survival respectively [23]. 

Dabrafenib is a second BRAF inhibitor that has also shown clinical benefit in BRAF mutated 
malignant melanomas. Dabrafenib group had median progression free survival 6.3 months and 
median overall survival of 13.1 months with reasonably safe adverse effects profile [24]. 

Inhibition of MEK, which is a downstream signalling pathway from BRAF mutation activated 
tumours, is also effective in BRAF mutated melanomas. MEK inhibitor trametinib has shown 
better outcomes compared to traditional chemotherapy – progression free survival 4.8 versus 
1.5 months (p< 0,001) [25]. 

In the light of BRAF and MEK inhibitors providing clinically beneficial outcomes, the usage of 
dual inhibition of both BRAF and MEK with dabrafenib and trametinib was compared to single 
agent vemurafenib to yield better outcomes. Overall survival with combined therapy was 11.4 
and 7.3 months in the vemurafenib group (p< 0,001). Adverse effects in doublet therapy arm 
were not significantly worse compared to single agent [26]. 

 

4.1.6. Ovarian cancer 

Mutations in BRCA1 and BRCA2 genes predispose carriers to a 50-75 % of lifetime risk to 
develop breast cancer and 30-40 % to develop ovarian cancer. Those genes act as tumour 
suppressor genes, which protect chromosomal stability by enabling homologous recombination 
following double strand DNA breaks. BRCA testing is done by analysing patients DNA from a 
blood test. PCR technology is used to determine different mutations that could be present. 

Protein PARP (poly (adenosine diphosphate ribose) polymerase) acts in cell nucleus by 
facilitating detection and repair of DNA single strand breaks. Tumours harbouring BRCA 
mutations depend more on PARP to repair DNA damage, which can occur spontaneously or 
induced by chemotherapy or radiotherapy. 

This knowledge has led to investigation and use of olaparib – an oral PARP1 and PARP2 
inhibitor. Olaparib can be used to treat metastatic or recurrent ovarian cancer in combination 
with chemotherapy. Studies have shown it to be more beneficial in BRCA mutation carriers. 
Median progression free survival was 12.2 in olaparib plus chemotherapy group versus 9.6 
months in chemotherapy alone group (p= 0.0012) [27]. 

As BRCA mutations are found in other human tumours such as breast and prostate cancer, it is 
an attractive field for further investigations to improve personalised targeted therapy in 
treatment of those tumours. 

 

 

4.1.7. Molecular profiling of tumour tissues for personalised targeted therapies 

Current main direction in personalised cancer therapies research is a broad tumour tissue 
molecular profiling for detection of potential targetable driver-mutations and pathways. 
Massive research programs are going on or are initiated, for example: 
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• Memorial Sloan Kettering Cancer Center program: (http://www.mskcc.org/msk-
researchers-develop-targeted-test-mutations-both-rare-and-common ) 

• MD Andreson Cancer Center program: (https://pct.mdanderson.org ) 

• WINTHER clinical trial: (https://clinicaltrials.gov/ct2/show/NCT01856296 ) 

• NCI-Molecular Analysis for Therapy Choice Program (NCI-MATCH) 
(http://www.cancer.gov/about-cancer/treatment/clinical-trials/nci-supported/nci-
match ) 

• Targeted Agent and Profiling Utilization Registry Study (http://www.asco.org/practice-
research/targeted-agent-and-profiling-utilization-registry-study) 
 

This approach is not standardized clinical practice yet, but has a great potential for the future. 
As an additional example, there is going on a national personalised medicine cancer program in 
Norway (http://oslocancercluster.no/portfolio-item/personalised-cancer-medicine/ ) with the 
aim to develop national personalised cancer therapy platform: “The purpose of the program is 

to establish a state-of-the art diagnostics infrastructure available to the Norwegian Healthcare 

system. This will ultimately result in optimized treatment decisions and cancer care.” 

At recent leading oncology conference - American Society of Clinical Oncology 2015 Annual 
Meeting - personalised medicine was one of the most popular topics. Molecular profiling has 
become more widely adopted and patients may experience benefits from directed therapies.  

Christophe Le Tourneau et al. [28] presented the results of the SHIVA trial. The SHIVA 
randomised phase II trial was designed to compare molecular targeted agents (MTA) based on 
profiling to conventional therapy based on oncologist's choice (TPC) in patients with refractory 
cancer. Biomarker results and subsequent randomisation allocated patients to receive hormone 
therapy, an mTOR pathway inhibitor or an inhibitor of the RAF/MEK pathway. The disease 
control rate was slightly higher in the molecular-guided therapy arm compared to the 
physician's choice of therapy arm (45% vs 39%). This was reflected in a trend towards 
progression free survival (PFS) benefit in the whole population where PFS in the MTA arm was 
slightly longer than in the TPC arm (2.3 months vs 2.0 months, HR 0.88).  

Schwaederle and colleagues [29] reported the results of a meta-analysis of 32,149 patients in 
570 phase II clinical trials. They found that a personalised strategy was independently 
associated with higher response rates, longer median PFS and overall survival (OS), as well as 
fewer toxic deaths. Non-personalised use of targeted treatments led to poorer outcomes than 
cytotoxics alone.  

A further study of precision oncology (PREDICT experience) was presented by Parker and 
colleagues [30]. Of 348 patients profiled using a Next-Generation Sequencing (NGS) approach, 
47 (13.5%) were treated with molecularly matched therapy after NGS results. 16/47 patients 
(34%) achieved stable disease (SD) > 6 months (n=7)/complete response (CR, n=0)/partial 
response (PR, n=9). These patients also had a significantly longer median PFS compared to their 
last available prior therapies. 

Wheler et al. at MD Anderson Cancer Center [31] showed the results of a prospective study 
comparing outcomes in patients with advanced malignancies on molecularly matched versus 
non-matched therapy. Of 500 consented patients, 339 patients were profiled (68%), 122 (24%) 
received a matched therapy and 66 (13%) received a non-matched therapy. 19% of patients 
receiving a matched therapy had clinical benefit (defined here as SD≥6 months/PR/CR) 
compared to 8% in the non-matched arm. Median TTF (2.8 vs 1.9 months) and median OS (9.3 
months vs 7.3 months) were also longer in the matched therapy arm. 
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Sohal et al. [32] described their experience of a prospective clinical study of precision oncology 
in solid tumours. From Aug 2013 to Oct 2014, 250 patients with solid tumours were enrolled 
and profiled using NGS alone. Of 223 tumours profiled, an alteration was found in 96% (n=214) 
with a median of 4 alterations per sample. At review by a genomics tumour board, it was 
declared that a biologically actionable alteration was declared in 63% (n=141) of cases. Only 
10% (n=22) of patients received tumour genomics driven targeted therapies. 12 went on clinical 
trials, 3 received on-label drugs and 7 received off-label drugs. This study highlights that a lack 
of suitable targeted therapies in genomic-driven clinical trials is a barrier to the success of 
precision oncology using NGS alone.  

These studies are of vital importance to understanding the application of tumour profiling to 
today's clinical practice. An approach that focuses on NGS alone brings outcomes, but only in 
selected patients for whom a targeted agent can be found.  

 

4.1.8. Estonian situation in molecular profiling of tumour tissues 

In Estonia testing of standard predictive tumour biomarkers (ER, PR, HER2, RAS, BRAF, EGFR, 
ALK, etc.) is implemented and standard of care.  

Panel testing for comprehensive tumour profiling is not implemented, for patients, who 
demand this option, respective service is ordered from abroad. At the moment there are no 
laboratories in Estonia, where panel testing of tumour tissues is implemented and validated, 
also there are no molecular tumour boards for treatment decisions. In perspective, it is 
necessary to develop respective laboratory and clinical capability also in Estonia, both for 
Estonian patients as well for  the medical export. Primary target groups are patients with 
advanced tumours without standard therapies and also patients with rare cancers. 

 

 

4.2 Personalised cancer prevention and early detection 

 

In this chapter we describe possibilities for personalised cancer prevention and early detection 
by the example of the breast cancer with extension also to the ovarian cancer (and in some 
amount to other cancers), as their hereditary susceptibility genes are common. 

 

Although similar principles are in some amount applicable for other cancer types with 
hereditary component (colorectal cancer, in lesser amount prostate cancer, etc.), we have 
narrowed our focus to the breast cancer for several reasons: 

• Assumptions and conditions provided for the Estonian personalised medicine pilot project; 

• Well-characterised high-risk genetic susceptibility; 

• Emerging evidence about multiple common susceptibility single nucleotide polymorphisms 
(SNPs) polygenic risk scores for breast cancer risk estimation; 

• Available evidence-based risk-detection models; 

• Available evidence-based risk-reducing strategies (life-style modifications, chemoprevention, 
screening, risk-reducing surgeries); 

• Standard mammography screening is in Estonia implemented, but effect of the screening is 
not satisfactory; 



  71 

• Possibilities to combine standardised evidence-based clinical approaches (proven health-
benefits) with innovative and experimental components (combination of high-risk genetic 
testing with multiple common susceptibility SNPs polygenic risk scores and other risk factors 
for personalised screening). 

 

A cell with normal DNA develops into a cancerous cell through the accumulation of genetic 
changes. Some of these alterations are sporadically acquired and others are inherited in the 
form of cancer predisposition genes. The last three decades have witnessed significant strides 
in our understanding of the genetic basis of cancer susceptibility. In the 1980s and 1990s, rare 
but highly penetrant cancer predisposition genes were identified by studying cancer-prone 
families showing Mendelian modes of inheritance.  

These investigations successfully implicated genes such as BRCA1 and BRCA2 in hereditary 
breast-ovarian cancer syndrome, DNA mismatch repair genes in Lynch syndrome, p53 in Li-
Fraumeni syndrome, and APC in familial adenomatous polyposis. Identification of the genetic 
basis of such syndromes has had a powerful impact on the practice of preventive oncology. The 
incorporation of cancer genetic testing into oncology marked one of the first applications of 
personalised genomics in medicine, because it allowed tailored cancer screening, prevention, 
and, in some cases, therapeutic measures.  

Recently, the applications of next-generation sequencing (NGS) technology have led to 
multiplex gene-panel testing and genome-wide sequencing, posing broad new challenges to 
clinical oncologists. The identification of cancer predisposition genes has led to the 
development of screening programs to identify patients “at-risk” of developing cancer and 
helps them make decisions on individual risk-modification behaviours. The clinical utility of 
common genetic variants in risk assessment continues to evolve. For example, as a result of 
large international consortia studies, 49 new loci were recently identified for breast cancer, 26 
for prostate cancer, and eight for ovarian cancer. With such additional discoveries, the 
incorporation of genetic susceptibility into models of risk stratification for public health 
programs and cancer screening may eventually be feasible [33].  

 

4.2.1. Cancer risks 

An etiologic agent or risk factor is anything that increases the probability that an individual will 
develop the disease. These risk factors can include demographic characteristics (e.g., increasing 
age or race/ethnicity) or lifestyle and behavioural factors, such as smoking, alcohol or 
overweight. They also include endogenous factors, such as genetic mutations that have been 
identified as predisposing a person for a disease, such as BRCA1 and BRCA2. Most cancers arise 
from a combination of genetic and exogenous factors that interact to define certain 
demographic patterns. 

Knowledge regarding genetic risk factors for a particular cancer and the ability to predict the 
development of a particular cancer can help oncologists develop and select intervention 
options and to target high-risk populations for interventions.  

 

Table 4–2. Selected Hereditary Neoplastic Syndromes (clinical tests available) [34]. 

Syndromes Sites of Most Common 
Cancers 

Associated Genes 
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Hereditary breast-ovarian 

cancer 

Breast, ovary BRCA1, BRCA2 

Cowden syndrome Breast, thyroid PTEN 

Li-Fraumeni syndrome Brain, breast, adrenal 
cortex, leukaemia, 
sarcoma 

TP53 

Familial adenomatous 
polyposis 

Large bowel, small bowel, 
brain, skin, bone 

APC 

Hereditary nonpolyposis 
colorectal cancer 

Colorectal and 
endometrium, also ovary, 
pancreas, stomach, small 
bowel 

MSH2, MLH1, PMS1, 
PMS2, MSH6 

Multiple endocrine 
neoplasia (MEN1) 

Pancreatic islet cell, 
pituitary adenoma, 
parathyroid adenoma 

MEN1 

MEN2 Medullary thyroid, 
pheochromocytoma 

RET 

Neurofibromatosis-1 Neurofibrosarcoma, 
pheochromocytoma 

NF1 

Von Hippel-Lindau 
syndrome 

Hemangioblastoma, 
nervous system, renal cell 

VHL 

Retinoblastoma Eye, bone RB1 

Melanoma, hereditary Skin CDKN2/p16, CDK4 

Basal cell Skin PTCH 

 

 

4.2.2. Cancer prevention and screening 

Prevention is intended to reduce cancer incidence and mortality. Cancer screening is an 
attempt to detect cancer or its precursors early in asymptomatic individuals, with the goal of 
intervening and decreasing morbidity and mortality. 

Chemoprevention and screening are options for certain high-risk populations, as is the 
modification of high-risk behaviour. People at high risk for cancer may engage in intensive 
screening for the cancer in question. Although such screening may be clinically prudent, it may 
be less effective for patients at very high risk. In theory, a screening test might benefit those at 
risk for sporadic cancers and may not benefit patients at genetically high risk for a cancer. 
Alternatively, a screening test proven effective for average-risk individuals is likely to be of 
greater value in those at higher risk. Certain screening tests may be of value in those at higher 
risk, but would not be useful in average-or lower-risk individuals because of cost or other 
problems, such as high rates of false-positive results. 

On basis of known cancer causes, it is estimated that more than half of the cancer occurring 
today is preventable by applying knowledge that we already have [35]. Data from the 
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Scandinavian Twin Registry show, that 16% of cancers are caused by hereditary factors, in case 
of breast cancer 28% (95% CI 12-52%) and in case of ovarian cancer 28% (95% CI 15-47%) [36, 
37]. 

 

4.2.3. Breast cancer epidemiology  

Breast cancer remains the most common malignancy diagnosed among women in the world, 
with nearly 1.7 million new cases diagnosed in 2012 (second most common cancer overall). This 
represents about 12% of all new cancer cases and 25% of all cancers in women (Source: Ferlay 
J, et al. GLOBOCAN 2012 v1.1, Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 
11 [Internet]. Lyon, France: International Agency for Research on Cancer; 2014. Available from: 
http://globocan.iarc.fr). 

 

4.2.4. Breast Cancer Risk Factors and Risk Prediction 

Age, reproductive factors, personal or family history of breast disease, genetic pre-disposition 
and environmental factors have been associated with an increased risk for the development of 
female breast cancer. 

• Age and gender: older age and female gender are the most important risk factors for the 
development of breast cancer. 

• Familial factors 

A family history of breast and/or ovarian cancer is associated with a higher risk of developing 
breast cancer. Approximately 5% to 10% of all breast cancers are associated with highly 
penetrant mutations in genes, such as BRCA1 and BRCA2. An additional 15% to 20% of women 
diagnosed with breast cancer have a positive family history, which may be a result of the 
inheritance of several low-penetrance genes that increase risk or, alternatively, shared 
environmental exposures. In some families, both the inheritance of low-penetrance genes and 
shared environmental factors may operate synergistically. Having first-degree relatives with 
breast cancer portends a 2-fold higher risk of developing breast cancer; however, this risk can 
increase to as high as 6- to 7-fold when there was a first-degree relative who was diagnosed at 
a young age, or when two first-degree relatives are affected [38, 39]. 

Having a previous diagnosis of breast cancer is also associated with a higher risk of developing 
contralateral disease, which can be compounded when a family history of breast cancer is 
present. 

 

Table 4–3. Established Risk Factors for Breast Cancer: Fixed Factors 

Factor Relative Risk 

Gender (female vs. male) 100 

Age (less than 50 vs. over 50) 6.7 

Endocrine factors: 

Age of menarche (less than 10) 

Age at first birth (more than 35) 

Null parity 

 

1.4 to 1.9 

1.7 

1.4 
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Age at menopause (more than 55) 1.3 

Benign breast disease 

ADH, LCIS 

 

4.0 to 5.0 

Family history: 

First-degree relatives 

BRCA1/BRCA2 mutation 

P53 (Li-Fraumeni) 

Cowden syndrome 

 

2.0 to 7.0 

10 to 30 

1.5 to 6.0 

2.0 to 4.0 

Therapeutic radiation 35 

Modifiable Factors:  

Exogenous hormones: 

Oral contraceptive pills 

Oestrogen replacement ( more than 10 years) 

Oestrogen and progesterone 

 

0.9 to 1.0 

1.1 

1.4 to 3.0 

Obesity (BMI more than 30)  

Exercise (more than 3 hours per week)  

Alcohol use 1.1 to 2.2 

Diet 1.0 

Mammographic density 2.2 to 5.3 

 

Hereditary breast cancer is characterized by the presence of high-penetrance genotypes, 
inheritance through maternal or paternal ancestry, and associations with other malignancies. 
Other malignancies that can be linked with a familial breast cancer syndrome include epithelial 
ovarian/fallopian tube/primary peritoneal cancer, pancreas cancer, aggressive prostate cancer, 
sarcoma, thyroid cancer, brain tumours, endometrial cancer, and diffuse gastric cancer.  

In general, the presence of an inherited predisposition to breast cancer can be connected with 
the following characteristics: onset of breast cancer at age 50 or younger, triple-negative breast 
cancer (TNBC; negative oestrogen receptor [ER], negative progesterone receptor [PR], and 
negative HER2 overexpression), one or more primary breast cancers diagnosed at age 50 or 
younger, or one or more ovarian/fallopian tube/primary peritoneal cancers in a family, breast 
and ovarian cancer arising within a single individual, male breast cancer, family member with a 
known deleterious mutation in a susceptibility gene, a combination of breast cancer and one or 
more of the previously stated malignancies, and Ashkenazi Jewish ancestry [40]. 

The optimal individual to undergo genetic testing within a family is the youngest woman who 
carries the diagnosis of either ovarian or breast cancer. If a genetic linkage is not found in that 
individual, further testing among family members is usually not beneficial, unless there is a 
suspicion that the tested individual has a spontaneous breast cancer (phenocopy). In that 
setting, a second affected individual within the family should be tested. 
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Germ-line mutations in several genes have been identified as being associated with a high 
probability of developing breast and/or ovarian cancer, the most common genes being BRCA1 
and BRCA2. The transmission of mutations in BRCA1 or BRCA2 is autosomal-dominant. BRCA1 
and BRCA2 function as tumour suppressor genes that protect chromosomal stability by 
enabling homologous recombination following double-strand DNA breaks.  

Mutations in BRCA1 appear to be associated primarily with breast and ovarian cancer risk, 
which “contrasts with BRCA2 mutations that can be associated with other malignancies such as 
“prostate cancer (relative risk [RR] 7.33 with age younger than 65), pancreas cancer (RR 3.51), 
malignant melanoma (RR 2.58), gallbladder and bile duct cancer (RR 4.97), and stomach cancer 
(RR 2.59) [41, 42]. The risk of developing male breast cancer before age 80 is approximately 7% 
among BRCA2 mutation carriers [43]. Among women with BRCA1 or BRCA2 mutations, the risk 
of developing breast cancer over a lifetime is an estimated 50% to 75%. The risk of developing 
ovarian cancer is higher with a BRCA1 mutation (30% to 40%) than with a BRCA2 mutation (10% 
to 20%) [44]. The development of contralateral breast cancer is also increased (RR 3.4 for 
BRCA2 and RR 4.5 for BRCA1), although this risk is less pronounced among women older than 
age 50 (10.8%) compared with those patients who were diagnosed younger than age 30 
(28.2%) [45]. Women with a BRCA1 mutation can have a 1.6-fold higher risk of developing a 
contralateral breast cancer compared with women carrying a BRCA2 mutation. 

 

There are now a number of multiplex test panels that assess both “high- and moderate-
penetrance genes for use in families who test negative for a known familial cancer syndrome, 
yet have characteristics suggestive of an inherited risk [46]. The challenges of using these 
panels include a limited understanding of risk associated with moderate-penetrance genes and 
high prevalence of detecting variants of uncertain significance.  

 

4.2.5. Breast cancer risk determination models 

The components of risk assessment are likely to include genetic susceptibility variants, other 
biomarkers, a data set of personal, clinical and family history information, reproductive 
information and environmental or lifestyle factors. The precise components of this information 
and the methods for collection must be studied to determine the most cost-effective 
approaches. For example, non-genetic information, such as alcohol intake, obesity and family 
history, might be obtained by paper, electronic or in-person questionnaires. The final set of 
information will form a tool or instrument for risk estimation, whose effectiveness should be 
validated, for example, using population cohorts. 

Policymakers must also decide whether information collection will be a one-time occurrence or 
take into account changing circumstances (such as family history), being updated over time. For 
genetic information, the set of SNPs to be analysed should be chosen on the basis of evidence 
from the latest scientific findings, and, again, this set of markers should be subject to external 
scrutiny and will need to be updated over time.  

Several risk prediction models are available to predict the risk of developing breast cancer 
based upon family history and/or to determine the probability of carrying a BRCA mutation.  

The Claus Model includes first- and second-degree relatives with breast and/or ovarian cancer, 
and incorporates the age at diagnosis [47]. 

BRCAPRO [48], the Tyrer-Cuzick Model (the International Breast Cancer Intervention Study 
[IBIS]) [49], and the Breast and Ovarian Analysis of Disease Incidence and Carrier Estimation 
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Algorithm (BOADICEA) Model [50] all calculate risk based upon a probability of carrying a 
genetic mutation [51]. 

The modified Gail Model (www.cancer.gov/bcrisktool ) is the most widely used risk assessment 
tool, which incorporates non-genetic factors such as current age, age at menarche, and age at 
first full-term pregnancy or null parity, number of breast biopsies and presence of atypical 
hyperplasia, number of first-degree relatives with breast cancer, and race.  

The modified Gail Model is an excellent tool to determine risk on a population basis; however, 
the 5-year or lifetime risk of disease calculated for an individual woman is not robust. This 
model will also underestimate risk if there is a significant genetic predisposition. Prevention 
strategies are often considered when the modified Gail Model calculates a 5-year risk 
exceeding 1.67%; however, this calculation does not take into account other factors such as 
breast density or presence of LCIS, and may also underestimate the risk associated with atypia 
[52]. 

Limitations of models: 

These risk calculations have been validated for women in the U.S. who are screened regularly 
for breast cancer. 

Risk estimates do not allow one to say precisely which woman will develop breast cancer. In 
fact, some women who develop breast cancer may have lower estimated risks than some 
women who do not develop breast cancer. 

The BCRAT was not designed to estimate risk for women: 

- With a prior diagnosis of breast cancer, lobular carcinoma in situ (LCIS), or ductal carcinoma in 
situ (DCIS); 

- Who have received previous radiation therapy for treatment of Hodgkin lymphoma? 

- With gene mutations in BRCA1 or BRCA2, or those, who are known to have certain genetic 
syndromes that increase risk for breast cancer. 

