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Abstract
Introduction: Personalised prevention aims to delay or avoid disease occurrence, progressic
recurrence of diseases through the adoption of targeted interventions that considendngdual
biological (including genetic data), environmental and behavioural characteristiegelhaas the
socio-cultural context.
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project, which seeks to highlight the gaps in current personalised preventive approatioeder
to develop a Strategic Research and Innovation Agenda for the European Union.

Objective To systematically map and review the research activity of biomarkers thavaikable
or under development in cancer, cardiovascular and neurodegenerative diseases that are or
used for personalised prevention in the general population, in clinical or public health setting

Methods. Three rapid scoping reviews were conducted in parallel {F&in 2023), based on
common protocol framework with adjustments to suit each specific condition (cal
cardiovascular or neurodegenerative diseases). Medline and Embase were searched to
publications between 2020 and 2023 for relevant biomarkers for risk prediction and stratifica

Results Biomarker research is most extensive in cancer (843 articles included), folgyw@dD
(775 articles included). Fewer articles were identified for neurodegenerative diseases (286
included), there is a major focus on biomarker research for Alzheimer's diseagecular
biomarkers were the most common category identified across all the diseases, buliakypin
cancer. Genetic/genomic biomarkers are extensively studied in primary prevention,

biochemical biomarkers are common in secondary prevention of all diseases. gniégimarkers
are more relevant in secondary prevention, especially in neurodegenerative disdaiggsl
technologies, focusing on Al and machine learning, are used primarily in naolecu imaging
studies.

Conclusions These three rapid scoping reviews summarize the main features of the res
landscape on biomarkers for the primary and secondary prevention of cancer, cardiovascu
neurodegenerative diseases.

Personalised prevention, precision medicine, biomarkers, cancer, cardiovascular dis
neurodegenerative diseases, chronic diseases.
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Executive summary

Introduction:

Personalised prevention aims to delay or avoid disease occurrence, progression, and
recurrence of diseases through the adoption of targeted interventions tuatsider the
individual biological (including genetic data), environmental and beliaai characteristics,

as well as the socio-cultural context. One of the tools that technologic@rees may add to

help to promote personalised prevention for chronic diseases is tlatiftcation and
validation of new biomarkers that may help to better identify subgroapsdividuals with
different risks of having the disease, which could inform and imppregention strategies.

dZ]e E %}ES ]* % ES }( $Z ~W Ze<Kv 0] WEREA y3$pldZz EE u %
(PROPHET) project, which seeks to highlight the gaps in current pessdnpteventive
approaches, in order to develop a Strategic Research and Innovation Agenda for thegguro

Union.

Objective

To provide a research landscape of the biomarkers that are available er desielopment
that are or can be used for personalised primary or secondary preventiocaniger,
cardiovascular and neurodegenerative diseases in clinical or public sedtiings.

Methods:

Three rapid scoping reviews were conducted in parallel, based on a compmoimcol adapted

to each specific condition (cancer, cardiovascular or neurodegenerative diseases). The
protocol is based on the PCC (Population, Concept and Context) fraknestioithe following
specifications: Population general adult population or adults from specific subpopulations;
conceptt all studies focusing on molecular, cellular, imaging physiological, or anthespom
biomarkers used for personalised primary or secondary prevention of the diseast=resi;
context t clinical or public health settings.

Medline and Embase were searched through the OVID platform to igigméér reviewed
studies and preprints published in English between 2020 and Z0&8screening and data
extraction were carried out with the aid of in Covidence, a systematiew management
web platform. The selection criteria and the extraction sheet were preetbsilso, at least
10% of the records in each phase of the review were evaluated indepempdenttwo
reviewers to confirm consistency. The following information was extracted froen th
publications selected for inclusion: source type, citation detatilglisd disease, specific type
of biomarker used for risk prediction and stratification, type of prei@mt study methods
(study design, use of artificial intelligence or mendelian randotiois@approaches), and other
key information relevant to the review question/s. Results are presented graphiodhbles
and evidence maps.

Results

The most prolific field of biomarker research for primary or secondary preverstiorcancer,
followed by CVD. In contrast, for neurodegenerative diseases the numibarticles is
considerably lower, less than a third of those found in cancer.

7

AN UANIANCANANEANEAX AN AN ANAN AN EANANCANAN AN CANANCANANXANEANEAN AN AN CAR ANANCAN AN AN EANCANGAN

»ROPHET e )

eRsOnalized Prevention
for the future HEalThcare




\\/\\/ Rapid scoping reviews on biomarkers for risk prediction andifstegion in cancer, cardiovascular and neurodegenerati
diseases, and their potential integration with digital technologies

™ Cancert 11,266 articles were obtained from the initial searches, of which 2,088 we
included for full-text screening. Of these, 843 articles were seletdedinal data
extraction. Primary prevention research for cancer primarily is mainly focused on
molecular biomarkers (mostly genetic), while imaging biomarkers are more peomin
in the secondary prevention papers identified. There was limited research on
biomarkers for primary/secondary prevention of corpus uteri, bladder, addeyi
cancer compared to other types of cancer.

™ Cardiovascular disease (CVIDH,288 articles were obtained from the initial searches,
of which 1,053 were included for full-text screening. Of these, 7iiGles were
selected for final data extraction. Molecular biomarkers, especialigcimemic heart
disease (IHD) and stroke, the leading causes of CVD death, are the most dgmmon
researched. In primary prevention most research activity is for IHD and stritki@ wi
general and high-risk CVD populations and for the molecular/genomatsnaaging
biomarker categories. In secondary prevention, most research activity is in IHD and
stroke within general and high-risk CVD populations and fore th
molecular/biochemistry (biochemical) and imaging biomarker categories.

™ Neurodegenerative disorders2,014 articles were obtained from the initial searches,
of which 459 were included for full-text screening. Of these, 286les were selected
for final data extraction. The most notable finding is the consibleraocus on
Alzheimer's disease. In contrast, there is a scarcity of available research for other
neurodegenerative diseases, specifically Lewy body disease and frontotemporal
dementia. The research on Alzheimer's disease was primarily for secondary prevention
strategies, whilst for the other diseases it was focused on primary prevention.
Molecular biomarkers, were a major focus of the research in neurodegewnerat
diseases.

M}o po G J}lu EI E&-domiBates @Gcrass all three disease groups. Imaging
biomarkers are the next most investigated, except for cancer, where antmefric
measures (in particular BMI) were more frequently explored. Imaging biomarkensane
relevant in secondary prevention, especially in neurodegenerative diseaseslacCel
biomarkers are mostly limited to cancer studies, while physiologicahdrkers are used
relatively more in secondary prevention of CVD than in other diseases.

Amongst molecular biomarkers, genetic/genomic biomarkers were extensivedyedtdor
primary prevention and ranked second in the biomarkers identified for stexyprevention.
These biomarkers typically consisted of one or several single nucleotide polysragpbr
were combined to form polygenic risk scores, and they were occasionally expliiéa tive
context of Mendelian randomisation approaches. Of note, it was relgtivetommon to see
studies that specifically explored the interaction between differembdifiable factors and
genetic biomarkers. Biochemical biomarkers were the second most researched gryprim
prevention, and the most common in secondary prevention. In contrast, theas very
limited research for epigenetic or microbiome-based biomarkers.
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The use of digital technologies with new biomarkers were identifieth avfocus on the use
of artificial intelligence including machine learning. Its appbecais primarily limited to
studies utilising molecular and imaging techniques (e.g. radiomics).

Conclusions

This report provides a landscape of research activity of the biomatkatsare available or
under development that are or can be used for personalised primasg@sndary prevention

in cancer, cardiovascular and neurodegenerative diseases in clinical ar pealih settings.
Whilst there is activity in genetic and biochemical biomarkers, therelasg gaps in activity.

As the use of biomarkers in health is mainly focused on treatmerst cituicial to undertake
further research in the identification, evaluation and validationddferent biomarkers for
personalised primary and secondary prevention for cancer, cardiovascular diseases and
neurodegenerative disorders in public health settings.
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1 Introduction

1.1 BACKGROUND

In recent years, innovative health research has moved rapidly towards a newigrarad
which is the ability to analyse, process and combine unprecedieswurces and quantities of
data of various kinds e.g. environmental, clinical, socio-demographic, epidgicali@and
biological. This has created new opportunities to better understandotigin and evolution
of chronic diseases and thus opened the way to the design oftasyeted strategies to
prevent, detect or treat each individual. This paradigm has come to berkaevpersonalised
mediciné'.

According to the European Council Conclusion on personalised medicipatimts
(2015/C421/03), this term defines a medical model that involves charactetimrgenotypes,
phenotypes, lifestyle and environmental exposures of individuals in oéilor the right
therapeutic strategy for the right person at the right time, andtor determine disease
predisposition and/or to provide timely and targeted prevention (1). Thukimvpersonalised
medicine there is a factor that is of the utmost importance from thenpof view of public
health: personalised preventionPersonalised preventionaims to prevent the onset,
progression and recurrence of disease by the adoption of targeted inteprenthat consider
biological informatiof, environmental and behavioural characteristics, socio-economic and
cultural context of individuals (1). These interventions should beeltimeffective, and
equitable to maintain the best possible balance in lifetime Hedfajectory (2). Taking
advantage of the opportunities in this field could prevent patgebecoming ill or support
early diagnosis in time to prevent disease progression or improve health and sbpydhe
most profitable use of this approach at the population level, betherms of health and
economics.

In this context, non-communicable chronic diseases need specifictiattedue to
their rising incidence, mortality, and their impact in terms of disgbddjusted life years (8
6). According to the World Health Organization (7), each year chrammecommunicable
diseases kill 41 million people, equivalent to 74% of all deathsaljyohVithin the EU, non-
communicable diseases (NCDs) may account for 80% of the overall burden of disgase
2021, one third of EU adults are reported to be suffering feoomronic condition (8). Among
them, the two main broad causes of mortality in the region in 20&8eveirculatory diseases,
which accounted for over 1.6 million deaths or 35% of all deathscander, which accounted
for almost 1.2 million deaths or 26% of all deaths (8). Neurological dseassuding
dementias, are also a very important cause of morbidity, mortality and digahiliranking
third, according to some authors (3 and a growing cause for concern in ageing societies,
such as in Europe. Given all the above, in 2019, the PRER@efar{alised medicine for disease
preventior) consortium recommended the identification of biomarkers that could $edufor
the prevention of chronic diseases. They are needed to support the @oatratifying

e, genetics and other biomarkers, as well as demographics and other health cosditi
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response to drugs, guiding primary, secondary and tertiary preventive interventions (10).

In operative terms, the development of personalised medicine is supportedhdy t
technological and knowledge advances in fields such as: moleculagyehd bioinformatics,
including different@mics technologies which are providing new opportunities; agdostic
imaging and new forms of image processing, including strategies based on aartifici
intelligence; the capacity to integrate all this knowledge witte-existing knowledge in
complex models for prediction and prognosis. In this context, one of thecésmn which
current research is focused is the search for and identificationoshérkers that will make it
possible to identify more precisely which individuals can berfefitn specific preventive
strategies or to design and adapt therapies for specific patients or groupatigints (11). In
this regard, biomarkeris understood to be a substance, structure, characteristic or process
that can be objectively measured as an indicator of normal biologicaegses, pathogenic
processes or biological responses to a therapeutic intervention or exposure (12,13).

1.2 GONTEXT AND AIM OF THIS REPORT

dZ PéRsOnalisetV@E A v3]}v E} u % (}E 8Z (uSuE , odz E _
funded bythe pE}% Vv hv]}v[e ,JE]I}v pE}% E « E andVinkpdv}A 3]}v
to ICPerMed, seeks to assess the effectiveness, clinical utility, key successdadtexisting
gaps in current personalised preventive approaches, as well as their poteatiake
implemented in healthcare settings. It also aims to develop a StratBgsearch and
Innovation Agenda (SRIA) for the European Union. Work package 2 of the PROPHET project
brings together a range of approaches, from scientific to social and legal resedich,are
essential for the SRIA to be anchored in the existing personalised pravéatdscape. This
report presents the results of Task T2.1.1, that aims to show the curesetarch landscape
of biomarkersv already available or under development for personalised prevention in
the general adult population, as well as their integration with digighnologies. It also
highlights gaps in this area of research, focusing on primary and secondary poavemti
three disease groups: cancer, cardiovascular and neurodegenerative diseases.

There is already a significant body of knowledge about primary and sagond
prevention strategies for these diseases. For example, hypercholesterolemia prdhesinia,
hypertension, smoking, diabetes mellitus and obesity or levels of physicatyaetie known
risk factors for CVD (6,10) and neurodegenerative diseasd&g}4or cancer, a summary of
lifestyle preventive actions with good evidence is included in EHueopean code against
cancer, including population based screening programmes for some tumours (iast,bre
colorectal or cervical cancer) (17). The aim of this report is to showcasmntresearch on
biomarkers or combinations of biomarkermdlecular, cellular, imaging, physiological or
anthropometrig that can help improve prevention strategies by better identifying sulngso
of individuals at different risk(s) of developing one of the selectedaties. In the future, this
could lead to the development of different primary or secondary preversixaegies, which
take advantage of state of the art technology and research.

For this purpose, and given the broad scope and the time constraimés most
appropriate methodological approach is the rapid scoping reyiE&8Y which shares features
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with mapping reviewg19). These transparent, rigorous, and systematic approaches aim to
identify, describe, and catalogue evidence and evidence gaps relatingetguéstion of
interest, and to provide summary maps that can allow readers and reseatchiesse a quick
overview of the main results. Due to the differences between tihee disease groups
addressed in this work (cancer, cardiovascular and neurodegenerative diseases), a separate
rapid scoping review has been conducted for each of them, although bas@dcommon
protocol. This report details the methodology applied and presents togdtieemain results

of the three scoping reviews as well as the general conclusions déinabe drawn from the

work as a whole.

In addition, the report will be complemented with an addrial deliverable, a
collection of interactive evidence gap mafi®,20)that will allow anyone interested in this
field, who wishes to delve deeper into a particular area of research, taifgeand access all
the bibliographic information retrieved for each combination of bioneairtype and disease
or group of diseases studied in primary and secondary prevention.
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2 Methods

Three rapid scoping reviews were conducted in parallel by three research teams
for each group of diseases: cancer, cardiovascular and neurodegenerative diseases. The
reviews used a common protocol and framework for searching, data extraction and the
representation of results, with disease specific corresponding infoomand specifications.

2.1 SCOPING REVIEW PROTOCOL

The protocol used for the scoping reviews is based on the PCC (PopuCaiimept
and Context) framework (21) and was designed following the Joanna Briggs éngiidl}
Manual for Evidence Synthesis and Preferred Reporting Items for SystematefRewnd
Meta-Analyses (PRISMA) standardst@&). The full protocol has been uploaded to the Open
Science  Framework for public consultation (24), with registration DOI
https://doi.org/10.17605/0OSF.10/7JRWD

2.1.1 Eligibility criteria

2.1.1.1 Population included

These rapid scoping reviews focused on the general adult population (pe<i8).
However, studies among subpopulations defined by well-known andyhigievant risk
factors for any of the selected diseases were also included, as in theeereas biomarkers
or new combinations of biomarkers would have additional value in helpifigrther stratify
risk profiles.

For cancer these risk factors included: family history/high genetic risk t225,
smoking (30), obesity (31), diabetes (32), Helicobacter pylorinfection/colonisation (35),
human papilloma virus (HPV) infection (35), human immunodeficiency virus (HIVjoimfect
(35), alcohol consumption (36), liver cirrhosis, and viral hepatitis (HBV, HEY(37

For cardiovascular diseases (CVDye included the following risk factors: family
history/ high genetic risk, hypercholesterolemia or dyslipidaemia, arteriaktgpsion,
smoking, diabetes mellitus, chronic kidney disease, alcohol consumpiginrisk of CVD and
obesity (6,10).

Risk groups foneurodegenerative diseasewere defined based on the following risk
factors: family history/high genetic risk (38), ApoE (4144), obesity (15,45), arterial
hypertension (15,45), diabetes mellitus (15,45), dyslipidaemia (45), alcohol consompt
(46,47) smoking (14,15,45,48), and hearing loss5%p

Pregnancy was an exclusion criterion, as the particular characteristichiof
population group would require a specific review.

2 Well-known biomarkers used to classify or diagnose individuals in thigherisk subgroups were excluded. In
addition, those high-risk subgroups associated with a specif@aséswere only considered for that specific

disease (i.e. liver cirrhosis or viral hepatitis only for liver cancer).
13
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2.1.1.2 Concept explored

dZ }v %3 AE%o0}E C SZ + o+ }%]vP & A] APluvEI E- E]
for personalised prevention in cancer, cardiovascular diseases and neurailaties
Jeo o ¢ X /v §Z]e o 3]}VU A % E e+ v3§s¥d Dj%ases Blomarke(dv]3]}v
and ‘Personalised Preventionthat were applied throughout$3Z « }%]vP @& A] Ae]
development, which in some cases will be further detailed in the datsami of the data
extraction sheet.

2.1.1.21 Diseases selected

Each review was focused on one of the mentioned groups of diseases. Within them,
only those diseases with high morbidity and mortality were considesisdollows:

YCancERWe selected the malignant neoplasms with the greatest mortality andencie
rates in Europe. According to the European Cancer Information System ¢S2)dle
breast, prostate, colorectal, lung, bladder, pancreas, liver, stomach, kidnegoapas
uteri neoplasms. Additionally, cervix uteri and liver cancers wereiatdoded due to
the existence of public health preventive programs (i.e. vaccinatioresitrg) (35,36).

YCARDIOVASCULAR DISEASKE included the following diseases, which are among the main
causes of CVD death: ischemic heart disease (49.2% of all CVD deaths), strékke (35.2
(this includes ischemic stroke, intracerebral haemorrhage and subarachnoid
haemorrhage), hypertensive heart disease (6.2%), cardiomyopathy and myocarditis
(1.8%), atrial fibrillation and flutter (1.7%), non-rheumatic valvular hehsease
(0.9%), aortic aneurysm (0.9%) and peripheral artery disease (0.4%) (6). Of note, those
CVD of infectious aetiology (i.e. rheumatic heart disease or endocarci®) ot
been considered in this report. Arterial hypertension is a risk fadtor many
cardiovascular diseases and for the purposes of this review is considered as an
intermediary disease that leads to CVD.

YNEURODEGENERATIVE  DISEASBA/e  included the leading non-communicable
v uE} P v E §]A e o }( §ZU AzZ] z @®therademdntia§E [« ]
(20%), Parkinsopedisease (2.5%), and multiple sclerosis (0.2%X (3)o1Z Ju E[-
disease, vascular dementia, frontotemporal dementia, and Lewy body disease were
specifically searched for, following the pattern of European dementia prauel
studies (53). Additionally, amyotrophic lateral sclerosis, the most common motor
neuron disease (3,54), was included in the review.

2.1.1.2.2 Biomarkers

In this report, a biomarker is understood to be a substance, structimasacteristic or
process that can be objectively measured as an indicator of normal kbalogiocesses,
pathogenic processes, or biological responses to an exposure (12,13). Biomarkersdrmave b
classified into molecular, cellular, imaging, physiological and anthropangtes, each of
which has different subtypes (Data extraction form, Annex A).
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2.1.1.2.3 Personalised Prevention

The scoping reviews are focused on personalised primary and secondary praventio
Studies aimed at preventing or delaying the development of the disease go&doprimary
prevention, while those aimed at identifying patients in the early stagfethe disease,
correspond to secondary prevention. Studies that seek to classify patietitshe disease
according to their possible prognosis (tertiary prevention) are therefore oaitifid scope of
this report.

An additional feature that studies should include to be cdeed in these reviews is
their potential usefulness for personalised prevention. Since publigdthedkrventions are,
by their very nature, collective, we have used a very broad concept of peisatiat. Thus,
we have considered that a study could help to personalise primary preveifitipattempts
to define groups at different risk of a disease based on the levels of a biem&k the other
hand, in terms of secondary prevention, we considered that studies coytddi@lersonalise
the preventive approach to screening/early detection when, by using new bionsaaket/or
combining new data, they allow new or better stratifications in riskugsothat can facilitate
the design of different follow-up strategies.

Consequently, this report does not include research focused on diagnastiaikers
that do not allow personalisation, nor on well-established biomarkkes are already used
for the diagnosis of any of the diseases unless supplemented with aaalitlata.

2.1.1.3 Context

For primary and secondary prevention, we were interested in publidthaad clinical
settings. Only studies published in the English language were coedidéhe reviews
included studies conducted in any geographical location and, in tefrtteectime window
explored, the search was restricted to the period between January 2020 ahdFehiruary
2023 due to temporal constraints; however, in a field as fertile as biomarkeareh, recent
studies are probably the most informative for the purposes of taort.

2.1.1.4 Type of studies included

For scoping reviews, studies providing original data (observational or experimental
studies) and systematic reviews of any type were included. In contrastiajiva studies or
narrative reviews, editorials and opinion articles, protocols and confererameepdings were
not considered. Clinical practice guidelines were not included, astbienation they contain
should be in the original studies and in the reviews on which éreybased.
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2.1.1.5 Summary of eligibility criteria

The eligibility criteria that have been applied in the three rapidpgty reviews are
summarised in Table 1.

Table 1 Eligibility criteria

Inclusion Exclusion

7  Adult general population L8 years).

Populatio
puration 7  Specific high-risk adult population subgroups:

x  Pregnancy.

For all: Smoking, alcohol consumption, diabete
obesity, family history
o For cancer: HPV, liver cirrhosis, hepati
virus (HVB, HVC, HVBlelicobacter pylori
HIV infection.

o For CVD: arterial hypertension,
hypercholesterolemia or dyslipidemia,
chronic kidney disease.

0 For neurodegenerative diseases
hypertension, hypercholesterolemia or
dyslipidaemia, APOE genotype, hearing
impairment.

7  Any country of origin.

Concept 7 Studies with a focus on molecular, cellule x  Studies with a focus on diagnost
physiological, anthropometric, and  imagir biomarkers not used for secondar
biomarkers® used for individualised primary o prevention.
secondary prevention of the following diseases**: x  Studies with a focus on biomarkers ust

o0 Cancer: breast, lung, prostate, colon, bladd for prognosis.
kidney, rectum, pancreas, liver, stomac x Any infectious aetiology for the
corpus uteri, and cervix uteri. cardiovascular diseases included in tt
0 CVD: ischemic heart disease, strol scoping review.
cardiomyopathy and myocarditis, atric x  Studies focusing only on well-establishi
fibrillation and atrial flutter, aortic aneurysm biomarkers used for the diagnosis of ai
nonrheumatic valvular heart disease (calci of the diseases, infections, an
aortic valve disease, degenerative mitral val conditions in the specific high-ris
disease), peripheral artery disease. population groups.
o Neurodegenerative diseases: amyotrophic
0S5 Eo-+o0 E}]UW EI]Jveh
0lZ Ju E[+ ]+ « U (E}VE}3 1
dementia, vascular dementia, Lewy body
disease and multiple sclerosis.

7  Inprimary prevention:
Biomarkers should stratify individuals into groups
7 Insecondary prevention:
Biomarkers should improve the screening or ea
detection:
o stratifying different risk groups.
o0 improving the sensitivity, specificity, and tim
of diagnosis for new subgroups of individual

Context 7  Clinical or Public Health settings. x  Studies published before 2020.
English language only.
7  Any geographical setting.

~

Type of 7 Reviews
evidence Umbrella review, systematic review, meta-analys
scoping review.
7 Experimental and quasi-experimental stud

Editorials and opinion pieces.
Narrative reviews.

Protocols.

Qualitative study designs. Delphi studie

X X X X
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Inclusion Exclusion
I ] I |
designs: x Conference  abstracts, conferenc
Randomised controlled trials, non-randomise reports.

controlled trials, before and after studies
interrupted time-series studies.
Analytical observational study designs:

Prospective and retrospective cohort studies, ca:

X

Clinical practice guidelines.

Basic research (i.e., laboratory resear
in animals, human tissues, and cell line
Case reports and case series.

control studies, and analytical cross-sectior
studies.

7 Descriptive observational study designs:
Descriptive cross-sectional studies.

Sources 7 MEDLINEia Ovid.
7 Embasevia Ovid.
7 Embase preprintsia Ovid.

* Those biomarkers used to define the specific high-risk gro(igs glucose levels for diabetes, lipid levels for
hypercholesterolemia, BMI for obesity) will not be considered alamégss they are complemented by new biomarkers or
personal information (Annex B). Imaging tests will be considered as a biomarker.

** Research on intermediary disease outcomes (e.g., cognitivéngestands for dementia, lung nodule stands for lung
cancer) will also be included if there is clear associatiitim thre outcomes of interest and the paper explicitly declares such
association from previous evidence.

The terms used in this table have been compiled in a glossary (Annex C).

2.1.2 Sources

The searches were conducted in MEDLINE via Ovid (2020-2023), Ensb&»advi
(2020-2023) and Embase preprints via Ovid (2021-2023). We also exploreshsitality of
searching irCDC-Authored Genomics and Precision Health Publications Datébesges for
Disease Control and Prevention 2028pwever, the lack of advanced tools to refine the
search, as well as the unavailability of bulk downloads preventednitiasion of this data
source. Nevertheless, a search with 15 records for each disease group showkeovarap
with MEDLINE and/or Embase.

2.1.3 Search strategy definition

An initial limited search of MEDLINE via PubMed and Ovid was unelert@akdentify
relevant papers on the topic. In this step we identified key text wondgheir titles and
abstracts, as well as thesaurus termigR-Accelerator & Polyglot Search Transls5;56),
Citationchase(57,58),Yale Mesh Analyz469) tools were used to assist in the construction
of the search matrix. We conducted a preliminary pilot study to tast refine the search
strategies as well as to familiarise ourselves with the softwareCovidence (60)v by
selecting the top 100 articles from the results of the preliminary seardhixria order of best
fit to the topic, and 100 articles at random. With all this mfation, we developed a full
search strategy adapted for each included database and information source, sgudirby
research librarians. The complete search strategies are shown in Annex thréiéhsearches
were conducted in parallel.

2.1.4 Expert consultation

The protocol was refined after consultation with experts in each fiekhcer, CVD,
and neurodegenerative diseases) who gave input on the scope of the renagasling the

diverse biomarkers, risk factors, outcomes, and types of prevention relevant tditdds of
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expertise. In addition, the search strategies have been peer reviewed by a netfork
librarians (PRESS-forum in pressforum.pbworks.com) who kindly provided fesefiodck.

2.2 SCREENING AND DATA EXTRACTION

Following the search, all identified citations were collated anidaged to Covidence
(60) with the citation details. Covidence removed all duplicates aatmally. For CVD
endnote reference manager was used to remove the majority of the duplicatestpnignioad
of the references into Covidence. Several pilot studies were perfotmexdijust criteria as
well as to refine the data extraction sheet. The whole process of screenihdgda extraction
was done between February and June 2023. Due to time constraints, one détisons
adopted in these rapid scoping reviews was to use a single reviewer in seepwlostthe
process, although we specified a minimum proportion of records (at Hz£4f) that should be
evaluated by two reviewers, which would be increased if a sufficient Evebnsensus was
not achieved. Three reviewer teams comprised of eleven people in caocerinfCvVD and
four in neurodegenerative diseases worked on the review.