Summary of risk determination models: 

• Claus Model 

• BRCAPRO Model: http://bcb.dfci.harvard.edu/bayesmendel/brcapro.php 

• International Breast Cancer Intervention Study (IBIS) Model (Tyrer-Cuzick Model): 
http://www.ems-trials.org/riskevaluator/ 

• Breast and Ovarian Analysis of Disease Incidence and Carrier Estimation Algorithm 
(BOADICEA): http://ccge.medschl.cam.ac.uk/boadicea/ 

 

Risk factors used in these models are: 

• Age 

• Body mass index 

• Age at menarche 

• Age at first live birth 

• Age at menopause 

• Number of breast biopsies 

• History of atypical hyperplasia 

• Number of first-degree relatives with breast cancer 

• Number of second-degree relatives with breast cancer 
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• Number of third-degree relatives with breast cancer 

• Race 

• Age of onset of breast cancer in a relative 

• Bilateral breast cancer in a relative 

• Ovarian cancer in a relative 

• Male breast cancer in a relative 

• Hormone replacement therapy use 

• Presence of atypical hyperplasia, lobular carcinoma in situ 

 

 

4.2.6. Risk-reducing surgery 

Selective preventative strategies can be used in female carriers of mutations in the BRCA1 or 
BRCA2 genes, which give a 45–65% chance of developing breast cancer by the age of 70. These 
genes also increase the risk of ovarian, colon and prostate cancer. Individualized genetic testing 
for the BRCA genes is available for individuals with a strong family history of breast cancer. 
Prophylactic options for individuals found to be carriers include removal of breast tissue, 
oophorectomy or chemical oestrogen deprivation. A Cochrane review found that worry over 
breast cancer was significantly reduced following a mastectomy, and that it was effective in 
reducing the incidence of deaths from breast cancer.  

Women with the following characteristics may consider risk-reducing surgery (RRS): women 
who have tested positive for a high-penetrance genetic mutation, women with a strong family 
history of breast cancer that is not associated with BRCA, and women with a strong family 
history who have not been tested for a genetic linkage.  

Surgical prevention of breast cancer specifically relates to bilateral risk-reducing mastectomy 
(RRM). In addition, there is a significant contribution to breast cancer risk reduction from risk-
reducing bilateral salpingo-oophorectomy (RRSO). Both lifestyle and medical risk-reducing 
strategies can be discussed with women who have any degree of breast cancer risk. 

Prophylactic bilateral mastectomy to prevent breast cancer has not been assessed by 
randomized trials. In a prospective series of 139 women with BRCA1 and BRCA2 mutations, 76 
chose prophylactic bilateral mastectomy, and 63 chose close surveillance. At 3 years, there was 
no breast cancer diagnosed in those who chose surgery; eight women in the surveillance group 
had been diagnosed with breast cancer. This study is small, of short duration, and, by design, 
prone to selection biases. However, it is fair to say that the short-term risk of breast cancer 
appears to be lower for women with certain BRCA1 and BRCA2 mutations who choose 
prophylactic mastectomy. Because this surgery leaves some breast tissue behind, a patient’s 
risk is not reduced to zero. When coupled with prophylactic bilateral salpingo-oophorectomy, 
ovarian cancer risk is markedly decreased, and there is an added benefit for breast cancer 
prevention. Retrospective analysis of mastectomies for 214 women at high risk of “breast 
cancer because of family history suggests that prophylactic mastectomy can lead to a 90% 
reduction in risk [53]. 

A recent Cochrane review concluded that bilateral prophylactic mastectomy for those at very 
high risk of breast cancer (e.g., those with deleterious BRCA mutations) was effective in 
reducing the incidence and subsequent mortality from breast cancer [54]. 

Improvements in surgical technique appear to result in a greater risk reduction from RRM than 
previous data had demonstrated [55, 56]. Skin-sparing mastectomy is as effective as total 
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mastectomy (removing all breast tissue without axillary lymph node dissection), whereas the 
safety of nipple-sparing mastectomy is still being evaluated in this setting. Reconstructive 
surgery following mastectomies does not appear to increase breast cancer risk. In the absence 
of a BRCA mutation, prophylactic contralateral mastectomy performed following the diagnosis 
of invasive breast cancer has not been associated with an improvement in overall survival. 

Because of the difficulty in detecting ovarian or fallopian tube cancer at an early stage, women 
with BRCA mutations are recommended to undergo RRSO by age 40 or at the completion of 
childbearing. Several studies indicate that performing a bilateral prophylactic salpingo-
oophorectomy may substantially reduce the risk of ovarian cancer for women who are carriers 
of deleterious BRCA1 or BRCA2 mutations (approximately 80% lower risk of ovarian and 
fallopian tube cancers with follow-up of less than 10 years from surgical procedure) [57, 58]. 

One large study of patients from 11 centres investigated 1,079 women with deleterious BRCA 
mutations and compared those who self-selected salpingo-oophorectomy to those who did 
not. With 3 years of follow-up, the prophylactic surgery was associated with an 85% reduction 
in risk of gynaecologic cancer and a 72% reduction in risk of breast cancer in the BRCA1 group, 
but there was no clear benefit for BRCA2 carriers [59]. RRSO has been shown to decrease the 
risk of developing ovarian cancer by approximately 85% (HR 0.14), reduce the risk of developing 
a first diagnosis of breast cancer among both BRCA1 and BRCA2 mutation carriers (HR 0.63 and 
HR 0.36, respectively), and is associated with a lower breast cancer–specific mortality (HR 0.44), 
lower all-cause mortality (HR 0.40), and lower ovarian cancer–specific mortality (HR 0.21) [56]. 
A meta-analysis of 10 studies confirmed this level of risk reduction across a large population of 
high-risk women [60]. 

Subsequent to RRSO, there remains an elevated risk of developing primary peritoneal 
carcinoma among BRCA mutation carriers. There appears to be an age effect of RRSO on breast 
cancer risk, wherein women who undergo RRSO after age 50 do not obtain a significant 
reduction in risk of developing breast cancer. RRSO does not seem to affect the risk of 
developing contralateral breast cancer after a prior diagnosis of breast cancer. The concern 
about the adverse effect on mortality from inducing early menopause can be safely 
ameliorated with short-term HRT given until age 50, without an apparent compromise in the 
overall benefit of RRSO on breast cancer risk [55]. 

 

4.2.7. Medical risk reduction (chemoprevention) 

Breast cancer is hormonally driven and chemoprevention is an attractive, albeit nonselective, 
management strategy. The selective oestrogen receptor modulator tamoxifen has been shown 
in a number of phase III randomized controlled trials to reduce the incidence of breast cancer 
by 16–49% in high-risk females. A double-blind prospective randomized controlled trial of more 
than 19,000 postmenopausal women showed raloxifene, another selective oestrogen receptor 
modulator, to be an alternative, effective option, with fewer side effects in postmenopausal 
women at high risk of developing breast cancer. 

When used for the treatment of invasive breast cancer, endocrine therapy has resulted in a 
significant reduction in risk of developing contralateral breast cancer. The 15-year follow-up of 
the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) overview analysis demonstrated 
a 39% reduction in the development of a primary contralateral breast cancer with 5 years of 
adjuvant tamoxifen use [61]. 

Tamoxifen has mixed estrogenic and anti-estrogenic activities. It acts as an oestrogen agonist in 
the endometrium and bone and as an oestrogen antagonist in breast tissue. It also up-regulates 
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transforming growth factor-beta, which decreases breast cell proliferation. In randomized, 
placebo-controlled trials to assess tamoxifen as adjuvant therapy for patients with early-stage 
breast cancer, this drug was found to prevent new cancers in the contralateral breast. The 
Breast Cancer Prevention Trial was a randomized, placebo-controlled study of more than 
13,000 women at high risk of breast cancer. The trial defined a high-risk cohort as pre- or 
postmenopausal women older than age 60, or women age 35 or older with a 5-year predicted 
risk of developing disease of 1.66% or higher as predicted by the Gail Model (see Risk 
Determination Models section), or women with a diagnosis of LCIS. The 13,388 women enrolled 
in the BCPT were randomly assigned to receive 20 mg of tamoxifen daily for 5 years or a 
placebo [61]. A 7-year follow-up report supported the earlier results, demonstrating that 
“tamoxifen reduced the risk of developing invasive breast cancer by 43%. The incidence of ER-
positive invasive “breast cancer was reduced by 62%; tamoxifen use did not affect the risk of 
ER-negative breast cancer. The risk of developing non-invasive breast cancer (i.e., DCIS) was 
also reduced by 37%. All subtypes of risk groups achieved a benefit from tamoxifen [62, 63]. 

These results were supported by several other randomized trials involving tamoxifen, including 
the International Breast Intervention Study-1 (IBIS-1) trial (34% risk reduction), the Royal 
Marsden Tamoxifen Prevention trial (39% risk reduction), and the Italian Randomized 
Tamoxifen Prevention trial (76%) [64–66]. The eligibility requirements of these studies varied, 
as did the acceptance of concurrent HRT or bilateral oophorectomy among participants, making 
cross-study conclusions more difficult. In general, all studies demonstrated that tamoxifen 
reduced the risk of developing invasive breast cancer; however, the Royal Marsden study 
showed the benefit of risk reduction for ER-positive breast cancer occurred primarily after 
completing 5 years of tamoxifen, and the Italian trial only demonstrated a significant reduction 
in risk of ER-positive disease among women at very high risk. None of the studies demonstrated 
an effect on all-cause mortality [67]. 

Both the prevention studies and the studies using tamoxifen “for the treatment of breast 
cancer demonstrated an association between tamoxifen use and an increased incidence of 
endometrial cancer, thromboembolic phenomenon, cataracts, gynaecologic and vasomotor 
symptoms (vaginal discharge and hot flashes), and possibly stroke. Tamoxifen also has been 
shown to reduce the incidence of bone fractures among postmenopausal women. The risk of 
endometrial cancer is increased with tamoxifen use (RR 3.3), which translates into a 1.6% risk 
with tamoxifen compared with a baseline 0.7% risk over 7 years [62]. The majority of the 
endometrial cancers were stage I adenocarcinomas found among women older than age 50, 
and were associated with postmenopausal vaginal bleeding. There are no data which support 
routine screening for endometrial cancer using transvaginal ultrasound or biopsy, unless 
abnormal vaginal bleeding is present [65].The risk of thromboembolic events was also 
increased (RR 1.9), and was primarily venous (deep venous thrombosis, pulmonary embolism). 
The risk of stroke is not consistently increased among the tamoxifen studies, and this 
association is not supported by large population studies. 

A second-generation SERM, raloxifene, was shown to reduce the incidence of invasive breast 
cancer by 69% to 72% when investigated as a treatment for osteoporosis in two clinical trials, 
“the Multiple Outcomes Raloxifene Evaluation (MORE) and Continuing Outcomes Relevant to 
Evista (CORE) trials [68].  

The NSABP Study of Tamoxifen and Raloxifene (STAR) trial compared the efficacy of 5 years of 
tamoxifen to raloxifene among postmenopausal women who met the same high-risk criteria 
defined in the BCPT [68]. The initial evaluation after a median follow-up of 4 years 
demonstrated no difference between the effects of the two SERMs in the development of 
invasive breast cancer among the 19,747 women enrolled in the STAR trial. However, after an 
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extended follow-up of nearly 8 years, raloxifene retained 76% of the effectiveness of tamoxifen 
in reducing the risk of invasive cancer. Whereas the initial evaluation of the STAR trial showed 
no statistical effect of raloxifene on DCIS risk, the 8-year follow-up revealed raloxifene to be 
about 78% as effective as tamoxifen in reducing the risk of developing DCIS [69]. There was no 
difference in mortality outcome between the two SERMs. Raloxifene use was associated with 
significantly less toxicity “compared with tamoxifen—specifically, fewer endometrial cancers 
and thromboembolic events. Thus, while raloxifene did not appear to decrease “breast cancer 
risk as well as tamoxifen did, its better safety outcome makes it a reasonable chemoprevention 
alternative to tamoxifen in postmenopausal women. 

A recent meta-analysis of the individual participant data from all randomized prevention trials 
involving SERMs, including arzoxifene and lasofoxifene (nine trials with 83,399 participants), 
revealed a 10-year cumulative incidence of developing breast cancer equaling 6.3% versus 4.2% 
among controls and participants, respectively [70]. The reduction in breast cancer was evident 
in years 0 to 5 (42%) and years 5 to 10 (25%). The increased risk of endometrial cancer was 
confined to tamoxifen use during years 0 to 5 (HR 1.64), and although venous thromboembolic 
events were increased overall, there was no effect on incidence of myocardial infarction, 
stroke, or transient ischemic attacks. SERM use had no effect on the risk of developing ER-
negative breast cancer or on overall mortality. 

Clinical trials exploring the efficacy of aromatase inhibitors (AIs) compared with tamoxifen for 
the treatment of early-stage breast cancer have shown a 48% relative reduction in risk of 
developing contralateral breast cancer with the use of an AI. These data prompted the 
investigation of exemestane, a steroidal third-generation AI, in the “use of an AI. These data 
prompted the investigation of exemestane, a steroidal third-generation AI, in the prevention of 
invasive “breast cancer among postmenopausal women at high risk. In addition, AIs have not 
been shown to increase the risk of endometrial or uterine cancer, nor are they associated with 
an increased risk of thromboembolic phenomenon. The general eligibility criteria for enrolment 
on the placebo-controlled National Cancer Institute of Canada Clinical Trials Group Mammary 
Prevention (NCIC CTC MAP.3) trial were essentially the same as those used for the BCPT and 
STAR trial [71]. Ethical justification for this placebo-controlled trial stemmed from the lack of 
benefit in mortality seen with the use of U.S. Food and Drug Administration (FDA)–approved 
SERMs for prevention. The results of the MAP.3 prevention trial demonstrated a 65% reduction 
in the incidence of invasive breast cancer and a 73% reduction in the incidence of ER-positive 
invasive breast cancer among women taking 5 years of exemestane compared with placebo. 
Although adverse events were more common in the exemestane group (88% vs. 85%; p = 
0.003), only arthritis and menopausal symptoms were statistically more frequent. The 
international, randomized, placebo-controlled trial known as IBIS-II supported the finding that 
AIs, in this case 5 years of anastrozole, reduced the risk of developing hormone receptor–
positive invasive breast cancer and DCIS by more than 50% (HR 0.47; p < 0.0001) among 
“menopausal women at high risk of developing breast cancer [72]. 
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4.2.8. Summary of recommendations for medical prevention 

Both tamoxifen and raloxifene have been approved to be used in the prevention of breast 
cancer; however, raloxifene is only approved for use in postmenopausal women [73]. 
Tamoxifen (20 mg daily for 5 years) can be offered to pre-menopausal women at high risk of 
developing breast cancer. Postmenopausal women who lack a uterus can also be offered 
tamoxifen for risk reduction. The criteria for risk are described by the BCPT trial. Raloxifene (60 
mg daily for 5 years) can be offered to postmenopausal women with an intact uterus who have 
a risk profile as described. Women can use raloxifene for longer than 5 years if the medication 
is used to treat osteoporosis; however, the studies examining its effect on breast cancer risk 
only used a 5-year duration of treatment [74]. Very few women with BRCA mutations have 
been specifically evaluated in the prevention trials; therefore, the role of primary medical 
prevention in “this population is not well known. However, recent data suggest that tamoxifen 
can reduce the development of contralateral breast cancers in BRCA1 (42% risk reduction) or 
BRCA2 (52% risk reduction) mutation carriers following the diagnosis of breast cancer [75]. 
Extrapolating from these data, tamoxifen can be offered as a medical prevention strategy 
among BRCA-positive patients who have not been diagnosed with breast cancer, similar to 
high-risk women who are not mutation carriers. Although exemestane has been shown to 
reduce the risk of invasive breast cancer among high-risk postmenopausal women, it has not 
been FDA-approved for this indication as of June 2014. The use of other medications for breast 
cancer prevention (e.g., metformin, aspirin) remains investigational. 

 

4.2.9 Lifestyle modifications for risk reduction 

Physical Activity 

A significant amount of data supporting lifestyle modification associated with a reduction in risk 
of developing breast cancer stems from extrapolation from studies that link lifestyle factors and 
risk of a second primary contralateral breast cancer or systemic breast cancer recurrence. 
Moderate exercise for 2 to 3 hours per week has been reported to reduce breast cancer 
recurrence “and all-cause mortality by approximately 40% to 67% [76]. Three prospective 
cohort studies have demonstrated that current total or recreational exercise can reduce the 
incidence of breast cancer by 20% to 30%, primarily among premenopausal women [77]. The 
biologic mechanism behind physical activity and risk reduction is unknown, although some 
studies support an interaction among oestrogen, fasting insulin levels, insulin resistance, and 
lipid metabolism [76]. While it can be argued that the true effect of physical activity on breast 
cancer recurrence has not yet been conclusively proven, it has far-reaching benefits for 
improvement in overall health. 

Diet and Weight Change 

The correlation among alcohol consumption, obesity, and the risk of breast cancer is well 
established. However, the current data that support risk reduction as it applies to alcohol and 
obesity focus on avoidance of the exposure or attribute, rather than introducing specific 
interventions. The majority of studies have not conclusively supported a reduction in risk from 
an increased consumption of fruits and vegetables. Although a study from the Women’s Health 
Initiative suggested a 9% reduction in risk when women consumed a low-fat diet, prospective 
studies evaluating dietary changes and effect on breast cancer risk have not been conclusive 
[77, 78]. 
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4.3 Breast cancer screening 

 

Studies of breast self-examination have not shown that this practice decreases mortality. The 
results of the largest randomized, controlled study of breast self-examination reported to date 
showed both an increased rate of biopsy and enhanced detection of benign lesions but little or 
no stage shift and no reduction in breast cancer mortality [79, 80]. 

Findings from several randomized trials indicate that screening women older than 50 with 
normal risk using mammography alone or mammography and clinical breast examination every 
1 to 2 years decreases mortality by 20% to 30%. Each trial has been criticized for a certain 
aspect of its design, but there is power in the consistency of the observations [81]. 

Experts disagree on whether women of average risk between ages 40 and 49 benefit from 
screening. A meta-analysis of seven large randomized trials showed no benefit from 
mammography screening for women in this age group when assessed 5 to 7 years after trial 
entry [82]. There was a small benefit for women at 10 to 14 years after entry, which may have 
been the result of screening these women after they turned 50. Nonetheless, current U.S. 
guidelines recommend initiating screening at age 40. There is no consensus on the age at which 
to cease screening. A recent re-analysis suggested that screening before age 50 was not 
necessarily beneficial [83]. 

Mammography may not be as sensitive for detecting breast cancers among women with BRCA1 
or BRCA2 mutations, possibly because these women tend to develop cancers at a younger age, 
when mammography is less sensitive. Studies have suggested that MRI has greater sensitivity 
than mammography or ultrasound. Its high cost and unproven survival benefit make it 
undesirable for general use, but it can increase yield in a cost-effective fashion for young BRCA 
mutation carriers [84] and for other women at increased risk for breast cancer [85]. American 
Cancer Society has developed guidelines for the use of MRI for women who have a lifetime risk 
of breast cancer that is 20% to 25% or greater as determined by the BRCAPRO statistical model 
or in some other way [86]. 

 

4.3.1. Screening for Average Risk  

Effective screening for breast cancer detects disease during the preclinical phase (i.e., prior to 
the development of symptoms) and therefore has a favourable impact on breast cancer–
related mortality based upon the premise that earlier-stage disease is associated with a more 
favourable prognosis. Decades of controversy have surrounded standard screening 
recommendations for breast cancer because the published randomized trials are plagued by 
inconsistent quality of imaging, flawed study design or execution, insufficient duration of 
follow-up, and problems regarding lead-time bias. Unfortunately, additional randomized trials 
will never be performed; we are limited by the current data at hand. There are continual 
updated examinations of these studies in order to determine the efficacy of screening 
mammography for average-risk women based on age and screening interval. For this reason, it 
is fair to review the most recent evaluation of screening recommendations. Data from an 
evaluation of the randomized trials published in 2002 suggested a 22% reduction in breast 
cancer mortality among women older than age 50 undergoing mammographic screening. An 
updated evaluation of these randomized trials in 2009 demonstrated a 14% benefit among 
women age 50 to 59, and a 32% benefit among women between age 60 and 69 [87]. The effect 
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of mammographic screening on breast cancer mortality among women age 40 to 49 or older 
than age 70 is less robust. An evaluation of eight randomized trials demonstrated a 15% 
reduction in breast cancer mortality with screening among women age 39 to 49; however, no 
strong data exist that provide a statistical benefit with screening women older than age 70. 

The optimal interval for mammographic screening is not known. Based on six modelling groups 
that estimated benefits, risks, and use of resources, biennial screening interval was found to be 
most favourable among all age groups [88]. The optimal starting age remains unclear and is 
based upon personal risk. The U.S. Preventive Services Task Force (USPSTF) recommends 
initiating biennial screening at age 50 and continuing until age 74 [78]. The American Cancer 
Society (ACS) recommends continuation of screening after age 70 as long as significant 
comorbid conditions do not exist, life expectancy is appreciable, and the woman is a candidate 
for treatment [89]. The ACS also supports annual imaging beginning at age 40.  

 

4.3.2. Screening for high-risk 

The routine use of magnetic resonance imaging (MRI) screening for the general population of 
asymptomatic women is not recommended by virtue of the high cost, limited access, and high 
false-positive rates associated with MRI. Given its substantial sensitivity, this modality is most 
optimal in screening a high-risk population. Among patients with BRCA mutations, screening 
mammography can miss more than 50% of all breast cancers. Supplementing mammography 
with MRI has been shown to improve the sensitivity from the 25% to 59% seen with 
mammography to 80% to 100% when MRI is added [90]. The specificity of combined 
mammogram and MRI is lower (73% to 93%) than the specificity of mammography alone. 
Annual MRI screening among BRCA carriers has been shown to detect more interval cancers 
and earlier-stage cancers (DCIS and stage I, 13.8% with MRI vs. 7.2% without MRI) compared 
with women not screened with MRI [91]. Adding annual MRI screening to mammography is 
associated with a 70% reduction in the incidence of lymph node–positive or large invasive 
breast cancers. 

This impressive improvement in detection of earlier-stage disease in high-risk women 
prompted ACS to review and present recommendations for annual MRI screening in 
conjunction with mammography for specific high-risk groups [89]. Clear evidence exists to 
support the recommendation for annual MRI screening with mammography for BRCA carriers. 
First-degree relatives of a BRCA carrier who are untested are considered high-risk and should 
be offered annual MRI screening. Women with other inherited risk factors, such as Li-Fraumeni 
or Cowden syndrome, are also recommended to have MRI screening, as are women who 
received mantle radiation for the treatment of lymphoma prior to age 30. Caution must be 
used in recommending annual MRI screening for women whose estimated lifetime risk of 
developing breast cancer is greater than 20%, since ACS guidelines specifically state “that this 
risk should be determined by calculations “obtained using risk models that are dependent upon 
family history, such as BRCAPRO. The Gail Model does not meet these criteria (see Risk 
Determination Models section). There is not enough evidence to date to support annual MRI 
screening for women with dense breast tissue or the diagnosis of LCIS, atypical ductal 
hyperplasia, or DCIS. In addition, data are insufficient to support routine MRI screening for all 
women who have a history of invasive cancer as their only risk factor. 
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4.3.3. Nuances of High-Risk Breast Cancer Screening 

The majority of the data supporting recommendations for breast cancer screening among 
women at high risk due to hereditary factors stems from studies among BRCA carriers. 
However, the recommendations for screening apply to all of the hereditary breast cancer 
syndromes. In general, screening for hereditary breast cancer begins at age 25 and includes 
annual mammography and annual breast MRI with biannual clinical breast exams. Since an 
estimated 29% of BRCA-associated cancers present as “interval” cancers (i.e., cancers 
presenting during the interval following a normal mammogram), women will often have their 
breast imaging (mammogram and MRI) alternate every 6 months coincident with their clinical 
breast examination, although “no data supports a superiority in this screening schedule over 
that of administration of both imaging modalities on the same occasion [92]. Women with 
other characteristics associated with high risk (e.g., LCIS or familial risk) should continue with 
annual mammograms and biannual clinical breast examinations. Initiation of screening should 
begin approximately 10 years earlier than the age of the youngest woman in the family 
diagnosed with breast cancer, but not later than age 40. 

Recent review about new evidence on the benefits and harms of risk assessment, genetic 
counselling, and genetic testing for BRCA-related cancer in women revealed that genetic 
counselling increased the accuracy of risk perception and decreases the intention for genetic 
testing among unlikely carriers and cancer-related worry, anxiety, and depression; among high-
risk women and mutation carriers, risk-reducing mastectomy decreased breast cancer by 85% 
to 100% and breast cancer mortality by 81% to 100% compared with women without surgery; 
risk-reducing salpingo-oophorectomy decreased breast cancer incidence by 37% to 100%, 
ovarian cancer by 69% to 100%, and all-cause mortality by 55% to 100% [93]. 

 

4.3.4. Personalised screening  

Preliminary risk stratification will add new complexities to the prevention program. First, 
appropriate systems for inviting and recalling people for risk assessment and screening need to 
be in place. Second, there should be a standard protocol for taking consent, performing genetic 
sampling and using a standardized risk assessment tool to integrate genetic data from an 
individual with environmental, lifestyle and hormonal data. Third, the level of risk of cancer will 
dictate the care pathway followed, with different pathways being followed for each risk 
stratum. Before implementation of a stratified screening program using genetic information, 
some health professionals will require new competencies to explain the new system, undertake 
assessment, and communicate results. 

U.S. Preventive Services Task Force recommendation statement on risk assessment, genetic 
counselling, and genetic testing for BRCA-related cancer in women [94]: 

“The USPSTF recommends that primary care providers screen women who have family members 

with breast, ovarian, tubal, or peritoneal cancer with 1 of several screening tools designed to 

identify a family history that may be associated with an increased risk for potentially harmful 

mutations in breast cancer susceptibility genes (BRCA1 or BRCA2). Women with positive 

screening results should receive genetic counselling and, if indicated after counselling, BRCA 

testing. The USPSTF recommends against routine genetic counselling or BRCA testing for women 

whose family history is not associated with an increased risk for potentially harmful mutations 

in the BRCA1 or BRCA2 genes.” 
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A review about the possibilities of personalised screening [95]: 

“Breast cancer screening holds a prominent place in public health, health care delivery, policy, 

and women's health care decisions. Several factors are driving shifts in how population-based 

breast cancer screening is approached, including advanced imaging technologies, health system 

performance measures, health care reform, concern for "over diagnosis," and improved 

understanding of risk. Maximizing benefits while minimizing the harms of screening requires 

moving from a "1-size-fits-all" guideline paradigm to more personalised strategies. A refined 

conceptual model for breast cancer screening is needed to align women's risks and preferences 

with screening regimens. A conceptual model of personalised breast cancer screening is 

presented herein that emphasizes key domains and transitions throughout the screening 

process, as well as multilevel perspectives. The key domains of screening awareness, detection, 

diagnosis, and treatment and survivorship are conceptualized to function at the level of the 

patient, provider, facility, health care system, and population/policy arena. Personalised breast 

cancer screening can be assessed across these domains with both process and outcome 

measures.” 

 

4.3.5. Multi-gene testing 

The recent introduction of multi-gene testing for hereditary forms of cancer has rapidly altered 
the clinical approach to testing at-risk patients and their families. Based on next-generation 
sequencing technology, these tests simultaneously analyse a set of genes that are associated 
with a specific family cancer phenotype or multiple phenotypes.  

Patients who have a personal or family history suggestive of a single inherited cancer syndrome 

are most appropriately managed by genetic  testing for that specific syndrome. When more 
than one gene can explain an inherited cancer syndrome, than multi-gene testing, may be more 

efficient and/or cost-effective.   

There is also a role for multi-gene testing in individuals who have tested negative 

(indeterminate) for a single syndrome, but whose personal  or family history remains strongly 

suggestive of an inherited susceptibility.   

As commercially available tests differ in the specific genes analysed (as well as classification of 

variants and many other factors), choosing  the specific laboratory and test panel is important.  

Multi-gene testing can include “intermediate” penetrant (moderate-risk) genes. For many of 

these genes, there are limited data on the degree  of cancer risk and there are no clear 
guidelines on risk management for carriers of mutations. Not all genes included on available 
multi-gene tests are necessarily clinically actionable. As is the case with high-risk genes, it is 
possible that the risks associated with moderate-risk genes may not be entirely due to that 
gene alone, but may be influenced by gene/gene or gene/environment interactions. Therefore, 
it may be difficult to use a known mutation alone to assign risk for relatives. In many cases the 
information from testing for moderate penetrance genes does not change risk management 
compared to that based on family history alone.  

There is an increased likelihood of finding variants of unknown significance when testing for 

mutations in multiple genes.   

It is for these and other reasons that multigene testing is ideally offered in the context of 
professional genetic expertise for pre- and post-test counselling.  
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The risk of cancer at a given site may be elevated by mutations in one of a number of different 
genes, and a mutation in a particular gene often increases risk for more than one type of 
cancer. There are high-penetrance genes that result in autosomal-dominant predispositions 
recognizable by pedigree analysis, and moderate-penetrance genes, in which mutations are 
associated with lower relative risks (usually 2 to 5) and in which mutations may not cosegregate 
with implicated cancers in individual families. In the traditional model of clinical cancer 
genetics, patients are evaluated on the basis of family history or patient-specific factors such as 
age at diagnosis or disease histology. After appropriate evaluation and consent, testing is 
performed, usually serially, for the most likely genetic causes. The advantage of this approach is 
that testing is more specific, because genes that are unlikely to be mutated are not analysed. 
Importantly, the process of pre-test counselling for each gene allows the patient to participate 
in the decision of whether to pursue a particular test after considering the clinical and personal 
utility of the result. However, the standard approach of serial testing is time consuming and 
expensive. In contrast, next-generation sequencing (NGS) technologies now allow simultaneous 
analysis of multiple susceptibility genes (multiplex testing) [96]. 

Multiplex test panels that evaluate high- and moderate-penetrance genes are now available 
and are being marketed as a means of quickly assessing cancer susceptibility, either generically 
or for a specific disease site [96]. Of course, it is necessary to understand that even clearly 
deleterious mutations in different genes are associated with substantially different risks for 
cancer of a specific site and that it is not yet clear how best to individualize the clinical 
recommendations based on different mutations in different genes, but one size does not fit all. 

In breast cancer the most well recognized breast cancer susceptibility genes are BRCA1 and 
BRCA2. Studies in individuals carrying mutations in these genes have led to clinical care 
guidelines for screening and prevention. Beyond BRCA1 and BRCA2, mutations in TP53, PTEN, 
STK11 and CDH1 also significantly increase the risk of breast cancer. Early identification of 
women at increased risk of breast cancer due to specific genetic susceptibility may lead to 
enhanced screening and prevention strategies and potentially improved overall survival for this 
group of patients as has been seen with carriers of BRCA1 and BRCA2. In addition to high 
penetrance genes, increasing numbers of genes that confer a moderate risk of breast cancer 
have been identified such as CHEK2, PALB2, and ATM.  

Clinical testing for germ-line variation in multiple cancer susceptibility genes is available using 
massively parallel sequencing. Studies have shown, that massively parallel sequencing identifies 
reportable variants in known cancer susceptibility genes in more than 30% of patients with 
early-onset breast cancer [97]. 

LaDuca et al. Utilization of multigene panels in hereditary cancer predisposition testing: analysis 
of more than 2,000 patients [98]: 

“Multigene panel testing is an effective strategy for identifying patients by genotype who meet 

a clinical management guideline. It is also an efficient resource for identifying eligible patients 

for screening and surveillance purposes, as well as for identifying qualified candidates for 

clinical patient registries. Arguably, the most common concern related to hereditary cancer 

panel testing is the clinical interpretation of findings in moderate-penetrance genes. Although 

clinical management guidelines or consensus opinions exist for the majority of genes included in 

the panels studied here (APC, BMPR1A, CDH1, MLH1, MSH2, MSH6, MUTYH, PMS2, PTEN, 

SMAD4, STK11, and TP53), management guidelines are not yet available for the moderate- 

penetrance genes (ATM, BARD1, BRIP1, CHEK2, MRE11A, NBN, PALB2, RAD50, and RAD51C). 

Mutations in these genes have been associated with a two- to fourfold increase in breast cancer 

risk and have each been associated with at least one other cancer type as well. In the absence of 
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published management guidelines for individuals carrying mutations in these genes, clinicians 

are faced with the challenge of making medical management recommendations based on allele-

specific risk information and individual patient clinical history.  

Conclusions  

Results from this study indicate that multigene cancer panels may play an important role in the 

diagnosis of hereditary cancer predisposition. In the case of atypical phenotypes, cancer risks 

may be recognized only after genotype data are available; these risks would be missed if testing 

were guided strictly by established single-gene/syndrome testing guidelines. Current National 

Comprehensive Cancer Network guidelines specify that multigene panels should only be ordered 

in consultation with cancer genetics professional. Careful interpretation of results by individuals 

adequately trained to perform genetic counselling and assess cancer risk is critical for all 

patients undergoing hereditary cancer panel testing but is particularly important for the clinical 

interpretation of mutations in moderate-penetrance susceptibility genes and risk assessment for 

patients with negative results. Results from this study provide an initial framework for clinical 

research on benefits and limitations of multigene panel testing and management of patients 

with mutations in moderate-penetrance genes. These data also provide support to the clinician 

considering the multigene approach to genetic testing for hereditary cancer predisposition.”  

 

Current situation, evidence and also possible problems of gene-panel sequencing and the 
prediction of breast-cancer risk are well described in the special report by Douglas F. Easton et 
al. [99]. Their conclusions: “Variants that are predicted to truncate BRCA1 and BRCA2 (together 
with a subset of missense variants) confer a high risk of breast cancer; PALB2 and perhaps PTEN 

may also fall in this category, but the evidence is insufficient to place them confidently in the 
category of high risk rather than moderate risk. For TP53, both missense and protein-truncating 
variants are associated with substantially increased risks of breast cancer. Genes that fall into 
the category of moderate risk (for which fully deleterious mutations confer a risk of breast 
cancer that is two to four times as high as that in the general population) include CHEK2, ATM, 

and NF1. There is clear evidence for an association with risk of cancer for STK11, CDH1, and 
NBN, but the risk estimates are too imprecise for categorization. Estimates of risk for PTEN, 

STK11, and CDH1 are derived entirely from studies of selected patients identified through 
specialized clinics and may be seriously overestimated.“ 

Also Easton D.F. et al. characterize SNPs polygenic risk score possibilities: “Approximately 100 
independent common variants (consisting primarily of single-nucleotide polymorphisms [SNPs]) 
associated with breast-cancer risk have been identified through large-scale genotyping studies. 
These variants typically have minor allele frequencies higher than 1%, and all confer risks that 
are less than 1.5 times as high as those in the general population; almost all these 
polymorphisms occur in noncoding sequences. Some commercial genetic panels include a 
subset of these SNPs. Thus, at present, there is a reasonably clear distinction between SNPs 
that confer a small increased susceptibility to breast cancer and variants that confer a 
moderate-to-high susceptibility as identified through sequencing.”  

The PRS stratifies breast cancer risk in women both with and without a family history of breast 
cancer. The observed level of risk discrimination could inform targeted screening and 
prevention strategies. Further discrimination may be achievable through combining the PRS 
with lifestyle/environmental factors [101].  
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Table 4–4. Summary of breast and ovarian cancer management based on genetic test results 
(NCCN Guidelines Version 1.2015). 

 Recommend MRI 

 (>20% risk of 
breast cancer)  
 

Recommend RRSO  
 

Discuss Option of 
RRM  
 

Intervention 
Warranted based 
on gene and/or risk 
level  
 

ATM  
BRCA1  
BRCA2  
CDH1  
CHEK2  
PALB2  
PTEN  
STK11  
TP53  
 

BRCA1 
BRCA2  
Lynch syndrome  
 

BRCA1  
BRCA2  
CDH1  
PTEN  
TP53  
 

Insufficient 
evidence for 
intervention  
 

BARD1  
BRIP1  
 

BARD1  
BRIP1  
PALB2  
RAD51C  
RAD51D  
 

ATM  
BARD1  
CHEK2  
PALB2  
STK11  

 

4.3.6. Cancer therapies on the basis of BRCA mutation testing 

In a prospective phase II trial, 63 assessable patients with high-grade serous or poorly 
differentiated ovarian cancer received the PARP inhibitor olaparib. Among the 17 patients with 
BRCA1 or BRCA2 mutations, seven (41%) experienced objective responses; among the 46 
without mutations, 11 (24%) experienced objective responses [102]. PARP inhibitors are under 
active investigation in combination with chemotherapy for first-line treatment, for recurrent 
disease, and as maintenance therapy. In a randomized phase II study, maintenance treatment 
with olaparib following a response to platinum-based chemotherapy improved progression-free 
survival in platinum-sensitive recurrent disease compared to placebo [103]. 

 

5.3.7. International guidelines 

ASCO guidelines: Use of Pharmacologic Interventions for Breast Cancer Risk Reduction 

http://www.instituteforquality.org/use-pharmacologic-interventions-breast-cancer-risk-
reduction-american-society-clinical-oncology 

NICE Familial Breast Cancer Guidelines http://www.nice.org.uk/guidance/cg164/resources 
NCCN Guidelines Version 1.2015 Genetic/Familial Breast and/or Ovarian Cancer Genetic 
Assessment http://www.nccn.org/professionals/physician_gls/f_guidelines.asp#breast_risk 

Breast Cancer Risk Reduction 

http://www.nccn.org/professionals/physician_gls/pdf/breast_risk.pdf 

Breast Cancer Screening and Diagnosis 

http://www.nccn.org/professionals/physician_gls/pdf/breast-screening.pdf 
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4.4. Prototype for cancer prevention and early detection 

 

On the basis of scientific and clinical background presented in this feasibility analysis we 
propose as a prototype for Estonian personalised medicine pilot project personalised cancer 
prevention and early detection on the basis of hereditary susceptibility testing and risk factors 
combined also with a molecular profiling of tumour tissues. We propose that on the example of 
the breast cancer with extension also to the ovarian cancer (and in some amount to other 
cancers), as their hereditary susceptibility genes are common. We suggest to use steps B and C, 
as proposed by Stadler et al in 2014 [104] and presented in Figure 5-1, to accompany traditional 
model of genetic counselling. 

 

4.4.1. Background 

a) Breast cancer epidemiology in Estonia  

In Estonia breast cancer is the most common malignancy among women. 

Table 8–1. Incidence of breast cancer in Estonia (Estonian Cancer Registry data): 

Year No. of cases Incidence per 
100,000 

2007 688 51,3 

2008 652 48,7 

2009 624 46,7 

2010 712 53,4 

2011 729 54,9 
 

b) Breast cancer survival 

EUROCARE-5 study [105] showed, that breast cancer 5-year age-standardized relative survival 
of female patients diagnosed during 2000-2007 in Estonia was 72.1% (95%CI 67.7–75.2), 
European mean was 81.8% (95%CI 81.6–82.0). 

There is also an analysis of time trends in population-based breast cancer survival in Estonia by 
age and stage [106], which observed considerable improvement in breast cancer survival over 
the study period. However, the survival gap with more developed countries persists; further 
increase in survival, but also decline in breast cancer mortality in Estonia could be achieved by 
facilitating early diagnosis in all age groups, but particularly among women over 60. 

c) Mammography screening in Estonia 

There is an active breast cancer screening program by mammography after every 2 years for 
women in age 50-62. Mammography screening efficacy in Estonia has been assessed [107]. In 
Estonia, only 14% of the breast cancer cases diagnosed in 2004–2008 originated from 
screening. 32% of women diagnosed with breast cancer were in the target age group, with 18% 
being younger and 50% older than the target screening group. Extending the target age limits 
for screening and/or for the invitations to targeted screening should be considered, as the 
screening taking place in Estonia (if organized properly) can only affect a third of the women in 
Estonia in regard to their breast cancer prognosis.  
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Figure 4–1. Challenging the traditional model of cancer genetic counselling. (A) Traditional 
model of clinical cancer genetics. (B) Incorporating next-generation sequencing (NGS) into 
genetic cancer risk assessment. (C) NGS of tumours with incorporation of incidental germline 
findings. WGS, whole-genome sequencing. From [104] 
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d) Hereditary breast cancer in Estonia 

There is a study published about BRCA1 mutations in women with familial or early-onset breast 
cancer and BRCA2 mutations in familial cancer in Estonia [108]. In the dataset, the overall 
frequency of clinically important BRCA1 mutations in early-onset patients, familial cases, and 
predictive testing was 7.6% (144 cases, 11 mutation carriers). Pathogenic mutations were 
identified in 4 of the 64 early-onset breast cancer cases (6.3%). In familial cases, clinically 
important mutations in the BRCA1 gene were found in 6 of the 47 individuals analysed (12.8%). 
In predictive cases, 1 clinically important mutation was detected in 33 individuals studied (3%). 
The occurrence of clinically important mutations in BRCA2 in familial cases of breast cancer was 
2 of the 16 individuals analysed (12.5%). 

e) Organization of breast cancer diagnostics and therapy in Estonia 

Estonian guidelines [109] on genetic counselling and testing of hereditary breast and ovarian 
cancer were published in 2009 (Päriliku rinna- ja munasarjavähiga patsientide geneetilise 

konsulteerimise ja jälgimise juhend). 

Breast cancer diagnostics and therapy are performed in three hospitals: Tartu University 
Hospital (www.kliinikum.ee), North Estonia Medical Centre (http://regionaalhaigla.ee/en), and 
East Tallinn Central Hospital (http://itk.ee/en). 

 

4.4.2. Study layout, based on Estonian Genome Centre cohort 

Please note, that this is a study concept and detailed scientific protocol with exact gene analysis 

descriptions, statistical calculations, IT-solutions etc. will be worked-out separately. 

This part of the study will be performed on the basis of both of available and new sequencing 
data of gene donors, who have given already informed consents for gene analyses and also for 
recalls on basis of testing results. 

Estonian Genome Centre (http://www.geenivaramu.ee/en ) is a population-based biobank at 
the University of Tartu (EGCUT). The cohort size is currently 51,535 gene donors (≥18 years of 
age), which closely reflects the age, sex and geographical distribution of the Estonian 
population. At the time of recruitment during 2005 to 2014 all subjects have filled the 
Computer Assisted Personal Interview (CAPI) within 1-2 hours appointment at a doctor’s office. 
The CAPI includes personal data (place of birth, place(s) of living, nationality etc.), genealogical 
data (family history of medical conditions spanning four generations), educational and 
occupational history, lifestyle data (physical activity, dietary habits, smoking, alcohol 
consumption, women’s health, and quality of life). 

Study aim: Detection of high-risk breast cancer carriers among healthy individuals by genetic 
testing for application of personalised prevention and screening strategies. 

Study layout 

• On the basis of existing multigene sequencing data, individuals with higher breast cancer risk 
will be identified.  

• Both high and moderate risk known gene data will be used (BRCA1, BRCA 2, PALB2, TP53, 
PTEN, CHEK2, ATM, NF1, STK11, CDH1, NBN), as well also multiple common susceptibility 
single nucleotide polymorphisms (SNPs) polygenic risk score (PRS) [7, 8]. 

• Model to combine genetic and other risk factors will be developed and used considering also 
statistical risk data specific for Estonian population. 
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• Estonian 2009 guidelines for genetic counselling [6] will be updated and adjusted to include 
personalised risk reduction and screening. 

• Digital decision support tools will be developed based on the updated guidelines. 

• Gene donors with elevated genetic risks will be invited for genetic counselling to one of the 
three cancer centres. For this digital decision support tools will be used both for doctors and 
patients. As a result a personalised risk reduction plan will be drawn and screening activities 
will be chosen and implemented. 

• During counselling relatives of these high-risk individuals will be identified and invited to 
genetic testing and counselling, and personalised risk reduction plan will be drawn. 

• Personalised risk reduction and screening strategies include risk reducing surgeries, 
chemoprevention, lifestyle changes, health controls, mammography and MRI.  

• All activities will be registered, measured and evaluated using process and outcome 
indicators. 

 

4.4.3. Study proposal, based on women referred to cancer clinics 

Please note, that this is a study concept and detailed scientific protocol with exact gene analysis 

descriptions, statistical calculations, IT-solutions etc. will be worked-out separately. 

This part of the study will be performed on patients referred to the three hospitals for diagnosis 
and/or treatment of breast or ovarian cancer. All activities with patients will include informed 
consent procedures. 

Study aim: Detection of high hereditary risk individuals among breast and ovarian cancer 
patients for personalised therapy and follow-up recommendations and for application of 
personalised prevention and screening strategies to their family members. Also, molecular 
profiling of tumour tissues will be performed to find and characterize potential targetable 
driver-mutations for personalised treatments. 

Study layout 

• On the basis of international guidelines and recommendations Estonian guidelines for breast 
and ovarian cancer genetic testing will be specified. 

• Digital decision support tools will be developed based on the updated guidelines. 

• Using digital decision support for all breast and ovarian cancer cases, patients with indication 
for genetic counselling and testing will be identified. 

• In case of informed consents genetic counselling and testing will be performed. Both high 
and moderate risk known gene data will be used (BRCA1, BRCA 2, PALB2, TP53, PTEN, 
CHEK2, ATM, NF1, STK11, CDH1, NBN), as well also multiple common susceptibility single 
nucleotide polymorphisms (SNPs) polygenic risk score (PRS).  

• Molecular profiling of tumour tissues will be performed to find and characterize potential 
targetable driver-mutations for personalised treatments, compare germline and somatic 
mutations to work-out a platform for personalised therapies with digital support tools. 

• On the basis of genetic data additional counselling will be performed, personalised therapy, 
follow-up and further risk reducing strategy will be chosen and implemented. 

• During counselling relatives of these high-risk individuals will be identified and invited to 
genetic testing and counselling, and personalised risk reduction plan will be drawn. 

• Personalised risk reduction and screening strategies include risk reducing surgeries, 
chemoprevention, lifestyle changes, health controls, mammography and MRI.  

• All activities will be registered, measured and evaluated using process and outcome 
indicators. 
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Figure 4–1. The conceptual model of the prototype for cancer prevention and early detection. 

EGC – Estonian Genome Center 
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4.4.4. Compliance to the requirements of the pilot project  

The study outline proposal in chapter 4.4 as well as the prototype presented in chapter 4.5 for a 
clinical study in the field of oncology are both in line with the five criteria, as specified in the 
Ministry of Social Affairs document "Pilot Project on Personalised Medicine 2015–2018": 

1. Evidence about the usability of individual risk prediction based on genetic and health data. 

Yes, considerable number risk factors for breast (and ovarian) cancers have been identified, 
genetic, lifestyle-related and environmental. There are available risk calculation models and 
clinical decision support tools both for prevention and early detection  

2. Potential public health gain and cost-effectiveness at health system level. 

Breast cancer is the leading cause of cancer disease burden among women in Estonia and 
elsewhere, and thus there is ample space for potential savings in health care costs. The 
screening efforts are not sufficient and there are clear advantages foreseen in stratified and 
personalised approaches both in prevention and treatment. 

3. Prominent clinical leadership 

Yes, Tartu University Hospital Cancer Centre together with the North Estonia Regional Hospital 
and East Tallinn Central Hospital is a well-established network for cancer treatment and 
research. 

4. Adequate data availability and quality during 2015-2018. 

The electronic health records in hospitals contain almost all health data required in a format 
that can be used in clinical decision support systems. 