2.2.1 Title and abstract screening

In this phase, in each scoping review, the first 10% of the payete search were
divided into batches of equal number and were evaluated by twiependent reviewers in
different combinations. Meetings to discuss discrepancies betwegiewers led to more
clearly defined]v ope]}v v A ope]}v €&]S E] Vv S8} <«u]E }ve]ss v (
judgements. When disagreements in terms of inclusion/exclusion crirera less than 10%,
the review process proceeded to solo review, where each paper was scregnadingle
reviewer. A permanent online forum to facilitate discussion was maiathivhere project
members discussed queries and disagreements that arose, which were solvetievitiul tof
the other reviewers in the team, and with senior staff members wtagpropriate. In CVD
39% of the papers were double reviewed before moving on to single review.

2.2.2 Full text examination

In this step a minimum of 10% of the records had dual independan¢w, with two
reviewers, which included almost 28% of CVD papers. In person meetind online forums
were held to resolve disagreements that arose throughout the process, which allowed for
refinement of the inclusion/exclusion criteria. When studies had enibbian one reason for
exclusion, the reasons were assigned following this priority lisb ineasurable biomarker
issues; ii) wrong disease/outcome; iii) wrong concept. In cancer, it wasdalsided to
preferentially assign certain cancers to specific members of the caaumw team so that,
with this specialisation in a particular disease, they could carryh® screening more quickly
and correctly.

2.2.3 Data extraction

An initial draft of the data extraction sheet was developed based on tlie JB
recommendations (22). A new pilot was conducted, in which each reviewer extraaethta
from five randomly selected papers to provide initial feedback, allowijgstment of the

form categories and to facilitate the design of the final formtidiy, 10% of the papers
18

AN UANIANCANANEANEAX AN AN ANAN AN EANANCANAN AN CANANCANANXANEANEAN AN AN CAR ANANCAN AN AN EANCANGAN

»ROPHET e )

eRsOnalized Prevention
for the future HEalThcare




\\/\\/ Rapid scoping reviews on biomarkers for risk prediction andifstegion in cancer, cardiovascular and neurodegenerati
diseases, and their potential integration with digital technologies

selected in each group of diseases were extracted by two independent rewgwiéin queries
and differences in extracted data resolved in a general meeting. FimalBD dual review
was done until conflicts were below 10%, that is, in almost 1/8efpapers, and in cancer
and neurodegenerative diseases, the dual extraction was done for all thedemcluded.

2.2.3.1. Data extraction form (Annex A)

The data extraction sheet included the following information: citattatails, study
design, population type, biomarker information (name, type, subtype, alinitility, use of
artificial intelligence (Al), wearable technology), disease (group, speciéiassi), prevention
(primary or secondary, lifestyle if primary prevention), and subjective reviewer obsersation

During this stage, it was crucial to be able to properly categorsantiormation. The
literature explored was in many cases highly technical, and ilespscially important to have
clear definitions of biomarkers related to genetics or ott#@#mnics to ensure consistency of the
data extraction from the papers. Annex C has a glossary which presents somedbfied
definitions and examples of guidance tables used in the review.

In primary prevention, data extraction included information from thoases in which
the study of biomarkers included or took into account factors related to lifest or
environmental exposures whose role in the origin of the diseases of interakeiady known,
and which are usually already addressed with preventive strategies liysical exercise,
obesity, smoking or air pollution).

Another complex point of the review was related to the informat@nbiomarkers by
pre-defined high-risk population subgroups. A paper was considerstlidy a biomarker in
a high-risk population subgroup if it provided specific risk est@® for that population
subgroup or explored interactions between the biomarker and the risk fagéfining the
subgroup.

2.3 DATA ANALYSIS AND MAPPING

The results of the search and the study inclusion process are reportieavidibgrams
following the PRISMA-ScR recommendations (21) for each scoping review. Tlasdatalth
the results of the review processes were exported for the subsequent amailysR
programming language. Specifically- %00 C & —  Vibrarie$] W& used for data
managemenl) v —PP%033To—(W3®_ v ~Z3uoA] P $satiq}.Eheses Alep
libraries provided a rich set of tools and functions, streamlining thi@ énalysis workflow
and enabling the generation of high-quality visual representations.

For each group of diseases, we present the results for primary and secondary
prevention, as well as a short summary of the data demonstrating the uskgibhl/new
technologies, providing tables to map the published research identifidite scoping reviews
on biomarkers for prevention and to highlight the gaps in the fiéidthe columns of the
tables, the different shades of blue reflect the relative frequeatyhat biomarker for that
pathology within each category. Since some papers provide information okliphlau
biomarkers within the same study or address multiple diseases simedusly, the sum of
columns in the tables may be greater than the total number of papersuated. This
information is complemented by two bubble charts which prevaquick overview of how,
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for each pathology, the study of each type of biomarker has been cadbwith lifestyle-
related factors in primary prevention studies or is present in studmshigh-risk
subpopulations for both types of prevention. The R codes to generate thekstaibd bubble
plots are accessible viatps://github.com/phg-foundation/PROPHET

Each scoping review also includes a sankey diagram to provide a visual overtgsew of i
main results. The nodes on the left correspond to the studied diseasdise Icentre of the
figure, the nodes are biomarker categories and, on the right, the nodes shewyge of
prevention. Due to their relevance in the literature explored, the grapinicorporates
independent nodes for the main subtypes of molecular and imaging biemsrwhile for
cellular, physiological and anthropometrical biomarkers, a single node regeegenentire
category.

2.4 QUALITY CONTROL

Throughout these rapid scoping reviews, various quality control methasle been
used. In the first step of the process, the research team organised coamseseminars to
train the reviewers of the three teams in several areas: i) in the methodology afcthging
reviews and the software to be used; ii) in the biomedical aspects of thrd&,wncluding
generalities about the diseases involved; and iii) about the different dikers that could be
found in the papers.

Constant communication between the team members has allowed the prapeetn
smoothly. Online channels (i.e. Slack) have facilitated the participatioall ahembers
involved in the review in the discussion, and guidance materials baea developed to
clarify the most challenging points. Also, despite time constraints, we have aele to
conduct pilot studies throughout the different stages of the rexgeIn addition, working with
experts at every stage of the project, from librarians to biomedical gasibnals, has
contributed to the rigour of the process.
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3 Results

In this section, we present the main results of the scoping veviéor the three

selected disease groups, following a similar structure. For each, infamati biomarkers
used in studies closer to primary prevention is presented followethéylata for secondary
prevention. The following definitions provide context to supporidarstanding of the
contents of this report.

A) PREVENTIONThe pathophysiological processes leading to the selected chronic diseases

are complex, and as such there can be some confusion in the literasuiee whether

the biomarker was being considered for primary, secondary, or tertiary prevention.
For the purposes of this review, we considered primary, secondary tartiry
prevention as follows (61):

a. Primary preventionis targeted at individuals that have not developed clinical
manifestations of the diseases but are considered at risk of developérg,th
thus efforts are focused on preventing the onset of the disease.

b. Secondary preventiorrefers to interventions that might be made to avoid
disease progression. Screening programmes also play a role in secondary
prevention. Screening is actively offered to defined population groups who do
not have symptoms and have not sought medical help but are defined as being
at risk of the disease.

c. Tertiary preventionrelates to regression, slowing of progression or arresting
the disease to prevent complications and further damage, and is out oescop
of this review.

However, this seemingly straightforward classification often proves challenging t
apply in practice. Specifically, the use of biomarkers or predictive moibel
differentiate or stratify groups of individuals based on their riside¥eloping a
disease can be useful for enhancing both preventive strategies (primary
prevention) and tailoring early detection protocols (secondary prevention). In
general, in these cases, we have usually given attention to the aithe paper to
assign it to one or both groups. In other papers, particularly thos®Iving
research on biomarkers closer to diagnostic tests or in participants daliitical
manifestations, the classification of secondary prevention has been more
straightforward. There is also some overlap between secondary and tertiary
prevention, which, for example, has been reflected in guidelinethfoprevention

of CVD (61).

B) BIOMARKERSThis report collects information on biomarkers when they are relateak tare

the main focus of the study, or when they are part of more complex mathels
integrate additional factors. Here, biomarkers have been classified aogotalitheir
nature into five different categories, with their corresponding subcatesggo

. Molecular Biomarkers:These biomarkers involve the analysis of specific molecules

such as DNA, RNA, proteins, metabolites, or genetic variations. This category
encompasses both studies using specific, more targeted molecules and those using

high-throughput, hypothesis-free approaches such as arrays. They are subclassifie
21

AN UANIANCANANEANEAX AN AN ANAN AN EANANCANAN AN CANANCANANXANEANEAN AN AN CAR ANANCAN AN AN EANCANGAN

>ROP

a PeRsOnalized Prevention roadma)
for the future HEalThcare

HET

Co-funded by
the European Union



\\/\\/ Rapid scoping reviews on biomarkers for risk prediction andifstegion in cancer, cardiovascular and neurodegenerati
diseases, and their potential integration with digital technologies

into the following groups: genetic/ genomics; epigenetic/ epigenomics;
transcriptomics; metabolites/ metabolomics; proteins/ proteomics; microbiaalgi
microbiomics; biochemistry (biochemical), and others.

/A Within genetic/genomics, we have also extracted specifically information on
the use ofmendelian randomisation(MR), which is the application of genetic
variation to address causal questions about lifestyle modifiable factors or
exposures that influence pathological outcomes (62). MR studiealipnitbok
for genetic variants (instrumental variables) associated with a certain
exposure/feature (i.e. vitamin D levels); in a second step, those variants are
used as proxy of the exposure to evaluate their possible role as risk factors for
the disease of interest. Well conducted MR studies aim to overcome some of
the unmeasured confounders in observational studies to provide moiabiel
evidence of causality; however, they must be reported in the cordégkisting
evidence from other sources, and have specific limitations in regard to
environmental exposures.

2. Cellular Biomarkers:In this category, we have included both cytological and
histological biomarkers. These include the analysis of cells or aralbanents to
provide information about cellular processes, dysfunction, or disestages, or
examination of tissue samples through techniques such as staining,
immunohistochemistry oiin situ hybridisation to identify specific cellular or tissue
characteristics associated with a disease.

3. Physiological BiomarkersPhysiological biomarkers reflect functional changes in the
body and can include measurements such as blood pressure or hearfTtagsegroup
also includes patterns of movement (i.e. derived from accelerometry).

4. Imaging Biomarkersimaging biomarkers utilise medical imaging techniques, such as
X-rays, MRI (magnetic resonance imaging), PET (positron emission tomography), or CT
(computed tomography), to visualise and measure structural, functienaholecular
changes in organs or tissues.

5. Anthropometric BiomarkersAnthropometric biomarkers involve the measurement of
physical characteristics of the body, such as body mass index (BME, Z% E]Ju § E-]|
such as waist circumference, or body fat percentage. In almost aleescthey are
covariates in multivariate models that include other biomarkers and/orspeal
characteristics of the individuals.

C) LFESTYLES SUBPOPULATIONS EXPLORHDE Strategy we have used to incorporate existing
information and knowledge on prevention into the review is as Wdio

9 In primary prevention, for all three diseases, there kfestyle-related factorst some
general and others specific to the diseasehat, similar to family history, clearly
influence the likelihood of developing the disease. Biomarkers shoulcadditional
value to what it is already known. Therefore, primary prevention sectioriadaca
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specific table summarising the studies on biomarkers that have consideesk th
factors, either as confounders or as interaction terms.

9 In addition, we have explored, for both primary and secondary preventitietiver
scientific papers examined differences or provided specific risk estimates fo
subgroups defined by certain risk factors and/or clinical conditiomsdiseases that
associated with a clear increase in the risk of our target diseases. These studies are
likely to be particularly valuable as they could help to refine or perssmalievention
strategies.

D) DiGITAL TECHNOLOGIENe of the aims of the report is to assess how biomarkers are being
combined with digital technologies for personalised prevention. Tha datraction
form collected information on these two items, which is presented gpecific section
within each disease group:

9 Use of wearable technology,such as personal sensors or computing devices
incorporated into accessories to provide healthcare information about the weare
(63).

9 Atrtificial intelligence (Al), when referring to the medical field, includes mainly image
processing, computer vision, artificial neural network (ANN), machine learning,
convolutional neural network (CNN) and deep learning (DL) (64).

To note, the information shown in the tables in the following satdireflects the number of
papers using each type of biomarker in each pathology.

3.1 CANCER

3.1.1 Prevention of cancer

Recent estimates indicate that, in Europe, approximately 33% of tumoungmand
44% in women could be prevented by modifying or eliminating risk factwas ¢an be
considered either lifestyle-related, environment- and occupation-relate infection-related
(65). The European Code Against Cancer (17) summarises those preventive measures with th
highest level of evidence, including abstaining from smoking andmsimg exposure to
second-hand smoke, healthy dietary practices, body weight control and regulaicghys
activity, alcohol abstinence or sun protection. Additionally, vaccingirmgrammes targeting
specific oncogenic viruses, such as human papillomavirus (HPV) and h&paiitis (HBV),
have demonstrated efficacy in preventing associated malignancies. In secondary meyenti
screening programmes, such as mammography for breast cancer, HPV testing/Papfemea
cervical cancer and faecal occult blood tests/colonoscopy for colorectakcamave proven
effective in detecting pre-cancerous lesions and early-stage tumours, liegabmely
intervention and improved outcomes.

It is against this background that this review is framed. Nevertheless, evegtirall
the cancers included in this report are among those with highestatityrand incidence rates
according to the European Cancer Information System (52), they are agetsous group
of diseases, with different biology, different aetiologies andfeedint starting point in terms
of prevention.
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In breast cancer for primary prevention, there is clear evidence for the role of
established risk factors such as physical activity, obesity, alcohol cornisaraptd promotion
of breastfeeding (66). Breast cancer also has the best established and ongstethensive
population-based cancer screening programmes in the European Union. It also has
increasingly rich information on genetic determinants used to personaliseention, risk
estimation models incorporated into routine clinical practice (e.g. GaildiBea), imaging
markers (e.g. mammographic density) with great potential in cancer preverdimh,even
chemopreventive treatments for high-risk women (e.g. tamoxifen) (67). HoweveQr maj
challenges remain in investigating their caus@scluding the role of hormone disruptontsas
well as in integrating these different approaches to extend personaisatf prevention to
all women.

In contrast, primary prevention grostate canceris challenging. Much research has
focused on identifying genetic variants that help identify individudide are more susceptible
to developing this cancer, since there are no clearly recognised modifra&k factors,
excepting, perhaps, obesity for advanced tumours (68). Prostate canbetiesed to be
highly influenced by inherited genetic factors, although researchersoateng for new risk
factors and exposures, even during prenatal stages (69). In secondary preventions tsidte i
ongoing controversy regarding the population-level effectiveness of scredrasgd on
prostate-specific antigen (PSA), due to the difficulty in disistgng indolent tumours from
those that are life threatening. Therefore, new biomarketrgarticularly molecular and
imaging (including multiparametric magnetic resonance imagih@re being sought to
support clinical decision making. Prediction tools (nomograms) andis&wnodels are being
designed to integrate information and help personalise screening agmes (70,71).

Lung canceis one of the most lethal cancers; however, in theory it is also one of the
most preventable, since over 90% of cases are attributed to smoking. Othefiabési
exposures, such as occupational hazards, radon, or environmental pollution palsibate
to its occurrence. Despite this knowledge, there is still a signifiproportion of the
population that smokes or has a history of heavy smoking, which will accountdst new
incident cases. For this reason, the potential of low-dose computed torpbgrdLDCT)
screening is being studied, although its results are still contraleasid need additional
inputs to better stratify the participants and minimise its drawlka¢k2).

Primary prevention, particularly focusing on diet, plays a pivotal role iptéeention
of digestive tumours. Promoting a healthy diet that includes a rich gopsion of fruits,
vegetables, and fibre, along with regular physical activity and body wmghtigement, is
crucial in reducing the risk of developioglorectal cancerthe third most common cancer in
the world (73). Avoiding excessive alcohol consumption and tobacco use are also irhportan
preventive measures. Screening programmes play a pivotal role in secondary prevention b
facilitating early detection and removal of precancerous polyps or edage cancers.
Common screening methods include colonoscopy, faecal occult blood testhanohdre
sensitive and specific faecal immunochemical test (74). However, other techniques, e.g.
computed tomographic (CT) colonography, a less invasive imaging method based ongscannin
technology, or blood-based biomarkers, are being developed to provide easiemare
effective screening strategies.
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In gastric cancer primary prevention efforts focus mainly on reduciHglicobacter
pyloriinfection rates through testing and eradication programs, and some auttaws even
proposed public health strategies to eradicate gastric cancer (75). Also, addressiary
factors such as high-salt and high-sodium intake, or tobacco antallcontrol measures are
also important in preventing gastric cancer. In secondary prevention, in lsigipapulations,
endoscopic screening and surveillance programmes are used to detect precaniesions
and early-stage gastric cancers. Additionally, advancements in imaging techregaesas
magnifying endoscopy and narrow-band imaging, have improved the detecti@h an
characterisation of gastric lesions.

Forpancreatic cance(76), primary prevention includes targeting the classic lifestyle
factors: smoking cessation, maintaining a healthy weight, adopting a balancedadukt
limiting alcohol consumption. A notable risk factor is diabetes laigth blood glucose levels.
Several studies have suggested a link between diabetes and an increased riskre&f@nc
cancer. In secondary prevention, early detection plays a crucial role iwmng outcomes.
However, effective screening methods for pancreatic cancer are currenttgdi, and routine
population-based screening is not recommended. High-risk individuals, asutiose with
familial pancreatic cancer syndromes or certain genetic mutations, mdgrgo surveillance
programmes that include imaging techniques like endoscopic ultrasound or atiagn
resonance imaging. Due to the potential for malignant transformation in scases, the
screening and management of pancreatic cysts have gained attentiba field of pancreatic
cancer prevention. However, determining which cysts are more likely to progressiterc
can be challenging. Additionally, ongoing research aims to identify alithte biomarkers
that can aid in early detection and risk stratification.

With regards toliver cancer prevention involves strategies such as hepatitis B
vaccination, screening and treatment for hepatitis C, maintaining a heaféstyle, and
minimising exposure to aflatoxins. Alcohol and tobacco consumption are cagmifrisk
factors for liver cancer. Regular screening is recommended for high-risidinals, i.e. those
with cirrhosis. Early detection and prompt treatment of undenyliver disease is crucial for
effective prevention.

Currently, detection obladder cancerelies mainly on cystoscopy, which is an invasive
and expensive procedure that might not be easily accessible in low-resouraggseome
imaging studies and non-invasive tests, such as urine cytology or urine kensiaare being
evaluated. Currently, IARC is championing research on validating thef usenary TERT
promoter mutations (UTERTpm) as a non-invasive biomarker for the early detethtadder
cancer in high risk populations (77).

Cervical cancers caused by the human papilloma virus. This neoplasm is commonly
included among preventable tumours, as there are multiple preventiveegiras. Vaccination
against the virus is playing a major role in the control of thiscer. For primary prevention,
other factors such as avoidance of smoking, may help to control this disease. B8grieghie
other clear preventive tool. In this case, it involves regular Pap smears destiP\g to detect
precancerous changes in the cervix.
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Neoplasms of thecorpus uteri are strongly associated with oestrogen, both
endogenous and exogenous, which influence endometrial proliferation, hygsgpland the
development of cancer. This highlights several modifiable risk factors inglud
postmenopausal oestrogen therapy, obesity with adult weight gain, smokimythenuse of
tamoxifen. Additionally, individuals with Lynch syndrome or rat-flegree relative with
endometrial cancer are at an increased risk. Despite the significaaicinopthese risk factors,
there is currently no established screening program for corpus ueaplasms.

Primary prevention okidney cancerelies in avoiding risk factors such as tobacco or
excess weight. At present, there are no screening programs for this turdoe to
uncertainties about screening modality and target population, as higlgrakps are not yet
well defined (78).

3.1.2 Specific features of cancer scoping review

Cancers are a heterogeneous group of diseases, each with a spedtenegogy.
Therefore, the search strategy included both common and tumour-spe@@fcfactors and
subpopulations of interest, and this concordance was taken mtoount at the data
extraction stage.

The development of scoping reviews of this nature requires an iterate@sibn
making process on inclusion and exclusion criteria, which were nuad#afification and to
ensure the capture of all relevant data. In the case of cancer, thimutghe data extraction
process, it became apparent that we needed to add a general high-risk categoapture
information on studies where participants had been selected duééir increased likelihood
of developing the disease (e.g. people with gastritis for stomach cancevjth a positive
faecal occult blood test for colorectal cancer), who did not belangrty of our pre-defined
subgroups.

3.1.2.1 PRISMA flowchart

For cancer, 11,266 articles were obtained from the initial searcheer Atiplicate
removal (n=2,399), 8,977 articles remained for title and abstract screenidg?,889 were
included for full-text screening. Among these, 843 articles were selefdedinal data
extraction (Figure 1).
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Figure 1 Cancer scoping review: PRISMA flowchart
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3.1.3 Research/use of biomarkers in personalised prevention of cancer

3.1.3.1 General overview

Cancer was the disease group with the highest number of resultgctiely the
dynamic research environment in this field. Almost 65% of the papers provd& on
biomarkers in primary prevention and 48% on secondary prevention (13% avdyeth types
of prevention). An exception was prostate cancer, where the numbertiofes on secondary
prevention exceeded those on primary prevention. Biomarker research focused romitig
most frequent and deadly tumours: at least one of the four mamadurs t breast, prostate,
lung and colorectalt was the focus of research in 66% of the papers. In contrast, cancers of
the uterine corpus uteri and kidney had the fewest studies (Figure 2).
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Figure 2 Number of studies total, primary and secondary preventidimcluded in the data extractit
process, for all cancers together and for each individual cancer are shown.
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The majority of studies examined biomarkers of a single type, and overall, there is
greater emphasis on molecular biomarker research than on imaging biomarkers; however, the
profile of biomarkers differs depending on the type of prevention.

Figure 3 provides a general summary of the results from the review, whitievi
discussed further in subsequent sections. There is an uneven distribdtiba papers found
by tumour site, with the most common tumours being also the most resealchhe
predominance of genetic factors in this field, as well as thedrigkpresentation of primary
prevention in the search results.
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Figure 3 Cancer scoping review on personalised prevention: biomarkers used in priwtiagcandary
prevention by tumour type.
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3.1.3.2 Biomarkers in primary prevention of cancer

Breast cancer, with 153 papers, and colorectal cancer, with 148rpagare the tumour
sites receiving most attention in this field. Most of the studies wergeeeontrol studies,
although there are a number of meta-analyses and cohort studies (ABnex

An overwhelming majority of the identified studies related to prignprevention have
focused on molecular biomarkers. Anthropometric measures, commonlyadiln predictive
models, rank second in terms of prevalence. Imaging biomarkers specific taincer
neoplasms, such as breast cancer, follow in importance. Cellularysigbdgical biomarkers
have limited relevance in primary prevention research (Table 2).
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Table 2 Number of studies identified for each biomarker type for primary prevention of cancer.

Breast Prostate Lung cancer Colo- Gastric Pancreatic Liver cancer | Corpus uteri Cervical Kidney Bladder
cancer cancer rectum cancer cancer cancer cancer cancer cancer
cancer

135 101 121 2 2 21

Cellular 9 7 4 6 2 0 6 3 4 1
Imaging 17 2 6 3 2 2 4 1 1 0 0
Q

Physio- 0 2 1 5 2 2 2 1 0

logical

Anthropo- 27 7 12 32 9 6 9 5 2 4 2
metric

™ Molecular biomarkers

Within this category, genetic markers (including isolated SNPs, SNPsiedehyi
GWAS, or SNPs combined together into polygenic scores) are being usedify iddividuals
with a higher intrinsic risk of developing the disease. Studies fredjuairh to find genetic
markers in populations that are potentially underrepresented ieiinational cancer genetic
consortia, particularly Asian populations (Table 3).

Table 3 Number of studies identified for each molecular biomarker subtype for prpnavgntion o
cancer.

Biomarker Breast Prostate Lung cancer Colo- Gastric Pancreatic Liver cancer | Corpus uteri Cervical Kidney Bladder
cancer cancer rectum cancer cancer cancer cancer cancer cancer
cancer

cenctic/  (IKECHE GHEED GETED GED GETED BN GETED GETAN D GETAD GFTER

Genomics
Epigenetics/ 5 1 i 2 5 0] 1 1 1 2 1
Epigenomics
Transcrip- 9 2 12 14 i 2 7 2 3 2 5
tomics
Metabolites/ 5 0 2 5 2 2 5 o 0 1 0
Metabo-
lomics
Proteins/ 4 0 4 3 3 1 2 0 2 1 ]
Proteomics
Micro 1 0 0 4 6 0 5 a 4 1] 0
biology/
Micro-
biomics
Biochemistry i 20 14 28 14 8 17 6 3 4 i
Other 0 0 0 0 0 0 0 0 0 0 0

malecular
biomarkers

Forty-four studies used genetic markers in the context of mendehadomisation.
Those studies seek to test causal associations with different exposures, usitalla w
biological basis e.g. obesity (79), diabetes/glucose metabolism (80,81). phiselp is also
used to evaluate the causal effect of genetic markers of lifestyle-relédetbrs such as
physical exercise (&84), the role of coffee (85), alcohol (86,87), tobacco (88) or several
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dietary factors (89) in the development of tumours. In contrast, the tistadies of gene-
environment interactions are less common, e.g. studies on the modifying role of specifi
polygenic risk scores over alcohol (90) or Mediterranean diet (91) in breast cancérhmsk
tumour site in which lifestyle factors have most frequently beembined with biomarkers

to assess preventive effects in primary prevention is colorectal cance®492

There is also a paucity of research on epigenetics, even though trasariers are
related to mechanisms of carcinogenesis for external exposures that do not haaet di
mutagenic effects. Biochemical markers are also used to define groups by theof risk
developing a tumour, but these studies usually do not includesuesaments of exposure to
external agents. OtheZ } u ]less frequently used in primary prevention for the identification
of biomarkers include metabolomics, proteomics, transcriptomics and
microbiomics/microbiology.

™  Cellular biomarkers

In this category, histology samples were the main source of biomarkers fgped of
cancer except for cervical cancer, for which the most common sourcelofacediomarkers
was cytology samples (Table 4).

Table 4 Number of studies identified for each cellular biomarker subtype for prirmawemtion o

Breast Prostate Lung cancer Colo- Gastric Pancreatic Liver cancer | Corpus uteri Cervical Kidney Bladder
cancer cancer rectum cancer cancer cancer cancer cancer cancer
cancer
2 [ 0 0 0

Histology (NN 0 . )
Cytology G EE. 0 0 G GEED
0 0 ]

1
0 1 a 0

Biomarker

[N

N

Other

=3

Q 0 0
cellular
biomarkers
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™ Imaging biomarkers

Mammography is commonly used in primary prevention of breast cancer gince
allows evaluation of breast density, a well-known risk factor that changesigh the life
course, and is thought to be modifiable through lifestyle changes. Mammbgraensity is
being included in risk prediction models (95). Other imaging biomankgnsmary prevention
are mainly used in models for disease prediction (predictive models), wkeveral
biomarkers are combined. For lung cancer, the most commonly used ignegihnique is CT
scan (Table 5).