5. The clinical field is included to the national quality of care project. 

Yes, oncology has been selected as one of the five topics of the national quality of care project, 
coordinated by the Estonia Health Insurance Fund. 
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4.5. The development of clinical capabilities for molecular profiling of 
tumour tissues for personalised therapies in advanced cancers 

 

Current approach is divided into three steps. The first step will create the data analysis 
platform, which links the molecular pathology with the treatment recommendation algorithms. 
The second step will develop the comprehensive molecular testing platform for the individual 
tumour tissues. The third step will carry out the technical and clinical validation of the 
molecular profiling platform for clinical practice and demonstrate the efficacy of the fully 
integrated solution for offering personalised therapies to the patients with advanced 
malignancies. 

Current approach is planned in cooperation of the Competence Centre on Health Technologies, 
University of Tartu, Tartu University Hospital and industrial partners. 

 

Step 1: The development of an analytical platform of large datasets of genomics and clinical 
information for selection of targeted therapies 

Analytical platform for clinical genomics:  an integrated private cloud based high-throughput 
computing platform for integration of existing and future publicly available genomics 
databases.  

Browser for targeted anti-cancer therapies (BTT) for genomics data analysis and cancer therapy 
recommendations: an interactive clinical genomics tool working in all standard web browsers. 
BTT will integrate the existing clinical cancer pharmacogenomics knowledge, and offer the 
oncologists and patients a choice to search for the latest, patient genome-compatible, off-label 
treatment options. TTB will serve as the focal point where the genomics test information is 
linked up with the treatment options’ information. BTT enables comprehensive genetic data 
analyses, interpretations of genetic findings, and therapy recommendations on the basis of 
available “raw” tumour genomics data (tumour testing is already performed, but data not 
analysed).  

 

Step 2: The development of a genomic profiling platform of tumour tissues 

Development of the laboratory solution for molecular profiling (RNA expression and DNA 
mutations) of cancer samples. Specific objectives:  

• To design and develop a broad sequencing panel for DNA and RNA analyses for molecular 
profiling of cancer. 

• To test the above broad sequencing panel on a diverse array of clinical samples in order to 
determine the most optimal clinical use for it. If needed, to follow up by the implementation 
of necessary improvements. 

• To test the further particulars of more focused panels of genome sequencing in clinical 
diagnostics and drug efficacy prediction. 

• To standardize and implement of the focused cancer panels into clinical practice of 
oncology, and to validate the panel against the existing equivalent methods (current gold 
standards). 

Substeps: 
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• On the basis of information developed in Step 1, creation of custom-made DNA and RNA 
targeted NGS panels to ensure the optimal coverage of important genetic alterations, 
analysis of which is necessary for the clinical treatment recommendations. 

• The development of precise and standardised tumour tissue pathology review and sample 
processing system to ensure the optimal quality of tumour tissues for molecular profiling. 
Sample processing protocols and correct histopathology reports are necessary for the best 
quality for the planned molecular profiling. 

• Testing of the first version of the cancer genetics panel. Provisional testing of tumour tissues 
using custom-made targeted NGS panels. This activity is necessary for the technical 
validation of laboratory workflows and obtaining feedback on the quality thereof.  

• Analytical validation of the NGS cancer panel, comparison of NGS results with conventional 
technologies like RT-PCR and Sanger sequencing. In case of mistakes and errors, the NGS 
panels will be amended. 

• Analysis of the results of provisional testing will be analysed using APCG and the treatment 
recommendations algorithms (automated treatment decision support algorithms) created in 
Step 1.  

The main deliverable of the Step 2: Tumour tissue testing combined with clinical interpretation 
of genetic finding and personalised cancer therapy recommendations. 

 

Step 3: Clinical implementation of the integrated platform of personalised cancer therapy 

The development of the pan-European reference network of personalised oncology clinical 
trials and the logistic and legal platform for the accessibility of necessary drugs for personalised 
cancer medicine. 

As many potential targeted therapies may be in use only in clinical trials, it is necessary to 
create a reference network for matching the molecular profiling results with the specific clinical 
trials involving the necessary targeted anti-cancer treatment. A database containing the 
information about targeted cancer drugs tested in the ongoing clinical trials, as well about 
drugs available through the expanded access programs in Europe (including the exact costs, 
providers, and hospitals) will be created. Also many drugs may have only the off-label 
indications in case of personalised recommendations. To make an off-label use available for a 
patient, the creation of the new logistic and legal platform is necessary. 

The main deliverable of the Step 3: Fully Integrated Personalised Cancer Therapy Solution. 

 

Compliance to the requirements of the pilot project  

Please see chapter 4.4.4 on page 94. 
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5. Healthcare professionals’ competencies and training programme 

(Ruth Kalda, Aivi Themas, Elvo Themas)  

 

The goal of personalised medicine is to make optimal treatment decisions for an individual 
patient based on all information available for that patient, including not only genetic and 
genomic information but also demographic, physiological, and other clinical factors, allowing 
the tailoring of treatment to the patient. 

In this chapter the results of literature review on this topic is presented. The field of 
personalised medicine education is very recent and not yet the scope of academic research. 
Thus in addition to peer-reviewed research, considerable information was obtained from open 
access and internet search of reports and unpublished studies. 

To summarize the findings, the following five specific skills of healthcare professionals need to 
develop ASAP include becoming comfortable with: 

• shared decision-making (with e-patients) 
• communication skills, 
• motivating patients to change their health behaviour, 
• using genomic data,  
• using (information) technology,  

There is also need that health professionals are prepared to periodically and systematically 
review and revise the way they deploy their skills in the service of the healthcare system.  

The highest priority for this education effort should be directed to today’s practicing 
physicians, rather than the medical trainees. This is because many of them are expected to 
continue practicing for decades (according to the Estonian healthcare professionals study in 
2013, 43% of the practicing doctors and 65% of the practicing nurses in Estonia were under 50-
years old [1]), because their actions currently drive much of what isn’t working well in 
medicine, and because we really can’t make healthcare better without changing what 
physicians do and how they feel about it.  

Although medical trainees also need to prepare for the healthcare system of tomorrow, it’s the 
actions of today’s practicing doctors that exert incredible influence on the healthcare system. 
Furthermore, although the effort to change medical school education is laudable, medical 
students are profoundly influenced and shaped by what is modelled by the practicing 
physicians around them. 

 

5.1. Shared decision-making 

Healthcare providers have an important role in teaching patients to be partners of their own 
health and wellness. It means that the dynamics of the doctor-patient role will change. 
Physicians will no longer be the sole sources of knowledge – an educated patient will 
participate more and more in medical decision making and choice. Shared decision making is a 
method where clinicians and patients make decisions together using the best available 
evidence, where patients are encouraged to consider available screening, treatment, or 
management options and the likely benefits and harms of each [2]. In this approach, the 
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clinicians’ role is to help patients become well-informed, help them develop their personal 
preferences for available options, and provide professional guidance where appropriate.  

That requires for healthcare professionals to be comfortable with the e-patients who are 
engaged and empowered with information from outside the traditional healthcare system (i.e. 
online patient communities, journal articles, etc.). In practical terms, doctors should be 
comfortable with patients who ask a lot of questions, and should be prepared to explain their 
recommendations. Unfortunately, many healthcare professionals are not so comfortable with 
this, in part because it’s a cultural shift in the clinician-patient relationship, and part because of 
systemic hindrances, like visit times that are way too short to address everything that should be 
addressed. 

Rather than just tell patients what to do (or what they think they should do), physicians should 
be able to present options, counsel patients on the expected benefits and risks, solicit input 
from the patients regarding preferences and values, and otherwise effectively collaborate in 
how to move forward with patients’ health. In practical terms, this means doctors need to get 
better at presenting expected benefits and risks. Technology could help make the data easier to 
have at hand. 

 

5.2. Communication skills 

The primary care physicians as well as specialist doctors of the future will have to be experts at 
communication – promoting teamwork, being able to build consensus and persuasively 
articulate ideas. Teaching communication skills to doctors, though, isn’t easy. Physicians and 
medical students often have limited insight into how they come across when talking with 
patients, and little opportunity for formal feedback (though there are tests that can be 
implemented into measuring the patients perceptions of physician performance in the area of 
interpersonal and communication skills [3]). While most doctors really are invested in their 
patients making the right decisions for their circumstances, many lack the skills to show that 
they care. 

But some place the blame for the stilted way the doctors interact with patients squarely on the 
shoulders of their training, which teaches them methods for objectifying and quantifying 
symptoms. It is also possible that, as we devote more time to teaching students and doctors 
effective communication techniques, we risk muting their authentic human voices, and instead 
of learning to connect they apply role tools and scripts. 

No communications course will magically transform lifelong introverts to hand-holders and 
huggers. At the same time, we must ensure that we are not converting people who genuinely 
care about their patients into people who only sound as if they care. For those doctors who are 
emotionally challenged, communications courses can provide the basics of relating to other 
human beings in ways that, at the very least, won’t be offensive. But for the rest, it should be 
taken care to ensure the techniques and words we learn in such courses don’t end up creating a 
barrier to authentic human contact that, like the white coats, make it even harder to truly reach 
another person [4]. 

Many patients carry the burdens of illness, such as pain, disability, loss of control, and fear. 
They often take time away from work and family and incur significant expense to receive care. 
They have expectations of their doctors and prefer those who are forthright and thorough yet 
the same time, empathetic and humane [5]. By cultivating their interpersonal and 
communication skills, as well as their technical skills, providers can help alleviate their patients’ 
burdens and help create the best possible patient experience. Organizations enhance the 
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patient experience by understanding patients’ expectations, listening to their preferences, 
developing programs to improve provider communication and interpersonal skills, measuring 
service quality, and providing feedback and tools for improvement. Improving the experience is 
the right thing to do for the patient and, in a value helps sustain an organization into the future 
[6]. 

Traditionally, communication related educational interventions have been taught as a “skill” 
with the expectation that by providing instruction on the correct techniques, application would 
follow. However, over fifty years of educational effort does not appear to support this 
assumption. Communication techniques can be conceptualized as a behavioural expression, not 
unlike other behaviour related activities or skills such as those associated with learning a sports 
technique or adapting improved health patterns into one’s lifestyle. Perhaps, in order to create 
the “new revolution” that is needed in medical education [7], we will need to approach 
communication related skill acquisition differently. Approaching communication training as 
promoting a behaviour change would require the development of different 
strategies. Educational efforts could be grounded in a theoretically-based behaviour change 
model. The application of a theoretical model would offer the opportunity for a theory-driven 
individualized assessment, targeted interventions, a framework from which to assess progress, 
and the opportunity for residents to experience the “process of change.” [7] 

Training methods for teaching communication skills should be selected very carefully, 
otherwise the training results could be minimal. For example, among internal medicine and 
nurse practitioner trainees, simulation-based communication training compared with usual 
education did not improve quality of communication about end-of-life care or quality of end-of-
life care but was associated with a small increase in patients’ depressive symptoms [8]. 

 

5.3. Motivating patients to change their health behaviour 

Doctors play a significant role: as trusted sources of health-related information and guidance, 
they are uniquely positioned to educate patients about the links among chronic disease, diet, 
and physical activity; to motivate individuals and families to make healthier choices; and to link 
patients to a broader set of resources within their communities and beyond. Several studies 
provide evidence that patients who are counselled by their physician on the importance of 
health behaviour are more likely to attempt weight loss [9], increase their physical activity [10, 
11], improve their diet [12], and lose weight [13].  

Physicians are also uniquely positioned to help patients make sense of the often confusing and 
sometimes contradictory messages about food and nutrition that are widely disseminated in 
the mainstream and social media. The science of nutrition is imprecise and expert thinking on 
what constitutes a healthy diet has changed considerably over time. With appropriate training, 
health care professionals can play a critical role in helping individuals and families sort through, 
understand, and apply the most current and relevant information [14]. 

Recent studies have shown that counselling patients on healthy diet and exercise is related to 
many barriers. One of them can be the physician’s own personal habits. Better results were 
achieved by doctors who were overweight, but exercising and who had adequate training in 
patient counselling [15]. Another study indicates that overweight and obese patients trust 
weight-related counselling from overweight physicians more than normal weight physicians 
and patients seeing an obese primary care physician were more likely to perceive weight-
related stigma [16]. Another research shows that the personal weight of health professionals 
matters when assessing their perceived level of success in helping obese patients to lose 
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weight. Health professionals who maintained a healthy weight felt more empowered to help 
their obese patients achieve their weight loss goals and reported being more successful at 
helping obese patients lose weight [17]. 

In Estonia, there are a few practical training courses for healthcare professionals in healthy diet 
and lifestyle changing counselling [18]. 

 

5.4. Usage of genomic data 

The sequencing of the human genome and the explosive number of genome-wide association 
studies conducted over the last decade, have heralded a new era of medicine. Physicians have 
long used environmental factors like diet and exercise in preventative health and treatment 
strategies; however, despite being championed by genome scientists and those in the 
biotechnology industry, personalised medicine has yet to be adopted by most clinicians [19, 
20]. 

As genetic and genomic health information become routine components of patients' health 
records, the physicians must become facile with the use and interpretation of this information 
as early as possible in their careers. Fundamental training in genetics and genomics, along with 
the attendant medical, legal, ethical, and psychosocial issues, should fall within the purview of 
medical school education. Moreover, such education should continue longitudinally throughout 
clinical training, including residency, fellowship, and continuing medical education programs, to 
reinforce concepts and target physicians who have already completed their clinical training. The 
potential of genetics and genomics to provide new paradigms for prevention, diagnosis, and 
treatment of disease is immense, but before the vision of a personalised medicine can be fully 
realized, medical trainees must be given the proper educational foundation. 

As personal genetic information becomes an increasingly frequent component of the patient 
medical record, it is crucial that medical students and medical personnel be trained to use and 
interpret this information appropriately and responsibly. Medical schools should improve their 
curricula to include not only more basic science concepts in genetics and genomics, but also 
practical training for their applications in clinical medicine. 

Individuals affected by genetic conditions are therefore increasingly likely to seek information 
about inheritance and risk factors from their primary care physicians rather than a geneticist, 
but several studies suggest that few health care providers can fulfil that role or are comfortable 
doing so [21]. In a literature review of 14 articles primary care providers around the world 
recognize their need for greater education and training in genetics. Primary care providers 
indicated that they are uncomfortable with many genetics concepts, that they are not 
sufficiently trained to provide even basic genetic counselling. The main barriers that primary 
care physicians' perceived concerning the provision of genetic services were inadequate 
knowledge of basic genetics, lack of detailed or updated family histories, lack of confidence, 
and lack of referral guidelines [22]. 

The most basic skill with which every doctor should be invested is how to take a “genetic 
history”—that is, a family history of adequate detail and accuracy to assess genetic risk. They 
should also learn how to synthesize this information to determine the clinical contexts where 
genetic/genomic testing or referral to a genetic counsellor is warranted. Equally important, 
improved education is needed to interpret the results of genetic tests in a clinical setting. To 
further prepare for the dawning era of personalised medicine, medical personnel must learn 
the principles of genetic variation in the human population and how genome-wide studies of 
complex diseases are conducted and analysed. 
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There are already some courses about genetics and genomics planned for the Estonian 
healthcare personnel [23]. 

Nonetheless, revising medical education and training to include a subject that is important for 
physicians continues to be difficult. This is due to the following four obstacles [24]: 

a) Lack of relevance. Although many healthcare practitioners expect genomics to affect the 
practice of medicine, not everyone shares this view. The perceived irrelevance of genetics by 
some may stem from the view that genetics and genomics are futuristic and applicable only to 
rare disorders. The challenge is to demonstrate the immediate and future relevance of genetics 
to those healthcare providers unfamiliar with the field. 
b) Therapeutic gap. Development of therapies for genetic disorders has lagged behind the 
ability to diagnose and predict genetic disease, and will continue to do so for some time. The 
initial hopes for gene therapies have yet to bear fruit, although some reports are encouraging. 
However, the value of a genetic diagnosis or prediction of increased risk should not be based 
solely on improved medical outcomes. A genetic diagnosis or prediction of increased risk may 
lead to other outcomes, such as preventive screening measures, changes in life-style habits, 
appropriate drug selection, informed decisions regarding reproduction, counselling needs, and 
increased awareness of other family members’ health.  
c) Lack of Faculty. Coincident with increased research and investment in genetics and genomics, 
the number of board-certified geneticists who are responsible for a large part of genetics 
education in medical schools is declining. With the shrinking genetics specialist workforce, 
additional innovative approaches will need to fill the void, including developing on-line genetics 
courses and resources for practicing physicians.  
d) Overcrowded Curricula. Medical school curricula are already overcrowded. However, 
because most medical schools already offer a course in basic genetics, no additional teaching 
time is needed. Rather, the basic genetics course should be revised and updated to reflect 
current genetics knowledge and practices, as well as new applications being used and 
developed. In addition to a basic genetics course, genetics content should be integrated into 
other traditional medical specialties as they are taught. Physicians should learn to think 
“genetically,” a perspective and attitude that involve recognizing when genetic factors are or 
may be playing a role in a patient’s health. 
 

5.5. Usage of healthcare information technology 

The future doctors should be comfortable with well-designed technology. Not only do doctors 
need to be able to type and enter data, but they’ll need to be fairly comfortable using 
technology, because more and more of it will be involved in healthcare. Healthcare information 
technology (IT) has a significant role in successful adoption of personalised medicine and 
therefore all health care workers need to be educated not only in clinical issues related to 
personalised medicine, but using IT solutions as well. As it has been pointed out [25], medical 
education does not adequately provide doctors with the “requisite new perspectives and skills 
for evidence-based practice, effective use of information technology, quality measurement and 
improvement, cost awareness, care coordination, leadership of interdisciplinary teams, and 
shared decision making”. Quality improvement and patient-centred care—two concepts 
essential to the health reform effort—will require health information technology. Current and 
future physicians must master the minimal competencies required to use health IT if the health 
care system is to reach its quality and cost containment goals [26]. 

Tomorrow's doctors, nurses, physiotherapists and radiographers need to have a more rounded 
knowledge of emerging technologies which benefit patients. They need to learn about medical 
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devices which allow patients who have undergone hospital care, such as orthopaedic 
procedures, to be discharged home early while being monitored by medical and other staff. The 
technological sensing devices which allow more people to be treated at home will also benefit 
patients who have chronic diseases such as diabetes [27]. 

The lack of doctors in many countries and areas has triggered different solutions. For instance, 
with the help of technology doctors and nurses can advise and monitor the patient’s health 
from distance. Technology could make the biggest difference by reducing the number of crises 
which require a doctor's intervention. Programs to manage chronic conditions from distance 
are developed to analyse a stream of data gathered from health records and devices in 
patients' homes, which update the patient’s symptoms each day. If a diabetic's blood sugar 
jumps, or a patient with congestive heart failure shows a sudden weight gain, the monitoring 
doctor calls the patient and, if necessary, alerts a nurse. Similar programs will become even 
more sophisticated as monitors evolve. Patients are much happier to monitor themselves at 
home with gadgets bought online than they used to be, and gadget-makers think there is a 
huge potential for growth in taking the trend further [28]. 

Adult PIAAC survey [29] showed that Estonian adult skills using a computer for problem solving 
is low. The computer is commonly used at home rather than at work. 43% of the 16–65-year-
olds do not use computers for work. Estonian health care professionals use computers at work 
quite actively, but their skills are not very good. PIAAC results show that nearly one out of three 
adults in Estonia cannot or don’t dare to use the computers in successful problem solving. More 
than 50% over the 50-year-olds lack the computer skills. 

 

5.6. Training objectives and learning outcomes 

Personalised medicine has the potential to transform patient outcomes across a wide range of 
therapy areas, but recent research shows that physicians in clinical practice feel unprepared for 
this [30]. Survey findings demonstrated that 37% of oncologists claim to be very familiar with 
the issues and advances in personalised medicine, but this rate drops to 6% for other 
specialities and 5% among primary care physicians. There is no such a study done in Estonia, 
but there is no reason to suppose that the data could be different.  

There are some basic facts we should acknowledge:  

• Physicians and other healthcare providers are “gatekeepers,” to the use of personalised 
medicine products and approaches, including decision support systems.  

• Healthcare information technology (IT) has a significant role in successful adoption of 
personalised medicine and therefore all health care workers need to be educated not only in 
clinical issues related to personalised medicine but in using IT solutions as well.  

• Healthcare professionals have an important role in teaching patients to be masters of their 
own health and wellness. It means that the dynamics of the doctor-patient interaction will 
change. Physicians will no longer be the sole sources of knowledge – educated patients will 
participate more and more in medical decision making and choice.  

• The growing role of the team-work in taking care of the chronically ill patients as well as in 
providing personalised care. Elements of the effective teamwork should be included into 
training programs.  

• Estonian healthcare professionals (doctors and nurses) do not have any formal training to 
provide personalised medicine. 

• Curricula at the Faculty of Medicine, University of Tartu and of the Medical High Schools 
have not incorporated personalised medicine concepts and tools.  
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5.6.1. Implementing genetics into daily clinical practice 

Curricula should include not only basic science concepts of genetics and genomics, but also 
provide practical training for their applications in clinical medicine. The trainees should learn:  

• how to take a “genetic history”— a family history of adequate detail and accuracy to assess 
genetic risk, 

• how to synthesize this information to determine the clinical contexts, 

• principles of genetic variation in the human population and how genome-wide studies of 
complex diseases are conducted and analysed. Genome-wide association studies often find 
genetic variants that contribute very little to overall risk for disease and are statistically 
determined at a population level, which can be misleading when applied directly to an 
individual, 

• how to include pharmacogenetics in clinical practice. Medical students or other trainees 
must be taught how genetic factors for disease and drug response are determined, how they 
are modified by other factors, and how to interpret the significance of test results in the 
context of an individual patient with a specific medical profile, 

• attendant medical, legal, ethical, and psychosocial issues. 

Genetics should be incorporated into a clinical part of the training, where trainees learn how to 
conduct the patient interview and physical examination and how to interpret the results of 
genetic tests in a clinical setting. 

 

5.6.2. Use of digital tools and decision support systems for personalised medicine purposes 

In order to handle health data properly, appropriate platforms should be created, which can 
collect large amounts of population data and link to biobanks and clinical data. Doctors should 
be educated to use the software and possibilities of different platforms in real clinical practice 
using the real patient data. This should be combined with the shared decision making courses.  

There are lot of Clinical Decision Support Systems (CDSS) existing in several European countries 
(Holland, Germany, Island; UK, Finland etc.). Unfortunately they are not in clinical use in 
Estonia. One CDSS on Coronary Heart Risk communication is available in   the Department of 
Family Medicine, but this is in use for scientific purpose only.  

 

5.6.3. Shared decision making and motivation of patients to change their health behaviour.  

Personalised medicine core lies in the development of a personalised health care plan, which is 
a customized plan of care the provider and patient develop collaboratively based on a 
comprehensive health status and risk assessment, shared goals and tracking measures [31, 32]. 

Effective personalised medicine cannot take place unless there are well trained health 
professionals who know basic principles of screening, brief intervention, and facilitating 
behaviour change in their patients. In addition to pharmacotherapy, diagnosis and treatment of 
the diseases, courses should cover the role of behaviour in health and illness as well as basic 
principles of patient empowerment.  

For implementing personalised medicine in everyday practice, professionals need a variety of 
skills. These range from technical communication and interpersonal skills to more fundamental 
changes in attitudes about the roles and expertise of patients and professionals.  
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Motivational interviewing and shared decision making provide practical and well-described 
methods to accomplish patient-centred care in the context of situations where medical 
evidence supports specific behaviour changes and the most appropriate action is dependent on 
the patient’s preferences. Motivational interviewing is a patient-centred approach to 
counselling for guiding behaviour change, usually when a patient feels ambivalent, e.g. about 
lifestyle choices or adherence to medication [33, 34]. 

Shared decision making is a method where clinicians and patients make decisions together 
using the best available evidence, where patients are encouraged to consider available 
screening, treatment, or management options and the likely benefits and harms of each. In this 
approach, the clinicians’ role is to help patients become well-informed, help them to develop 
their personal preferences for available options, and provide professional guidance where 
appropriate.  It can also be thought of as a mechanism for applying evidence with an individual 
patient through personalising the clinical decision. It is relevant to clinicians of all disciplines, 
including nursing and allied health. 

 

5.7. Model curricula 

In this chapter three model curricula are presented, which should be part of formal continuous 
education and professional development for both primary care physicians and medical 
specialists. 

 

5.7.1. Model curriculum of motivational interviewing 

Until 2010 there was no training in motivational interviewing (MI) for health care professionals 
in Estonia. With the help of the project of Health Development Institute and European Social 
Fund the first training courses for the possible trainers were carried out in 2010. Five staff of 
the Family Medicine Department has been trained by international experts and after that the 
newly trained trainers started to provide courses for primary health care specialists: nurses, 
physiotherapists, family doctors. Until today, approximately 700-800 primary health care 
providers got basic training in Motivational Interviewing and additionally around 500 providers 
in specific topics: counselling on alcohol use, for healthy lifestyle etc.  

Unfortunately there is no such training in the curricula of the Medical Faculty. Some short (4 
hours) introductory training in MI and 4 hours in brief-counselling is provided by the 
Department of Family Medicine to sixth year students, but this is far too little.  

In several European countries and US, basic motivational interviewing skills are increasingly 
being integrated into the standard curriculum of medical, nursing, pharmacy and dental 
students. There is evidence about the benefits of including training in motivational interviewing 
as part of the core curriculum. Some studies suggest this can improve students’ skills and the 
way they work with patients, especially if begun early [35, 36]. There is some evidence about 
the benefits of motivational interviewing courses for qualified professionals. Some studies 
suggest this can improve professionals’ skills, especially if the training involves practical 
sessions and ongoing supervision. Importantly, there is no comparative evidence about 
whether continuing professional development courses are more or less effective than 
embedding training in student curricula.  

According to Motivational Interviewing Network of Trainers, basic training in MI should last at 
least 3 full days, including practical work, recording of the patient counselling and analysis with 
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the feedback. The following table are guidelines from the MI Network of Trainers regarding 
what can reasonably be accomplished with various lengths of time in a workshop. 

 

Type and 
duration 

Goals 

Introduction 
to MI 
(1 day) 

To experience the basics of MI and define level of interest in learning 
To be familiar with the fundamental spirit and principles of MI 
To be acquainted with relevant evidence of efficacy 
To directly experience the MI approach and contrast it with others 

Application 
of MI 
(1 day) 

To learn one or more specific applications of MI 
To be acquainted with the fundamental spirit of MI 
To learn practical guidelines for a specific application “in the spirit of MI” 
To have direct practice in and experience of this particular application 
To decide level of interest in learning more 

Clinical 
Training 
(2-3 days) 

To learn the basic clinical style of MI, and how to learn it in practice 
To understand the fundamental spirit and principles of MI 
To strengthen empathic counselling skills (OARS) 
To understand and practice the directive aspects of MI 
To experience and practice an MI style for meeting resistance 
To learn the fundamental client language cues (change talk and 
resistance), that allow continued feedback and learning in practice 

Advanced 
clinical 
training 
(2-3 days) 

To move from basic competence to more advanced clinical skilfulness 
To have intensive observed practice in advanced MI skills 
To receive individual feedback regarding MI practice 
To update knowledge of MI (recent research and developments) 

Training in MI should incorporate different active techniques such as face-to-face workshops, 
use of videos, written assignments and role plays, different exercises, online courses and 
ongoing supervision.  

Example curriculum for a short (2 days) course on MI can be as follows:  

• Introduction 

• Foundations of motivational interviewing 

• Use of OARS (Open ended question, Affirmation, Reflection and Summary): Reflective Listening 

• Use of OARS: Open-Ended Questions, Affirmations, and Summaries 

• Recognizing, Reinforcing, and Eliciting Change Talk 

• Managing Resistance 

• Opening a Session or Topic 

• Working with Ambivalence 

• Information Sharing, Offering a Concern, and Giving Advice 

• The Key Question 

• Negotiating a Treatment Plan 

• Learning MI 
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5.7.2. Model curriculum of shared decision making 

The courses of shared decision making have to include both theoretical knowledge (lectures) as 
well as training of practical skills in workshops. 

Suggested topics for lectures:  

• Understanding the patient values in clinical practice 

• Supporting patients to be effective decision makers for life-style choices 

• Addressing oncology patient information and decision support needs 

• Diabetes care: different treatment options (oral antidiabetics versus insulin treatment) 

• Depression treatment options 

• Children immunisation, 

• End-of-life care 

• Pain management, etc. 

Workshop should aim to build skills in considering team-based approach to involving patients in 
the decision making process, assessing patients' decisional needs, using evidence- and theory-
based interventions to support or coach patients making decisions, self-appraising the quality 
of decision support, and exploring ways to implement decision support.  

These workshops should run on the principles of active participation of the trainees, including 
group and teamwork, the presentation of topics and issues, together with an opportunity for 
the participants to apply these in simulated exercises. The topics should be closely linked to the 
situation and the problems of their patients. 

The practical work should include role-play and simulations, as well as collecting and analysing 
data of the participants’ evaluations of the workshop.  

There is no specific course on shared decision making available we could use as examples in 
Estonia. Therefore, during a pilot project a 3-day course in shared decision making is suggested.  
This course should focus on how to engage patients in their health care decision making and 
how to use patient-centred outcomes research information tools and resources (e.g., patient 
decision aids) to help patients understand their treatment options and to explore their own 
values and preferences. 

During the course the essential steps of shared decision making should be trained: 

• Seek the patients participation 

• Help the patient explore and compare treatment options 

• Assess the patient’s values and preferences 

• Evaluate the patient decision 

• Reach a decision with the patient 

The important clinical topics in primary care are  

• Breast/Ovarian Cancer 

• Cardiovascular Disease 

• Diabetes 

• Colorectal Cancer 

• Dementia 

• Ethical, Legal and Social Issues 
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Those topics are core areas of family practice and because they illustrate a range of genetic 
issues relevant to primary care practice. Teaching should be based on patient cases, which can 
be used after reading pre-course didactic material or passing the lectures.  

An example of a case-analysis for shared decision making in breast and ovarian cancer. The 
participants should be able to: 

• Evaluate family history information to identify women with an increased risk of breast and 
ovarian cancer. 

• Describe important features of autosomal dominant inheritance, including the potential for 
inheritance of risk through the paternal side. 

• Use of breast cancer risk assessment models and understands their limitations (model 
should be developed or adopted for use in Estonia, before the course). 

• Evaluate management strategies for women with a high risk of breast or ovarian cancer. 

Main topics for the course:  

• Testing for BRCA1/2 is mentioned frequently in the medical and lay press. Patient can ask 
about the availability of gene testing for breast cancer. 

• Family history is an important tool in the assessment of breast and ovarian cancer risk. 

• Women are concerned about breast cancer and often over-estimate their risk.  

• They may view themselves as candidates for genetic testing when their likelihood of a 
positive test is minimal. 

• BRCA1/2 mutations are rare and there are few data to assess the outcome benefits of 
interventions to reduce risk. 
 

5.7.3. Model curriculum of genetics for practicing doctors 

Currently all health care providers have very little or no formal training in genome based 
personalised medicine. To educate already practising doctors, nurses and other health care 
providers, Continuous Medical Education (CME) courses either through web-based educational 
programs of through workshops and lectures by Centre for Continuous Medical Education of 
the Tartu University should be provided.   

As an example here curriculum of the National Coalition for Health Professional Education in 
Genetics (NCHPEG) is provided4. NCHPEG developed an in-person 10 month CME curriculum on 
genomic medicine which uses best practices from adult education theory  

The goal of the curriculum "Medicine's Future: Genomics for Practicing Doctors", is to help 
providers integrate genomic thinking into their practice. The curriculum consists of 10 two-hour 
case-based workshops that combine large group presentation and discussion to introduce the 
major principles with small group work to apply the principles to realistic cases.  The curriculum 
consists of four initial workshops on the fundamentals of risk assessment and genetic testing 
followed by six workshops with a specific disease focus that apply and build on those concepts. 
The condition-specific workshops cover pharmacogenomics, cancer, cardiology, neurology, 
paediatrics and prenatal and complex conditions.  The workshops are facilitated by a clinical 
content expert. 

The focus of the curriculum is on competencies and skills, not on knowledge alone.  The case 
studies throughout the curriculum cover a wide range of conditions from single gene disorders 
to common, complex conditions.  Participants may come into the workshops with a variety of 
clinical background and experience with genetics.  The pre-session resources provide overviews 

                                                           

4 http://www.nchpeg.org/index.php?option=com_content&view=article&id=476 
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of the concepts for each session to bring everyone up to the same starting level.  The post-
session resources provide participants the opportunity to go deeper into the concepts covered. 

An example of the 2-days training in genetics for family doctors could be as follows: 

1. Defining populations at risk/prevalence 

What genetic conditions are most commonly seen in primary care populations?  
What indicators (in the patient or in the clinical presentation) increase the likelihood of a 
genetics explanation?  

2. Determining the impact of genetic information on patient outcomes  

To what extent a genetic diagnosis lead to a specific preventive or management option? 
When does genetic information provide unique prognostic information? 
When and how can genetic information cause harm? 

3. Relevance of inheritance 

Mode of inheritance as a key to determining other family members at risk  
How to act if a risk to other family members is high? (Obligations, ethical dilemmas) 

4. Cautious approach to genetic testing  

Genetic tests may provide means to make a definitive diagnosis, and may be particularly 
important in identifying inherited risk in family members of an affected individual.  However, 
many genetic tests are complex with limited sensitivity and/or specificity.  

5. Needs for pre- and post-test counselling – addressing issues of test interpretation (potential 
for ambiguous test results, as well as false positives and false negatives), implications of test 
results for clinical management and psychosocially, and implications of test results for family 
members. 

One interesting personalised medicine course has been developed at the Stanford Medical 
School [36]. Students can submit DNA for sequencing, then analyse their own genotype in a 
course that seeks to teach technical, ethical, and clinical skills by providing first-hand 
experience of the challenges of interpreting genetic information. 

 

5.8. Teaching of undergraduate students 

Basic formal training on genetics and genomics as well as on motivation interviewing and 
shared decision making should be provided in undergraduate level for all students (nurses and 
doctors) at the minimum amount of 3-4 ECTS each.  

Some interesting examples of the genetics teaching in undergraduate level are provided by 
several medical schools. Mount Sinai Medical School in New York is offering an elective course 
called "Practical Analysis of Your Personal Genome"5. The goal was to teach upcoming 
physicians how sequencing information might affect clinical care. Students could choose to 
sequence their own or an anonymous genome. This will reveal several million variants, many 
with known implications for disease and health, and many more with unclear significance. 
Students could learn their risk for common diseases such as cancer or diabetes and also 
whether they carry mutations that could cause single-gene disorders in their children. 

                                                           
5
 http://blogs.nature.com/news/2012/10/personal-genomics-in-the-classroom-students-sequence-

themselves.html 



  114 

In 2009, the Johns Hopkins University School of Medicine implemented a new curriculum, 
"Genes to Society"6, aimed at reframing the context of health and illness more broadly, to 
encourage students to explore the biologic properties of a patient's health within a larger, 
integrated system including social, cultural, psychological, and environmental variables. This 
approach presented the patient's phenotype as the sum of internal (genes, molecules, cells, 
and organs) and external (environment, family, and society) factors within a defined system. 
This is course, provided during 4-year of undergraduate studies and including both, biomedical 
topics as well as Social and Behavioural topics.  

To improve the social and communication skills of upcoming physicians, the Faculty of Medicine 
of University of Tartu has approved two new courses for the curriculum of medicine, and these 
will run from 2016 onwards as obligatory teaching for all medical undergraduate students. 

 

5.8.1. Psychological and social aspects of health behaviour 

This is a 4 ECTS course for the 2nd year undergraduate medical students. 

Aim of the course is to understand psychological and social determinants of human behaviour 
and to take these into account while communicating with patients, healthy individuals, 
different population groups, and with the public. Different communication techniques are 
taught and practised to achieve better collaboration with patients, their relatives and healthy 
individuals. 

Topics to be covered:  

• Social role of physician and patients. 

• Social and culture-specific determinants of health behaviour. 

• Psychological determinants of human behaviour: sickness behaviour, learned helplessness, 
memory and attention, psychology of pain. 

• Communication levels, obstacles and barriers. 

• Conflicts in communication – development, recognition and prevention. 

• Tension and under pressure situations and how to deal these. 

• Models of communication and mass media. 

• Social media in the change of society. 

• Health and economic crisis. 

• Social inequity and health.  

• Body, health and disease. 

• Alternative medicine. 
 

5.8.2. Patient centred communication  

This is a 3 ECTS course for the 3rd year undergraduate medical students. 

The aims of the course are to acquire basic knowledge and skills on patient centred 
communication and counselling, and to train communication and counselling skills through 
different exercises, tasks and role-plays as well as through independent group work. 

After completing the course the student: 

• can communicate with different patients (adults, child, teenagers, patients with vision and 
hearing disabilities etc.) 

                                                           
6
 http://www.hopkinsmedicine.org/som/curriculum/Documents/cd_manual14-15.pdf 
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• can recognize the situations when to use basic skills and technics of the patient-centred 
communication and motivational interviewing 

• is able to use the skills and technics in basic level 

• provides independently an patient centred interview and gets feedback from supervisor 

During these two courses, the students can obtain communicative skills helping patients to 
manage conditions whose outcomes can be greatly influenced by lifestyle or behaviour change. 
The courses will give the tools to enhance communication with patients and guide them in 
making choices to improve their health, from weight loss, exercise, and smoking cessation, to 
medication adherence and safer sex practices. The courses will show how to use this evidence-
based approach into any health care setting. 

 

5.9. Training of physicians during the pilot project 

In this chapter we present a model for training of the currently practicing primary care 
physicians' in the future pilot project. Main aim of the teaching is to emphasize connections 
between genetic and primary care practice, in terms of both clinical skills and philosophy of 
practice, for example, the value of taking a family history; the importance of evaluating tests in 
terms of patient outcomes; and the core value of respecting patient preferences [37]. 

The case-based approach and working in a small groups is considered to be one of the useful 
training method for already practicing doctors [38]. For adult learners, the teaching event, will 
be more successful if learners:  

• have an interest in the content  

• can relate the content to their own experience  

• can see how the content has potential for future work 

The following framework of the course is suggested by Burke et al [37] and identifies the 
elements as important to the appropriate use of genetics in primary care: 

1. Defining populations at risk/prevalence 

• What genetic conditions are most commonly seen in primary care populations? 

• What indicators (in the patient or in the clinical presentation) increase the likelihood of a 
genetics explanation? 

2. Determining the impact of genetic information on patient outcomes 

• To what extent does a genetic diagnosis lead to a specific management decision? 

• When does genetic information provide unique prognostic information? 

• When/how can genetic information cause harm? 

3. Relevance of mode of inheritance 

• Mode of inheritance is key to determining other family members at risk 

• When risk to other family members is high, there may be an obligation or a concern to help 
the patient inform other family members of potential genetic risk. 

4. Cautious approach to genetic testing 

• Limitations of the sensitivity and/or specificity of the genetic tests 

• Possible risks and harms related to genetic testing 

Herein we present an example training course on shared decision making in breast and ovarian 
cancer. The structure and logic of this case-analysis-based course can be used in different 
settings (primary care, specialist care) and for similar topics.  
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5.9.1. Model training course for the pilot on breast cancer prevention 

The following detailed training programme corresponds to the prototype for cancer prevention 
and early detection, as described in chapter 4.4. 

After the course the participants should be able to: 

• Evaluate family history information to identify women with an increased risk of breast and 
ovarian cancer. 

• Describe important features of autosomal dominant inheritance, including the potential for 
inheritance of risk through the paternal side. 

• Use of breast cancer risk assessment models and understands their limitations (model 
should be developed or adopted for use in Estonia, before the course). 

• Evaluate management strategies for women with a high risk of breast or ovarian cancer. 

Main topics for the course:  

• Testing for BRCA1/2 is mentioned frequently in the medical and lay press. Patient can ask 
about the availability of gene testing for breast cancer. 

• Family history is an important tool in the assessment of breast and ovarian cancer risk. 

• Women are concerned about breast cancer and often over-estimate their risk.  

• They may view themselves as candidates for genetic testing when their likelihood of a 
positive test is minimal. 

• BRCA1/2 mutations are rare and there are few data to assess the outcome benefits of 
interventions to reduce risk. 

Hypothetical clinical situation (case), where more than one reasonable treatment option exist, 
can be used. The best is to use simulations, either with colleagues or with trained actors. 

Mari (aged 37) attended to her family doctor. Her mother (aged 62) had recently been 

diagnosed with breast cancer and she worries about possible individual high risk.  She adds that 

her aunt had breast cancer at age 72. She is married, no children,  living in a rural area. She is 

overweight, has been smoking more than 10 years and is drinking alkohol in a moderate level 

(4-6 drinks per week). She works in their own farm. 

The patient may benefit most from a discussion of risk that allows her to recognize her average 
lifetime risk, and, given her age, her short-term risk.  

A review of recommended breast cancer prevention strategies can be provided: 
mammography, breast self-exam and clinician exam;  life-style risk factors modification. 

Questions for Discussion: 

• What counselling should be provided regarding her family history of breast cancer? 

• Should BRCA1/2 testing be offered? 

Practical work:  

• Review of family history characteristics associated with BRCA1/2 mutations (autosomal 
dominant inheritance) 

• Use of risk prediction model (such as Claus, Gail or BRCAPRO model) for estimating breast 
cancer risk (see 4.2) 

The most important issues to address are about a potential inherited risk:  

•  her understanding of inherited cancer risk; 

•  her concerns and worries; 

• the options available to her to reduce risk. 
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In offering to test the patient, the benefits and risks of testing as outlined below should be 
discussed so that the patient can make informed decision on whether or not to pursue testing. 

 

Training in shared decision making (SDM):  

The first task of SDM is to ensure that individuals are not making decisions when insufficiently 
informed about key issues. The second task is to support patients to deliberate about their 
options by exploring their reactions to information [39]. The following table describes a shared 
decision making model (see also chapter 5.2): 

 

Deliberation A process where patients became aware of the choice, 
understand their options and have the time and support to 
consider “what matters most of them”. May require more 
than one clinical contact and use of decision support system  

Choice talk Conveys awareness that choice exists- initiated by either a 
clinician or patient 

Options talk Patient are informed by different treatment options in more 
detail 

Decision talk Patients are supported to explore “what matters them most”, 
supported by information 

Decision support Decision support either a) brief format to be used by clinician 
and patient together b) more extensive, designed to be used 
by patient before or after the contact with clinician (paper, 
DVD, videos, etc.) 

Initial preferences Awareness of options leads to development of initial 
preferences, based on existing knowledge. The goal is to 
arrive at informed preferences 

Informed preferences Informed preferences based on “what matters to the patient 
most” and predicated on an understanding of the most 
relevant harms and benefits 

 

Training in motivational interviewing 

There is a significant amount of data supporting lifestyle modification associated with a 
reduction in risk of developing breast cancer (see chapter 4.2.).  

Weight gain is one important concern that impacts breast cancer outcomes. Weight gain can be 
prevented by lifestyles that include both a prudent diet and exercise [40, 41]. Motivational 
interviewing approaches ask clients to take a more active role in the counselling, deliberating 
the relevance and benefits of lifestyle changes within their own situation. Lifestyle 
interventions using motivational interviewing during breast cancer treatment or in cancer 
prevention can benefits women in several domains: fruit and vegetable intake, physical activity 
and breast cancer-specific well-being by the intervention [42–45].  

The training course should help health care professionals make a shift from a paternalistic 
approach to a supportive approach to enable self-management.  

Specific course objectives include: 

• Enabling participants to develop the knowledge, skills and attitudes by which they can 
support patients to make positive health behaviour changes. 
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• Enabling participants to understand and demonstrate use of the core communications skills 
which are key to the success of Motivational Interviews, including the use of: open 
questions, active reflective listening, affirmation and empathy, summarising for 
understanding. 

• Helping participants reflect on the situations, challenges, and contexts in which the skills and 
principles of motivational interviews can support and enable their patients/clients to make 
healthy lifestyle behaviour change. 

• Helping participants reflect on the need to integrate the skills and attitudes for shared 
decision making (SDM) process within their clinical consultation. 

• Helping participants get better at promoting self-confidence and self-management. 

• Helping participants address the challenges and the setting of the goals that are important 
to the patient 

 

5.10. Training facilitators, barriers and implementation plan 

It has been noted that “today’s students are no longer the people our educational systems 
were designed to teach” [46]. The premise being that this group has different expectations and 
learning styles than previous generations [47]. This assertion is based on the arrival and rapid 
dissemination of technology in the formative years of ‘Generation Y’ students, with the 
purported consequence that this group thinks and processes information differently, as they 
are ‘digital natives’ [48–50]. The comprehensive overview of the preferred teaching and 
learning approaches of students in health professions [51] indicated that even though the 
universities are continuing to use technology for the benefit of all generations, making courses 
more accessible and flexible with some courses delivered entirely on-line this is not the most 
preferred way. Students did not favour completing fully online courses but preferred blended 
courses, those with both traditional and online formats [52, 53].  

 

5.10.1. How to teach tomorrow’s and todays health care professionals  

Blended courses have also been reported as being more effective than traditional formats. 
Blended learning provides opportunity for face to face learning, which was also reported by 
nursing students as a teaching preference, describing that skill demonstration was more valued 
than lectures on skills. On-line learning, which can be rich in visual and aural content, often 
involves participating in some way in groups.  

It is complicated for healthcare personnel to attend training courses outside the workplace 
during working hours; the online education can offer advantages to healthcare personnel, 
including easy use without time and space constraints. Web-based continuous medical 
education is growing worldwide and the effectiveness in comparison with traditional courses 
has been proved. A study with real data and real attendances showed that online courses were 
extensively and intensively attended by half of the healthcare professionals, nurses in 
particular. The results offered some confidence that in future massive educational 
interventions via e-learning are feasible and can reach results hardly attainable in a short span 
of time with class education [54]. 

Study among French hospital physician (specialties were: medicine, laboratory, pharmacy, 
surgery, psychiatry, emergency, radiology and others) showed that the participants in 
continuing medical education preferred seminars, but interactive workshops and e-learning 
methods were requested for the future [55]. A variety of methods are being effectively used in 
different settings to deliver continuing medical education [56]: 
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• meetings; 
• courses and workshops; 
• journal clubs; 
• grand rounds and teaching; 
• self-learning using print or internet based materials. 

The commonly used methods to deliver continuing medical education and preferred methods 
by the healthcare professionals have not been recently studied in Estonia. There is widespread 
recognition of the importance of continuous professional development and life-long learning of 
health professionals. The recent study comprises a unique mapping and review of continuous 
professional development and lifelong learning for doctors, nurses, dentists, midwives and 
pharmacists in the 28 member countries of the EU (including Estonia) and EFTA countries [57]. 

Also many barriers are identified by healthcare providers to participate in continuing medical 
education. Most frequent of them are [58–60]: 

• lack of time, 
• clinical commitment, 
• workload issues,  
• lack of institutional support, 
• teaching program inadequacies, 
• funding constraints, 
• lack of protected time for education, 
• motivational issues, 
• geographic remoteness, 
• family commitments. 