Table 5:Number of studies identified for each imaging biomarker subtype fiorapy prevention c
cancer. CTt computerised tomography; MRImagnetic resonance imaging; PEPhoton emissic
tomography; SPECHISingle photon emission tomography

Breast Prostate Lung cancer Colo- Gastric cancer | Corpus uteri Cervical Kidney Bladder
cancer cancer rectum cancer cancer cancer cancer cancer
cancer

Pancreatic Liver
cancer

Biomarker

CT Scan 0 0 5 0 0 2 o 0 0 4]
PET/ SPECT 0 0 1 0 0 0 0 0 0 0 0
X-Rays 0 0 1 0 0 [} 0 0 0 0 0
Mammo- 16 0 4] 0 0 0 0 o] 0 0 0]
graphy
MR 0 0 1 0 0 Gl 0 0 0 0
Spectro- Q 0 Q 0 0 0 o 0 0 0 0
rmetry
Ultrasound 0 0 0 0 [ 9 ] 0 0 0 0
Scintigraphy 0 a 0 0 0 0 1] o 0 0 0
(Gamma)
Other L L 0 0 0 0

imaging
biomarkers
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™ Physiological biomarkers

Physiological biomarkers are not commonly researched in primary preventiey; t
are mostly used as part of predictive models within a combinatiobiomarkers or as
confounding factors to be considered when assessing the usefulnessasflmbomarkers. The
most studied one is blood pressure (Table 6).

Table 6.Number of studies identified for each physiological biomarker subtype forrgrpreventiol
of cancer. ECGelectrocardiogram; EEG - electroencephalogram

Biomarker Breast Prostate Lung cancer Colo- Gastric Pancreatic Liver cancer | Corpus uteri Cervical Kidney Bladder
cancer cancer rectum cancer cancer cancer cancer cancer cancer
cancer
0 i

Blood 0 0 Gl GBS Gl D GEES 0

Pressure

Ankle- 0 1] 0 0 0 0 0 1] 0 0 0
brachial
Index
ECG 0 0 0 0 0 0 0 0 0 0 0
EEG 0 [ 0 0 0 0 0 0 0 0 0
Electro- 0 0 0 0 0 0 0 0 0 0 0
myography
Other 0 1 0 0 0 0 0 0 0
physiological

biomarkers

™ Anthropometric biomarkers

Again, these biomarkers are usually part of predictive or prognosticetadthat utilise a
combination of biomarkers or are included as possible confounding factdie analysis.
BMI is the most used indicator (Table 7).

Table 7:Number of studies identified for each anthropomorphic biomarker sabfgp priman
prevention of cancer. BMIbody mass index

Breast Prostate Lung cancer Colo- Gastric Pancreatic Liver cancer | Corpus uteri Cervical Kidney Bladder

cancer cancer rectum cancer cancer cancer cancer cancer cancer
cancer

s (HEEE NN GEFED BED G GEED GBS GEED P GrED GEEEN

Bady 6 0 0 8 =) 1 1 0 Q 0 0

perimeters

Biomarker

Other 2 0 0 3 0 1 0 0 0] 0 0
anthropo-

metric
biomarkers

a) Combination of biomarkers and lifestyle-related factors

Around 2/3 of the papers on primary prevention of cancer includeyaesl of lifestyle-
related data. In cancer, as in most chronic diseases, most of the agalatkence in primary
prevention is related to promoting or limiting exposures linked to lifesstoccupational or
environmental behaviours (e.g. air pollution for lung cancer). Immunisationesjied are
another primary prevention tool for cervical or liver cancer and, in some cesdajn drugs
may decrease the risk of developing a given tumour, either in the generalai@pu(i.e. non-
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steroidal anti-inflammatory drugs in colorectal cancer) or in thoseigh personal risk (i.e.
tamoxifen for breast cancer). New biomarkers can provide additionatnvdtion, either by
demonstrating that the risk estimate they provide cannot be explainednloyvk risk factors

t taking them into account in multivariate modelsor by assessing how differences in
biomarker values modify the effect of the known risk factor.

Figure 4, combines both approaches and presents which types of biomarkdrsing
investigated for each disease and specific risk factor. Because of its redevanbave also
added family history as a risk factor. Summary data are available in thexAnn

Given its broad spectrum impact as a carcinogen, smoking is the one |Hesbtied
exposure that researchers have taken most into account for almost all tumourdré&ast
and uterine cancer, obesity is the most commonly investigatedyitesactor, and for liver
cancer it is alcohol consumption. The case of colorectal and gastric tanwdifferent, as
multivariate models in those tumours usually include a set of risk fadsm®king, alcohol,
diet, and, for colorectal, exercise. Finally, the data show how infrequéfektyle factors are
included in prostate cancer research.
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Figure 4 Bubble plot representing the number of studies identified for pyipegvention of cancer
which lifestyle factors were considered, where the size of the bubble representsntber of studie
and the colour represents a type of biomarker.
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b) Study population and biomarkers in research on primary prevention of cancer
Around 86% of primary prevention studies included at least one cosgagroup that
could be considered as general population (i.e. people without speiskicfactors for the
disease). With regard to specific population subgroups, almost half @fsthdies on
biomarkers in primary prevention of lung cancer commonly provide risknasts according
to smoking status, which might help to further stratify risk. There is alsigaificant
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proportion of papers that also study primary prevention in risk subgraufpgar cancer €60%
in cirrhosis/viral hepatitis patients) and gastric cance20% Helicobacter pyloyi Studies
providing information on the effect of the biomarker in people withhggh genetic
predisposition or family history of risk are only relatively frequentbreast cancer and
colorectal cancer (Figure 5).

Figure 5 Bubble plot representing the number of studies identified for pyirpegvention of canc
for each population type, where the size of the bubble represents the numétedadfs and the colo
represents a type of biomarker.
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3.1.3.3 Biomarkers in secondary prevention

Prostate cancer, with 100 papers, breast cancer, with 80, and lung cavitei71, are
the tumour sites receiving most attention. As with primary preventiomast of the studies
were case-control studies, although there are also a relevant numberrags-sectional
studies investigating early disease biomarkers (Annex E).

In this case, 80% of the identified studies include infornmatio molecular biomarkers,
followed by 32% which include information on imaging biomarkerl) am overlap where
15% of the papers provide both. Cellular biomarkers have specific relevanthis case,
especially for prostate, liver and cervical cancer, while anthropometric messares used
within predictive models (Table 8).

Table 8 Number of studies identified for each biomarker type for secondary prevehitanaer.

Breast Prostate Lung cancer Colo- Gastric Pancreatic Liver cancer | Corpus uteri Cervical Kidney Bladder
cancer cancer rectum cancer cancer cancer cancer cancer cancer
cancer

e il Ol G GEDS (B0 (S G D G GRS

Cellular 2 21 3 7 0 0 1 1 0 1
Imaging 34 [ 2 2 4 1 0 4 0 1
Physio- 1 5 3 2 0 0 0 0 0 0 0
logical

Anthropo- 15 17 3 5 0 3 4 2 0 1 0

metric

™ Molecular biomarkers

Within this category, biochemical biomarkers are the most researched in daopn
prevention, followed by genetic/genomics. Biochemical biomarkers were thusecan be
obtained in a clinical laboratory (i.e. PSA in prostate cancer), thiode that are not routinely
available were classified as metabolites/metabolomics or protein/proteomggsedding on
their nature.

Genetic biomarkers were most commonly researched in breast cancer aneéaalo
cancer. Examples include studies combining faecal immunochemical tests and teblorec
polygenic risk scores (96,97). Among the otienics, the most reported was transcriptomics
(16% of the papers), followed by proteomics and epigenomic/epigeneti%48each).
Microbiological/microbiome biomarkers include those related to infectious tsy€ne.
Chlamydian cervical cancer). Microbiome research is still quite uncommmastly limited to
cervical and colorectal cancers (Table 9).
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Table 9 Number of studies identified for each biomarker type for secondary prevehitanaer.

Biomarker Breast Prostate Lung cancer Colo- Gastric Pancreatic Liver cancer | Corpus uteri Cervical Kidney Bladder
cancer cancer rectum cancer cancer cancer cancer cancer cancer
cancer
g . :

Genetics/ (e 2

Genomics
Epigenetics/ 3 1 N e S 0 4 G 1 [ ]
Epigenomics

Transcrip- 10 13 7D G 1 8 3 -
tomics
Metabolites/ 5 1 4 4 s 0 4 1 0 0
Metabo-

lomics

Proteins/ 5 5 [ 7 s 2 2 0 3 0 0
Proteomics

Micro- 0 Q 0 6 1 0] S 0 12 0 0
biolegy/

Micro-

hiomics
Biochemistry 6 [ ] 0 2 1
Other 0 0 0 0 4] 1 1 0 1 0 0
malecular

biomarkers

™ Cellular biomarkers

Cellular biomarkers are more widely researched in secondary prevention than in
primary prevention. Among these, histological and cytological biomarkers are the most
researched for prostate cancer and cervical cancer, respectively (Tgble 10

Table 10 Number of studies identified for each cellular biomarker subtypsefmndary prevention
cancer

Biomarker Breast Prostate Lung cancer Colo- Gastric Pancreatic Liver cancer | Corpus uteri Cervical Kidney Bladder
cancer cancer rectum cancer cancer cancer cancer cancer cancer
cancer
v L6 0 2 0 0

Histology 0

Cytolegy 3 1 0 0 [ 6 ] 0
Other 0 2 0 0 0 i 0 1 0 0
cellular
biomarkers
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™ Imaging biomarkers

Along with molecular biomarkers, imaging biomarkers are highly represented in
secondary prevention papers. Mammography is the most used imaging biomarkee&st
cancer, CT scan for lung cancer and MRI for prostate cancer. X rays, spectrantetry
PET/SPECT are not widely used in secondary prevention of cancer. In thisiauredatively
common to find studies that are trying to discern new patternsnrages that support
improved stratification of participants in order to avoid unnecessary testimtjta minimise
unnecessary harm from screening, especially for prostate and lung cancer (Table 11)

Table 11 Number of studies identified for each imaging biomarker subtypestmmslary preventic
of cancer. CT computerised tomography; MRImagnetic resonance imaging; PEphoton emissic
tomography; SPECHISingle photon emission tomography

Breast Prostate Lung cancer Colo- Gastric Pancreatic Liver cancer | Corpus uteri Cervical Kidney Bladder
cancer cancer rectum cancer cancer cancer cancer cancer cancer
cancer

Biomarker

€T Sean 0 0 0 (] 0 0 0 [
PET/ SPECT 0 1 1 0 0 0 0 0 0 0
X-Rays ) 0 1 0 0 0 0 0 0 0 0
Mammo- 0 0 0 o 0 0 0 0 0 0
graphy

MRI 5 1 0 0 1 [ 0 0 0 0
Spectro- 0 0 0 0 0 0 0 0 Q 0 0
metry

Ultrasound 4 5 0 0 0 0 0 0 0 E
Scintigraphy 0 0 0 a 0 0 o 0 0 0 0
(Gamma)

Other 4 1 1 0 2 0 0 [

imaging
biomarkers

™ Physiological biomarkers

Physiological biomarkers are not commonly used in this context and/or are
complementary biomarkers used as part of models in the studiesgTa}!

Table 12 Number of studies identified for each physiological biomarker suliypeecondar
prevention of cancer. ECi&lectrocardiogram; EEG - electroencephalogram

Breast Prostate Lung cancer Colo- Gastric Pancreatic Liver cancer | Corpus uteri Cervical Kidney Bladder
cancer cancer rectum cancer cancer cancer cancer cancer cancer
cancer |
0 1 L] 0 0 0 0 0 0 0

Biomarker

Blood

Pressure

Ankle- 0 1] 0 0 0 0 0 1] 0 0 0
brachial

Index

ECG 0 0 0 Q 0 0 0 0 0 0 4]

EEG 0 [ 0 0 0 0 0 0 0 0 0
Electro- 0 0 0 0 0 0 0 0 (o] 0 0
myography

Other i 0 0 0 0 0 0 0
physiological

biomarkers
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™ Anthropometric biomarkers

These biomarkers are also usually part of predictive or prognostic modslsitiise
a combination of biomarkers or are used to account for confoundirthenanalysis. BMI is
the most used indicator (Table 13).

Table 13 Number of studies identified for each anthropomorphic biomarketypabfor secondal
prevention of cancer. BMlbody mass index

Breast Prostate Lung cancer Colo- Gastric Pancreatic Liver cancer | Corpus uteri Cervical Kidney Bladder
cancer cancer rectum cancer cancer cancer cancer cancer cancer
cancer
Gl L6 ] 0 0 0
0 0

0 a 0 0

Biomarker

Bady 0 1 0 1 0
perimeters

Other 1 6 0 1 0 [ ] 0 0 Q 0 0

anthropo-
metric
biomarkers

a) Study population and biomarkers in research on secondary prevention of cancer

Even though 70% of the papers include a control group of general papulaany
papers on secondary prevention include high risk groups to be comparedtivatie that
already have the studied disease. For some tumours, many researchers try to improve
nomograms by adding information that may help to predict who deéVelop the tumour
among those at higher risk (i.e. heavy smokers or people with lung nodwlésnfy cancer;
gastritis patients for gastric cancer, or people with cirrhosis or wihsg@nal history of
hepatitis C for liver cancer) (Figure 6).
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Figure 6 Bubble plot representing the number of studies identified for secppdavention of canc
for each population type, where the size of the bubble representaithber of studies, and the colc
represents a type of biomarker
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3.1.4 Use of new digital technologies: wearables and artificial intelligence

3.1.4.1 Wearables and other new technologies

Although there have been significant advances in cancer biomarker dédyn in
recent years, this review has not been able to identify a large humber of nestehdlogies
that can be used in conjunction with biomarkers for personaliggthary and secondary
prevention. Wearables are not yet being used in this context.

Y)ROPHET

a PeRsOnalized Prevention roadmap
for the future HEalThcare

41

UANARIANDANCANANCAN AN AN CANANCANANANCANXAN

Co-funded by
the European Union




XA

Rapid scoping reviews on biomarkers for risk prediction andifstegion in cancer, cardiovascular and neurodegenerati
diseases, and their potential integration with digital technologies

Among other new technologies, we found a few examples. Two articles explored the
use of thermography to facilitate early diagnosis of breast cancer (98) centifigla high-risk
target population for regular screening and enable early stage breasécdatection at scale
(99). Other less common techniques identified are the measurement of keolatganic
compounds in breath for the detection of advanced adenomas and cobdreaghcer (100pr
the use of an endorectal probe for bioelectric impedance analysis tatseitients eligible
for prostate biopsy(101)

3.1.4.2 Biomarkers in cancer prevention and artificial intelligence

Al and machine learning algorithms are being increasingly used in canoegarker
research. According to our data, almost one in eight papers found useglerranalyses,
which could correspond to artificial intelligence; 85% of these vesreondary prevention
papers. These analysis techniques have been incorporated mainly ia anatysis, although
they are also used witlEmics, or in models integrating data from different sources.

In primary prevention, Al and machine/deep learning algorithms are mainly tosed
create predictive models that explore the risk of developing cancer. bmsleacy prevention,
however, while they are also used in predictive/prognostic modelsbétter classify
individuals by their risk of developing the disease in the futtirey are also used to find new
tools for early diagnosis and to improve screening for the disease. Breagt prostate and
colorectal cancer are the tumour locations with the highest use i kidney cancer is the
site with the lowest use (Tables 14 and 15). A curious example @ufl be the use of a
tongue image-based machine learning model for screening patidttigyastric precancerous
lesions (102). These approaches intend to improve the accuracy and efficiEhmmarker
discovery and clinical decision-making.

Table 14 Number of studies identified that used artificial intelligence (Al measur
biomarkers for primary prevention of cancer

Breast Prostate Lung cancer Colo- Gastric Pancreatic Liver cancer | Corpus uteri Cervical Kidney Bladder
cancer cancer rectum cancer cancer cancer cancer cancer cancer
cancer

] — K o EEEES
Cellular 1 0 1 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0
logical
Anthropo- 2 0 2 0 1 0 0 0 0 0

metric
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Table 15 Number of studies identified that used artificial intelligence to measure bi@rsafo
secondary prevention of cancer

Breast Prostate Lung cancer Colo- Gastric Pancreatic Liver cancer | Corpus uteri Cervical Kidney Bladder
cancer cancer rectum cancer cancer cancer cancer cancer cancer
cancer
[ Moleculr [ GEFEE D GBS NS DD D G G RN GErED
(o] 0

1

Cellular 1 9 1 3 0 0 3
Imaging M7 QW 2 ] 1 1 1
0 0

Physio- 1 2 0 2 Q
logical

@ o 8
o
o o o

0

o

Anthropo- 4 5 0 4 0 2 1 1 0 Q 0
metric

3.1.5 Cancer Discussion

While considerable advances have been made in cancer preventiorierdes
remain. The heterogeneity of cancer types necessitates tailored approachesefggntion
and risk stratification. The use and research on biomarkers in this frakltaiuncover novel
tools for diagnosis, refine risk prediction models, with the goal of tangepreventive
interventions.

Our scoping review indicates that primary prevention research for cancemaplym
focuses on molecular biomarkers (mostly genetic), while imaging biomarkersnare
prominent in secondary prevention papers. The utilisation of multi-orméctriologies and
artificial intelligence is predominantly observed in the context of seaondrevention.
However, the use of othed@mics, including epigenomics, transcriptomics, metabolomics, and
proteomics, has yielded limited results in the literature. It is likdlgt many of these
techniques are mostly being employed for tumour profiling and préaictdisease
progression, but these objectives were beyond the scope of our review.

While there is a substantial body of evidence on interventions stnategies for
primary cancer prevention, it is interesting to note that persoreliprevention research in
this field often focuses on identifying genetic risk and classifiyidiyiduals on the basis of
their genetic profile. This emphasis on genetics may stem from a general pevepttit
prioritises biological factors over epidemiological or public healtnserations. It is
important to recognise that external exposures, such as lifestyle choices, ¢mrypand
environmental factors, are major contributors to cancer development, as suggobly
existing evidence (103,104). Integrating a broader perspective that encompasbegebetic
and environmental factors can enhance our understanding of canemeption and enable
more personalised approaches to primary prevention. Unless the expog@neompassing
an individual's lifetime exposures, measured in the most suitable manngincorporated
into the framework, the scope for personalising primary prevention welldonfined to
individuals considered to be at a very high risk, mirroring the curreptageh taken with
those with a familial predisposition to the disease.
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We have found good examples of studies investigating gene-environment intergctions
which are especially frequent in colorectal cancer (105,106), but, in gkrtbey remain
relatively scarce in the literature. The genetic risk that influencesdimidual's susceptibility
to developing a tumour due to specific carcinogens or the effectiveness of prexen
treatments may differ from that estimated through general GWAS studies atedly large
consortia. Epigenetic biomarkers also play a crucial role in unders@rttie impact of
environmental and lifestyle factors on cancer development, but according talatar, they
are currently under researched.

In secondary prevention research, some tumours, particularly prostate candéumq
cancer, receive special attention. Both cancers are significant causeorbidity and
mortality, and improving screening strategies is one of the challengesr@ntuesearch
efforts in secondary prevention. Liver cancer and pancreatic cancer aregametumours in
which the focus of the research is to distinguish which people pea@isposing conditions or
lesions that will progress to cancer. However, there is limited research onabkens for
primary/secondary prevention of corpus uteri, bladder, and kidney cancer aoeddo other
types of cancer. These cancers have received less attention in terms ofglagddomarkers
for prevention strategies. The development and validation of biomarkers redaiige-scale
studies and collaborations, which may be more challenging to conducarfer tumours.

It is also worth noting that, despite the growing interest in microbiormseeech, the
assessment of microbiome-derived biomarkers in cancer prevention remains elativ
limited. The little we have found has been in the area of cervicalezafar example, where
the vaginal microbiome plays an important role in cervical cancer scrg@md prevention,
or in colorectal cancer, where stool is the most common samplth&se analyses.

This scoping review did not reveal a significant number of cellulardriars, either
histological or cytological biomarkers, which might be for the followsasons: firstly, we
excluded any biomarkers that were tumour-based and only incluledd biomarkers that
were measured in both tumour and normal tissue/cells, or in nornsales only. Secondly,
looking for cellular biomarkers implies using more invasive methods (biopsiesngrae.)
which are not as widely used as other methods (i.e. imaging technologies)arhdess
invasive for primary and secondary prevention strategies.

Imaging biomarkers are closely linked to secondary prevention strategies in cancer
(early diagnosis/screening). Among these, mammography, computed tomography (CT),
ultrasound and magnetic resonance imaging (MRI) are the most used imagingqteeh
Apart from new ways of using biomarkers for screening cancer, the wséfafial intelligence
(Al) and radiomics to improve screening have been identified in thdysas well as the
combination of several imaging techniques and other type of biomarkersintipisrtant to
highlight that some types of cancer already have screening programmes in placany
countries, including breast, colorectal and cervical. Many articles have smughprove the
screening methods that are in place in those countries to make them more spaafimore
cost-effective. For cancers that do not have a screening programme but detedisposing
lesions, efforts are focused on identifying which of those affegtéddevelop the tumour and
which will not.
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Large databases such as the UK Biobank, Gene Expression Omnibus (GEO), and The
Cancer Genome Atlas (TCGA) are used for the identification of new bios§tkar). These
databases provide inexpensive ways to have access to extensive data that altawnfaex
analyses. However, it is important to note that relying solely on thes®urces may
perpetuate biases if they do not represent the full spectrum of the pafoon (i.e. over
representation of European ancestry). It is crucial to ensure diveyg@sentation in these
databases to avoid potential biases in biomarker research and to obtain mongrebensive
and accurate results.

3.2 CARDIOVASCULAR DISEASES

3.2.1 Prevention of cardiovascular diseases

It is estimated that 80% of cardiac events and strokes are preventabl@5do 75%
may be prevented through intervention and early detection (108). At the early sthgtme
clinical manifestation, cardiovascular disease risk is based on the assessnmentisk profile
and the use of risk scoring systems. Biomarkers can be used to enhangsktipeediction.
This could also enable reduction of risk through appropriate int&feas. However, what is
considered a clinical manifestation can vary. Atherosclerosis, stenosis, pladdielpuand
hypertension are considered to be clinical manifestations that pedple at high risk of
developing a CVD. A wide variation in symptoms is reported for indigicdwnsidered to be
affected by a CVD, or who have a sub-clinical condition. Thegedeaan vary significantly
between individuals and considering which types of cardiovascular measuresvarsible t
and subject to secondary prevention measuresan be challenging.

If an individual has developed symptoms, the severity of these symptoms also varies,
and the classification given by clinicians and researchers can diffieificantly. For the
purposes of this review, we categorised the study as primary or secondary bastt
clinical status of the patient (no observable vs. observable clinical maatitast), or the
purpose of the biomarker (risk assessment vs. diagnosis), unless the preventiorapaths/
stated by the authors. Non-invasive diagnostic assessment of symptomatictsutgkes on
functional stress imaging or anatomical assessment by for example coronary @mmnput
tomography angiography. Howeveg50% of acute coronary syndromes occur in patients
without any obstructive plaques, for whom usual functional imagiests are of limited
diagnostic value. Novel, accurate, and cost-effective ways for cardiovascular risk
discrimination would allow the deployment of more effective preventigatment strategies
and save lives, but appropriate tools for detection have been lacking.(109)

3.2.2 Specific features of the CVD scoping review

The cardiovascular diseases included in this scoping review were ischearic h
disease, stroke, cardiomyopathy and myocarditis, atrial fibrillation and atriaéefjuhortic
aneurysm, nonrheumatic valvular heart disease, peripheral artery disease. Rtielnaart
disease and endocarditis have not been considered because of their infectinoisge The
ischemic heart disease (IHD) category includes coronary artery disease (CAD), myocardial
infarction, heart attack, heart muscle ischemia, heart infarction, coronaarthdisease,
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myocardial ischemia and acute coronary syndrome (ACS). The stroke category includes
ischemic stroke (including embolic stroke and transient ischemic stroke), intracerebral
haemorrhage, and subarachnoid haemorrhage.

Within cardiovascular disease there are known populations that anecatased risk
of CVD. The ones considered in this review included: diabetes, chidméy klisease / kidney
failure, obesity, hypertension, cholesterol / dyslipidaemia, smoking and all@ansumers.
When these specific populations were being investigated in the studynanglst as a risk
factor, the information was collected as part of the scoping review.

/v 13]}vU Al3Z]v §Z]e & Al A 8Z & ]+}vzZzirPZ@&E)Xl dZ][
population category primarily resulted from examining studies that were lookir@vdd for
secondary prevention. In these studies, individuals had characteristics seetheon
pathophysiological pathway leading to the development of CVD, wimeant they were
considered to be part of a CVD population. For this reviewsthdy populations included a
range of features, from atherosclerosis that was classified as CV disease, midicidasified
as being at high risk of CVD, people with a history of CVD, those adardergone
revascularisation, or who had had a major cardiovascular event.

When a composite endpoint of diseases was assessed, they were classified under

major adverse cardiac events (MACE), or major adverse cardiac and cerebrovascular events
(MACCE), or cardiovascular events (CVE) which frequently include@l&D deaths as an
endpoint. The definition of MACE/CVE/MACCE and the CVDs capturedtiimrcan vary
between researchers. In this scoping review MACE has been used to cover atbtieggeies.
Our exclusion/inclusion criteria considered MACE only when CMbe st for the scoping
review were named in the study. However, it was difficult to captthis information under
the individual disease categories if the outcomes/results were not reporte@dch of the
specific CVDs of interest. Therefore, a MACE category was included intéhexttaction.
When specific CVDs of interest were subdivided from the larger MACE categapettific
CVD and MACE would be captured in the data extraction.

ZZC% ES ve]A Z &S ] o[ 8 P}EC Alpo Z A ®oE}A]
data from studies investigating this disease presentation. Howevegstnet included in the
search strategy since there isno MeSH tefffE ]3X he]vP §Z & Bu ZZC% ES ve]A
resulted in a very broad, inaccurate range of results that capturedynaapects of heart
disease, resulting in too many studies being returned to be reviewednithiei rapid scoping
review process.

3.2.2.1 PRISMA flowchart

For cardiovascular diseases, as outlined in Figure 7, 1,053 of 5,288 papers were
considered for full text review. At this stage, 278 further papers weraudgd. The majority
were excluded due to either wrong disease or outcome, wrong conceptrargibiomarker.
Papers were excluded due to wrong disease or when the outcome was@wébeaof interest,
e.g., papers focused only on atherosclerosis/hypertension and CVD was not an eutcom
investigated within the paper, only mentioning CVD in the abstraditwere not investigated
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in the full text. Articles were excluded when most of the conditionthe composite MACE
were not diseases of interest. Of the MACE studies included there were digers that
captured stroke and IHD as the main diseases of interest. In the case ofvarrept, studies
were excluded if they only examined biomarker frequency rather thanngdior disease
associations. Papers were excluded for the wrong biomarker when fulteeiw failed to
identify the biomarker of interest or large panels of biological factorseeveereened for their
potential as biomarkers, but no appropriate hypothesis testing was perforrdegmall
number of papers were excluded at full text review due to theirablncluding subjects
younger than 18 or the datasets used data which was not collectedlinieat setting or in a
patient cohort.

Figure 7 Cardiovascular diseases scoping review: PRISMA flowc

5288 Studies from
databases/ registers 33 References from other source
Ovid Medline 2858 Embase preprints 33
Ovid Embase 2430
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#6 Wrong languagd:4

#7 Wrong settings

#8 Article not available3

278 Studies excluded

Screening

\ 4

775 Studies extracted

376 Primary prevention
353 Secondary prevention
46 Primary & secondary

For the purposes of this review, we categorised the study as primary or secondary
based on the clinical status of the patient (no observable vs. observdbieat
manifestations), or the purpose of the biomarker (risk assessment or diagnosis), urdess t
prevention pathway was specified by the authors.
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3.2.3 Research/use of biomarkers in personalised prevention of cardiovascular
diseases

3.2.3.1 General overview

A total of 775 studies were included. The majority of studiekdd at ischemic heart
disease and stroke, followed by Atrial Fibrillation and flutter (Fig)reOverall, there were
results that were common to both primary and secondary prevention:

x Air pollution was the only risk factor which was considered in the ve¥oe which no
papers were found.

x In terms of study design, most research studies used a cohort study designefibllow
by a case-control study design (Annex E, Tables 6 and 9 for princiigeaandary
prevention respectively). Very few cross-sectional study designs were(Aseéx E,
Tables 6 and 9).

Figure 8 Number of studies total, primary and secondary preventidincluded in the data extraction
process, for all CVDs together and for each individual CVD are shown

Q00

a00 m Tl Primary prevention Secondary prevention

300
20N
100
o - . - J— | - |
i Ischemic heart Stroke Card Nonrheumatic  Pe artery AKCE
diszase il v e
disease

ardiomyopathy  Atrial fibeilation Aortic aneurgsm
and rgocarditis  and atrial flutter

Figure 9 provides a general summary of the results from the review for CVeh, whi
again, will be further detailed in the subsequent sections. Ischeeactltdisease and stroke
are the major diseases in this group, while genetics and biochemical aredsiereblevant
biomarkers in this area.
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Figure 9 CVD scoping review on personalised prevention: biomarkers used in primary andrseconda
prevention by disease.
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3.2.3.2 Biomarkers in primary prevention of CVD

The scoping review found that three quarters of research activity on biomarker
associated with the primary prevention of CVD were focused on molecular proceabés (T
16). Within this area two disease classes dominate the molecular investigasohsmic
heart disease (IHD) and stroke. Both classes encompass the most frequagihosid
cardiovascular diseases including coronary artery disease (CAD), myocardial infarction, and
ischemic stroke. Secondary to this was research activity within the field of igyagjain with
the majority investigating IHD and stroke. Physiological and anthropometricakers were
investigated intermittently across most disease processes. Behind IHD and stro&k, at
fibrillation and atrial flutter were subject to increased researchdigt, again primarily in the
molecular biomarker class.
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Table 16 Number of studies identified for each biomarker type for primary ptreof cardiovascular
diseases. CVDcardiovascular disease; MACEajor adverse cardiovascular events

Ischemic heart Stroke Cardiomyopathy | Atrial fibrillation Aortic aneurysm Nonrheumatic Peripheral artery Hypertensive MACE
disease and myocarditis and atrial flutter valvular heart disease cvD
disease
2

]

3 1 0 0 0 0 0 0 0
m 31 24 B 8 3 1 2 2 4
15 14 2 15 1 1 3 1 1
12 n 0 8 1 0 2 0 1

™ Molecular biomarkers

Within the molecular biomarkers group, research activity across all CVD types
overwhelmingly focussed on genetics (Table 17). Many genetic biomarkdykeentocus on
primary prevention by using genetic variants fixed at conception, allomskgo be evaluated
early in the life course. These variants can thus be identified pridraartanifestation of any
disease process. The majority of molecular biomarkers were assessed in the context of
isolated SNPs, SNP data from GWAS, SNP combined and weighted in palggess and
mendelian randomisation methods.

After the genetic sub-group, markers of biochemical origin were most é&etiy
investigated. Most of these markers were serum markers detectable by standaod bl
sampling procedures required for clinical testing. Biochemical markers wereigatestin all
disease types except nonrheumatic valvular heart disease. These markers releoctablet
changes in specific molecules which usually occur during the manifestaitiandisease
process, even at the sub-clinical level, so are more frequently identifiedecondary
% E A v3]}v & « & ZX ZKu] [ § Zv}o}P] ¢« E ]Jvv |VE% V]wKX u}o
This was reflected in our results with metabolomics, proteomics and traatsorics subgroup
studies being used particularly to investigate IHD, stroke, and AF, althoagbwaér level of
research activity than genetic and biochemical subgroups. Al technologiegdinmgccomplex
regression models to analyse large volumes of SNP data were focussed ifc gerket
biochemical biomarker subcategories.

Table 17 Number of studies identified for each molecular biomarker subtype foapriprevention of
cardiovascular diseases. CYPBardiovascular disease; MACEajor adverse cardiovascular events

Molecular Ischemic heart Stroke Cardiomyopathy Atrial fibrillation Aortic aneurysm Nonrheumatic Peripheral artery Hypertensive CVD MACE
biomarkers disease and myocarditis and atrial flutter valvular heart disease
disease

Genetics/ G G TS GEETEND GEETD G D GEETEED s

Genomics

Epigenetics/ 3 6 0 0 0 0 0 0 0
Epigenomics
Transcriptomics 9 13 0 Bl 1 1 0 2 0
Metabolomics 4 5 0 1 0 0 1 1 0
Proteomics 5 3 0 2 1 1 0 0 0
Microbiomics/ 1 0 0 1 0 0 0 1 0
Microbiology
Biochemisty  (TZINNND 52 1 7 4 0 s 4
Other molecular 1 0 0 0 0 0 0 0 0
biomarker
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™ Cellular biomarkers

There was very little research carried out on cellular biomarkdair papers in total
tin IHD and stroke (Table 18).

Table 18 Number of studies identified for each cellular biomarker subtype fiorapyiprevention of
cardiovascular diseases. C¥Pardiovascular disease; MACEajor adverse cardiovascular events

Cellular Ischemic heart Cardiomyopathy Atrial fibrillation Aortic aneurysm Nonrheumatic Peripheral artery Hypertensive CVD MACE
biomarkers disease and myocarditis and atrial flutter valvular heart disease
disease
0 0 0 0

Histology

Cytology

Other cellular _ _ 0 0 0 0 0 0 0

biomarker
™ Imaging biomarkers

The second most investigated biomarker group after molecular was imaging, with th
continuing trend of IHD and stroke being the most intensively investig@able 19). Novel
methods employing Al to enhance well established techniques such as Glingcand
ultrasound with tools including machine learning or convolutionatiml networks are
increasingly being researched for their accuracy and utility. Al techniques wged most
frequently in CT and MRI imaging in primary prevention. Other imadggitqiques such as
radiography, single photon computed tomography (SPECT) and magnetic resanago®i
(MRI) were researched less frequently.

Table 19 Number of studies identified for each imaging biomarker subtyperiimapy prevention of
cardiovascular diseases. €domputerised tomography; CMizardiovascular disease; MACEajor
adverse cardiovascular events; MRI magnetic resonance imaging; PET photon emission
tomography; SPECsingle photon emission tomography

Imaging Ischemic heart Stroke Cardiomyopathy Atrial fibrillation Aortic aneurysm Nonrheumatic Peripheral artery Hypertensive CVD MACE
biomarkers disease and myocarditis and atrial flutter valvular heart disease
disease
0 0

X-Rays 1 0 0
Uttrasound s ] 0
CT scan S 0 1 0 0 0 0
PET/ SPECT 4 1 0 0 0 0 0 0
Spectrometry 0 0 0 0 0 0 0 0 0
MRI 1 6 ] _ = 0 0
Scintigraphy 0 0 0 0 0 0 0 0
(Gamma)
Mammography 0 0 0 0 0 0 0 0 0
Other imaging 5 G 0 1 L 0 0 0
biomarker
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™ Physiological biomarkers

These biomarkers mostly included electrocardiograms (ECG), which were nsaidly u
to investigate atrial fibrillation (Table 20).

Table 20 Number of studies identified for each physiological biomarker suliypeimary prevention
of cardiovascular diseases. CVD cardiovascular disease; ECG electrocardiogram; EEG -
electroencephalogram; MACENajor adverse cardiovascular

Physiological Ischemic heart Stroke Cardiomyopathy Atrial fibrillation Aortic aneurysm Nonrheumatic Peripheral artery Hypertensive CVD MACE
biomarkers disease and myocarditis and atrial flutter valvular heart disease
disease
0 0 G 0 S
1 1 0 0 0 0 ] 0 0

Blood Pressure

Ankle-brachial
Index

ECG GEEE 2 0 0 0 0

EEG 0 1 0 0 0 0 0 0 0

Electro- 0 1 0 0 0 0 0 0 0
myography

Other physiological 0 2 0 0 0

biomarker

™ Anthropometric biomarkers

In addition to BMI, other measures such as waist to hip ratio or upperarcumference,
were assessed for potential use as novel biomarkers of IHD, stroke aaldibtiilation (Table
21).

Table 21 Number of studies identified for each anthropomorphic biomarker pebtgr primary

prevention of cardiovascular diseases. BMbdy mass index; CVixardiovascular disease; MACE
major adverse cardiovascular events

Anthropometric Ischemic heart Stroke Cardiomyopathy Atrial fibrillation Aortic aneurysm Nonrheumatic Peripheral artery Hypertensive CVD MACE
biomarkers disease and myocarditis and atrial flutter valvular heart disease
disease
BMI 0 0 0 0
s 4 0 2 0 0 0

Body perimeters

Other 4 4 0 2 0 0 0
anthropometric
biomarker

These two last biomarker groups were the least frequently researchedwieddy
cellular biomarkers. They -and particularly anthropometric markesese frequently used in
combination with established or newly developed risk scoring stratemiesnprove risk
prediction.

A small number of studies fellun®& z}sz E[ (} & Z & *% 3]A PE}u%
dz ZzZ}sSzZ E[ ]J}u EIl & (}pfactpraloigk scovgs thaf combined variables such
as SNPs, muscle strength, sleep patterns and height. Within imaging| retstulature was
investigated at least six times in the context of IHD and stroke.

a) Combination of biomarkers and lifestyle-related factors

Lifestyle factors were captured across all disease types, especially istiék2, and
atrial fibrillation, if they were used as a variable or adjustment withm research analysis
(Figure 10 and Annex E Table 7).

Figure 10 demonstrates the frequency of capture of lifestyle factotatee to
biomarker categories. As with other categories most lifestyle factors were redosatlin
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studies with IHD and stroke as their diseases of interest. Atrial fiboilla&tnd atrial flutter
studies also regularly recorded specific lifestyle factors.

Their frequency implies which factors researchers consider importa@\VB, with
smoking behaviour and alcohol consumption receiving the most attenfibere is a caveat
to this interpretation; each lifestyle factor was used in a different me&ann each analysis,
such as being used as a variable in a regression model versus being useadasstment
criterion, therefore no inference on causality or association can be madg tisis data.
Preventative medicines, such as the use of statins, were reported in mang sfutiies. They
are an indication that some of the individuals may already be considdredk of CVD and
may be in a primary prevention programme.

Figure 10 Bubble plot representing the number of studies identified for primagyemtion of
cardiovascular disease where lifestyle factors were considered, where the size diftileerbpresents
the number of studies and the colour represents a type of biomarker.t@gfliovascular disease;
MACEt major adverse cardiovascular events
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b) Study population and biomarkers in research on primary prevention of CVD

Figure 11 demonstrates that many studies were conducted in participants &o
general population. Outside of the general population we found aapof studies conducted
in population groups with elevated risk of CVD such as those evd#hetes mellitus,
hypertension or high-risk CVD. Limited research activity in primary preveiomarkers for
aortic aneurysm was unexpected, considering the high mortality frortured aneurysm.

Figure 11 Bubble plot representing the number of studies identified for primaeyeption of
cardiovascular disease by each population group, where the size afitthéelrepresents the number
of studies and the colour represents a type of biomarker
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An interactive  version of this plot is accessible viahttps:/phg-
foundation.qgithub.io/PROPHET/Phase 1 codes/EGMs/EGM_cvd primary $ebioerker.html
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3.2.3.3 Biomarkers in secondary prevention of CVD

The greatest proportion of secondary prevention biomarker research activity is taking
place in ischemic heart disease (IHD), stroke and atrial fibrillation andfattiat (Table 22).
In contrast, nonrheumatic valvular heart disease (NRVHD) is the least researchedtalhe t
number biomarkers per CVD does not proportionately decrease with decgeaBwD
prevalence, indicating research hotspots for CVD-specific secondary goevémmarkers
(compared to primary prevention) around atrial fibrillation and atrial #uftand peripheral
artery disease (PAD) (Table 22).

Molecular biomarkers were predominantly researched in CVD, followennkging

and physiological biomarkers. However, imaging biomarkers were frequently resdairch
cardiomyopathy and myocarditis and NRVHDs (Table 22). We identified veryiessising
cellular and anthropometric biomarkers for the secondary prevention of SC\@2llular
biomarkers were only assessed in IHD, stroke, cardiomyopathy and myocarditis, and aorti
aneurysms. Anthropometric biomarkers were only assessed in IHD, stroke, atriaitidorill
and atrial flutter, and aortic aneurysms. Both molecular and imaging bionmsavkere equally
researched in hypertensive CVDs (Table 22).

There is overlap in studies between MACEs, IHD and stroke, therefore raolecul
biomarkers were commonly researched for secondary prevention of MACEs, matching
observations for IHD and stroke. Of all the secondary prevention CVD studfésuadd Al
or machine learning-based methods to support biomarker research and plynfi@rimaging
followed by molecular biomarker types.

Table 22 Number of studies identified for each biomarker type for secondary preveafion
cardiovascular diseases. CV¥bBardiovascular disease; MACEajor adverse cardiovascular events

Ischemic heart Stroke Cardiomyopathy Atrial fibrillation Aortic aneurysm Nonrheumatic Peripheral artery Hypertensive MACE
disease and myocarditis and atrial flutter valvular heart disease CVD
disease
I e “ GEETES — -— ]
Cellular 2 1 0

48 ___

Physiological 21 19 _
: 1

- N e -
o OHO o
Im
o ® v o
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™ Molecular biomarkers

For molecular biomarkers, biochemical was the most commonly researched bemark
subtype, followed by genetics/genomics (Table 23). Studies investigatingatder subtype
biochemical, followed by metabolomics, used Al and machine learning to supmpieme
biomarker research.

Table 23Number of studies identified for each molecular biomarker subtype for dagoprevention
of cardiovascular diseases. CV&ardiovascular disease; MACEajor adverse cardiovascular events

Molecular Ischemic heart Stroke Cardiomyopathy Atrial fibrillation Aortic aneurysm Nonrheumatic Peripheral artery Hypertensive CVD MACE
biomarkers disease and myocarditis and atrial flutter valvular heart disease
disease
20 14 2 2 3 0 2 0 3

Genetics/
Genomics

Epigenetics/ 1 2 1 0 0 0 0 0 0
Epigenomics

Transcriptomics 14 10 2 4 3 0 0 1 1
Metabolomics 1 9 2 0 1 0 0 1 2
Proteomics 1 7 1 1 2 0 B 1 1
Microbiomics/ 1 0 0 0 0 0 0 0 0
Microbiology

Biochemistry 0
Other molecular 0 0 0 0 0 0 0 0 0

biomarker

™ Cellular biomarkers

For cellular biomarkers,Z}$§Z E oopo Eubtype &Evhi€h #icludes studies
that use cell count data, were the most studied, although, very lunember of studies were
identified (Table 24).

Table 24 Number of studies identified for each cellular biomarker subtypsefmndary prevention of
cardiovascular diseases. CVBardiovascular disease; MACEajor adverse cardiovascular events

Cellular Ischemic heart Stroke Cardiomyopathy Atrial fibrillation Aortic aneurysm Nonrheumatic Peripheral artery Hypertensive CVD MACE
biomarkers disease and myocarditis and atrial flutter valvular heart disease
disease
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0

Histology
Cytology

Other cellular 0 0 0 0 0 0

biomarker
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™ Imaging biomarkers

For imaging biomarkers, the subtypes ultrasound, CT and MRI were the most
commonly researched biomarkers. While most research activity was seen in |Hiirakel
research took place in a wide range of CVD types, for example, at leasttcasound study
was recorded for each CVD type investigated (Table 25). StusBesrching biomarker
subtypes CT scan followed by MRI used Al and machine learning to seppleiemarker
research.

Table 25 Number of studies identified for each imaging biomarker subtypestmmslary prevention
of cardiovascular diseases. €Tomputerised tomography; CVDcardiovascular disease; MAGE
major adverse cardiovascular events; MRinagnetic resonance imaging; PETphoton emission
tomography; SPECsingle photon emission tomography

Imaging Ischemic heart Stroke Cardiomyopathy Atrial fibrillation Aortic aneurysm Nonrheumatic Peripheral artery Hypertensive CVD MACE
biomarkers disease and myocarditis and atrial flutter valvular heart disease
disease
0

X-Rays 0 2 0 1
Ultrasound L5 | - L 1

CT scan _ 1 0 0 1
PET/ SPECT [ ] 2 2 1 1 0 0 0 1
Spectrometry 0 1 1 0 0 0 0 0 0

MRI 6 G G 1 0 L L
Scintigraphy 2 0 0 0 0 0 0 0 0
(Gamma)
Mammography 1 0 0 0 0 0 0 0 0
Other imaging 2 2 0 0 0 0 1 0 0

biomarker

™ Physiological biomarkers

Physiological biomarker subtype ECG was the most common (Table 26).

Table 26 Number of studies identified for each physiological biomarker subiypeecondary
prevention of cardiovascular diseases. C\fardiovascular disease; EG@lectrocardiogram; EEG -
electroencephalogram; MACENajor adverse cardiovascular events

Physiological Ischemic heart Stroke Cardiomyopathy Atrial fibrillation Aortic aneurysm Nonrheumatic Peripheral artery Hypertensive CVD MACE
biomarkers disease and myocarditis and atrial flutter valvular heart disease
disease
0 L 0 L]
0 4 0 1

Blood Pressure

Ankle-brachial
Index

o ) CEEES o 0 0 o
EEG 0 1 0 0 0 0 0 0 0
Electro- 0 0 0 0 0 0 0 0 0
myography
Other physiological L& ] 2 0 0 0
biomarker
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™ Anthropometric biomarkers

For anthropometric biomarkers, the subtype BMI was the most researcheauaglth
there were a limited number of studies in this area (Table 27).

Table 27 Number of studies identified for each anthropomorphic biomarketypebfor secondary
prevention of cardiovascular diseases. BMbdy mass index; CVixardiovascular disease; MACE
major adverse cardiovascular events

Cardiomyopathy Atrial fibrillation ortic aneurys| i Hypertensive CVD MACE
and myocarditis and atrial flutter valvular hear disease
isease

0 0
0 0

0 0

Tables 23-27 also highlight that multiple biomarker subtypes vex@ored for the
same CVD. For example, all but spectrometry-based imaging biomarker was reseatetizd in
v (A e3pu ]« Z A pe-basedapprpaech to evaluate the biomarker of interest:
at the gene, transcript, and protein level of expression. Some studies algmeceddifferent
subtypes such as MRI and CT scans to determine which method wourtbteeclinically
suitable for biomarker detection or disease diagnosis.

A few biomarker subtypes were limited to specific populations, for example,
scintigraphy (gamma) was only investigated in a diabetic population (Tapfedge 11). We
also observed that some biomarkers identified in one cardiovascular disease were bein
repurposed and evaluated in other CVDs. For example, ankle-bractgali;mdommonly used
in PAD, but we detected research activity in other CVDs such as hdke shd MACE
(composite of PAD, IHD and stroke) (Table 26; Figure 11). The biomarkers wdibeigin
A E %SUE pv €& SZ Z}SZ B[ VSZE}%}tu SE] Jlu EI & -p

a) Study population and biomarkers in research on secondary prevention of CVD

Outside of the general population we looked at population groups kntovbe at
elevated risk of CVD. The benefits of identifying new markers to imprsleatratification of
these high-risk groups could be valuable in CVD diagnosis.

We evaluated nine different types of population used in CVD researittcas help

determine which individuals within these high-risk populationarté are at increased risk of
CVD and may need to be prioritised for screeniig} %o po S]}v SC% ¢ ZP-nsk@E o Vv

s[ AE %& }u]vvioC E e+« E Z (}ool}A % & v-Bpr \
kidney diseasd E < X s EC ( A «3pu ]« A E }v u s }uhdiestessd}% po 3]
JE Ce0]%] u] [U Z} <]SC[U Zeu}l]vP[ ¥igue @2} Adentifyjngs L u %o S ]}
biomarkers stratified by population may then help to identify biomask&ith high specificity
for a particular CVD and population type.

tN¢
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Figure 12 Bubble plot representing the number of studies identified for secondamemion of

cardiovascular disease for each population type, where the size of the apldsents the number
of studies and the colour represents a type of biomarker. €KBronic kidney disease; CMD
cardiovascular disease; MAGEajor adverse cardiovascular events.
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An interactive  version of this plot is accessible viahttps:/pho-
foundation.github.io/PROPHET/Phase 1 codes/EGMs/EGM cvd secondamgnsdgomarker.ht
ml

3.2.4 Use of new digital technologies: wearables and artificial intelligence

3.2.4.1 Wearables and other novel technologies

Wearables were rarely investigated within primary prevention of CVD. Among five
studies investigating digital technologies in primary prevention a seven-dayngfi@®r and
a wrist worn accelerometer were both used in separate studies where &bidlation and
atrial flutter were the diseases of interest. No smart watch-based orepaismetry-based
technologies were used for secondary prevention in CVDs, however, one studyirasetli
cameras for stroke diagnosis. We also identified the use of novel technologisscmmdary
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prevention of CVD such as innovative mass spectrometry technologies aadga of
wearable monitors to track cardiac and other physiological parameters.

E}A o usdzZ} 38} 8§ 8 s JluElIl E- AE % Siegery pv E 3
within each biomarker type. We identified research for the novel dgetinal-based imaging
biomarkers for secondary prevention of CVD and a mammography-based saslalgo
found for IHD (Table 25). Flow cytometry-based studies which evaluatezbuatl data were
also captured (Table 24). Several new detection methods for physiological bennane
being researched, for example algorithms that evaluate a range of phgsidgihysiological
parameters and analysis of the parameters and characteristics of the cardicasgsiem
(Table 26). This included telestroke system technology which is pre-hdspitalology such
as portable imaging devices used to assist ambulance personnel during emergency
assessment of suspected stroke. An implantable loop recorder to monitor Hedahm was
used for early detection of AF.

3.2.4.2 Biomarkers in CVD prevention using Artificial Intelligence

Within primary prevention Al technologies were used most frequently in molecular
and imaging biomarker research (Table 28). The most frequently investigetease types
were IHD, atrial fibrillation and flutter, and stroke. Al technolegiere frequently used to
assess complex regression models, and high volume genomic data. Additionally radiomics was
used to enhance image based analysis and machine learning algorithms welayetfo
screen detailed health records.

Of all the secondary prevention CVD studies, a fifth used Al or machinentpdased
methods to aid biomarker research, primarily for imaging followed by molecularasian
types (Table 29). Studies researching biomarker subtypes biochemical followed b
metabolomics predominantly used Al and machine learning to supplemearhdsker
research. Studies researching imaging biomarker subtypes, CT scans followed by MRI
predominantly used Al and machine learning to supplement biomarkseareh. Al and
machine learning-based methods were commonly used to investigate IHD and stroke.

Table 28 Number of studies identified that used artificial intelligence to measure bl@rsaifor
primary prevention of cardiovascular diseases

Ischemic heart Cardiomyopathy Atrial fibrillation Aortic aneurysm Nonrheumatic Peripheral artery Hypertensive MACE
disease and myocarditis and atrial flutter valvular heart disease (a's)
disease

—“_— 0

0 0 0
m-——-— 1 0 0 0 0
1 0 —— 0 0 0 0 0
0 1 0 0 0 0 0 0 0
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Table 29 Number of studies identified that used artificial intelligence to measure bi@rsarfor
secondary prevention of cardiovascular diseases

Ischemic heart Stroke Cardiomyopathy | Atrial fibrillation | Aortic aneurysm Nonrheumatic Peripheral artery Hypertensive MACE
disease and myocarditis and atrial flutter valvular heart disease (a')s)
disease
—— Si— 1 0 e 0 0
1] 0 o o 0 a

| : :
D GBS GEFEED G GEFEED GEEEED GEEEED GEFEED D
Physiological 4 5 N S 0 0 [ 0 0

oo SR : : : : : : : :

3.2.5 CVD Discussion

This is a rapid scoping review which took place within a short timeefiamd as such
has limitations in terms of the scale and scope of information tiaat be captured. The short
time period of the studies consideredl 2020-2023t reflects these limitations, however
despite this the review has captured a broad overview of research activiaypirgventive
biomarkers.

As previously discussed, there are issues with the definition or interpoetan
primary/secondary prevention. This is mainly due to the clinical ewsludand development
of CVD. There is no agreed definition of what is considered prieatlior CVDt this applies
to secondary prevention versus a risk factor or primary prevention. Many papersod
define the primary purpose of the biomarker(s) in prevention. In these césesuld be
described that the biomarker could be useful in public healtrclotical care, however no
further details would be provided.

There were differences between studies in the use of the MACEdednn particular
the conditions included within this term were not consisten

The limitations of the lifestyle factor data is that it was eaptl to understand which
variables are being considered by researcher, rather than to understandHiewnformation
]* JvP pe X Z>]( *3Co ( 8}E-[ }A E E} CEAIPZIM I E] o
inclusion criteria were investigated. The variables captured are all ledtal risk factors for
CVD, additional variables were frequently seen within the reseantindt captured (110).
Considerable variability in the use of lifestyle factors was identifibése factors were used
as ways to display demographic data, variables for initial statistidadgeadjustment factors
and variables in complex models. Without further subdividing theseiesughsed on the use
of lifestyle factors their value within this scoping review is limited.

Issues with the definition} ( Z% Ee}v o]e §]}v[ A]8Z]v §Z 0] & SpE
much broader approach and will refine the definition in oonsideration of the utility of
selected biomarkers for personalisation in deliverable 2.2.
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3.2.5.1 Other considerations

Having completed the review there are a number of areas that could be coadiftarfuture
reviews of this type. These include:

x Studies frequently used the resources available in large public databadesswK
Biobank or MEGASTROKE (111,112). Data access in resource poor environments is a
barrier to furthering personalised preventive medicine, therefore these resesi
provide improved accessibility to curated and in-depth health datause in study
designs. We observed usage of a core number of large cohorts; and whiiglipgo
depth of information, overuse of a small number of cohorts could anfbe the wider
utility of results. Understanding which cohorts are being s« for research could
provide a better understanding of the limitations of this research, gitrext these
cohorts are most often comprised of individuals with European ancestryragidt not
be as applicable to other ethnicities.