These barriers are real and must be addressed by individuals and institutions. Institutions must 
make a bigger commitment to lifelong education of nurses and other health care providers. 
Support for education is too susceptible to random budget cuts in the times of economic stress, 
and many institutions do not provide time or money for nurses or other professionals to attend 
conferences and other continuing education events. Nurses must also make a personal 
commitment to the value of continuing education as part of their professional responsibility. 

 

5.10.2. Facilitators and opportunities of training in personalised medicine:  

• The healthcare system in Estonia covers nearly all (96%) residents. 

• There is a common E-health platform which connects almost all healthcare providers. 

• Almost all healthcare workers use info technology and electronic records in daily practice. 

• Patients have free access to their own health service information through Patient Portal. 

• Around 700-800 primary health care specialists (mainly nurses) have had the basic training in 
motivational interviewing. 

• There are well developed training materials in motivational interviewing available in Estonia. 

• Some elements of the MI are already included into the basic curriculum of the students. 

• There is a long tradition to provide regular CME courses to all healthcare providers by 
different institutions in Estonia: Centre for the Continuing Medical Education of the Tartu 
University, hospitals, professional organisations etc. 
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5.10.3. Barriers and resistance to training in personalised medicine:  

• Many doctors are concerned about the large volume of data and information they are 
expected to work with. Therefore, it is important to consider the training needs of all 
clinicians so that they feel empowered by the additional information rather than 
overwhelmed by it.  

• Most medical practitioners begun their clinical career already 20-30 years ago. The median 
age of family doctors in Estonia is 54 years and the knowledge in basic medical science and 
latest developments requires up-dating. Although family doctors are in the top among the 
specialities participating in CME courses, their numbers are decreasing year by year. 

• There is lack of clear guidance for clinical decision-making, and the challenges surrounding 
the ethics of personalised medicine. Also, lack of clinical guidelines and protocols on the use 
of genomic information is a major barrier.  

• Physicians are also concerned with the economics of healthcare, not only in terms of cost 
but also the potential additional resource requirements to implement personalised medicine 
and digital decision tools.  

• Physicians have limited time for each patient, and this may not be sufficient to explain 
complex test results and their meaning. Some extra incentives or additional payment is 
needed to promote implementing the personalised medicine in clinical settings.  

• Physicians have concerns that computerized systems encourage “cookbook medicine”. 

• The introduction of personalised medicine on a health care provider level means introducing 
a lot of changes and resistance to any change is a very common psychological phenomenon. 

• Implementing personalised medicine will require attention to psychological issues. Extensive 
research exists on negative psychological aspects associated with genetic testing [61–63].  

Not only healthcare professionals, but the population and patients have low awareness of the 
value of integration of biomarkers in their risk profile.  It is not only the healthcare providers’ 
task to inform and teach the patients, it should be done in the population level as well. Health 
literacy needs to be increased by clear communication channels to meet the people’s 
expectations and provide appropriate information about biomarkers, risk calculation, possible 
consequences etc. Such information channels (website, regular information booklets, special 
programs in TV or radio etc.) should be developed. 

In case of single-gene disorders, personalised medicine can deliver sound predictions. The vast 
majority of disorders arise from complex interactions of multiple genes and environmental 
factors: coronary heart disease, hypertension, dementia, psychiatric conditions). In most cases, 
the multiplicity of risk-associated genetic and non-genetic (environmental) factors, and the 
highly complex interaction patterns, means that reliable prediction is impossible at the 
individual level. Even a significant genetic risk factor identified on the basis of statistical group 
analysis may be of little value when it comes to individual prediction [64, 65]. 

 

5.10.4. Implementation of the training plan  

At the time of finalizing this feasibility study the scope and the scale of the study are not 
defined, thus the specific target group of health professionals cannot be defined and its size is 
unknown. This has direct implications on the resource needs to conduct training and thus the 
first step is to decide about the scope and scale of the pilot project. 

Nevertheless, it is clear, that practicing Estonian health care professionals have to improve their 
communication skills in order to be successful in implementing personalised medicine approach 
in daily clinical practice, Therefore as the second step training courses on motivational 
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interviewing and shared decision-making have to adapted and introduced to the current system 
of CME, coordinated by the University of Tartu. For this, a team of dedicated trainers has to be 
identified and the new courses have to be scaled up to be available at regular basis. 

Thirdly, adequate resources to train critical number of health professionals in the shortest time 
period possible have to be allocated. It is not realistic to expect that the clinicians themselves or 
hospitals would pay for the training in personalised medicine, and external funding is required. 

And fourth, it is important to recognize, that the most important training challenge for 
implementing personalised medicine is the very poor reputation of current Estonian National 
Health Information System (ENHIS) among practicing health professionals. The system is not 
functional and usable, as the health professionals are obliged to make considerable effort to 
send information to the system, but the system is not usable, as there are no tools and systems 
in place to create feedback on one’s performance or to retrieve any information on specific 
patients to guide their treatment.  

The dilemma here lies in the fact that one cannot learn to use IT technology, which is not 
existent. Computer skills and use of digital tools by health professionals can only be improved in 
practical training with functional tools, not by theoretical lectures or demonstration of tools 
developed in other countries for different health systems. 

Users' trust in computerized decision-support systems is one significant determinant of their 
willingness to use them. It is important to involve all stakeholders in the development of new 
Clinical Decision Support Systems (CDSS). These should not only be based on the latest 
evidence but also be most compatible with the systems-based practice at a particular clinical 
setting (family practice or hospital). 

While there are no experts in Estonia who can teach shared decision making and the use of 
CDSS in clinical settings, international experts to train the possible future teachers are needed. 
The courses should be linked with the adaptation of the CDSS to have prompt feedback about 
the possible limitations, errors and other problems which could be solved before giving the 
product to use in a whole health care system.  
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6. Roadmap to the Pilot Clinical Study 

(Raul Kiivet, Ruth Kalda, Peeter Padrik, Margus Viigimaa, Vallo Volke)  

 

As a general principle, we envisage the clinical study to be a creation of supportive clinical and 
research environment, allowing testing and implementation of personalised medicine, and not 
a classical clinical trial. However, based on that environment, classical clinical trials and other 
types of innovative research will be possible. 

The electronic medical record and e-health system are key instruments in a clinical study on 
personalised medicine. That is to guarantee, that the data of the patients are recorded 
comprehensively and in accordance with uniform standards. Appropriate new technical 
solutions have to be developed; because today’s e-health system in Estonia contains a lot of 
data we cannot use purposefully. Grouping data together in different formats and from 
different sources poses major technical challenges and has to be solved before implementing 
the personalised medicine system nationwide. 

 
a) Develop a more detailed scientific study protocol according to Good Clinical Trial Principles 

1. Define the scope of the pilot project – what is the main objective of the study and what 
hypothesis is to be tested. The health problem to be prevented, cured or managed determines 
also the length of the trial and what outcomes can be achieved during that time-period. 

2. Decide about the type of pilot study. There are two basic options. Either to design a 
prospective controlled trial to test to what extent personalised medicine approach will improve 
health outcome of populations as compared to conventional care (as a control group). 
Alternative would be to design and ecological intervention study to follow the patients exposed 
to pre-defined personalised medicine approach, and to evaluate the outcome as compared to 
the non-exposed (or historical) controls. 

3. Define the study population – demographic parameters, inclusion and exclusion criteria, size 
and time-frame for inclusion. Study population should be representative of the health problem 
studied and willing to participate, i.e. there should a potential health gain for the participants. 

4. Define the pilot health intervention and the follow-up measures in a detailed study protocol, 
i.e. whether it includes health counselling only or requires additional tests and subsequent 
visits and treatment. The study protocol will be the basis for study organization and 
management, to identify training needs, and to develop respective digital tools.  

5. Describe the data needs – which health data (including molecular and genetic) has to be 
collected from the target population to be used in the digital analysis. 

6. Describe the knowledge needs – information required from evidence-based medicine for the 
development of decision support tools to guide decisions on risk prediction or treatment. 

7. Define the (human) resource needs for the pilot project: 

• core team for planning, management and monitoring the study 

• training team for motivational interviewing and shared decision-making 

• team of practicing clinicians and clinical scientists do contribute to the development of 
Clinical Decision Support Systems (CDSS).  

• clinical study assistants (clinical data collection; data quality control, data handling) 

• researchers for the genetic analysis 
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• doctors specialised in clinical genetics  

8. Ethical aspects of the study are to be addressed, especially the type and details of informed 
consent and the commitments of providing personal feedback beyond that of pre-planned 
study-related visits and counselling. 

9. Costing exercise and balancing the project scale according to the resources available. 
Introducing personalised medicine at a whole health care system will require considerable 
resources on macro level (country level, whole health care system) as well as in micro-level 
(health care providers). 

 

b) Create new and dedicated IT solutions and information systems 

10. Any large-scale clinical research project can be based only on the routine clinical data 
available. Currently, the structured and full set of clinical data is available only in the e-records 
of healthcare providers. Thus, the first phase of the clinical study must rely on the clinical data 
available in the existing systems. 

11. We foresee that for the full implementation of the project the central e-Health system must 
be redesigned and for more specific research questions dedicated data collection would be 
needed. At the point of (health) data generation it should be structured according to 
predetermined standards, stored and transferred/transmitted into decision support systems. 

12. Before implementing the clinical decision system the central e-Health system has to be 
redesigned so it can be used as a data source to replace the healthcare providers e-records. 

13. Define the process of data analysis – processing and display of (health) data in the decision 
support tool. Special emphasis should be put to the user-oriented design and display of health 
data at the point of data generation and data use by clinicians. 

14. Define the knowledge needs and sources (information flows) required from evidence-based 
medicine to be fed into Clinical Decision Support Systems to guide risk prediction and 
treatment decisions. 

15. Create feedback information tools for the clinicians to monitor their own performance and 
benchmark it with comparable data sets. 

 

c) Clinicians' engagement and motivation are crucial  

16. Clinicians shall join the Pilot Project only in case they perceive that the extra effort they 
have to make by collecting and entering additional data into the system is rewarded by 
immediate feedback for better management of individual patients. 

17. Personalised medicine includes computational decision support analysis to handle 
individual health data for better decision-making. Until at least a few of such digital tools are 
developed for the Estonian health system, rigorously tested and fully functional in the current 
e-health, the health professionals are impossible to convince that the implementation of 
personalised medicine is doable and worth doing.  

18. In case the pilot project is designed and presented as a research action, the physicians' and 
hospitals' expectations for remuneration will be considerable, as the current legislation does 
not allow to use health insurance resources for research purposes. The alternative is to design 
the study to provide the physicians and hospitals with functional e-health tools and systems 
they have been expecting for long. 
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Appendix 1.  

Finnish experience in health data use and linkage. 

(Reijo Sund)  

 

The resources available to health systems are limited. The equitable, efficient, and effective use of these 

resources requires administrative planning and political willingness. Information is needed concerning 

these aspects of the health system for the purposes of decision-making. A continuous evidence-based 

quality improvement is one popular approach for such purposes [1]. 

The definition of what kind of expectations the commonly accepted abstract health policy goals truly 

reflect is difficult. In Finland we have assumed that the currently required dimensions of health system 

can be examined by using the traditional framework that conceptualizes the quality of health system 

assessment in terms of structure, process and outcomes [2]. In short, the structure comprises resources 

that are devoted to producing actions whose primary purpose is to improve health, while the process 

means the realized utilization of these resources, and the outcomes reflect the effects of resource 

utilization on health. More recent formulations of the framework emphasize also the importance of a 

context and health policy goals that have led to certain health system implementations [3, 4]. 

Within this framework, the quality of care can be measured be comparing the realized processes and 

outcomes to some yardsticks. Such yardstick may be external and perhaps defined in clinical guidelines 

or in some other source of meaningful reference data. Measurement can also be internal and relative so 

that the providers of services are compared and quality is interpreted in relative terms. The main 

requirements for such measurement are that the provider-level variation in health outcomes can be 

sufficiently separated from the person-level variation, i.e. that the case-mix of persons can be 

standardized, and that the output can be measured accurately by following the treatment pathways of 

people over time and across multiple providers. The general idea is then to focus on one disease or 

disorder at time and to use episodes of care approach to derive suitable and adequately adjusted 

measures that are then compared between the appropriate subpopulations, regions or producers. The 

idea has been to use such descriptive data on relative performance of service providers to help to 

identify "best practices" or "what works"[5] and also to define realistic goals for the providers. For 

instance, if 20% of providers are able to reach certain level on a selected indicator, that level should be 

possible to achieve for other providers as well [6]. 

 

Data availability 

The key issue in all quality measurement is the availability of data, because in order to produce any 

useful information, there must be suitable data. Actually the need for data in health system context has 

been recognized a long time ago and there are good examples of well-developed health information 

systems collecting data continuously [7, 8]. In fact, advances in information technology have made it 

possible to produce and store all kinds of data effectively, but it is common that the emphasis has been 

on technical aspects of data collection and not on the information itself [9]. 
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Fortunately, the structure and completeness of the available register data are well documented and 

stable enough for research purposes [10]. Recent OECD report indicates that national data 

infrastructure is improving across countries and the technical capacity to analyse and report from 

personal health information data assets is increasing [11]. 

Most data in such registers contain event-based records, but registration of events with personal 

identification numbers or other identifiers allows observation of the health event sequences for each 

individual by using record linkage. Identifiers also make it possible to remove duplicate reports on the 

same events as well as add subsequent follow-up data later on. Finland has a long tradition on health-

related administrative registers and extensive nationwide registration using personal identification 

codes across all systems since the 1960s makes the registers very exceptional also from the 

international point of view, because very long individual-level follow-up is possible with such data. 

Similar registers are available also in the other Nordic countries, and increasingly elsewhere with shorter 

recorded histories.  

Most health registers can be classified into four basic categories: administrative registers, disease 

registers, reimbursement registers and quality registers [10]. Administrative registers record events that 

are needed for administrative, typically statistical purposes, and they cover for example causes of death, 

births, hospital discharges and population characteristics. Disease registers contain data related to some 

specific disorder, such as cancer or diabetes. Reimbursement registers compile monetary records such 

as health insurance claims, health-related social benefits or reimbursable purchases of prescription 

drugs. Quality registers are collected in order to audit or to follow-up treatment procedures and 

outcomes of care. An early example of quality register is the registry for total hip replacement surgery in 

Sweden that started in 1979 [12]. 

Countries with lacking disease registers are can use data from health insurance systems. These data can 

cover routinely collected notifications on sickness absence of employees or health outcomes of the 

insured population. One problem is that insurance systems and insured populations usually vary in many 

aspects, which may create bias and limit their comparability. Validity may also be impaired due to the 

fact that these data are generated for administrative purposes. Diagnoses and treatments may be 

influenced by aspects related to payments and accounting. Another problem is that the insurance 

registers are not always accessible because of strict interpretation of confidentiality legislation and 

rules.  

During the recent years it has also turned out that now when suitable data becomes more and more 

available, the real challenge is that data have been originally produced for other purposes than for 

quality assessment and the transformation of secondary data into useful information is challenging [13]. 

 

Finnish Registers 

In Finland, the best data for quality assessment has been obtained by creating new data sets or registers 

by record-linkages in order to gather all relevant data on selected diseases such as diabetes [14] and hip 

fractures [15]. An example of creation of such tailored data set is the FinDM II –project, organized by the 

National Institute for Health and Welfare and the Finnish Diabetes Association, aimed to build a 

nationwide monitoring system for diabetes and its complications by combining data from several 

administrative registers maintained by the National Institute for Health and Welfare (THL), Social 

Insurance Institution (SII), Statistics Finland, and Finnish Centre for Pensions (ETK).  
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The collection of data consisted of two phases: 1) the identification of the diabetes cohort, and 2) the 

gathering of follow-up data for the cohort. In order to identify as complete a diabetes cohort as 

possible, all persons with diabetes were screened from the Finnish Hospital Discharge Register, the 

Finnish Health Care Register, the Benchmarking Database including outpatient hospital care, the 

Medical Birth Register the Causes of Death, the Drug Reimbursement Register, and the Prescription 

Register (medication purchases) by using manual database queries (Figure 1). 
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Figure 1. Data acquisition process in FinDM II. 
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During the years 1964-2011 a total of almost one million persons in Finland with potential diabetes were 

found. By using personal identity codes of this cohort, follow-up data were obtained from the above 

mentioned registers as well as from the Finnish Cancer Registry, Finnish Registry for Kidney Diseases and 

also sickness allowance and pension data were obtained from the Social Insurance Institution and the 

Finnish Centre for Pensions (ETK). The whole data were stored in an Oracle database at THL. Personal 

identity codes were replaced by study numbers, and the key was stored separately. Persons were 

considered having diabetes since the first diabetes diagnosis, beginning of the drug reimbursement right 

for diabetes medication, or the first purchase of diabetes medication. In a separate data linkage also 

socioeconomic data from the Statistics Finland was obtained to the database, but that required special 

permissions and detailed area information had to be dropped from the data due to confidentiality 

issues. 

Very similar derived data sets have been created for numerous disease groups and that has allowed the 

creation of data sources that contain similar data than separate quality registers could contain if those 

were collected. 

 

Validity of data 

The validity of data for quality assessment purposes is an important issue. In Finland, scientific studies 

linking register-data to other data have been conducted in order to investigate the validity. For instance, 

FinDM II diabetes data was compared to the local clinical diabetes register and a high level of 

concordance in the numbers of registered people were found [16]. Some people on diet-only treatment 

were missed by the registers, but majority of people with diabetes could be identified from the 

registers. 

More careful investigation on the quality and performance assessment purposes was conducted for hip 

fracture data [17]. A conceptual model separating different essential concepts related to quality 

assessment was constructed and the dimensions of the conceptual model were mapped against the 

concrete realizations of the concepts in different data sources (ideal list of items to be collected, routine 

audit data and register data). A conceptual model for the quality of care for the hip fracture treatment 

included dimensions such as: biological facts, biological measures, demographic history, socioeconomic 

history, health related behaviour, subjective quality of life, objective need for care, use of care, 

accident/fall history and hip fracture event. Of the dimensions, the biological constants do not change in 

time and therefore one measurement is generalizable to all times. Biological events, accident/fall 

history, and hip fracture event represent dimensions for which actual values of measures are recorded 

in the proximity of some observable event. All other dimensions relate to phenomena that potentially 

change in time and should be continuously monitored. In practice, time must be fixed for actual 

measurement. For separately collected data, the measurement is done only at specific measurement 

point(s) while in the register-data, recording takes place at each event to be stored to the register(s) 

allowing complete observations of event histories for the events available in the registers. 

Register-based data may not be optimal for determining all potentially interesting variables to be 

adjusted, but as far as there is a possibility to do record-linkages so that the “life history” of an individual 

can be extracted from the registers, there is a wealth of suitable data available for extraction of 

background variables.  In general, it is useful to develop a conceptual model that lists the relevant 

concepts that are known to have a potential confounding effect, and evaluates the possibility to find 

relevant data from the registers. 
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Among the most important classes of background variables for most research purposes are the 

comorbid conditions. The traditional approach is to use certain classes of diagnoses to identify 

comorbidities. Most common lists of comorbid conditions are the ones defined for the purposes of the 

Charlson and Elixhauser indices. The lists of diagnoses allow the identification from the data sources 

that contain diagnostic information, such as hospital discharge register. Usually this information is 

gathered from the proximity of index admission. Because the data are in many databases recorded at 

time of discharge, i.e. after surgical procedure, it may include information that is related to process 

reflecting poor quality performance, and thus not be suitable for risk adjustment for outcome. Another 

source to identify comorbid conditions are the registers for prescriptions, because for many drugs, there 

is only one remarkable condition for which that drug is prescribed. There may also be country specific 

reimbursement systems such as in Finland, where a persons receives remarkable compensations for the 

purchases of drugs based on the national social insurance if a person has a certain chronic disease 

justified by an extra statement from the physician. 

 

Disease-based approach for quality evaluation 

Evaluation of the quality of the whole health system is not usually feasible or that interesting from the 

client point of view. It becomes justified and understandable only if it is focused on some concrete 

things that can be observed and measured. Usually the required level of background information can be 

embedded into the analysis in a justified way only if it is carefully developed and tailored for each 

specific health problem separately. 

In the case of registers, and especially administrative registers, the data very typically contain directly 

observable events that determine whether an individual had used certain health service at a particular 

moment in time. In this sense, data provide descriptions of patient-specific paths through the 

observable components of the health system. As the aim is to examine disease-related treatment, an 

episode-of-care approach can be used for operationalization purposes. A care episode refers to a series 

of health-related events linked to a particular health problem. That is, the episodes-of-care approach 

helps to define health-problem-specific boundaries for the health system structure (i.e. which 

components need to be observed) and to identify interesting elements (such as outcomes) from the care 

pathways (that reflect the process). 

In practice, very good results have been obtained in the case of acute disorders that can be considered 

to start at certain well-defined point and to be resolved in rather short time. Some examples are hip 

fractures, stroke, and acute myocardial infractions. Other conditions that also have well defined follow-

up times include care related to delivery and care of preterm infants. Disorders with fuzzier starting 

point and requiring longer follow-up contain breast cancer, knee and hip arthoplasty, back surgery and 

schizophrenia. It is also notable that the condition may require acute or elective care that may 

complicate the interpretation of the care episodes. All these conditions are also treated in hospitals for 

which there are detailed data available. There are also applications with chronic diseases mainly treated 

in primary care such as diabetes, but in such cases the definition of interesting events is quite different 

from the basic application. 

In practice the aim is to make the process of care visible using the data available in the registers. The 

main observable events in the register data are (re)admissions, operations, discharges, deaths, 

outpatient visits and medication purchases. Example of a possible care episode is presented in Figure 2.  
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Figure 2. An example of care episode 

To model the episode of care appropriately, the nature of the disease and the characteristics of the 

patients must be taken into account, since they are the key factors affecting the treatment decisions 

and implementation of care. 

 

Indicators for care episodes 

After the definition of care episode, it becomes possible to characterize interesting parts of it by 

defining certain measures reflecting the process and outcomes. The details of indicators may vary 

between the conditions, but in general the main types of process and outcome measures extractable 

from register-based data remain similar. The main types of indicators for the hip fracture case are briefly 

described in the Table 1. 

Process and cost indicators describe what has been done during the care episode. Register-based data 

are a fruitful source for this kind of indicators. Further subdivision of indicators can be done in terms of 

measurement properties. First class contains indicators that are based on description of certain events, 

such as the type of surgical operation or prescriptions for certain type of medication. Another type are 

indicators that can be derived from the observed admission states of the patients, such as the 

proportion of patients at home since certain time from the index event. Third type are indicators 

reflecting the time between interesting events, such as time from initial admission to surgical operation 

or length of stay in hospital or rehabilitation ward. Fourth type consists of cumulative measures, such as 

the number of hospital days, outpatient visits and home visits during the year. 