X Molecular biomarker areas consisted largely of PRS, GWAS and SNP studies. Despite
each of these methods requiring genetic material, each uses it in iffevays.

%o SUE]VP §Z ¢« o o % E § Vv3]3] + € §Z P EZWMANZ]v §Z
Z A % E}A] (WESZ E PE vpuo E]SC 8} }JUE E sposdeX ~]u
markers into those used in established tests, and those that are @ssnonly
performed but were being investigated for novel applications, wddde provided
improved clarity.

x Capturing the use of models and the combining of biomarkers. Comhnsatd
biomarkers were seen and the use of integrated models that inclatiedtal features
as well as biomarkers were observed and might be more valuable thandinalivi
biomarkers. It is possible there are common combinations that are lresearched.

Related to this is the need to understand the full set of vaeslthat are considered
in the models.

X Improvements could be made to the data capture of population groups. For example,
there were a number of papers looking only at one gender or those aged 1Beiilyo

§ 0 EO0C % 3] v8eX dZ * %0}% po 5]}ve A E p®vP %3S uE
extraction. Splitting this group further would provide more detaitedults that can be
further investigated in a particular population.

3.2.5.2 Conclusion

Molecular biomarkers, particularly for IHD and stroke, the leading caus&3vof
death, are the most commonly researched. A likely future use for biomaikegrrevention is
in the combining of biomarkers into risk scores, and the use of bicengdnels.

In primary prevention this scoping review has highlighted that mostareseactivity
is occurring for IHD and stroke within general and high-risk CVD gimgqmd and for the
molecular/genomic and imaging biomarker categories. Genomic biomarkers offertbten
for primary prevention since they can be measured in young, asymptomatic adults and
present opportunities for implementation of preventive strategies earliehm life course.

In secondary prevention, most research activity is occurring in IHD and strdka wit
general and high-risk CVD populations and for the molecular/biochenfistghemical) and
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imaging biomarker categories. We have also identified some novel methods for biomarker
identification (infrared cameras, innovative mass spectrometry techniques, and wearable
monitors) that could improve CVD diagnostic accuracy, but theicalintility remains to be
evaluated.

Increased numbers of imaging studies were identified in secondary compared to
primary prevention potentially because for secondary prevention the patient iséjrea the
disease pathway, and therefore, there is something to capture via imaging. Wdietethat
for PAD there was more research activity in secondary prevention and foh@&omatic
valvular heart disease there was more research activity in primary prevention.

We have presented our findings for separate biomarker categories, butrder of
these studies used them in combination. In some cases, multiple biomeakegories are
being explored in the same study (e.g. recent multi-omic approacieshveapture different
aspects of the biology of an individual), to potentially capture rpldtidisease-associated
modalities and improve diagnostic accuracy. These approaches and other novelltegpés
will be explored further in deliverable 2.2 which focuses oe dfhinical utility of selected
biomarkers identified from this research.

3.3 NEURODEGENERATIVE DISEASES

3.3.1 Prevention of neurodegenerative diseases

The neurodegenerative diseases included in this scoping reviewecalagsified into
dementias, demyelinating disorders, and synucleopathies.

Dementiasandsynucleopathiesare characterised by their progressive nature and lack
of curative treatment. Thus, research in this field is often focused on fgaergiways to slow
their progression. As dementia and synucleopathies are associated with, @agoups with
higher life expectancy are expected to have a greater prevalence, arncesase in the
prevalence of dementia in the coming decades is expected, due to intgelisi expectancy
globally. However, the risk of dementia, adjusted for age and sex, seems to hawvedecl
slightly over the past 25 years, particularly in high-income countries. These esuhave
seen improvements in educational levels and better management of cardiovastshar
factors among their population cohorts (113).

Additionally, as in the other groups of diseases, it is benefioialnderstand the
relationship between different factors such as genetics and lifestdtofs. The aetiology of
these diseases are still largely unknown (114). However, dementia risk mayluedeby
protective lifestyle changes. The 2020 Lancet commission, after reviewing lestylés
interact with genes that pose a risk for dementia, among other factors t{l11H, added
alcohol consumption, head injury, and air pollution to educatioppdrtension, hearing
impairment, smoking, obesity, depression, physical inactivity, diabetes, anduefregocial
contact, as modifiable risk factors for dementia (113,118).

Demyelinating disorders are also associated with the aging process. In the case of
multiple sclerosis(MS), the mechanisms behind MS-neurodegeneration and progressive
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decline, independent of new inflammatory lesions, are not fullyarstbod. However, it is
believed that these processes are predominantly driven by compartmentaleseshts
occurring within the central nervous system (CNS) and leptomeninges. These events may
involve reactive glia, ectopic meningeal lymphoid follicles, oxidative stresshamigposition

of iron related to aging. The subtle and localised nature of these patholagitiaities within

the CNS makes them challenging to monitor effectively. It is worth notiagtkie current
disease-modifying therapies (DMTs) primarily target the peripheral immunersysthich

may limit their effectiveness in addressing these CNS-compartmentairsedsses (119).

In amyotrophic lateral sclerosi§ALS), there is a complex interplay between age, sex,
and intricate genetic factors that contribute to the risk of developinig disease. These sex-
specific differences highlight the importance of considering sex as a cfactal in both
preclinical and clinical research to gain a deeper understanditigeainderlying mechanisms
and effects. Moreover, this consideration is vital in the design andemmgntation of clinical
trials aimed at developing effective therapeutics for ALS (120).

In summary, neurodegenerative diseases overall do not have effective and curative
treatment. The causes of these diseases remain still largely unknown andeaamge of
mechanisms have been proposed to explain the interaction of genetidif@stlyle factors
associated with dementia risk (116).

3.3.2 Specific research approach

As previously stated, the neurodegenerative diseases group is a highly diverse
collection of illnesses, each with its own distinct epidemiology. Consequenil search
encompassed both shared risk factors and those specific to individsedsiis, as well as
targeted subpopulations of interest. This concordance disease/risk factor was taten
account during the data extraction phase.

Furthermore, scoping reviews, involve an iterative approach. During the data
extraction process for neurodegenerative diseases, it became evident that thesiorclof a
general high-risk category was necessary. This category aimed to distinguishuaddivitio
were specifically selected for their heightened likelihood of developivg disease (e.g.,
individuals with mild cognitive impairment, MCI, or subjectiegnitive decline, SCD) but did
not fit into any of our predefined subgroups.

In contrast to cancer and cardiovascular diseases, in neurodegenerative diseases we
have accepted studies done just for biomarker validation (compared to astgndiard) due
to their relevance in the field and the limited number of articleghiis area.

3.3.2.1 PRISMA Flowchart

For neurodegenerative disorders, a total of 2014 articles were acquired frowusari
databases. After eliminating duplicates (n=416), a total of 1650 articles werensttdased
on their titles and abstracts. Out of these, 458 articles were seleftiedull-text screening.
Finally, 286 articles were chosen for the extraction of final data (FitRixe
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Figure 13 Neurodegenerative diseases scoping review: PRISMA flowc
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3.3.3 Research/use of biomarkers in personalised prevention of
neurodegenerative diseases

3.3.3.1 General overview

The most notable finding from this comprehensive review of neurodegenerative
disease prevention is the considerable focus on Alzheimer's disease. In coriteastjs a
scarcity of available research for other neurodegenerative diseases, specifiealfybody
disease and frontotemporal dementia. Unlike these conditions, wheragrgi prevention is
of greater interest, the research on Alzheimer's disease mainly focuses on secondary
prevention strategies (Figure 14).
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Figure 14 Number of studiest total, primary and secondary preventionincluded in the data
extraction process, for all neurodegenerative diseases together and for eaciduatliidisease are

shown
350

100 N Total Primary prevention Secondary prevention
250
200
150
100
50

. — - - - [ |
Studies Alzheimer Vascular Lewy body Frontotemporal ALS Multiple Parkinson
dementia dementia dementia sclerosis

Figure 15 summarises the results from the review for neurodegeneraiseases.
01Z Ju <[ ]e * ]J*U C ( EU SZ wu}+*8 E +« & BZ % 3Z}e}AL ]V
imaging plays a more central role than in the other group of diseases.
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Rapid scoping reviews on biomarkers for risk prediction andifstegion in cancer, cardiovascular and neurodegenerati

Figure 15.Neurodegenerative diseases scoping review on personalised prevention: biomarkers used in

primary and secondary prevention by disease.
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3.3.3.2 Biomarkers in primary prevention of neurodegenerative diseases

As in the other group of diseases, molecular biomarkers are the most commonly

researched for primary prevention. Imaging biomarkers, have the second highabienwf
results. Physiological and anthropometric biomarkers also have a considerableenwf
results. These types of biomarkers are very often part of a new combinatiommiabkers
within predictive models (121,122). For cellular biomarkers, only orgydtas been found in
Alzheimer's disease. There is no research in this field in frontademhplementia and Lewy
body disease (Table 30).
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Table 30 Number of studies identified for each biomarker type for primary preaent
neurodegenerative diseases

Alzheimer Frontotemporal Amyotrophic Multiple sclerosis Parkinson
dementia lateral sclerosis
| Molecular | 0 0
1 0 1] 0 0 0 0
Imaging 22 3 0 1 1 3
Physiolagical 16 [ | 0 0 1 1 3
10 [ 0 0 7 2 3

™ Molecular biomarkers

Genetic/genomic biomarkers lead the group of molecular biomarkers insaases.
Alzheimer's disease is the only condition with results for all madechiomarkers. Also,
protein-based biomarkers are fairly well represented due to multiplelists using amyloid
SC% * v (& S]}ve Jv 0}} * u%o0 ¢« ~]X XU (E U]B}%Bm®-*w V }uv

to1loi & S]}V v pE}(]Jo u vSe-tal)sand phaspBonylasedutat 1Bl (P-taul8l)
(123,124) for use as a surrogate for more expensive or invasive tests (cerebrdsiinaf
amyloid-PET), with application not only in prevention but also indgpsnsive clinical trials
(Table 31).

Table 31 Number of studies identified for each molecular biomarker type for prinrameption o
neurodegenerative diseases

Biomarker Alzheimer Vascular dementia | Lewy body disease Frontotemporal Amyotrophic Multiple sclerosis Parkinson
dementia lateral sclerosis
0

0 G GEFTEED T

Genetics/
Genomics

Epigenetics/ 1 0 [¢] 0 0 0 0
Epigenomics
Transcriptomics 5 Q [¢] 1] 1 1 1
Metabolites/ 6 | @. D 0 (4] 0 0 0
Metabolomics
Proteins/ 14 [ | 0 0 1 1 1
Proteomics
Microbioclogy/ 3 0 0 0 0 0 1
Microbiomics
Biochemistry 22 0 0 1 1 3
Other molecular 0 0 0 0 0 0 0

biomarkers

There were 16 studies using genetic markers in the context of Mendelian
randomisation: multiple sclerosis, four studies; ALS, five studies; Bankindisease, four
studies, and Alzheimer's disease, seven studies. Among these, two studies evaenatral
diseases at the same time: in one case, Alzheimer's disease, ALS, Parkinson's disease a
multiple sclerosis, and in the second one, Alzheimer's disease and vasemdntia
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respectively. These studies aim to investigate causal relationships betweensvaxiposures

and neurodegenerative diseases. Typically, these associations are based on external
exposures or in biological factors such as diet or specific dietary comf(25), or obesity
(126,127). Additionally, this approach is utilised to assess the causal iafggctetic markers
related to lifestyle factors like physical activity (128,129), the rbleoffee (130), or smoking

(131) in the development of neurodegenerative diseases.

On the other hand, direct gene-environment interactions are not fredlyeevaluated.
For example, studies on the modifying effects of specific polygenic risk scores dy (b&2)
or drugs (133) in Alzheimer's disease, diabetes (134) in Parkinson's diseag#)yarul
activity (129) in ALS.

™ Cellular biomarkers

Cellular biomarkers are not used in primary prevention of neurodegeiverdiseases,
with the exception of a single finding in Alzheimer's disease, wieifdrs to leukocyte cell
surface biomarkers, which can also be used in secondary prevention (135) (Table 32).

Table 32 Number of studies identified for each cellular biomarker type fongsgi prevention of
neurodegenerative diseases

Biomarker Alzheimer Vascular dementia | Lewy body disease Frontotemporal Amyotrophic Multiple sclerosis Parkinson
dementia lateral sclerosis
0 0 0 0 0 0 0

Histalogy

Cytology 0 0 0 0 0 0

Other cellular 0 0 0 0 0 0 0
biomarkers
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™ Imaging biomarkers

Imaging techniques are used in Alzheimer's disease research, with MRI andBREIT/SP
being the most commonly used (Table 33).

Table 33 Number of studies identified for each imaging biomarker subtype fimapy prevention of
neurodegenerative diseases. €domputerised tomography; MRImagnetic resonance imaging; PET
t photon emission tomography; SPEGIhgle photon emission tomography

Biomarker Alzheimer Vascular dementia | Lewy body disease Frontotemporal Amyotrophic Multiple sclerosis Parkinson
dementia lateral sclerosis
0 0 0 0 0 0

€T Scan

PET/ SPECT 0 0 0 0 0
X-Rays 0 0 N
Mammography 0 o] o] 0 0 0 0
MRl L 0 0 0
Spectrometry 0 0 0 0 0 0 0
Ultrasound 2 [ 1] 0 0 0 0 0
Scintigraphy 0 0 0 0 0 0 0
(Gamma)
Other imaging 0 0 0 0 0 0 0
biomarkers

™ Physiological biomarkers

Within this group, blood pressure emerges as the most extensively dtlieenarker
for primary prevention across all neurodegenerative diseases, with particular emphasis on
Alzheimer's, ALS, and Parkinson's disease. In this group of diseases there anesethéer
physiological biomarkers , primarily in the context of Alzheimessake, such as EEG, and
handgrip strength (included in the other physiological biomarker catggd36) (Table 34).

Table 34 Number of studies identified for each physiological biomarker sulitypeimary prevention
of neurodegenerative diseases. EC&lectrocardiogram; EEGelectroencephalogram.

Biomarker Alzheimer Vascular dementia | Lewy body disease Frontotemporal Amyotrophic Multiple sclerosis Parkinson
dementia lateral sclerosis
0

0 G GEETED ST

Blood Pressure

Ankle-brachial 0 0 0 0 0 0 0
Index

ECG 1 0 0 0 0 0

EEG 0 0 o] 4] 0 0 0

Electromyography 0 (1] 1] 0 0 0 Q

Other physiclogical 4 * 0 0 0 0 1

biomarkers
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™ Anthropometric biomarkers

In terms of anthropometric biomarkers, we also found the use of BMI tlisdases,
although other anthropometric measures were also used, such as body persnet
(circumference) which we classify as other anthropometric biomarkers (14) (Tgble 35

Table 35 Number of studies identified for each anthropomorphic biomarker pebfgr primary
prevention of neurodegenerative diseases. Blbdy mass index

Biomarker Alzheimer Vascular dementia | Lewy body disease Frontotemporal Amyotrophic Multiple sclerosis Parkinson
dementia lateral sclerosis
Bl 0

0

Body perimeters 1 0 o] 0 0 1

0
Other 2 1 0 0 0 0 1
anthropometric
biomarkers

a) Combination of biomarkers and lifestyle-related factors

Lifestyle factors play a crucial role in the prevention of neurodegeneratiseases.
The risk factors considered for primary prevention in these diseases are simitaoge
examined in other disease groups within this project, although other risk mcjecific to
neurodegenerative diseases have also been examined. For instance, the APOE gene, known
for its relevance in Alzheimer's disease, exhibits an influence ost mementias.
Furthermore, factors like hearing loss and sleep have also been identifisgbagant in this
disease group.

The most commonly studied lifestyle-related factors in relationisgase prevention
include smoking, alcohol consumption, diet, exercise, and obesity. Thesesfartioften
examined together within the same studies and have been extensively investigatess
various diseases. However, when it comes to Lewy body disease, we encoulingited
findings, primarily focusing on the effects of alcohol consumption andksg (137). For
frontotemporal dementia and Lewy body disease, no studies were identiiegriimary
prevention strategies.

Other studied factors are air pollution and its impact on several neurodeganerat
disorders (14), or preventive medication (i.e. antihypertensive treatment as arstatent
when assessing the relationship between midregional proenkephalin A and amascul
dementia). Finally, family history plays a crucial role, particularly inydénating diseases,
where it represents the most common lifestyle or risk factor (Figure 16).
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Figure 16 Bubble plot representing the number of studies identified for primaeyeption of
neurodegenerative diseases for each population type, where the size of the bubbkenepithe
number of studies and the colour represents a type of biomarker.
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b) Study population and biomarkers in research on primary prevention of
neurodegenerative diseases

Most of the studies included a control group of healthy peoptarfrthe general
population, although they frequently added a second group such addidils with subjective
cognitive decline (SCD) and mild cognitive impairment (MCI). It vgascammon to find
studies restricted to these high-risk populations. Also, for Alzhégrmdisease and vascular
dementia, there was a notable emphasis on the interaction between theedusibomarkers
and theAPOKjene, as well as in the stratification of the associations by subgroup&ddifyn

72

INCANGANANIANCARN AN CANANCAN AN AN CANANCANAN AN AN ANAN AN A AN AR AN AN
Y)ROPHET

RN Co-funded by
LS the European Union
for the future HEalThcare

a PeRsOnalized Prevention roadmap



W Rapid scoping reviews on biomarkers for risk prediction andifétedion in cancer, cardiovascular and neurodegenerati
diseases, and their potential integration with digital technologies

the variants in this gene. Additionally, subgroups defined by thesgmce/absence of
diabetes, obesity, and family history were frequently analysed in other mEgenerative
diseases (Figure 17).

Figure 17 Bubble plot representing the number of studies identified for primagyemtion of
neurodegenerative diseases for each population type, where the size of the bubkeleentp the
number of studies and the colour represents a type of biomarker.
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3.3.3.3 Biomarkers in secondary prevention of neurodegenerative diseases

In the context of secondary prevention for neurodegenerative diseases, thisngcop
review describes the use of biomarkers for early detection of the selected paiieslduring
their initial stages. There are not population-based screening programs mlogy.

Notably, Alzheimer's disease remains the most extensively studiéu ewamples of
the use of all the categories of biomarkers we have defined. In mulsplerosis and
Parkinson's disease studies, a wide range of biomarker types are researched.

A notable change observed between secondary prevention and primary prevention is
the increased reliance on imaging techniques, making them the predomiriantabkers
used. However, there is still a considerable number of findings e@lab molecular

biomarkers (Table 36).

Table 36 Number of studies identified for each biomarker type for secondary premenfi
neurodegenerative diseases.

Alzheimer Vascular dementia | Lewy body disease Frontotemporal Amyotrophic Multiple sclerosis Parkinson
dementia lateral sclerosis

[ Molecular | ] 0
Cellular 1 0 0 0 0 [ ] 0
maging o 0 — —

Physiological 15 0 0 0 0 o —
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™ Molecular biomarkers

When it comes to molecular biomarkers, proteins (present in 30% of the pppad
genetics/genomics (used in 27% of the papers) are the prominent areas, consigtenthat
was observed in the primary prevention analysis. Notably, the majoritysoiitseare related
to Alzheimer's disease. On the other hand, the use of metabolites/metabolomics or
transcription/transcriptomic biomarkers is not very frequent, similar tbatvwas found in
primary prevention (Table 37).

Table 37 Number of studies identified for each molecular biomarker type for dacpprevention of
neurodegenerative diseases

Biomarker Alzheimer Vascular dementia | Lewy body disease Frontotemporal Amyotrophic Multiple sclerosis Parkinson
dementia lateral sclerosis
0 (S 0

Genetics/
Genomics

Epigenetics/ 0 0 0 0
Epigenomics

Transcriptomics 6 0 0 0
Metabolites/ 8 0 0

Metabolomics

0
0
0
Proteins/ 0 0
0
SR —
0

Proteomics

Microbiology/ 1 0 0
Microbiomics

Biochemistry 18 0 0

Other molecular 0 0 0
biomarkers

™ Cellular biomarkers

There are only two papers that explore cellular biomarkers in secondary prenesft
neurodegenerative diseases. One paper presents a predictive model for mudtijgiosis
(MS) that considers immune cell count in cerebrospinal fluid Bismarker (138). The other
paper , which was also mentioned in the context of primary prevention, exesrieukocyte
cell surface biomarkers in Alzheimer's disease (135) (Table 38).

Table 38 Number of studies identified for each cellular biomarker subtypsefmndary prevention of
neurodegenerative diseases

Biomarker Vascular dementia Lewy body disease Frontotemporal Amyotrophic lateral Multiple sclerosis
Subcategory dementia sclerosis
[ 0 0 ] 0 0

Histology 0
Cytology (T 0 0 0 0 0
Other cellular 0 a 0 1] 0 0 0
biomarkers
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™ Imaging biomarkers

Among imaging techniques, MRI is commonly used in the context of early diaghosis
Alzheimer's disease. In early detection research, it is typically includediagmostic
algorithms, either alone or in combination with radiomic techniquesfiesd intelligence, or
other biomarker combinations (139). The second most utilised imaging itpehnas a
biomarker in secondary prevention is PET/SPECT, with findings primarilyedocan
Alzheimer's and Parkinson's diseases. In contrast, there are very few records of CT,
spectrometry, and ultrasound results for Alzheimer's disease and Parkinson's disdalse (Ta
39).

Table 39 Number of studies identified for each imaging biomarker subtypestmrslary prevention

of neurodegenerative diseases. €tomputerised tomography; MRImagnetic resonance imaging;
PETt photon emission tomography; SPEGIhgle photon emission tomography

Biomarker Alzheimer Vascular dementia | Lewy body disease Frontotemporal Amyotrophic Multiple sclerosis Parkinson
dementia lateral sclerosis
1

€T Scan 0 0 [¢] 0 0 il

PET/ SPECT 23 0 0 0 0 0

X-Rays 0 0 0 0 0] 0 0
Mammaography 0 (o] 0 0 0 0 0

MRl 0 0 7
Spectrometry 1 0 0 0 a 0 0
Ultrasound 1 0 0 0 0 0 0
Scintigraphy 0 0 o] 0 0 0 0
{Gamma)
Other imaging 1 0 0 0 0 0
biomarkers
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™ Physiological biomarkers

Physiological biomarkers are predominantly researched in Alzheimer's andgeerk
diseases. EEG, despite limited results, is commonly found either aloneanination with
other biomarkers or information for early detection of Alzheimer's (140,1BIDod pressure
is identified in both Parkinson's and Alzheimer's diseases, oftesaatids cofactors or as part
of predictive models. Electromyography is utilised in Parkinson's disease Tt#2)jOther"
category includes accelerometer-measured speed in Parkinson's disease (143), and grip
strength and gait speed in Alzheimer's disease (144) (Table 40).

Table 40 Number of studies identified for each physiological biomarker suliypeecondary
prevention of neurodegenerative diseases. E@{@ctrocardiogram; EEGelectroencephalogram

Biomarker Alzheimer Vascular dementia | Lewy body disease Frontotemporal Amyotrophic Multiple sclerosis Parkinson
dementia lateral sclerosis
(SR T 0 0 0 0 0

Blood Pressure

Ankle-brachial o] 0 0 0 0 0 o]
Index

ECG 0 0 0 0 0 0 0

EEG [ 8 ] 0 0 0 0 0 1

Electromyography 0 0 0 0 o] 0 1

Other physiological 3 0 0 0 0 0 1

biomarkers

™ Anthropometric biomarkers

These biomarkers are uncommon in this group of diseases. Nevertheless, theydire use
in Parkinson's, Alzheimer's, and multiple sclerosis research, with the twtgng only one
record related to BMI. For Alzheimer's and Parkinson's diseases, BM|, g@imeters
(circumference), and other anthropometric biomarkers related to weighd aeight were
reported. These biomarkers are often incorporated into models aimed at earlygbiedor
diagnosis, within a broader set of biomarkers (145) (Table 41).

Table 41 Number of studies identified for each anthropomorphic biomarker subitypsecondar
prevention of neurodegenerative diseases. BMbdy mass index

Biomarker Alzheimer Vascular dementia | Lewy body disease Frontotemporal Amyotrophic Multiple sclerosis Parkinson
dementia lateral sclerosis
BMI 0 0 0 0 G IR
Body perimeters 1 0 0 0 0 0
Other 1 0 0 0 0 0 ]
anthropemetric
biomarkers
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a) Study population and biomarkers in research on secondary prevention of
neurodegenerative diseases

Again, the general population has been primarily considered in most cases,smo
than in primary prevention. However, high-risk populations such as tiwgkelamily history,
APOE genotype, diabetes, and mild cognitive impairment (MCI) in Alzheimer's diseaté
taken into account (Figure 18).

Figure 18 Bubble plot representing the number of studies identified for secondamemion of
neurodegenerative diseases for each population type, where the size of the bubbkenepithe
number of studies, and the colour represents a type of biomarker
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3.3.4 Use of new digital technologies: wearables and artificial intelligence

3.3.4.1 Wearables and other new technologies

Regarding wearable technology, we found three articles that mention the use of
accelerometers in the context of prevention/risk prediction for neurodegatiee
diseases associated with movement disorders and/or motor problems. Howevegranly
of them proposes a biomarker directly based on measurements extracted from the
accelerometer (movement patterns, sleep), which in this case, are evaluafentextial
predictive biomarkers for prodromal stages of Parkinson's disease (143). Ithéretwo
manuscripts, accelerometer data was solely used to identify instrumeertedtg variables
through GWAS, which were then applied in subsequent Mendeliamlorarsation
analyses to test the relationship between physical activity and ALS (129) oA&h
Alzheimer's disease, and Parkinson's disease (128).

3.3.4.2 Biomarkers in prevention of neurodegenerative diseases and artifiorélligence

Artificial intelligence is widely used in studies involving imaging teciesi both in
primary and secondary prevention. Its primary purpose is often to develop predictidelso
or optimise early detection of the disease. Additionally, it is freglyeutilised in cases where
there is a well-defined prodromal phase. For instance, in individuals mitd cognitive
impairment (MCI) prior to Alzheimer's disease, Al has been used to differerieitveen
those who remain stable and those who progress to Alzheimer's disease (Tables4i2)an

Table42: Number of studies identified that used artificial intelligence (Al) tasuee biomarkers for
primary prevention of neurodegenerative diseases.

Alzheimer Vascular dementia | Lewy body disease Frontotemporal Amyotrophic Multiple sclerosis Parkinson
dementia lateral sclerosis

| molecunr | ] 0 0 0 0 ]
Cellular 0 0 0 0 0 0
magng 0 0 0 0 0 G

Table 43 Number of studies identified that used artificial intelligence to measure bionsafker
secondary prevention of neurodegenerative diseases.