The costs of treatment are very important and worth of an own indicator. Unfortunately, usually the 

exact costs at patient level are not available, but must be estimated by weighting the available resource 

use data appropriately, i.e. by giving each identifiable cost item (operations, hospital days, medication 

purchases etc.) certain price (based on e.g. DRGs or mean per diem costs in DRG group) and then simply 

sum up these to estimated costs of treatment [18]. This inevitably means that such costs of treatment 

are only crude approximations that are certainly “wrong” for each individual, but still be well suited for 

group level comparisons between the providers of care.  
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Table 1. Some examples of register-based indicators, Hip fracture  

Background 
Number of patients 
Mean age 
Male share 
Distribution of fracture types:  

- Femoral neck fracture 
- Pertrochanteric fracture 
- Subtrochanteric fracture 

Proportion of patients in long-term care 
Proportion of patients admitted from home 
Number of days in home during 90 days before the fracture 
Proportion of patients with certain comorbidities 
 
Process 
Proportion of patients with operative delay longer than two days 
Type of operation: 

- Non-cemented semi-prosthesis 
- Cemented semi-prosthesis 
- Total prosthesis 
- Osteosynthesis 
- No operation 

The length of index admission (first surgical hospitalisation without hospital transfers), days 
Length of first hospital episode, days 
Use of services during the first year following fracture 

- Specialised hospital inpatient care, days 
- Health centre inpatient care, days 
- Nursing home type of care, days 
- Number of outpatient visits in specialised hospital  

Costs of index admission (€ per patient) 
Costs of first hospitalization (€ per patient) 
One-year hospital costs (€ per patient) at including outpatient visits 
Proportion becoming long-term care patients (proportion of patients with at least 120 days 
of continuous inpatient care after the hip fracture)  
 
Outcome 
30-day mortality (%)  
120-day mortality (%)  
One-year mortality (%)  
Proportion of patients at home (day 30) 
Proportion of patients at home (day 120) 
Proportion of patients at home after 365 days following the fracture  
Occurrence of a complication 
Readmission/reoperation 

In regard to outcome indicators, there are not much those available in the register-based data. The 

actual effectiveness (change in health status) must usually be inferred indirectly. The available outcome 

indicators include mainly mortality and occurrence of adverse events such as complication or 

reoperation. The lack of any health status or quality of life measurements in the registers is a serious 

drawback of the Finnish register-based data.  
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Conclusions 

In this paper we have described a register-based approach for the evaluation of health system quality. 

As the examples show, the approach may lead to very valuable information to be produced more or less 

routinely from the available data. This requires careful planning and suitable standardization and pre-

processing of original raw data. Collaboration between experts from different fields is needed to find 

suitable compromises for the definitions, enough time must be preserved for the pre-processing of the 

data to standardized form, and analyses have to be planned so that privacy regulations will not turn out 

to be a problem. 

It is obvious that as produced from the secondary data, the actual indicators cannot be optimal for all 

possible purposes. So for example, the episodes of care are constructed only for one disease or disorder 

at time so that the adjusted indicators reflect the health system specific component of variation in the 

outputs. Although such indicators are not always directly reflecting the quality of care, but are still 

suitable for making indirect quality interpretations, if enough (qualitative) information on inputs are 

incorporated to the process. Still, carefully produced information based on register data may well be 

reflecting reality in a sensible and clear way – even so that for example in Finland, the current clinical 

guidelines for treatment of hip fractures have been partially evaluated using the register-based 

indicators[15]. Such use gives some perspective for the quality of the produced information: it truly 

reflects what is going on in the ordinary everyday practice and reveals the differences between 

providers or countries. 

As the data sources are gradually improving in many countries, it is only a matter of time when register-

based monitoring systems will be a part of routine reporting and follow-up of the quality, performance, 

effectiveness and efficacy of the providers. 

 

Current status and plans in Finland on e-health and data linkage 

Finnish register system is comprehensive, but not perfect. For example, outpatient primary care visits 

from public providers have been gathered to the central register only since 2011 and data from private 

as well as occupational outpatient health care are still only in providers’ own databases. One of the 

greatest challenges has been to create (almost) real-time data collection from the local systems, 

because in Finland there are many non-compatible, closed source electronic patient record systems that 

make the exportation of data as well as any changes in such systems very difficult and costly. 

There has also been very expensive projects that have aimed to develop the (local) e-health system, but 

the results have been very limited showing that IT by itself is not a solution for anything. For example, 

Satakunnan Makropilotti tested the regional application of information technology (IT) in social welfare 

and health care. The aim was to support a seamless linking of services by various providers in a way that 

responds optimally to client’s needs. The technical solutions were delayed and the conclusions from the 

project evaluation stated that 1) clear definitions of relevant data and firm understanding of their use is 

needed to support technical solutions for data transmission, and 2) IT solutions must not limit 

developments of the content of client databases or other data sources [19].  

Legislation has an important role especially due to potential privacy issues with sensitive data. In Finland 

it is possible to use and link register data for research and statistical purposes without informed 
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consents, but recent interpretations of partly outdated laws have made the use of data more difficult. 

Updating of the legislation is going on and the impact of EU-level statements on privacy regulation is still 

unknown. New legislation for biobanks was recently accepted and certain smaller changes in legislation 

have made it easier to use total populations in research. Strong governmental support for open science 

related themes has also made it easier and cheaper for maintainers of (tax funded) registers to do 

routine linkages with e.g. population register. In Finland, FMAS infrastructure develops a remote-access 

system for register data that should ease the permissions procedures and make it “safer” to perform 

analyses, as the raw data will remain in the infrastructure’s server.  

Other recent e-health projects are the Kanta portal to citizens’ own medical records and electronic 

prescriptions, electronic prescription service and patient data repository, all belonging to the Kanta 

services (National Archive of Health Information) provided by the Ministry of Social Affairs and Health, 

the National Institute for Health and Welfare and the Social Insurance Institution of Finland [20]. Apotti 

Programme is recent large-scale (local) e-health project with similar aims as Satakunnan makropilotti 

[21]. Open knowledge including MyData from different sources of health data such as medical records, 

mobile data and wearable sensors has also been recognized as an important raising theme in e-health in 

Finland. 

 

Suggestions on how to make person-level health data available and usable 

In the optimal case, registers should contain total populations and record all relevant events and the use 

of services using unique personal identification codes allowing deterministic data-linkages. Legislation 

should support data collection and linkages that allow easy research and statistical use with tools and 

techniques that guarantee a reasonable level of privacy so that no informed consent would be required. 

Most benefits of linkable person-level data are lost if informed consent induced selection bias will be 

included. On the contrary, there should be punishment for obvious underutilization of the collected 

data, because that may lead to unnecessary delays in improving the public health. In any case, 

legislation should be clear and consistent chapter instead of a collection of tens of paragraphs under 

different subjects. 

There should be (local) information system(s) that support well-defined open data structures that make 

it easy to transfer data in technical sense. Collected data should be as much as possible in structured 

form, because other kind of data will be much more difficult to use. However, all data collection should 

be incorporated as a natural part of treatment in the sense that recording of data would give immediate 

benefits for the clinical care definitions and not considered to be something unnecessary extra work. 

Information systems should be flexible enough to include extra data if that is found to be necessary (i.e. 

all recording should happen in one information system instead of using numerous systems for different 

purposes). All duplicate recording should be eliminated (unless done for systematic validation 

purposes). 

Data should be accessible for research and statistical purposes in real-time, possibly in some kind of 

remote access system. Quality evaluation reports should be produced automatically (e.g. by following 

the Finnish approach described in this paper) so that service providers really can use those to improve 

their practices (i.e. to produce useful on-time information instead of unclear reporting of “old” data). 

Reports should contain just the essential information to ease the burden of finding the relevant results. 

Also some “triggers” could be set so that interesting issues or changes will also be reported. More 

detailed analyses should be easily available on request.  
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The explicit ranking and use of “league tables” for providers should be avoided because of high risk for 

too strong interpretations due to uncertainty, but large observed differences between providers or 

changes within providers are an indication for further investigation of the reasons for such differences 

or changes.  
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Appendix 2.  

Evolution of the concept of personalised medicine (in Estonian) 

(Aivi Themas, Elvo Themas)  

 

Ülevaade personaalmeditsiini mõiste arengust teaduskirjanduses 

 

1. Mõiste "personaalmeditsiin" tähendus oleneb kontekstist 

Personaalmeditsiini kontseptsioon sai alguse juba mitusada aastat tagasi[1]. Siiski ei võimaldanud 
teaduse (sh keemia, histokeemia ja mikroskoopia) areng enne 19. sajandit teadlastel mõista kõiki 
haiguste algpõhjuseid. Edasine teaduse ja tehnoloogia areng on aga kaasa toonud üha detailsemad ja 
täpsemad tervisega seotud otsused. Koos ravimi- ja meditsiiniseadmete tööstuse arenguga 20. sajandil 
suurenes geneetika, pilditöötluse ja andmekaeve osakaal meditsiinis. Ravimite kasutamisega kaasnenud 
individuaalsete mõjude vaatlemisega sai alguse farmakogeneetika teadusharu. 21. sajandi algusest 
alates võimaldab inimese genoomi sekveneerimine identifitseerida need DNA erinevused, mis on 
haiguste või tervise eelsoodumuseks. Genoomika ja teiste meditsiiniga seotud valdkondade kiire areng 
annab teadlastele võimaluse patsientide personaalseks diagnoosimiseks ja raviks vajalike meetodite 
väljatöötamiseks. 

Näited personaalsema meditsiini tekkimisest [1]: 

1907: Ruben Ottenberg kirjeldab esimest teadaolevat sobivustesti vereülekande tegemiseks, kasutades 
veregrupi määramise metoodikat doonori ja patsiendi sobivuse määramiseks, et vältida 
vereülekandejärgset hemolüütilist reaktsiooni. 

1956: Avastatakse, et fava ubade, „favismi“, osaline toksilisuse ja malaariavastase ravimi primakviin 
geneetiline alus on seotud metaboolse ensüümi G6PD puudulikkusega. 

1977: Leitakse, et tsütokroom P450 2D6 - polümorfse ainevahetussüsteemi ensüüm, põhjustab mõnedel 
patsientidel „üledoosi“ kogemist või pikendab teistel hüpertensiooniravimi debrisokviin mõju 
intensiivsust ja kestust. 

Personaalmeditsiini (’personalis(z)ed medicine’, edaspidi PM) mõiste ilmus teaduskirjandusse juba 
1971. aastal [2], kui Gibson arutles oma artiklis perearsti muutuva rolli üle kaasaegses maailmas, kus 
tervishoiuteenuseid pakuvad kõrgelt kvalifitseeritud ekspertide meeskonnad. Gibson rõhutas meditsiini 
tähtsust ja personaalse lähenemise vajalikkust. Ta hoiatas, et kaasaegne meditsiin näeb patsienti pigem 
läbi tema haiguse kui isiku ning leidis, et tulevikus peaksid arstid oma traditsioonilist lähenemist 
patsientidele täiendama uute teaduslike ja tehnoloogiliste võimalustega.  

30 aastat hiljem muutus PMi mõiste teaduskirjanduses väga sagedaseks ning see seostati 
farmakogenoomika kasutamisega kliinilises praktikas [3]. Sealt alates on PMi mõiste sisaldanud väga 
erinevaid kontseptsioone, kuigi enamik autoritest peab selle all silmas „genoomi kaardistamist ning 

selle tulemusena haiguste põhjuste mõistmise ning ravivõimaluste olulist suurenemist“ [4].  

Üldise terminina, mis hõlmab erinevaid kontseptsioone, on teaduskirjanduses kõige sagedamini 
kasutatud just personaalmeditsiini mõistet [5]. Kuigi aja jooksul on lisandunud mitmeid konkreetsemalt 
määratletud termineid, on nende tähendus teadusartiklite käsitluses pikkamisi vabamaks muutunud 
ning erinevaid termineid kasutatakse vaheldumisi üksteise alternatiividena.  

Personaalmeditsiini mõiste määratlus teadusartiklites on väga varieeruv ning ajas muutuv, ulatudes väga 
laiast väga kitsani. Teadusartiklite analüüs personaalmeditsiini ja sellega seonduvate mõistet osas on 
näidanud, et tegelikkuses ei eksisteeri ühtainsat ametlikku personaalmeditsiini definitsiooni. Sageli 
lähenetakse mõistele iga teadusartikli või dokumendi kontekstist lähtudes erinevalt [1]: 
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� Molekulaaranalüüsi uute meetodite kasutamine patsiendi haiguste või haigestumise 
eelsoodumuse paremaks haldamiseks. (Allikas: Personalised Medicine Coalition, 2004) 

� Genoomi ja molekulaarsete andmete rakendamine tervishoiutulemuste paremaks 
saavutamiseks, uute toodete avastamise ja kliinilise testimise hõlbustamiseks, patsientidel 
teatud haiguse või haigusseisundi eelsoodumuse määramiseks. (Allikas: Personalised Medicine 
Coalition, 2005 [6]); 

� Õige ravi, õigele patsiendile, õiges annuses, õigel ajal. (Allikas: European Union); 
� Arstiabi sobitamine patsiendi individuaalsete tunnustega iga patsiendi puhul. (Allikas: 

President’s Council of Advisors on Science and Technology) 
� Iga patsiendi unikaalseid kliinilisi, geneetilisi ja keskkonnamõjude andmeid arvestav 

tervishoiusüsteem. (Allikas: American Medical Association) 
� Meditsiinivorm, mis kasutab patsiendi genoomi, valkude ja keskkonna infot haiguste 

ennetamiseks, diagnoosimiseks ja raviks. (Allikas: National Cancer Institute, NIH). 
� Personaalmeditsiin kohandab ravi- ja ennetustegevused patsiendi omadustele, toetudes 

võimalusele jagada inimesi nn alamgruppidesse, mis erinevad üksteisest haigustele 
vastuvõtlikkuse ja ravivastuse poolest. (Allikas: Personalised Medicine Alliance) 

Mitmete autorite arvates võib genoomirevolutsioon viia palju täpsema haiguste molekulaarse 
klassifikatsioonini [7]. Näiteks defineerisid Moon et al. personaalmeditsiini mõistet järgnevalt: 
„patsientide sihtrühma genoomilise signatuuri kasutamine efektiivsema ravi, diagnostika ja varase 

ennetuse määramiseks, mis aitaks ära hoida või edasi lükata haigestumist“ [8]. 

PMi on defineeritud laiemalt ka kui „terviklikku tulevikunägemust haiguste ennetamiseks, 

diagnoosimiseks ja raviks, et saavutada optimaalsed tulemused üksikpatsiendi tasemel“ [9], milleks 
eristati neli PMi etappi:  

1) patsiendi haigusriski hindamine, et võimalikult varakult haigusi diagnoosida või võtta kasutusele 
ennetavad meetmed;  

2) diagnostilise täpsuse suurendamine haiguste paremaks määratlemiseks ja fenotüüpide 
kirjeldamiseks;  

3) ravi kohandamine vastavalt patsiendi individuaalsetele tunnustele koos molekulaarsete 
diagnostikavahendite ja farmakogenoomika võimalustega;  

4) kliiniliste tulemuste objektiivne ja subjektiivne hindamine ning reaalne kasu patsiendile. 

PMi nelja komponenti on kirjeldatud [10] ka läbi arsti käsutuses olevate vahendite personaalmeditsiini 
rakendamiseks:  

1) standardsed terviseriski hindamise vahendid, et hinnata tõenäosust haiguse väljakujunemiseks 
patsiendil;  

2) perekonna terviselugu, kirjeldamaks jagatud geenikombinatsioone, keskkonnast ning elustiilist 
tulenevaid riskifaktoreid;  

3) genoomi ja selle tuletiste – transkriptoomi, proteoomi ja metaboloomi – informatsiooni 
kooskasutamine;  

4) kliinilise otsusetoe süsteem. 

PMi mõistet on defineeritud [11] ka läbi kuue dimensiooni:  

1) haiguse üksikomaduste kogum ja sellega seotud personaalsete riskide profiil;  
2) nakkushaiguste keskkond ja selle erinevad omadused; geenid ja molekulaarsed tunnused;  
3) ravimite väljatöötamine ja farmakogeneetika;  
4) tervishoiu protsess sh patsiendi haridus;  
5) privaatsus ja regulatiivsed küsimused, patsiendi õigused;  
6) info- ja andmete haldamine. 

Mõiste ’personaalne’ võib erinevate inimeste jaoks omada erinevaid tähendusi. Personaalmeditsiin on 

teaduslik lähenemine, mis kohandab meditsiini üksikisikute vajadustele, ning võtab arvesse 

üksikisikute bioloogilisi vajadusi [12].  
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Euroopa Komisjoni uue teadusstrateegia Horizon 2020 nõuandev grupp [13] on kasutanud mõistet 
järgmiselt: Personaalmeditsiin on meditsiiniline mudel, mis kasutab patsiendi individuaalseid 

fenotüübi ja genotüübi tunnuseid, et sobitada õige ravistrateegia, õigele patsiendile, õigel ajal ja/või 

määrata kindlaks haiguste eelsoodumus ja/või pakkuda õigeaegset ja suunatud ennetust.  

Laiemalt võib personaalmeditsiini all mõelda ravi sobitamist patsiendi individuaalsetele tunnustele, 

vajadustele ja eelistustele kõigi tervishoiuteenuse etappide jooksul, kaasa arvatud ennetus, 

diagnostika, ravi ja järelkontroll [1]. 

Lisaks personaalmeditsiini mõistele kasutatakse teaduskirjanduses veel järgmisi sellega tihedalt 
põimuvaid mõisteid:  

� ’personaalne tervishoid - personalised healthcare’,  
� ’individuaalmeditsiin – individualised medicine’,  
� ’grupiviisiline/kihistatud meditsiin - stratified medicine’,  
� ’täppismeditsiini – precision medicine’,  
� ’farmakogenoomika - pharmakogenomics’, 
� ’P0-P6 meditsiin – P0-P6 medicine’. 

 

Mõiste personaalne tervishoid ilmus teaduskirjandusse 2000-te alguses seoses uute informatsiooni-
vahendite ja platvormidega. Näiteks peetakse patsiendi peamiseks õiguseks kohandatud 
tervishoiuinformatsiooni kättesaadavust internetist [14;15]. Zhang jt [16] tõid välja, et uus globaalne 
tervishoiusüsteem ühendab tervishoiuteenuste pakkujad indiviidide isikliku ja füüsilise keskkonnaga. 
Siiski on personaalse tervishoiu mõistet kasutatud vaheldumisi teiste mõistetega. Erinevaid lähenemisi 
on kokku võtnud Simmons jt: personaalne tervishoid on koordineeritud strateegiline lähenemine 

ambulatoorsele arstiabile, mis laias laastus hõlmab P4 meditsiini ja kasutab tehnoloogiat ja teisi 

vahendeid teenuste osutamiseks kogu tervishoiuvaldkonna raames, haiguste edendamisest ja 

ennetamisest kuni avastamise ja ravini. 

Individuaalmeditsiini nimetati teaduskirjanduses esmakordselt 2003. aastal. Terminit kasutati 
farmakogenoomika kontekstis seoses üksikute ravimite metabolismiga. Individuaalmeditsiini mõiste 
sisaldas geneetilistest ning füsioloogilistest andmetest saadud teadmiste rakendamist diagnoosimise 

parandamisel ning ravi kohandamisel konkreetse patsiendi vajadustele [17;18]. Hiljuti täiendati 
individuaalmeditsiini mõistet raviviisidega, mis kasutavad inimese enda rakumaterjali või –
informatsiooni, et leida sobiv raviviis konkreetsele patsiendile, kellelt info koguti [19]. Täiendavate 
raviviisidena nimetati tüvirakuteraapiat, vähivaktsiine ning keeruliste vähivormide individuaalselt 
erinevaid molekulaarprofiile. 

Grupiviisiline/kihistatud meditsiin – viitab mingite tunnuste alusel konkreetse haigusega patsientide 
jaotamisele alamgruppidesse, kes sagedamini alluvad teatud ravimile, ravile või kellel on väiksem 
kõrvaltoimete hulk teatud ravimite puhul. Kihistatust või gruppideks jaotamist võib pidada 
personaalmeditsiini üheks põhielemendiks. Grupiviisilise/kihistatud meditsiini mõistet kasutati 
teaduskirjanduses esmakordselt 2007. aastal – „grupiviisiline meditsiin on konkreetsete tunnustega 

patsientide populatsioonile sobitatud ravi kliinilisi biomarkereid
7
 kasutades“. PMi asemel kasutati 

grupiviisilist meditsiini, kuna iga patsiendi võib biomarkerite alusel määratud ravivastuse põhjal siduda 
konkreetse kohordi või populatsiooniga. Grupiviisiline meditsiin sõltub aktsepteeritud biomarkerite 
arengust ning mitmete ravivõimaluste olemasolust. Enamiku mõiste kasutajate jaoks on grupiviisiline 
meditsiin kombinatsioon biomarkeritest, diagnostilistest testidest, ravist ja ravitulemustest, mida 
rakendatakse täpselt määratletud alampopulatsioonile. 

Täppismeditsiini kolme kõige olulisemat elementi kirjeldasid Boguski et al. (2009) järgnevalt: teadmine 

haiguse põhjustest; nende põhjuslike agentide/elementide kindlakstegemise võimekus; võimekus 

ravida algpõhjuseid efektiivselt [20]. 2011. aastal avaldas National Research Council täppismeditsiini 
veelgi täpsema definitsiooni [21]: „uued andmevõrgud, mis võimaldavad molekulaaruuringute 

                                                           
7
 Kliinilised biomarkerid võivad olla väga erinevat tüüpi, näiteks genotüübi määramiseks, biokeemilised, 

füsioloogilised või kujutavad biomarkerid. 
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andmeid siduda üksikute patsientide kliiniliste andmetega“. Teised uurijad arendasin täppismeditsiini 
mõistet edasi – „täppismeditsiin sisaldab nüüdisaegsete molekulaarsete profiilide ja kliiniliste-

patoloogiliste indeksite kooskasutamist, luues iga patsiendi vajadustele kohandatud diagnostika, 

prognostika ja ravistrateegia“ [22]. Täppismeditsiin on haiguste ravi ja ennetusega seotud lähenemine, 
mis võtab arvesse patsiendi geneetilist eripära, keskkonda ja elustiili. Kõige olulisemad arengud 
täppismeditsiini osas on toimunud seoses vähiraviga, teiste haiguste puhul ei ole see eriti levinud. 

Farmakogenoomika ’Pharmacogenomics, PGx’  on samuti üks mõistetest, mida on personaalmeditsiini 
mõistega koos ja vaheldumisi kasutatud. Farmakogenoomika uurib DNA ja RNA tunnuste variatsioone, 

mis on seotud ravimite mõjuga ehk on teadus sellest, kuidas geenid mõjutavad üksikisikute 

ravivastuseid [23]. Farmakogenoomika on personaalmeditsiini väga oluline osa, kus viimasel ajal on 
tehtud suuri edusamme. 

 

2. Personaalmeditsiini kontseptsiooni areng ja mõiste defineerimine 

P0 meditsiin pärineb meditsiini algusaegadest, mida iseloomustas paternalistlik arsti ja patsiendi suhe, 
st patsientide väga vähene (kui üldse) autonoomia ja suur arsti-kesksus.  

P4 meditsiini mõistet tutvustas Leroy Hood 2008. aastal seoses süsteemibioloogia arenguga [25]. P4 
meditsiin (ennustav, ennetav, personaalne ja kaasav - predictive, personalised, preventive and 

participatory) märkis tervishoiusüsteemi paradigma muutust reaktiivsest (haigusele keskendunud 
tegevustest) ennetavaks (tervist hoidvaks ja haigusi ennetavaks). P4 meditsiin on personaalne kõige 
otsesemas tähenduses: iga patsienti ravitakse kui unikaalset indiviidi ning patsiendid ise kontrollivad 
valitud raviviise, et ennetada haigestumist või saada efektiivset ravi. 

USA Tervise Insituut (National Health Institute, NIH) defineeris P4 meditsiini järgmiselt: teadusuuringud 

lubavad meil tulevikus ennustada (predictive) kuidas, millal ja kellel areneb mõni haigus. Me suudame 

kujutada ette aega, mil oleme võimelised suunama ravi personaliseerituse (personalised)  baasil 

täpselt neile, kellel ravi vaja on, ning vältida nende ravimist, kes seda ei vaja. Lõpptulemusena lubab 

niisugune individualiseeritud lähenemine ennetada (preventive) haigust enne selle tekkimist, 

rakendada üksikisikute, kogukondade ja tervishoiuteenuste pakkujate osalemist (participatory) 

ennetaval viisil nii vara kui võimalik ja kogu tavapärase haigustsükli vältel. 