Alzheimer Vascular dementia | Lewy body disease Frontotemporal Amyotrophic Multiple sclerosis Parkinson
dementia lateral sclerosis
24 1

0 0 0 0 0
Cellular 0 0 o 0 0 0
Imaging 0 0 0 0 G
; : 0 : : : :
Anthropometric 2 (1] 0 0 0 0 0
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3.3.5 Neurodegenerative diseases discussion

In this group of diseases, the available research on biomarkers for preventighlig hi
concentrated on Alzheimer's dementia; in contrast, little attenti@s bbeen paid to Lewy body
disease and frontotemporal dementia. In other diseases where treatmetibrpare limited
or where the diagnosis is evident from the beginning, such as ALS dné#ders found are
focused mainly in primary prevention.

As in other chronic diseases mentioned in this repoidjecular biomarkersand more
specifically, genetic biomarketsSNPs, GWAS, and PR&y a prominent role in the research
on neurodegenerative diseases. A common approach is the constructiBR8to identify
those at higher risk of developing any of these pathologies, consideringstinagillance in
this group may be useful to detect prodromal stages of diseases and to assstly
diagnosis. In some cases, PRSs are included in multivariate prediction mod#igrtogt
lifestyle factors, a combination that often improves on that of the PRS oryliéestariables
alone.

In the period covered by this comprehensive review we observed a numipapefs
looking for genetic biomarkers of risk in Asian populations, mainiy féhina, probably with
the aim of increasing knowledge about these subpopulations. In general,goebpgluropean
ancestry are over-represented in the studies, limiting the usefulnesghef genetic
information available for people of other ancestries (146).

Mendelian randomisationis one of the strategies used in these disease groups to
evaluate the possible causal role of several lifestyle related factors such as srfaking
multiple sclerosis (131} W &EIl]ve}v][(El47)salecohol consumption for Parkinspn
disease (147y }(( (}JE o0l1Z Ju (MB0) or]other dietary factors for Alzheimier
diseasedd W (E |]disgaspeor ALS (125,148,149). The possible protective role of physical
activity on neurodegenerative diseases, including Alzheimer's disease, ALS, andoRarki
disease has also been explored (128), although, some authors classify itfastaskor ALS
(129). BMI (147) and lifelong adiposftys0) have also received attention in this field with a
mendelian randomisation meta-analysis investigating the causal roBMifin relation to
chronic diseases, including ALS, Parkinson's disease, Alzheimer's disease, ltgsld mu
sclerosis (127). Of note, a recent umbrella review (126) searching for prospetciiires on
the associations of dementia and cognitive impairment with modiéaialctors identified
forty-eight MR studies published between 2015 and 2020, containiigcéGsal analyses for
a number of different exposures, including anthropometric, clinicajolgical or social
factors, such as educational attainment.

Regarding other molecular biomarkers, as we have mentioned, proteomics is of
particular importance, mainly in secondary prevention. In contrast, researclcetiolar
biomarkers in neurology is rare.

Amongimaging techniques, MRI is the most commonly utilised, and its integnati
with artificial intelligence has increased the number of articles fausin improving early
diagnosis. MRI encompasses various imaging modalities, including T1-weigtagdsj
diffusion-weighted (DWI) images, and diffusion tensor (DTI) images. NotddBE and TAU
proteins, which are key players in Alzheimer's disease, can be analyseell lsypwMPET/SPECT,
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respectively. While imaging techniques are relevant in both primary and secondary
prevention, they tend to play a more prominent role in secondary preventiartjqularly for
early diagnosis in the prodromal or preclinical stages of the disease.

As in other casegnthropometric and physiological biomarkersave been explored
mainly as complementary factors included in a more or less complex modahhiance the
diagnostic capacity of other biomarkers. Of particular relevance in negyois the
electroencephalogram (EEG), a non-invasive and cost-effective method that, iagctyd
some authors, is superior to other medical techniques such as MRI, PET or $RECT (4

With regard to lifestyle factors, sleep is a crucial factor in neurodegenerdiseases.
Disorders related to the REM phase are primarily associated with Parkinson'sedisats
sleep disturbances also have links to other dementias like Alzheimegasd#i (151). The
review has also highlighted the importance of education as risk factbese diseases, but it
has not been specifically addressed in the data extraction form. Howedwersignificant
number of articles including this variable in both primary and seconplayention raises the
guestion of whether it should have been included from the beginiiit®,153).

Considering the high quality of evidence from systematic reviewsméta-analyses
and umbrella reviews, there was a limited number of them across neanlysalhses, with a
smaller number in secondary prevention, as compared to primary prevention.

™ Dementias

In Alzheimerf disease, in primary prevention there is research on biomarkers across
all high-risk subgroups, whereas in secondary prevention it is limitedhéo general
population, biomarkers related to APOE genotype and family history. Tiaalifferent study
population that has been found in several articles and that is @agily related to
neurodegenerative processes due to its inflammatory component is itilgetic population.
There are common pathophysiological mechanisms between Alzheimer’s désehsge 2
diabetes mellitus (T2DM), since AD shares many characteristics and signallwgysattith
T2DM. Moreover, a significant involvement of proteins such as amyloid and thotin
diseases is also indicated.

There are different dementia prevention initiatives, includinge tRINGER study
(Finnish Geriatric Intervention Study to Prevent Cognitive ImpairmentCasdbility) study,
which was referenced in some of the articles reviewed. FINGER showedeesiiicts of a
2-year multidomain intervention considering diet, exercise, cognitive trgjnamd vascular
risk (152,153). Again, the results support the importance of considering ceglavel. There
is little research on biomarkers used in relation to preventive therafvascines, drugs).

One of the typical research approachesAilzheimer'sdisease is the use of imaging
biomarkers for early diagnosis or classification in the early stage, enhamoedyh predictive
models. The morphology and functionality of the brain are one of the avéatudy in this
disease, specifically using MRI. Many researchers in this field use olaafZ o1z Ju E[e
Disease Neuroimaging Initiative (ADNI), which is a longitudinal enitestudy designed to
develop clinical, imaging, genetic, and biochemical biomarkers for the egdytebn and
SE IlvP }( olZ Ju E[s ]+ « 82 & A+ o0 pv 2z ul®@ 38z v
(https://adni.loni.usc.edu/). ADNI is used as a research database for primargeaoddary
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prevention, either for longitudinal or cross-sectional analyses (154,155); a @2dmatic
review outlines the use of neuroimaging biomarkers in Alzheimer's (139).

v}8Z & }uu}v 3p C Jv olZ Ju E[* J* + Jue $3JUIW}} % E} £
(with different fractions), to avoid using cerebrospinal fluid or amyRiIl, either for early
diagnosis or to reduce the costs of clinical trials (123).

The most ideal gene-environment interaction study in dementias is relabed
Alzheimer's disease, examining the interaction between the risk genotydd 4R929 at ATP-
binding cassette family A member 7 (ABCA7)) and BMI. It shows a rigivihplotects more
against Alzheimer's disease in those with this genotype compared to thesedw not have
the genotype (132). Only one additional paper, a randomised controlied(RCT), explores
the interaction between genes and environmental factors using a preventive drug
(pioglitazone) in individuals with high or low risk for Alzheimer's, asored by a biomarker
risk assignment algorithm (using genes and age) (133). In a related context, thereeare f
papers addressing the link with cardiovascular risk factors.

Due to the unique nature of Alzheimer's research, it is commoaty out the studies
in risk populations, as those with mild cognitive impairment (MCI) abjestive cognitive
decline (SCD). An interesting study in Alzheimer's disease investigataseled vision and
the retina as predictors of disease risk (156). A few studies have examio&tegtand other
inflammatory factors in the context of neurodegenerative diseases (157)d&eswhile
vitamin D has primarily been associated with multiple sclerosis, one pap&xhasned the
relationship between vitamin D polymorphisms and Alzheimer's disease (158).

Of note, our search strategy was oriented to specific categories of dementia, an
approach that we considered more adequate for personalisation. However, we hagkt
missed some papers focused on unspecified cases. Nevertheless, according to a recent review
the diseases included in this report cover the great majority oifepds (113).

™ Synucleopathies

In the context ofParkinson'sdisease, the studies cover a wide range of areas,
encompassing genetics, imaging, and other relevant aspects. These studies oftele inc
subgroup analyses involving idiopathic REM sleep behaviour disorder (BBDhotable
meta-analysis (142) explores predictors of the phenotypic conversion from the
iRBD/prodromal phase to Parkinson's disease (PD). Among the predictordiedent
addition to clinical signs, are two biomarkers: putaminal dopaminesjarter imaging and
tonic electromyographic activity. There are also several papers that researchagsé¢hef
guantitative susceptibility mapping and 7T MRI to quantify @teposition in nigrosome 1 (N1)
among patients in early stages (159). Furthermore, we identified studies suggesting th
detection of specific imaging signs that could facilitate early intervantio

™ Demyelinising disorders

In the context ofmultiple sclerosis (MS)the majority of the studies mentioned are
primary prevention studies, primarily utilising predictive models wittha specific focus on
early diagnosis. In contrast to other neurodegenerative diseases, the studies apfdd&-ed
quite homogeneous, with a predominant focus on genes or on Vitamin De whaging

biomarkers received less emphasis. Only one study was identified that examined
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asymptomatic imaging syndrome and its conversion to MS. Furthermore, a Nkemde
randomisation study exploring the relationship between MS and tobaseowas identified
(131). An interesting observation was the discovery of a study that devebopsk prediction
model based on a known risk gene, incorporating personal factors such ghetotype into
the model (160).

In ALS only seven studies were found. One of the most notable studiegene-
environment interaction in ALS (129), examines through Mendelian randomisatiorihgow
G4C2-repeat expansion of COORF72 and physical activity can reduce the age .oflusset
relationship is further confirmed in a cohort of individuals sete on the basis of their genetic
profile. There are other studies also employing Mendelian randomisationséatwon
exploring the role of micronutrients, cerebrospinal fluid biomarkers @wrgene discovery
(149,161). Additionally, an important systematic review investigates the use Rf M
biomarkers in ALS, which is not commonly observed in other studies on AisSal$b
interesting to note the existence of interactions or overlap between frontoterapdementia
and ALS, with genes that have been related to both. Indeed, ftemporal dementia is
diagnosed in 15% of ALS patients, and 15% of patients with frontoteihgementia develop
ALS (162).

In conclusion there are notable differences in biomarker research for the prevention
of these neurodegenerative diseases. Although the number of results in priziad
secondary prevention is similar, Alzheimer's disease stands out with the higin@ber of
articles in both cases. However, in terms of secondary prevention, there is a significan
decrease in the number of articles focusing on non-Alzheimer's diseases compareddoy
prevention. It is important to recognise that neurodegenerative diseast#s hold a
considerable level of mystery compared to other fields of pathology evkeowledge is more
extensive. One key finding from our results is that genetics and genomicstaeefatefront
of current scientific research. These areas are experiencing significaam@mnents and are
highly explored, particularly in the context of secondary prevention alitg imaging
biomarkers. Regarding artificial intelligence, its application is priménilited to studies
utilising imaging techniques.

However, one notable gap in the scientific community is the lack of enploasi
studying gene-environment interactions for true primary prevention withipublic health
framework. This aspect deserves further attention to develop comprehensive statémi
preventing neurodegenerative diseases.
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4 Summary

What does biomarker research show us?

The research into biomarkers that could be utilised for primary and rekny
personalised prevention, in the three disease areas of intetestncer, neurological diseases
and CVDt is diverse and complex. The reasons for this variation are wide rangingande
differences in disease nature, incidence, epidemiology, and physiogy, environmental
and lifestyle factors have different effects on disease risk and preventiategies. The
heterogeneity of all these diseases means that their prevention and early dstestould
benefit from tailored and more personalised approaches to preventionraskdstratification,
and we have identified a relevant body of research.

How could biomarkers be used in personalised prevention?

Biomarkers help to identify individuals who have different risks of dewedp a
disease, whether they are currently considered as belonging to the gengpalgiion or a
high-risk group. Biomarkers can be used in a number of ways to dupady detection:
singly; in combination with other biomarkers; in combination wother biomarkers and/or
risk factors (e.g. as part of a model); and/or in combination with nigwad technologies.

How do biomarkers contribute to personalised prevention?

For the scoping reviews presented in this report, we considered thaidy stould help
to personalise primary prevention if it attempted to define groups at différesk of a disease
based on the levels of a biomarker. In secondary prevention, we consideresttiadts could
help to personalise the preventive approach to screening/early detection wheuasing new
biomarkers and/or combining new data, they allow new or better stiations in risk groups
that can facilitate the design of different follow-up strategies.

There is sufficient evidence on a number of primary prevention strategieshfonic
diseases, some of them are quite general, applicable to almost all chdseases (e.qg.
maintaining an adequate weight or not smoking) and others are more spdeiy. HPV
vaccination for cervical cancer). In all cases, prevention is also closeldréd the socio-
demographic environment and the personal environment of the individaahis context, to
achieve truly personalised prevention, socio-demographic, lifestyle and behavioural
information must be integrated with biological especially genetid information to tailor
preventive interventions and maximise their impact. Within this framewohle tole of
biomarkers in personalised prevention should not be consideredlatien but integrated
with existing knowledge. Biomarkers should add to what we already know.

What types of biomarkers are being found/researched in chronic diseases?

According to our search, the most prolific field of biomarker researcprimrention is
cancer, followed by CVD (Figure 19). In contrast, in neurodegenerative diseasastiber
of articles is considerably lower, less than a third of those foundamcer, and the vast
majority of research has focused on Alzheimer's disease. Studies on neuredsgen
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disease prevention are less diverse and complex than what we have observetlem ot
diseases, such as cancer.

Figure 19 Number of studies on biomarkers for primary and secondary pdisetigrevention by
group of diseases.

H Cancer CvD B Neurodegenerative diseases
574
422 404 399
166
137 I
Primary prevention Secondary prevention

Despite the three disease groups comprising a broad range of indivickedsais,
there are a number of similarities in terms of the most commonly researbimdarkers for
primary and secondary prevention (Figure 20). A key finding from our resultg imthecular
biomarkers are at the forefront of current scientific research. Gengéisobmic biomarkers
are the most researched in primary prevention, and the second most in dacpprevention.
Biochemical biomarkers were the second most researched in primary prevention, and th
most common in secondary prevention.

Imaging biomarkers are the next most frequently researched biomarkers, apart
in cancer where anthropometric measures (in particular BMI) were more coryneaplored.
They are most relevant in secondary prevention, especially in neurodegenerative diseases.
Cellular biomarkers are mostly restricted to cancer studies; in contrastsi@bgical
biomarkers are researched relatively more in secondary prevention for CVD thanother
diseases.
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Figure 20 Percentage of studies by biomarker category in primary and secopdargntion within
each group of diseases.
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Genetic/genomic

Genetic/genomic research has advanced significantly in recent years anfbcus of
a large volume of research activity. Among the genetic/genomic biomarkers, there were t
overarching methods that have been used in the research into personafisaitiprevention:

™ SNP analysiswhich includes individual SNP genotyping as well as genome wide
association studies (GWAS), that provide broad coverage of the entire genome and aim

to identify associations between genotypes and phenotypes by testing diffesein
allele frequencies of genetic variants.

™ Polygenic risk scoreghat combine the information found from several or even
potentially millions of genomic variants, considering effect sizes hrdaggregated
impact of multiple variants. Polygenic scores were developed mostly éodidease of
interest (example CAD), clinical features (e.g. hypertension), as well as bepsmark
themselves (example for cholesterol or vitamin D). There is a wide range of pssibil
t more detail on these maybe useful in understanding the research landscape.
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Large databases such as the UK Biobank, Gene Expression Omnibus (GEO),
MEGASTROKE (111,112), The Cancer Genome Atlas (TCGA)@E107d1Z Ju E [ ]+ -
Neuroimaging Initiative (ADNI) data are being used for the ileation of new biomarkers.

These databases provide extensive information that allow for complex analysesitihe
need for new data gathering. However, relying solely on these resources may pdgetua
biases if they do not represent the full spectrurmcluding demographics and ethnic diversity

t of the population. It is crucial to ensure diverse representation @s¢hdatabases to avoid
potential biases in biomarker research and to obtain more compreheresive accurate
results.

In our context, the potential for personalisation of genetic informatignclear;
however, in terms of primary prevention, the capacity for intervention thatmany cases,
these biomarkers provide by themselves is limited, as genetic suscéptdaihnot yet be
modified. Although for some tumours (e.g. breast cancer) chemopreventivériesds in
high-risk individuals have long been considered, in most cases primary poevéentimited
to reinforcing healthy lifestyle recommendations and controlling kneisk factors. However,
the possibilities for personalisation of prevention are greatly inseglawhen genetic risk is
assessed or evaluated in combination with the exposures that subjects Hadieln the
literature found in our searches, there are also two types of gene-basemagipes to other
exposures: Mendelian randomisation, which uses genetic markers as surrogasenexeaf
exposures in the framework of causal investigations (163), and studiebdla focused on
studying gene-environment interactions, i.e. incorporating this exterimébrmation to
classify individuals into risk groups, which could open the doaraking much more tailored
recommendations or interventions (e.g. nutrigenetics).

Across the three disease group scoping reviews it was relatively uncommsgeto
studies that specifically explored the interaction between differembdifiable factors and
genetic biomarkers. There were some examples including: the evaluatigpiysical and
mental activity as preventive factors for dementia by PRS strata in the UK Bi@lG); the
study of the genome-wide interaction analysis of body mass index, diabetesanrectal
cancer risk (165); the combined effect of genetic variation of a specifcaB BMI value on
progression from MCI to Alzheimps ] ¢132); how the high adherence to the
Mediterranean dietary pattern may counteract the genetic predisposition associaitd
one-carbon metabolism on breast cancer risk in postmenopausal women (91heor
modifying role of an oestrogen-related polygenic risk score in the rektiiprbetween breast
cancer and alcohol consumption (90).

Biochemistry (biochemical) biomarkers

Biochemical biomarkers were the next most common researched in primary
prevention, and the most common in secondary prevention. This last fimglimg unexpected
as there is already manifestation of disease and the biomarkers are primanly &eplored
to detect these changes. Nevertheless, there is an unavoidable overlad&etiochemical
biomarker research with proteomics and metabolomics.

87

AN UANIANCANANEANEAX AN AN ANAN AN EANANCANAN AN CANANCANANXANEANEAN AN AN CAR ANANCAN AN AN EANCANGAN

YROPHET [

= LA the European Union
a PeRsOnalized Prevention roadmap

for the future HEalThcare




XA

Rapid scoping reviews on biomarkers for risk prediction andifstegion in cancer, cardiovascular and neurodegenerati
diseases, and their potential integration with digital technologies

Other molecular biomarkers

For personalised primary prevention, epigenetic markers are one of tiveggdields
in etiological research for chronic diseases. Specific epigenetic chareyebe associated
with and/or caused by specific lifestyle factors or environmental expos(ires toxico-
epigenomics (166)), and may serve as biomarkers to monitor the impact of intenmen
aimed at reducing cancer risk. Surprisingly, our search yielded a veryloer of papers
reporting the use of these biomarkers (6% of the studies in cancen ©¥D and only one in
neurodegenerative diseases).

The microbiome is increasingly being studied in research on tganaf the diseases;
however, the presence of those biomarkers in our search has also beesdiie identified
a study of the role of gut microbiome in helping to predictd@sonf disease (167), ST-
elevation myocardial infarction in young male patients (168) or cognitive imgair in
hypertensive patients (169), as well as its possible role as a mediator obrdievlorectal
cancer risk (170).

Imaging biomarkers

Imaging was the second most common group of biomarkers studied for primary
prevention in CVD and neurological disorders, and the second most commseaciamdary
prevention in all three disease groups. In imaging, it is common for sttoliagempt to
discern new patterns in images that support improved stratificabbparticipants, with the
goal of avoiding unnecessary further testing and to minimise unnecessary harm from
screening.

Most of the imaging technologies are commonly available in clinicahgstand could
already be used for the assessment of patients for the disease of intehesefore the
research focus is often on novel measurements or more complex analyses. Artificial
Intelligence is being used to support automated assessment of images incs@®@® Imaging
is relying on the use of new measurement modalities to better understiaadisk of disease,
and to improve early detection.

Digital technologies with a focus on artificial intelligence

Regarding artificial intelligence, it is appealing because it makes use ofsoarcges
O JV(YEuU 8]}vU Z}A A E Z<Ju%eo E[ % E ] 3]A applcatoon isv +3]oo0
primarily limited to studies utilising molecular and imaging techniq@ies radiomics). It
serves as a tool to aid in the analysis of large amounts of data be it genomicerioahor
imaging data, providing support to healthcare professionals who may face ropedlen
manual interpretation. Biochemical data is often stored in electronialtherecords, so
evaluation of how Al is being used for these biomarkers might require fuathalysis.

Lifestyle factors and family risk

In primary prevention, for all three diseases, there are lifestyle-relatefsad some
general and others specific to the diseatstnat, similar to family history, clearly influence the
likelihood of developing the disease. Again, biomarkers should add additionalteaivhat it
is already known. Our primary prevention sections include a speaifie summarising the
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studies on biomarkers that have considered these factors, either as cordosirat as
interaction terms. Almost half of the papers include data on lifestyle miljarisk.

Populations at risk of disease

Certain population groups are known to have an increased risk of devgldpe
disease under investigation, such as diabetics, who have an increasefiCigk, or smokers,
who have an increased risk of lung cancer. In this context, personalisstaiyout adding
information to refine the risk stratification in primary and secondamgvention. For example,
it would be very useful to differentiate which smokers will developcea and which will not.

Thus, in the reviews, we have looked specifically if the authors prd\sttatified risk
estimates for the well-known high-risk groups for each disease (Figures 6, 11, )ar@ut6
results show that there is research activity in some of these sub-papntgtbut not in all.
Research that is specifically focused on one of the sub-populations isdidespite the fact
that further personalisation of risk categories within these alreadysit populations could
enhance clinical care.

How biomarker prevention research is carried out

Study design has an impact on the research results, and also how to etteact
information from studies for the purposes of scoping (and other) reviews.

A relevant issue in research on biomarkers for personalised prevention is external
validity. Most studies were done in a single country; in many cases, gosimblies a
particular ethnic distribution. Other studies were carried out irsecific hospital, and
sometimes in specific age/sex subgroups. Whether the results can be extrapolateueto ot
populations is, in many cases, still a challenge. Also, the information fratiestcarried out
in the general population should be more useful for general praventstrategies;
nevertheless, the definition of general population is unclear.

In regard to study designs, biomarkers from classic case-control studies are equival
to those from cross-sectional ones, as the sampling or the measurement is daretidn
disease is already present. This is not the case in case-cohort or nested ctiekstodies.
However, we have not distinguished between them.

The concept of personalisation deserves specific mention, as it is still quiigams
(171,172). In primary prevention papers, when focused on genetic risk, our assessasent w
unequivocal. This was not the case for other biomarkers. Also, in secondargnfion,
personalisation was sometimes difficult to assess, so when models inclsdlegiroup
variables or stratified analyses, the studies were included. This maydvavestimated the
number, while avoiding the loss of potentially useful studies.

On the other hand, it has also not been easy to classify studies into priamakry
secondary prevention. Studies that looked for specific genetic variants associdted wi
disease in particular populations have usually been classified as primary poevétdwever,
the identification of subgroups with different genetic riskn@wv being incorporated into the
field of secondary prevention, at least in cancer. Individuals fragh-hisk genetic families
already undergo special screening, and for other tumours, such as prostaterca
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researchers are strongly advocating the incorporation of genetic informatialetermining
preventive measures.

Advantages of the rapid scoping review approach

Our scoping review has allowed us to provide structured quantitativea dat
biomarker research in the field of primary and secondary prevention for the threpr
groups of chronic diseases for the last three years. In total, we haveregpll different
tumours, nine cardiovascular diseases and eight neurodegenerative diseases. Thisasnge h
allowed us, on the one hand, to observe the heterogeneity of research attetidhese
diseases and, on the other hand, how the use of biomarkers in preveistiapplied in very
different situations (e.g. general population for breast cancerawge with non-infiltrating
lung nodules in lung cancer). Furthermore, the use of a common protadbldaohree scoping
reviews ensured consistency in how they were performed.

In spite of the short time available, we have incorporated quality coprotedures
(i.e. pilot studies) along the whole process, with a collaborative andtiter process of
developing and refining the protocol. The novelty of the study domiade it difficult to
establish rigid selection criteria from the outset of the work, sonmggtwhich, had it occurred,
would also have been limiting in the discovery of the developing scienedi&d to minimise
its impact by defining glossaries; developing reviewer support materialeéanore complex
concepts (personalisation, "omics" sciences, biomarkers, machine learning); producing
common question and answer document for the three teams in the UK, GraaratidMadrid
explaining the criteria adjustments; almost daily intra-team coordora&nd regular inter-
team meetings, direct messaging communication systems and the use of shared dosument
which facilitated a climate of good collaboration and communicatiomddition, at the end
of the review, a review of the excluded articles was carried out asadity control of the
criteria applied. To ensure the transparency of this process, the protaaslalso published
in the Open Science Framework (https://doi.org/10.17605/0SF.IO/WG62B).

Limitations of this report

Scoping reviews do not assess the methodological quality or potential biases of the
included studies. Also, summarising and comparing the results of tlezatiffstudies is out
of the scope of this report. In this case, our search retrieved morexh@00 papers in cancer,
around 5000 in CVD and other 2000 in neurodegenerative diseases.idemaed to provide
a general overview of what is being done in this area, our search waaldyomore sensitive
than specific. As scoping reviews are expected to cover a broad tdyg, focus on
summarising the key characteristics and findings of the literature asawe tione.

Among the limitations of the review, we should highlight the restridiete frame for
published papers (2020-23)this was chosen due to the limited time available to undertake
the review. Nevertheless, this is a very active field, and our strategy basedlus to explore
the most recent research. Time constraints also did not allow us to dxteae double-
checking to the whole process, but the proportion of articles assessed by twidepeas very
high in the data extraction phase.
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Our search strategy was carefully constructed, and was submittedlitwaaian for
peer review. Nevertheless, we cannot rule out that there might be some ofigaps results
related to the search strategy we implemented. In addition, the reveéda not include
editorials and narrative reviews, which might help to get a more gensrdérstanding of the
field.

Points of considerationt future scoping reviews

There are three axes that, in many papers, define study populations andlm®uised
for customisation: ethnicity/country of origin, age and sex. It mightdi@venient to include
these in the data extraction from the beginning, to provide moreadetfor example to
highlight sex-specific differences (173,174).

Also, in some papers, models, algorithms, scores, indexes or ratios were used.
However where biomarkers were being included as part of the researdy,stve did not
collect the details of the models, scores and/or algorithms used apart fnbrather an Al
model was involved.

Such models also combine different clinical features, personal infoomator
biomarkers into one calculation to provide a risk assessment and predictioradtiten of
biomarkers to improve these risk predictions is an area of research that ceufdrther
explored.
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5 Conclusion

The scoping reviews will be complemented by a subsequent repothe scientific
evidence for the clinical utility of biomarkers. Further details on $pecific biomarkers
identified will be provided, as well as an analysis of the evidence stipgdheir clinical
utility. Both reports are part of an overall mapping effort to chaesiste the current
knowledge and environment for personalised preventive medicine. In dbrgext, the
PROPHET project will also map personalised prevention research programs, as well
bottlenecks and challenges in the adoption of personalised preveajypeoaches or in the
involvement of citizens, patients, health professionals and policy makepersonalised
prevention. The overall results will contribute to the development of th&SRhcept paper,
which will inform future priorities for personalised preventionsearch in the European
Union.

As the use of biomarkers in health is mainly focused on treatmend, ¢tucial to
undertake further research in the identification, evaluation and vaiaatof different
biomarkers for personalised primary and secondary prevention in publichhsettings.
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Annex A: Data extraction form

CODE

Umbrella reviews

Systematic review (With meta-analysis)
Systematic review (Without meta-analysis)
RCT

Cohort study

Case-control study

Other design

N/P (Not Provided)

Mendelian RandomizatiolHas Mendelian randomization been used in the study?
Name Name of the biomarker(s) in text format
Genetics/Genomics
Epigenetics/Epigenomics
Transcription/Transcriptomics
Metabolites/Metabolomics
Molecular Proteins/Proteomics
Microbiomics/Microbiology
Biochemistry (biochemical)
Other molecular biomarker

N/P

Histology (tissue abnormalities)
Cytology (cell types)

Other cellular biomarker

N/P

X-Rays

Ultrasound (echography, etc)
CT Scan

Biomarker(s) PET/SPECT

Spectrometry

MRI

Scintigraphy (Gamma)
Mammography

Other image biomarker

N/P

Blood Pressure

IAnkle-brachial Index

ECG

EEG

Electromyography

Other physiological biomarker
N/P

BMI

Body perimeters (circumference)
Other anthropometric biomarker
N/P

Methods Study design

Cellular

Imaging

Physiological

Anthropometric measurey
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CODE
Clinical Utility Does the paper mention the clinical utility of the biomarker? (explicitly)
Al Did they use Al technology or methods related to Al? (Deep learning, mealegirning
clinical trial simulation, etc.)
Radiomics Does the paper mention radiomics?
If they used a new Smart watch
technology/wearable to |Pulse oximetry
measure the biomarker, |Infrared cameras
specify which one Other
Breast cancer
Lung cancer
Prostatic cancer
Gastric cancer
Colorectal cancer
Cancer Corpus uteri cancer
Cervical cancer
Bladder cancer
Pancreatic cancer
Liver cancer
Kidney cancer
Ischemic heart disease
Cardiomyopathy and myocarditis
Atrial fibrillation and atrial flutter
/Aortic aneurysm
Nonrheumatic valvular heart disease
Peripheral artery disease
Stroke
Stroke -ischemic stroke
Stroke - intracerebral haemorrhage
Stroke - subarachnoid haemorrhage
Hypertensive heart disease
MACE
ALS
Parkinson
Alzheimer
Frontotemporal dementia
\Vascular dementia
Lewy body disease
Multiple sclerosis
Primary
Type Secondary: Screening, early diagnosis, and early detect]
N/P
Smoking
Exercise (physical activity)
Diet
Prevention /Alcohol
Air pollution
Immunization
Obesity
Preventive drugs
Other: Specify which one
N/P

Technology

Diseases

Cardiovascular diseases

Neurodegenerative
diseases

If Primary: Lifestyle
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CODE

General: without any other condition or healthy participa
(Included in all disease groups)

Smoking (all)

/Alcohol consumption (all)

Family history (all)

Diabetes (included in CVD and cancer)

Hypertension (included in CVD and neurodegener
diseases)

Cholesterol/Dyslipidaemia (included in CVD)

Obesity (included in CVD, cancer, and neurodegene
diseases)

Population type HIV (included in cancer)

HPV (included in cancer)

Helicobacter pylorfincluded in cancer)

Kidney Failure/CKD (included in CVD)

Cirrhosis (included in cancer)

Hepatitis Virus B/C/D (included in cancer)

Sleep (included in neurodegenerative diseases)

IApoe genotype (included in neurodegenerative diseases
Hearing impairment (included in neurodegenera
diseases)

N/P

Observations Subjective reviewer observations (if needed)

Population
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Annex B: Biomarkers defining the pre-specified high risk
subpopulations

Condition Known biomarkers

Diabetes plasma glucose, fasting plasma glucose, blood sugar levels, glyci
glycated haemoglobin.
Obesity BMI, weight.

Hypertension | (high) blood pressure.

Cholesterol/ | high-density lipoprotein (HDL), low-density lipoprotein (LDL), very
dyslipidaemia | density lipoprotein (VLDL), Intermediate-density lipoproteins (I
cholesterol, atherosclerosis, triglycerides

Smoking Cotinine.

Alcohol Blood alcohol level, blood/breath alcohol concentration/content (BA
consumption | ethanol level.

HBV, HCV HBsAg, HBV-DNA, anti-HBV 1gG, HCV-RNA, anti-HCV IgG.

HPV HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68.
Helicobacter | Helicobacter pyloyiCagA, VacA, VacA 8, VacA 9.
pylori

HIV infection | HIV infection, immunodeficiency virus, immune deficiency syndr
(AIDS), CD4 lymphocyte count, CD4 count, CD4+ count, T4 count, T
cell count, CD4 percent, HIV viral load.

Kidney diseasq Serum Creatinine (SCr), Glomerular Filtration Rate (GFR), Cystatin C
Kidney Injury molecule 1(KIM-1), Neutrophil gelatinase-assoc
lipocalin (NGAL), Liver-type fatty adwhding protein (L-FABR
Uromodulin.

Immunization | VHB or HPV Vaccines

Exercise Metabolic equivalents (METS).

Air pollution | Oxidative stress (GDF-15 and myeloperoxidase), acute inflammatic
reactive protein), hemostasis (ADAMTS, D-dimer)

CVD-specific | Troponin

112

AN UANIANCANANEANEAX AN AN ANAN AN EANANCANAN AN CANANCANANXANEANEAN AN AN CAR ANANCAN AN AN EANCANGAN

Y)ROPHET

RN Co-funded by
LS the European Union
P
for the future HEalThcare ?

a PeRsOnalized Prevention roadmap



\\/\\/ Rapid scoping reviews on biomarkers for risk prediction andifstegion in cancer, cardiovascular and neurodegenerati
diseases, and their potential integration with digital technologies

Annex C: Glossary of general terms

Prevention: reduction of the likelihood of developing a disease, sustainingnjanyi

or experiencing an unfavourable outcome. This study includes both collectiye (e.
population screening) and individual (e.g., individual risk stratificatpmeventive
measureq175)

Primaryprevention: activities that are carried out before the appearance of a disease
or pathology (175).

Secondary preventiontndividual and community measures to reduce the prevalence
of diseases through early detection and prompt intervention, focusingndividuals
with the disease in its preclinical phase, with manifestations #ératnot apparent but
that allow its detection (175,176).

o Population screeningit is the practice of early detection of the disease that is
actively offered to defined population groups susceptible to presgnthe
disease that do not have symptoms and have not sought medical care (176).

o Early clinical detectionaimed at people who go to health services for various
reasons, including symptoms that could be related to the diseasagb
detected or even expressly demand the practice of the detection test. It
reinforces population screening and diagnoses cases that the scgeenin
indicates as suspicious (176).

Risk:Probability of a negative or positive event occurring in a specified popala
during a particular period of time. It is commonly measured in epidemiotogy
clinical research by the cumulative incidence and incidence (&fi6).

Stratification: The process of or result of dividing a sample population into subsamples
according to specified criteria, such as age groups, socioeconomic status, risk groups,
etc. (176).

Cancer disease€onditions where abnormal cells, in a specific part of the body, divide
without control and can invade nearby tissues and produce distantastases.
Included in the C00-C97 codes of the ICD-10 classification (177).

Cardiovascular disease# type of disease that affects the heart or blood vessels of
which only some pathologies will be selected based on their magnitundl severity.
Intermedite outcomes prior to disease onset of the included patbiele may also be
considered as proxies for the latter.

Neurodegenerative diseasedDisorders that affect the brain as well as the nerves
found throughout the human body and the spinal cord included in caa@® G99 of

the ICD-10 classification (177). Intermediate outcomes prior to diseaset of the
included pathologies will also be considered as proxies for the latter
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Annex D: Search strategies for the different databases and
repositories

The PCC framework was considered to develop the search strategy, afallohng topics were obtained for
the search: biomarkers, diseases (CVD, neurodegenerative diseasesramed), prevention and personalised.
&} E Z ¥ 38Z uU 8Z }EE *%}v JVP Jv £ X (®)} B(EuEU & @v gu |v
following this general strategy:
#1 biomarkers
#2 diseases
#3 prevention
#4 personalised, precision, prediction or predictive
#5 #1 AND #2 AND #3 AND #4
#6 #5 Filters: from 2020-2023

Legend:
Disease specific terms
Common terms

A »

OVID MEDLINE
BIOMARKERS
(exp Biological factors/ or ("biological factor*" or biomarker* or "bio* marker*").ti,ab,kw,kf.)

(exp *carbohydrates/ or exp *lipids/ or exp *amino acids/ or exp *progdiar exp *vitamins/ or ex
*steroids/ or exp *Hormones/ or exp *Enzymes/)

(exp genetic markers/ or exp genotype/ or exp genetics/ or exp genomics or ("genatker*" or
"genotype" or "germline biomarker*" or "genetic*" or "genomic*" or "epigen*" tepigenetic
mark*").ti,ab,kw,kf.)

(exp Microchip Analytical Procedures/) or (Microarray*).ti,ab,kw,kf.

(exp Metabolomics/ or exp Proteomics/ or (“metabolomic*" or "proteomidat "lipidomic*" or
"immunomic*" or "nutriomic*" or “transcriptomic*" or "radiomic*").ti,ab,kw,kf.)

(exp Carcinogens / or exp Oncogenes/ or (“carcinogen*"' or "oncogen*' or "tumoatoriti or
"tumor promoter"” or "tumour initiator*" or "tumour promoter*").ti,ab,kw,kf.)

(exp *"Diagnostic Imaging"/ or (imag*).ti,ab,kw,kf.)

DISEASES
(exp Breast Neoplasms / or ("breast cancer*"' or "breast neoplasm*" or "breast carcinomg
"breast tumo?r*").ti,ab,kw,kf.)

(exp Lung Neoplasms / or ("lung cancer*" or "lung carcinoma*" or "lung neopfasm”lung
tumo?r*").ti,ab,kw,kf.)

(exp Prostatic Neoplasms / or ("prostatic neoplasm*" or "prostatic cancer*" orstpte cancer*" of
"prostate tumo?r*").ti,ab,kw,kf.)

(exp Stomach Neoplasms / or ("stomach neoplasm*" or "gastric cancer*" or "stomackrtaor
"gastric carcinoma*" or "stomach tumo?r** or "gastric tumo?r*").ti,ab,kw,kf.)
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(exp Colorectal neoplasms/ or ("colorectal neoplasm*" or "colorectal cancer*coforectal
tumo?r*' or "colon neoplasm*" or "colon tumo?r*" or "colon cancer*" or "rectaoplasm*" or
"rectal tumo?r*" or "rectal cancer*").ti,ab,kw,kf.)

(exp Uterine Neoplasms / or ("uterine cancer*" or "uterine neoplasm*"' or "uterus canocar’
"uterine tumo?r*").ti,ab,kw,kf.)

(exp Uterine Cervical Neoplasms / or (“cervical cancer*" or "uterine cervical neoplasm*" or "U
cervix cancer*" or "uterine cervical tumo?r*").ti,ab,kw,kf.)

(exp Urinary Bladder Neoplasms/ or ("bladder cancer*" or "Urothelial carcinoma*Tmansitiona
cell carcinoma*" or "urinary bladder neoplasm*" or "urinary bladder tumo?r*").ti,ab,kw,kf.)

(exp Pancreatic Neoplasms/ or ("pancreatic cancer* or "pancreatic neoplasm*"' or "paf
cancer*" or "pancreas tumo?r*").ti,ab,kw,kf.)

(exp Kidney Neoplasms/ or ("kidney cancer* or "kidney neoplasm*' or "ki
tumo?r*").ti,ab,kw,kf.)

~ E% >]A E E }%o0 cu¢l }E ~"0]A E v EZ_ }BMEZ% 3
V }%0 suZ +X3]JU UIAUI(X-

PREVENTION
(exp Primary Health Care/ or ("public health service*' or "primary health care" or "pri
care").ti,ab,kw,kf.)

(exp Primary prevention/ or ("primary disease prevent*" or "preventable disease*").ti,ab,kw,k

(exp Preventive Medicine/ or ("preventive medicine*"' or "medical prevent*").ti,ab,kw,kf.)

("protective factor*".ti,ab,kw,kf.)
(susceptibil*.ti,ab,kw,kf.)

(exp *smoking/)

(exp *exercise/ or exp *sedentary behavior/)

(exp *"Diet, food, and nutrition"/ or exp *Overweight/)

(exp *Alcohol Drinking/)

(exp *Type 2 Diabetes Mellitus/)
(exp *HIV/)

(exp*Human Papillomavirus Viruses/)

(exp *Helicobacter pylori/)

(exp *air pollution/)

(exp *Immunization /)

("cancer prevent*" or "cancer vaccin*"' or "cancer immuniz*".ti,ab,kw,kf.)

exp Chemoprevention / or ("chemoprevent*" or "chemoprophylax*").ti,ab,kw,kf.
Ch ion/or ("ch *' or "ch hylax*").ti,ab,kw,kf

(exp Prophylactic Surgical Procedures / or ("surgical prevent*").ti,ab,kw,kf.)
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(exp *Community Health Planning/ or ("community setting*" or "health caen)l or "community
health plan*").ti,ab,kw,kf.)

(exp *Preventive health service/ or "preventive health service*".ti,ab,kw,kf.)

(exp *Community Health Center/ or ("community health center*" or "community heedthtre*" or
"community care").ti,ab,kw,kf.)

(exp *Health Education/ or ("health educat*"' or "health promot*").ti,ab,kw,kf.)

(exp Mass Screening/ or exp Secondary Prevention/ or ("secondary prevent’
"screening*").ti,ab,kw,kf.)

(exp Population Surveillance/ or ("population surveillance*" or "populasicneening*").ti,ab,kw,kf.

(exp Early Diagnosis/ or ("early diagnos*").ti,ab,kw,kf.)

PERSONALISED
(exp Precision medicine/ or ("personalised medicine*" or "precision medicine*" or "prédist
"individualized medicine*" or "personalised medicine*" or "individualised medicine*").ti,alxfkw

(exp Risk assessment/ or exp Risk adjustment/ or ("risk stratifi*" or "risk scor*" ordssadss*" o
"risk adjust*").ti,ab,kw,kf.)

(exp Machine learning/)

CANCER
OVID EMBASE EMTREE

BIOMARKERS
(exp marker/ or (‘biological factor*' or 'bio* marker*').ti,ab.)
(exp *'carbohydrate'/ or exp *'lipid'/ or exp *'amino acid'/ or exp *'protefrdr exp *'vitamin'/ or
exp *'steroid'/ or exp *'hormone'/ or exp *'enzyme’/)
(exp 'genetic marker'/ or exp 'genotype'/ or exp 'genetics'/ or exp 'gemsthior (‘genotype’ or
'‘genetic*' or 'genomic* or 'epigenetic mark* or 'germline biomarker* or g@n*' or 'genetic
marker*').ti,ab.)
(exp 'microchip analysis'/ or exp 'microarray analysis'/ or (‘'microarray*').ti,ab.)
(exp metabolomics/ or exp proteomics/ or exp lipidomics/ or exp nutrionmacgXp transcriptomics
or exp immunomics/ or exp radiomics/ or (proteomic* or lipidomic* atnomic* or metabolomic*
or transcriptomic* or immunomic* or radiomic*).ti,ab.)

(exp 'carcinogen'/ or exp ‘oncogene’/ or exp 'tumor promoter'/ or ( ‘carcinogen*bncogene*' or
‘tumor initiator*' or ‘tumor promoter*' or ‘tumour initiator*' or ‘tumour promoter*').ti,ab.)
(exp *'Diagnostic Imaging'/ or (imag*).ti,ab.)

DISEASES

(exp 'breast cancer'/ or (‘breast cancer*' or 'breast neoplasm*' or 'breast carcinoma*').ti,ab.)
(exp 'lung cancer'/ or ('lung cancer* or 'lung carcinoma*' or 'lung neoplasm*').ti,ab.)

(exp 'prostate cancer'/ or (‘prostatic neoplasm*' or 'prostatic cancer* or ‘prostate cancer*').ti,
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(exp 'stomach cancer'/ or (‘'stomach neoplasm* or 'gastric cancer* or 'gastric carcinome
'stomach cancer*').ti,ab.)

(exp 'colorectal cancer'/ or (‘colorectal neoplasm*' or 'colorectal cancer*').ti,ab.)

(exp 'uterus cancer'/ or (‘uterine cancer*' or 'uterine neoplasm*' or 'uterus cancer*').ti,ab.)
(exp 'uterine cervix cancer'/ or (‘uterine cervix cancer* or ‘cervical cancer*' orihgecervical
neoplasm*').ti,ab.)

(exp 'bladder cancer/ or (‘bladder cancer* or ‘urothelial carcinoma* or '‘transitional
carcinoma*' or 'urinary bladder neoplasm*").ti,ab.)

(exp 'pancreas cancer/ or (‘pancreas cancer* or 'pancreatic cancer* or 'panc
neoplasm*").ti,ab.)

(exp 'kidney cancer'/ or (‘kidney cancer*' or 'kidney neoplasm*').ti,ab)

PREVENTION

(exp 'primary health care'/ or exp 'public health service'/ or (‘primary health careriongpy care'
or "public health service*" ).ti,ab)

(exp 'primary prevention'/ or (‘primary disease prevent*' or 'preventable disease*').ti,ab.)
(exp 'preventive medicine'/ or (‘'medical prevent*' or 'preventive medicine*').ti,ab.)
(‘protective factor*'.ti,ab.)

(susceptibil*.ti,ab.)

(exp *smoking/)

(exp *exercise/ or exp *'sedentary lifestyle'/)

(exp *nutrition/ or exp *obesity/)

(exp *'drinking behavior'/ or exp *'alcohol consumption'/)

(exp *'non insulin dependent diabetes mellitus'/)

(exp **Human immunodeficiency virus'/)

(exp *Papillomavirus infection/)

(exp *Helicobacter pylori/)

(exp *immunization'/)

(exp 'cancer prevention'/ or exp ‘cancer vaccine'/ or exp 'cancer immunizatiofitancer prevent*'
or 'cancer vaccin*' or ‘cancer immuniz*').ti,ab.)

(exp 'chemoprophylaxis'/ or (‘chemoprevent*' or 'chemoprophylax*").ti,ab.)

(exp 'prophylactic surgical procedure'/ or (‘surgical prevent*').ti,ab.)

(exp *air pollution’/)

(‘health care plan*' or '‘community setting*' or ‘community health plan*').ti,ab.

(exp *'preventive health service'/ or ("preventive health service*").ti,ab.)

(exp community care/ or (‘community health center*' or 'community health centoe*tommunity
care').ti,ab.)

(exp *'health education'/ or exp *'health promotion'/ or (‘health educat*' or 'health prot*').ti,ab.)
(exp 'mass screening/ or exp ‘'secondary prevention'/ or ('screening* or ‘'sergf
prevent*).ti,ab.)

(exp 'population surveillance'/ or (‘population surveillance*' or 'population scragiini,ab.)
(exp Early Diagnosis/ or ("early diagnos*").ti,ab.)
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PERSONALISED

(exp 'personalized medicine'/ or (‘precision medicine*' or 'predict*' or 'persiaedl medicine*' or
'individualized medicine*' or 'personalised medicine* or 'individualised medicine*').ti,ab.)
(exp 'risk assessment'/ or (‘risk stratif*' or 'risk scor*' or 'risk adjust*' or 'risk assess*').ti,ab.)
(exp 'Machine learning'/)

CARDIOVASCULAR DISEASES

OVID MEDLINE MESH
BIOMARKERS
(exp Biological factors/ or ("biological factor*" or biomarker* or "bio* marker*").ti,ab,kw,kf.)

(exp *carbohydrates/ or exp *lipids/ or exp *amino acids/ or exp *proteinserp *vitamins/ or
exp *steroids/ or exp *Hormones/ or exp *Enzymes/)

(exp genetic markers/ or exp genotype/ or exp genetics/ or exp genomics or ("gersienty or
"genotype" or "germline biomarker** or "genetic*" or "genomic*" or "epigen*" depigenetic
mark*").ti,ab,kw,kf.)

(exp Microchip Analytical Procedures/) or (Microarray*).ti,ab,kw,kf.

(exp Metabolomics/ or exp Proteomics/ or ("metabolomic*" or "proteomiof' "lipidomic*" or
"iImmunomic*" or "nutriomic*" or "transcriptomic*" or "radiomic*").ti,ab,kw,kf.)

(exp *Diagnostic Imaging/ or imag*.ti,ab,kw,kf.)

DISEASES
(exp *atrial fibrillation/ or exp *atrial flutter/ or 'atrial fibrillation'.ti,ab,kw,kf.)

(exp *cardiomyopathies/ or exp *myocarditis/ or ‘cardiomyopath*.ti,ab,kw,kf.
'myocarditis'.ti,ab.)

exp *myocardial ischemia/ or exp *myocardial infarction/ or 'ischemic heart diséiesie kw,kf. or
'ischaemic heart disease'.ti,ab,kw,kf. Or 'heart attack'.ti,ab,kw,kf.

exp *heart valve diseases/ OR ("Nonrheumatic valvular heart" OR "calcific aortic valy
"degenerative mitral valve" OR "Nonrheumatic heart").ti,ab,kw,kf.

exp *Peripheral Arterial Disease/ or 'Peripheral Arterial Disease'.ti,ab,kw,kf.

exp *Aortic Aneurysm/ OR ™aortic aneurysm".ti,ab,kw,kf.

exp *stroke/ or exp *brain infarction/ or exp *hemorrhagic stroke/ or exp *ischemioksf or
'stroke".ti,ab,kw,kf. OR exp *Cerebral Hemorrhage/ OR exp *Subarachnoid Hemorrhage/

PREVENTION
(exp Primary Health Care/ or ("public health service*" or "primary health care" or "pri
care").ti,ab,kw,kf.)

(exp Primary prevention/ or ("primary disease prevent*" or "preventable disease*").ti,ab,kw,k

(exp Preventive Medicine/ or ("preventive medicine*" or "medical prevent*").ti,ab,kw,kf.)

("protective factor*".ti,ab,kw,kf.)
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(susceptibil*.ti,ab,kw,kf.)

(exp *smoking/)

(exp *exercise/ or exp *sedentary behavior/)

(exp *'Diet, food, and nutrition"/ or exp *Overweight/)

(exp *Alcohol Drinking/)

(exp *Type 2 Diabetes Mellitus/)

exp *renal insufficiency, chronic/ or exp *kidney failure, chronic/

(exp *air pollution/)

((exp *blood pressure/ or exp *hypertension/) or ("blood pressure" or "hypertension” or "higtoh
pressure").ti,ab,kw,kf.)

(exp *hypercholesterolemia/ OR exp lipid metabolism disorders/ or exp dyslifécénor
"dyslipedemia*".ti,ab. OR "dyslipidaemia*".ti,ab,kw,kf. OR "high cholesterol".ti,ab,kw,kf.)

exp hyperglycemia/ or exp *Blood Glucose/ or "high blood glucose".ti,ab,kw,kf.

(exp *Community Health Planning/ or ("community setting*" or "health caref3lan"community
health plan*").ti,ab,kw,kf.)

(exp *Preventive health service/ or "preventive health service*".ti,ab,kw,kf.)

(exp *Community Health Center/ or ("community health center*' or "communiglth centre*"
or "community care").ti,ab,kw,kf.)

(exp *Health Education/ or ("health educat*' or "health promot*").ti,ab,kw,kf.)

(exp Mass Screening/ or exp Secondary Prevention/ or ("secondary prevent?
"screening*").ti,ab,kw,kf.)

(exp  Population  Surveillance/ or  ("population  surveillance* or  "popula
screening*").ti,ab,kw,kf.)

(exp Early Diagnosis/ or ("early diagnos*").ti,ab,kw,kf.)

PERSONALISED
(exp Precision medicine/ or ("personalised medicine*" or "precision medicine*" or "girédir
"individualized medicine*" or "personalised medicine*" or "individualised medicine*").ti,alxfiiw

(exp Risk assessment/ or exp Risk adjustment/ or ("risk stratifi*" or "risk scor*'sérassess*" o
"risk adjust*").ti,ab,kw,kf.)

(exp Machine learning/)

OVID EMBASE EMTREE
BIOMARKERS
(exp marker/ or (‘biological factor*' or 'bio* marker*").ti,ab.)

(exp *'carbohydrate'/ or exp *lipid'/ or exp *'amino acid'/ or exp *'protein't @xp *'vitamin'/ or
exp *'steroid'/ or exp *hormone'/ or exp *'enzyme?’/)
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\\/\\/ Rapid scoping reviews on biomarkers for risk prediction andifstegion in cancer, cardiovascular and neurodegenerati
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(exp 'genetic marker'/ or exp 'genotype'/ or exp 'genetics'/ or exp ‘geins’/ or (‘genotype' o
‘genetic* or 'genomic* or 'epigenetic mark* or 'germline biomarker* or 'epigen*''genetic
marker*").ti,ab.)

(exp 'microchip analysis'/ or exp 'microarray analysis'/ or ('microarray*').ti,ab.)

(exp metabolomics/ or exp proteomics/ or exp lipidomics/ or exp nutriomics/ exp
transcriptomics/ or exp immunomics/ or exp radiomics/ or (proteomictigidomic* or nutriomic*
or metabolomic* or transcriptomic* or immunomic* or radiomic*).ti,ab.)

(exp *'Diagnostic Imaging'/ or (imag*).ti,ab.)

DISEASES
exp *atrial fibrillation/ or exp *heart atrium flutter/ or ‘atrial fibrillation'.ti,ab.
exp *cardiomyopathy/ or exp *myocarditis/ or ‘cardiomyopath*'.ti,ab. or 'myocarditisitii
exp *heart muscle ischemia/ or exp *heart infarction/ or 'ischemic heart disease'.ti,abchaemic
heart disease'.ti,ab.
exp *aortic valve disease/ or exp *mitral valve disease/ or "nonrheumatic heart".ti,ab.
exp *peripheral occlusive artery disease/ OR 'Peripheral Arterial Disease'.ti,ab.
exp aortic aneurysm/ OR "aortic aneurysm".ti,ab.
exp *cerebrovascular accident/ or exp *ischemic stroke/ OR exp *brain hemorrhage/ O
*subarachnoid hemorrhage/ OR 'Stroke'.ti,ab.

PREVENTION

(exp 'primary health care'/ or exp 'public health service'/ or (‘primary health care' or 'pyicene’
or "public health service*" ).ti,ab)

(exp 'primary prevention'/ or (‘primary disease prevent*' or 'preventable disease*').ti,ab.)
(exp 'preventive medicine'/ or (‘'medical prevent*' or 'preventive medicine*').ti,ab.)
(‘protective factor*'.ti,ab.)