P5 meditsiin on P4 kontseptsiooni edasiarendus. Gorini ja Pravettoni, Ozdemir jt, lisasid mudelisse 
viienda elemendina psühholoogilis-tunnetusliku (psychocognitive) aspekti, kuna patsient ei ole ainult 
bioloogiline või geneetiline üksus, vaid isik, koos oma eriliste vajaduste, väärtuste, lootuste ja hirmudega 
[26]. Viienda aspekti lisamine võimaldab patsiendil võtta passiivse saaja rolli asemel aktiivse otsustaja 
roll kogu raviprotsessi käigus.  

Ühe olulise viienda aspektina on nimetatud ka populatsiooni perspektiivi, mis tuleks siduda iga eelneva 
nelja komponendiga [27]. Populatsiooni perspektiivi lisamine ühendab ennustava meditsiini ökoloogilise 
tervishoiumudeliga; lisab ennetavale meditsiinile populatsiooni sõeluuringute põhimõtted; kasutab 
tõenditel põhinevat praktikat personaalmeditsiinis; ja jagab kaasava meditsiini kolmeks rahvatervise 
põhifunktsiooniks: hindamine, poliitikakujundamine ja kindlustus.  

P6 meditsiin on Bragazzi täiendus P5 meditsiini mudelile, lisades sellele avalikkuse komponendi. P6 

medicine – personalised, predictive, preventive, participatory, psychocognitive and public 

(personaalne, ennustav, ennetav, kaasav, psühho-kognitiivne ja avalik) [28]. 
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Tabel 1. Ülevaade P0–P6 meditsiini mõistetest ja komponentidest 
P0 meditsiin P3 meditsiin P4 meditsiin P5 meditsiin P6 meditsiin 

Mittepersonaalne, 

„üks suurus sobib 

kõigile“ lähenemine 

Personaalne Personaalne Personaalne Personaalne 

Ei ole ennustav Ennustav Ennustav Ennustav Ennustav 

Ei ole ennetav, 

tegeleb ainult 

akuutsete 

haigustega, 

reaktiivne meditsiin 

Ennetav, tegeleb nii 

akuutsete kui 

krooniliste 

haigustega; on 

proaktiivne 

Ennetav, tegeleb nii 

akuutsete kui 

krooniliste 

haigustega; on 

proaktiivne 

Ennetav, tegeleb 

nii akuutsete kui 

krooniliste 

haigustega; on 

proaktiivne 

Ennetav, tegeleb nii 

akuutsete kui 

krooniliste haigustega; 

on proaktiivne 

Ei ole kaasav, pigem 

paternalistlik või 

arsti-keskne 

Ei ole kaasav, pigem 

paternalistlik või 

arsti-keskne 

Kaasav või 

patsiendi-keskne 

Kaasav või 

patsiendi-keskne 

Kaasav või patsiendi-

keskne 

Ei ole psühho-

kognitiivne 

Ei ole psühho-

kognitiivne 

Ei ole psühho-

kognitiivne 

Psühho-

kognitiivne 

Psühho-kognitiivne 

Ei ole avalik Ei ole avalik Ei ole avalik Ei ole avalik Avalik ja populatsiooni-

põhine, jagatud ja 

avatud lähteandmetega 

Personaalmeditsiini mõiste (personalised medicine) on maailmas kõige laialdasemalt kasutusel ja seotud 
ka teiste eelpool kirjeldatud mõistetega. Algsed erinevused grupiviisilise ja personaalmeditsiini mõiste 
vahel on aja jooksul hägustunud. Täppismeditsiini mõistet kasutatakse samuti väga sageli, kuid tihti ka 
personaalmeditsiini mõiste alternatiivina. P4 meditsiin kirjeldas esialgu täiesti omalaadset nägemust 
heaolule, kuid ka selle kasutamine ja laienemine P6 mudeliks on aja jooksul segunenud 
personaalmeditsiini mõistega. Ülevaate mõistete omavahelistest seostest teaduskirjanduse põhjal 
annab joonis 1. 

 

Joonis 1. Personaalmeditsiini tähenduste omavahelised seosed [5]8. 

                                                           
8
 Originaaljoonis inglise keeles: 

http://www.futuremedicine.com/action/showPopup?citid=citart1&id=F0002&doi=10.2217%2Fpme.13.107  
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Personaalmeditsiini mõiste defineerimine 

Eelneva teaduskirjanduse ülevaate põhjal selgub, et personaalmeditsiini mõiste on küll kasutusel olnud 
juba pikka aega, kuid siiani puudub sel ühene definitsioon ning see on avatud erinevatele tõlgendustele. 
Schleidgen et al. [24] püüdsid teaduskirjanduses kasutatud mõistete analüüsimise käigus välja pakkuda 
ühtset laialdaselt aktsepteeritavat personaalmeditsiini definitsiooni, mis lõpetaks praeguse segaduse 
mõiste definitsiooni osas. Järgnevalt on toodud Schleidgeni et al. analüüsi kokkuvõte 
personaalmeditsiini defineerimisest. 

Autorite hinnangul on personaalmeditsiini mõistest olemas pidev arusaam, millest võib välja tuua kolm 
peamist seisukohta: 

a) PM ei ole uus kontseptsioon, kuna meditsiin on alati olnud individualiseeritud/personaalne; 
b) PM on terviklik tervishoiusüsteem, mis keskendub patsiendi kui üksikisiku vajadustele; 
c) PM on kihistatud alamgruppidele suunatud ravitegevus (nt farmakogeneetika). 

Mõiste sisuline ning kasutamisega seotud ebamäärasus tekitab mitmeid probleeme: 

a) Mõiste ebamäärasus muudab keeruliseks avaliku arutelu PM võimaluste, riskide ja piirangute 
üle. Sellest tulenevalt ei ole võimalik välja töötada õiguslikke mehhanisme, mis tagavad PM 
uurimise ja pakkumise tõhususe ning eetilise vastuvõetavuse. 

b) Sidusrühmad võivad mõiste ebamäärasust enda huvides ära kasutada, sh näiteks oma 
majandushuvides ja -eelistustes. Meditsiinikontekstis on see lubamatu, kuna meditsiin peab 
olema suunatud patsiendi vajadustele. 

c) PM mõiste ebamäärasus võib patsientidele kaasa tuua põhjendamatuid hirme ning alusetuid 
lootusi, sh patsiendile ideaalselt kohandatud meditsiin.  

Mõiste defineerimine eeldab, et mõiste (definiendum) on ekvivalentne mingi teise hulga mõistetega, 
mille tähendus on hästi tõestatud (definiens). Traditsioonilises loogikas esitatakse rida nõudeid, mida 
üks korrektne definitsioon peab rahuldama: 

1. Definitsioon peab olema vajalik, st et pole olemas defineerivate mõistetega (definiens) 
ekvivalentset väljakujunenud definitsiooni; 

2. Definitsioon peab olema adekvaatne, st ei tohi olla liiga avar ega liiga kitsas; 
3. Definitsioonis ei tohi olla ringi, st mõistet ei saa määratleda sellise mõiste kaudu, mis ise on 

defineeritav antud mõiste kaudu; 
4. Defineeritav mõiste ei tohi sisaldada üleliigseid mõisted, st mõisteid, mida defineeritakse teiste 

definitsioonis sisalduvate mõistete kaudu; 
5. Definitsioon ei tohi olla vastuoluline, st sisaldada loogilisi vasturääkivusi; 
6. Definitsioon peab olema selge ja täpse sõnastusega, st ei tohi olla mitmeti mõistetav. 

PM mõiste analüüsimisel teaduskirjanduses selgus, et paljud kasutatud definitsioonid ei vasta 
ülaltoodud nõuetele. Sageli on PM definitsioonis kasutatud defineeriva mõistena uurimis- või 
teadustööd (sh uute diagnostikate ja raviviiside uurimine), mis on vastuolus definitsioonile seatud 
nõudega 5: meditsiinilises kontekstis9 on uurimistöö alati vahendiks soovitud tulemuse saavutamiseks, 
mitte kunagi eesmärk omaette. Tavaliselt, kuid mitte alati, seisneb uurimistöö mõiste meditsiiniliste 
meetmete parandamises või meditsiiniliste teadmiste loomises. Seega ei sobi uurimistöö mõistet PM 
defineerimisel kasutada. 

Teine oluline mõiste, mida PM defineerimisel on kasutatud, on ravimi müügiloa saamise protseduur 
(drug approval). Kuid see ei ole samuti sobiv mõiste PM defineerimisel. Me soovime defineerida 
personaalmeditsiini mõistet, mille peamine valdkond on meditsiin ning see seab piirid termini 
tähendusele. Ravimi müügiloa saamise protseduur kuulub aga peamiselt tervishoiupoliitika mitte 
meditsiini valdkonda. Seega ravimi müügiloa saamise protseduuri mõiste rikub definitsiooni koostamise 
reeglit, et mõiste defineeritakse liigitunnuse (st ühte liiki esemeid teistest eristava tunnus) kaudu. 

                                                           
9
 Meditsiinilises kontekstis me viitame meditsiinile kui meditsiinilisele abile. Tulemuste analüüs viitab, et PMi 

käsitletakse üldiselt kui vahendit, mille abil parandada meditsiinilist abi. 



  142 

Ka suur hulk muid mõisteid ei sobi PMi defineerimiseks, kuna on selleks kas liiga avarad või liiga kitsad. 
Näiteks mõisted „otsuste tegemine“ või „kulude kontroll/vähendamine“ ei kuulu samuti meditsiini 
valdkonda, vaid pigem inimtegevuse või ärijuhtimise valdkonda. Sellisel kujul mõisted on liiga laiad PMi 
adekvaatseks defineerimiseks. Mõnevõrra kitsamad, kuid siiski liialt avarad on mõisted „patsientide 
juhtimine“ ning „grupiviisiline/kihistatud kasutamine“, mida võib kasutada igasuguse meditsiinilise 
sekkumise korral. On ka liialt kitsaid mõisteid, näiteks „üksikisikutele kohandatud heaolu kava“, kuna 
meditsiin on laiem mõiste kui heaolu ning on pigem seotud patsientide tervisega, samal ajal kui heaolu 
on seotud ainult ühe tervise aspektiga. Paljude haiguste korral ei tähenda heaolu kasv tervisliku seisundi 
paranemist. 

Mõistete „ennetus“ ja „ravi“ kasutamisel PMi defineerimisel, tuleb silmas pidada, et uusi termineid 
vajatakse peamiselt siis, kui  ilmnevad muutused või toimuvad arengud, mida varasemalt kasutusel 
olnud termin enam ei kirjelda. Meditsiinilises kontekstis on uus termin vajalik, kui meditsiinilise 
sekkumise vahendid ja lõpptulemused muutuvad viisil, mida varasemalt kasutatud terminid enam 
piisavalt täpselt ei kirjelda. Küsimus seisneb selles, kas mõisted „ennetus“ ja „ravi“ nõuavad uute 
terminite defineerimist? Autorid leidsid, et kriteeriumile vastavad ainult need mõisted, milles viidatakse 
parandamisele või täiendamisele. Teiste puhul pole uute mõistete defineerimine õigustatud. Seega jäid 
sobivate mõistete hulka, mille kaudu PMi defineerida, ainult need, mis sisaldasid erinevas ulatuses 
parandamist või täiendamist, näiteks „tulemuslikkus ja tõhusus“, „ajastus“, „kohandamine“, „ravivalik“, 
„efektiivsus“ ja „ohutus“. 

Meditsiinis on olemas teatud mõistete hierarhia. Näiteks „parem ravi ajastus“ ei ole omaette eesmärk, 
vaid on oluline hoopis „efektiivsema ravi“ saavutamiseks. Meditsiinilise sekkumise tulemuslikkus, 
tõhusus ja ohutus on need, mis alati defineerivad parandamist ja täiendamist tervishoius, mistõttu 
jäetakse need PMi defineerimisel kõrvale, kuna need kaasnevad alati iga meditsiinilise täiendusega. 

Tervishoiu „kohandamine“ ja „ajastuse parandamine“ on ainsad mõisted, mis vastavad nõuetele ja 
mida võib PMi defineerimisel kasutada. Samuti võib uute mõistetena kasutada „bioloogilise 
informatsiooni ja biomarkerite kasutamist haiguste molekulaarse leviku, geneetika, proteoomika ja 
metaboloomika“ tasemel. 

Lähtudes analüüsist ja definitsiooni koostamise nõuetest pakuvad Schleidgeni et al [24] seatud 
kriteeriumitele vastava uue PMi definitsioonina välja järgmist: 

Personaalmeditsiini eesmärgiks on parandada tervishoiusüsteemi grupipõhisust ja ajastust, kasutades 

ära bioloogilist informatsiooni ja biomarkereid haiguste molekulaarse leviku, geneetika, proteoomika 

ja metaboloomika tasemel. 

 

3. Personaalmeditsiini mõiste käsitlus Eestis 

Ülalpool esitatu alusel on selge, et tänaseks ei ole kokku lepitud ühtset, universaalset ja laialdaselt 
kasutatavat personaalmeditsiini definitsiooni. Seoses personaalmeditsiini pilootprojekti planeerimisega 
Eestis on asjakohane selle mõiste piisavalt põhjalik käsitlus, et selgus oleks võimalikult suur nii 
partneritele kui avalikkusele. 

WHO on defineerinud tervise kui tervikliku füüsilise, vaimse ja sotsiaalse heaolu. Kusjuures keskseks ei 
ole mitte haigus, vaid terviklik heaolu. Psühholoogilised ja isiklikud tunnused mõjutavad kliinilisi 
tulemusi patsiendi elukvaliteedi, vitaalsuse ja rahulolu kaudu.  

Personaalmeditsiini abiga peaks tervishoiu juhtimise paradigma keskenduma ennetusele, liikudes 
haiguselt heaolule, haiguste ravimiselt tervise säilitamisele. Kui paraneb meie võimekus haiguste 
ennetamiseks ja individuaalsete erinevuste arvestamiseks haiguste diagnoosimisel, kogemisel ja ravile 
reageerimisel, siis pakub personaalmeditsiin lootust, et haiguste kestust ja raskust on võimalik 
vähendada. Personaalmeditsiin võimaldab vähendada ravikulusid, kui me oskame kiiresti ja 
usaldusväärselt valida patisendile maksimaalselt efektiivse raviviisi, mis vähendab ebaefektiivsete 
ravimeetodite kasutamist ja aitab vältida ravimite kõrvaltoimeid. 
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Personaalmeditsiin ei ole uus meditsiiniharu, vaid pigem tänase tervishoiusüsteemi edasiarendus ja 
täiendamine nii meditsiinis kui ka IT valdkonnas isikupõhiste andmete saamise ja kasutamise 
võimalustega. Arengud erinevates teadusvaldkondades (genoomika, farmakogenoomika, -oomikad jne) 
võimaldavad patsiendi personaalsete terviseandmete laialdasemat kasutamist nii indiviidi kui ka 
populatsiooni heaolu (st tervena püsimise ning haiguste ennetamise) tagamisel.  

Personaalmeditsiin on kontseptsioon tervishoiuteenustest, mille puhul rakendatakse teaduslikult 
valideeritud tehnoloogiaid, et arvestada iga inimese unikaalseid individuaalseid omadusi. Järgnevalt on 
esitatud mõned PM definitsioonid ja eesmärgid, mida Eestis on kasutatud.  

• Tegevusprintsiip, kus haiguste ennetuses, diagnoosimisel või ravis arvestatakse iga inimese 
individuaalset varieeruvust terviseandmetes (sh geneetiline info), tervisekäitumises, 
elukeskkonnas ja eelistustes. Printsiibi tõhusaks ja kvaliteetseks rakendamiseks kasutatakse 
maksimaalselt olemasolevaid terviseandmestikke ning intelligentseid infoanalüüsi ja otsusetoe 
rakendusi. 

• Personaalmeditsiin tähendab tõenduspõhist, individuaalsetel terviseandmetel* põhinevat 
personaalsetele riskidele kohandatud, preventiivset, ennustavat ja kaasavat (4P) lähenemist 
haiguste ennetamisele ja ravile. *terviseandmed – kõik andmed, millel seos inimese tervisega 
(geenid jm -oomika, haigus- ja raviandmed, käitumine, keskkond, sotsiaalandmed jne). 

• Personaalmeditsiini eesmärk üksikisiku tasemel on tema tervise juhtimine (health 

management) ehk individualiseeritud ravi- ja ennetavad teenused, mida võimaldavad terviklike 
terviseandmete mugav kasutamine ja asjakohased kliinilise käsitluse otsusetoed.  

• Personaalmeditsiini eesmärgiks populatsiooni tasemel on isikupõhiste terviseandmete 
kogumine ja kasutamine mitte koheselt üksikisiku aitamiseks, vaid eelnimetatud kliinilise 
käsitluse otsusetugede väljatöötamiseks, ravitulemuste monitoorimiseks ja tervishoiuteenuste 
kvaliteedi juhtimise eesmärgil. See annaks võimaluse radikaalselt uute teenuste arendamiseks 
erinevate haigusseisundite või tervisekäitumise mustritega isikute jaoks – uued võimalused 
arstidele ja teadlastele inimeste tervisega seotud küsimuste lahendamisel. 

• Personaalmeditsiin (otsusetugi) kliinilises käsitluses on terviseseisundi ja meditsiinilise 
tegevusega seotud otsustusprotsess, milles infotehnoloogiliste lahenduste abil seotakse isiku 
terviseandmed tõenduspõhiste teadmistega. Personal medicine = linking knowledge with patient 

data for decision support. 
• Kuigi algselt on ka Eestis personaalmeditsiini seostatud eeskätt geneetilise informatsiooni 

kasutamisega, siis praeguseks mõistetakse selle all inimese kõigi terviseandmete kasutamist 
ennetuses ja ravis, mis peaks viima süstemaatilise mõistmiseni, kuidas indiviidi tervis tuleneb 
komplekssest seosest geenide, iseenda käitumise ning väliskeskkonna vahel[29]. 

 

Personaalmeditsiini eeluuringu juhtrühmas on osutatud, et ühtse personaalmeditsiini mõiste 

tähenduse sõnastamisel tuleks tähelepanu pöörata järgmistele aspektidele: 

• Peaks sisaldama personaalsete andmete (terviseandmete, bioloogilise informatsiooni, 
keskkonna informatsiooni jm) kasutamist. 

• Olemasolevate personaalandmete kogumist  ja grupiviisilist kohandamist populatsioonidele. 

• Meditsiinilise tegevuse suunamist tervise säilitamisele, haiguste ennetamisele ja 
edasilükkamisele. Hiljem ravi õigeaegne alustamine, efektiivseima ja sobivaima raviviisi valimine. 

• Patsiendi kaasamine tervise säilitamise, jälgimise ja ravi toimimise jälgimisel. 

• Ühendama endas 6P meditsiini komponendid: 
o personal – isikupõhine; 
o predictive – ennustav;  
o preventive – ennetav;  
o participatory – kaasav; 
o psychocognitive – psühhokognitiivne (sh tervisekäitumine ja elustiil); 
o public – avalik ja rahvastikupõhine ja tervist kujundav tervisepoliitika (sõeluuringud). 
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Personaalmeditsiini eeluuringu juhtrühma poolt soovitatakse personaalmeditsiini käsitleda, kui: 

individuaalsete geno- ja fenotüübi10 andmete põhjal arvutusliku analüüsiga leitud individuaalsete 
riskide tõenäosustele ning otsusetoe soovitustele toetuvat haiguste ennetust, diagnostikat ja ravi. 

Esitatud mõistega koos peaks kasutama ka selgitust tervishoiusüsteemi muutustest: 

Personaalmeditsiinile toetuva tervishoiu eesmärgiks on preventiivse, prognoosiva ja inimesi kaasava 
lähenemise ulatuslikum juurutamine tervishoius. 

 

Personaalmeditsiini mõiste selgitus on visuaalselt esitatud alljärgneval joonisel: 

 

 

 

Terviseprobleemi/ilmingu esinemisel pöördub patsient arsti või tervishoiutöötaja poole. Lisaks 
tavapärastele tervise- ja raviandmetele kogutakse personaalmeditsiini lähenemist järgides patsiendi 
kohta ka tema geeni- jm molekulaarandmed, mis sisestatakse ühtsesse rahvastiku terviseandmebaasi ja 
mida võrreldakse erinevate populatsioonide andmetega, otsides sarnaseid ja erinevaid mustreid 
andmetes. Töötluse tulemusena pakuvad kohandatud algoritmid välja tõenäosustel põhinevad 
tulemused (otsusetugi) ravi ja tervisekäitumise alustamiseks, jätkamiseks või muutmiseks. Need 

                                                           
10

 Siinkohal käsitletakse mõisteid alljärgnevas tähenduses: 
Genotüüp – indiviidi kogu geneetiline informatsioon (pärilikkus), mis koostoimes keskkonnatingimustega määrab tema 
fenotüübi. 
Fenotüüp – indiviidi morfoloogiliste, füsioloogiliste, keemiliste, etoloogiliste, arenguliste jt. tunnuste (variantide ja 
avaldumistasemete) vaadeldav kogum. Fenotüüp kujuneb indiviidi arengus genotüübis sisalduva info realiseerumise 
tulemusena, tihti sõltuvalt elukeskkonna tingimustest. 
Arvutuslik analüüs – teadus- ja/või kliiniliste uuringute tulemustena väljatöötatud algoritmid ja arvutuslikud/matemaatilised 
mudelid, mille abil terviseandmeid ja biomarkereid kasutades arvutatakse välja individuaalsete terviseriskide tõenäosused. 
Individuaalsed riskid – genotüübil ja fenotüübil põhinevad, tervisekäitumisest ning sotsiaalsest ja elukeskkonnast tulenevad  
terviseriskid.  
Otsusetugi – infotehnoloogiline abivahend, mis kasutab erinevatest allikatest kogutud digitaalseid terviseandmeid ja analüüsib 
neid individuaalsete terviseriskide arvutamiseks, diagnoosimiseks ning võimalike raviviiside nõustamiseks ja valimiseks, 
toetudes selles tõenduspõhisele parimale teadmisele. 

PERSONAALMEDITSIIN 

Tervise ja raviandmed 1 

Geeni- jm molekulaarandmed 2 

Seoste mustrid 3 

Tõenäosustel põhinev otsusetugi 4 

Riskide kommunikatsioon 5 

Riskide juhtimine 6 

1 2 3 4 5 6 
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tulemused ei ole lõplikud, vaid annavad arstile võimaluse erinevate strateegiate ja võimaluste 
hindamiseks probleemi/ilminguga kaasnenud terviseriskide vahendamiseks patsiendile. Suurem 
teadlikkus võimaldab arsti ja patsiendi koostöö tulemusena teha teadlikumaid ravivalikuid ning sel viisil 
tegevusriske paremini juhtida. Tulemuste mõõtmine ja andmetele lisamine annab lisakasu nii 
konkreetsele patsiendile kui ka populatsioonile ennetavate või järgnevate otsuste tegemisel. 

Kokkuvõttes on loodud definitsioonis esindatud kõik eeluuringu põhjal oluliseks osutunud 
personaalmeditsiini mõistele seatud tingimused. 

Ingliskeelne tõlge käesoleva projekti raames loodud definitsioonile on järgmine: 

Personalised medicine refers to prevention, diagnosis and treatment of health disorders, 
based on individual risk-tailored approach using computational decision support analysis of 
person’s phenotype and genotype data. The goal of personalised medicine is to contribute 
towards preventive, predictive and participatory health system. 
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