(susceptibil*.ti,ab.)

(exp *smoking/)

(exp *exercise/ or exp *'sedentary lifestyle'/)

(exp *nutrition/ or exp *obesity/)

(exp *'drinking behavior'/ or exp *'alcohol consumption'/)

(exp *'non insulin dependent diabetes mellitus'/)

(exp *hypercholesterolemia/ OR exp dyslipidemia/ or "dyslipidemia*".ti,ab.
"dyslipidaemia*".ti,ab. OR "high cholesterol".ti,ab.)

(exp *'blood pressure'/ or exp *hypertension’/ or (‘blood pressure' or 'highol pressure’ of
'hypertension).ti,ab.)

exp hyperglycemia/ OR exp glucose blood level/ or "high blood glucose".ti,ab.

exp *kidney failure/ or exp *chronic kidney failure/

exp heart infarction prevention/

(exp *'air pollution’/)

(‘health care plan*' or '‘community setting*' or ‘community health plan*').ti,ab.

(exp *'preventive health service'/ or ("preventive health service*").ti,ab.)

(exp community care/ or (‘community health center*' or ‘community heakimtre*' or ‘community
care').ti,ab.)

(exp *health education/ or exp *health promotion/ or (‘health educat* or ‘'hea
promot*').ti,ab.)
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\\/\\/ Rapid scoping reviews on biomarkers for risk prediction andifstegion in cancer, cardiovascular and neurodegenerati
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(exp 'mass screening/ or exp ‘'secondary prevention’/ or ('screening® or ‘'secof
prevent*).ti,ab.)

(exp 'population surveillance'/ or (‘population surveillance*' or 'population scregtiii,ab.)

(exp Early Diagnosis/ or ("early diagnos*").ti,ab.)

PERSONALISED
(exp 'personalized medicine'/ or (‘precision medicine*' or 'predict*' or 'persoadlimedicine*' or
'individualized medicine*' or 'personalised medicine*' or 'individualised medicine*').ti,ab.)
(exp 'risk assessment'/ or (‘risk stratif*' or 'risk scor*' or 'risk adjust*' or 'risk assess*').ti,ab.)
(exp 'Machine learning'/)

NEURODEGENERATIVE DISEASES

OVID MEDLINE
BIOMARKERS
(exp Biological factors/ or ("biological factor*" or biomarker* or "bio* marker*").ti,ab,kw,kf.)

(exp *carbohydrates/ or exp *lipids/ or exp *amino acids/ or exp *proteins/ gy &tamins/ or exp
*steroids/ or exp *Hormones/ or exp *Enzymes/)

(exp genetic markers/ or exp genotype/ or exp genetics/ or exp genomics or ('genetic nfask
"genotype" or "germline biomarker*" or "genetic*" or "genomic*" or "epigentit "epigenetig
mark*").ti,ab,kw kf.)

(exp Microchip Analytical Procedures/ or (Microarray?*).ti,ab,kw,kf.)

(exp Metabolomics/ or exp Proteomics/ or ("metabolomic*" or "proteomic*" 'tipidomic*" or
"iImmunomic*" or "nutriomic*" or "transcriptomic*" or "radiomic*").ti,ab,kw,kf.)

((exp neuroglia/ or exp microbiota/) or ("neuroglia” or "microbiota” or "midoobe" or "gut
microbiota").ti,ab,kw,kf.)

(exp *"Diagnostic Imaging'/ or (imag*).ti,ab,kw,kf.)

DISEASES
(exp amyotrophic lateral sclerosis/ or ("amyotrophic lateral sclerosis" or "gelisiense" or "loy
gehrig disease").ti,ab,kw,kf.)

(exp parkinson disease/ or ("parkinson" or "secondary parkinson disease" or U=y
parkinsonism").ti,ab,kw,kf.)

(exp alzheimer disease/ or ("Alzheimer disease" or "Alzheimer’'s disease" or "alzhein
"alzheimer dementia").ti,ab,kw,kf.)

(exp Frontotemporal dementia/ or ("Frontotemporal dementia" or "Wilhelmsenebydisease" o
"Frontotemporal Lobe Dementia").ti,ab,kw,kf.)

(exp Lewy body disease/ or ("Dementia with lewy body" or "Diffuse Lewy Baskase" or "Lew
Body Dementia").ti,ab,kw,kf.)

((exp Multiple sclerosis/) or ("Multiple sclerosis").ti,ab,kw,kf.)

((exp Vascular dementia/) or ("Vascular dementia").ti,ab,kw,kf.)
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PREVENTION
(exp Primary Health Care/ or ("public health service*" or "primary health care"pamary
care").ti,ab,kw,kf.)

(exp Primary prevention/ or ("primary disease prevent*" or "preventable disease*").ti,ab,kw,ki

(exp Preventive Medicine/ or ("preventive medicine*"' or "medical prevent*").ti,ab,kw,kf.)

(("protective factor*").ti,ab,kw,kf.)
(susceptibil*.ti,ab,kw,kf.)
(exp *smoking/)

(exp *exercise/ or exp *sedentary behavior/)

(exp *Diet, food, and nutrition/ or exp *Overweight/)

(exp *Alcohol Drinking/)

((exp *blood pressure/ or exp *hypertension/) or ("blood pressure" or "hypertension" oh'"higod
pressure").ti,ab,kw,kf.)

(exp *hypercholesterolemia/)

(exp *Type 2 Diabetes Mellitus/)

(exp Early Diagnosis/ or ("early diagnos*").ti,ab,kw,kf.)

(exp Mass Screening/ or exp Secondary Prevention/ or ("secondary prevent]
"screening*").ti,ab,kw,kf.)

(exp Population Surveillance/ or ("population surveillance*" or "popataticreening*").ti,ab,kw,kf

(exp *Community Health Planning / or ("community setting*"' or "health care plan*" omfoanity
health plan*").ti,ab,kw,kf.)

(exp *Preventive health service/ or ("Preventive health service*").ti,ab,kw,kf.)

(exp *Community Health Center/ or (“"community health center*" or "commuhgglth centre*" or,
"community care”).ti,ab,kw,kf.)

(exp *Health Education / or ("health educat*" or "health promot*").ti,ab,kw,kf.)

PERSONALISED
(exp Precision medicine/ or ("personalised medicine*" or "precision medicine*pedict*" or
"individualized medicine*" or "personalised medicine*" or "individualised medicine*").ti,alkfiw

(exp Risk assessment / or exp Risk adjustment / or ("risk stratif" or "risk scor*" or Ssieks4" of
"risk adjust*").ti,ab,kw,kf.)

(exp Machine learning/)

NEURODEGENERATIVE DISEASES
OVID EMBASE EMTREE

BIOMARKERS
(exp marker/ or (‘biological factor*' or 'bio* marker*").ti,ab.)
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(exp *'carbohydrate'/ or exp *lipid'/ or exp *amino acid'/ or exp *'protefror exp *vitamin'/ or

exp *'steroid’/ or exp *hormone'/ or exp *'enzyme'/)

(exp 'genetic marker'/ or exp 'genotype'/ or exp 'genetics'/ or exp 'gewsthior (‘genotype' or
‘genetic* or 'genomic*' or 'epigenetic mark* or 'germline biomarker*' or ‘ggn* or 'genetic
marker*").ti,ab.)

(exp 'microchip analysis'/ or exp 'microarray analysis'/ or ('microarray*').ti,ab.)

(exp metabolomics/ or exp proteomics/ or exp lipidomics/ or exp nutriomocgxp transcriptomics
or exp immunomics/ or exp radiomics/ or (proteomic* or lipidomic* atnomic* or metabolomic*
or transcriptomic* or immunomic* or radiomic*).ti,ab.)

(exp 'glia'/ or exp 'microflora’/ or exp 'immunomics'/ or exp *'neurotransmitter'/ or (‘micraai@r

'microglia’ or 'microbiome’).ti,ab.)

(exp *'Diagnostic Imaging'/ or (imag*).ti,ab.)

DISEASES
(exp 'Amyotrophic lateral sclerosis'/ or (‘famyotrophic lateral sclerosis' or IGé&hisease’ or 'Lo
Gehrig Disease').ti,ab.)
(exp 'Parkinson disease'/ or (‘Parkinson' or 'Secondary Parkinson Diseas8&eamndary
Parkinsonism’).ti,ab.)
(exp 'Alzheimer disease'/ or (‘Alzheimer’ or 'Alzheimer disease' or 'Alzheinsasei or 'Alzheime
Dementia').ti,ab.)
(exp 'Frontotemporal dementia/ or (‘Wilhelmsen-Lynch disease' or 'Frontotemphaaie
Dementia').ti,ab.)
(exp 'Lewy body disease'/ or (‘Dementia with Lewy body' or 'Diffuse bedy disease' or 'Lew|
body dementia’).ti,ab.)
(exp 'Multiple sclerosis'/ or 'Multiple sclerosis'.ti,ab.)
(exp 'multiinfarct dementia’/ or (‘'multiinfarct dementia’ or 'vascular dementia’).ti,ab.)

PREVENTION
(exp 'primary health care'/ or exp 'public health service'/ or (‘primary health care'rongpy care'
or "public health service*").ti,ab)
(exp 'primary prevention'/ or (‘primary disease prevent*' or 'preventable disease*').ti,ab.)
(exp 'preventive medicine'/ or ('medical prevent*' or 'preventive medicine*').ti,ab.)
(‘protective factor*'.ti,ab.)
(susceptibil*.ti,ab.)
(exp *smoking/)
(exp *exercise/ or exp *'sedentary lifestyle'/)
(exp *nutrition/ or exp *obesity/)
(exp *'drinking behavior'/ or exp *'alcohol consumption'/)
(exp *'non insulin dependent diabetes mellitus'/)
(exp  *hypercholesterolemia/ OR exp dyslipidemia/ or “dyslipidemia*".ti,ab.
"dyslipidaemia*".ti,ab. OR "high cholesterol".ti,ab.)
(exp *'blood pressure'/ or exp *hypertension’/ or (‘blood pressure' ogthiblood pressure' o
‘hypertension’).ti,ab.)
(‘health care plan*' or '‘community setting*' or ‘community health plan*').ti,ab.
(exp *'preventive health service'/ or ("preventive health service*").ti,ab.)
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(exp community care/ or (‘community health center* or ‘community health centre* or ‘commul
care').ti,ab.)

(exp *'health education'/ or exp *'health promotion'/ or (‘health educat*' or 'health prortipti,ab.)
(exp 'mass screening'/ or exp 'secondary prevention'/ or (‘screening*' or 'secpmdevent*).ti,ab.)
(exp 'population surveillance'/ or (‘population surveillance*' or 'population screétjitigab.)

(exp Early Diagnosis/ or ("early diagnos*").ti,ab.)

PERSONALISED
(exp 'personalized medicine'/ or (‘precision medicine* or 'predict*' or 'personalizediane*' or
'individualized medicine*' or 'personalised medicine*' or 'individualised medicine*').ti,ab.)
(exp 'risk assessment'/ or (‘risk stratif*' or 'risk scor*' or 'risk adjust*' or 'risk assess*').ti,ab.)
(exp 'Machine learning'/)
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Annex E: Additional tables

Cancer
Primary prevention

Supplementary table Number of studies for primary prevention on cancer according to study

Supplementary table 2Number of studies identified for primary prevention of cancer where lif
factors were considered
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Supplementary table 3Number of studies identified for primary prevention of cancer for «
population type

Secondary prevention

Supplementary table 4Number of studies for secondary prevention on cancer according tc
design
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Supplementary table SNumber of studies identified for secondary prevention of cancer for each
population type

Cardiovascular diseases

Primary prevention
Supplementary table &Number of studies for primary prevention on cardiovascular diseases according
to study design

Supplementary table Number of studies identified for primary prevention of cardiovascular diseases
where lifestyle factors were considered
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Supplementary table 8Number of studies identified for primary prevention of cardiovascular diseases
for each population type

Secondary prevention

Supplementary table 9Number of studies for secondary prevention on cardiovascular diseases
according to study design

Supplementary table 10Number of studies identified for secondary prevention of cardiovascular
diseases for each population type
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Abstract

Introduction: Personalised preventioaims to delay or avoid disease occurrence, progressior
recurrence of diseases through the adoption of targeted interventions that consider the ind
biological, environmental and behavioural characteristics. Three rapid scopiegvsewere done t
provide the research landscape of the biomarkers that are available or under development in
cardiovascular and neurodegenerative diseases in clinical or public health settingseand can b
used, for personalised primary or secondary prevention.

The results from these scoping reviews which are reported separately provide a rich dataset.
to maximise the value of the research undertaken this dataset was used to develwopctie
evidence gap maps.

Methods: EPPI-Mapper is an open-access web application that enables the creation tdrantine
Evidence Gap Map (EGMs). Using the data obtained from the scoping reviews, thetiveeEasM
were created using EPPI-Mapper for each of the disease groups. The evidence gap mape
account biomarker type, group of diseases and type of prevention.

Results: For each group of diseases (cancer, cardiovascular diseases and neurodegenerative
three gap maps were developed, one with information about biomarkers and lifesiylpriman
prevention, and two detailing the biomarkers and diseases by population group studied, one &
primary and secondary prevention.

Conclusions: This report presents, as an extra deliverable in addition to the report ntieeaictive
evidence gap maps which allow for the results from the three scoping reviewsebpbared, makin
the findings more accessible for further investigation.

Personalised prevention, precision medicine, biomarkers, cancer, cardiovascular diseases,
neurodegenerative diseases, chronic diseases.
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Introduction

dZ "W E-+}v o]+ WE A v3]}v E} u % (}E $Z (uSpE , odzZ E _
bythe WE}% Vv hv]}v[e ,}JE]I}v HE}% E « E ,Aims toldevdldp & PirateicE} P E u
Research and Innovation Agenda (SRIA) for the European Union in personalised prevemtibis
purpose, WZKW, d[e t}E&I| Wncludes riapping exercises of the current situation from
different perspectives to inform the SRIA.

The first of task, T2.1.Mapping available biomarkers -including genetics, for rigkediction
and stratification in cancer, cardiovascular and neurodegentira diseases, and their potential
integration with digital technologies,intends to show the current landscape of biomarkers use
or under developmenv for personalised prevention in the general adult population, as well as their
integration with digital technologies, and to highlight gaps in this afeasearch, focusing on primary
and secondary prevention for three main disease groups: cancer, cardiovascular and
neurodegenerative diseases.

To achieve this aim, taking into accouinis broad scope, and given the time constraints, the
recommended methodological approach is a rapid scoping re\igw Scoping reviews are
transparent, rigorous, and systematic approaches to identify, describe, and catalogleaaviand
evidence gaps relating to any question of intergt In the field, some authors differentiate a specific
subtype, mapping reviews, particularly for broad topic areas, in which deserijptiormation about
the studies is collected with predefined codes to provide visual summary maps that camesdlbevs
and researchers to have a quick overview of their main reg2)jt&€vidence maps classify the evidence
which relates to a particular sector or issue, includingie reporting of the features (but not content)
of the evidence. Usually they do not include a critical appraisal of primary studies on thelgtbah
it would be too time consuming given the time frame in which maps are usually pedd@3).

We used a common protocol to carry out three separate rapid scoping reviews, ogeoper
of diseases addressed in this work (cancer, cardiovascular and neurodegenerative diseases). The main
results and conclusions have been detailed in the report that corresponds to deliverableTDefll
protocol has been uploaded to the Open Science Framework for public consultation, with registration
DOlhttps://doi.org/10.17605/0OSF.I0/7JRWD

The present document complements the report, presenting, as an extra deliverable, a
collection of interactive evidence gap maf®,4) that allow access, explore and download the
bibliographic information retrieved in the scoping reviews, taking attoount biomarker type, disease
group of diseases and type of prevention.

Methods

The graphical representation of the Evidence Gap Map (EGM) has been created=PPI-
Mapper(5), an open-access web application that enables the creation of interactive EGMBi2ev
in 2018 by theéevidence for Policy and Practice Information and Coordinating CentreJ&Rfl)} and
Digital Solution Foundryn partnership with the Campbell Collaboration, EPPI-Mapper has become
the standard software for producing visual evidence gap maps.

In this project, the screening, and data extraction from the three scoping reviews aeied
out in Covidencea software designed to aid in the management of systematic reviews. Aftetisglec
those papers that met inclusion criteria (Annex A), the reviewers completed the data extraction form
(Annex B). Afterwards, all this information was exported to an Excel file. Wedifi5Studio to clean
and prepare this database for its use in EPPI-Mapper by generating two new Exagidilesntaining
the EGM structure (i.e. what will be the columns and rows of the visual tablet@aidg sets, and
another containing the bibliographic references and their codes that reviewers had deidady, we
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used a Python script to produce a file JEON formatmaking it ready for importation into EPPI-
Reviewer.

The EPPI-Centre provides example of the minimum requiremenfar the JSON file. The file
includes two key elements: "CodeSets," which define the structure of the EGM and its different layers
of information (diseases, biomarkers, type of study as segmenting attribute, and filemd)
"References" which contain the metadata of the included studies, along with their respeotiuay
and filters defined during the mapping process. Subsequently, the JSON file iseuptoaBPPI-
Mapper webtool, where the user selects the relevant elements for the map structureagisptions,
and customization. Upon completion, the web application generates an HTML file that showeases
graphical, interactive representation of the produced EGM, and that can also be customizedn€o
and rows in the map may have an additional subdivision, which can be cadllepsgpanded by the
user.

Results

The maps are matrixes with biomarkers categories/subcategories serving as rows and diseases
serving as columns. Each cell is divided into small squares, showing the numpbpers included in
it. Each coloured square represents a scientific paper, and the code of colours riftestisdy design,
as explained at the bottom of the page.

Figure 1. Colour code in the PROPHET scoping review interactive gap maps.

To view the articles in a particular cell, the user has to move the mouseepanér it. This
will display the total number of articles that correspond to this specific cell, brokem dy study
design. If the user clicks in the cell, a menu will appear on the right-sidedof the screen showing
the article titles, as well as the abstract and main bibliographic informati@ach paper, which can
be downloaded in RIS format.

In addition, the map has additional filters, to allow the selection of tipe yf study, the use of artificial
intelligence or whether the paper used mendelian randomization.

Figure 2. Additional filters in the PROPHET scoping review interaagbiveaps.
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For each group of diseases (cancer, cardiovascular and neurodegenerative diseds®s} we
designed three gap maps, one including the information collected abammarkers and
lifestyles in primary prevention, and two detailing the informatiomm@markers and diseases
by population group studied in primary and secondary prevention. iflke to each can be
found on the OSF websitétps://osf.io/48g5p/files/osfstorageand include the EGMS for:

Cancer
X Biomarkers in personalised primary prevention of cancer and lifestyleecklat
factors/family risk

0 https://osf.io/nwd2v

x Biomarkers in personalised primary prevention of cancer by study population
0 https://osf.io/exq5r

x Biomarkers in personalised secondary prevention of cancer by study population
o0 https://osf.io/k7hr8

Cardiovascular diseases
X Biomarkers in personalised primary prevention of cardiovascular disease and |Hestyle
related factors/family risk
o https://osf.io/xvnwd
X Biomarkers in personalised primary prevention of cardiovascular disease by study
population
0 https://osf.io/5ydsw
x Biomarkers in personalised secondary prevention of cardiovascular disease by study
population
0 https://osf.io/wrx7h

Neurodegenerative diseases

X Biomarkers in personalised primary prevention of neurodegenerative diseases and
lifestyle-related factors/family risk
0 https://osf.io/m3c5u
X Biomarkers in personalised primary prevention of neurodegenerative diseases by
study population
0 https://osf.io/kebg7
X Biomarkers in personalised secondary prevention of neurodegenerative diseases by
study population
0 https://osf.io/n7vgd
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Conclusion

Three scoping reviews investigating biomarkers for primary and secondary personatigedtion in
cancer, cardiovascular and neurodegenerative diseases were completed. A report coveriesuilts
of these scoping reviews has been produced. In addition, we have gexklvidence gap maps as an
additional deliverable to enable the interactive exploration of the findings ftbenscoping reviews.
These maps allow for the results to be explored and make them accessible for further mi@stig
into the findings.
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Annex A. Eligibility criteria

Inclusion Exclusion

[ I I
Adult general population L8 years).

Population Specific high-risk adult population subgroups: X Pregnancy.
For all: Smoking, alcohol consumption, diabetes, obesity, family hist

o For cancer: HPV, liver cirrhosis, hepatitis virus (HVB, HVC,
Helicobacter pyloyiHIV infection.

o For CVD: arterial hypertension, hypercholesterolemia or
dyslipidemia, chronic kidney disease.

o For neurodegenerative diseasdgypertension,
hypercholesterolemia or dyslipidaemia, APOE genotype,
hearing impairment.

7  Any country of origin.

Concept 7 Studies with a focus on molecular, cellular, physiolog x  Studies with a focus o
anthropometric, and imagingbiomarkersr used for individualise diagnostic biomarkers nc
primary or secondary prevention of the following diseases**: used for secondar

o Cancer: breast, lung, prostate, colon, bladder, kidney, rec prevention.
pancreas, liver, stomach, corpus uteri, and cervix uteri. x  Studies with a focus o
0 CVD: ischemic heart disease, stroke, cardiomyopathy biomarkers ~ used  fo
myocarditis, atrial fibrillation and atrial flutter, aortic aneurys prognosis.
nonrheumatic valvular heart disease (calcific aortic valve dise x  Any infectious aetiology fc
degenerative mitral valve disease), peripheral artery disease. the cardiovascular diseas
o Neurodegenerative diseases: amyotrophic lateral scler included in this scopin
W EIlJve}v[e Jo < U 0iZ Ju E[+ ]+ review.
dementia, vascular dementia, Lewy body disease and mu x  Studies focusing only c
sclerosis. well-established biomarker
. . used for the diagnosis of ar
7 Inprimary prevention: ) of the diseases, infection:
Biomarkers should stratify individuals into groups. and conditions in the specif
7 Insecondary prevention: high-risk population groups
Biomarkers should improve the screening or early detection:
o stratifying different risk groups.
o0 improving the sensitivity, specificity, and time of diagnosisigw
subgroups of individuals.
Context 7 Clinical or Public Health settings. x  Studies published befor
7  English language only. 2020.
7  Any geographical setting.
[ [ I
Type of 7 Reviews x  Editorials and opinion
evidence Umbrella review, systematic review, meta-analysis, scoping review pieces.
7  Experimental and quasi-experimental study designs: x  Narrative reviews.
Randomised controlled trials, non-randomized controlled trials, lee x  Protocols.
and after studies, interrupted time-series studies. x  Qualitative study designs.
7  Analytical observational study designs: Delphi studies.
Prospective and retrospective cohort studies, case-control sfydind x  Conference abstracts,
analytical cross-sectional studies. conference reports.
7  Descriptive observational study designs: x  Clinical practice guidelines.
Descriptive cross-sectional studies. x  Basic research (i.e.,
laboratory research in
animals, human tissues, an
cell lines).
x  Case reports and case seri
[ [ I |
Sources 7 MEDLINEia Ovid.

7  Embasevia Ovid.
7 Embase preprintwia Ovid.

* Those biomarkers used to define the specific high-riskigs (i.e. glucose levels for diabetes, lipid levels foehgimlesterolemia, BMI for obesity) will not be
considered alone, unless they are complemented by new biomarkers or péiaforanation (see Annex B). Imaging tests will be considered amaabier.

** Research on intermediary disease outcomes (e.g., cagnitecline stands for dementia, lung nodule standsdaglcancer) will also be included if there is
clear association with the outcomes of interest and the paper explidétlares such association from previous evidence.
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Annex B. Data extraction form

CODE

Methods

Study design

Umbrella reviews

Systematic review (With meta-analysis)
Systematic review (Without meta-analysis)
RCT

Cohort study

Case-control study

Other design

N/P (Not Provided)

Mendelian Randomizatio

Has Mendelian randomization been used in the study?

Biomarker(s)

Name

Name of the biomarker(s) in text format

Molecular

Genetics/Genomics
Epigenetics/Epigenomics
Transcription/Transcriptomics
Metabolites/Metabolomics
Proteins/Proteomics
Microbiomics/Microbiology
Biochemistry

Other molecular biomarker
N/P

Cellular

Histology (tissue abnormalities)
Cytology (cell types)

Other cellular biomarker

N/P

Imaging

X-Rays

Ultrasound (echography, etc)
CT Scan

PET/SPECT

Spectrometry

MRI

Scintigraphy (Gamma)
Mammaography

Other image biomarker

N/P

Physiological

Blood Pressure
IAnkle-brachial Index

ECG

EEG

Electromyography

Other physiological biomarker
N/P

Anthropometric measures

BMI
Body perimeters
Other anthropometric biomarker

N/P
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CODE

Clinical Utility

Does the paper mention the clinical utility of the biomarker? (explicitly)

Al

Did they use Al technology or methods related to Al? (Deep learning, mealeigirning
clinical trial simulation, etc.)

Radiomics

Does the paper mention radiomics?

Technology

If they used a new
technology/wearable to
measure the biomarker,
specify which one

Smart watch
Pulse oximetry
Infrared cameras
Other

Diseases

Cancer

Breast cancer
Lung cancer
Prostatic cancer
Gastric cancer
Colorectal cancer
Corpus uteri cancer
Cervical cancer
Bladder cancer
Pancreatic cancer
Liver cancer
Kidney cancer

Cardiovascular diseases

Ischemic heart disease
Cardiomyopathy and myocarditis
Atrial fibrillation and atrial flutter
Aortic aneurysm

Nonrheumatic valvular heart disease
Peripheral artery disease

Stroke

Stroke -ischemic stroke

Stroke - intracerebral haemorrhage
Stroke - subarachnoid haemorrhage
Hypertensive heart disease

MACE

Neurodegenerative
diseases

ALS

Parkinson

Alzheimer
Frontotemporal dementia
\Vascular dementia

Lewy body disease
Multiple sclerosis

Prevention

Type

Primary
Secondary: Screening, early diagnosis, and early detect
N/P

If Primary: Lifestyle

Smoking
Exercise

Diet

Alcohol

/Air pollution

Immunization

Obesity

Preventive drugs

Other: Specify which one
N/P
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CODE

Population

Population type

General: without any other condition or healthy participa
(Included in all disease groups)

Smoking (all)

)Alcohol consumption (all)

Family history (all)

Diabetes (included in CVD and cancer)

Hypertension (included in CVD and neurodegener
diseases)

Cholesterol/Dyslipidaemia (included in CVD)

Obesity (included in CVD, cancer, and neurodegene
diseases)

HIV (included in cancer)

HPV (included in cancer)

Helicobacter pylori (included in cancer)

Kidney Failure/CKD (included in CVD)

Cirrhosis (included in cancer)

Hepatitis Virus B/C/D (included in cancer)

Sleep (included in neurodegenerative diseases)

IApoe genotype (included in neurodegenerative diseases
Hearing impairment (included in neurodegenera
diseases)

N/P

Observations

Subjective reviewer observations (if needed)
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